PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6

A61G A2

(11) International Publication Number:

(43) International Publication Date:

WO 99/07320

18 February 1999 (18.02.99)

(21) International Application Number: PCT/US98/16497

(22) International Filing Date: 7 August 1998 (07.08.98)

(30) Priority Data:
60/055,043
60/090,212

UsS
us

8 August 1997 (08.08.97)
22 June 1998 (22.06.98)

(71) Applicant (for all designated States except US): HILL-ROM,
INC. [US/US]; 1069 State Route 46 East, Batesville, IN
47006-9167 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): HAND, Barry, D.
[US/US]; 808 Milldenhall Road, Mt. Pleasant, SC 29464
(US). DELK, Dana, H. [US/US]; 4443 Great Oak Drive,
North Charleston, SC 29418 (US). BROOKS, Jack, J.
[US/US]; 116 West Huron Avenue, Folly Beach, SC 29439
(US). DOEHLER, Steven, J. [US/US]; 737 Tallwood Road,
Charleston, SC 29412 (US). .

(74) Agent: NIEDNAGEL, Timothy, E.; Barnes & Thornburg, 11
South Meridian Street, Indianapolis, IN 46204 (US).

(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE,
GH, GM, HR, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ,
LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW,
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL,
TI, T™, TR, TT, UA, UG, US, UZ, VN, YU, ZW, ARIPO
patent (GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR,
IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF,
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published
Without international search report and to be republished
upon receipt of that report.

(54) Title: PRONING BED

(57) Abstract

A bed (10) includes a base (12) having a first end and a second end, and a support assembly (22) coupled to the base (12) adjacent
the first end. The support assembly (22) includes a rotatable drive mechanism (55). The bed (10) also includes a patient support assembly
(26) having a support surface (50) for supporting a patient. The patient support assembly (26) has a proximal end (24) and a distal end
(25) spaced apart from the proximal end (24) to define a longitudinal axis (38). The proximal end (24) of the patient support assembly
(26) is coupled to the drive mechanism (55) of the support assembly (22) so that the distal end (25) of the patient support assembly (26)
is cantilevered from the support assembly (22). The drive mechanism (55) is configured to rotate the cantilevered patient support assembly
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PRONING BED

kground and Summ f the Invention

The present invention relates to a hospital bed. More particularly, the
present invention relates to a proning bed which permits rotation of a patient
supported on a patient support surface of the bed.

A frame of the bed is operated to rotate the patient a full 360° about a
longitudinal axis of a patient support assembly. In other words, the patient can be
rotated 180° to prone the patient to aid with respiratory disorders such as ARDS, or in
order to perform surgical procedures or to permit the patient to lie face down on the
support surface. The present invention permits full 180° rotation of a patient located
on a patient support surface while providing spinal stability for spinal trauma patients.

The present invention provides a cantilevered design which cantilevers
the entire patient support assembly from a foot end support assembly of the bed. No
other support is required for rotation.

The present cantilevered design facilitates access to the head end of the
bed which is substantially free from structural support. C-arm access is provided over
the entire patient support surface for full body imaging.

According to one aspect of the present invention, a bed includes a base
having a first end and a second end, and a support assembly coupled to the first end of
the base. The support assembly includes a rotatable drive mechanism. The bed also
includes a patient support assembly having a support surface for supporting a patient.
The patient support assembly has a proximal end and a distal end spaced apart from
the proximal end to define a longitudinal axis. The proximal end of the patient support
assembly is coupled to the drive mechanism of the support assembly so that the distal
end of the patient support assembly is cantilevered from the support assembly. The
drive mechanism is configured to rotate the cantilevered patient support assembly
about its longitudinal axis.

The bed includes a lifting mechanism coupled between the base and the
support assembly. The lifting mechanism is configured to move the support assembly
up and down relative to the base to raise and lower the patient support assembly

relative to the base. The support assembly is pivotably coupled to the base about a
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pivot axis extending transverse to the longitudinal axis of the patient support assembly.
A pivot mechanism coupled between the base and the support assembly, the pivot
mechanism being configured to rotate the support assembly relative to the base about
the pivot axis to move the suppoﬁ surface from a first generally horizontal position to
an angled non-horizontal position.

In the illustrated embodiment, the support assembly includes a first
support portion coupled to the base, a lifting mechanism coupled to the first support
portion, and a movable frame coupled to the lifting mechanism for movement between
an elevated position and a lowered position. The drive mechanism of the support
assembly is coupled to the movable frame so that the patient support assembly is raised
and lowered upon movement of the lifting mechanism. The lifting mechanism
illustratively includes a rodless cylinder coupled to the first support portion. The
rodless cylinder includes a movable carriage coupled to the movable frame. The lifting
mechanism further includes a guide cylinder located adjacent the rodless cylinder. The
guide cylinder includes a guide block slidable on the guide cylinder. The guide block is
coupled to the movable frame. The illustrated lifting mechanism includes first and
second rodless cylinders and first and second guide cylinders located on opposite sides
of the movable frame.

The illustrated drive mechanism includes a annular rack rotatably
coupled a front surface of the support assembly. The patient support assembly is
coupled to the annular rack. The patient support assembly includes a pair of spaced
apart support arms. First ends of the patient support arms are coupled to a plate which
is coupled to the annular rack. The illustrated plate is cruciform-shaped. The first
arms extend through the cruciform-shaped plate. The first ends of the support arms
are connected to a second plate spaced apart from the cruciform-shaped plate.

In another illustrated embodiment, the support mechanism includes at
least one receptacle coupled to the drive mechanism. The patient support assembly is
separate from the support assembly and includes at least one arm configured to be
coupled to the at least one receptacle to secure the patient support assembly to the
drive mechanism.

