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IMPROVEMENTS TO ELECTRICALLY 
OPERABLE RESUSCITATORS 

FIELD OF THE INVENTION 

[0001] The present invention relates to improvements to 
resuscitators. 

BACKGROUND TO THE INVENTION 

[0002] Resuscitators that can supply pressurised air or oxy 
gen to a patient are well-known. Examples include bag or 
bellows type resuscitators and pump-like resuscitators and 
pressure-limited resuscitators. However, there are limitations 
in certain resuscitators. For example, there is a risk of over 
in?ating a patient’s lungs by delivering a volume of air that is 
greater than desirable. There is also a risk the pressure of the 
air or oxygen delivered may be at undesirably high levels. 
Such undesirable characteristics of the air being delivered to 
the patient can have adverse affects on the patient. If a 
patient’s airway passage is or becomes blocked and air is 
delivered by the known devices then undesirable pressures 
may be reached. Further such increased pressure may cause 
sudden dislodgement of the blockage and may lead to serious 
consequences for the patient. Known devices do not readily 
lend themselves to predetermination of airway pressures and 
volumes to which the lungs of the patient are being subjected 
by the operator of the device. The operator may feel a resis 
tance when they are applying a force to the device to deliver 
air or oxygen. The operator may increase the force to over 
come the blockage. However, when the blockage clears there 
is a risk of over-pressurising or over?lling the lungs, thereby 
causing barotrauma or volutrauma or both. 
[0003] Eliminating human operation of a resuscitator for 
delivering air to a patient is advantageous. By eliminating the 
operator the risk of delivering too great a volume of air into 
the patient and overin?ating the patient’s lungs, causing 
volutrauma, is reduced. By eliminating the operator the risk 
of delivering too great a pressure of air into the patient and 
therefore over pressurising the patient’s lungs, causing 
barotrauma, is reduced. In resuscitation it is desirable to start 
at the lowest risk procedure to the patient. The lowest risk 
procedure is volume resuscitation rather than pressure-lim 
ited resuscitation or manual-controlled resuscitation. 
[0004] In known devices there is the risk that an operator 
may displace too great a volume of air into the patient and 
therefore overin?ate the patient’s lungs. There is also the risk 
of applying a pressure that is too great for the patient’s lungs. 
For example, when the airway passage is blocked, prior art 
systems do not signal that the operator should stop and 
remove the blockage. 
[0005] It would therefore be an advantage to provide 
improvements to resuscitators that addresses or goes at least 
someway towards addressing at least some of the abovemen 
tioned disadvantages and/or addresses at least some of the 
abovementioned advantages or that will at least provide the 
public or industry or both with a useful choice. 

SUMMARY OF THE INVENTION 

[0006] Accordingly in a ?rst aspect the present invention 
consists in an electrically operable resuscitation device com 
prising: 
[0007] (a) a pump including 
[0008] a rigid cylinder including at least one gas inlet and at 
least one gas outlet, 
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[0009] a piston to travel in said cylinder, and 
[0010] at least one valve, the or each valve con?gured for 
allowing gas to be drawn into said cylinder through said at 
least one gas inlet during at least one of a ?rst stroke direction 
and/or a second stroke direction of said piston in said cylin 
der, and for allowing gas to be displaced through said at least 
one gas outlet during an opposite of at least one of the ?rst 
stroke direction and/or second stroke direction of said piston 
in said cylinder, 
[0011] (b) accurate positional control motor preferably 
selected from a stepper motor and feedback motor or a stepper 
motor with feedback and linear motor, operatively connected 
to said piston to move said piston in said cylinder with accu 
rate velocity control, 
[0012] (c) a patient interface in ducted ?uid connection 
with said pump to receive gas via said at least one gas outlet 
and to deliver said gas to said patient. 
[0013] Preferably said patient interface is a face mask or 
endotracheal tube or naso-tube. 
[0014] Preferably said motor is a linear stepper motor that 
may also have feedback. 
[0015] Preferably said motor is a servo motor that may also 
have feedback. 
[001 6] Preferably said motor is a linear stepper motor and is 
directly connected to said piston. 
[0017] Preferably the motor is indirectly connected with 
said piston, via a linkage. 
[0018] Preferably said piston includes a connection rod 
with which said motor is in operative connection. 
[0019] Preferably said piston is or includes one part (eg an 
iron bar and rare earth magnet assembly) of the two moving 
part linear motor. 
[0020] Preferably the motor and cylinder are connected 
together (and are preferably engaged to each other). 
[0021] Preferably wherein intermediate of the patient inter 
face and the at least one outlet of the cylinder and in said 
ducted ?uid connection therewith is a gas ?ow controller. 
[0022] Preferably the gas ?ow controller includes a one 
way valve that allows gas to be displaced from the outlet of the 
cylinder towards the patient interface and prevents gas from 
?owing through the one way valve in the opposite direction. 
[0023] Preferably the gas ?ow controller includes a valved 
exhaust port via which gas can exhaust to relieve pressure at 
the patient interface. 
[0024] Preferably said valved exhaust port assumes a 
closed condition when the piston is moving in a direction to 
displace gas towards the patient interface and assumes an 
open condition when the piston is moving in the opposite 
direction to allow gas due to exhalation of or by the patient to 
pass through the exhaust port. 
[0025] Preferably said valved exhaust port includes at least 
one opening closable by a valve, said valve mounted on or to 
or in operative association with an actuator to actively control 
the movement of the valve relative the opening. 
[0026] Preferably said valved exhaust port includes at least 
one opening closable by a valve, said valve mounted for 
movement relative the opening in a passive manner under the 
in?uence of pressure differential in the gas from controller 
and/or between the gas ?ow controller and ambient gas pres 
sure. 

[0027] Preferably said valved exhaust port is moved to a 
closed condition when gas is to be displaced into said patient 
and to an open condition to allow gas due to exhalation of or 
by the patient to pass through the exhaust port. 
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[0028] Preferably said valved exhaust port includes at least 
one opening closable by a valve, said valve mounted on or to 
or in operative association With an actuator to actively control 
the movement of the valve relative to the opening. 
[0029] Preferably said valved exhaust port includes at least 
one opening closable by a valve, said valve mounted for 
movement relative the opening in a passive manner under the 
in?uence of pressure differential in the gas from controller 
and/ or betWeen the gas ?oW controller and ambient gas pres 
sure. 

