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INFANT HEADGEAR FOR SUPPORTING
A PATIENT AIRWAY INTERFACE DEVICE

Background of the Invention

The present invention relates to headgear for use with an airway ‘interface device or
system. More particularly, it relates to headgear applied to an infant’s head for supporting
component(s) of an airway interface device or system, such as a patient interface portion of an

infant nasal continuous positive airway pressure (nCPAP) system.

A variety of different therapies are delivered to a patient via the patient’s nasal airways,
such as delivery of breathable gases (e.g., oxygén). As another example, CPAP therapy has been
employed for many years to treat patients experiencing respiratory difficulties and/or
insufficiencies. In general terms, CPAP therapy entails the continuous transmission of positive
pressure into the lungs of a spontaneously breathing patient throughout the respiratory cycle.
More recently, CPAP therapy has been advanced as béing useful in assisting patients with under-
developed lungs (in particular, infants and especially premature infants or neon‘ates) by

preventing lung collapse during exhalation and assisting lung expansion during inhalation.

With these and other treatments, it is necessary to attach or secure one or more
components to the patient’s head. For example, air supply and/or exhaust tube(s) must be

connected to the patient’s airways and in turn, secured to the patient’s head so as to not easily

.dislodge once connected. Typically, the supply tube(s) terminate in a conventional airway

interface apparatus, such as a mask, nasal prongs, endotracheal tube, etc. With this approach, the
interface apparatus is itself secured to the patient, such as by an elastic strap extending around a
crown of the patient’s head. With certain therapies, components in addition to the interface piece
(e.g., mask or nasal prongs) must be secured relative to the patient. Certain CPAP formats, and
in particular nasal CPAP (or “nCPAP”) systems, include not only the patient interface piece
(otherwise adapted to interface with the patient’s nasal airways) but also a CPAP generator
adapted to create or generate a continuous positive airway pressure as well as various tubes
extending to and from the CPAP generator. It is preferred that the CPAP generator be positioned

in highly close proximity to the patient interface piece. As a result, the CPAP generator must be
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supported relative to the patient, along with the tube(s) extending to and from the generator.

Other respiratory therapy systems have similar requirements.

In light of the above, a variety of different headgears have been de'veloped for mounting
and supporting the airway interface component(s) to a patient’s head. As a general statement,
headgear design efforts have been premised upon the perceived needs of adult patients. Adult
patients oftentimes sit or stand upright when receiving the therapy in question, such that a
majority of the airway interface component(s) is not located on (i.e., directly supported by) the
patient’s head. In fact, many adult airway interface headgears are concerned with maximizing
mobility of the patient while wearing the device. To this end, it is common for adult headgear to
be tightly strapped about the patient’s head, and in particular about a crown of the patient’s head.
While patient comfort is desired, virtually no concern is given to possible trauma caused by
pressure points created on the patient’s head by the headgear once applied. An adult cranium is
not readily damaged by the pressure associated with an even tightly strapped headgear, and the
skin of an adult patient’s head will typically not be damaged under normal conditions.

Unfortunately, for other classes of patients, these factors cannot be dismissed.

Infants (especially premature infants or mneonates) are particularly ill-suited for
conventional airway interface headgear. Because an infant patient will not be upright, the airway
interface device must be supported on or by the infant’s head or face. Where the airway
interface device entails more than a simple interface piece (e.g., CPAP generator and associated
tubing in addition to a mask or nasal prongs), this presents a fairly significant design constraint,
particularly in light of the relatively small surface area of an infant’s head. In addition, infants
are highly susceptible to pain and even long-term trauma when subjected to even a minor level
of focused pressure. For example, headgear that generates a small, localized force can cause
pressure sores and- even necrosis on the infant’s skin; under either conditibn, the infant’s
inherently low tolerance to pain will result in a strong resistance to wearing the headgear for
even short periods. Further, an infant’s skull is acutely underdeveloped and quite malleable. As

such, headgear-related pressure points can cause positionable head molding.