According to one aspect of the present invention, a bed includes a base

having a first end and a second end, and a support assembly coupled to of the base
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adjacent the first end. The support assembly includes a rotatable drive mechanism.
The apparatus also includes a patient support assembly having a support surface for
supporting a patient. The patient support assembly has a proximal end and a distal end
spaced apart from the proximal end to define a longitudinal axis. The proximal end of
the patient support assembly is coupled to the drive mechanism of the support
assembly so that the distal end of the patient support assembly is cantilevered from the
support assembly. The drive mechanism is configured to rotate the cantilevered
patient support assembly about its longitudinal axis.

In the illustrated embodiment, the support assembly includes a first
support portion coupled to the base, a lifting mechanism coupled to the first support
portion, and a movable frame coupled to the lifting mechanism for movement between
an elevated position and a lowered position. The drive mechanism of the support
assembly is coupled to the movable frame so that the patient support assembly is raised
and lowered by operation of the lifting mechanism.

The illustrated lifting mechanism includes a rodless cylinder coupled to
the first support portion. The rodless cylinder includes a movable carriage coupled to
the movable frame. The lifting mechanism further includes a guide cylinder located
adjacent the rodless cylinder. The guide cylinder includes a guide block slidable on the
guide cylinder. The guide block is coupled to the movable frame.

Also in the illustrated embodiment, the support assembly is pivotably
coupled to the base about a pivot axis extending transverse to the longitudinal axis of
the patient support assembly. A pivot mechanism is coupled between the base and the
support assembly. The pivot mechanism is configured to rotate the support
méchanism relative to the base about the pivot axis to move the support surface from a
first generally horizontal position to an angled non-horizontal position. Therefore, the
pivot mechanism is configured to adjust a position of the support surface relative to
the base between a Trendelenburg position and a reverse Trendelenburg position.

The illustrated drive mechanism includes a annular rack rotatably
coupled a front surface of the support assembly. The patient support assembly is
coupled to the annular rack. The patient support assembly illustratively includes a pair
of spaced apart support arms. First ends of the support arms are coupled to a plate,

and the plate is coupled to the annular rack. The plate is illustratively cruciform-
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shaped. The first ends of the support arms extend through the cruciform-shaped plate
and are connected to a second plate spaced apart from the cruciform-shaped plate.
The apparatus further includes a gear configured to engage the annular rack to rotate
the rack relative to the front surface of the support assembly. The gear is coupled to a
drive motor. A plurality of rotatable bearings is coupled to the front surface of the
support assembly to hold the annular rack on the front surface of the support assembly.

In one illustrated embodiment, the support mechanism includes at least
one receptacle coupled to the drive mechanism. The patient support assembly is
separate from the support assembly and includes at least one arm configured to be
coupled to the at least one receptacle.

The illustrated apparatus also includes a proning surface configured to
be coupled to the patient support assembly. The proning surface is configured to
support the patient in a prone position when the patient support assembly is rotated
180° about its longitudinal axis by the drive mechanism. The proning surface includes
a head-receiving portion.

According to another aspect of the present invention, a bed includes a
base, a frame coupled to the base, first and second spaced apart arms coupled to the
frame, first and second lifting mechanisms coupled to the first and second support
arms, respectively, and a patient support surface coupled to the first and second lifting
mechanisms. The lifting mechanisms are configured to move the patient support
surface up and down relative to the first and second support arms.

In the illustrated embodiment, the first and second lifting mechanisms
each includes first and second lifters, each lifter being separately controllable. The first
an;i second lifters each include a pair of cylinders. Each cylinder includes a movable
piston configured to control the location of the patient support surface relative to the
first and second support arms. Each pair of cylinders includes first and second
cylinders pivotably coupled to the support arms and first and second pistons,
respectively, pivotably coupled to the patient support surface. The first and second
pistons are pivotably coupled to the patient support surface about a single pivot axis,
and the first and second cylinders are pivotably are coupled to the support arms about

first and second spaced apart pivot axes, respectively.
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The illustrated embodiment also includes first and second movable
supports coupled to the first and second arms, respectively, by the first and second
lifting mechanisms. The patient support surface is coupled to the first and second
movable supports. The patient support surface includes a first portion pivotably
coupled to the first movable support, a second portion pivotably coupled to the second
movable support, and a locking mechanism configured to secure the first portion to the
second portion. First and second air bladders are coupled to the first and second
portions of the patient support surface, respectively, to support the patient. A proning
surface includes a first portion pivotably coupled to the first movable support, a second
portion pivotably coupled to the second movable support, and a locking mechanism
configured to secure the first portion to the second portion to form the proning
surface. First and second air bladders are coupled to the first and second portions of
the proning surface, respectively, to support the patient in a prone position.

The illustrated embodiment includes a drive mechanism coupled to the
frame and to the first and second arms to rotate the first and second arms about a
longitudinal axis, and a proning surface coupled to the first and second arms. A
controller is coupled to the first and second lifting mechanisms. The controller is
configured to actuate the first and second lifting mechanisms to lift the patient support
surface relative to the side arms. The controller is configured to elevate the patient
support surface so that a center of gravity of the patient is at or above a center axis of
the first and second support arms prior to rotation of the first and second arms about
the longitudinal axis.

. The illustrated controller is configured to actuate the first and second
lifting mechanisms in alternating directions to provide rotation of the patient support
surface relative to the first and second support arms about a longitudinal axis of the
patient support surface. The controller is also configured to actuate the first and
second lifters separately to move the patient support surface relative to the first and
second arms about an axis transverse to the first and second arms between a
Trendelenburg and a reverse Trendelenburg position. The controller is programmable
to provide a sequence of treatments to the patient.

One illustrated embodiment includes a plurality of cushions on the

patient support surface and the proning surface to provide therapy to a patient. The
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patient support surface includes a fixed portion coupled to the first and second arms
and a removable backboard configured to support the patient. The backboard is
configured to be located on the fixed portion of the patient support surface. The
illustrated apparatus further includes a third lifting mechanism coupled between the
base and the frame. The third lifting mechanism is configured to move the frame up
and down relative to the base to raise and lower the patient support surface relative to
the base.