[0030] Preferably When the valved exhaust port is in the 
open condition, said motor stops or reduces the velocity of the 
piston. 
[0031] Preferably a controller is coupled to said motor to 
control at least the velocity and position of the motor. 
[0032] Preferably said controller is coupled to said actuator 
to move said actuator preferably in a manner in synchronicity 
With control of said motor. 
[0033] Preferably a source of electricity is connected to 
said motor. 
[0034] Preferably said source of electricity is connected to 
said motor via said controller. 
[0035] Preferably via an interface, the controller can be 
instructed to operate the device in a suitable manner. 
[0036] Preferably the interface alloWs for patient-related 
information to be entered into the controller, the information 
including at least one selected from a patient’s age and 
Weight. 
[0037] Preferably the controller receives data from other 
parts of the device, including at least one of gas pressure at the 
patient interface and tidal volume ?oW rate at the patient 
interface. 
[0038] Preferably a display is provided to display operating 
conditions of said device. 
[0039] Preferably the operating conditions displayed may 
include inlet gas pressure, patient interface gas pressure, tidal 
volume at the patient interface, piston oscillation rate, piston 
stroke length, battery poWer, duration operation. 
[0040] Preferably the operating conditions may also be 
recorded for subsequent reference. 
[0041] Preferably ?uid connection betWeen said outlet of 
said cylinder and the patient interface is de?ned in part by a 
?exible conduit. 
[0042] Preferably ?uid connection betWeen said outlet of 
said cylinder and the patient interface is de?ned in part by a 
?exible conduit and said ?oW controller is located more 
proximate said patient interface than said cylinder. 
[0043] Preferably the ducted ?uid connection and/or the 
patient interface includes a pressure relief valve to alloW 
pressure reduction of gas in said patient interface. 
[0044] Preferably the pressure relief valve becomes opera 
tive to relieve pressure When the pressure in said patient 
interface reaches a certain threshold. 

[0045] Preferably said pump includes an inlet volute. 
[0046] Preferably the inlet volute includes an opening to 
alloW pressure relief of said inlet volute to occur. 

[0047] Preferably said inlet volute includes a one Way valve 
to alloW pressure relief to occur into the inlet volute. 

[0048] Preferably the said inlet volute includes a pressure 
relief valve to alloW pressure relief to occur out of said inlet 
volute. 
[0049] Preferably said inlet of said cylinder is in ?uid con 
nection With a supplementary gas supply to alloW gas from 
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said supplementary gas supply to pass into said cylinder for 
subsequent delivery to the patient. More preferably, the gas is 
oxygen. 

[0050] Preferably said cylinder is split into tWo Zones by 
said piston, a ?rst Zone being on one side of said piston and a 
second Zone being on the other side of said piston and Wherein 
said gas inlet(s) are provided to alloW gas into the ?rst Zone 
and said gas outlet(s) are provided to alloW gas out of said 
second Zone, Wherein a one Way pump valve is provided to 
alloW gas to transfer from said ?rst Zone to said second Zone 
and that restricts ?oW in the opposite direction. 

[0051] Preferably the one Way pump valve is carried by the 
piston to operate on a passage through the piston. 

[0052] Preferably gas in said ?rst Zone, is or becomes pres 
surised su?iciently to, upon the movement of the piston in its 
?rst stroke direction, alloW some of the gas to displace 
through the one Way pump valve into the second Zone. 

[0053] Preferably the one Way pump valve is a passive one 
Way valve that moves betWeen an open and closed condition 
dependent on pressure differential across the one Way pump 
valve. 

[0054] Preferably a one Way valve (inlet one Way valve) 
may be provided to alloW gas to be draWn into the ?rst Zone 
upon the movement of the piston in its second stroke direction 
and that restricts ?oW of gas in the opposite direction through 
said inlet one Way valve upon the movement of the piston in 
the ?rst stroke direction. 

[0055] Preferably the inlet one Way valve is a passive one 
Way valve that moves betWeen an open and closed condition 
dependent on pressure differential across the inlet one Way 
valve. 

[0056] Preferably one or each of the one Way valves men 
tioned are valves under active control to be in the open and 
closed conditions in correspondence With the direction of 
movement of the piston. 

[0057] Preferably the cylinder and piston stroke length are 
of a siZe to alloW a su?icient volume of gas to be displaced 
from said cylinder through said gas outlet(s) during said 
second direction of movement of the piston to deliver a 
desired volume and ?oW rate of gas for a single inhalation to 
a neonatal patient for resuscitation purposes. 

[0058] Preferably said cylinder is split into tWo Zones by 
said piston, a ?rst Zone being on one side of said piston and a 
second Zone being on the other side of said piston, and 
Wherein the pump is a double acting pump that includes: 

[0059] (a) a ?rst one Way valve to 

[0060] i) alloW gas to enter into the ?rst Zone via a said 
gas inlet (herein after “?rst gas inlet”) of said cylinder 
during movement of the piston in its second direction of 
movement, and 

[0061] ii) restrict gas ?oW in the opposite direction 
through said ?rst gas inlet during movement of the pis 
ton in the ?rst direction of movement 

[0062] 
[0063] i) alloW gas to exit the ?rst Zone via a said gas 

outlet (herein after “?rst gas outlet”) of said cylinder 
during movement of the piston in its ?rst direction of 
movement, and 

[0064] ii) restrict gas ?oW in the opposite direction 
through said ?rst gas outlet during movement of the 
piston in the second direction of movement 

(b) a second one Way valve to 
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[0065] (c) a third one Way valve to 
[0066] i) allow gas to enter into the second Zone via a said 

gas inlet (herein after “second gas inlet”) of said cylinder 
during movement of the piston in its ?rst direction of 
movement, and 

[0067] ii) restrict gas How in the opposite direction 
through said second gas inlet during movement of the 
piston in the second direction of movement 

[0068] (d) a fourth one Way valve to 
[0069] i) alloW gas to exit the second Zone via a said gas 

outlet (herein after “second gas outlet”) of said cylinder 
during movement of the piston in its second direction of 
movement, and 

[0070] ii) restrict gas How in the opposite direction 
through said second gas outlet during movement of the 
piston in the ?rst direction of movement 

[0071] (e) a manifold or ducting to duct gas from said ?rst 
and second outlets to said patient interface. 
[0072] Preferably each of at least one of the ?rst to fourth 
one Way valves are either actively controlling or passive in 
moving betWeen their open and closed conditions. 
[0073] Preferably the cylinder and piston stroke length are 
of a siZe, and the motor is able to move and be controlled, to 
alloW a suf?cient volume of gas to be displaced from said 
cylinder through said gas outlet(s) during multiple oscilla 
tions of the piston to deliver a desired volume and How rate of 
gas for a single inhalation to a patient for resuscitation pur 
poses or ventilation purposes or both. 

