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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to man-
ual ventilation devices.

BACKGROUND OF THE INVENTION

[0002] Manual ventilation or resuscitation is performed
on an individual when they are unable to breathe inde-
pendently. Typically, this occurs when an individual is
transported from one section of a hospital to another sec-
tion such as an emergency room and an intensive care
unit, or in an ambulance. Manual resuscitation also oc-
curs during cardiopulmonary resuscitation (CPR), which
is a standard technique applied to victims of cardiopul-
monary arrest with the goal to re-establish normal cardiac
and respiratory function.
[0003] Ventilation from a manual resuscitation device
is currently provided by a self-filling elastomeric enclo-
sure or bag. This bag is compressible by hand, a face-fit-
ting mask (or intubation tube) in fluid communication with
an outlet passage of the bag, and a one-way valve be-
tween the mask and bag to permit only fluid passage
from the bag to the mask. The bag also has an inlet pas-
sage, typically with one opening for air and another, usu-
ally smaller opening for receiving oxygen. By squeezing
the bag with their hand(s), a clinician delivers air or oxy-
gen to an individual, and then releases the bag to permit
it to expand to full size and thereby draw air or oxygen
through the inlet passage.
[0004] The amount of air received by the lungs of the
individual corresponds to the volume of the bag. A larger
bag provides a greater maximum volume of air to be
pumped into the individual. Children and infants typically
have smaller lungs than an adult, and therefore conven-
tional manual resuscitation devices are provided in dif-
ferent sizes; e.g., infant, child and adult. Each size pro-
vides a different maximum volumetric output of air. De-
pending on factors such as physical condition, body size,
age, sex, etc., each individual may require a specific vol-
ume of air (tidal volume), and frequency, and minute ven-
tilation.
[0005] Unfortunately, current manual ventilation or re-
suscitation devices are not suitable for the desired mon-
itoring and control of tidal volume delivery. For instance,
the collapsible bag portion of the resuscitation device al-
lows the user to merely "feel" the amount of air they are
providing to the individual. This provides them merely a
very rough estimate of the volume of air they are providing
and a tactile feel for when the lungs are non-compliant,
i.e. are being pressurized. Although self-filling respiration
(resuscitation) enclosures or bags can be selected on
the basis of known maximum volumes, the volume actu-
ally delivered can vary substantially among several op-
erators, dependent upon factors such as hand size,
number of hands used, technique, enthusiasm and fa-

tigue. These variations have been shown to be as much
as 60 percent of the optimal tidal volume. Frequency can
also vary between users, resulting in potential underven-
tilation or overventilation.
[0006] Accordingly, what is needed is a single manual
ventilation or resuscitation device that can be used on
any patient, regardless of individual factors such as phys-
ical condition, body/lung size, age and sex.
Post-published WO 2006/133236 A2 discloses a manual
ventilation or resuscitation device comprising a body hav-
ing rigid panels that encompass a sealed volume and are
movable with respect to each other.
US 4 898 167 A discloses an aids protection ventilation
system comprising a remote variable volume bellows that
is pumped by the rescuer’s weight, a suction collection
option, an oxygen enrichment venturi valve, and a face
mask AIDS Protector Valve that is opened and closed
by the rescuer’s hand.
US 4 501 271 A discloses a resuscitator comprising a
two-way valve for use in breathing apparatus and com-
prising a valve chamber having a supply end and a mask
end.
EP 0 421 007 A1 discloses a resuscitation device com-
prising a housing defining a chamber, a conduit and a
mask for delivering gas from the chamber to the patient
and manifolds for filling the chamber with gas.
Thus it is a problem to provide a manually operable vol-
ume-adjustable ventilation device having an improved
operability.
This problem is fulfilled by a device having the features
disclosed in claim 1. Preferred embodiments are defined
in the dependent claims.
[0007] The ventilation device includes a reservoir hav-
ing a movable wall defining an enclosed volume, such
that moving the wall expresses an adjustment limit. Mov-
ing the limit results in a change in the expressed maxi-
mum volume of the device.
[0008] The body of the device has panels, that can be
rigid, that encompass a sealed volume with an inlet mech-
anism and an outlet mechanism. The rigid panels are
movable with respect to each other to allow the body to
move between an uncompressed state and a com-
pressed state. Once in compressed state a volume re-
storing mechanism is responsible to restore the volume
from the compressed state back to the uncompressed
state.
[0009] One of the objectives of the invention is to be
able to hold the body with one hand and to compress the
body with that one hand. To meet this objective, in one
embodiment, the body is characterized by having a dis-
placement in a direction of a hand displacement (e.g.,
height of the body) and at least one other direction (e.g.,
width of the body) other than this hand displacement. In
another embodiment, the body is characterized by having
a displacement in a direction of a hand displacement
(e.g., height of the body) and at least two other directions
(e.g., width and length of the body) other than this hand
displacement. The displacement in width and/or length
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is a function of the height displacement and the geometry
of the rigid panels.
[0010] The axial displacement of a panel is preferably
no more than about 85 mm, preferably no more than
about 20-25 mm, and more preferably no more than
about 10-15 mm. Some of the displacements would have
to comfortably fit between the thumb, one or more fingers
and the web of the hand. In other words, the natural range
of a grasping motion of a hand defines these displace-
ments. The expressed (delivered) volume of the device,
in some embodiments, can be no more than about 500cc,
or no more than about 250cc (infant and child), or no
more than about 1400cc (infant to adult). In another em-
bodiment, the expressed (delivered) volume of the device
can range from about 250-1200cc (child to adult).
[0011] A size adjuster is included to adjust one or more
of the body displacements to change the dimension of
the uncompressed state or volume. These axial size ad-
justments can be no more than about 170mm, and pref-
erably no more than about 25 mm in some embodiments.
The objective of the size adjuster is to adjust the displace-
ment to then adjust the volume of e.g., the air delivered
to an individual. Hence the size adjuster is also referred
to as a volume adjuster.
[0012] A frequency adjuster is included to adjust the
time to restore the volume from the compressed state to
the uncompressed state or to adjust the time to compress
the volume from the uncompressed state to the com-
pressed state.
[0013] Feedback mechanisms could be included to
provide tactile feedback, visual and/or audible feedback
to the user. An example of tactile feedback is to include
tactile feedback areas, e.g., a flexible material, to cover
an opening in a rigid panel. These areas allow the user
to feel the compression force or lung resistance. These
tactile areas are preferably sized and positioned to fit a
thumb or one or more fingers of the user’s hand. An ex-
ample of a visual feedback mechanism is to provide the
user feedback over the size (volume) adjustments or the
frequency. An example of an audible feedback mecha-
nism is to provide the user feedback over e.g., the com-
pression speed, frequency, tidal volume, setting of the
size (volume) adjuster or setting of the frequency control
adjuster.
[0014] One advantage of the device is the ergonomic
fit of the body to a user’s hand in both uncompressed
and compressed state, which reduces fatigue to hand
and/or arm muscles. Another advantage of the device is
the ability to adjust the volume and/or frequency so that
the user can rely on a more or less constant tidal volume
and tidal rate. Such ability allows one to use the device
on any patient, regardless of individual factors such as
physical condition, body/lung size, age and sex. Yet an-
other advantage is that multiple devices could easily be
stacked or nested with each other. In exemplary embod-
iments, the design and geometry could be configured to
include such stacking or nesting capabilities.
[0015] In another aspect, disclosed is a manually op-

erable volume-adjustable ventilation device. The device
has a reservoir with an inlet mechanism, an outlet mech-
anism, and a volume adjuster configured to move a vol-
ume adjustment limit of the reservoir and change an ex-
pressed maximum volume of the reservoir. The reservoir
has a body having a plurality of movable walls defining
an enclosed volume. The reservoir has an uncom-
pressed state and a compressed state. The walls of the
reservoir are movable with respect to each other, such
that moving the walls expresses the volume adjustment
limit of the reservoir. The walls can be operably connect-
ed by movable structures configured such that two adja-
cent walls are configured to rotate around substantially
orthogonal axes with respect to each other when the res-
ervoir moves from an uncompressed to a compressed
state. In some embodiments, the movable structures can
be hinges, such as snap-fit assembly hinges. The mov-
able structures and the movable walls can be co-molded
together. In some aspects, the device can include a cov-
ering layer of the body of the reservoir. The covering layer
can be a slide-on skin, and/or comolded or adhered to
the walls of the reservoir.
[0016] In some embodiments, the device is configured
such that applying a force to at least one of the walls of
the device will result in the reservoir moving from the
uncompressed state to a fully compressed state. The de-
vice can also be configured such that an expressed vol-
ume of the device for a given adjustment limit is consist-
ently no more than about 10cc of a disclosed volume
setting on the volume adjuster from compression to com-
pression for a given force of compression and airway
resistance of a patient. The device can also further in-
clude a volume restoring mechanism to restore the res-
ervoir from the compressed state to said uncompressed
state. The volume restoring mechanism can be, for ex-
ample, a compression spring, an extension spring, or a
resilient covering layer. The volume adjuster can include
a stop dial.
[0017] In some aspects, the device can further include
a frequency adjuster to adjust the time to restore the res-
ervoir from the compressed state to the uncompressed
state, and/or the time to compress said reservoir from
the uncompressed state to the compressed state. The
device can be configured such that the maximum change
in expressed volume of the reservoir is no more than
about 1400cc, no more than about 1200cc, no more than
about 500cc, or no more than about 250cc in some em-
bodiments. The device can include tactile feedback areas
on one or more of said walls. The tactile feedback areas
can be flexible areas and sized and positioned to fit a
thumb of a hand or one or more fingers of the hand. The
device can also include a visual feedback mechanism.
In some embodiments, the visual feedback mechanism
is an expandable air reservoir operably connected to the
inlet mechanism of the device; the air reservoir having
an expandable wall configured to indicate the presence
of air flow through the reservoir. In some embodiments,
the device further includes an audible feedback mecha-
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nism, which is a pop-off valve in some embodiments.
[0018] The device can also include an air filter operably
connected to the inlet of the device. Furthermore, the
device can also include an inflow line with measurement
markings to measure an aspect of the patient and esti-
mate an appropriate expressed volume based on the
measurement. In some aspects, the device can be com-
pressed in a stored configuration to less than 35% of a
fully expanded volume of the device; wherein the device
is configured to deliver at least 95% of the fully expanded
volume of the device after being stored for at least about
3 years, 5 years, 10 years, 15 years, or more. The device
can also be configured such that three devices can be
stacked in a shelf with a shelf height of no more than
about 200mm, or no more than about 180mm. The device
can also have a height of no more than about 70mm
and/or a side panel width of no more than about 50mm
to allow the device to be comfortably compressed in one
hand by an operator.
[0019] In some aspects, also disclosed is a method of
ventilating a patient. The method includes the step of
providing a ventilation device that includes a reservoir
with an inlet mechanism, an outlet mechanism, and a
volume adjuster configured to move a volume adjustment
limit of the reservoir and change an expressed maximum
volume of the reservoir. The reservoir can include a body
having a plurality of movable walls defining an enclosed
volume. The reservoir has an uncompressed state and
a compressed state. The walls can be movable with re-
spect to each other, such that moving the walls expresses
the volume adjustment limit of the reservoir. The walls
can be operably connected by movable structures con-
figured such that two adjacent walls are configured to
rotate around substantially orthogonal axes with respect
to each other when the reservoir moves from an uncom-
pressed to a compressed state. The method also can
include the step of selecting an appropriate expressed
maximum volume setting from the volume adjuster. In
some aspects, the device is connected the inlet of the
device to an air or oxygen source. Also, the outlet of the
device can be connected to a mask or tube configured
to interface with a patient’s airway. Next, the device can
be actuated from an uncompressed state to a com-
pressed state by applying a force to at least one wall of
the device. In some aspects, the method includes the
step of releasing the force to allow the reservoir to move
back from the compressed state to the uncompressed
state. The reservoir can moves back from the com-
pressed state to the uncompressed state by the action
of a volume restoring mechanism. As noted above, the
volume restoring mechanism can be, for example, a com-
pression spring, an extension spring, and a resilient cov-
ering layer. The movable structures can be hinges. The
movable structures and the walls can be co-molded to-
gether. The device can be configured such that the max-
imum change in expressed volume of the reservoir is no
more than about 1400cc.
[0020] In some embodiments, selecting an appropriate