According to yet another aspect of the present invention, a bed includes
a base, and a support assembly coupled to the base. The support assembly includes a
rotatable drive mechanism. The apparatus also includes a patient support surface
coupled to the drive mechanism of the support assembly so that the drive mechanism
rotates the patient support surface about its longitudinal axis, a monitoring device
having an output signal indicating a condition of the patient, and a controller coupled
to the monitoring device and the drive mechanism to control a frequency of rotation of
the patient support surface in response to the output signals from the monitoring
device.

Additional objects, features, and advantages of the invention will
become apparent to those skilled in the art upon consideration of the following detailed
description of the illustrated embodiment exemplifying the best mode of carrying out

the invention as presently perceived.

Brief Description of the Drawings
. The detailed description particularly refers to the accompanying figures

in which:

Fig. 1 is a perspective view illustrating a proning bed of the present
invention;

Fig. 2 is a perspective view, with portions broken away, illustrating a
base and a patient support surface support assembly located at a foot end of the bed to
control movement of the patient support surface;

Fig. 3 is a perspective view, with portions broken away, illustrating

additional details of the support assembly of the present invention,
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Fig. 4 is a side elevational view illustrating movement of the support
assembly to position the patient support surface in either a Trendelenburg or a reverse
Trendelenburg position;

Fig. 5 is a perspective view illustrating another embodiment of the
present invention in which a modular patient support assembly is configured to be
coupled to receptacles on the support assembly;

Fig. 6 is a perspective view illustrating a proning bed of the present
invention, with a patient on a support surface in a supine position;

Fig. 7 is a sectional view taken through the patient support assembly of
Fig. 1 illustrating top doors in an open position,

Fig. 8 is a sectional view through the patient support assembly of Fig. 6
with the proning doors in a closed and latched position and with a lifting apparatus on
each side of the patient support surface, each lifting apparatus being adjusted to move
the patient support surface to its lowermost position relative to support arms of the
bed;

Fig. 9 is a sectional view similar to Fig. 8 in which the lifting apparatus
are actuated to move a patient support surface upwardly relative to side support arms
of the bed;

Fig. 10 is a perspective view similar to Fig. 6, illustrating the patient
support surface in its raised position relative to the side arms of the bed;

Fig. 11 is a sectional view taken through the patient support surface of
Fig. 5, after the bed is operated to rotate the support surface, thereby turning the
patjent over to a prone position;

Fig. 12 is a perspective view illustrating the patient support surface of
the bed moved to a Trendelenburg position;

Fig. 13 is a perspective view of the bed of the present invention with
the patient support surface in a reverse Trendelenburg position;

Figs. 14 and 15 illustrate actuation of a lifting mechanisms on opposite
sides of the bed for providing patient rotation using only the lifting mechanisms
actuated in opposite, alternating directions;

Fig. 16 illustrates insertion of an x-ray cassette below the patient

support surface of the present invention;
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Fig. 17 is a sectional view illustrating actuation of the x-ray cassette
holder to move the x-ray cassette close to a patient support surface to improve
imaging;

Fig. 18 is a chart illustrating rotation of the patient support surface
about both a lateral axis and a longitudinal axis; and

Fig. 19 is a sectional view illustrating a compression therapy apparatus

of the present invention.

Detailed Description of the Drawings

Referring now to the drawings, Fig. 1 illustrates a bed 10 having a base
12 which includes opposite side members 14 and 16 and cross members 18 and 20
extending between side members 14 and 16. A support assembly 22 is located at a
foot end 24 of bed 10. Support assembly 22 supports a patient support assembly 26 in
a cantilevered fashion. Therefore, the head end 25 of bed 10 is open to facilitate
access to the patient 56.

Support assembly 22 is pivotably coupled to pivot blocks 28 of base 12
by pivot connections 30. Therefore, support assembly 22 can pivot about axis 32 in
the directions of double-headed arrow 34. As discussed in detail below, the support
assembly 22 is movable up and down in the direction of double-headed arrow 36 to
raise and lower the height of patient support assembly 26. Also as discussed below in
detail, support assembly 22 can rotate the patient support assembly 26 about its
longitudinal axis 38 as indicated by double-headed arrow 40. Support assembly 22 can
rotate the patient support assembly 26 in either direction a full 360°.

Q Patient support assembly 26 includes a pair of horizontally extending
arms 42 and 44 which are coupled to a cruciform-shaped plate 46 of support assembly
22. Arms 42 and 44 extend away from support assembly 22 in a cantilevered fashion.
An end beam 46 extends between arms 42 and 44 at a distal end of patient support
assembly 26. A patient support surface 50 is coupled between arms. When it is
desired to rotate a patient, a proning support surface 52 is also coupled between arms
42 and 44. Proning support surface 52 includes a recess 54 for receiving the head of a
patient 56. Support surfaces 50 and 52 are shown in an illustrative representation

only. It is understood that support surfaces 50 and 52 will include selective placement
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of foam, air bladders, fluidized bladders, or other suitable support surfaces to reduce
pressure on the patient 56 and/or support an unstable spine of the patient 56. The
support surfaces 50 and 52 may include contoured support surfaces to minimize
pressure on the patient. Layers of air and beads can be positioned over the contoured
support surfaces. A vacuum can be selectively applied to the bead packs to further
conform the support surfaces to the patient.

Cruciform 46 is coupled to a drive mechanism 55 including rotatable,
annular rack 57 which is held in place on a front surface 58 of support assembly 22 by
rotatable bearings 60 which are coupled to front surface 58. Cruciform 46 includes
four arms which are each secured to the annular rack 57. A motor 62 and gear 64 are
located on support assembly 22. Gear 64 engages annular rack 57 to rotate the
annular rack 57 relative to the front surface 58. Therefore, the support arms 42 and 44
coupled to the cruciform also rotate in the direction of double-headed arrow 40. As
illustrated in Figs. 2 and 3, the arms 42 and 44 extend through the cruciform 46 and
are then welded to the cruciform 46. Arms 42 and 44 are also welded to a rear
support plate 66. Extension sections 68 are welded between the support plate 66 and
the cruciform 46 at locations between the support arms 42 and 44.

