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PORTABLE AND MODULAR TRANSPORTATION UNIT
WITH IMPROVED TRANSPORT CAPABILITIES
{00017 This application claims benefit of priority to U8, Provisional Patent Application
No. 61/486,227, filed May 13, 2011, the entire disclosure of which is incorporated herein by
reference in its entirety,
BACKGROUND OF THE INVENTION

Field of the Invention

{0062] The present invention generally relates (0 a modular and portable carrier unit adaptable
to a plurality of usage environments. An example embodiment of the present invention relates
to a portahle medical device, such as an infra-aortic balloon pump with an extendable wheel
systera,

Descripton of Related Art

{6083] Inta-aortic balloon pumps (JABPS} are used to provide pneumatic assistance (o a
and situations specific to the location, access, and condition of a patient. TABPs are often
needed to fransition patients between such different environments or facilities, and therefore are
desired to be selectively adaptable to each and transportable. Current IABPs are typically
wheeled and tnclude a handle for moving the IABY together with the patient within hospital or
trauma environments. A need exists for an IABP system specifically adapted to facilitate
transport while a maintaining high level of functionality and usability in all of the different
environments or facilitics IABs are used.

SUMMARY OF THE INVENTION
{80041 A carrier according to an example embodiment of the present invention comprises a
body, a wheel assembly connected to the body, a handle assembly connected to the body, The
handle assembly comprising a handie movable between a first position and a second peosition.
The wheel assembly comprising a first and second wheel, each movable between: (i) a retracted
position defining a first wheel track in which the wheels are spaced apart a predetermined
distance, and (ii} an extended position defining a second wheel track larger than the first in
which the wheels are spaced apart a distance greater than the predetermined distance.
Movement of the handle from the first position to the second position causes movement of the

wheels from the retracted position fo the extended position.
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{0065] According to an example embodiment, movement of the handle from the second
position to the first position causes relative movement of the first wheel towards the second
wheel.

{08061 According to an example embodiment, movement of the handle is in a direction
perpendicular to an axis through the first wheel and second wheel.

{6007] According to an example embadiment, movement of the wheels between the extended
position and the retracted position is along a commaon axis,

{00081  According to an example embodiment, the first and second wheels are capable of
providing wheeled support to the body in both the extended and retracted positions when the
body is in a tilted orientation,

{0009] According to an example embodiment, the handle assembly includes a plurality of
telescoping members.

{00181 According to an example embodiment, the first wheel and second wheel when in the
retracted position are disposed at least partially within recesses in the body, and in the extended
position the first wheel and second wheel are disposed outside the recesses.

{0011] According to an example embodiment, each of the first wheel and second wheel is
connected to a separate axle.

{0012] According to an example embodiment, the axles are constrained to lincar movernent,
[0013] According to an example embodiment, the handle assembly jncludes a phurality of
telescoping members. Hach of the axles is connected to one of the telescoping members through
a linkage. The first wheel and second wheel are each configured o rotate about a common axis
in both the retracted and extended positions.

{0014] According to an example emnbodiment, the carrier is configured such that a downward
or upward movement of the telescoping members cause the axles to shift laterally along the
common axis in a direction perpendicular to the downward or upward movement of the handle.
The axles move towards cach other along the common axis when the telescoping members are
moved downward and move away from each other when the telescoping members are moved
upward.

{00157 According to an example embodiment, the body of the carrier is integral to an intra-
aortic balloon pump.

{6816] According to an example embodiment, the intra-aortic balloon pump comprises a pump,
a frame enclosing the pump, a monitor, and at least two power supplies. Each of the at least two

power supplies configured to independently power the intra-aortic balloon pump.
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{0017] According to an example embodiment, the body comprises a front, a back, atop, a
bottom, and two sides. Within a horizontal plane, the sides are longer than the back. The
comnmeon axis of the wheel assembly is located towards or at the bottom of the body and either
adjacent to or in the proximity of the back.

{0018] According to an example embodiment, the carrier is contigured to stand vertically on a
flat surface without the wheels engaging the surface in both the retracted and extended positions.
{601%] An intra-aortic balloon pump according to an example embodiment of the present
invention inchides a frame, a pump disposed within the frame, a display device, a control unit
configured to control the pump, and a wheel assembly connected to the frame. The wheel
assembly comprises a {irst and second wheel, each movable between: (1) a retracted position
defining a first wheel track in which the wheels are spaced apart a predetermined distance, and
(i) an extended position defining a second wheel track larger than the first in which the wheels
are spaced apart a distance greater than the predetermined distance.

{60287 According to an example embodiment, the intra-aortic halloon pump comprises a
handie assembly connected to the frame. The movement of the wheels from the retractex
position to the extended position is triggered by movement of at least a portion of the handle
assernbly from a first position to a second position.

[0021] According to an example embodiment, the handle assembly includes a plurality of
telescoping mwembers.

{00227 According to an example embodiment, the first wheel and second wheel when in the
retracted position are disposed at least partially within recesses in the frame, and in the extended
position are disposed outside the recesses.

{80231 According to an example embodiment, each of the {irst wheel and second wheel is
connected to a separate axle.

{0024] According to an example embodiment, the intra-aortic balloon pump comprises a
bandie assembly connected to the frame. The handle assemnbly includes a plurality of
telescoping members, Each of the axles is connected to one of the telescoping members through
a linkage. The first wheel and second wheel are cach configured (o rotate about a conuynon axis
in both the retracted and extended positions.

{0025] According to an example embodiment, a downward or upward movement of the
telescoping members cause the axles to shift Jaterally along the common axis in a direction
perpendicular to the downward or upward movement of the telescoping members, Purther, the

axles move towards cach other along the conunon axis when the telescoping mermbers are
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moved downward and move away from each other when the telescoping memibers are moved
apwaid.

{6026] According to an example embodiment, the intra-aortic balloon pump comprises at least
two power supplies. Fach of the at least two power supplies is configured to independenily
power the intra-aortic balloon pump.

{00277 An example method of the present inveation for enhancing the stability of an intra-
aortic balloon pump during transport, comprises the steps of moving the first wheel and the
second wheel of the intra-aortic balloon pump wheel assembly from (1) a retracted position
defining a first wheel track in which the wheels are spaced apart a predetermined distance, to (i)
an extended position defining a second wheel track larger than the first in which the wheels are
spaced apatt a distance greater than the predetermined distance.

{00281 An examwple wethod according to the present invention may further fnclude the step of
moving at least a portion of the handle assembly of the intra-aortic balloon pump from a first
position to a second position so as o rigger the movement of the wheels from the retracted
position fo the extended position.

{0029] According to an example embodiment, in the retracted position the first wheel at least
partially resides in a first recess in the frame and the second wheel at least partially resides in a
sceond recess in the frame. Further, in the extended position the first wheel resides outside the
first recess and the second wheel resides outside the second recess.

{6033] A modular portable intra-aortic balloon pump according to an example embodiment of
the present invention comprises a wheeled cart with at least one caster, and a puroap unit. The
pump unif includes a frame, a pump disposed within the frame, a display device in electronic
comynunication with the pump unit, a contro! unit configured to control the pump, and a wheel
assembly connected to the frame, The wheel assembly includes a first and second wheel, each
movable between: (i) a retracted position defining a first wheel track in which the wheels are
track larger than the first in which the wheels are spaced apart a distance greater than the
predetermined distance. The wheeled cart is configured to removably and securely house and
transport the pump unit using the at least one caster but without use of the first and second
wheels, The pump unitis also transportable independently when removed from the wheeled cart
via the first and second wheels.

{0031} According to an example embodiment, the cart has a cavity with a cavity entrance, and

the purap unit is configured to be removably received into the cavity through the cavity entrance.
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{0032] According to an example embodiment, the pumap unit cammot fit through the cavity
entrance when the {first and second wheels are each in the extended position.

{6033] According to an example embodiment, the cavity entrance is horizontal to the cavity.
Further, a release mechanism having a release actuator on at least one of the cart or purap unif is
configured to establish releasable securement of the pump unit with respect to the cavity.