In recognition of the above, some efforts have been made to design airway interface
headgear adapted to better meet the needs of infant patients. The common approach for reducing

pressure points on the infant’s head is to employ a bonnet-like configuration that otherwise
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serves as the primary means of attachment. The bonnet fits over the infant patient’s head and, in
theory, evenly distributes pressure about the head. The bonnet typically forms one or more
openings through which straps extending from the airway interface component(s) are threaded.
While viable, the bonnet-type approach has several possible deficiencies. A size of the bonnet
cannot be adjusted; as such, a hospital or other caregiver facility must maintain a large inventory
of differently-sized headgears to accommodate different patients. Along these same lines, it may
be difficult to consistently select the best-sized headgear for a particular patient. Further, due to
the enclosed nature of the bonnet, application of the bonnet-type headgear to an infant patient
often requires more than one caregiver. Similarly, assembly of the airway interface
component(s) to the bonnet (e.g., threading the airway interface straps to the bonnet) can be a
difficult and time-consuming task. Also, the bonnet, by design, covers nearly an entirety of the
infant’s head. For many infant patients, therapies in addition to the respiratory therapy in
question are required, and are performed through the head (e.g., intravenous therapies delivered
through a vein in the patient’s head). Under these circumstances, the bonnet preéents a distinct

impediment and will required caregiver modification.

In light of the above, a substantial need exists for an improved airway interface headgear
designed for use with infants. The headgear can be employed with a variety of airway-related

therapy systems, for example nCPAP systems.

Summary of the Invention

Some aspects in accordance with principles of the present invention relate to a headgear
for securing a patient interface device to a patient’s head, such as an infant patient’s head. The
headgear is tfansitionable from a flat state to a wrapped state when applied to the patient’s head
and includes a central body, first and second forehead straps, and first and second lower straps.
The central body defines, in the flat state, a top portion terminating in a top end and a bottom-
portion terminating in a bottom end. The central body is adapted to be positionable at a rear of
the patient’s head whereby the bottom portion is adjacent an occipital bone of the patient’s head.
The first and second forehead straps extend from Opposité sides, respectively, of the central
body. Each forehead strap includes or defines a trailing segment and a leading segment. The
trailing segment extends from the central body, whereas the leading segment extends from the
trailing segment. In the flat state, the trailing segment extends in a first spatial direction and the
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leading segment extends in a second spatial direction, with the second direction being different
from the first direction. Finally, the first and second lower straps extend from opposite sides,
respectively, of the central body and are laterally spaced from a corresponding one of the
forehead straps in a direction opposite the top end of the central body. With this configuration,
the headgear can be wrapped about a patient’s head, with the central body and the forehead
straps establishing a primary line of attachment from immediately below the occipital region
(e.g., a nape of the neck) of the patient’s head to the patient’s forehead. In one embodiment, the
headgear is configured to such that in the wrapped state, the top portion conforms to a curvature
of a rear of the patient’s head, thus minimizing possible pressure points and/or positionable head
molding. In other embodiments, the headgear includes a vertical strap extending from the top

end of the central body.

Yet other aspects in acco;'dance with principles of the present invention relate to a
headgear for securing a patieﬂt interface device to a patient’s head, such as an infant patient’s
head. The headgear is transitionable from a flat state to a wrapped state when applied to the
patient’s head, and includes a central body, first and second forehead straps, and first and second
lower straps. The central body defines a top portion terminating in a top end and a bottom
portion terminating in a bottom end. The central body is sized and adapted to be positionable at
a rear of a patient’s head such that in the wrapped state, the bottom portion is adjacent an
occipital bone of the patient’s head and the top portion does not extend around the patient’s head.
The forehead straps extend from opposite sides, respectively, of the central body, and are sized
and adapted to be positionable across a forehead of the patient’s head in the wrapped state. The
first and second lower straps extend from opposite sides, respectively, of the central body, and
are laterally spaced from a corresponding one of the forchead straps. Further, the lower straps
are sized and adapted to be positionable adjacent an upper lip of the patient’s head in the
wrapped state. With the above in mind, the headgear is sized and adapted such that when
applied to a patient’s head in the wrapped stated, portion(s) the patient’s cranium remains
exposed. In one embodiment, the central body is sized and adapted to cover the patient’s ears

and match the contours of a rear of the patient’s head in the wrapped state.