The support assembly 22 includes a movable frame 70 which is movable
relative to outer supports 72. Fig. 2 illustrates the frame 70 in an upwardly extended
position.

Opposite outer supports 72 each include a rodless cylinder 74 having a
movable carriage 76. Movable carriage 76 is coupled to a sidewall 78 of movable
frame 70 by fasteners 80. A guide cylinder 82 is located adjacent each rodless cylinder
74.‘ A guide block 84 slides over each cylinder 82. Guide block 84 is coupled to
sidewall 78 of frame 70 by fasteners 86. |

Illustratively, rodless cylinders 74 are Lintra® rodless cylinder available
from Norgren located in Rockford, Illinois. An air supply is used to control movement
of the carriages 76 on the rodless cylinders 74 to move the movable frame 70 of the
support assembly 22 up and down in the directions of double-headed arrow 36. Since
the annular rack 57, the cruciform 46 and the patient support assembly 26 are all
coupled to the movable frame 70, the support surface 26 moves up and down in the

direction of double-headed arrow 36 with the movable frame 70. Illustratively, the
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cylinders 74 provide and 8-9 inch lift. It is understood that hydraulics, lead screws, or
other suitable lifting mechanisms can be used with the present invention.

The cantilevered design of the present invention advantageously
suspends the patient support surface 26 from the support assembly 22. This permits
full body C-arm access. In addition, a head end 25 of the bed is accessible for
performing procedures on the patient 56. A support bar 77 can extend between the
head end 25 of patient-support surface 26 and base 12 if desired. The support bar 77
can be moved into the support position engaging support surface assembly 26 while
the patient 56 is on support surface 50. The support bar 77 can be removed from
support surface assembly 26 for C-arm access or rotation.

The support assembly 22 is coupled to base 12 by blocks 88. Blocks 88
include a front angled stop 90 and a rear angled stop 92 which limit pivotable
movement of the support assembly 22 relative to the base 12. As illustrated in Fig. 4,
the support assembly 22 is pivotable relative to base 12 to move the patient support
assembly 26 between a Trendelenburg position illustrated in solid lines in Fig. 4 to a
reverse Trendelenburg position illustrated in dotted lines in Fig. 4. Illustratively, the
pivotable movement is about +/-15° relative to horizontal in either direction as
illustrated by angles 91 in Fig. 4. Front stop 90 engages base 12 when the patient
support surface is in the Trendelenburg position shown in solid lines in Fig. 4. Second
stop 92 engages the base 12 when the support assembly is in the reverse
Trendelenburg position as shown in dotted lines in Fig. 4.

Pivotable movement of support assembly 22 about axis 32 is controlled
by a cylinder 94 pivotably coupled to a cross member 96 which extends between arms
14iand 16 of base 12. A fluid source 98 is also coupled to cross member 96 to control
movement of a piston 100 relative to cylinder 94 between an extended position and a
retracted position. Piston 100 is pivotably coupled to support assembly 22.

Therefore, retraction of piston 100 causes movement of the support assembly 22
forward to the Trendelenburg position. Extension of piston 100 causes pivotable
movement of the support assembly 22 to the reverse Trendelenburg position.

Although the side arms 42 and 44 of the patient support assembly 26
are shown as solid arms in Fig. 1, it is understood that the side arms 42 and 44 may be

shorter pieces cut off adjacent support assembly 22 as illustrated by arms 102 and 104
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in Fig. 5. Since arms 102 and 104 are illustratively hollow receptacles, the remainder
of the patient support assembly 26 includes arm extensions 106 and 108 which slide
into the open ends of receptacle arms 102 and 104 extending from support assembly
22. Therefore, a patient could be transported directly from a trauma situation on the
patient support surface 50 using suitable handles (not shown). The patient support
assembly 26 and surface 50 may then be attached to the open ends of arms 102 and
104 and secured in position to form a cantilevered support surface 26 for the patient
56 without having to move the patient 56 from the support surface 50. Operation of
the bed is then as described above.

The bed can be programmed to provide rotational therapy to the
patient. The bed can also be used to prone the patient 56 so that the patient lies face
down on the proning support surface 52.

In Figs. 6-15, these elements referenced by numbers from Figs. 1-5
perform the same or similar function. Patient support assembly includes a lower set of
doors 110 and an upper set of doors 112. Lower set of doors 110 supports the patient
support surface 50 for holding the patient in a supine position. Doors 110 and 112 are
pivotably coupled to lifting apparatus 114 and 116. A first lifting apparatus 114 is
coupled to arm 42, and a second lifting apparatus 116 is coupled to arm 44. Each
lifting apparatus 114 and 116 includes an outer rectangular support 118 having a top
surface 120 and a bottom surface 122. Each lifting apparatus 114, 116 further includes
first and second lifting cylinder assemblies 124 and 126 located within side arms 42,
44, respectively. The first and second cylinder assemblies 124 and 126 each include a
pair of cylinders 128, 130 which are coupled to arms 42, 44 by pivot connections 132
an;i 134, respectively. Cylinders 128 and 130 include pistons 136 and 138,
respectively, which are pivotably coupled to top surface 120 of movable support 118
at locations 140. Illustratively, cylinders 128, 130 are hydraulic cylinders controlled by
a suitable controller located within support assembly 22. Lines for controlling
cylinders 128, 130 can be run through the arms 142, 144 to minimize line clutter. .

