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PATIENT HOLDING HOSPITAL UNIT, PATIENT TRANSPORTATION SYSTEM
AND PATIENT TRANSPORTATION AND LIFE SUPPORT SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to US Provisional Application 61/834,511
filed on June 13, 2013,

FIELD

[0002] This present disclosure relates to a patient holding hospital unit equipped with
appliances for supporting life of a patient laying thereon, that may be enclosed in a protective
cocoon supported by a robotic movement system for transporting surgical patients to and

from an operating room.

BACKGROUND

[0003] The movement of a surgery patient from his hospital room to anesthesia, to the
surgical table and back, involves many people and complicated equipment movement and
can be especially cumbersome with the increasing number of obese patients. Up to six
people may be needed to lift a patient from one table to another. One or two people are

involved moving the patient and life support equipment within the hospital.

[0004] The PCT publication no. WO00/00152 discloses a bed having a patient support
surface removably placed on support arms of a support assembly, on its turn coupled to a
base with wheels. This bed may be useful for transporting a patient in a hospital, though the
patient support surface must be detached from the support assembly and lifted by at least

two persons to displace the patient on a surgical table or on a bed.

[0005] Outside the operating room, the quality of the sterile environment is often difficult

to control.
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[0006] The Japanese Patent application no. JP 2007175266 discloses a patient
transportation device having a bed on which a patient lies and a capsule which covers the
bed, that may be used for transporting with an aircraft a patient, to be kept in a protected

space, while preventing leakage of contaminated air.

[0007] The documents WO 92/18084 and JP2006280534 disclose chambers adapted to
housc a patient laying on a bed, having inlet and outlet openings for transporting gases into

the chamber and to or from the patient in the chamber.

[0008] Therefore, there is an unmet need to apply modern robotic technologies to benefit

the patient under anesthesia while increasing comfort and safety.

SUMMARY
[0009] The above needs are met by a patient holding hospital unit, comprising:

a supporting surface configured to receive a patient; and
a life support system restrained to the supporting surface, the system comprising:

- an anesthesia machine;

- a plurality of reservoirs suitable to contain gases under pressure;

- a first set of gas supply ducts respectively connected to outlet ports of the
reservoirs, the free ends of the gas supply ducts being provided with respective dispensing
valves;

- a second set of gas supply ducts respectively connected to inlet ports of the
reservoirs, the free ends of the gas supply ducts being provided with respective supply
valves;

- one or more perfusion devices;

- an automatic control system operably connected to the anesthesia machine,
dispensing valves, perfusion devices and provided with a control interface;

- a power supply unit operably connected to the automatic control system;

and

2

SUBSTITUTE SHEET (RULE 26)



CA 02915215 2015-12-11

WO 2014/201334 PCT/US2014/042277

- a power supply line operably connected to the automatic control system in
parallel relative to the power supply unit, the power supply line having an electric
connector,

wherein the anesthesia machine, reservoirs and related ducts, perfusion devices,
automatic control system, power supply unit and power supply line are arranged in a
container restrained to the patient supporting surface, and

wherein the dispensing valves are arranged on an external surface of the container
together with the control interface and the supply valves and electric connector of the
power supply line are arranged at a connecting member adapted to be mounted to a base
member configured to supply gases under pressure to the reservoirs and power to the

control system.

[0010] The patient holding hospital unit may be equipped with a computerized system
configured to monitor, to control and to adapt functions performed by the appliances of the

life support system in order to preserve patient’s vital functions.

[0011] In one embodiment of the present disclosure, the embodiment provides a patient

transportation system, comprising:

a robotic movement system including a motorized trolley and a substantially
horizontal fork-shaped support having two substantially parallel cantilever beams separated
by a gap; and

a protective cocoon having a substantially cylindrical shape and defining an
enclosed tubular space adapted to house a patient laying on a supporting surface, the
€oCoon, comprising:

- a lower shell having a substantially half-cylinder shape with an opening in
correspondence of the gap of the fork-shaped support,
- an upper shell having a substantially half-cylinder shape coaxially hinged

to the lower shell so as to slide over the lower shell by rotating around their common axis,

3
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the upper shell being adapted to form with the lower shell a tubular space having only an
opening at one end through which a supporting surface with a patient laying thereon may
be inserted,

- a base support adapted to be laid upon the fork-shaped support and to
sustain the lower shell, defining a substantially cylindrical surface having a bottom hatch in
correspondence of the gap of the fork-shaped support, and

- at least one door hinged to the base support and adapted to close the

opening of the tubular space.

[0012] In one embodiment, the robotic movement system is be equipped with an electric
motor for moving the patient transportation system, with electric accumulators coupled
to power the clectric motor and a control system configured to command the electric

motor.

[0013] In onc embodiment of the present disclosure, the embodiment provides a patient
holding hospital system that may be easily connected to/disconnected from a e.g. ground
post, more generally a docking post, mount and the like, located in an operating room or in

a hospital room and comprising;

a surgical table defining a patient supporting surface and having fasteners of a first
set installed on the opposite side of the patient supporting surface;
a T-shaped connecting member or docking port having:
- a top portion having fasteners of a second set adapted to engage in a
detachable manner with the fasteners of the first set to hold firmly the surgical table,
- a bottom portion having fasteners and connectors of a third set adapted to
engage in a detachable manner with upper fasteners and conncctors of a post, mount or
similar docking member located in an operating room or in a hospital room, ¢.g. a docking

member of a surgical station, and to keep firmly the T-shaped connecting member to the
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mount,

- at lcast onc side portion having fasteners and conncctors of a fourth sct,
and

- internal conduits and at least an eclectric cable joining together
corresponding connectors of the third set and of the fourth set; and

a life support system, having:

- holding fasteners adapted to engage in a detachable manner with the
fasteners of the fourth set and to keep firmly the life support system to the T-shaped
connecting member,

- inlet gas connectors and at least an input electric connector configured to
couple in a detachable manner with corresponding connectors of the fourth set,

- outlet gas connectors adapted to couple with external tubes for delivering
oxygen and/or an anesthetic gas, and

- electrically operated devices for supporting life of a patient laying on the
surgical table, configured to be powered through the input electric connector and having
inlet gas conduits coupled with the inlet gas connectors and outlet gas conduits coupled

with the outlet gas connectors.