Yet other aspects in accordance with principles of the present invention relate to a

combination headgear and patient interface device. The patiént interface device includes a nasal
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piece for directly fluidly interfacing with nares c;f an infant patient. The headgear includes a
central body, first and second forehead straps, and first and second lower straps. The headgear is
transitionable from a flat state to a wrapped stated when épplied to a patient’s heéd, and is
configured to support the nasal piece relative to the patient’s head in the wrapped state. With
this in mind, the central body defines a top portion terminating in a top end and a bottom portion

terminating in a bottom end. The central body is adapted to be positionable at a rear of a

- patient’s head whereby the bottom portion is at a nape of a neck of the patient’s head. The

forehead straps extend from opposite sides of the central body, respectively, with each forehead
strap including a tra;iling segment extending from the central body in a first direction and a’
leading segment extending from the trailing segment in a second direction. The first and second
lower straps extend from opposite sidés of the central body, respectively, and are laterally spaced
from a corresponding one of the forehead straps. With this in mind, the patient interface device
and the headgear are adapted such that when épplied to a patient’s head, the forehead straps and
the central body secure the headgear to the patient, and the lower straps secure the nasal piece to
the headgear. In one embodiment, the patient interface device further includes a support block
maintaining a plurality of tubes, and further wherein the headgear is adapted to support the

support block relative to the patient’s forehead in the wrapped state.

Brief Descrip' tion of the Drawings

FIG. 1 is a top plan view of a headgear in accordance with principles of the pre'sént

invention;
FIGS. 2A - 2C illustrate application of the headgear to an infant patient; and

FIG. 3 illustrates the headgear of FIG. 1 in combination with one embodiment patient

airway interface device in accordance with principles of the present invention.
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Detailed Description of the Invention

One embodiment of a headgear 20 in accordance with principles of the present invention
for use with a patient airway interface system is shown in FIG. 1. As a point of reference, the
headgear 20 is adapted to be transitionable from a'flat or two-dimensional state (as shown in
FIG. 1) to a wrapped or three-dimensional state (shown, for example, in FIGS. 2A-2C) when
applied to a patient’s head, and is, in one embodiment, adapted and sized for use with an infant
(e.g., pre-mature infant or neonate). As a point of reference, FIG. 1 illustrates an interior surface
21 (referenced generally) of the headgear 20 (i.e., the side or surface of the headgear 20 intended
to contact the patient’s head). With this in mind, and relative to the flat state of FIG. 1, the
headgear 20 includes a central body 22, first and second forehead straps 24, 26, first and second
lower straps 28, 30, and a vertical strap 32. Details on the various components are provided
below. In general terms, however, the forehead straps 24, 26 extend from opposite sides,

respectively, of the central body 22, as do the lower straps 28, 30. The lower straps 28, 30 are

-laterally spaced from a corresponding one of the forehead straps 24, 26. The vertical strap 32

extends from a top of the central body 22. When applying the headgear 20 to a patient’s head,
the central body 22 is placed at a rear of the patient’s head. The headgear 20 is transitioned to
the wrapped state whereby the forehead straps 24, 26 wrap about the patient’s forehead and
maintain the vertical strap 32 that is otherwise disposed sagitally across the patient’s head.
Finally, the lower straps 28, 30 extend toward an upper lip of the patient’s head, and serve to
secure an airway interface component (not shown) to the headgear 20. In the wrapped state, the
central body 22 conforms and supports a rear of the patient’s head, yet the headgear 20 as a

whole does not encompass an entirety of the cranium.