The pistons 136, 138 are movable from a retracted position illustrated
in Fig. 6 to an extended position illustrated in Fig. 10. In the retracted positions,
pistons 136 and 138 position the support surface 50 at a lowermost position relative to

arms 42 and 44 of the frame. In the extended position, the pistons 136 and 138 lift the
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movable support 118 and the patient support surface 50 coupled thereto upwardly to
the position shown in Fig. 10. Arms 42 and 44 each are configured to include
apertures 142 shown in Fig. 5 to permit the cylinders 128, 130 and pistons 136, 138 to
move upwardly past a top surface 144 of frame arms 42, 44,

The bed 10 is configured so that a patient can be transported from a
remote trauma location and positioned directly on the bed as illustrated in Fig. 7.
Illustratively, the patient is transported to the bed 10 on a backboard 146.
Illustratively, the backboard 146 may include air bladders, foam padding, and/or
contoured sections to facilitate transport of the patient and to provide a pressure
reducing surface when the backboard 146 is located on the bed 10. The backboard
146 may illustratively include a self-inflating surface, such as a Therm-A-Rest®
mattress, for use in the field. When the backboard 146 is loaded into the bed 10,
connectors are provided for coupling air bladders on the backboard to the air supply
system and valves already located on the bed 10. Connectors are also provided for
coupling the backboard 146 to the bed 10 mechanically and electrically.

As illustrated in Fig. 7, the bottom door assembly 110 includes a first
door 148 pivotably coupled to the first lifting mechanism 114 and a second door 150
pivotably coupled to the second lifting mechanism 116. The first door 148 includes a
first section 152 pivotably coupled to the first lifting mechanism 114 by hinge 154 and
a second portion 156 pivotably coupled to the first portion 152 by hinge 158. Second
door 150 includes a first portion 160 pivotably coupled to the second lifting
mechanism 116 by hinge 162 and a second portion 164 pivotably coupled to the first
portion 160 by hinge 166. Latches 168 are used to secure the first and second doors
l4§ and 150 in a closed position illustrated in Fig. 7 to provide a support for the
backboard 146. Illustratively, a pair of air bladders 170 are located on an inner surface
of doors 148 and 150 to provide a support for backboard 146. Alternatively, the
patient can be situated directly on the air bladders 170 if the patient has not been
transported to the bed on the backboard 146.

The proning doors 112 similarly include a first door 172 and a second
door 174 shown in an open position in Fig. 7. Door 172 includes a first portion 176
pivotably coupled to first lifting apparatus 114 by hinge 178. Door 172 further
includes a second portion 180 pivotably coupled to first portion 176 by hinge 182.
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Door 174 includes a first portion 184 coupled to second lifting apparatus 116 by hinge
186 and a second portion 188 pivotably coupled to first portion 184 by hinge 190. A
first latch portion 192 is coupled to second door portion 180 of door 172, and a
second latch portion 194 is coupled to second door portion 188 of second door 174.
Air bladders 196 are also coupled to second door portions 180 and 188. Fig. 7 also
illustrates a pair of inner inflatable side bladders 198 and 200 located along opposite
sides of the patient 56.

Fig. 7 illustrates the top doors 172 and 174 in an open position. In the
open position, first door portions 176 and 184 rest upon top surface 120 of the first
and second lifting apparatus 114, 116, respectively. Therefore, the second door
portions 180 and 188 can lie adjacent outer surfaces 118 of the first and second lifting
apparatus 114 and 116, respectively, to conserve space. Air bladders 196 may be
deflated to conserve additional space.

After the patient is transported to the bed 10 from an injury site or
other location on backboard 146, the patient 56 and the backboard 146 are loaded into
the bed 10 as illustrated in Fig. 7 with the patient in the supine position. Ifit is desired
to prone the patient 56 for a medical procedure or therapy, the doors 172 and 174 are
closed in the direction of arrows 202 and 204 of Fig. 7, respectively. Once the doors
are moved to a closed position illustrated in Fig. 6 and 8-10, latches 192 and 194 are
connected to secure the doors 172 and 174 together. It is understood that any type of
latch mechanism can be used to hold the doors 172 and 174 in the closed position. As
shown in Fig. 8, the air bladders 196 are configured to lie over the patient 56 when the
doors 172 and 174 are closed.

1 In Fig. 8, the pistons 136 and 138 of cylinders 128 and 130,
respectively, are in the retracted position shown in Fig. 6. Therefore, the arms 42 and
44 are located adjacent top surface 120 of support 118 of the first and second lifting
apparatus 114 and 116. Therefore, bottom surfaces of arms 42 and 44 are spaced
apart from a bottom surface 122 of first and second lifting apparatus 114 by a distance
206. Inthe pbsition of Figs. 6 and 8, the patient 56 is located at the lowermost
support position relative to arms 42 and 44.

When it is desired to rotate or prone the patient, it is desirable to move

the patient's center of gravity to a location above a pivot axis 138 of patient support
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assembly 26. Therefore, before rotating the patient 56, the first and second lifting
apparatus 114 and 116 are actuated to extend the pistons 136 and 138 from cylinders
128 and 130 of the first and second cylinder arrangements 124 and 126. By extending
the pistons 136 and 138, the top surfaces 120 of supports 118 of the lifting apparatus
114 and 116 move upwardly to the position illustrated in Figs. 9 and 10. Fig. 9 shows
that the distances between the bottom surfaces arms 42 and 44 is closer to the bottom
surfaces 122 of supports 118 lifting apparatus 114 and 116 in the Fig. 9 configuration.
The patients center of gravity 208 is at or slightly above the location of pivot axis 38.
This positioning of patient 56 facilitates the rotating operation and provides less of a
falling sensation for the patient 56 as rotation begins.

A controller of the present invention is configured to position the
patient properly for proning automatically. A caregiver enters the patient’s height and
weight using an input device, and then the controller calculates a location of the center
of gravity of the patient using known algorithms. The controller then sends
appropriate control signals to the cylinders 128 and 130 to lift the patient a desired
distance. Once the patient is positioned as illustrated in Figs. 9 and 10, the controller
actuates the drive motor and gear which drives the annular ring and rotates the
cruciform 46 and arms 42 and 44 in the direction of arrows 210 in Fig. 11 until the
patient has been proned. Once in the prone position of Fig. 11, latches 168 are opened
to permit doors 148 and 150 to be moved away from the patient 56. Backboard 146
can then be removed to expose a back of the patient 56. Before the patient is moved
to the prone position shown in Fig. 11, an appropriate head support member (not
shown) is coupled to the proning doors 112 to support the patient's head and while in
th; prone position. Alternatively, the length of doors 172 and 174 may be extended
and formed to include a recess for receiving the patient's face.