[0014] Additional non-limiting features, embediments and aspects of the present disclosure

are deseribed 1 the onsuing description,

[0015] The claims as filed are integral part of this specification.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] FIG. 1 shows a perspective view of a patient holding hospital unit constracted in

accordance with an embodiment of the present disclosure.

[0017] FIGs. 2-4 show plan, front and side views, respectively, of the patient holding

Date Regue/Date Received 2020-11-05



CA 02915215 2015-12-11

WO 2014/201334 PCT/US2014/042277

hospital unit of Figure 1.

[0018] FIGs. 5-7 show a life support system destined to be restrained to the supporting
surface of the patient holding hospital unit according to an embodiment of the present

disclosure.

[0019] FIGs. 8-11 show a T-shaped connecting member for sustaining a surgical table of a

patient holding hospital unit according to an embodiment of the present disclosure.

[0020] FIG. 12 shows a perspective view taken from the patient's right side of the patient
transportation and Hfe support systew construcied 1o sccordance with an embodiment of the

present disclosure.

[0021] FIGs. 13-16 depict an embodiment of a robotically driven transportation system
according to an embodiment of the present disclosure containing a patient holding hospital

unit.

[0022] FIG. 17 shows a robotically driven transportation system of FIGs. 13-16 with front

doors open and bottom hatch closed.

[0023] FIG. 18 shows a robotically driven transportation system of FIG. 16 with front

doors and bottom hatch open.

[0024] FIG. 19 shows a ground post 700, which serves as a stationary fixation for the

patient holding hospital unit according to an embodiment of the present disclosure.

[0025] FIGs. 20A and 20B ar¢ vicws of the support of the cnclosing cocoon of the

robotically driven transportation system shown in FIGs. 13-16.

[0026] FIGs. 21A and 21B are views of the enclosing cocoon of the robotically driven

transportation system of figures from 13 to 16.

6
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[0027] FIG. 22 shows A) a surgical table on a ground post configured as a chair; B) a
surgical table on a ground post configured as a bed; C) a patient holding hospital unit with a
life support system; D) a patient under anesthesia laying on the patient holding hospital unit
mounted on a ground post; E) a patient under anesthesia laying on the patient holding

hospttal unit enclosed i a pationt tranyporiation systom.

[0028] FIG. 23 is a pictorial scheme of the actuators/appliances installed in the patient

transportation system according fo an eroboditaent of the present disclosure.

DETAHLED DESCRIPTION
[0029] A patient holding hospital anit according o an cmbodiment of the present

disclosure 1s shown in the perspective view of FIG. 1 and in the plan, front and side views
of FIGs. 2-4, respectively. It coroprises a supporting surface 500, that may also constitute &
surgical table, and a lifc support systom, that in the shown cxample is modularly composed
of two boxes 300A and 3008, restrained to the supporting surface 500, The paticnt holding
hospital unit has a modular structure and the modules, L. the supporting surface 509 and
the boxes 300A and 300B, may be attached/detached one from the other and may possibly

be used separately, as it will be better explained hereinafter.

[0030] The supporting surface SO0 18 preferably composed of a plurality of individually
movable portions hinged together and movabic one in respect to the other so as to defing a
chair or a bed or to place the laying patient in one out of a large nuraber of possible
positions, For cxample, the supporting surface 500 comprises individually movable arms
and leg portions that can be pivoted relative to the bed frame about respective horizontal
axes parallel to the bed frame and to vertical axes perpendicular thereto. The supporting
surfacc 500 may advantagcously be provided with integrated actuators allowing to
selectively move these portions. Such actuators may e.g. be electromechanical or hydraulic

actuators.
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[0031] The supporting surface 500 of the patient holding hospital umit s sustained by a T-
shaped connecting member 400, to which the life suppost system 300 is connected. The life
suppert systern has g modular structure and meay be composed of two boxes 300A and 300B
containing different appliances for supporting patient’s life, as shown by way of example in
FiGs. -4, or by a single box or even three or more boxes. The hfe support system s
raodular and may be adapied according to the needs by adding/removing onc or more boxes

i order to provide only the appliances that are really needed for supporting patient’s life.

[0032] An embodiment of a full comprehensive box 300A of the life support system is

shown by way of example w FIGs, 5-7, in which the reference nurerals have the following

meaning:

302 MAIN BOX

304 BACK DOOR BOX

306 SIDE DOOR BOX

308 BASE CONNECTOR

310 FLANGE CONNECTOR

311A,B,C  SUPPORT CONNECTOR

312A INPUT OXYGEN CONNECTOR A
312B OUTPUT OXYGEN CONNECTOR B
314A,B,C  INFUSION CONNECTOR OUTPUT
316 MONITOR

324 INFUSION MACHINE

326A,B,C  INFUSION SYRINGE A

328 ANAESTHESIA MACHINE

330A GAS TANK OXYGEN

330B GAS TANK VACUUM

330C GAS TANK NITROUS

8
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330D GAS TANK MEDICAL
330E GAS TANK NITROGEN
332A CONNECTOR GAS TANK OXYGEN
332B CONNECTOR GAS TANK VACUUM
332C CONNECTOR GAS TANK NITROUS
332D CONNECTOR GAS TANK MEDICAL
332E CONNECTOR GAS TANK NITROGEN
324 ELECTRICAL CONNECTOR

[0033] Of course, it is not necessary to enclose in a single box all life support appliance.
For example, a box of the lfe support system may contain only tanks of anesthetic gas and
another box way contain only oxygen tanks. With this artangement, when an anesthetized
patient 18 not to be kopt under ancsthesia any longer bat still noeds a respirstion support, it
is possible to adapt the life support sysierm by removing the box containing the tanks of

ancsthetic gas and to leave the box containing the oxygen tanks,

[0034] In the shown cmbodiment the box has supporting connectors 311 to the T-shaped
connecting merober 400, et and outlet gas connectors 312A and 3128, 322A, 3228,
322C, 3220, 322E, and at lcast an clectric connector 324, In practice the box{es) 300
constitute a portable Life support systern destined to follow the patient laying on the

supporting surface fo keep him alive.