expressed maximum volume setting from the volume ad-
juster involves turning a stop dial. In some aspects, the
method includes the step of adjusting the time to restore
the reservoir from the compressed state to the uncom-
pressed state or adjusting the time to compress the res-
ervoir from the uncompressed state to the compressed
state. In some aspects, the method also includes the step
of observing a visual feedback mechanism that indicates
the presence of airflow into the device. The visual feed-
back mechanism can be, for example, an air reservoir
with an expandable wall configured to indicate the pres-
ence of air flow through the reservoir. In other aspects,
the method includes the step of listening to an audible
feedback mechanism that provides feedback over one
or more of the group consisting of: the compression
speed, frequency, and expressed volume of the device.
Also, the method can include the step of filtering air before
air enters the body of the device.
[0021] The device may be used with face mask for use
with a manually operable volume-adjustable ventilation
device. The mask includes an inlet, an inner portion op-
erably connected to the inlet, and an outer portion. The
mask can be configured to transform from a first config-
uration to fit over an adult’s face to a second configuration
to fit over a child’s face. The mask can also be configured
to reversibly transform from a first configuration to fit over
an adult’s face to a second configuration to fit over a
child’s face. The inner portion can include a bi-stable
cone movable between a first stable position to a second
stable position. The mask can also include a tear-away
seam between the inner portion and the outer portion.
[0022] The mask is configured to create a sealing sur-
face on a patient’s face, the sealing surface extending
substantially from cephalad at the base of the nose near
the alar sidewalls to caudally under the mandible.
[0023] In some embodiments, also disclosed herein is
a manually operable volume-adjustable ventilation de-
vice, that includes a reservoir with an inlet mechanism,
an outlet mechanism, and a volume adjuster configured
to move a volume adjustment limit of the reservoir and
change an expressed maximum volume of the reservoir.
The reservoir can include a body having a plurality of
movable walls defining an enclosed volume. The reser-
voir can have an uncompressed state and a compressed
state, wherein said walls are movable with respect to
each other, such that moving said walls expresses the
volume adjustment limit of the reservoir. The walls can
be operably connected by movable structures. The body
can include a first end, a second end, a central portion,
a first transition zone between the first end and the central
portion, and a second transition zone between the central
portion and the second end. The body can decrease in
a radial dimension in the first transition zone between a
first point on the first end to a first point on the central
portion, and then increases in radial dimension from a
second point on the first end to a second point on the
central portion in the first transition zone to the first end.
The body can also decrease in a radial dimension in the
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second transition zone between a first point on the sec-
ond end to a third point on the central portion, and then
increase in radial dimension from a second point on the
second end to a fourth point on the central portion in the
second transition zone to the second end. The device
can also include a sealing layer integrated with the body
of the reservoir of the device. In some embodiments, the
covering layer includes a plurality of redundant folds be-
tween at least some of the adjacent movable walls. In
some embodiments, the device has a configuration
where the first transition zone comprises at least four
substantially coplanar pairs of movable walls. The mov-
able structures can be configured such that two adjacent
walls are configured to rotate around substantially or-
thogonal axes with respect to each other when the res-
ervoir moves from an uncompressed to a compressed
state. A movable wall can rotate around an axis that in-
tersects one or more axes that one or more panels rotate
around. In some embodiments, the device can also in-
clude a pressure valve having a control to adjust a pres-
sure setting of the device, wherein the control includes
indicia to view a selected pressure setting selected. In
some embodiments, a transition zone of the device in-
cludes at least 4, 5, 6, 7, 8, or more movable walls.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 shows a three-dimensional perspective
view of a manual ventilation device, according to a com-
parative example.
[0025] FIGS. 1A-C are schematic diagrams illustrating
movement of panels of a manual ventilation device in the
presence and absence of movable structures, according
to the comparative example.
[0026] FIG. 2 shows a side view of the device of FIG.
1, according to the comparative example.
[0027] FIG. 3 shows a top view of the device of FIG.
1, according to the comparative example.
[0028] FIG. 4 shows a front view of the body of the
device of FIG. 1, according to the comparative example.
The hook-up to a mask or intubation tube, and outlet is
left out for clarity.
[0029] FIG. 5 shows a hand with dimensions for grasp-
ing and operating the device according to one embodi-
ment of the invention.
[0030] FIG. 6 shows an exploded view of the device of
FIG. 1, according to the comparative example.
[0031] FIG. 7 shows an example of a size (volume)
adjuster of the device according to one embodiment of
the invention.
[0032] FIG. 7A illustrates an exploded perspective
cut-away view of an adjustment dial, according to one
embodiment of the invention.
[0033] FIG. 7B illustrates a horizontal sectional view
of an adjustment dial, according to one embodiment of
the invention.
[0034] FIG. 8 shows an example of a mechanism to
restore the volume of the body of the device from a com-

pressed state to an uncompressed state according to the
comparative example.
[0035] FIG. 9 shows an example of a frequency ad-
juster of the device according to one embodiment of the
present invention.
[0036] FIG. 10 shows an example of a visual feedback
mechanism according to one embodiment of the present
invention.
[0037] FIG. 11 shows an example of a tactile feedback
mechanism according to one embodiment of the present
invention.
[0038] FIG. 12 shows an example of stacking or nest-
ing devices according to one embodiment of the present
invention.
[0039] FIGS. 13A-D illustrate embodiments of visual
airflow indicators that can be used with a volume-adjust-
able manual ventilation device, according to some em-
bodiments of the invention.
[0040] FIG. 14 illustrates an inflow line configured to
allow for measuring an aspect of the patient, according
to one embodiment of the invention.
[0041] FIG. 15 is a perspective view of a ventilation
device, according to a comparative example.
[0042] FIG. 16 is an exploded view of the ventilation
device illustrated in FIG. 15.
[0043] FIG. 17A is a side view of the ventilation device
of FIG. 15 in an uncompressed state, with the covering
layer removed for clarity.
[0044] FIG. 17B is a side view of the ventilation device
of FIG. 15 in a compressed state.
[0045] FIGS. 18A-B are top horizontal sectional views
of the ventilation device of FIG. 15 in uncompressed and
compressed states, respectively.
[0046] FIG. 19A is a vertical sectional view of device
1500 through line 19A-19A of FIG. 18A.
[0047] FIG. 19B is a vertical sectional view ofdevice
1500 through line 19B-19B of FIG. 18B.
[0048] FIGS. 20A-D illustrate a face mask that includes
a bi-stable cone such that the mask can be reversibly
transformed from a first configuration for adults to a sec-
ond configuration for pediatric patients, according to one
embodiment of the invention.
[0049] FIGS. 21A-C illustrate a face mask with a
tear-away seam such that the mask can be transformed
from a first configuration for adults to a second configu-
ration for pediatric patients, according to one embodi-
ment of the invention.
[0050] FIGS. 22A-C illustrate an embodiment of a face
mask that is shaped and configured to create a sealing
surface extending from cephalad at the base of the nose
near the alar sidewalls to caudally under the mandible
as shown.
[0051] FIGS. 23A-C are perspective views an embod-
iment of a "bow-tie" shaped ventilation device in expand-
ed and progressively compressed states.
[0052] FIGS. 24A-B are cut-away views of the device
of FIGS. 23A-C.
[0053] FIG. 25A is an exploded perspective view of a
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ventilation device with supplemental side panels, accord-
ing to one embodiment of the invention.
[0054] FIG. 25B illustrates the device shown in FIG.
25A with a skin layer.
[0055] FIG. 25C illustrates a ventilator with panels sur-
rounding an Ambu bag reservoir, according to one em-
bodiment of the invention.
[0056] FIGS. 26A-C illustrate a partial perspective view
of a ventilation device with supplemental side panels, in
expanded and progressively compressed states, accord-
ing to one embodiment of the invention.
[0057] FIGS. 27A-C illustrate a partial perspective view
of a mechanical ventilator without supplemental side pan-
els, in expanded and progressively compressed states.
[0058] FIG. 28A is a perspective view of a mechanical
ventilator with elongate folds, according to one embodi-
ment of the invention.
[0059] FIG. 28B is an end view of the device of FIG.
28A, in an expanded configuration.
[0060] FIG. 28C is an end view of the device of FIG.
28A, in an compressed configuration.
[0061] FIG. 29A illustrates axes in which certain panels
of a ventilation device are capable of rotating around.
[0062] FIG. 30A illustrates a ventilation device with a
PEEP port having a control, according to one embodi-
ment of the invention.
[0063] FIG. 30B illustrates a view of the pressure port
of FIG. 30A with the control at a first pressure setting.
[0064] FIG. 30C illustrates a view of the pressure port
of FIG. 30A with the control at a second pressure setting.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0065] Although the following detailed description con-
tains many specifics for the purposes of illustration, one
of ordinary skill in the art will readily appreciate that many
variations and alterations to the following exemplary de-
tails are within the scope of the invention. Accordingly,
the following preferred embodiments of the invention are
set forth without any loss of generality to, and without
imposing limitations upon, the claimed invention.
[0066] A three-dimensional view of one example of the
ventilation or resuscitation device 100 is shown in FIG.
1. In general, three parts can be distinguished: a reservoir
that includes a body 110, an input mechanism 120 to
allow input of e.g., air, oxygen, oxygen-enriched air, fluid,
fluid mixture, gas, gas mixtures or any combination or
derivative thereof in body 110, and an output mechanism
130 to output and deliver some or all of the inputted con-
tent from body 110 to an individual via connector 132.
Body 110 distinguishes a plurality of movable walls (also
referred to as panels herein). Movable walls can be, in
some embodiments, panels that are movable with re-
spect to each other. In some embodiments, the panels
are rigid or substantially rigid. Design of body 110 with
rigid panels encompasses a sealed volume that can con-
tain e.g., air, oxygen or oxygen-enriched air. Another as-