As shown in Figs. 12 and 13, lifting apparatus 114, 116 may also be
used for moving the patient support surface 50 from a Trendelenburg position shown
in Fig. 12 to a reverse Trendelenburg position shown in Fig. 13. Using the first and
second lifting apparatus 114, 116 in this manner eliminates the need for a separate
cylinder 94 and a pivotable connection between support 22 and base 12. In other

words, the support 22 may be rigidly coupled to base 12 when the first and second
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lifting apparatus 114 and 116 are used for the Trendelenburg and reverse
Trendelenburg positioning. '

As shown in Fig. 12, when the pistons 136 and 138 of the first pair of
cylinders 124 are in the fully retracted position and the pistons 136 and 138 of the
second set of cylinders 126 are in the fully extended position, the patient support
surface 50 moves to a Trendelenburg position. Conversely, when the pistons 136 and
138 of the first set of cylinders 124 are moved to fully extended and the pistons 136,
138 and the second set of cylinders 126 are moved to the fully retracted position, the
patient support 50 moves to a reverse Trendelenburg position as shown in Fig. 13.

Therefore, the lifting apparatus 114, 116, could also be used to provide
rotation of patient 56 about a lateral axis perpendicular to longitudinal axis 38 and the
patient 56. In other words, the lifting apparatus 114, 116 can be used to move the
patient back and forth between the Fig. 12 position and the Fig. 13 position.

As shown in Figs. 14 and 15, the first and second lifting apparatus 114,
116 may also be used to provide limited rotational therapy for the patient 56 about axis
38. The main drive motor within support assembly 22 can also be used for rotational
therapy. In other words, the entire frame assembly 42, 44, and 46 may be rotated back
and forth about axis 38 to provide rotational therapy for the patient. To pfovide the
rotational therapy using only the first and second lifting apparatus 114, 116, the
following sequence is used. The pistons 136 and 138 of the first and second cylinder
pairs 124 and 126 in lifting apparatus 114 are moved to the retracted position while the
pistons 136 and 138 of the cylinders 124 and 126 of lifting apparatus 116 are moved to
the extended position as shown in Fig. 14. This causes the support 118 of first lifting
api)aratus 114 to move downwardly in the direction of arrow 212 and the support 118
of second lifting apparatus 116 to move upwardly in the direction of arrow 214. Next,
the pistons 136 and 138 of the cylinder pairs 124 and 126 of lifting apparatus 114 are
extended to move the support 118 of lifting apparatus 114 upwardly in the direction of
arrow 216 of Fig. 15. Simultaneously, the pistons 136 and 138 of the cylinder pairs
124 and 126 of lifting apparatus 116 are retracted to move the support 118 of second
lifting apparatus 116 downwardly in the direction of arrow 218. Therefore, as shown

in Figs. 14 and 15, rotational therapy can be provided to the patient 56 by alternately
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extending and retracting, in opposite timing, the pistons 136 and 138 of the cylinder
pairs 124 and 126 of first and second lifting apparatus 114 and 116.

Figs. 16 and 17 illustrate an x-ray carriage 220 including a frame 222
having a handle 224 and a recessed portion 226 configured to receive an x-ray cassette
228. Carriage 220 also includes a lifting mechanism 230 best illustrated in Fig. 17
which is operated by a crank 232. The carriage 220 is designed to be inserted below
bladders 170 and backboard 146 to lie on doors 156 and 164. Appropriate openings
(not shown) are formed in door sections 152 or 160 to permit insertion of the carriage
220. Once the carriage 220 is positioned at a desired location, lifting apparatus 230 is
actuated to lift the x-ray cassette 228 upwardly as shown in Fig. 17. The bladder 170
above the x-ray cassette 228 is deflated to permit the x-ray cassette 228 to be moved
upwardly against a bottom surface of backboard 146. By moving the x-ray cassette
128 closer to the bottom surface of backboard 146, imaging is improved.

In another embodiment of the present invention, the apparatus includes
surface pressure sensing integrated into the patient support surface. Specifically, an
array of capacitive pressure sensors 240 are coupled to a top surface of patient support
bladders 242 as shown in Fig. 16. Foam support surfaces may be located in the air
bladders 242, if desired. As a patient 56 changes positions on the support bladders
242, or is rotated within the bed 10, pressure within each bladder 242 is adjusted based
on inputs from the pressure sensor array 240 to keep interface pressure below capillary
closure pressure or at as low a pressure as possible.

As discussed above, the bed of the present invention can be used to
provide rotation about longitudinal axis 38 and about a lateral axié generally
pe;pendicular to the longitudinal axis 38. The bed can move the patient about the
longitudinal axis 38 up to 360°. At the same time, Trendelenburg angles of +/-15° are
also possible. For instance, a patient requiring head elevation and proning can be in
reverse Trendelenburg position shown in Fig. 13 while in the supine position. As the
patient 56 is rotated to the prone position, the bed also actuates the lifting apparatus or
tilting apparatus to move the patient support surface to the Trendelenburg position.
Therefore, when the patient is in the prone position, the patient’s head will still be
elevated. A graph shown in Fig. 18 illustrates rot;tion angles about the lateral axis and