[0035] In general, a box of the Hie support systerms may wclude appliances for supporting
fife of patients, such as for example an anesthesia machine, a plurality of reservoirs suitable
to contain gases under pressure, a first set of gas supply ducts respectively connected to
outlet ports of the reservoirs, the free ends of the gas supply ducts being provided with
respective dispensing valves, a second set of gas supply ducts respectively connected to
inlet ports of the reservoirs, the free ends of the gas supply ducts being provided with

respective supply valves, one or more perfusion devices, an automatic control system

9
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operably connected to the anesthesia machine, dispensing valves, perfusion devices and
provided with a control interface, a power supply unit operably connected to the automatic
control system, a power supply line operably connected to the automatic control system in
parallel relative to the power supply unit, the power supply line having an electric
connector. The anesthesia machine, reservoirs and related ducts, perfusion devices,
automatic control system, power supply unit and power supply line are all arranged in the
container 300A (or 300B) restrained to the patient supporting surface. The dispensing
valves arc arranged on an external surface of the container together with the control
interface and the supply valves and electric connector of the power supply line are arranged
at a connecting member adapted to be mounted to a base member configured to supply

gases under pressure to the reservoirs and power to the control system.

[0036] According to an cmbodiment, the apphances contained in the box 300A(B) have 2
coutrol cirenit configured to determine whether the Teshaped comnecting member 400 1
connected on a ground post in an operating room, in order to decide whether oxygen and/or
anesthetic gas should be provided to the patient laying on the supporting surface 500 by the
tanks contained in the box 300A(B), or the tanks may be bypassed because the patient is in

an eperating room and life support is provided through other ways,

[0037] An excmplary embodiment of a T-shaped connccting member 400 s shown in

FIGs. 8-11, wherein the reference numerals have the following meaning:

402 CENTRAL PART

404 TOP PART

406A,B,C,D ACTUATORS QUARTER-TURN HOOKS
408A,B,C,D QUADRUPLE QUARTER-TURN HOOKS
409A,B,C,D QUADRUPLE QUARTER-TURN HOOKS

410AB.CDEF  POST

10
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412 TOP FLANGE

414AB LATERAL FLANGE

416A,B,C.D PLATE CONNECTOR
418A,B,C,D ELECTRICAL CONNECTOR
420A,B,C OXYGEN CONNECTOR
422A,B,C VACUUM CONNECTOR
424AB,C NITROUS OXIDE CONNECTOR
426A,B,C MEDICAL AR CONNECTOR
428A,B,C NITROGEN CONNECTOR
430 FLANGE BASE LIFTING

[0038] The T-shaped connecting member 4038 allows to sustain in & detachable manner the
supporting surface 300 and the box{es) of the Hfc support systers and allows to mount the
patient holding hospital unit on a ground post, mount or more generally a docking post or
member located in an operating or hospital roorm. Substantially, the T-shaped connecting
wember 400 compriscs a top portion having fasteners of a second sct adapted to engage in a
detachable manner with the fasteners of the first set to hold firmly the surgical table, a
bottom portion having fasteners and connectors of a third set adapted to engage in a
detachable manner with upper fasteners and connectors of a mount of a surgical station and
to keep firmly the T-shaped connecting member to the mount, at least one side portion
having fasteners and connectors of a fourth set, and internal conduits and at least an electric
cable joining together corresponding connectors of the third sct and of the fourth sct. If
more than one box of the life support system is to be connected, the T-shaped connecting
member 400 will be equipped with at least two or more identical side portions with

fasteners and connectors.

[0039] When the patient is in the operating room, the patient holding hespital unit is fixed
upon a ground post, that may be for cxample of the type shown in FIG. 19, When the

paticnt laying on the patient holding hospital unit is to be transported from the operating

11
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room to another room of the hospital, the patient helding hospital system is to be detached
from the ground post 700 and connected to a transportation system, for example the
transportation systew an exemplary embodiment of which is depicted in FIGs. 13-18, to
torm the patient frausportation and hife support system of FIG. 12, The shown patient
transportation system substantially comprises a robotic movement system including a
motorized trolley 200 and a substantially horizontal fork-shaped support having two
substantially parallel cantilever beams separated by a gap, and a protective cocoon 100
having a substantially cylindrical shape and defining an enclosed tubular space adapted to
house a patient laying on a supporting surface. The cocoon comprises a lower shell 104
having a substantially half-cylinder shape with an opening in correspondence of the gap of
the fork-shaped support, an upper shell 106 having a substantially half-cylinder shape
coaxially hinged to said lower shell 104 so as to slide over the lower shell 104 by rotating
around their common axis, the upper shell 106 being adapted to form with the lower shell
104 a tubular space having only an opening at one end through which a supporting surface
with a patient laying thercon may be inserted, a base support 102 adapted to be laid upon
the fork-shaped support and to sustain said lower shell 104, defining a substantially
cylindrical surface having a bottom hatch in correspondence of the gap of the fork-shaped
support, and at least one door hinged to said base support 102 and adapted to close said

opening of the tubular space.

[0040] The paticut transportation system conveniently comprises clamping means installed

in the tubular space for securing the supporting surface with a patient laying thereon.