pect of the invention is to be able to hold the body of the
device with one hand and to compress the body with that
one hand. In one embodiment, as will be clear from read-
ing the description, disclosed is a device with a body hav-
ing rigid panels whereby the body is characterized as
having a displacement in a direction of a hand displace-
ment and at least one other direction other than that par-
ticular hand displacement.
[0067] In the particular example of FIG. 1 body 110
distinguishes a plurality of panels; e.g., panels forming
the top, panels forming the bottom, and panels for each
side. More particularly, the following (main) panels can
be distinguished, i.e. panels 140A, 140B, 140D, 140E,
140F, 140G and 140H, which are all visible in FIG. 1;
panels 140D, 140E, 140F, 140G, 140H, 140D’, 140E’,
140F’, 140G’, 140H’, which are all visible in FIG. 2; panels
140A, 140B, 140C, 140D, 140E, 140F, 140G, 140H,
140D", 140E", 140F", 140G" and 140H", which are all
visible in FIG. 3; and panels 140C and 140C’, which are
all visible in FIG. 4. Panels blocked from the views in
FIGS. 1-4, are 140A’, 140B’, 140D"’, 140E"’, 140F"’,
140G"’, 140H"’. The relative positions and orientations
of the panels blocked in the figures is readily appreciated
by a person of ordinary skill in the art to which this inven-
tion pertains.
[0068] The movable parts or structures, indicated by
150 in FIGS. 1, 2 and 4 could be living joints/hinges,
snaps, joints, fabricated flexures, heat-shrinked joints or
flexures, welded joints, simple mechanical hinges,
pinned hinges, flexible hinges, snap-fit assembly hinges,
or the like. The type of movable structure 150 depends
on the type of manufacturing that is used to create the
rigid panels and body. Examples of different types of
manufacturing of the panels, movable structures and
body are e.g., blow molding, heat sealing, overmolding,
the mechanical assembly of a rigid paneled chassis with
a flexible bladder or skin to form the body, coining to form
living hinges, assembly using gaskets as seals in hinges,
injection molding, ultrasonic welding, radio frequency
welding, dielectric welding, high frequency welding, dip-
ping, extrusion, spray coating, brush on, assembly of ad-
hesive backed sheets of various materials, and/or any
type of manufacturing that results in a body with rigid
panels that are movable with respect to each other. In
some embodiments, the panels of the body 110 and the
movable structures 150 are co-molded together to allow
for the use of a very compliant low durometer material
for the panels of the device 100 to advantageously pro-
vide a soft grip for an operator of the device, while still
utilizing a very durable, rigid material for the movable
structures 150. A person of ordinary skill in the art to
which this invention pertains would readily appreciate the
different types of manufacturing that can be used to make
body 110, which are known techniques in the mechanical
and design engineering art. Input mechanism 120 and
output mechanism 130 could be manufactured and inte-
grated along with the manufacturing process of body 110
or later assembled to body 110. The types of materials
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that can be used for the rigid panels, input mechanism
120, output mechanism 130 and other structures of the
device arc, for example, polymers, plastic, polyethylene,
polycarbonate, high impact polystyrene, K-resin, ABS,
PVC, acetal, polypropylene, silicone, thermoplastic elas-
tomers, thermoplastic rubbers, latex, fabrics, cardboard,
nylon webbing, or the like.
[0069] The volume delivery is preferably consistent
from compression to compression, as well as consistent
with respect to a disclosed volume setting on the volume
adjuster. In a preferred embodiment, the device 100 is
configured to output a consistent, reproducible volume
for a given speed of compression of the device 100 by
an operator and for a given airway resistance. In some
embodiments, the actual volume delivered differs by no
more than about 50cc, 40cc, 30cc, 25cc, 20cc, 15cc,
10cc, 5cc, or less than the volume selected on the volume
adjuster to be delivered. In some embodiments, the de-
vice 100 can be configured such that the actual volume
delivered per compression can be consistently reproduc-
ible within no more than about 50cc, 40cc, 30cc, 25cc,
20cc, 15cc, 10cc, 5cc, or less from a preset delivered
value (e.g., from volume adjuster) compression to com-
pression.
[0070] The device 100 is also preferably configured to
preferably deliver a consistent volume regardless of the
manner or speed in which the device is compressed. In
some embodiments, the device 100 is configured to de-
liver a consistent volume when compressed using a me-
chanical force, for example, one hand, two hands, one
foot, two feet, a knee, in between two knees, an elbow,
or a forearm (while bracing the device against a thigh or
other surface, e.g., a table or the patient’s head). The
device 100 is also preferably configured such that apply-
ing a force to any one or more of the walls of the body
110 will result in delivery of a consistent volume, and will
also result in the device achieving a fully compressed
state. The fully compressed state of the device 100 pref-
erably has a volume of no more than about 40%, 35%,
30%, 25%, 20%, 15%, 10% or less of the uncompressed
state of the device 100.
[0071] Body 110 has an uncompressed state where
the panels are positioned to create a volume that can be
filled with e.g., air, oxygen or oxygen-enriched air. From
the uncompressed state, body 110 can change to a com-
pressed state where the panels are moved with respect
to each other to decrease the volume with respect to the
volume in the uncompressed state. In other words, mov-
ing the rigid panels with respect to each other from the
uncompressed state to the compressed state, air, oxygen
or oxygen-enriched air is outputted via output mechanism
130. The uncompressed state could be at full expansion
(i.e. maximum volume) or any intermediate state (See
also size adjuster (volume) description). Restoring the
volume allows entry of new air, oxygen or oxygen-en-
riched air into the volume via input mechanism 120.
[0072] In some embodiments, the device 100 also in-
cludes an air filter. The air filter is preferably integrated

with the device, for example, via an adapter operably
connected to the input mechanism 120. The air filter can
advantageously remove dust, pollen, mold, bacteria, vi-
ruses, and other airborne particles from an air source
prior to entry into body 110 of the device 100. In some
embodiments, the air filter is configured to meet or ex-
ceed HEPA (high efficiency particulate air) filter stand-
ards.
[0073] Body 110 has a height H, width W and length L
(see FIGS. 1-4). In general, the state changes of body
110 could be characterized by the height H of body 110
being larger in the uncompressed state compared to the
compressed state. The height changes cause changes
in width W and length L, which are smaller in the uncom-
pressed state compared to the compressed state. The
width and length changes are a function of the height
changes and the geometry of panels as a person of or-
dinary skill would readily appreciate. It is further noted
that the body could be characterized by having at least
two of the panels capable of rotating around substantially
orthogonal axes with respect to each other; consider e.g.,
panels 140F and 140C which are both involved in the
height changes, but given their orientation, 140F is fur-
ther related to the width changes, and 140C is further
related to the length changes. In summary, the body is
characterized as having a displacement in a direction of
a "hand displacement (e.g., height of body) and at least
two other directions (e.g., width and length of body) other
than the particular hand displacement (e.g., height of
body).
[0074] FIGS. 1A-1C are schematic diagrams illustrat-
ing the interaction of panels 140 where movable struc-
tures 150 are either present or absent on a ventilation
device 100. FIG. 1A shows that adjacent movable walls
(e.g., 140F and 140F’; 140F" and 140F"’are not shown)
can be operably connected by movable structures 150,
which can be snap-fit assembly hinges, according to one
embodiment of the invention. Dotted line 151 represents
an axis, defined by the border between two adjacent walls
140F, 140F’ as shown, around which walls 140F and
140F’ can rotate with respect to hinge 150. The movable
structures 150 are preferably configured such that a mov-
able structure 150 operably connected to two adjacent
walls can rotate substantially uniformly around the axis
151 when the reservoir 110 of device 100 moves from
an uncompressed to a compressed state, and vice versa.
In this way, the hinges 150 operably connected to adja-
cent walls, e.g., 140F, 140F’ advantageously provide for
generally uniform collapse and expansion of the device
100 substantially preventing non-uniform bending or slid-
ing of the walls 140F, 140F’ in axes other than axis 151
as shown; preventing non-uniform bending of walls 140A
and 140C as shown, and resulting in consistent volume
delivery to a patient. This is in contrast to a ventilation
device that collapses non-uniformly due to the absence
of stabilizing movable structures (such as hinges 150)
between, for example, unhinged folds of inflatable blad-
ders, disclosed, for example in U.S. Patent No. 4,898,167
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to Pierce et al., which is hereby incorporated by reference
in its entirety. The absence of stabilizing movable struc-
tures (such as hinges 150) can result in rotation and/or
flexing of the folds in multiple axes, and consequently,
inconsistent volume delivery. The side view schematics
shown in FIGS. 1B-1C illustrate how device 100 would
non-uniformly rotate without hinges 150 operably con-
nected to panels 140F and 140F’. FIG. 1B is a side view
schematic of the device of FIG. 1A depicting panels 140A,
140C, 140F, 140F’ without hinges 150. FIG. 1C is of the
same side view as FIG. 1B after compression of the de-
vice. As shown, the absence of movable structures be-
tween, for example, panels 140F and 140F’ can allow
panels to rotate non-uniformly in multiple axes other than
151. End panel 140A, for example, could rotate non-uni-
formly with respect to panel 140C. As noted above, this
can undesirably lead to inconsistent volume delivery.
[0075] The body could also have a higher or a smaller
number of panels than body 110, as a person of average
skill in the art to which this invention pertains would ap-
preciate. For example, the panels could be assembled
radially around central top and bottom panels and more
panels can be added, for example, 140F can be broken
up into two or more panels. An example of reducing panel
numbers could be achieved by reducing 140A, 140B and
140C to only two panels. In the latter example the body
would have height and width or length changes. In sum-
mary, such bodies could be characterized as having a
displacement in a direction of a hand displacement (e.g.,
the height of body) and at least one other direction (e.g.,
the width or length of body) other than the particular hand
displacement (e.g., the height of body).
[0076] As mentioned above, one of the key objectives
of the invention is to be able to hold the device with one
hand and to be able to compress the body with that one
hand. To meet the objective the height and width changes
in uncompressed and compressed state are therefore
constrained since they would need to fit: (i) the hand of
a user and (ii) the grasping (or squeezing) range of motion
of the user.
[0077] Furthermore, the thumb and one or more fingers
are desirably positioned on body 110 to create a mechan-
ical advantage (i.e. a large moment arm with respect to
the point of rotation) when compressing the body. Such
a mechanical advantage meets another objective of the
invention, which is to reduce fatigue of the hand muscles
and potentially also the arm muscles.
[0078] FIG. 5 shows hand 500 with thumb 502, one or
more fingers 504 and web of the hand 506 between which
body 110 is typically held. Given a variety of hand sizes
(e.g. male, female, large and small) in mind one could
determine a reasonable range of motion and a comfort-
able fit to the user’s hand that constrains the height and
width dimensions of body no when moving between the
uncompressed state and a compressed state. The max-
imum height of the fully expanded device, in some em-
bodiments is no more than about 100mm, preferably be-
tween about 45-70mm with a side panel (e.g., panels