longitudinal axis 38.
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Fig. 19 illustrates an external chest compression device of the present
invention. Illustratively, separate air cushions 250, 252, 254, 256 and 258 surround
the patient 56 when the proning doors 172 and 174 are closed. The air cushions are all
controlled separately. Each air cushion, 250, 252, 254, 256, and 258 may be divided
into separate zones. For instance, zone 258 located below patient 56 may be divided
into four separate zones 260, 262, 264 and 266 as indicated. Cushion 250 and a chest
and abdomen zone 262 of lower air cushion 258 are increased in pressure to place the
patient’s chest cavity under varying amounts of external pressure. This may provide
respiratory benefits to the patient 56, similar to prone positioning. Cushion 250 and
chest and abdomen zone 262 of lower air cushion 258 may also be used to provide
chest physiotherapy such as percussion or vibration therapy, either separately or
together. Inflation and deflation of the cushions may also be synchronized to a
patient’s breathing pattern and then adjusted to wean the patient from a respirator.
Cushions 252, 254, 256 and the leg and foot zones 264 and 266 of bottom cushion 258
are inflated simultaneously to provide deep vein thrombosis therapy. Inflation and
deflation of all the zones is controlled by a blower coupled to a main controller of the
bed 10. The controller of bed 10 can also be connected to various monitoring outputs
from devices such as SaO,, EKG, respiration, etc., and the pressure in the zones can be
varied based upon outputs from these monitoring device outputs to synchronize
treatment with the physical parameters detected. Interface pressure sensors may be
included in each cushion to provide feedback to the controller.

Monitoring devices, such as a patient’s blood oxygen level sensor Sa0,
xmonitoring systems are well known. The controller of the present invention is also
used to control the frequency of rotation of the patient using feedback from a blood
oxygen saturation monitor coupled to the patient. The processor determines whether
the patient requires more or less frequent rotation based upon the blood oxygen
saturation levels detected and either suggests the change in rotation frequency to the
caregiver via a display or autdmatically adjusts the frequency of rotation of the patient
support surface based on the blood oxygen saturation levels detected. The illustrated
frequency is about 0.67 degrees per second. This frequency is adjusted based on the

output of the blood oxygen saturation monitor.



WO 99/07320 PCT/US98/16497

10

-18-

A controller of the present invention is used to program various
features of the bed to provide a sequence of treatments to the patient selected from a
matrix of possible bed positions and therapies. The controller can provide continuous
lateral rotation of the patient about longitudinal axis 38 at different angles and
frequencies. The controller may be programmed to rotate the bed further to one side
than to the other during the continuous lateral rotation. In addition, the controller can
be programmed to provide head elevation, for example, at selected times. The
controller can be coupled to various types of sensors, such as discussed above
including sensors for measuring blood oxygen level, oxygen index, end tidialed CO,,
etc., to adjust the treatment or position of the patient based on outputs from these
Sensors.

Although the invention has been described in detail with reference to a
certain illustrated embodiment, variations and modifications exist within the scope and

spirit of the present invention as described and defined in the following claims.
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CLAIMS:

1. A bed comprising:

a base having a first end and a second end;

a support assembly coupled to of the base adjacent the first end, the
support assembly including a rotatable drive mechanism; and

a patient support assembly having a support surface for supporting a
patient, the patient support assembly having a proximal end and a distal end spaced
apart from the proximal end to define a longitudinal axis, the proximal end of the
patient support assembly being coupled to the drive mechanism of the support
assembly so that the distal end of the patient support assembly is cantilevered from the
support assembly, the drive mechanism being configured to rotate the cantilevered
patient support assembly about its longitudinal axis.

2. The apparatus of claim 1, wherein the support assembly includes
a first support portion coupled to the base, a lifting mechanism coupled to the first
support portion, and a movable frame coupled to the lifting mechanism for movement
between an elevated position and a lowered position, the drive mechanism of the
support assembly being coupled to the movable frame so that the patieﬁt support
assembly is raised and lowered by operation of the lifting mechanism.

3. The apparatus of claim 2, wherein the lifting mechanism
includes a rodless cylinder coupled to the first support portion, the rodless cylinder
including a movable carriage coupled to the movable frame.

4. The apparatus of claim 3, wherein the lifting mechanism further

comprises a guide cylinder located adjacent the rodless cylinder, the guide cylinder

including a guide block slidable on the guide cylinder, the guide block being coupled to
the movable frame.

5. The apparatus of claim 4, wherein the lifting mechanism
includes first and second rodless cylinders and first and second guide cylinders located
on opposite sides of the movable frame.

6. The apparatus of claim 1, wherein the support assembly is
pivotably coupled to the base about a pivot axis extending transverse to the

longitudinal axis of the patient support assembly.
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7. The apparatus of claim 6, further comprising a pivot mechanism
coupled between the base and the support assembly, the pivot mechanism being
configured to rotate the support mechanism relative to the base about the pivot axis to
move the support surface from a first generally horizontal position to an angled non-
horizontal position.

8. The apparatus of claim 7, wherein the pivot mechanism is
configured to adjust a position of the support surface relative to the base between a
Trendelenburg position and a reverse Trendelenburg position.

9. The apparatus of claim 1, wherein the drive mechanism includes
a annular rack rotatably coupled a front surface of the support assembly, the patient
support assembly being coupled to the annular rack.

10.  The apparatus of claim 9, wherein the patient support assembly
includes a pair of spaced apart support arms, first ends of the patient support arms
being coupled to a plate, the plate being coupled to the annular rack.

11.  The apparatus of claim 10, wherein the plate is cruciform-
shaped.

12.  The apparatus of claim 11, wherein the first ends of the support
arms extend through the cruciform-shaped plate, the first ends of the support arms
being connected to a second plate spaced apart from the cruciform-shaped plate.

13.  The apparatus of claim 9, further comprising a gear configured
to engage the annular rack to rotate the rack relative to the front surface of the support
assembly, the gear being coupled to a drive motor.

14.  The apparatus of claim 9, further comprising a plurality of

rotatable bearings coupled to the front surface of the support assembly to hold the

annular rack on the front surface of the support assembly.

15.  The apparatus of claim 1, further comprising a lifting mechanism
coupled between the base and the support assembly, the lifting mechanism being
configured to move the support assembly up and down relative to the base to raise and
lower the patient support assembly relative to the base.