[0074] Preferably the pump is a double acting pump and the 
motor is of a suf?cient speed to, in multiple stokes of the 
piston, deliver a single tidal volume of gas for a single inha 
lation to a patient for ventilation and/or resuscitation pur 
poses. 
[0075] Preferably the device is portable. 
[0076] Preferably at least one of the pump and patient inter 
face and motor are portable and preferably unitary and pref 
erably able to be held in one hand by a user. 
[0077] Preferably at least one of the controller and poWer 
supply and display are also portable and preferably unitary 
and preferably able to be held in one hand by a user. 

[0078] Preferably communication to and from the control 
ler may be Wireless. 
[0079] In a second aspect the present invention consists in a 
resuscitator to deliver gas to a patient to be resuscitated that 
includes a positive displacement pump that is operated by a 
linear motor. 

[0080] Preferably the pump is of a kind to alloW continuous 
displacement gas to a patient to occur during operation of the 
pump and the velocity of linear motor is controlled to displace 
gas to the patient in a manner to facilitate resuscitation. 

[0081] Preferably the control of the linear motor is such as 
to change its velocity to provide a variation in the volume of 
gas delivered. 
[0082] Preferably the pump is a positive displacement 
pump (preferably a piston and cylinder pump). 
[0083] Preferably the linear motor actuates the piston for 
multiple oscillations to deliver a single tidal volume of gas to 
the patient. 
[0084] In a further aspect the present invention consists in a 
gas ?oW controller for a resuscitator that includes a pump to 
pressurise a gas for delivery to a patient and a patient inter 
face, the controller interposed betWeen said pump and inter 
face and including a one Way valve that alloWs gas to be 
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displaced from the pump toWards the patient interface and 
prevents gas from ?oWing through the one Way valve in the 
opposite direction. 
[0085] Preferably the gas ?oW controller includes a valved 
exhaust port via Which gas can exhaust to relieve pressure at 
the patient interface. 
[0086] Preferably said valved exhaust port assumes a 
closed condition When the pump is operating in a mode to 
displace gas toWards the patient interface and assumes an 
open condition during exhalation of or by the patient to pass 
alloW exhaled gas to pass through the exhaust port. 
[0087] Preferably, said valved exhaust port assumes an 
open condition When the device is in a non-operative or non 
operational mode. More preferably, the valved exhaust port 
assumes an open condition When the pump is in a non-opera 
tive or non-operational mode. 
[0088] Preferably said valved exhaust port includes at least 
one opening closable by a valve, said valve mounted on or to 
or in operative association With an actuator to actively control 
the movement of the valve relative the opening. 
[0089] Preferably said valved exhaust port includes at least 
one opening closable by a valve, said valve is mounted for 
movement relative the opening in a passive manner under the 
in?uence of pressure differential in the gas from controller 
and/or betWeen the gas ?oW controller and ambient gas pres 
sure. 

[0090] Preferably said valved exhaust port is moved to a 
closed condition When gas is to be displaced into said patient 
and to an open condition to alloW gas due to exhalation of or 
by the patient to pass through the exhaust port. 
[0091] Preferably said valved exhaust port includes at least 
one opening closable by a valve, said valve mounted on or to 
or in operative association With an actuator to actively control 
the movement of the valve relative the opening. 
[0092] Preferably said valved exhaust port includes at least 
one opening closable by a valve, said valve mounted for 
movement relative the opening in a passive manner under the 
in?uence of pressure differential in the gas from controller 
and/or betWeen the gas ?oW controller and ambient gas pres 
sure. 