other than 140B and 140B’ in some embodiments) width
of no more than about 60mm, preferably between about
30-50mm. These dimensions, for example, advanta-
geously allow the device to be compressed in one hand
comfortably by a wide range of both male and female
operators of the device 100. In some embodiments, the
height and width (displacement) changes of a single pan-
el axially could be no more than about 85 mm, preferably
no more than about 20-25 mm and more preferably no
more than about 10-15 mm. The height changes would
correspond to a hand displacement 520 in FIG. 5 and
the width changes would correspond to a hand displace-
ment 510 in FIG. 5. A person of average skill in the art
to which this invention pertains would readily appreciate
that the geometry (dimensions and relative angles) of the
panels could be varied to meet the desired height and
width (displacement) changes as well as the desired de-
liverable tidal volume.
[0079] The length changes of a single panel axially
could also be no more than about 85 mm but is, in some
embodiments, not constrained by hand dimensions, but
will be a variable in determining the change in volume.
The change in enclosed volume of the device (in other
words, the deliverable or expressed volume of a device)
is typically no more than about 1400cc in some embod-
iments. In other embodiments, the deliverable volume
ranges from about 250 to 1200 cc, which covers tidal
volume ranges for children and adults. When the device
is used for infant or child purposes the volume changes
are smaller and preferably are no more than about 500cc.
The maximum deliverable volume of a device can, in
some embodiments, be adjusted in increments of at least
about 25cc, 50cc, 75cc, 100cc, 125cc, 150cc, 200cc, or
more. The ability to configure the device to set an adjust-
able maximum deliverable tidal volume advantageously
provides an increased level of safety and reduces the
risk of excess volume delivery, and thus complications
of volutrauma such as pneumothorax.
[0080] FIG. 6 shows an exploded view of an embodi-
ment of a ventilation device. In addition to the elements
discussed above, the device further includes a main shaft
610 connected to output mechanism 130 and positioned
inside body 110. Main shaft 610 has narrow (cylindrical)
end 612 and a slot 614. The device further has a receiving
shaft 620 connected (or could be a single part) to input
mechanism 630 and also positioned inside body 110.
Receiving shaft 620 has an opening (not visible in figure)
sized to allow travel of main shaft 610 along the length
of receiving shaft 620. It further has a slot 622 preferably
of equal size as slot 614; slots 614 and 622 should also
be aligned with each other as will be understood when
discussing volume recovery from compressed state to
uncompressed state with respect to FIG. 8. Opening 630
could be sized such that element 660 could be mechan-
ically assembled by ultrasonic welding, snap fit, press fit,
adhesive or any other known techniques in the mechan-
ical and design engineering art. Element 660 allows fitting
and attachment of air/oxygen input devices. A flutter
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valve 640 is fitted to the front opening of element 660
allowing e.g. air travel into receiving shaft 620 through
opening 650 and then into body 110. Element 660 further
houses a size adjuster (also referred to as volume ad-
juster).
[0081] In general, the size adjuster of the device ad-
justs the length changes, width changes and/or height
changes. The size adjuster serves the purpose of easily
adjusting the deliverable volume so that the user can rely
of a fairly constant volume of deliverable e.g. air, oxygen
or oxygen-enriched air. Adjusting the deliverable volume
is important to compensate for factors such as physical
condition, body size, age, sex, etc.
[0082] In a preferred embodiment, size adjuster is in-
tegrated with input mechanism 120, in particular with el-
ement 660, and adjusts the travel length of body 110.
The size adjuster distinguishes an adjustment knob 160
placed on top of element 660 and conveniently accessi-
ble to a user. The adjustment knob 160 is connected to
an adjustment dial 162, which in this example is posi-
tioned inside element 660; the connection could e.g. be
through either valve 670 or 680.
[0083] FIG. 7 shows adjustment dial 162 with a number
of slots 710,712,714,716 and 718. These slots are sized
to fit narrow (cylindrical) end 612 of main shaft 610 that
is able to travel all the way through the opening of receiv-
ing shaft 620 (as well as through flutter valve 640; not
shown in figure) when moving between uncompressed
and compressed states. By changing adjustment knob
160, adjustment dial 162 is rotated around pivot 720 to
a new slot position; this is typically done when the body
is in compressed state. It is noted that size adjuster
changes the dimension of the uncompressed state or
volume.
[0084] Slots restrict the travel distance of main shaft
610 and therewith control the deliverable volume to an
individual. Slot sizes could be up to no more than about
170 mm to allow changes in length, and preferably are
no more than about 25 mm. The number of slots and the
sizes of the slots are selected to cover a reasonable
range of deliverable tidal volumes as a person of ordinary
skill in the art will appreciate.
[0085] In the example of FIG. 7, the size (length) (vol-
ume) adjuster is placed outside body 110. A person of
average skill in the art to which this invention pertains
would appreciate that the size adjuster can also be po-
sitioned inside the body or intrinsic to the design of the
body. Furthermore, the size adjuster could also be added
for width or height control or any combination of height,
length or width, or any other direction in a similar fashion
as shown in FIG. 7.
[0086] FIG. 7A illustrates an exploded perspective
cut-away view of another adjustment dial 163, according
to one embodiment of the invention. Shown are the var-
iable-length slots 750, 752, 754, 756, 758 that are con-
figured to fit the narrow end 1612 of a slider-type volume
adjuster, such as 1610 of FIG. 16 (shown in FIG. 7A not
necessarily to scale). Narrow end 1612 can be rectan-

gular, although other shapes can also be used as known
in the art. Turning the adjustment dial 162 in an appro-
priate direction will thus change the travel distance of
main shaft of slider 1610 within the body 110 of device
100, and thus control the tidal volume delivered to an
individual as noted above. In some embodiments, the
slots 750, 752, 754, 756, 758 are configured such that
turning the adjustment dial 163 to allow end 1612 of slider
1610 to engage an adjacent slot will produce a change
in deliverable tidal volume of at least about 25cc, 50cc,
75cc, 100cc, 125cc, 150cc, 200cc, or more. In some em-
bodiments, a label (not shown) is present on or near ad-
justment dial 163 to assist an operator by indicating, for
example, the numerical tidal volume correlating to the
appropriate slot, and/or whether the slot setting is appro-
priate for adults, children, or infants. FIG. 7B is a hori-
zontal sectional view of an adjustment dial 163 with slots
750, 750’, 752, 752’, 754, 754’, 756, 756’, 758, 758’ in
which slots spaced 180 degrees apart, such as slots 750,
750’ have the same or substantially the same length to
accommodate end 1612 of slider 1610.
[0087] Instead of a size adjuster with slots, one could
design and integrate different types of mechanisms,
which are all within the scope of the present invention.
Examples of such variations are e.g. an adjustable
threaded stop for the main shaft, an element with cham-
bers whereby each chamber has grooves or each cham-
ber has different depths, a slotted tube with different po-
sitions of the slots to set travel constraints to the main
shaft, deflecting stops that deflect when adjusted in an
incorrect or uncompressed state, a rack and pinion sys-
tem with stops, ratcheting band (adjustable zip-tie), ad-
justable cam, a rotating dial of spring loaded stops that
deflect when adjusted in an incorrect or uncompressed
state, or any type of engineering mechanism that con-
strains the travel of the main shaft to control the volume
output.
[0088] FIG. 8 shows an example of a volume restoring
mechanism to restore the volume from a compressed
state back to the uncompressed state. This could be ac-
complished by main shaft 610 traveling inside receiving
shaft 620 whereby (part of) slots 614 and 622 travel inline
with each other. One site of slot 614 is connected to an
opposite site of slot 622 by element 810, which is e.g. an
extension spring, plastic or rubber. When we change
from uncompressed state to compressed state, force is
built-up in element 810. This force is then used to restore
the body back to the uncompressed state when the user
releases the compression force applied to body 110. As
a person of average skill in the art to which this invention
pertains would appreciate, the volume restoring mecha-
nism could also be outside body 110 or intrinsic to body
110 (e.g. one could have the restoring force as an intrinsic
property of the movable joints 150). Other alternatives
are a leaf spring mechanism inside body 110 that builds
up force when compressed or an extension spring/mech-
anism placed inside body 110 but not integrated with the
two shafts. The volume restoring mechanism could be
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adjusted using similar techniques as discussed for the
size (volume) adjuster or it could be left to one setting.
[0089] In an alternate embodiment, the device includes
a frequency adjuster to set and control the time to: (i)
restore the volume from a compressed state back to the
uncompressed state, and/or (ii) compress the volume
from uncompressed state to a compressed state. The
volume restoring mechanism as discussed above could
be used as a frequency adjuster/controller. However, in
this scenario, the frequency control is then still in hand
of the user and not constrained by the device. Control
over frequency is desired to enforce consistency in tidal
volume rate. Therefore in another embodiment a fre-
quency adjuster is added in a similar fashion as the size
adjuster.
[0090] A frequency control knob could be placed at the
opposite site of element 660 and implemented to adjust
the frequency by e.g. a rack and pinion mechanism in
combination with the main shaft to set the dampening of
travel of the main shaft, a rack and pinion mechanism
coupled with rotationally resistant gears, a polymer es-
capement mechanism, a friction brake, a rotationally re-
sistant rachet wheel, or a track to deflect the travel of the
main shaft. All such mechanisms, which are known in
the mechanical and design engineering art, can be ad-
justed via a frequency control knob to change the damp-
ening of the travel of the main shaft, whereby an increase
in dampening would result in a decrease in frequency.
Similarly to the size adjuster mechanism, the frequency
adjuster could also be inside the body, outside the body
or intrinsic to body.
[0091] FIG. 9 shows an example of an embodiment of
a frequency control mechanism 900 that is accomplished
by a ratchet mechanism 910 placed on frequency control
knob 920. Frequency control knob 920 can extend up
from an identical knob to volume control knob 610, in-
verted and assembled to the bottom of the element 660.
A ratchet wheel 930 can be assembled to frequency con-
trol knob 920 by e.g. a snap fit, a fastener or any other
means. Frequency control knob 920 can be rotated with
ratchet wheel 930 in line with the main rod’s travel or
outside of its travel. The ratchet wheel’s rotation can be
dampened by multiple methods such as e.g. a friction
insert, a roll pin, a coil or a watch spring, a high friction
disc, or the like. There could be a variety of ratchet wheels
along the circumference of frequency control knob 920
to adjust the resistance to main rod 610 depending on
the rotation direction of frequency control knob 920. In
some embodiments, the frequency control mechanism
900 can be configured such that the device can deliver
no more than about 40 breaths per minute. In some em-
bodiments, frequency control mechanism 900 can be
configured to adjust frequency in increments of no more
than about 10, 8, 6, 5, 4, 3, 2, or I breaths per minute.
[0092] A visual feedback mechanism could be added
to provide the user with visual feedback (colors, mark-
ings, symbols, or the like) on the adjustments to size,
travel of the main shaft, or the frequency. FIG. 10 shows