[0041] It is to be appreciated that alse the fransportation system, according fo an
cmbodiment of the present disclosure, has a modualar structure, boeause the protective
cocoon 100 may be separated from the trolley 200 when it is not necessary to keep the
patient in an enclosed space. This may be the case for example when the patient is o be

awakened and there 18 no risk of leakage of anesthetic gas.
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[0042] Detatled views of embodiments of the trolley 200 and of the protective cocoon 138

are depicted tn FIGs. 204, 208, and 214, 218, respectively. The meaning of the refereuce

numerals is suramarized in the following table:

102
104

106

108A,B

112

114A,B
116A,B
118A,B
120A,B
122A,B,C,D.E,F
124

126A,B
128A,B
130A,B,C,D
132A,B
134A,B

136

138

140

142

144

146

148A,B
150A,B

CYLINDER ONE

CYLINDER TWO

CYLINDER THREE

BOTTOM HATCH

CYLINDER ROTATION MECHANISM
FRONT DOORS

FRONT DOORS SUPPORT

FRONT ACTUATED HINGE

LASER OBSTACLE SENSOR
CYLINDER ROLLING MOTOR (SEE FIG 33)
SUPPORT WHEEL

CYLINDER OPENING MOTOR
COGWHEEL

SUPPORT CYLINDER OPENING MOTOR
CYLINDER OPENING MOTOR AXIS
WORMGEAR

CENTRAL AXIS

TOP SUPPORT CENTRAL AXIS
SUPPORT CENTRAL AXIS PART
BEARING CENTRAL AXIS

O-RING CENTRAL CYLINDER TWO
O-RING CENTRAL CYLINDER THREE
PLATE CYLINDER TWO

PLATE CYLINDER THREE
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200 TROLLEY
202 MAIN SHROUD

203 RECHARGE CONNECTION
204A,B SUPPORT LONGITUDINAL CASE
206A,B LONGITUDINAL CASE

208 FRONT CASE

210A,B LIFTING

212 STRUCTURE

214AB MAIN WHEEL

216A,B FRONT WHEEL

218A,B BACK WHEEL

220A,B WHEEL MOTOR

222A,B BATTERY

224 CPU

226 BASE PLATE

[0043] The sequence of images of FIG. 22 from A to E illustrates different operations that
may be carried out with a patient transportation and life support system according to an
cmbodiment of the present disclosure. As stated hereinbefore, the surgical table compriscs
different parts connected one another so as to modify the configuration of the supporting
surface 500, for example for configuring it as a chair (A). The patient receives sedation
while in the sitting position and then the supporting surface 500 is converted to a flat
configuration (B), after which the patient is prepared for surgery (intubation and infusion).
The modular life support system is then fixed to the T-shaped connecting member (C)
and the patient is connccted to the modular life support system (D). The patient holding
hospital system is then attached to the robotic movement system and encased in the

protective cocoon (E) for transporting the patient to the operating room.

[0044] Gnce m the opersting room, the bottom hatch of the protective cocoon s opencd
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and the T-shaped connecting member 18 fixed to the ground post 700 {FiG. 19). The
apphiances in the box{es) of the life support system sense that the holding hospital system s
connected to the ground post 700 and are bypassed to allow life functions of the patient be
supported directly through appliances avarlable 1n the operating room. Then the supporting
surface is detached from the clamping means of the transportation sysiem, that is moved

away from the ground post 700,

[0045] When the patient laying on the patient holding hospital unit is to be transported
from the operating room to another room of the hospital, the front doors 114A, 114B of the
protective cocoon 100 are opened (FIG. 17), then also the bottom flaps 108A and 108B,
that compose the bottom hatch of the cocoon, are opened (FIG. 18). The whole patient
transportation system is moved towards the patient holding hospital system to thread the
supporting surface 500 in the protective cocoon 100, then the patient supporting surface
500 1s secured to the clamping means of the transportation system and the patient holding
hospital unit is detached from the ground post 700. Typically, the supporting surface 500
remains fixed to the T-shaped connccting member 400 to which the life support box(es) 13
(are) connected, and only the bottom fasteners and connectors of the T-shaped member are
detached from the ground post 700 in the operating room. Therefore, the whole patient
holding system 1is fixed to the patient transportation system in order to support life
functions while the patient is transported away from the operating room. In this case, the
appliances contained in the box(es) 300A (and 300B) are configured to sense whether or
not the box is disconnected from the ground post 700, in order to determine respectively
whether patient’s life functions are to be supported by the appliances or the appliances may
be bypassed, because the patient is in the operating room. Finally the front doors of the
protective cocoon are closed (FIG. 16) and the patient, whose lifc functions are supported
by the life support system 300, is ready to be moved anywhere in the hospital enclosed in a

protective space and without any risk of leakage of gases outside.

[0046] The inside of the cocoon is preferably kept under slight overpressure conditions so
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as to prevent external gases to enter it when the doors are opened and closed.

[0047] All these operations ray be carried out by a single person without effort even with
nbese patients, because a patient laying on the supporting surfgee 1 always sustained by the

ground post and/or by the clamping means of the transportation system.

[0048] As an alternative, if a patient does not need life support after a surgical intervention,
the box(es) 300A (and 300B) of the life support system and possibly even the T-shaped
connecting member 400 may be detached from the supporting surface 500, thus only the

supporting surface 500 will be held by the patient transportation systen.

[0049] In one embodiment, the clamping means of the patient transportation system are
mechanically coupled to electric linear actuators fixed to the fork-shaped support and

configured to lift the supporting surface 500 attached to the clamping means.