{0034} According to an example embodiment, the display device is a manitor comprising a
mounting interface, The cart has a first monitor mount and the pump unit has a second monitor
mount. The mounting inter{ace on the monitor contigured to reversibly engage and secure ©
both the first mount and the second mount one at a time.

{6035] According to an example embodiment, the pump unit includes a recess and the second
monitor mount is configured to move within the recess befween a retracted position and an
extended position. When in the extended position, the second monitor mount projects from an
external surface of the pump unit more so than when in the retracted position.

{0036] According to an example embodiment, the second monitor mount is confined to the
retracted position when the pump unit is fully disposed within the housing cavity.

{0037] According to an example embodiment, the pump unit comprises a body with one or
more recesses, The first and second wheels at least partially disposed within the one or more
recesses when in their refracted position and fie outside the one or more recesses wheo io their
exfended position.

{0038]  According to an example embodiment, the modular pogtable intra-aortic balloon pump
further comprises a handle assembly connected to the pump unit and configured to telescopically
move between a first handie position to a second handle position.

{80391 According to an example embodiment, movement of the handle assembly from the first
position towards the second position causes relative movement of the first wheel towards and
second wheel.

{0048] According to an example embodiment, the modular portable intra-aortic balloon pump
further comprises a {irst power supply on the cart and a second power supply on the pump unit,
When the pump unit is disposed within the cavity the first power supply is used to deliver power
to the pump unit, and when the pump unit is removed from the cavity the second power supply
is used to power the pump unit.

{68411 According to an example embodiment, the modular portable intra-aortic balloon pump
further comprises a third power supply on the pump unit, and both the second power supply and
the third power supply are configured to independently power the purap unit,

5
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{0042] A modular portable intra-aortic balloon pump according to an example embodiment of
the present invention comprises a wheeled cart and a wheeled pump unit removably mounted on
or in the cart, The pump unit includes a frame, a pomp disposed within the frame, a control unit
configured to control the pump, a display device in electronic communication with the pump
unit, and a wheel assembly connected to the frame. The cart includes a first power source used
to power the purap vnit when the purap unit is mounted on ot in the cart. The pump unit
comprises a second power source used to power the pump unit when the pump unit is removed
from the cart or when the pump unit is on or in the cart but the {irst power source is not
functional,

{6043] According to an example embodiment, the pump comprises a first and second wheel,
each movable between: (1) a retracted position defining a {irst wheel frack in which the wheels
are spaced apart a predetermived distance, and (if) an extended position defining a second wheel
track larger than the first in which the wheels are spaced apart a distance greater than the
predetermined distance. The cart is configured to removably and securely house and transport
the pump unit using at least ove caster connected to the cart but without use of the {irst and
second wheels. The pump unit is also transportable independent and removed from the cart via
the first and second wheels.

{0044] According to an example embodiment, the portable intra-aortic balloon pump further
coraprises a third power source on the purap unit, Both the second power source and the third
power source are capable of powering the pump unit independently when the pump unit is
removed from the cart.

{6045] According to an example embodiment, the display device i8 configured to display
information and also to serve as an input device,

{08461 According to an example embodiment, the portable intra-aortic balloon pump further
comprises a fitst gas reservoir connected to the cart and a second gas reservoir connected to the
pump unit. The second gas reservoir is configured and used to provide gas to the pump unit
during operation of the pump unit. The first gas reservoir is configured and used to refresh gas
in the second 2as resServoir.

{0047] According to an example embodiment, the pump unit is configured to connect 1o a third
gas reservoir to refill the second gas reservoir when the pump unit is removed from the cart.
{6848] A modular portable infra-aortic balloon pump according to an example embodiment of
the present invention comprises a wheeled cart, and a wheeled pump unit removably mounted on

or in the cart. The pump unit includes a frame, a pumyp disposed within the frame, a control unit
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configured to control the purmp, a display device in electronic communication with the purop
anit, and a wheel assembly connected to the frame. A first gas reservoir is connected to the cart
and a second gas reservoir is connected to the pump unit. The second gas reservoir is
configured and used to provide gas to the pump unit during operation of the pump unit. The first
gas reservoir is configured and used to refresh gas in the second gas reservoir.

{00497 According to an example embodiment, the pump unit is configured to connect to a third
zas reservair o refilf the second gas reservoir when the punap unit is removed from the cart.
{6033] A modular portable intra-aortic balloon pump according to an example embodiment of
the present invention comprises a wheeled cart and a wheeled pump onit removably mounted on
or in the cart, The pump unit is configured to connect to a catheter hased device, The pump unit
includes a frame, a pump disposed within the frame, and a first processor configured to control
the pump and to collect patient data from the catheter based device. The pump unit is directly
connected to a display device via a cable. The display device includes one or more second
processors configured to process the patient data and display the patient data on the display
device. The cable being of sutficient length to span a first distance between the pump unit and
the display device when the display device is mounted on the pump unit and also to span a
second distance larger distance between the pump unit and the display device when the display
device is mounted oo the cart.

{0051] An example method for operating a modular medical system including a pump unit
connected to a cart comprises the step of removing the wheeled pump unit from a housing cavity
in the cart while cach of first and second extendable wheels on the pump are in a retracted
position.

{0032] According to an example method, prior to or during the step of removing, the method
comprises releasing a reversible latching mechanism between the cart and the pump unit.

{0053] According to an example method, after removing the pump unil, a punip unit monitor
support is extended from the pump unit and a moonitor is temoved from a cart-hbased monitor
support and connected to the pump unit monitor support.

{0054] According to an example methed, the first and second extendable wheels are extended
to change a wheel track between the first and second extendable wheels. This extension may be
achieved remotely from the first and second extendable wheels.

{68351 A portable intra-acrtic balloon pump according to one example embodiment of the
invention includes a compressor, a pneumatic isolator and a {ill system. The pneumatic isolator
is operatively associated with the compressor and includes a membrane that separates the

~
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prneumatic isolator into a drive side and a patient side. Movement of the membrane provides for
inflation and deflation of an intra-aortic balloon when an intra-aortic balloon is in fluid
commmunication with the infra-aortic balloon pump. The fill system supplics pressurized gas to
the patient side and includes a fill manifold. The fill manifold includes an internal reservoir, one
or more valves for controlling gas supply to the patient side, a pressurized gas source, and ove or
more valves for allowing fluid communication hetween the internal reservoir and the pressurized
gas source to fill the internal reservoir.

{0036] According to an example embodiment, the pressurized gas source i3 external to the
intra-aortic balloon pump.

{6057] According to an example embodiment, the internal reservoir has an internal volume of
about 50 cubic centimeters o about 400 cubic centimeters.

{0058] According to an example embodiment, the internal reservoir is internally mounted in
the intra-aortic balloon pump.

{605%] According to an example embodiment, the internal reserveir is a permanently integrated
component of the infra-aortic balloon pump.

{00681 According to an example embodiment, the internal reservoir is free of a valve integral
thereto.

{00611 According to an example embodiment, the internal reservoir is a tank.

{0062] According to an example embodiment, the gas is helivm and the pressurized gas source
is a replaceable helium tank including a valve integral thereto.

{6063} According to an example embodiment, a connector 18 positioned on an exterior surface
of the intra-acttic balloon pump for connecting to the pressurized gas source.

{0064] According to an example embodiment, the pressurized gas source is a helium tank
mounted to a cart, the intra-aortic balloon pump is configured 1o reversibly dock to the cart,
poeumatic connectors are located on both the cart and intra-aortic balloon pump to establish a
preumatic coupling therebetween and to further aiow for the helium tank mounied o the cart o
refill the internal reservoir with heliom.

{0065] According to an example embodiment, the invention further includes a tank frame for
protecting and supporting a portable tank, wherein the gas is helium and the secondary
pressurived gas source is the replaceable tank mounted to the tank frame.