an example of a visual feedback mechanism for the size
(volume) adjustments. Main shaft 610 could travel across
a ruler 1010 designed to indicate e.g. minimum min, av-
erage avg, and maximum max deliverable tidal volume
(expressed volume). The relative position of narrow end
612 of main shaft 610 to markings 1012 could further
assist in fine-tuning the desired volume. The visual feed-
back mechanism could be placed inside a body whereby
the body has a transparent part allowing a user to visu-
alize the visual feedback mechanism. A similar feedback
mechanism could be applied for the frequency.
[0093] One could further add an audible feedback
mechanism (beeps, timers, commands, warnings, or the
like) that provides feedback over the compression speed,
frequency, tidal volume, setting of the size (volume) ad-
juster or setting of the frequency control adjuster. Another
example is to have a click mechanism associated with
the travel of the shaft(s) and/or changes in volume. The
clicking sounds could also be used as a tactile feedback;
e.g. the clicks can be felt through the hand. In some em-
bodiments, the audible feedback mechanism is a pop-
off valve that can be operably connected to output mech-
anism 130. The pop-off valve can be configured to pro-
vide an audible cue when a certain threshold airway re-
sistance is reached, thus alerting the operator of the de-
vice of a potential airway problem such as a foreign body,
pneumothorax, or inadvertent gastric intubation.
[0094] In still another embodiment, one could add tac-
tile feedback areas 1130 on one or more of panels such
as panel 140B as shown in FIG. 11; 1110 is a top view
and 1120 is a side view. Tactile feedback areas 1130 are
sized and positioned to fit a thumb of a hand or one or
more fingers (e.g., on panel 140B’) of the hand. These
areas are made of a flexible material that is responsive
to thumb or finger pressure as well as pressure from e.g.
the air/oxygen inside the body. This will provide the user
additional feedback on the compression force and lung
resistance. Deflection 1132 of flexible material 1130 with
respect to the rigid panel 140B illustrates the deflection
caused by e.g. a finger during compression.
[0095] FIG. 12 shows an example of stacking or nest-
ing multiple devices 100 on top of each other. Stacking
or nesting would be beneficial where space is limited,
e.g. in an ambulance, and where multiple devices might
be required. In one example the design and geometry of
the inlet mechanism, body and/or output mechanism al-
lows them to nest with one another. For example, the top
of the output mechanism could nest into the bottom of
another output mechanism (a similar nesting could be
established for the input mechanism). Besides fitting the
devices together, the device could also have features,
e.g. ribs, indentations, Velcro, snap-mechanism, or the
like, that prevent side-to-side movement. In one embod-
iment, the body 110 of the device 100 has dimensions
of about 200-235mm x 240-290mm x 50-65mm in a com-
pacted configuration. In some embodiments, three de-
vices can fit in a shelf height of no more than about
250mm, 240mm, 230mm, 220mm, 210mm, 200mm,
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190mm, 180mm, 170mm, 160mm, 150mm, or less.
[0096] In some embodiments, device 100 can maintain
its maximum fully uncompressed volume, as well as de-
liver a consistent tidal (delivered) volume after being
stored for a prolonged period of time. Being able to main-
tain this capability can be highly advantageous over cur-
rent bag-type ventilators, for example, which have a rel-
atively short shelf-life due to degradation of the bag ma-
terial over time. Furthermore, use of a compression
spring as a volume restoring mechanism, for example,
can be advantageous as relaxation of the spring over
time should not significantly affect the deliverable volume
of the device. Volume delivery effected by creep or stress
relaxation of components can be minimized by using an
appropriate material as known in the art, such as a pol-
ymer. In some embodiments, a device 100 can be stored
for at least about 1 year, 2 years, 3 years, 4 years, 5
years, 7 years, 10 years, 15 years, 20 years, 25 years,
30 years, or more while maintaining the capability to com-
press to a volume of less than about 35%, 30%, 25%,
20%, 15%, 10%, or less of the fully uncompressed vol-
ume of the device, as well as expand to at least about
90%, 95%, 97%, 98%, 99% or more of the fully uncom-
pressed volume of the device prior to storage.
[0097] FIGS. 13A-D illustrate embodiments of visual
airflow indicators that can be used with a volume-adjust-
able manual ventilation device, according to some em-
bodiments of the invention. The visual airflow indicator
provides a visual cue that air is flowing into the device
100 for delivery to a patient’s airway. The visual airflow
indicator can be operably connected to the input mech-
anism 120 of the device 100. The visual airflow indicator
can be, in some embodiments, an expandable reservoir
as part of an inflow line 1300, for example, an oxygen
line or reservoir tube, and can be integrally connected to
input mechanism 120 itself. The reservoir 1300 can be
made of any appropriate material known in the art, such
as, for example, a polymer, plastic, or rubber. FIGS. 13A-
B illustrate one embodiment of a visual airflow indicator
1302, 1302’ that is a circumferentially-expandable bag
movable from a first deflated configuration 1302 in the
absence of airflow into the input mechanism 120 (FIG.
13A) to a second inflated configuration 1302’ when air is
flowing into the input mechanism 120 (FIG. 13B). FIGS.
13C-D illustrate another embodiment of a visual airflow
indicator 1300 that includes expandable elements 1304
that can expand radially outwardly to configuration 1304’
as shown (FIG. 13D) when air is flowing into the input
mechanism 120.
[0098] FIG. 14 illustrates an inflow line 1400 (e.g., an
oxygen line or a reservoir tube) that may be operably
connected to input mechanism 120 of device 100 and
configured to allow for measuring an aspect of the patient,
such as the patient’s height. The patient’s height, com-
bined with knowledge of the patient’s weight, or an esti-
mation of their ideal body weight, can be used to calculate
the patient’s body mass index and select an appropriate
volume delivery setting using the volume adjuster of the

device 100. In the embodiment shown, inflow line 1400
includes markings 1402 that can define, for example,
length measurements in inches or centimeters. In other
embodiments, inflow line 1400 includes color-coded
marking sections that correspond to colors on volume
adjuster, such as adjustment dial 162. Other markings
or coding systems on various elements of the device con-
figured to measure an aspect of the patient to determine
an appropriate volume (and/or frequency setting, to set
an appropriate minute ventilation) can also be used, as
will be appreciated by one of ordinary skill in the art.
[0099] FIG. 15 is a perspective view of a ventilation
device 1500 similar to the device 100 shown and de-
scribed in connection with FIGS. 1-4. Body 1510 of device
1500 is encompassed by a covering layer 1501 (as better
understood from FIG. 16) over panels 1540A, 1540B,
1540C, 1540F, 1540F" and movable structures 150 of
the device 1500 (panels and movable structures arc more
clearly seen in FIG. 16 below), and serves to provide an
air-tight seal over the body 1510 of the device 1500. Cov-
ering layer 1501 (also referred to as the skin) may be
made of plastic, rubber, polymer, thermoplastic elas-
tomer, or other suitable material as would be appreciated
by one of ordinary skill in the art. Covering layer 1501
may be slid on, adhered, co-molded, radio frequency
welded, mechanically locked using rivets or screws, or
otherwise attached to the body 1510 as known in the art.
Covering layer 1501 can also advantageously act as a
volume restoring mechanism if made of a resilient mate-
rial, such as an elastomer.
[0100] Device 1500 also includes an input mechanism
1520 and output mechanism 1530 to output and deliver
some or all of inputted content from body 1510 via patient
connector 1533 as described in connection with FIG. 1
above, as well as adjustment dial 163. Also shown is
positive end-expiratory pressure connector 1532 of out-
put mechanism 1530 ("PEEP" connector). In contrast to
the device 100 shown in FIGS. 1-4, device 1500 does
not include panels 140D, 140D’, 140D", 140D"’, 140E,
140E’, 140E", 140E"’, 140G, 140G’, 140G", 140G"’,
140H, 140H’, 140H", and 140H"’ of device 100.
[0101] FIG. 16 is an exploded view of the device 1500
illustrated in FIG. 15. Body 1510 of device 1500 includes
first portion 1606 and second portion 1608. First portion
includes a plurality of panels 1540A, 1540B, 1540C,
1540F, 1540F" operably connected by movable struc-
tures 150 that are preferably snap-fit hinges in some em-
bodiments, as described in connection with FIG. 1 above.
First 1606 and second portions 1608 also can include
apertures 1611 as shown configured to receive a screw,
nail, bolt, snap-on nub, or the like to connect first 1606
and second portions 1608 together and/or to the covering
layer 1501. Also illustrated is output mechanism 1530
and patient connector 1533 as previously described, and
attached to body 1510 via element 1531 which can be a
seal, gasket, or the like. Input mechanism 1520 and ad-
justment dial 163 can also be as previously described,
and can be connected to body 1510 via elements 1521
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and 1561, respectively. Elements 1521, 1561 may be
seals, gaskets, and the like similar to element 1531. Ad-
justment dial 163 shown rotates in a plane perpendicular
to main slider 1610 with narrowed end 1612, although it
can also rotate parallel, or in other orientations to main
slider 1610 as well in other embodiments. As described
in connection with FIG. 7 above, other volume adjusters
known in the art may be used as well.
[0102] Second portion 1608 of body 1510 includes
panels 1540A’, 1540B’, 1540C’, 1540F’, and 1540F"’ also
connected by movable structures 150. Also illustrated is
main slider 1610 which can include elements of main
shaft 610 and receiving shaft 620 as described in con-
nection with volume adjuster and volume restoring mech-
anism and FIGS. 7-8 above. Main slider 1610 movably
resides within main slider housing 1602. Element 810
shown is a spring, preferably a compression spring as
part of volume restoring mechanism as described in con-
nection with FIG. 8 above.
[0103] Also shown in FIG. 16 are side sliders 1600 con-
nected to panels 1540F, 1540F’ and panels 1540F",
1540F’" by movable structures 150, e.g., snap-fit hinges.
Side sliders 1600 movably reside within side slider hous-
ing 1604, and structurally stabilize the device 1500 during
actuation, as better illustrated in FIGS. 17-18 below.
[0104] FIG. 17A is a side view of device 1500 in an
uncompressed state with covering layer 1501 removed
for clarity. Shown are input mechanism 1520, output
mechanism 1530 with patient connector 1533 and PEEP
connector 1532, and panels 1540A, 1540A’, 1540C,
1540C’, 1540F and 1540F’ operably connected to adja-
cent panels by hinges 150 as previously described. FIG.
17B shows the device of FIG. 17A (with covering layer
1501) in a compressed state.
[0105] FIGS. 18A-B are top horizontal sectional views
of device 1500 in uncompressed and compressed states,
respectively. As shown (and perhaps better seen in
FIGS. 19A-B), side sliders 1600 move medially toward
each other as the device 1500 moves from the uncom-
pressed to the compressed state, while narrow end 1612
within main slider 1610 moves into slot 750 (and slot 750’,
not shown) of adjustment dial 163. Exertion of a com-
pressive force (e.g., by manual pressure on one or more
panels) on device 1500 will result in a buildup of force
within spring 810 (which is preferably a compression
spring in this embodiment) and result in restoring the
body 1510 back to an uncompressed state when the com-
pressive force is released.
[0106] FIG. 19A is a vertical sectional view of device
1500 through line 19A-19A of FIG. 18A. FIG. 19B is a
vertical sectional view of device 1500 through line
19B-19B of FIG. 18B. Shown are panels 1540A, 1540A’,
1540B, 1540B’, 1540C and 1540C’ operably connected
to adjacent panels by hinges 150 as previously de-
scribed. As noted above, as device 1500 moves from the
uncompressed (FIG. 19A) to the compressed (FIG. 19B)
state, narrow end 1612 of main slider 1610 will move into
slot 750 (and slot 750’, not shown) of adjustment dial