[0093] In a further aspect the present invention consists in a 
resuscitator device that operates to de?ne an inhalation period 
during Which a gas is displaced from the device to the patient 
and an exhalation period Where no gas is displaced from the 
device to the patient and any gas received from the patient is 
exhausted from the device, Wherein the device utilises an 
accurate positional control motor (eg a linear motor or rotary 
stepper motor) that controls a pump, the motor being con 
trolled to operate the pump during the inhalation period and 
the motor being controlled to stop the pump during the exha 
lation period. 
[0094] Preferably the pump undertakes a plurality of oscil 
lations during any one inhalation period. 
[0095] Preferably the pump undertakes no more than one 
oscillation during any one inhalation period. 
[0096] In a further aspect the present invention consists in a 
resuscitator as herein before described and as herein 
described With reference to the accompanying draWings. 
[0097] In a further aspect the present invention consists in a 
resuscitator as herein described With reference to the accom 
panying draWings. 
[0098] This invention may also be said broadly to consist in 
the parts, elements and features referred to or indicated in the 
speci?cation of the application, individually or collectively, 
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and any or all combinations of any tWo or more of said parts, 
elements or features, and Where speci?c integers are men 
tioned herein Which have known equivalents in the art to 
Which this invention relates, such knoWn equivalents are 
deemed to be incorporated herein as if individually set forth. 
[0099] As used herein the term “and/or” means “and” or 
“or”, or both. 
[0100] As used herein “(s)” following a noun means the 
plural and/or singular forms of the noun. 
[0101] The term “comprising” as used in this speci?cation 
means “consisting at least in part of”. When interpreting 
statements in this speci?cation Which include that term, the 
features, prefaced by that term in each statement, all need to 
be present but other features can also be present. Related 
terms such as “comprise” and “comprised” are to be inter 
preted in the same manner. 
[0102] It is intended that reference to a range of numbers 
disclosed herein (for example, 1 to 10) also incorporates 
reference to all rational numbers Within that range (for 
example, 1, 1.1, 2, 3, 3.9, 4, 5, 6, 6.5, 7, 8, 9 and 10) and also 
any range of rational numbers Within that range (for example, 
2 to 8, 1.5 to 5.5 and 3.1 to 4.7). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0103] A preferred form of the present invention Will noW 
be described With reference to the accompanying draWings in 
Which, 
[0104] FIG. 1 is a schematic vieW of a resuscitator and is 
shoWn to describe it being in the inhalation phase, 
[0105] FIG. 2 is a schematic vieW of a resuscitator and is 
shoWn to describe it in the exhalation phase, 
[0106] FIG. 3 shoWs the resuscitator in a C-pap mode 
Wherein a supplementary gas is supplied to the resuscitator, 
[0107] FIG. 4 is a schematic vieW of a variation of the 
resuscitator shoWn in FIGS. 1-3, also in a C-pap mode and 
Wherein a ?exible conduit extends betWeen parts of the resus 
citator to provide to some extent, independence of movement 
of the face mask relative some of the other components of the 
resuscitator, 
[0108] FIG. 5 is a schematic vieW of a variation of the 
resuscitator shoWn in an exhalation phase With reference to 
FIGS. 1-4, 
[0109] FIG. 6 is a schematic vieW of the resuscitator of FIG. 
5 shoWn in operation, moving in an inhalation phase, 
[0110] FIG. 7 is a schematic vieW of the resuscitator of FIG. 
5 shoWn in an inhalation phase, 
[0111] FIG. 8 shoWs the resuscitator of FIG. 5 in an inha 
lation mode and Wherein an oxygen supply is provided to 
alloW the operation of the resuscitator in a C-pap mode, 
[0112] FIG. 9 illustrates the resuscitator of FIG. 5, Wherein 
a ?exible conduit is provided intermediate of certain parts of 
the resuscitator to provide, to a certain extent, independence 
of movement of the face mask relative to some of the other 
components of the resuscitator, 
[0113] FIG. 10 is a sectional vieW of the face mask shoWn 
to include a How and tidal volume sensor Wherein the gas How 
is shoWn in an inhalation direction, and 
[0114] FIG. 11 is a variation to that shoWn in FIG. 10 
Wherein it is shoWn in an exhalation condition. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0115] With reference to FIG. 1, there is shoWn a resusci 
tator 1. The resuscitator 1 consists of a resuscitator body 2. It 
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may also include associated hardWare such as a controller 3, 
a display 4 and poWer supply 5 connected to each other and/or 
the resuscitator body 2. 
[0116] The resuscitator body 2 consists of a pump unit 6, a 
How control unit 7 and a patient interface 8. 
[0117] Broadly speaking the pump unit 6 includes a pump 
that Will deliver air to the How control unit 7. The How control 
unit 7 Will control the How of gas betWeen the patient interface 
and the How control unit 7 in conjunction With or Without the 
pump unit 6 depending on the status of operation of the 
resuscitator 1. 
[0118] In the most preferred form the pump unit 6 and How 
control unit 7 are part of the same body as for example shoWn 
in FIG. 1 . A conduit 9 extending betWeen the How control unit 
7 and the patient interface 8 facilitates the How of gas betWeen 
the interface and the How control unit 7. 
[0119] In the examples shoWn in the accompanying draW 
ings, the interface is preferably a face mask. HoWever, alter 
natively, the interface may be an endotracheal tube or naso 
tube that extends partly into the patient’s airWay. 
[0120] The pump unit 6 consists of a piston 10 that locates 
in a cylinder 11 to displace gas through an outlet 12 of the 
cylinder and to the How control unit 7. The piston and cylinder 
are a complementary shape and make sure that a suf?ciently 
tight seal exists betWeen the piston and cylinder for the pur 
poses of positively displacing gas through the outlet 12. 
[0121] The cylinder 11 may be cylindrical in cross-section 
or may be any other shape in cross-section. 
[0122] The piston is actuated via its connection rod 14, by 
a motor 13. In the mo st preferred form the motor is an actuator 
preferably a linear motor. In an alternative form the actuator 
may be a servomotor, stepper motor or similar device. The 
connection rod 14 may be the reactor to operate in conjunc 
tion With the motor 13 for the purposes of displacing the 
piston 10 in the cylinder 11 in an oscillating manner. Alter 
natively the connection rod 14 may carry a reactor plate or 
surface in conjunction With the motor 13. In the ?gures, the 
connection rod 14 is acted upon directly by the motor 13. The 
reactor plate may also be incorporated as part of the piston to 
be integral thereWith. No connection rod may then be pro 
vided. Alternative mechanisms may be employed Where such 
action is indirect via a linkage mechanism. Such linkage may 
include a rotor and crank and connection rod. 
[0123] In the most preferred form the motor 13 is a linear 
motor or any other motor that has accurate and rapid posi 
tional control capabilities. The controller 3 via a connection 
15 With the motor 13 Will operate the motor in a manner so 
that the desired ?oW rate, volume and pressures are being 
delivered through the outlet opening 12. 
[0124] The How control unit 7 consists of an inlet that may 
coincide With or de?ne the outlet 12 of the pump unit. The 
How control unit includes an outlet 20 and a passage extend 
ing betWeen the inlet and outlet. The passage alloWs the 
transmission of gas being displaced from the pump unit 6 to 
the outlet 20. The outlet 20, preferably via a conduit 9, alloWs 
the delivery of this gas to the patient interface 8. 
[0125] Intermediate of the inlet and outlet of the How con 
trol unit is a one-Way valve 21. The one-Way valve alloWs for 
gas to travel from the inlet toWards the outlet via the passage 
but prevents How of gas from the outlet to the inlet. 
[0126] The valve 21 may be mounted in a ?xed manner to 
the housing 22 of the How control unit 7 or alternatively and 
as shoWn in FIG. 1, may be mounted to a movable mount 23 
to move the valve mount. 
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[0127] In the preferred form the movable mount 23 forms 