[0050] In one embodiment, upper shell and the lower shell of the protective cocoon may
slide one in respect to the other in order to have rapid access to the patient in case of
emergency. For example, for manual interaction with the patient and/or the life support
system, the upper half shell 106 of the cocoon 100 may be rotated by 150 degrees on either
side. In the same time the lower half shell 104 may be rotated by 30 degrees on ¢ither side.
This allows a 180 degree opening of the cocoon tilted by 30 degrees towards the side of
access, thus allowing access to the patient and the survival unit below the patient bed from

both sides.

[0051] In one embodiment, the base support 182 of the transportation system compriscs a
motorized gear box configured to rotate the lower shell and/or the upper shell of the
protective cocoon around their common axis by sliding over the base 102. Preferably, the

gear box 18 configured to rotate cach half shell independently from the other.

[0052] The appliances installed in a robotic patient tfrausportation system according o an
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embodiment of this disclosure are pictortally mdicated i FIG. 23 It comprises laser
scanners for defecting obstacles, a laser alignment sensor for guiding the patient
transportation system to a desired position, electric motors powered by electric
accurnulators and driven by a CPU communicatimg with a rernote controi console through a
Wi-F/Bloetooth commumnication interface. Optionally, the paticnt transportation sysiem
may be equipped with a touchscrcen display for providing cornmands and with an electric
socket for powering the clectromic circuits instalied onboard and recharging the

accumulators.

[0053] By summarizing, embediments of the present disclosure provide a patient
transportation and life support systern compuising a robotic moverent syster; a detachable
surgical table systemn; 2 detachable modular hife support system: and a detachable

PrOTRCHve COCOoT.

[0054] In one embodiment of the present disclosure, the embodiment comprises four main
elements; i) the robotic movement system; ii) the surgical table; iii) the modular life

support system; and 1v) the protective cocoon with environmental control function.

[0055] The robotic movement System comprises a guidance and control system, a drive
system comprising one or more drive wheels and one or more steering wheels for
propelling and steering the system to and from its destination and a mechanism for
reversibly attaching the surgical table, modular life support system and protective cocoon.
The robotic movement system may further comprise one or more batteries to provide
power to the guidance and control system and drive system. The batteries may be

rechargeable.

[0056] The drive system may comprise an clectric motor for rotating the drive wheel(s) at
the desired speed. The movements of the robotic movement system are controlled by the

guidance and control system, The guidance and ¢ontrol system may be remotely controlled
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by an operator, for example by means of radio control. The guidance and control system
may also be pre-programmed, thereby allowing for the automatic movement through the
hospital. Pre-programming may be done, for example, on a keypad located on the robotic
movement system or remotely on a computer that controls the movement of one or more

robotic movement systems.

[0057] The robotic movement system may further comprisc one or more collision
prevention systems, emergency brakes, emergency shut off switches and the like. The
robotic movement system may further comprise a lifting or transfer system to move the
surgical table together with the modular life support system onto another mobile or

stationary docking point.

[0058] The surgical table is adjustable into a variety of patient positions needed for
administration of ancsthesia and surgery. The adjustments may be made manually or
automatically by a microprocessor controlling a system of mechanical actuators. The
microprocessor may be remotely controlled. The surgical table may further comprise a
padding system which adapts to the patient's physiognomy and allows optimal distribution
of pressure. The surgical table may remain attached to the transportation unit during
surgery or alternatively may be detached and attached to a separate docking unit for the
surgery. In either alternative the surgical table may also be connected with any surgical
robots in the operating room and in all instances will stay underneath the patient for the
entire operation and for the transportation back to the Surgical Intensive Care Unit and/or

post-operative unit.

[0059] The modular life support system comprises a box containing control systems, a
computer dedicated to maintaining the patient's vitals and supplies for keeping the patient
under anesthesia and in good medical condition. The modular support system may further
comprise several perfusions to deliver intravenous liquids to the patient. The modular life

support system may further comprise an anesthetic gases system with buffer tanks and a
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modular connection to main gas delivery lines. The main gases include air, oxygen,
nitrogen and nitrous oxide as well as vacuum. The gases can be accessed through outside
connectors and are further connected to an anesthesia machine inside the modular life

support system.

[0060] The modular life support system may further comprise a computer controlling
sensors and actuators on the patient and the delivery of gases and liquids to the patient. The
computer will allow display of information and adjustment of values. Typical sensors and
actuators include, but are not limited to, sensors for measuring blood pressure, heartbeat,
temperature and the like, electrocardiogram sensors, defibrillator pads and/or other muscle-
stimulating electric activators to support comfort and life functions of the patient. The
computer(s) may further include display elements as indicated for a particular sensor,

actuator or other procedure.

[0061] The modular life support system may further comprise a suction machine.

[0062] The modular life support system further comprises additional storage for anesthetic
gases and one or more batteries so that its various components can operate without being
connected to the buildings main supplies, for example during transport of the patient to and
from the operating room or during stand by. The batteries may be rechargeable.
Nonetheless, the battery and anesthetic gases in the modular life support unit may not be
sufficient for longer durations like 8 hours surgery. For this, the modular life support
system has one or more docking ports for anesthetic gases and electricity. The docking
ports may be included in its mechanical connection. The mechanical fixing and the media
connection may be combined in a docking port. This docking port can be a fixed column
¢.g. arranged on the floor in the operation room or intensive care unit, delivering gases and
electricity from the buildings main supplies, when the modular life support together with

the surgical table are connected.
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[0063] The fixed column, in turn, may further comprise a mechanism for adjusting the

height and angle of the surgical table into the desired configuration for the surgery.