163. As will be readily appreciated by one of ordinary skill
in the art and described in connection with FIG. 7A above,
tidal volume delivered by device 1500 can be readily ad-
justed by actuating adjustment dial 163 in an appropriate
direction, thus changing to a different slot with a different
length and distance traveled by main shaft 610 from the
uncompressed to the compressed state.
[0107] FIGS. 20A-D illustrate a face mask 2000 that
can be used with a ventilation device, according to one
embodiment of the invention. A single face mask can
advantageously be adapted for both adult and pediatric
uses, obviating the need for two separate masks. As
shown in FIG. 20A, face mask 2000 includes an outer
portion 2004 and an inner portion 2002. The inner portion
2002 is most preferably a bi-stable cone configured to
move from a first stable position 2002 to a second stable
position 2002’. In doing so, the bi-stable cone 2002 is
displaced vertically, creating linear movement. In a pre-
ferred embodiment, the first stable position 2002 will al-
low the mask 2000 to generally fit over an adult airway
while the second stable position 2002’ will allow the mask
2000 to generally fit over a pediatric airway. The outer
diameter 2003 of cone 2002 is preferably substantially
circular, oval, or the like, although other possible shapes
for the outer diameter 2003 can also be readily envi-
sioned. The bi-stable cone also has an inlet portion 2006
that may interface with, for example, an outlet of a ven-
tilator or an oxygen line, such as patient port 1533.
[0108] Face mask 2000 can be transformed from an
first configuration for adult use to a second configuration
for pediatric use in the following manner. FIG. 20B illus-
trates a vertical sectional schematic view of face mask
2000 positioned over an adult patient’s face. Face mask
2000 is shown operably connected at inlet portion 2006
to connector 132 of outlet 130 of ventilation device 100.
A first length 2010 of mask 2000 that spans a length over
adult patient’s face is shown. To transform the mask 2000
for pediatric use, an operator can apply pressure to bi-sta-
ble cone 2000 to move cone 2000 from first stable posi-
tion 2002 (shown in phantom) to second stable position
2002’ as shown in FIG. 20C. Next, mask 2000 is turned
over as shown in FIG. 20D. Once turned over, mask 2000
has a second length 2008 that spans a length over pedi-
atric patient’s face as shown; second length 2008 is less
than first length 2010. One of ordinary skill in the art will
readily appreciate that the mask can also readily be trans-
formed from the pediatric configuration to the adult con-
figuration by performing the steps illustrated in reverse.
[0109] FIGS. 21A-C depict another face mask that can
be used with a ventilation device, according to one em-
bodiment of the invention. As shown in FIG. 21A, face
mask 2100 includes outer portion 2102, inner portion
2104, and inlet 2106. Outer portion 2102 and inner por-
tion 2104 are operably connected by seam 2108. Seam
is preferably made of a tear-away material configured to
facilitate tearing of inner portion 2104 from outer portion
2102. In some embodiments, the seam 2108 has thinned
walls or perforations to facilitate tearing. In other embod-
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iments, seam 2108 includes an adhesive material to fa-
cilitate tearing. Other tear-away materials known in the
art can also be utilized as well. FIG. 21B depicts mask
2100 situated on an adult patient. Face mask 2100 can
be transformed from an adult configuration 2100 to a
pediatric configuration 2100’ by separating (e.g., by pull-
ing apart) outer portion 2102 from inner portion 2104.
Pediatric configuration 2100’ and separated outer portion
2102 are shown in FIG. 21C. The masks described in
connection with FIGS. 21-22 can, for example, have a
length of no more than about 135mm, preferably between
about 115-135mm, and a width of no more than about
115mm, preferably between about 100-115mm in an
adult configuration of some mask embodiments. A pedi-
atric configuration can, for example, have a length of no
more than about 115mm, preferably between about
75-115mm, and a width of no more than about 100mm,
preferably between about 70-100mm.
[0110] FIGS. 22A-C illustrate an embodiment of a face
mask 2200 that is shaped and configured to create a
sealing surface extending generally (near dotted line
2206) from cephalad at the base of the nose 2202 near
the alar sidewalls to caudally under the mandible 2204
as shown. Conventional masks are generally configured
to create a sealing surface cephalad from the nasion to
caudal on the mandible. Application of mask 2200 can
advantageously create an improved sealing surface over
conventional masks, and thus improved ventilation of a
patient, especially when combined with a jaw thrust
maneuver as known in the art. In some embodiments,
the head-tilt chin-lift maneuver, as known in the art, can
be substituted for the jaw thrust maneuver. The jaw thrust
maneuver is typically performed on a supine patient by
kneeling down at the patient’s head and grasping the
posterior aspects of the mandible with the fingers of both
hands (with the thumbs at the chin) and lifting up. When
the mandible is displaced forward, it pulls the tongue for-
ward and prevents it from occluding the entrance to the
trachea, helping to ensure a patent airway. FIGS. 22B
and 22C illustrate different schematic perspective views
of mask 2200 on the patient. A jaw thrust can be per-
formed submandibularly by applying a force as shown
by arrow 2210.

Additional Ventilator Embodiments

[0111] FIGS. 23A-C are perspective views of a manu-
ally-operable ventilator 2300 with a "bow-tie"-like shape,
according to some embodiments of the invention. Venti-
lator 2300 includes top panel 2300A, bottom panel 2300B
(not shown), side panels 2300C and 2300D (with con-
tralateral panels 2300E and 2300F not shown), side tran-
sition zone panels 2300G and 2300H (with contralateral
panels 2300I and 2300J not shown), top transition zone
panels 2300K and 2300L, and bottom transition zone
panels 2300M and 2300N (not shown). Areas 2311,
2313, 2315, 2317 may be covered by supplemental tran-
sition zone panels as illustrated in FIGS. 26A-C or alter-

natively, a covering layer of skin alone. FIG. 23A illus-
trates an embodiment where the device is in a fully ex-
panded state; FIG. 23B shows an intermediate com-
pressed state, while FIG. 23C shows the fully com-
pressed state of the device.
[0112] As shown in FIGS. 23A-C, the ventilator 2300
has a first end 2304, a second end 2306, a first transition
zone 2308, a second transition zone 2310, and a central
zone 2312. As shown, when compressed, in FIGS.
23B-C the ventilator 2300 decreases in dimension 1-13
(in the transition zones 2308 and 2310) from the first end
2304 to the central zone 2312, and the second end 2306
to the central zone 2312. The central zone 2312 has a
generally constant radial dimension H2 from end to end
in the expanded position as well as in various stages of
compression in some embodiments. When compressed,
the ventilator 2300 increases radially in the difference
between dimension H1 and H2 (in the transition zone
2312) from the central panel 2300A to the outer edges
of both the first and second ends 2304 and 2306. The
aforementioned decrease and increase in radial dimen-
sion of the respective transition zones 2308 (decreasing
in radial dimension from dimension H1 at end panel 2304
to dimension H2 at start of central zone 2312) and 2310
(increasing in radial dimension from dimension H2 at end
of central zone 2312 to dimension H1 at end panel 2306).
This shape can be present in the device’s fully expanded
configuration, and accentuated when the device 2300 is
in its compressed configuration as in FIG. 23B and 23C.
In contrast to other embodiments, such as FIG. 15, the
central portion 2312 of device of FIGS. 23B can be "in-
verted" with respect to the two ends 2304, 2306, in other
words, the radial height H1 of the ends 2304, 2306 is
greater than the radial height H2 of the central portion
2312 of the device. This "inverted" configuration could
also occur in the device’s fully expanded configuration,
or the device could have a generally rectangular expand-
ed shape with a constant radial dimension from end panel
2304 to end panel 2306 when fully expanded. A "bow-
tie" like shape of the ventilator 2300 provides an advan-
tageous gripping surface for one-handed operation of the
device. This shape also helps to prevent an operator’s
hand from slipping off the device 2300 due to the rela-
tively larger radial height of the first and second ends
2304, 2306 of the device. The external surface area of
the transition zone 2308 that optionally does not include
a panel is covered only by the external skin layer. While
the skin is described in some embodiments as external
(e.g., on the outside of the panels), it will be appreciated
that the skin may be also in the same plane as the panels
(such as via overmolding), or even internal (e.g., in a
plane underneath the panels). End panels 2304, 2306 of
the ventilator 2300 displace within the H3 dimension
while supporting the movable panels 2300A-J. End pan-
els 2304, 2306 can have lengths of between about
10-100mm, such as between about 15-75mm, or
20-50mm in some embodiments, a width of between
about 80-110mm and a height of between about
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60-90mm in some embodiments.
[0113] FIGS. 24A-B are cut-away views of a ventilator
2302 similar to that illustrated in FIGS. 23A-B, with panel
2300C removed for clarity to show stabilizing side slider
2320 linked to movable connectors 2322 which are in
turn connected to panels 2300G and 2300H as shown.
Also illustrated is adjustment dial 2321 which may be as
previously described.
[0114] FIG. 25A is an exploded schematic view of the
panels 2300A-N of the ventilator 2300 illustrated in FIGS.
23A-B above, with additional supplemental transition
zone panels 2300O-2300V (panel 2300U not shown).
FIG. 25B schematically illustrates the device 2600 includ-
ing panels of FIG. 25A covered by, integrated in the same
plane with, or on top of a layer 2500 (also referred to as
a skin herein) to bridge gaps in between the panels and
create an airtight reservoir. In some embodiments, the
skin 2500 itself is flexible and can function as a hinge
between adjacent panels without a separate structural
hinge or other movable component to facilitate controlled
compression and expansion of the ventilator 2600. As
noted previously, the skin 2500 can be formed through
any method known in the art, such as spraying, molding,
mechanical assembly, adhesion, and the like. The skin
2500 can seal onto or overlap with the ends (not shown)
of the device 2600 to provide an airtight seal.
[0115] FIG. 25C illustrates schematically another em-
bodiment of a ventilator 2699 with panels as shown in
FIGS. 25A-B overlying a reservoir 2599, which may be
a conventional Ambu bag, bellows, or similar device in
some embodiments. Panels may be operably connected
by movable structures (not shown) such as living hinges
and/or a skin layer as previously described. Such an em-
bodiment can be advantageous in providing more con-
sistent volume delivery to the reservoir. Ventilator 2699
can include other features as previously described, such
as volume or frequency adjusters.
[0116] FIGS. 26A-C are perspective views of a select-
ed portion of ventilator 2600 similar to that of FIGS. 25A-B
illustrating supplemental transition zone panels 23000,
and 2300Q as illustrated (with contralateral panels
2300S, 2300T, 2300U and 2300V, and ipsilateral panels
2300P and 2300R not shown). Without supplemental
transition zone panels, transition zone 2310 would have
four total panels, 2300G and 2300K (with 23001 and
2300M not shown, also seen in, e.g., FIGS. 25A). Addi-
tion of one or more transition zone 2310 panels could
result in transition zone having at least about 5, 6, 7, 8,
or more panels, such as eight panels (transition zone
panels 2300G, 23001, 2300K, and 2300M as well as sup-
plemental transition zone panels 23000, 2300Q, 2300S,
and 2300U). Ventilator 2600, in some embodiments, can
have a state of compression or expansion in which pairs
of panels (e.g., 2300K and 2300M; 2300G and 2300I;
23000 and 2300V; and 2300R and 2300S) are substan-
tially coplanar to each other. Ventilator 2600 can have,
in some embodiments, at least 2, 3, 4, 5, 6, 7, 8, or more
pairs of panels that are substantially coplanar to each