part of a voice coil actuator 24 that can displace the movable 
mount 23 betWeen tWo positions. The ?rst position is as 
shoWn in FIG. 1 and the second position is as shoWn in FIG. 
2. This creates a valve referred to herein as the exhalation or 
exhaust valve. In FIG. 1 the moveable mount 23 is located in 
a position so that at least on the outlet 20 side of the valve 21, 
no other opening to the passage of the How control unit 7 is 
created. All gas that is displaced by the pump unit 6 is cap 
tured for How toWards the patient interface 8. 
[0128] In the second position of the mount as shoWn in FIG. 
2, an opening 27 is created betWeen part of the housing 22 of 
the How control unit 7 and the moveable mount 23. In this 
position gas can escape from that part of the passage of the 
How control unit 7 intermediate of the valve 21 and the How 
control unit outlet 20. In this position of the moveable mount 
23, gas that may be exhaled from the patient can travel 
through the opening 27 for example toWards the surrounding 
atmosphere through opening 29. The opening 27 may be an 
annular opening that is created betWeen a substantially disk 
shaped mount portion and a circular shaped seat 30 of the 
housing 22 of the How control unit 7. 
[0129] As a consequence of a pressure differential betWeen 
the patient side and pump side of the one-Way valve 21, the 
one-Way valve 21 Will assume a closed position as shoWn in 
FIG. 2 during the exhalation operating phase of the resusci 
tator. This negative pressure differential may be established 
by one or more of a combination of the patient breathing out, 
the retraction of the piston in its cylinder aWay from the outlet 
12 and the movement of the voice coil actuator 24 in a direc 
tion establishing the opening 27. In the most preferred form it 
is the voice coil actuator 24 that primarily establishes the open 
and closed condition betWeen the opening 27 and that part of 
the passage of the How control unit 7 betWeen the How control 
unit outlet 20 and the one-Way valve 21. HoWever Where a 
patient is breathing on their oWn and is able to create suf?cient 
pressure, movement of the moveable mount 23 of the valve 21 
to create the opening 27 may occur Without assistance of the 
voice coil actuator. It Will be appreciated that other actuators 
may be used. Actuators that move other components other 
than the valve 21 to create such an opening for exhaled gases 
to be discharged may be used. 
[0130] In the exhalation operating phase of the resuscitator, 
the piston is WithdraWn by the motor 13 preferably back to a 
predetermined start position. The piston retracts once it has 
traveled its full desired stroke during the inhalation operating 
phase and has delivered the required tidal volume or has timed 
out While holding the maximum airWay pressure during the 
inhalation period. Control of the position or movement of the 
voice coil actuator 24 can occur by the controller 3 and is 
preferably synchronised With movement of the piston. 
[0131] In a “PEEP” mode (positive end expiratory pres 
sure) parameters can be preset by using the controller or the 
display panel PEEP so that pressure is controlled by the voice 
coil actuator. The voice coil actuator 24 Will exert a closing 
force to the exhalation valve equal to the predetermined PEEP 
pressure. The PEEP pressure is measured by the airWay pres 
sure sensor 31. The controller 3 Will activate the voice coil 
actuator 24 When the expiratory airWay pressure has reached 
the predetermined level. 
[0132] In operation of the resuscitator shoWn in FIGS. 1 
and 2, the tidal volume delivered to the patient can be preset 
by the controller 3 or the display panel 4. The tidal volume is 
controlled by the stroke length of the piston 10. Tidal volume 
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is delivered to the patient on the compression stroke of the 
piston 10 and exhalation for the patient is facilitated during 
the retraction stroke of the piston 10. Accordingly one inhale 
and exhale of the patient occurs during a movement of the 
piston 10 from one starting point to its opposite end travel and 
back to the starting point. For a given cylinder siZe, the longer 
the stroke of the piston, the greater the tidal volume. 
[0133] The controller 3 instructs the motor 13 to move the 
piston 10 a predetermined distance at a predetermined veloc 
ity. 
[0134] Feedback from the airWay pressure sensor 31 and a 
How and tidal volume sensor 36 can provide further control. 
These sensors may vary normal operation of the piston 10 
and/or voice coil actuator 24 from conditions of operation 
predetermined by an operator and instructed to the device via 
the display panel 4 and/ or controller 3. The stroke length and 
position of the piston 10 may in addition be monitored by a 
sensor (a piston position sensor) of or associated With the 
motor 13 and/or piston 10. The operation of the resuscitator 
Will control the breath rate and inhalation/exhalation ratio. 
This can be preset by using the controller and/ or display panel 
and may be controlled at least in part by a timer of the 
controller. Patient dependent parameters may also control 
operation. For example, input information into the controller 
3 may include a patient’s Weight and age. 
[0135] In a situation Where the airWay pressure sensor 31 
senses that the maximum predetermined airWay pres sure has 
been reached, the controller 3 can instruct the motor 13 to 
sloW or stop. This can result in a maintaining of the maximum 
predetermined airWay pressure for the duration of the inha 
lation time period. In the event of an overpressure or system 
failure, a safety valve 37 may be actuated to open and relieve 
pressure on the patient airWay. The safety valve 37 may be a 
passive valve that has predetermined operating conditions. 
Alternatively it may be a safety valve connected With the 
controller 3 and controlled by the controller for operation. 
Alternative to the safety valve 37, the airWay pressure sensor 
31 and/or How and tidal volume sensor 36 may communicate 
With the controller 3 to direct movement of the voice coil 
actuator in instances Where undesirable conditions are being 
sensed to thereby relieve pressure and/or ?oW by exhausting 
gas through the opening 29. 
[0136] This ?rst form of resuscitator described as Well as 
the form yet to be described alloWs for data from the airWay 
pressure sensor 31, the piston position sensor, the How and 
tidal volume sensor 36 and from a timer to be used to record 
operating data and performance. A graphical display on the 
display panel 4 can also be generated. The graphical display 
can be used by the operator to monitor performance and 
determine if leakage, blockage or further adjustments are 
required to the resuscitator. The graph and/or related data can 
be stored to assist in the setup of other life support systems 
and for clinical analysis. Such statistical information may 
offer signi?cant bene?ts to future situations. 
[0137] The electrical connection 15 Will ensure that the 
controller 3 can appropriately control the linear motor to 
thereby control the position and movement of the piston. The 
cylinder 11 has an inlet volute 16 that includes a primary inlet 
17. It is through the primary inlet that ambient air may be 
draWing into the inlet volute as the piston displaces inside the 
cylinder toWards the outlet 12. This direction of travel is 
shoWn in FIG. 1. The piston 10 carries a one-Way valve 18 that 
operates to be in a closed condition When the piston is trav 
elling toWards the outlet 12. This Will result in a draWing of 
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ambient air into the inlet volute 16. When the piston 10 travels 
in the opposite direction being an exhalation direction of the 
resuscitator, the one-Way valve 18 can open to alloW for air in 
the inlet volute 16 to displace into the region betWeen the 
piston 10 and the outlet 12 as for example shoWn in FIG. 2. 
The primary inlet 17 may include a one-Way valve to assist 
such displacement through the opening created by the one 
Way valve through the piston by preventing air in the inlet 
volute 16 from displacing back out through the primary inlet 
17. The gas that has displaced into the space betWeen the 
piston 10 and the outlet opening 12 can then on the return 
stroke during the inhalation phase of operation be displaced at 
least in part through the outlet opening 12 and to the ?oW 
control unit 7. 