{68661 A portable intra-acrtic balloon pump system according to one example embodiment of
the invention includes an intra-aortic batioon pump for inflating and deflating an intra-aortic

balloon catheter when connected to the intra-aortic balloon pump; a first tank connected (o the
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intra-aortic balloon pump for sepplying gas to the intra-aortic balloon pump to enable inflation
and deflation of the intra-gortic balloon catheter; and a recharge tank connectable 1o the first
tank to fill the first tank.

{08671 According to an example embodiment, the first tank is integral with the intra-aortic
balloon purap.

{6068] According to an example embadiment, the system comprises a wheeled cart. The intra-
aortic balloon pump and the first tank are mounted on the wheeled cart.

{006%] According to an example embodiment, the recharge tank is poeumatically connectable
tos the {irst tank.

{00767 According to an example embodiment, the wheeled cart includes a pueumatic fitting
engaging the infra-aorfic balloon pump to allow for recharging of the first tank.

{0071] According to an example embodiment, the recharge tank is mounted on the wheeled
cart or a portable holder of the system.

{6072] According to an example embodiment, the recharge tank is mounted on the portable
holder, wherein the portable holder includes a base connected to a frarge for securing the
recharge tank.

{0073] According to an example embodiment, the portable holder further inchudes a strap for
supporiing the recharge tank.

{0074] According to an example embodiment, the first tank {s connected to a patient side of an
intra-aortic balloon pump,

{60751 According to an example embodiment, the first tank is smaller than the recharge tank.
{6076] According to an example erabodiment, the system includes a fill manifold capable

of connecting the recharge tank to the first tank.

{08771 According to an example embodiment, the recharge tank has an integral valve,

{0078} According to an example embodiment, the wheeled cart includes a cord that draws
power {rora a first power source external to the system fo supply power fo the infra-aortic
halloon pump.

{007%9] According to an example embodiment, the cord is retractable relative to the wheeled
cart.

{00881 According to an example embodiment, the intra-aortic balloon pump is removably
mounted to the wheeled cart and includes a first power source and second power source to

supply power to the intra-aortic balloon punyp.
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{0081] According to an example embodiment, the first and second power sources are selected
from the group consisting of a battery and an AC to DC converter.

{6082] According to an example embodiment, the first power source is a battery and wherein
the second power source is an AC to DC converter,

{0083] A method for maintaining a volume of gas in an intra-aortic balloon pump system
according fo one example embodiment of the invention includes an intra-aortic hatioon pump
system that includes an intra-aortic balloon pump for inflating and deflating an intra-acrtic
balloon catheter when connected to the intra-aortic balloon purop; a fivst tank connected to the
intra-aortic balloon pump for supplying gas to the intra-aortic balloon pump to enable inflation
and deflation of the intra-aortic balloon catheter; and a recharge tank connectable to the to the
first tank. The method involves the siep of supplying gas from the recharge fank to the first tank.
{0084] According to an example method, the gas is supplied to the first tank to recharge the
first tank after gas is leaked from the first tank.

{G085] According to an example method, the method further involves sensing when gas falls
helow a predetermined threshold in af feast one of the infra-acrtic balloon catheter and the {irst
tank and using the recharge tank to replenish the gas in at least one of the intra-aortic balloon
catheter and the first tank.

{0086] Reference throughout this specification to "an embodiment” or "an exemplary
embodiment” or the like means that a parficular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the present invention,
Thus, the appearances of these phrases in various places throughout this specification are not
necessariy all referring t© the same embodiment. Furthermore, the particular features,
structures, or characteristics may be combined in any saitable manner in one or more
embodiments.

{0087] Reference throughout this specification o a “carrier” means any body, obhject, device,
assembly, cic, that can be integral to or supported by a wheeled device or systera, A carrier may
also be a wheeled and portable medical systen, such as an intra-aortic balloon pump,

{0088] Reference throughout this specification to a “pumyp unit” refers (0 a medical system
comprising a pump. An example of a “pump unit” is an intra-acrtic balloon pump.

{0089] Reference throughout this specification to “wheel track” means the side-to-side
horizontal distance spanning two wheels or wheel groupings. The “wheel track” of an object is
generally perpendicular to the direction the object’s normal fravel path. *“Wheel base” means
generally the front-to-hback horizontal distance of a front and rear set of wheels, wheel pairs, ot

16
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wheel groupings. As for a wheel grouping or wheel pair, the wheel base shall be considered the
distance between the mid-point of the wheel pairs or groupings, wherein each wheel, wheel pair.
or wheel grouping is capable of supporting a load.
{6086] Additionally, for purposes of the description hereinafter, the words "upper,” "lower,”
"right,” "left,” "vertical,” "horizontal.” "top,” “bottom,” "lateral,” "longitudinal,” "axial,” and
fike terms, if used, shall relate to the invention, as it is ariented in the Figures, Itis to be
understood that the invention may assume many aliernative variations and embodiments except
where expressly specified to the contrary. 1t is also to be vnderstood that the specific devices and
embodiments illustrated in the accompanying drawings and described herein are simply example
embodiments of the invention.
{0091] Additionally, the word “processor” can be used interchangeably with “coniroller” and
CPU and control unit.
{6092] Example embodiments of the present invention are described in more detail below with
reference to the Figures. The foregoing description and examples have been set forth as mere
illustrations and are not intended to be Hmiting., Each of the disclosed aspects and emabodiments
may be considered individually or in combination with other aspects, embodiments, and
variations thereof. The steps of the methods described herein are not confined to any particular
order of performance,

BRIEF DESCRIPTON OF THE DRAWINGS
{00931 Figure 1 is a rear perspective view of an [ABP in a cart-hased configuration according
to an exemplary embodiment of the present invention,
{0094} Figures 2A and 2B are side clevation views of the TABP of Figure 1 shown without the
intra-aortic balloon catheter and with a monitor attached in Figure 2A and detached in Figure
2B.
{0095} Figure 3 is a magnified partial view of the monitor support structure in Figure 2B,
{0096} Figure 4 is a rear perspective view of the TABP of Figure 4 shown without the infra-
aortic balloon catheter.
{00%7] Figure § is a perspective view of the JABP of Figure 4with the pump unit partially
removed from the cart.
{B098] Higure 6 is a rear perspective view of the IABP of Figare 4 with the purop unit fully
removed from the cart.

{00997 Figure 7 is a side elevation view of the IABP of Figure 5.
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{00180] Higure § is a side elevation view of the IABP of Figure § with the pump unit {ully
removed from the cart and placed on a ground surface.

{00181 ] Figure 9 is a side elevation view of the pump unit in a stand-alone configuration.
{60102] Figure 10A i3 a magnified partial view taken about dashed border 160 in Figure 8.
[00103] Figores 108 is a magnified partial view taken about dashed border 160 in Figure 9.
{00184] Figure 11 is tilted clevation view of the pump unit in tow by an operator.

{60105} Figure 12A s a perspective view of a pump unit according to an example emabodiment
of the present invention.

{00186] Figure 12B is a perspective view of the pump unit of Figure 12A with a monitor adapter
protruding from atop surfaced, wheels expanded, and handie exiended.

{00107} Figure 13A is a rear perspective view of the purop unit of Figure 124,

[00108] Figore 138 is a rear perspective view of the pump unit of Figure 12B.

{60109] Figure 14 is a perspactive view of the pump unit of Figure 11 with the monitor
removed.

{60110} Figure 15 is a rear view of a carrier portion of an exemplary embodiment of the present
invention with both the wheels and handle in a closed or contracted arrangement.

{00111} Figure 16 is arear view of a carrier portion of an exemplary embodiment of the present
invention with both the wheels and handle in an exiended or expanded arrangement.

{00112] Figure 17 is a perspective view of the carrier of Figure 16,

{00113] Figure 18 is a magnified sectional partial view of Figure 15 taken about border 182,
{60114} Figure 19 is a magnified partial view of Figure 15 taken about border 182,

{00115] Figure 20 is a magnified partial view of Figure 16 taken about border 184,

{001 16] Figure 21 is perspective view of a carrier according (o an example embodiment of the
present invention with the handle and wheel assemblies retracted.