16.  The apparatus of claim 1, wherein the support mechanism

includes at least one receptacle coupled to the drive mechanism, and the patient
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support assembly is separate from the support assembly and includes at least one arm
configured to be coupled to the at least one receptacle.

17.  The apparatus of claim 1, wherein the patient support assembly
includes a pair of spaced-apart support arms, the patient support surface being coupled
between the support arms.

18.  The apparatus of claim 17, further comprising a proning surface
configured to be coupled to the support arms, the proning surface being configured to
support the patient in a prone position when the patient support assembly is rotated
180° about its longitudinal axis by the drive mechanism.

19.  The apparatus of claim 18, wherein the proning surface includes
a head-receiving portion.

20.  The apparatus of claim 1, further comprising first and second
lifting mechanisms coupled to the support assembly, the patient support surface being
coupled to the first and second lifting mechanisms.

21. A bed comprising;

a base;

a frame coupled to the base;

first and second spaced apart arms coupled to the frame;

first and second lifting mechanisms coupled to the first and second
support arms, respectively, and

a patient support surface coupled to the first and second lifting

mechanisms, the lifting mechanisms being configured to move the patient support

surface up and down relative to the first and second support arms.

22.  The apparatus of claim 21, wherein the first and second lifting
mechanisms each include first and second lifters, each lifter being separately

controllable.

23.  The apparatus of claim 22, wherein the first and second lifters
each include a pair of cylinders, each cylinder including a movable piston configured to
control the location of the patient support surface relative to the first and second

support arms.
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24.  The apparatus of claim 23, wherein each pair of cylinders
includes first and second cylinders pivotably coupled to the support arms and first and
second pistons, respectively, pivotably coupled to the patient support surface.

25.  The apparatus of claim 24, wherein the first and second pistons
are pivotably coupled to the patient support surface about a single pivot axis, and the
first and second cylinders pivotably are coupled to the support arms about first and
second spaced apart pivot axes, respectively.

4 26.  The apparatus of claim 21, further comprising first and second
movable supports coupled to the first and second arms, respectively, by the first and
second lifting mechanisms, the patient support surface being coupled to the first and
second movable supports.

27.  The apparatus of claim 26, wherein the patient support surface
includes a first portion pivotably coupled to the first movable support, a second
portion pivotably coupled to the second movable support, and a locking mechanism
configured to secure the first portion to the second portion.

28.  The apparatus of claim 27, further comprising first and second
air bladders coupled to the first and second portions of the patient support surface,
respectively, to support the patient.

29.  The apparatus of claim 27, further comprising a drive
mechanism coupled to the frame and to the first and second arms to rotate the first and
second arms about a longitudinal axis, and a proning surface including a first portion
pivotably coupled to the first movable support, a second portion pivotably coupled to
’the second movable support, and a locking mechanism configured to secure the first
portion to the second portion to form the proning surface.

30.  The apparatus of claim 29, further comprising first and second
air bladders coupled to the first and second portions of the proning surface,
respectively, to support the patient in a prone position.

31.  The apparatus of claim 21, further comprising a drive
mechanism coupled to the frame and to the first and second arms to rotate the first and
second arms about a longitudinal axis, and a proning surface coupled to the first and

second arms.
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32.  The apparatus of claim 31, further comprising a controller
coupled to the first and second lifting mechanisms, the controller being configured to
actuate the first and second lifting mechanisms to lift the patient support surface
relative to the side arms, the controller being configured to elevate the patient support
surface so that a center of gravity of the patient is at or above a center axis of the first
and second support arms prior to rotation of the first and second arms about the
longitudinal axis.

33.  The apparatus of claim 31, further comprising a plurality of
cushions on the patient support surface and the proning surface to provide therapy to a
patient.

34.  The apparatus of claim 21, wherein the patient support surface
includes a fixed portion coupled to the first and second arms and a removable
backboard configured to support the patient, the backboard being configured to be
located on the fixed portion of the patient support surface.

35.  The apparatus of claim 21, wherein the base has a first end and
a second end, the frame is coupled to the base adjacent the first end, and the first and
second support arms are cantilevered from the frame.

36.  The apparatus of claim 21, further comprising a controller
coupled to the first and second lifting mechanisms, the controller being configured to
actuate the first and second lifting mechanisms in alternating directions to provide
rotation of the patient support surface relative to the first and second support arms
about a longitudinal axis of the patient support surface.

37.  The apparatus of claim 21, further comprising a controller
;:oupled to the first and second lifting mechanisms, the controller being configured to
actuate the first and second lifters separately to move the patient support surface
relative to the first and second arms between a Trendelenburg and a reverse
Trendelenburg position.

38.  The apparatus of claim 22, further comprising a drive
mechanism coupled to the frame and to the first and second arms to rotate the first and
second arms about a longitudinal axis, and a controller coupled to the first and second

lifting mechanisms, the controller being configured to actuate the first and second
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lifters separately to pivot the patient support surface about an axis transverse to the
first and second arms.

39.  The apparatus of claim 38, wherein the controller is
programmable to provide a sequence of treatments to the patient.

40.  The apparatus of claim 21, further comprising a third lifting
mechanism coupled between the base and the frame, the third lifting mechanism being
configured to move the frame up and down relative to the base to raise and lower the
patient support surface relative to the base.

41. A bed comprising:

a base;

a support assembly coupled to of the base, the support assembly
including a rotatable drive mechanism;

a patient support surface coupled to the drive mechanism of the support
assembly so that the drive mechanism rotates the patient support surface about its
longitudinal axis;

a monitoring device having an output signal indicating a condition of
the patient; and

a controller coupled to the monitoring device and the drive mechanism
to control a frequency of rotation of the patient support surface in response to the
output signals from the monitoring device.

42.  The apparatus of claim 41, wherein the monitoring device is a

blood oxygen level sensor.
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