[0138] The resuscitator may (for example shoWn in FIG. 3) 
operate in a supplementary oxygen and C-pap mode. A 
supplementary oxygen reservoir 40 (that may or may not be 
connected to supplementary supply via the inlet 41) can be 
engaged to the primary inlet 17 of the pump unit 6. Rather 
than draWing ambient air into the pump unit, the oxygen or 
other gas or gas mixture can be supplied to a patient via the 
resuscitator. This Will alloW the operator to control the deliv 
ery of an air/oxygen mixture by the use of for example an 
external blender. Supplementary gas such as oxygen may be 
delivered via the primary inlet 17 to the pump unit, under 
pressure. In the event of a failure or the gas supply exceeding 
the capabilities of the resuscitator, then a safety valve 42 may 
open to exhaust gas from at least part of the pump unit 6. A 
pressure sensor may be located in an appropriate location for 
these purposes. If a failure occurs With the supplementary gas 
supply or the primary inlet 17 becomes blocked then a safety 
valve 43 may open to alloW for ambient air to be draWn into 
the pump unit 6 alloWing ongoing operation of the resuscita 
tor despite issues With the supply of supplementary gas. 
[0139] In a C-pap mode operational conditions can be 
speci?ed and preset by using the controller and/or display 
panel. Where the delivery rate and pressure to the supplemen 
tary gas reservoir 40 is set at an appropriate ?oW level, the 
ventilator can operate in the C-pap mode. The motor 13 Will 
stop operation and the ?oW from the supplementary oxygen 
reservoir 40 Will pass through the one-Way valve 18 through 
the one-Way valve 21 to the patient interface 8. The airWay 
pressure sensor 31 Will determine the patient’s airWay pres 
sure. When the predetermined C-pap pressure has been 
reached the voice coil actuator 24 Will exert a closing force to 
the exhalation valve to the predetermined C-pap pressure. 
[0140] With reference to FIG. 4 there is shoWn a variation to 
the resuscitator described With reference to FIGS. 1-3 
Wherein a ?exible conduit 56 is provided to extend betWeen 
the pump unit 6 and the ?oW control unit 7. The ?exible 
conduit 56 may be ?tted betWeen the pump unit and the ?oW 
control unit to alloW for delivery for gas displaced by the 
piston 10 toWards the patient interface 8. Having the ?oW 
control unit 7 and airWay pressure sensors and tidal volume 
sensors as Well as the safety valve 37 close to the patient’s 
airWay, ensures a more accurate tidal volume and pressure 
delivery. Also the controller can make adjustments for the 
compliance in the patient mask. Also possible but less advan 
tageous is to provide a conduit 9 that is of a desired length to 
alloW for more distal location betWeen the patient interface 8 
and the pump unit 6. HoWever this has the disadvantage of 
dead space betWeen the features of the ?oW control unit 7 and 
the patient interface 8. 
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[0141] The resuscitator of FIGS. 1-4, Wherein the piston is 
single acting, lends itself particularly to resuscitation and 
ventilation of neonatal patients. A manageable siZed pump 
unit can be provided Wherein in one stroke of the piston a 
suf?cient tidal volume of air can be delivered to a neonatal 
patient for inhalation. It is desirable for the unit to be rela 
tively portable and therefore siZe can be a design constraint. 
HoWever Where siZe is not an issue, the pump unit 6 can be 
scaled up so that single compression stroke of the piston can 
deliver a su?icient tidal volume of gas to larger patients. 
HoWever this Will increase at least the siZe of the pump unit 6 
making it less convenient for portability purposes. 
[0142] An alternative con?guration of resuscitator may be 
utilised Where siZe can be smaller. This resuscitator is shoWn 
for example in FIG. 5. The resuscitator 101 includes a patient 
interface 108, ?oW control unit 107 and related components 
that are preferably the same as those described With reference 
to the resuscitator of FIGS. 1-4. 