[0064] The protective cocoon is fixed to the robotic movement system or the surgical table
and forms an envelope around the patient while the patient is moved or is in stand-by
position. The protective cocoon may be made of any transparent material that is
impermeable to pathogens typically found in non-sterile hospital or patient transport
environments. The protective cocoon further comprises an opening mechanism to permit
placement of the patient onto the patient table and/or transfer of the patient table onto
different docking points. The opening mechanism may comprise a hinge and latch system
or alternatively, the protective cocoon may be retractable. In either instance the opening
mechanism may be manual or powered. The protective cocoon may further comprise an
additional opening system: which allows rapid, dircct access to the pstiont in case of
emergency. The protective cocoon may further comprise an environmental control system
that maintaing a minimal sterile atmosphere and aggravates the intrusion of bacteria and
other coutagious matter from outside. The environmental control system way be

ncorporated mnto the modular [ife support system or may comprise a separate unit.
[0065] The paticnt transportation and life support system may further comprise all

necessary systems for high intensive care clinic to clinic transportation with land, sea or air

transport.

EMBODIMENTS

[0066] Various embodiments of the patient transportation and life support system of the

present disclosure may be the following ones:

[0067] Al. A patient transportation and life support system comprising:

a robotic movement system; and
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a detachable surgical table; a detachable modular life support system; and a

detachable protective cocoon.

[0068] A2. The patient transportation and life support system according to embodiment
A1 wherein the robotic movement system comprises a guidance and control system, a drive

system, and a mechanism for attaching the surgical table.

[0069] A3. The patient transportation and life support system according to embodiment

A1wherein the modular life support system is attached to the surgical table.

[0070] A4. The patient transportation and lifc support system according to embodiment

Al wherein the modular life support system is attached to the robotic movement system.

[0071] AS. The patient transportation and life support system according to embodiment
A1 wherein the modular life support system comprises an anesthesia machine and one or
more control systems dedicated to dedicated to monitoring and maintaining the patient's
vitals and keeping the patient under anesthesia during surgery and transportation to and

from the operating room.

[0072] A6. The patient transportation and life support system according to embodiment

A5 wherein the modular life support system further comprises one or more perfusions.

[0073] A7. The patient transportation and life support system according to embodiment

A5 wherein the modular life support system further comprises a suction machine.

[0074] A8. The patient transportation and life support system according to embodiment

A5 wherein the modular life support system further comprises storage for anesthetic gases.

[0075] A9. The patient transportation and life support system according to embodiment

A5 wherein the modular life support system further comprises one or more batteries.
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[0076] A10. The patient transportation and life support system according to embodiment

A5 wherein the control systems comprise one or more computers.

[0077] Bl. A patient transportation system, comprising:

a robotic movement system including a motorized trolley and a substantially
horizontal fork-shaped support having two substantially parallel cantilever beams separated
by a gap; and

a protective cocoon having a substantially cylindrical shape and defining an
enclosed tubular space adapted to house a patient laying on a supporting surface, the
€oCooNn comprising;

- a lower shell (104) having a substantially half-cylinder shape with an
opening in correspondence of the gap of the fork-shaped support,

- an upper shell (106) having a substantially half-cylinder shape coaxially
hinged to said lower shell (104) so as to slide over the lower shell (104) by rotating around
their common axis, the upper shell (106) being adapted to form with the lower shell (104) a
tubular space having only an opening at one end through which a supporting surface with a
paticnt laying thercon may be inserted,

- a base support (102) adapted to be laid upon the fork-shaped support and to
sustain said lower shell (104), defining a substantially cylindrical surface having a bottom
hatch in correspondence of the gap of the fork-shaped support, and

- at least one door hinged to said base support (102) and adapted to close

said opening of the tubular space.

[0078] BZ.  The patient transportation system of embodiment B1, comprising two half-
circular doors hinged to said base support (102) and adapted to close said opening of the

tubular spacc.
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[0079] B3.  The patient transportation system of embodiment BI, further comprising
clamping means installed in said tubular space, for attaching said supporting surface with a

patient laying thereon.

[0080] B4.  The patient transportation system of embodiment B3, wherein said clamping
means are mechanically coupled to electric lincar actuators fixed to said fork-shaped
support and configured to lift a paticnt’s supporting surface attached to said clamping

means.

[0081] B5S.  The patient transportation system of embodiment B1, wherein the robotic
movement system compriscs an clectric motor for moving the patient transportation
system, electric accumulators coupled to power said electric motor and a control system

configured to command said electric motor.

[0082] B6.  The patient transportation system of embodiment BS, further comprising a

laser guidance system.

[0083] B7.  The patient transportation system of embodiment B1, wherein said base
support comprises motorized arms configured to sustain laterally said lower shell and to

rotate the lower shell around its axis by sliding over said base.

[0084] B8.  The patient transportation system of embodiment Bl, wherein said basc
support comprises a motorized gear box configured to rotate the lower shell and the upper

shell around their common axis by sliding over said base.

[0085] B9.  The patient transportation system of embodiment B1, further comprising a
detachable modular life support system comprising an anesthesia machine and one or more
control systems dedicated to dedicated to monitoring and maintaining the patient's vitals
and keeping the patient under anesthesia during surgery and transportation to and from the

operating room.
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[0086] B10. The patient transportation system of embodiment B3, comprising a
supporting surface configured to be attached/detached to said clamping means, said
supporting surface being configured to be placed upon and firmly connected to a ground

post and to be sustained thereby.

[0087] C1. A patient holding hospital unit, said unit comprising:

a supporting surface configured to receive a patient; and
a life support system restrained to said supporting surface, said system comprising:

- an anesthesia machine;

- a plurality of reservoirs suitable to contain gases under pressure:

- a first sct of gas supply ducts respectively connected to outlet ports of said
reservoirs, the free ends of said gas supply ducts being provided with respective dispensing
valves;

- a second sct of gas supply ducts respectively connected to inlet ports of
said reservoirs, the free ends of said gas supply ducts being provided with respective supply
valves;

- onc or more perfusion devices;

- an automatic control system operably connected to said anesthesia
machine, dispensing valves, perfusion devices and provided with a control interface;

- a power supply unit operably connected to said automatic control system;
and

- a power supply line operably connected to said automatic control system in
parallel relative to said power supply unit, said power supply linc having an clectric
connector,

wherein said anesthesia machine, reservoirs and related ducts, perfusion devices,
automatic control system, power supply unit and power supply line arc arranged in a

container restrained to said patient supporting surface, and
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wherein the dispensing valves are arranged on an external surface of said container
together with said control interface and said supply valves and electric connector of the
power supply line are arranged at a connecting member adapted to be mounted to a base
member configured to supply gases under pressure to the reservoirs and power to the

control system.