{00117] Figure 22 is a perspective view of the carrier of Figure 21 with the handle and wheel
assemblies extended,

{00118] Migore 23A is a side view of a reversible latching mechanism shown in a locked state.
{60119} Figure 238 is a side view of a reversible latching mechanism shown in an unlocked
state,

{00120] Figure 24 is a perspective view of an example embodiment of a medical pump system
according to the present invention.

{00121] Figure 25 is a perspective view of an example embodiment of a medical pump system
according to the present invention,
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{00122} Figure 26 is a schematic diagram of an IABP poeumatic sysiem of an emnbodiment of a
medical systen.
{00123] Figure 27 is an additional schematic diagram of a fill manifold of FIG. 26.
DETAILED DESCRIPTION OF THE PRESENT INVENTION
[00124] FIG. 1 illustrates a perspective view of a muolti-format modular medical system 4
configured, for example, to monitor and/or provide therapy to patients.  As illustrated in FIG, i,
modular medical system 4 is a multi-format intra-aortic balloon pump (“IABP”) with a
iransportable purap unit 10 removably docked to a cart @ and conununicating with a monitor 64.
However, the pump unit 10 can be replaced with another type of medical device requiring, for
example, a transport mode with access to a monifor, such as an ultra-sound machine or a
circulatory support device.
{60125] The cart 9 has a front side 108, a rear side 106, and a whee! arrangement 79, The
medical systemn 4 may be used, e.g., patient bedside in a hospital, with the pump unit 10 docked
as shown in FIG. 1. The pump unit 10 may also be removed from the cart 9 for ransport and
used fo deliver therapy alongside of and/or independent of the cart 9, as illusiraied in FIGS. 6, 9,
and 11. As detailed below, and illustrated in FIGS, 13A, 13B, and 14, a wheel] assembly 14 of
the pump unit 10 may be expanded prior to transport to improve tracking and stability for the
punp unit 10,
{00126} As recognized by one skilled in the art, JABPs are used to inflate and deflate an intra-
aortic balloon 60 on a distal end of a balloon catheter 62. The balloon catheter 62 is inserted
into a blood vessel of a patient and used to support the patient’s heart. As detailed in ULS, Patent
No. 6,241,706, berein incorporated by reference in iis entirety, the purap unit 10 includes
multiple components (vot all shown), such as a pump 290 (as shown in FIG. 24) (also referred to
as a compressor), a control unit {250,252), a monttor 64 with an operator input interface 66 and
display 08, a patient connection interface panel 140, and a power supply 240. The monitor 64
and the pump unit 10 commmunicate through an electronic interface such as a wire 70. The
modular medical system 4 also includes a drip bag holder 85 supported by a shatt 87 and
counfigured to hold an infusion bag (not shown). The interface panel 140 may be used to connect
to patient electrocardiogram (ECG) leads, while the display 68 on monitor 64 is intended for
relaying patient information to the TABP operator. Operators may control and calibrate the
pump unit 10 through input interface 66.  The display 68 may optionally be a fixed unitor a

collapsibie assembly capable of folding along the path of arc 67.
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{00127] Because medical system 4 is commonly used in a hospital setting, it includes cart 9
configured for movement on generally flat floors. An operator may move or reposition the
modular medical system 4 within a hospital, for example, by using handle 82 located on the rear
side 106, or handle 86 located on the {ront side 108.

{60128] Swivel or universal wheel arrangement 79 attached to the botiom or base of the cart 9
facilitaies movement of cart 9. Wheel arrangement 79 comprises a plurality of swivel wheels
(72,74, 76, and 78) {also referred to as wheel sets or casters) located at the corners of the base of
the modular medical systern 4. The wheel sets (72, 74, 76, and 78) are configured o lock
through a lock release arm 75 to prevent unintended rolling. Wheel arrangement 79 includes a
wheelbase 110 between front and rear wheel sets 74 and 76, while a front wheel track 112 and
rear wheel track 114 spans the distances between the midpoints of wheel sets 74, 78 and 76, 72
respectively.

{60129] The medical system 4 is modular and configarable for use in non-hogspital settings or in
transiers to or between hospitals. For example, the pump unit 1¢ may be removed from cart 9
and used as a portable stand-alone IABYP device independent of the larger cart 9. The smaller
footprint, lighter weight, and greater portability of the pump unit 10, as compared to the medical
system 4 as a whole, add convenience for ambulatory helicopter crews and healthcare
practitioners when transporting patients and their medical equipment, for exarmaple, between a
hospital and non-hospital setting.

{601307 Acillustrated in FIGS. 2A, 2B and 3, monitor 64 is reversibly attached to a monitor
adapter 99, which may be integral with a cart-based monitor support 100 configured for
complete or partial rotation about an axis 136, FIG, 2B shows monitor 64 removed and
detached from the monitor adapter 99, the details of which are more specifically detailed in
partial view FIG. 3. As illustrated in FIG. 3, the monitor adapter 99 extends upwards from a
monitor support surface 102 on the monitor support 1. The monitor support 100 optionally
may have a mechanical boss 104 or protrasion that prevents monitor 64 from rotating about the
axis 138 of monitor adapter 99, Ag illustrated in FIG. 2A, monitor support 100 inchiding
monitor 64 is rotatable about axis 136. The monitor adapter 99 removably snaps into a recess
(not shown} on a bottom surface of the monitor 64,

{00131] FIG. 4 is a rear perspective view of the medical system 4 with the pump anit 10 stored
in cavity 11 (shown in FIG. 6) within the cart 9. The cart 9 has an aspect ratio similar to that of
pump unit 10 so that the pump unit 1 blends into the cart § when inside cavity 11. Pump unit

10 bas a smoaller size and slinumer aspect ratio than cart 9 so that pump unit 10 may slide
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horizontally into and out of a cavity 1 of cart 9. The pump unit 10 has a handle 82 used 1o
assist with insertion and removal from cart 9.

{60132] Ascan be seen in FIG, 6, cavity 11 has a width 116 sufficient to accommodate a minor
width 118 of pomp unit 10, Cavity 11 further includes a bottom surface 126, an inner sidewall
124, and an upper inner surface or sidewall 129, Cavity 11 is sized and dimensioned to
acconunodate with minimal clearance pump unit 14, such that a side wall 122 of punmp unit 10
may be slidingly engaged with cavity 11 to help resist side-to-side movement and stability.
Handle 82 is attached to the purap unit 10, extends outward, and is shdingly received into handle
pockets 125 within the cavity 11, thereby providing additional stability and support to the pumyp
unit 1. The outer surface of the handle 82 is contiguous with the outer surfaces 84 of the cart &
when the pump vnit 10 is housed in cavity 11, as shown in FIG. 4.

[00133] FIGS. § and 6 depict rerpoval of the purnp unit 10 from the cart 9. In FIG. §, the pump
unit 10 is partially slid out of cavity 11 in cart 8. In FIG. 6, the pump unit 10 is completely
removed from the cart 9 but is still tethered to the monitor 64 connected to the cart 8. While
pump unit 10 is partially extended {rom the cavity 11 of cart 9, as shown in FIG. 5, access is
provided to a top portion of the pump unit 10 allowing, for example, monitor 64 to be mounted
o extendable monitor mount 130, Wire 70 may be moved through a slot 81 of support surfaces
73a, 73b, which also function to provide for an additional handie. Therefore, the pump unit 10
can be removed from the cart 9 without requiring the wire 70 to be disconnected from either of
the punp unit 10 or monitor 64. As shown in FIG. 6, monitor 64 remains mounted to the
monitor support 1 of cart 9, but can be moved fo the selectively extendable monitor mount
130 upon activation of a release mechanismm 132 that can extend the monifor mount 130,
{00134] Pamp unit 10 is reversibly secared into cart 9 as follows. A reversible latching
mechanism positioned on the underside of the cart 9, accessible from the rear side 106 (the same
side of the cart ¢ in which pump unit 1{ may be removed from the cavity 11) of cart 9, locks
into the cavity-facing side of punp unit 10,  An exemplary schematic representation of the
latching mechanism is shown in FIGS. 23A and 238,

The latching mechanism comprises a latch 206 assoctated with cart 9 through the back side 197
of cavity 11. The latch 206 is connected 1o a handle 202 through a tether 208, The handle 202
is located on the bottom of cart 9 and is preferably spring biased to a locked position wherein
fatch engages back plate 18 of pump amit 10 through a lateh receiving recess 214, as shown in
FIG. 23A. FIG. 23B shows latch 206 downwardly shifted in recess 214 as a result of a force

applied in the direction shown by arrow 218 to the handle 2072 and against the bias of the spring

i
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216, When latch 206 is disengaged from the pump unit 10, purop unit 10 may be moved from
a first state (secured in cart 9} as shown in FIG. 4 to a second transition state (partially removed
from cart 9) as shown in FI(3. 5. to a final or third state folly removed from cart 9 shown in FIG,
6. The horizontal or lateral movement can be accomplished by an operator applied foree to
handle 82 in a divection depicted by arrow 128 in FIGS. 4 and 7.