[0143] This alternative form of resuscitator also includes a 
pump unit 106. The pump unit 106 varies to the pump unit 6 
described With reference to FIGS. 1-4. There is provided a 
motor 113 such as a linear motor or servo motor controlled by 

a controller 1 03 that may be engaged With a display panel 104. 
The linear motor operates a piston 110 via a connection such 
as a connection rod 114 that operates in a cylinder 111. The 
pump unit 106 includes an inlet volute 116. The inlet volute 
via a primary inlet 117 can draW air or supplementary gas 
supply therethrough as a result of the action of the piston and 
into the inlet volute 116. 

[0144] The cylinder includes tWo openings capable of 
being in communication With the inlet volute 116. A ?rst 
opening 160 is provided on the extension side of the piston 
110. A second opening 161 is provided on the retraction side 
ofthe piston 110. The opening 160 is closable by a one-Way 
valve 162. The opening 161 is closable by a one-Way valve 
163. The one-Way valve 162 is able to assume an opening 
condition during the retraction stroke of the piston and is in a 
closed condition during the extension stroke of the piston. 
The one-Way valve 163 is able to assume an open position 
during the extension stroke of the piston and is in a closed 
condition When the piston is retracting. On the extension side 
of the piston 110 is an outlet opening 164 of the cylinder 111. 
The outlet opening is closable by a one-Way valve 165. The 
one-Way valve 165 is in a closed condition during the retrac 
tion stroke of the piston and is able to assume an open con 
dition during the extension stroke of the piston. The one-Way 
valve 165 hence essentially Works in an opposite mode to the 
one-Way valve 162 to the cylinder. The outlet opening 164 is 
able to create a ?uid connection of that part of the cylinder on 
the compression side of the piston With an outlet volute 166. 
The outlet volute 166 includes an outlet opening 112 through 
Which gas displaced by the piston can pass to the ?oW control 
unit 7. The outlet volute 166 is separated from the inlet volute 
116. The housing of the pump unit 106 may include both the 
inlet volute 116 and outlet volute 166 and partitions 167 and 
the cylinder 111 may separate the volutes. On the retraction 
side of the piston 110 the cylinder includes an opening 168 to 
the outlet volute 166. The opening 168 includes a one-Way 
valve 169. The one-Way valve is positioned so that during the 
retraction stroke of the piston, gas can displace on the retrac 
tion side of the cylinder through the one-Way valve 169 into 
the outlet volute 166. The one-Way valve 169 Will assume a 
closed condition during the extension stroke of the piston 
110. 
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[0145] In operation during the extension stroke of the pis 
ton as shown in FIG. 6, the one Way valve 163 opens allowing 
for air to be draWn into the retraction side of the cylinder. Air 
on the extension side of the piston during the extension stroke 
can be displaced through the one-Way valve 165 to be deliv 
ered into the outlet volute. One-Way valve 169 Will be closed 
thereby only offering one outlet to the outlet volute 166 being 
the outlet 112. During the extension stroke of the piston the 
retraction side of the cylinder is charged With gas being draWn 
through the one-Way valve 163. When the piston travels in its 
retraction stroke as shoWn in FIG. 7, gas that has been draWn 
into the retraction side of the cylinder may then be displaced 
through the one-Way valve 169 into the outlet volute 166. The 
one-Way valve 163 Will close during the retraction stroke 
thereby creating only one outlet from the cylinder on its 
retraction side, namely the opening to discharge the gas into 
the outlet volute 166. During the retraction stroke the one 
Way valve 165 is closed thereby offering only one outlet for 
gas being delivered into the outlet volute, namely being the 
outlet opening 112. During the retraction stroke the extension 
side of the cylinder is charged With gas from the inlet volute 
116 via the one-Way valve 162 that is in that condition 
opened. As can be seen the pump unit 106 hence operates in 
a double acting manner. Both during the extension and retrac 
tion stroke of the piston gas is displaced toWards the opening 
112 for delivery toWards the patient. With the use of a linear 
motor or servo motor having high frequency capabilities and 
accurate and immediate start and stop timing, a high fre 
quency operating piston can deliver gas to the patient in 
effectively a continuous manner during both the retraction 
and extension strokes. Each tidal volume delivered to the 
patient may involve a high number of strokes of the piston. 
This alloWs for a compact and preferably portable unit to be 
provided. Upon exhalation of the patient the How control unit 
107 may be operated to open the exhaust valve to alloW for 
exhalation to occur may coincide With the linear motor stop 
ping operation. Altematively the linear motor may continue 
oscillating the piston but Where a Waste valve may be opened 
to discharge displaced air from the piston from reaching the 
How control valve. Alternatively such Wasting may occur via 
the exhaust valve of the How control. 

[0146] With reference to FIG. 8 the resuscitator described 
With reference to FIGS. 5-7 is also capable of operating in a 
supplementary gas and/or C-pap mode. This is shoWn for 
example in FIG. 8. Furthermore an extension conduit 156 
may be utilised as shoWn in FIG. 9. 

[0147] The number of oscillations that the piston may run 
through can be predetermined. The oscillations determine the 
tidal volume that is delivered to the patient. An operator may 
interact With the control unit and/ or display to set parameters 
of operation of the resuscitator. Like the resuscitator 
described With reference to FIGS. 1-4 stroke length and posi 
tion of the piston as Well as airWay pressures and tidal volume 
How and volume sensing may occur and be recorded and 
displayed. 
[0148] The airWay pressure may be monitored by a pres 
sure sensor. When the pressure sensor senses that the maxi 
mum predetermined airWay pressure has been reached the 
controller then instructs the linear motor to stop or sloW to 
maintain the maximum predetermined airWay pressure for 
the duration of the inhalation period. Alternatively the con 
troller may instruct the linear motor to stop to reduce pres 
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sure. In the event of any over pressure or system failure a 
safety valve like that described With reference to FIGS. 1-4 
may open. 

[0149] The voice coil actuator may be preloaded so that the 
exhaust port tends to an open biased condition alloWing exter 
nal air to enter the patient airWay. 
[0150] The resuscitator of FIGS. 5-9 may also operate in a 
PEEP mode as previously described. In the C-pap mode of 
operation all one-Way valves to the cylinder are opened. This 
alloWs for direct transfer of gas from the inlet volute 11 6 to the 
outlet volute 166 and to the patient. Pressure sensors and 
relief valves may be included for failsafe purposes. 

[0151] With reference to the resuscitators in FIGS. 1-9, 
parts of the resuscitator may be disposable. In particular those 
parts of the resuscitator that have been exposed to exhaled 
breath or air from a patient may be disposable. They may be 
manufactured and assembled in a Way to facilitate their dis 
posable use. For example the patient interface 8, the How 
control unit 7 and one Way valve 21 and/or the voice coil 
actuator 24, movable mouth 23 and housing 22 may all be 
disengageable from the pump unit 6 and be disposed afteruse. 
Circuits to alloW for a quick connection of the controller 3 to 
a replacement assembly of such parts may be provided 
through simple plug/ socket arrangement(s). A single plug/ 
socket may be provided. This may automatically become 
coupled upon the engagement of the disposable components 
With the pump unit 6. 

[0152] With reference to FIGS. 10 and 11 there is shoWn 
more detail in respect of the tidal volume and flow sensor. In 
FIG. 10 there is shoWn the patient interface 208 Wherein the 
How and tidal volume sensor 236 is shoWn during the inha 
lation phase of operation. It is connected to the controller 203 
via a connection 283. With reference to FIG. 11, the sensor 
236 is shoWn in the exhalation phase. The sensor 236 is of a 
kind that displaces dependent on air ?oW past it. Such may not 
be ideal for accurate sensing due to inertial mass of the sensor. 

[0153] An alternative form of a sensor is one that has no 
inertial mass delay characteristics. An alternative form of 
sensor that may be used may be a gas ?oW meter that measure 
?oW thermally. An example of such a How meter is one 
manufactured by Sensirion.com such as their digital gas ?oW 
sensor ASFl400/ASF/ 1430. It may be one that is made in 
accordance to that described in US. Pat. No. 6,813,944. Such 
a How sensor has a high response rate, given that it has unlike 
the sensor of FIG. 10, it has no mass to be displaced by the 
How. A fast response can be bene?cial. Such sensors may 
commonly be referred to as a hot Wire ?oW sensor or thermal 
mass ?oW meters. The sensor or an alternative sensor may 

also measure the temperature of the exhaled breath. With an 
appropriate sensor Where the response rate is very quick (a 
matter of, for example one tenths of a second) it is possible 
during the exhale of a patient to measure the patient’s core 
temperature. 
[0154] This information may also be collected and/or dis 
played or otherWise used by the resuscitator. 
[0155] The invention may offer the advantages of being 
portable, hand held (including being able to be held by one 
hand in order to hold the patient interface in the appropriate 
condition) and self contained by virtue of including its oWn 
poWer source (such as a 12 v poWer supply). 