[0088] C2. A patient holding hospital unit according to embodiment C1, wherein said life
support system is further equipped with a computerized system configured to monitor, to
control and to adapt functions performed by the appliances of the life support system in

order to preserve patient’s vital functions.

[0089] C3. A patient holding hospital unit according to embodiment C1, wherein said unit
further comprises a protective cocoon-shaped container, said container being configured to

house said patient supporting surface and a life support system.

[0090] C4. A patient holding hospital unit according to embodiment C3, wherein said

cocoon-shaped container is a substantially cylindrical shell comprising:

- a lower shell (104) having a substantially half-cylinder shape with a central
longitudinal opening,

- an upper shell (106) having a substantially half-cylinder shape coaxially hinged to
said lower shell (104) so as to slide over the lower shell (104) by rotating around their
common axis, the upper shell (106) being adapted to form with the lower shell (104) a
tubular space having only an opening at one end through which a supporting surface with a
paticnt laying thercon may be inserted,

- a base support (102) adapted to support said lower shell (104), and

- at least one door hinged to said base support (102) and adapted to close said

opening of the tubular space.
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[0091] C5. A patient holding hospital unit according to embodiment C4, further comprising

a trolley, said cocoon-shaped container being restrained to said trolley.

[0092] C6. A patient holding hospital unit according to embodiment C5, wherein said
trolley includes a substantially horizontal fork-shaped frame having two substantially
parallel cantilever beams separated by a gap, said cocoon-shaped container being mounted
on said beams and the central longitudinal opening of the lower shell being arranged at the

gap between the beams.

[0093] C7. A patient holding hospital unit according to embodiment C5 or C6, wherein
said trolley comprises a robotic movement system configured to automatically drive the

trolley.

[0094] C8. A patient holding hospital unit according to embodiment C7, wherein the
robotic movement system comprises an electric motor operably coupled to trolley
wheels, clectric accumulators coupled to power said clectric motor and a control system

configured to command said electric motor.

[0095] C9. A patient holding hospital unit according to embodiment C8, further comprising

a laser guidance system.

[0096] D1. A patient holding hospital system, comprising:
a surgical table defining a patient supporting surface and having fasteners of a first
set installed on the opposite side of said patient supporting surface;
a T-shaped connecting member having:
- a top portion having fasteners of a second sct adapted to engage in a
detachable manner with the fasteners of the first set to hold firmly the surgical table,
- a bottom portion having fasteners and connectors of a third set adapted to

engage in a detachable manner with upper fasteners and connectors of a mount of a surgical
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station and to keep firmly the T-shaped connecting member to the mount,

- at least one side portion having fasteners and connectors of a fourth set,
and

- internal conduits and at least an electric cable joining together
corresponding connectors of the third set and of the fourth set; and

a life support system, having:

- holding fasteners adapted to engage in a detachable manner with the
fasteners of the fourth set and to keep firmly the life support system to the T-shaped
connecting member,

- inlet gas connectors and at least an input electric connector configured to
couple in a detachable manner with corresponding connectors of the fourth set,

- outlet gas connectors adapted to couple with external tubes for delivering
oxygen and/or an anesthetic gas, and

- electrically operated devices for supporting life of a patient laying on the
surgical table, configured to be powered through said input electric connector and having
inlet gas conduits coupled with the inlet gas connectors and outlet gas conduits coupled

with the outlet gas connectors.

[0097] D2. The patient holding hospital system of embodiment D1, wherein said T-shaped
connecting member further comprises a second side portion having fasteners and
connectors of a fifth set and internal conduits and at least an electric cable joining together

corresponding connectors of the third set and of the fifth set.

[0098] D3. The patient holding hospital system of embodiment D1, wherein said surgical
table is composed of a plurality of rigid parts hinged together.

[0099] D4. The patient holding hospital system of ¢cmbodiment DI, wherein said life

support system comprises gas tanks coupled with said inlet and outlet gas conduits.
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[0100] E1. A patient transportation and life support system, comprising the patient holding
hospital system of one of the embodiments from D1 to D4 and the patient transportation

system of one of the embodiments from B1 to B10.

[0101] I is understood that the foregoing detailed description is merely illustrative and is
not 10 be taken as g limttation upon the scope according to an embodiment of the present
disclosure, which 18 defined solely by the appended claims and thew cquivalents. Various
changes and modifications to the disclosed embodiments will be apparent to those skilled

m the art,
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CLAIMS

1. A patient holding hospital unit, comprising:
a supporting surface configured to receive a patient; and
a life support system restrained to said supporting surface, said system comprising:

- an anesthesia machine;

- aplurality of reservoirs adapted to contain gases under pressure;

- a first set of gas supply ducts respectively connected to outlet ports of said
reservoirs, free ends of said gas supply ducts being provided with respective dispensing
valves;

- asecond set of gas supply ducts respectively connected to inlet ports of said
reservoirs, free ends of said second set of gas supply ducts being provided with respective
supply valves;

- one or more perfusion devices;

- an automatic control system operably connected to said anesthesia machine,
dispensing valves, perfusion devices and provided with a control interface;