{00135} FIGS. 7 through 11 are side views of the medical system 4 illustrating remaval of the
pump unit 10 from cart @ starting with a cart-based configuration and transitioning to a final
stand-alone configuration.  Similar to FIG. 5, FYG. 7 illustrates purnp vnit 10 as partially
removed from cart @ through the application of a force applied to the handle §2 in the direction
128, Third handie 83 {(shown lying flat and recessed in FEG. 7, and upright and extended in FIG.
¥} is located on the top of pump unit 19 and enables an operator to lower the pump unit 10 to the
ground or floor surface 5. This is especially beneficial given that ITABPs may weight more than
70 or 80 Ibs (32 — 36 kg), and may not be sasily movable, especially for petite health care
providers,

{60136} Additionally shown in FHGS. 8 and 9 are features of the pump unit 10 that benefit usage
for the stand-alone configuration, These featores are neither accessible nor capable of being
actuated while the pump unit 10 is folly docked in the cavity 11 of cart 9. Suach elements
include (i) an extendable monitor adapter 99, (it} a refractable handic assembly 13, and (i) an
infegral wheel assembly 14 that provides for an adjustable wheel track.

{601371 Ag shown in FIG, 9, monitor 64 may be attached to monitor adapter 134, best shown in
FIG. 5-6, located on pumyp unit 10 after the monitor 64 has been removed from monitor adapter
99 of cart 9 (see FIG, 2B). FIGS, 10A and 10B arc views taken about border 160 and 160’ in
FIGS. 8 and 9, respectively, and further illustrate monitor adapter 130 in both a recessed
position below surface 166 (F1G. 10A) and an extended position above surface 166 FIG. 10B).
Monitor adapter 130 is disc-shaped (but can take on other shapes), and adapts to a conforming
size and shaped structure on the bottom of monitor 64 designed specifically to removably
accommodate the adapter 130, Additionally depicted in FIG. 108 is a monitor support surface
102 that provides support © the bottom of monitor 64 when positioned about the monifor
adapter 130. Support surface 102 and monitor adapter %9 both are connected to a spring-loaded
poat assembly 172 that is configured to reversibly extend 4 top portion of sepport surface 102 to
a distance 168 (greater than ove inch) above surface 166 upon activation of a release mechanism

132. When moved {o its recessed condition, a latch (not shown) retains the support surface 102

16



WO 2012/158560 PCT/US2012/037640

in it the recessed condition until actuated. In ifs recessed position, support surface 102 does not
impede positioning of pump unit 10 into or out of cavity 11 of cart 9.

{00138] The pump unit 10, when separated from the cart 9, is designed to be operable as a
standalone unit. As apparent from FIGS. 5 through 9, the pump unit 10 has a slim profile which
is beneficial for docking to the cart 9. When ECG leads and catheters are connected between the
patient and pump unit’s panel, the slim profiie enables the interface panel 140 to be placed
proximate (o a patient in a minimally intrusive manner.  Additionally, having the interface panel
140 extending from a short or narrow side of the pump unit 10 i3 beneficial for the cart-based
format of the IABP. However, when the pump onit 10 is transported in a tilted dolly-like
manner as shown in FIG. 11, it is beneficial that the cables and catheter tubing (not shown)
extending from the inferface panel 140 are on a side of the pump unit 10 opposite the wheels,
This prevents the cables and catheter tubing from dragging along the ground or becoming caught
in the wheels of the pump unit 10 or the patient’s stretcher or wheelchair, It also helps the
aperator avoid tripping over the lead and catheter cables and tubing,

{00139] The pump unit 10, when separated from the cart 9, is designed to operaie as a
standalone transportable unit using carrier 12, However, to place a wheel assembly on side of
the pump unit opposite to the location of the interface panel 140 provides a challenge because
the slim shape of pump unit 10 would require a small wheel frack due to the need fo it within
the cavity 11 of the cart 9. To improve stability during transporting of the pump unit 10 when
in a stand-alone format, a carrier 12 comprising an extendable and integral wheel assembly 14
has been discovered and adaptable for usage in a manner consistent with the eptbodiments
disclosed herein. Located on the purnp unit 10 towards the side opposiie the interface panel 140
is a carrier 12 with an integral wheel assembly 14 for selective transport of the pump unit 10
when in a stand-alone configuration. The carrier 12 is connected or integral to a frame 17 or
chassis of the pump unit 10, e.g., along its back side 21, and includes a retractable handle
asserably 13 and integral wheel assembly 14, The handie assembly 13 can be used to tow punmp
unif 10 in a stand-alone configuration, similar to a transport dofly or upright wheeled higgage.
In other embodiments, the wheel assembly may be non-integral or reversibly connected fo the
frame 17 or chassis,

{80148] To facilitate ansport, the pump unit 10 and carrier 12 have an axially extending wheel
assembly 14 that can be extended remotely through the use of a handle or an actoator. FIGS.
12A-128 and 13A-13B further illustrate the pump unit 10 with a carrier 12 and an integral

wheel assembly 14 capable of establishing a {irst and second stand-alone configuration. In
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FIGS. 12A, 15 and 18, wheels 22 and 24 are shown in the first stand-alone configuration
retracted towards and flush with sidewall 122. When the wheel assembly 14 expands, wheel
track and thus stability of the pump unit 10 during transport is increased from a first dimension
WTT shown in FIGS. 18 and 19 to a second dimension WT2 shown in FIG. 20, During tiltec
wheel transport, both wheels 22, 24 provide wheeled support for carrier 12 in the expanded or
retracted positions.

{60141} Similarto FIG. 11, FIG, 14 shows the pump unit 10 in a tilted position and in the
expanded configuration (with monitor 64 not shown), consistent with how carrier 12 may be
used during transport and in the stand-alone modular configuration. FIG. 14 further shows
wheel assembly 14 in an expanded arrangement with a larger dimension wheel track WTZ,
larger than the first dimensioned wheel track WT1 shown in FIG, 13A,

{00142] Wheel assembly 14 can be extended or retracted remotely throogh the use of a handle
or an actuator, For the purposes of this disclosure, “remote” may relate to locations beyond a
focal proximity, such as beyond the wheel area or local proximity of wheel assembly 14as
demarcated by reference border 199 in FIG. 11, The use of handle grip 16 of handle assembly
13 to expand the wheel track of wheels 22, 24 allows safe and uninterrupted portability of the
pump unit 10 during tlted wheeled transport without requiring the user to pause, stoop down, of
otherwise interrupt the delivery of patient care and monitoring.

{00143] In FIGS. 124 and 134, bandie grip 16 of retractable handle asserobly 13 is shown to
be retracted or otherwise moved to a first position, 1.e., towards axis A in the direction 188, Ina
second stand-alone configuration shown in FIGS. 12B and 158, wheels 22, 24 are extended
away from each other and side wall 122 caused in part by movement of handle grip 16 remotely
from wheel assembly 14 to a second position, Remote movement of handle grip 16 preferably
involves the extension of the handle in a direction 186 away from axis A, although other
embodiments and arrangements are possible.