other.
[0117] Supplemental transition zone panels
2300O-2300V can be triangular-shaped as illustrated, al-
though other shapes as well as a greater number of small-
er transition zone panels are also contemplated. For ex-
ample, panel 23000 could be split into at least two, three,
four, or more panels. The presence of additional supple-
mental panels 2300O-2300V in a ventilator 2302 as
shown can advantageously further decrease the varia-
bility of volume delivered from compression to compres-
sion, as shown schematically in FIGS. 26A-C, which il-
lustrate the configuration ofselected supplemental tran-
sition zone panels 23000 and 2300Q when compared
with a ventilator 2700 (with a non "bow-tie" like shape)
without the supplemental panels, where undesirable
"ballooning" of the skin over the area 2702 not covered
by a panel or panels can occur, as illustrated in FIGS.
27A-C, in progressively increasingly compressed states.
[0118] In some embodiments, the skin (also referred
to herein as a covering or sealing layer of the device)
covers all or substantially all of the external surface of
the device to ensure that the volume of the device is
sealed. As noted above, a skin layer "covering" as de-
fined herein need not necessarily be over the panels and
could be also in the same plane as, or beneath the panels
in certain embodiments. The skin also covers the external
surface of the ventilator where there is no rigid panel
below the skin (e.g., in embodiments without supplemen-
tal panels in the transition zone of the skin, as illustrated
in FIG. 26A-C). In addition, in some embodiments, as
shown in FIGS. 28A-C, the ventilator 2800 includes a
skin layer 2340 has one or more small areas of redundant
skin, also referred to herein as elongate folds 2342A,
23428, 2342C in between at least some panels, e.g., fold
2342A between 2300K and end panel 2306; fold 2342B
between end panel 2304 and panel 2300L; and fold
2342C in between panels 2300C and 2300D as shown
that can deform, such as in a radially outward direction,
during compression of the device. The slightly slack or
flaccid skin area created by the elongate folds 2342 can
advantageously reduce strain on surrounding skin areas
and thus prevent undesirable deformation, aneurysm for-
mation, or rupture of the skin surrounding folds 2342
which can affect the consistency of delivered volumes
from compression to compression. In some embodi-
ments, an elongate skin fold 2342 may have a radial di-
mension 2350 (that is, maximal linear distance from the
fold 2342 to the underlying panel) of no more than about
70mm, 60mm, 50mm, 40mm, 30mm, 20mm, or less. In
some embodiments, the surface area of the redundant
skin is no more than about 10%, 7%, 5%, 3% or less of
the entire surface area of the device. Line 28B-28B rep-
resents a vertical cross-section through the ventilator
2800 in an expanded position illustrated in FIG. 28B,
showing folds 2342A and 2342C, as well as fold 2342D
which is contralateral to fold 2342C and not shown in
FIG. 28A. Panels 2342A, 2342C, and 2342D are also
labeled for reference. FIG. 28C illustrates the deforma-
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tion of fold 2342C as a result of compression of the ven-
tilator 2800.
[0119] Figure 29A is a partial perspective schematic
illustrating the geometry of axes of rotation of selected
panels of a mechanically-operable ventilator, according
to some embodiments of the invention. Shown are axes
A 1 and A5 that panel 2300G rotates around. Axis A1
intersects axes A2 and A3 as shown. Axis A5 intersects
axis A4. Panel 2300K rotates around axis A2, and panel
2300M (not shown) rotates around axis A3. Panels
2300C and 2300D rotate around axis A4. Axes A1 and
A5 can be orthogonal to axis A4, as well as axes A2 and
A3 as shown, or intersect at other angles. In some em-
bodiments, one or more panels can rotate around an axis
that intersects an axis of one or more other panels at an
angle of no more than about 90, 80, 70, 60, 50, 40, 30,
20, or 10 degrees. In the same or other embodiments,
one or more panels can rotate around an axis that inter-
sects an axis of one or more other panels at an angle of
at least about 90, 100, 110, 120, 130, 140, 150, 160, 170,
or more degrees. One or more panels can rotate around
an axis that intersects at least 1, 2, 3, 4, 5, 6, 7, 8, or
more axes that one or more other panels rotate around.
[0120] Figure 30A shows a Positive End Expiratory
Pressure (PEEP) valve 2400 operably connected to a
port on a ventilator, according to one embodiment of the
invention. Valve 2400 can be integrally formed with or
otherwise connected to the device. Figure 30B shows a
side view of the valve 2400. Control, which may be a
knob as shown 2400A that may be configured for con-
tinuous or stepwise adjustment, is used to select the pres-
sure setting of the valve 2400. Control 2400A can be
transparent in some embodiments so that the pressure
increments or other indicia on internal housing 2400B
are visible at all positions of the control 2400A. Control
2400A can include a translucent portion 2400C that out-
lines a first selected pressure setting. The translucent
section 2400C can be a simple outline, a window, or any
other means of highlighting a pressure setting that will
be appreciated by those skilled in the art. Knob 2400A
is assembled to internal housing 2400B via a thread or
other connector. Dependent on the direction of rotation,
knob 2400A displaces in a linear direction along internal
housing 2400B. An internal detent (not shown) provides
a force that must be overcome to change the desired
pressure setting. The internal detent includes a flexible
plastic arm, a spring loaded stop, or similar mechanism.
Figure 30C shows knob 2400A after it has been rotated
and displaced to a second selected pressure setting dif-
ferent from that shown in Figure 30B.
[0121] While the present invention has been described
herein with respect to the exemplary embodiments and
the best mode for practicing the invention, it will be ap-
parent to one of ordinary skill in the art that many modi-
fications, improvements and subcombinations of the var-
ious embodiments, adaptations and variations can be
made to the invention without departing from the scope
of the claims. For all of the embodiments described

above, the steps of the methods of use need not be per-
formed sequentially.

Claims

1. A manually operable volume-adjustable ventilation
device (2300), comprising:

a reservoir with an inlet mechanism (120), an
outlet mechanism (130), and a volume adjuster
(2321) configured to move a volume adjustment
limit of the reservoir and change an expressed
maximum volume of the reservoir;
wherein said reservoir comprises a body (110)
having a plurality of movable rigid walls (2300A
to N) defining an enclosed volume; wherein said
reservoir has an uncompressed state and a fully
compressed state; wherein said walls (2300A to
N) are movable with respect to each other, such
that moving said walls (2300A to N) expresses
the volume adjustment limit of the reservoir;
wherein said walls (2300A to N) are operably
connected by movable structures;
wherein
the body comprises a first end (2304), a second
end (2306), a central portion (2312), a first tran-
sition zone (2308) between the first end (2304)
and the central portion (2312), and a second
transition zone (2310) between the central por-
tion (2312) and the second end (2306); charac-
terised in that the body in its fully compressed
state decreases in a height dimension (H3) in
the first transition zone (2308) between a first
point on the first end (2304) to a first point on
the central portion (2312), and then increases
in height from a second point on the first end
(2304) to a second point on the central portion
(2312) in the first transition zone (2308) to the
first end (2304); wherein the body decreases in
height in the second transition zone (2310) be-
tween a first point on the second end (2306) to
a third point on the central portion (2312), and
then increases in height from a second point on
the second end (2306) to a fourth point on the
central portion (2312) in the second transition
zone (2310) to the second end.

2. The device of Claim 1, further comprising a sealing
layer operably connected with the body of the res-
ervoir of the device.

3. The device of Claim 1, wherein the sealing layer com-
prises a plurality of redundant folds between at least
some of the adjacent movable walls (2300A to N).

4. The device of Claim 1, wherein the device has a con-
figuration where the first transition zone (2308) com-
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prises at least four substantially coplanar pairs of
movable walls (2300H, J, L, N).

5. The device of Claim 1, wherein said movable struc-
tures are configured such that two adjacent walls
(2300C, K) are configured to rotate around substan-
tially orthogonal axes with respect to each other
when the reservoir moves from an uncompressed to
a compressed state.

6. The device of Claim 1, wherein a movable wall ro-
tates around an axis that intersects one or more axes
that one or more panels rotate around.

7. The device of Claim 1, further comprising a pressure
valve (2400) having a control to adjust a pressure
setting of the device, wherein the control comprises
indicia (2400C) to view a selected pressure setting
selected.

8. The device of Claim 1, wherein the first transition
zone (2308) has at least four movable walls (2308
H, J, L, N).

9. The device of Claim 1, wherein the first transition
zone (2308) has at least eight movable walls.

10. The device of Claim 1, wherein the movable struc-
tures are hinges.

11. The device of Claim 1, wherein the movable struc-
tures and the movable walls (2300A to N) are co-
molded together.

12. The device of Claim 1, further comprising a covering
layer over the body of the reservoir of the device.

13. The device of Claim 1, wherein the device is config-
ured such that applying a force to at least one of the
walls (2300A to N) of the reservoir will result in the
reservoir moving from the uncompressed state to a
fully compressed state.

14. The device of Claim 1, wherein the device is config-
ured such that an expressed volume of the device
for a given adjustment limit is consistently no more
than about 10cc of a disclosed volume setting on the
volume adjuster from compression to compression
for a given force of compression and airway resist-
ance of a patient.

15. The device of Claim 1, further comprising a volume
restoring mechanism to restore said reservoir from
said compressed state to said uncompressed state.