- a power supply unit operably connected to said automatic control system;
and

- apower supply line operably connected to said automatic control system in
parallel relative to said power supply unit, said power supply linc having an electric
connector,

wherein said anesthesia machine, reservoirs and related ducts, perfusion devices,
automatic control system, power supply unit and power supply line are arranged in a
container restrained to said patient supporting surface,

wherein the dispensing valves are arranged on an external surface of said container
together with said control interface and said supply valves and electric connector of the
power supply line are arranged at a connecting member adapted to be mounted to a base
member configured to supply gases under pressure to the reservoirs and power to the control

system, and wherein said connecting member is a T-shaped connecting member having:
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- a top portion having fasteners of a second set adapted to engage in a
detachable manner with fasteners of a first set of a surgical table, to hold firmly said surgical
table,

- a bottom portion having fasteners and connectors of a third set adapted to
engage in a detachable manner with upper fasteners and connectors of a mount of a surgical
station and to keep the T-shaped connecting member firmly connected to the mount,

- at least one side portion having fasteners and connectors of a fourth set,

- intemal conduits and at least an eclectric cable joining together
corresponding connectors of the third set and of the fourth set, and

wherein said life support system further comprises:

- holding fasteners adapted to engage in a detachable manner with the
fasteners of the fourth set and to keep the life support system firmly connected to the T-
shaped connecting member,

- inlet gas connectors and at least an input electric connector configured to
couple in a detachable manner with corresponding connectors of the fourth set,

- outlet gas connectors adapted to couple with external tubes for delivering
oxygen and/or an anesthetic gas, and

- clectrically operated devices for supporting life of a patient laying on the
surgical table, configured to be powered through said input electric connector and having
inlet gas conduits coupled with the inlet gas connectors and outlet gas conduits coupled with

the outlet gas connectors.

2. The patient holding hospital unit according to claim 1, wherein said life support system
is further equipped with a computerized system configured to monitor, to control and to
adapt functions performed by appliances of the life support system in order to preserve the

patient's vital functions.

3. The patient holding hospital unit according to claim 1, wherein said unit further comprises

a protective cocoon-shaped container, said container being configured to house said patient
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supporting surface and said life support system.

4. The patient holding hospital unit according to claim 3, wherein said cocoon-shaped
container is a substantially cylindrical shell comprising:

- a lower shell having a substantially half-cylinder shape with a central longitudinal
opening,

- an upper shell having a substantially half-cylinder shape coaxially hinged to said
lower shell so as to slide over the lower shell by rotating around a central axis of symmetry
of the lower shell, the upper shell being adapted to form with the lower shell a tubular space
having only an opening at onec end through which a supporting surface with a patient laying
therecon may be inserted,

- a base support adapted to support said lower shell, and

- at least one door hinged to said base support and adapted to close said opening of

the tubular space.

5. The patient holding hospital unit according to claim 4, further comprising a trolley, said

cocoon-shaped container being restrained to said trolley.

6. The patient holding hospital unit according to claim 5, wherein said trolley includes a
substantially horizontal fork-shaped frame having two substantially parallel cantilever
beams separated by a gap, said cocoon-shaped container being mounted on said cantilever
beams and the central longitudinal opening of the lower shell being arranged at the gap

between the beams.

7. The patient holding hospital unit according to claim 5, wherein said trolley comprises a

robotic movement system configured to automatically drive the trolley.

8. The patient holding hospital unit according to claim 7, wherein the robotic movement

system comprises an electric motor operably coupled to trolley wheels, electric
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accumulators coupled to power said electric motor and a control system configured to

command said electric motor.

9. The patient holding hospital unit according to claim 8, further comprising a laser guidance

system.

10. The patient holding hospital unit of claim 1, wherein said T-shaped connecting member
further comprises a second side portion having fasteners and connectors of a fifth set and
internal conduits and at least an electric cable joining together corresponding connectors of

the third set and of the fifth set.

11. The patient holding hospital unit of claim 1, wherein said supporting surface is

composed of a plurality of rigid parts hinged together.

12. A patient transportation and life support system, comprising:

a robotic movement system including a motorized trolley and a substantially
horizontal fork-shaped support having two substantially parallel cantilever beams separated
by a gap, and

a protective cocoon having a substantially cylindrical shape and defining an enclosed
tubular space adapted to house a patient laying on a supporting surface, the cocoon
comprising:

- a lower shell having a substantially half-cylinder shape with an opening in
correspondence of the gap of the fork-shaped support,

- an upper shell having a substantially half-cylinder shape coaxially hinged
to said lower shell so as to slide over the lower shell by rotating around a central axis of
symmetry of the lower shell, the upper shell being adapted to form with the lower shell a
tubular space having only an opening at one end through which a supporting surface with a
patient laying thercon may be inserted,

- a base support adapted to be laid upon the fork-shaped support and to
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sustain said lower shell, defining a substantially cylindrical surface having a bottom hatch
in correspondence of the gap of the fork-shaped support,

- at least one door hinged to said base support and adapted to close said
opening of the tubular space, and

- the patient holding hospital unit of claim 1.

13. The patient transportation and life support system of claim 12, comprising two half-
circular doors hinged to said base support and adapted to close said opening of the tubular

space.

14. The patient transportation and life support system of claim 12, further comprising

clamping means installed in said tubular space, for attaching to said supporting surface.

15. The patient transportation and life support system of claim 14, wherein said clamping
means are mechanically coupled to electric linear actuators fixed to said fork-shaped
support and configured to lift a patient's supporting surface attached to said clamping

means.

16. The patient transportation and life support system of claim 12, wherein the robotic
movement system comprises an electric motor for moving the patient transportation and life
support system, electric accumulators coupled to power said electric motor and a control

system configured to command said electric motor.

17. The patient transportation and life support system of claim 16, further comprising a laser

guidance system.

18. The patient transportation and life support system of claim 12, wherein said base support
comprises motorized arms configured to sustain laterally said lower shell and to rotate the

lower shell around said central axis of symmetry by sliding over said base support.
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19. The patient transportation and life support system of claim 12, wherein said base support
comprises a motorized gear box configured to rotate the lower shell and the upper shell

around a common axis by sliding over said base support.
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