[0156] The device may have programmable pro?les ?xed 
and/or customised to suit patients, clinicians and operators 
requirements. 
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[0157] A heart rate monitoring facility may also be incor 
porated With the device, Wherein heart rate can be accounted 
for in the control of the device and be displayed by the device. 
[0158] The display can assist the operator in evaluating 
resuscitation of the patient. The performance, operating 
parameters and status of the features of the device are able to 
be recorded. This can assist in statistical analysis and to gather 
information for set-up of other devices. 
[0159] The patient as herein de?ned may a mammal such a 
person or animal. 

l/We claim: 
1. An electrically operable resuscitation device compris 

ing: 
a) a pump including 
a rigid cylinder including at least one gas inlet and at least 

one gas outlet, 
a piston to travel in said cylinder, and 
at least one valve, the or each valve con?gured to alloW gas 

to be displaced into said cylinder through said at least 
one gas inlet during at least one of a ?rst stroke direction 
and/or a second stroke direction of said piston in said 
cylinder, and for alloWing gas to be displaced through 
said at least one gas outlet during an opposite of said at 
least one of the ?rst stroke direction and/ or second stroke 
direction of said piston in said cylinder, 

b) a motor, selected from one of a stepper motor and feed 
back motor or a stepper motor With feedback and linear 
motor, operatively connected to said piston to move said 
piston in said cylinder, 

c) a patient interface in ducted ?uid connection With said 
pump to receive gas via said at least one gas outlet and to 
deliver said gas to said patient. 

2. A device as claimed in claim 1 Wherein said patient 
interface is a face mask or an endotracheal tube or a naso 

tube. 
3. A device as claimed in claim 1 or claim 2 Wherein said 

motor is a linear stepper motor that may also have feedback. 
4. A device as claimed in claim 1 or claim 2 Wherein said 

motor is a servo motor that may also have feedback. 
5. A device as claimed in claim 1 or 2 Wherein said motor 

is a linear stepper motor and is directly connected to said 
piston. 

6. A device as claimed in claim 1 or 2 Wherein said motor 
is a linear stepper motor and is in part integrally formed With 
said piston. 

7. A device as claimed in anyone of claims 1 to 6 Wherein 
said motor is controlled by controller to ensure accurate 
velocity control of the motor. 

8. A device as claimed in any one of the preceding claims 
Wherein the motor is indirectly connected With said piston, 
via a linkage. 

9. A device as claimed in any one of the preceding claims 
Wherein said piston includes a connection rod With Which said 
motor is in operative connection. 

10. A device as claimed in claim 9 Wherein said piston is or 
includes one part of the tWo moving part linear motor. 

11. A device as claimed in any one of the preceding claims 
Wherein the motor and cylinder are connected together (and 
are preferably engaged to each other). 

12. A device as claimed in any one of the preceding claims 
Wherein intermediate of the patient interface and the at least 
one outlet of the cylinder and in said ducted ?uid connection 
thereWith is a gas ?oW controller. 
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13. A device as claimed in claim 12 Wherein the gas ?oW 
controller includes a one Way valve that alloWs gas to be 
displaced from the outlet of the cylinder toWards the patient 
interface and prevents gas from ?oWing through the one Way 
valve in the opposite direction. 

14. A device as claimed in claim 12 or 13 Wherein the gas 
?oW controller includes a valved exhaust port via Which gas 
can exhaust to relieve pressure at the patient interface. 

15. A device as claimed in claim 13 Wherein said valved 
exhaust port assumes a closed condition When the piston is 
moving in a direction to displace gas toWards the patient 
interface and assumes an open condition When the piston is 
moving in the opposite direction to alloW gas due to exhala 
tion of or by the patient to pass through the exhaust port. 

16. A device as claimed in claim 15 Wherein said valved 
exhaust port includes at least one opening closable by a valve, 
said valve mounted on or to or in operative association With an 
actuator to actively control the movement of the valve relative 
to the opening. 

17. A device as claimed in claim 15 Wherein said valved 
exhaust port includes at least one opening closable by a valve, 
said valve mounted for movement relative the opening in a 
passive manner under the in?uence of pressure differential in 
the gas from controller and/ or betWeen the gas ?oW controller 
and ambient gas pressure. 

18. A device as claimed in claim 13 Wherein said valved 
exhaust port is moved to a closed condition When gas is to be 
displaced into said patient and to an open condition to alloW 
gas due to exhalation of or by the patient to pass through the 
exhaust port. 

19. A device as claimed in claim 18 Wherein said valved 
exhaust port includes at least one opening closable by a valve, 
said valve mounted on or to or in operative association With an 
actuator to actively control the movement of the valve relative 
the opening. 

20. A device as claimed in claim 18 Wherein said valved 
exhaust port includes at least one opening closable by a valve, 
said valve mounted for movement relative the opening in a 
passive manner under the in?uence of pressure differential in 
the gas from controller and/ or betWeen the gas ?oW controller 
and ambient gas pressure. 

21. A device as claimed in claims 18 to 20 Wherein When 
the valved exhaust port is in the open condition, said motor 
stops or reduces the velocity of the piston. 

22. A device as claimed in any one of the preceding claims 
Wherein a controller is coupled to saidmotor to control at least 
the velocity and position of the motor. 

23. A device as claimed in claim 22 When dependent on 
claim 16 or 19 Wherein said controller is coupled to said 
actuator to move said actuator preferably in a manner in 
synchronicity With control of said motor. 

24. A device as claimed in claim 22 or 23 Wherein a source 
of electricity is connected to said motor. 

25. A device as claimed in claim 23 Wherein said source of 
electricity is connected to said motor via said controller. 

26. A device as claimed in any one of claims 24 to 27 
Wherein via an interface, the controller can be instructed to 
operate the device in a suitable manner. 

27. A device as claimed in claim 28 Wherein the interface 
alloWs for patient-related information to be entered into the 
controller, the information including at least one selected 
from a patient’s age and Weight. 

28. A device as claimed in any one of claims 22 to 27 
Wherein the controller receives data from other parts of the 