{00144} As can be seenin FIGS, 12B and 158, when the handle assembly 13 is extended to the
second position (e.g., away from axis A), wheels 22, 24 of wheel assembly 14 are configured to
extend or expand outwards from ecach other, preferably in an avtomatic arrangement, manually
controlled remotely from the wheel locations. As an alternative to such manual control, motors
or non-rnanual soarces of energy may be used to conirol the wheel movement towards and away
from each other.

{00145] The mechanisms for conirolling the wheel assembly 14 with the handle assembly 13
will be explained in greater detail, Figures 15 and 16 show the carrier 12 attached 1o a rear
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portion of pump unit 10 in both extended and retracted positions, respectively. In Figure 15, the
wheel assembly 14 and handle assembly 13 are retracted and are nearly flush with side wall 122
(Fi(5. 13B) and top surface 166 of pump unit 10, respectively. In Figure 16, the wheel assembly
14 and handle assembly 13 are extended.

{00146] FIG. 17 15 a perspective view of the carrier 12 shown in FIG. 16, With the rest of pump
unit 10 removed, the mechanism used to expand and retract the wheel assembly 14 is exposed.
The handle assembly 13 of FIG. 17 includes a handle grip 16 and multiple generally paralie] and
telescoping tube-like posts 16a. 16b, 16¢, 16d. 16e, and 16L. Alternatively, one telescoping
tube-like post may be employed. More or less posts may be used depending on the desired
tength and intended compaciness of the extended handle assembly 13, Also, although shown
having a U-shape, the handle assembly 13 may have different shapes and configurations. For
example, the handle assembly 13 may comprise a single live of one or more telescoping posis.
{00147] Referring to FIG. 17, posts 16c and 16f are connected to a back plate 18, which closes
a back end of the pump unit 1 when connected to the purap vnit connector plate 20, The
handle assembly 13 may include a mechanism for reversibly locking bandle grip 16 in the
extended andfor retracted positions with respect to all or a portion of posts 16a - 16f, Such
mechanisms are well known in the art, including, for example, a depressible button 19,
Depressible button 19 may control the engagement of posts 16d and/or 16a to one or more of
posts 16b, 16¢, 16¢, and 161, and thus the handle 16 can be used to selectively engage and
disengage the locking mechanism. Button 19 thereby allows for handle 16 to be positioned with
respect to ong or more positions o all or a portion of posts 16a - 161, Posis 16a-16f may also
include spring hiased buttons or detents on their ends which inierfock the posts in the extended
position unti! the bottons are depressed and/or the posts are forced back into each,

{00148] Wheel assembly 14 includes two wheels 22, 24 mounted on half axles 26, 28, The half
axies 26, 28 rotate about their longitudinal axis, and optionally may share a common axis A
within refainer {or guide) 30 as the pump unit 10 s wheeled about. The half axles 26, 28 slide
along axis A within retainer 30 as the wheel assembly 14 is expanded and retracted thereby
adjusting the wheel track. Preferably, the half axles do oot rotate, but the wheels 22, 24 are
configured to rotate with respect to axles 26, 28. A cut-out 32 in retainer 30 exposes the
innermost end of each hal{ axle 26, 28.

{66149] Half axle 26 is pivotally connected to linkage 34 and half axie 28 is pivotally connected
to linkage 36, both of which are pivotally connected to a guide plate 38. Guide plate 38 is
fixedly connected to posts 16¢ and 16f.  Guide plate 38 is slidingly connected to back plate 18
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via guides 40, 42 which slide in slots 44, 46 of guide plate 38, Linkages 34, 36 connect to
innermost portions of half axles 26, 28 and extend through an elongate opening 41 on the top of
retainer 30.

{60150 When handle grip 16 of handle assembiy 13 is fully retracted, or directly or indirectly
interfocked with posts 16¢ and 16f and compressed towards axis A along direction 188, half
axles 26, 28 are forced towards each other moving wheels 22, 24 faterally towards sidewall 122,
preferably fully or partially into recesses 48, 5€. Similarly, when handle grip 16 of handie
assembly 13 is extended, or directly or indirectly interlocked with posts 16¢ and 16{ and
extended away from axis A along direction 186, half axles 26, 28 are forced away from each
other moving wheels 22, 24 laterally outwards of recesses 48, 50 and away from sidewall 122 on
both sides of the pump unit 10, This provides for expansion of the fooiprint and wheel track for
increased stability of the purop unit 10 during tlied wheeled transport.

{00151] FIG. 18 is a supplemental view illustrating a partial cross section of carrier 12 taken
about border 182 of FIG. 17, sectioned through axis A, As shown in FIG. 18, half-axies 26, 28
are preferably solid in cross section to provide for strength and resistance o bending when
cantilevered beyond the left and right contacting surface of retainer 30,

{00152] PFIGS. 19 and 20 illustrate partial views of FIGS. 15 and 16 taken about borders 182
and 184 respectively. Both FIGS. 19 and 20 show a botiom surface 190 of pump unit 10, or
carcier 12, In the emboduments shown in FIGS. 19 and 20, when the bottom surface 190 rests
on the flat surface S, the pump unit 10 and/or carrier 172 is allowed to rest with a clearance H
established beneath the bottom of wheels 22, 24. This static clearance provides for a operator to
remotely adjust wheels 22, 24 of wheel assernbly 14 from a first wheel track dimension WT1 to
4 second wheel track dimension WT2 in an unencumbered manner {(i.e., absent friction caused
by surface S). Furthermore, wheels 22 and 24 remain parallel to their first retracted
configuration when moved (o their second expanded configuration. Alfernatively, only one of
wheels 22 and 24 may be configured to move from the {irst to the second position, and still
achieve the improved and expanded wheel track as illustrated herein.

{60153} FIG. 21 illustrates an alternative carrier 52 consistent with embodiments of the present
disclosure. The alternative carrier may be used with all embodiments of the pump unit 10 and
cart 9, as demonstrated in the Figures. Undike carrier 12 ilostrated for example in FIGS. 14
through 17, which uses linkages divectly connected to a guide plate, carrvier 52 uses linkages 34,

36 connected directly to post 16b and 16e, whose lower ends have a tube-like shape. Figure 22
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shows the carrier 52 with the handle assernbly 13 and wheel assembly 14 extended. With the
handle assembly 13 fully extended, linkages 34, 36 butt up against stops 54, 30.

{00154] In an alternative embodiment capable of being utilized with either carrier 12 or carrier
52, the wheels 22, 24 may be decoupled from the handle assembly 13, In other words,
extending and retracting the handle assembly 13 will not cause the wheels 22, 24 move in and
out of recesses 48, 54, Rather, a servo or motor (€.2., placed between the half axies 26, 28) may
be used to laterally shift half axles 26, 28 back and forth along axis A. The serva or motor may
be mpamually triggered or remotely triggered. For exarnple, a button or switch located anywhere
on the pump onit 1€, including handles connected thereto, may be used to manually trigger the
serve or motor. Alternatively, extension of the handle assembly 13 may trigger the switch and
cause the motor or servo to shift the wheels 22, 24 apart, In an aliernative emmbodiment, a
remote control may be used to trigger the servo or motor. Optionally, an astomated switch
configured to detect a parameter of the cart Y (such as when the carrier is in proximity o the
cart) can perform the triggering.

{00155] In yet another erabodiment, the purap unit 10 may have one or more sensors capable of
interpreting a vertical orientation of the pump unit 10, as well as whether or not the pump unit
10 is inside cavity 11 of cart 9. The sensor may be triggered when the pomp unit 10 is tilted (as
in FIGS. 13 and 16} to an acuie angle 103, preferably in a range of {ess than eighty-five degrees,
more preferably less than seventy-five degrees. Upon triggering of the sensor, a coniroller will
activate the motor or servo to expand the wheel assembly. This can oceuar daring to or prior to
actual movement of pump unit 10 in the stand-alone configuration.