Patentansprüche

1. Manuell betätigbare volumeneinstellbare Belüf-
tungsvorrichtung (2300), die umfasst:

einen Vorratsbehälter mit einem Einlassmecha-
nismus (120), einem Auslassmechanismus
(130) und einer Volumeneinstelleinrichtung
(2321), die aufgebaut ist, um eine. Volumenein-
stellgrenze des Vorratsbehälters zu verschie-
ben und ein angegebenes Volumen des Vor-
ratsbehälters zu ändern;
wobei der Vorratsbehälter einen Körper (110)
mit einer Vielzahl beweglicher starrer Wände
(2300A bis N) umfasst, die ein eingeschlosse-
nes Volumen definieren; wobei der Vorratsbe-
hälter einen unkomprimierten Zustand und ei-
nen vollständig komprimierten Zustand hat; wo-
bei die Wände (2300A bis N) in Bezug aufein-
ander beweglich sind, so dass durch Bewegen
der Wände (2300A bis N) die Volumeneinstell-
grenze des Vorratsbehälters angegeben wird;
wobei die Wände (2300A bis N) durch bewegli-
che Strukturen betriebsfähig verbunden sind;
wobei
der Körper ein erstes Ende (2304), ein zweites
Ende (2306), einen mittleren Abschnitt (3212),
eine erste Übergangszone (2308) zwischen
dem ersten Ende (2304) und dem mittleren Ab-
schnitt (2312) und eine zweite Übergangszone
(2310) zwischen dem mittleren Abschnitt (2312)
und dem zweiten Ende (2306) umfasst; da-
durch gekennzeichnet, dass der Körper in sei-
nem vollständig komprimierten Zustand sich in
einer Höhenabmessung (H3) in der ersten Über-
gangszone (2308) zwischen einem ersten Punkt
auf dem ersten Ende (2304) und einem ersten
Punkt auf dem mittleren Abschnitt (2312) ver-
kleinert und sich dann in der Höhe von einem
zweiten Punkt auf dem ersten Ende (2304) zu
einem zweiten Punkt auf dem mittleren Ab-
schnitt (2312) in der ersten Übergangszone
(2308) zu dem ersten Ende (2304) vergrößert;
wobei der Körper sich in der Höhe in der zweiten
Übergangszone (2310) zwischen einem ersten
Punkt auf dem zweiten Ende (2306) zu einem
dritten Punkt auf dem mittleren Abschnitt (2312)
verkleinert und sich dann in der Höhe von einem
zweiten Punkt auf dem zweiten Ende (2306) zu
einem vierten Punkt auf dem mittleren Abschnitt
(2312) in der zweiten Übergangszone (2310) zu
dem zweiten Ende vergrößert.

2. Vorrichtung nach Anspruch 1, die ferner eine Ver-
siegelungsschicht umfasst, die betriebsfähig mit
dem Körper des Vorratsbehälters der Vorrichtung
verbunden ist.
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3. Vorrichtung nach Anspruch 1, wobei die Versiege-
lungsschicht eine Vielzahl redundanter Faltungen
zwischen wenigstens einigen der benachbarten be-
weglichen Wände (2300A bis N) umfasst.

4. Vorrichtung nach Anspruch 1, wobei die Vorrichtung
einen Aufbau hat, in dem die erste Übergangszone
(2308) wenigstens vier im Wesentlichen koplanare
Paare von beweglichen Wänden (2300H, J, L, N)
umfasst.

5. Vorrichtung nach Anspruch 1, wobei die bewegli-
chen Strukturen derart aufgebaut sind, dass zwei
benachbarte Wände (2300C, K) derart aufgebaut
sind, dass sie sich um im Wesentlichen in Bezug
aufeinander orthogonale Achsen drehen, wenn der
Vorratsbehälter sich von einem unkomprimierten
Zustand in einen komprimierten Zustand verschiebt.

6. Vorrichtung nach Anspruch 1, wobei sich eine be-
wegliche Wand um eine Achse dreht, die sich mit
einer oder mehreren Achsen, um welche die eine
oder mehreren Platten sich drehen, schneidet.

7. Vorrichtung nach Anspruch 1, die ferner ein Druck-
ventil (2400) mit einer Steuerung zum Einstellen ei-
ner Druckeinstellung der Vorrichtung umfasst, wobei
die Steuerung Markierungen (2400C) umfasst, um
eine ausgewählte Druckeinstellung, die ausgewählt
ist, zu betrachten.

8. Vorrichtung nach Anspruch 1, wobei die erste Über-
gangzone (2308) wenigstens vier bewegliche Wän-
de (2308 H, J, L, N) hat.

9. Vorrichtung nach Anspruch 1, wobei die erste Über-
gangszone (2308) wenigstens acht bewegliche
Wände hat.

10. Vorrichtung nach Anspruch 1, wobei die bewegli-
chen Strukturen Scharniere bzw. Gelenke sind.

11. Vorrichtung nach Anspruch 1, wobei die bewegli-
chen Strukturen und die beweglichen Wände
(2300A bis N) zusammen geformt werden.

12. Vorrichtung nach Anspruch 1, die ferner eine Über-
zugschicht über dem Körper des Vorratsgefäßes der
Vorrichtung umfasst.

13. Vorrichtung nach Anspruch 1, wobei die Vorrichtung
derart aufgebaut ist, dass das Anwenden einer Kraft
auf wenigstens eine der Wände (2300A bis N) des
Vorratsbehälters dazu führt, dass der Vorratsbehäl-
ter sich von dem unkomprimierten Zustand in einen
vollständig komprimierten Zustand bewegt.

14. Vorrichtung nach Anspruch 1, wobei die Vorrichtung

derart aufgebaut ist, dass ein angegebenes Volu-
men der Vorrichtung für eine gegebene Einstellgren-
ze von Kompression zu Kompression mit einer ge-
gebenen Kompressionskraft und dem Atemwegswi-
derstand eines Patienten einheitlich nicht mehr als
etwa 10 cc einer ausgewiesenen Volumeneinstel-
lung auf der Volumeneinstelleinrichtung ist.

15. Vorrichtung nach Anspruch 1, die ferner einen Wie-
derherstellungsmechanismus zum Wiederherstel-
len des Vorratsbehälters aus dem komprimierten Zu-
stand in den unkomprimierten Zustand umfasst.

Revendications

1. Dispositif de ventilation réglable en volume, pouvant
être opéré manuellement (2300) comprenant :

un réservoir avec un mécanisme d’entrée (120),
un mécanisme de sortie (130) et un dispositif de
réglage de volume (2321) configuré pour dépla-
cer une limite de réglage de volume du réservoir
et changer un volume maximal exprimé du
réservoir ;
dans lequel ledit réservoir comprend un corps
(110) ayant une pluralité de parois rigides mo-
biles (2300A à N) définissant un volume
renfermé ; dans lequel ledit réservoir a un état
non comprimé et un état entièrement
comprimé ; dans lequel lesdites parois (2300A
à N) sont mobiles les unes par rapport aux autres
de sorte que déplacer lesdites parois (2300A à
N) exprime la limite de réglage de volume du
réservoir ; dans lequel lesdites parois (2300A à
N) sont connectées de manière opérationnelle
par des structures mobiles ;
dans lequel
le corps comprend une première extrémité
(2304), une seconde extrémité (2306), une por-
tion centrale (2312), une première zone de tran-
sition (2308) entre la première extrémité (2304)
et la portion centrale (2312), et une seconde zo-
ne de transition (2310) entre la portion centrale
(2312) et la seconde extrémité (2306) ; carac-
térisé en ce que le corps diminue dans son état
entièrement comprimé dans une dimension de
hauteur (H3) dans la première zone de transition
(2308) entre un premier point sur la première
extrémité (2304) vers un premier point sur la por-
tion centrale (2312), puis augmente en hauteur
d’un deuxième point sur la première extrémité
(2304) à un deuxième point sur la portion cen-
trale (2312) dans la première zone de transition
(2308) vers la première extrémité (2304) ;
dans lequel le corps diminue en hauteur dans
la seconde zone de transition (2310) entre un
premier point sur la seconde extrémité (2306)
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vers un troisième point sur la portion centrale
(2312), puis augmente en hauteur d’un deuxiè-
me point sur la seconde extrémité (2306) à un
quatrième point sur la portion centrale (2312)
dans la seconde zone de transition (2308) vers
la seconde extrémité.

2. Dispositif selon la revendication 1, comprenant en
outre une couche d’étanchéité connectée de maniè-
re opérationnelle au corps du réservoir du dispositif.

3. Dispositif selon la revendication 1, dans lequel la
couche d’étanchéité comprend une pluralité de plis
redondants entre au moins certaines des parois mo-
biles adjacentes (2300A à N).

4. Dispositif selon la revendication 1, dans lequel le dis-
positif a une configuration où la première zone de
transition (2308) comprend au moins quatre paires
essentiellement coplanaires de parois mobiles
(2300H, J, L, N).

5. Dispositif selon la revendication 1, dans lequel les-
dites structures mobiles sont configurées de sorte
que deux parois adjacentes (2300C, K) sont confi-
gurées pour tourner autour d’axes essentiellement
orthogonaux l’un par rapport à l’autre lorsque le ré-
servoir se déplace d’un état non comprimé à un état
comprimé.

6. Dispositif selon la revendication 1, dans lequel une
paroi mobile tourne autour d’un axe qui coupe un ou
plusieurs axes autour desquels un ou plusieurs pan-
neaux tournent.

7. Dispositif selon la revendication 1, comprenant en
outre une soupape de compression (2400) ayant une
commande pour régler un réglage de pression du
dispositif, dans lequel la commande comprend des
indices (2400C) pour visualiser un réglage de pres-
sion sélectionné qui a été sélectionné.

8. Dispositif selon la revendication 1, dans lequel la pre-
mière zone de transition (2308) a au moins quatre
parois mobiles (2308 H, J, L, N).

9. Dispositif selon la revendication 1, dans lequel la pre-
mière zone de transition (2308) a au moins huit pa-
rois mobiles.

10. Dispositif selon la revendication 1, dans lequel les
structures mobiles sont des charnières.

11. Dispositif selon la revendication 1, dans lequel les
structures mobiles et les parois mobiles (2300A à N)
sont co-moulées ensemble.

12. Dispositif selon la revendication 1, comprenant en

outre une couche de recouvrement sur le corps du
réservoir du dispositif.

13. Dispositif selon la revendication 1, dans lequel le dis-
positif est configuré de sorte que l’application d’une
force à au moins une des parois (2300A à N) du
réservoir conduira au déplacement du réservoir de
l’état non comprimé à un état entièrement comprimé.

14. Dispositif selon la revendication 1, dans lequel le dis-
positif est configuré de sorte qu’un volume exprimé
du dispositif pour une limite de réglage donnée ne
dépasse pas de manière stable environ 10 cm3 d’un
réglage de volume divulgué sur le dispositif de ré-
glage de volume de la compression à la compression
pour une force donnée de compression et de résis-
tance des voies respiratoires d’un patient.

15. Dispositif selon la revendication 1, comprenant en
outre un mécanisme de restauration de volume pour
restaurer ledit réservoir dudit état comprimé audit
état non comprimé.
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