{60156} A feature that further modularizes medical system 4 is the utilization of a dedicated
reservoir or tank to supply a shuttle gas to a patient side of a pneumatic isolator. In use, the intra-
aortic balloon pump inflates and deflates an intra-aortic balloon through the use of the pneumatic
isolator and compressor.  Helium is the gas of choice for the patient side due to its low density
and viscosity, Gradual helium {oss occurs when the balloon pump is used continuously and
requires replenishing on an as-needed basis. In an example embodiment of the present
invention, pump unit 1{} may be configured to have its own dedicated helium reservoir or tank
2806, as shown through cutaway 232 in FIG. 24 that functions as a first pressurized gas source for
supplying gas to the patient side 326 of the poeumatic isolator 320, The dedicated tank may be
sized smaller than typical tanks currently atilized in ntra-aortic balloon paraps for periodic
exchange or replacement. Additionally, the dedicated tank may be simplified to be directly
connected to a fill manifold, thereby reducing components that would otherwise add mass to the
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intra-aortic balloon pump, potentially rendering a pump unit less suitable for ambulatory
helicopter transport than otherwise desirable. Puorther in one embodiment, the dedicated tank
may be a permanently integrated component of the pump unit 10 wherein the dedicated tank is
irremovable or removable with difficulty so as (o require partial or complete disassembly of the
pump unit 10,

{00157] To be usable hoth inside and outside a hospital setting, a fill system 338 within the
pump unit 10 may be relatively small to accommodate short-term ambulatory helicopter use as
well as longer-term hospital use. In an exemplary arrangement, in addition to a dedicated tank
286 that provides a sufficient amount of helium for limited shori-term use {e.g., three days of
normal balloon pumping therapy). the {ill system 338 may further include one or more recharge
tanks that functions as a second pressurized gas source which can be removably coupled o the
dedicated tank 286 to replenish dedicated tank 286 as needed. In one embodiment. the recharge
tank may be supported on the whegled cart or a portable tank holder, as illustrated in Figs, 24-
25.

{00158} In an example embodiment, refilling of the dedicated tank 286 may be carried out with
the assistance of a recharge tank located remote from the pump unit 10, Preferably, the recharge
tank may optionally have an integral valve. and be sized larger than the dedicated tank 286 used
in the pump unit, e.g., sized larger than about a bhalf lter of internal volume. o one embodiment,
the recharge tank may have a volurne of about 0.5 to about 1.5 liters. Exemplary recharge tanks
inclade part nambers 0075-00-0024-03, 06475-00-0034-03, 6075-02-0001-03, 0075-02-0002-03,
and (202-00-0104 offered by Maquet Cardiovascular LLC, Wayne, NJ, 07470,

{60159} FIG. 24 shows by example a cart based recharge tank 288 (seen through cutaway 230).
The recharge tank 288 may be stored internal to the cart, or attachable to an external portion
thereof. In one embodiment, the recharge tank is located at or near the base of cart 9 (as shown
in cutaway 230 of I'ig. 24) and supported on a slidable surface of cart 9, such as a slidable ray
(not shown}. In a first position, the tray is stowed within an infernal cavity the caxt 9, as shown
in Fig. 24, When the tray is extended to a second position protruding out from an exterior
surface of the cart @, a user is able to manipulate or replace recharge tank 288 as necessary. The
tank 288 niay also be readily and reversible connectable to pneumatic tubing or fittings within
the cart 9 through a connector integral to the recharge tank 288,

{68168] In an alternative embodiment, the recharge tank 288 may be separate from the punmp
unit 10 or cart 9. For example, as shown in FIG. 25, a stand-alone tank holder 200 is enclosed in

a frame 201 resting on a base 206, both of which serve 1o protect tank a recharge tank 210 from
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damage. Preferably a handle 207 is integral to the frame 201 to facilitate manoal transport of the
tank holder 200, The tank holder 200 also includes a strap 208 to further secure the tank 210
inside the holder 200.

{00161] The recharge tanks are useful for readily connecting to the pump unit 10 with ease,
quickness, and minimal user intervention. More specifically, helium in tank 286 may be
replenished using helium in tank 288 when the pump unit 1€ is docked to cart 9. Altematively,
the helium in tank 286 may be replenished using helium in the stand-alons portable tank 210
when the purop unit 10 is taken out of cart 9.

{00162] For example, as shown in FIG. 25 stand-alone tank 214 has near the top region of the
tank holder 200 a tubing connector 222, a valve 202 and regulator 203, Tubing 212 extends
from the tubing connector 222 and is configured to connect tank 210 1o dedicated tank 286 of
the pump unit 10 throogh a pneumatic interface 221 on the pump unit 10, Afier the dedicated
tank 286 is sufficiently re-charged with helium, the tubing 222 may be disconnected from the
pump unit 10 and the pump unit 10 can be safely used for a period of time before requiring an
additional heliuro recharge.

{00163] Alternatively, the stand-alone portable tank 210 or recharge tank 288 may also be
connectable to the pump unit 10 through a carefully constructed pneumatic interface on both the
cart % and the pump unit 10, Poeumatic fittings on punmp unit 10 and cart 9 can be configured (o
reversibly engage one another and establish fluid conununication when the pump unit 10 is
docked to the cart 9. Preferably, the pump unit 10 should be fully docked in the cart’s cavity 11
when fluid conymunication is established. When docked, a pneumatic fitting 220 internal to the
carf 9 engages the helium interface connector 221 on the back side of pump unit 10 fo provide a
pneumatic connection and allow for recharging of tank 286.

{00164] Example balloon pump pneumatics are shown in ULS. Pat. 8,133,184, herein
incorporated by reference in its entirely. A variation of the pneumatics useful for carrying out
the recharging of the internal tank 286 is described herein. FIG. 26 shows a schematic
representation of a pneumatic system 300 for intra-aortic balloon pump 10 when connected to an
intra-aortic balloon 60 and balloon catheter 62 through a fill/purge line 330, The IABP
preumatic system 300 comprises a pneumatic isolator 320 having a membrane 322 for isolating
a patient side 324 from a drive side 326. A drive side pressurized gas source 304 and vacuum
source 3006 are fluidically connectable to the drive side 326 through pressure source valve
system 314 and vacvum source valve system 316, respectively. Pressure within the drive side
pressurized gas source 304 and vacuurn source 306 is controlled by a plurality of valves (not
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shown) and one or more compressors 290 (see FIG. 24). Optionally, a vent 308 may be
fluidically connectable to the drive side 326 of membrane 322 along with a vent valve system
318 positioned between the vent 308 and the pneumatic isolator 320,

{00163] A pneumatic manifold 301 is designed to encompass and manage the delivery of
helium to and from the balloon 60. The pneumatic manifold 301 cormprises a shuttle gas
fransducer 328 as well as an isolator valve 332 for controllably isolating a fill manifold 302 from
the preumatic manifold 301, Optionally, the preumatic mantiold 331 may have a dryer (not
shown) for removing water vapour {rom the gases used on the patient side of the membrane after
hours of continuous use. The fill manifold 302 may be fluidically coupled to the presmatic
manifold 301 directly (see path 334b) or indirectly through the patient side 324 of isolator 320
(see path 334a), Valve 332 functions to isolate the pneumatic manifold 301 LABP circuit with
heliom from the fill manifold 302,

{60166} In FIG. 27, which shows a fill system 338, includes a fill manifold 302 has a reservoir
or tank 286 {e.g.. a helium reservoir), a first valve arrangement 342, and a second valve
arvangement 344, The {ixst valve arrangement 342 may include one or more valves located in
parallel or series, The second valve arrangement 344 may comprise a single one-way valve
enabling gas flow towards tank 286, The recharge tank 228 can be fluidically coupled to the fivst
valve arrangement 342 by the valve coupling 340 e.g. previously described as helium inferface
connector 221. A pressure ransducer 346 may be employed €0 ascertain the pressure in the tank
286 to help monitor when the tank is in need of refilling. The volume of tank 286 may be
chosen based on the amount of time the pump unit will be used without requiring a refill. The
volume may range, for example, from about 50 cubic centimeters to about 400 cubic
centimeters. A moore preferable range is about 100 1o about 200 cubic centimeters. A most
preferred volume is about 130 cubic centimeters.

{00167] A pressure reguiator 343 is located between reservoir tank 286 and the first valve
arrangement 342 to limit the pressure avatlable to the pneumatic manifold 301, The second
valve arrangement 344 allows for recharging the fill volume and pressure of gases in the
reservair tank 286 when connected to a recharge tank. One or more connectors or {ittings 340
may be utilized in order to connect the JABP preumatic system 300 to ong or nore previously
described recharge configurations.  As shown in FIGS. 26 and 27, the cart-based recharge tank
and stand-alone recharge tank configurations are represented as 350 and 360 respectively.
{00168] Another feature that further modularizes medical system 4 is the utilization of dual

power supplies. As with the dual helium tanks, medical system 4 may be used with our without
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this feature. Dual power supplies enable the medical system 4 to be operated as a cart-based
system or as a standalone system. Cart & has a power supply 240 that can be used to power
medical system 4 when the pump unit 10 is integrated with cart 9. Power supply 240 draws
cuarrent through an external power supply {e.g., an A/C power supply, wall outlet), and may
convert the voltage from 110V A/C or 220 V A/C to a fixed DC voltage (e.g., 15V DC) and
provides power to the components of pump unit 10 and monitor 64, When punwp unit 1G is
removed, it can be operated as a standalone system using one or both of power supplies 248 and
246, Power supply 248 can be a battery, e.g.. a DC lithiuvm-ion battery, or optionally may be an
AC 1o DU converter capable of outputting DC current from an external AC power source.
Battery-based sources of power facilitate transporiability of purnp unit 10 while externally
sources of power provide convenience when the purap unit 14 is near a power outlet, The dual
power supply systent is described in detail in U.S. Patent Application Serial No. 13/089.128
entitied “Multt Power Source Power Supply,” which iz whelly incorporated by reference herein.
{60169} In an exemplary embodiment, modularity is further enhanced by shifting data
processing, €.8., graphics generation, {rom one or more processors in the pump vnit 10 o0 one or
more processors in monitor 64. In prior art IABPs, the video capability was a 640x480
monochrome out. Outputting such video graphics through a long wire was feasible. However, in
an exemplary embodiment, monitor 64 outputs 1024x768 full color video graphics and aliases af
18 bits per pixel. To output such data over wire 70 of the length existing between the punp unit
10 and cart @ when separated or integrated, the wire would need to be prohibitively thick, add
weight, and not provide for the bendability needed to frequently transier the purap unit 10 from
a stand-alone configuration 1o a cart-based configuration. To overcome such issues, a fivst CPU
252 is included in the pump anit 10 to collect data and conunonicate with a separate second
CPU 250 in the monitor 64 through wire 70. Wire 70 is a cord, e.g., coiled, including four pairs
of power cables and 2 pairs of Fthernet cables. The CPU 250 in monitor 64 then outputs display
lists to a graphics chip 254 in the monitor 64, which processes and transfates data into viewable
graphics displayable on the monitor 64,

{60170} For example, patient data measured using an intra-aortic balloon catheter 64 (see FIG.
1) is collected by the first CPU in the pump unit 10 and then wansferred to the second CPU 256
in the monitor 64 via wire 70.  This ransferred data is then processed by the second CPU 250
for display of relevant patient information on the patient monifor 64, such as an ECG wave or
pressure wave. An example CPU is the Motorola PowerPC CPU, which can be used in both

pump unit 10 and mounitor 64, An example graphics chip is an AMD brand ATI M54 chip.
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Alternatively, an FPGA (field programmable gate array) can be used as a single chip solution in
monitor 64.  Additionally, the second CPU 250 is used to process user input data and to execute
the pump display interface 6§, e.g., touch screen interface.

{08171} Those skilled in the art can appreciate from the foregoing description that the present
invention can be implemented in a variety of forms and is not limited to infra-aortic balloon
pumps. The carrier of the present invention can be used and/or connected to other devices
requiring stable transport, Further, the inventive modularity aspecis of the present invention can
be applied to other devices, e.g., medical devices, that would benefit from nultiple
configurations suited for different operating conditions and envivonments. Therefore, while the
embodiments of this invention have been described in connection with particular examples
thereof, the frue scope of the erabodiments of the invention should not be so fintited since other
modifications and variations will become apparent to the skilled practitioner upon a study of the
drawings and specification. Such modifications and variations are considered to be within the

purview and scope of the appended claims and their equivalents.
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CLAIMS

1. A carrier integral to an intra-aortic balloon pump, comprising:

a body, a wheel assembly connected to the body, a handle assembly connected to the body, the
handle assembly comprising a handle movable between a first position and a second position, the wheel
assembly comprising a first and second wheel, each of the first and second wheel is connected to a
separate axle and movable between (i) a retracted position defining a first wheel track in which the
wheels are spaced apart a predetermined distance and (ii) an extended position defining a second wheel
track larger than the first in which the wheels are spaced apart a distance greater than the
predetermined distance, wherein movement of the handle from the first position to the second position
causes movement of the wheels from the retracted position to the extended position;

wherein the body comprises a front, a back, a top, a bottom, and two sides, wherein the two
sides have a horizontal width that is larger than the width of the back,

wherein movement of the wheels between the extended position and the retracted position is
along a common axis, and the common axis of the wheel assembly is located towards or at the bottom
of the body and either adjacent to or in the proximity of the back.

2. The carrier according to claim 1, wherein movement of the handle from the second position to the
first position causes relative movement of the first wheel towards the second wheel.

3. The carrier according to any one of claims 1-2, wherein the movement of the handle is in a direction
perpendicular to the common axis through the first wheel and second wheel.

4. The carrier according to any one of claims 1-3, whereby the first and second wheels are configured to
provide wheeled support to the body in both the extended and retracted positions when the bodyisin a
tilted orientation.

5. The carrier according to any one of claims 1-4, wherein the handle assembly includes a plurality of
telescoping members.

6. The carrier according to any one of claims 1-5, wherein the first wheel and second wheel when in the
retracted position are disposed at least partially within recesses in the body, and in the extended
position the first wheel and second wheel are disposed outside the recesses.
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7. The carrier according to claim 1, wherein the axles are constrained to linear movement.

8. The carrier according to any one of claims 1 and 7, wherein the handle assembly includes a plurality of
telescoping members, each of the axles are connected to one of the telescoping members through a
linkage, and the first wheel and second wheel are each configured to rotate about a common axis in
both the retracted and extended positions.

9. The carrier according to claim 8, wherein the carrier is configured such that a downward or upward
movement of the telescoping members cause the axles to shift laterally along the common axis in a
direction perpendicular to the downward or upward movement of the handle, and the axles move
towards each other along the common axis when the telescoping members are moved downward and
move away from each other when the telescoping members are moved upward.

10. The carrier according to claim 1, wherein the intra-aortic balloon pump comprises a pump, a frame
enclosing the pump, a monitor, and at least two power supplies, each of the at least two power supplies
configured to independently power the intra-aortic balloon pump.

11. The earner according to any one of claims 1-6, wherein the carrier is configured to stand vertically
on a flat surface without the wheels engaging the surface in both the retracted and extended positions.

12. The carrier according to claim 1, wherein the first wheel and second wheel when in the retracted
position are disposed within recesses in the body so the first wheel is flush with one of the two sides and
the second wheel is flush with the other one of the two sides, and in the extended position the first
wheel and second wheel are disposed outside the recesses.

13. The carrier according to claim 1, wherein the handle assembly further comprises a plurality of
telescoping members, wherein at least one telescoping member is attached to the handle and at least
an other telescoping member is connected to a guide plate.
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