The central body 22 is, in one embodiment, generally sized in accordance with an
expected head circumference of a range of infant patients, and in particular to not extend around
a top of an infant patient’s head. In other words, the central body 22 is not a bonnet. With this
in mind, the central body 22 generally defines a top portion 40 and a bottom portion 42. As a
point of reference, directional terminology as used throughout this specification, such as “top,”
“bottom,” “upper,” “lower,” etc., are with reference to the particular view being discussed and is
in no way limiting. The top portion 40 terminates in a top end 44 (referenced generally),

whereas the bottom portion 42 terminates in a bottom end 46. First and second opposing sides
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" 48, 50 extend between the top end 44 and the bottom end 46, with the sides 48, 50 being more

clearly identifiable along at least a portion of the top portion 40. In recognition of a spatial
orientation of the headgear 20 when applied to a patient’s head, the central body 22 can be

characterized as generally defining a sagittal mid-line SM and coronal mid-line CM.

As will be made more clear below, the central body 22 can assume a variety of sizes most
appropriate for a particular range of patients. In more general terms, however, the top portion 40
is sized to wrap about or support the occipital .bone and surrounding regions (e.g., skull plates,
bones, etc.), whereas the lower portion 42 is sized to engage a nape of the neck (i.e., that portion
of the patient’s head immediately inferior the occipital bone). In this regard, in one embodiment,
the top portion 40 tapers in width from the bottom portion 42 to the top end 44, with a perimeter
thereof (i.e., the opposing sides 48, 50 along the top portion 42) defining a curvature. This
tapered, curved configuration ensures that a majority of the patient’s skull remains exposed upon
application of the headgear 20 (i.e., the central body 22 does not encompass or cover a majority
of the patient’s cranium). However, the top portion 40 provides sufficient surface area to
encompass or cover a rear portion of the patient’s head. For infant patients, this is of great
benefit as the infant’s head will be laying on top of the central body 22 durihg use, such that
were the top portion 40 not provided, various pressure point(s) would likely be created against
the infant’s head; further, the occipital bone of the infant’s head would be unsupported and
project into possible contact with other surfaces, possibly leading to positionable head molding.
The top portion 40 minimizes opportunities for these and other possible problems, effectively
creating a three-dimensional cupping about the rear portion of the patient’s head. As described
below, other features in accordance with some embodiments combine with the curvature of the
opposing sides 48, 50 to ensure that when wrapped or cupped about the rear portion of the
patient’s head, the top portion 40 material does not overtly buckle, but instead conforms to the

natural rear head contour.

In one embodiment, the top portion 40 forms first and second openings 60, 62 that
facilitate movement of a patient’s head in a z-direction (i.e., into and out of the plane of FIG. 1),
along with cupping of the top portion about the patient’s head in the z-direction as described
above. The openings 60, 62 can assume a variety of shapes and sizes, and_in one embodiment

are teardrop or kidney bean-shaped as shown, and have a convex perimeter shape relative to the
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sagittal mid-line SM of the headgear 20 (and thus relative to a patient’s head upon applicatidn of
the headgear 20). Along these same lines, the opening 60, 62 are preferably symmetric relative
to the mid-line M. While the openings 60, 62 project, in one embodiment, through an entire
thickness of the central body 22, in alternative embodiments, the openings 60, 62 are defined as
recesses from an interior surface (shown in FIG. 1) of the central body 22 (and thus do not
extend through an entirety of the central body 22 thickness). Further, the first and second
openings 60, 62 can assume a variety of other shapes, and more or less than two of the openingé
60, 62 can be formed. For example, in one alternative embodiment, a single, enlarged opening is
provided in the top portion 40. In other embodiments, one or both of the openings 60, 62 can be
eliminated. Where provided, however, the openings 60, 62 are preferably spaced from the
sagittal mid-line such that when a rear of a patient’s head is wr.apped within the top portion 40,

sufficient material surface area is provided to support the patient’s head relative to a surface on

“which the patient is lying.

To assist in wrapping the central i)ody 22 about a rear of the patient’s head, in one
embodiment the top portion 40 further forms a plurality of slits 64 (referenced generally). The
slits 64 are generally horizontally disposed (i.e., generally perpendicular to the mid-line M), and
are centrally positioned between the opening 60, 62. Any number of the slits 64 can be provided
(i.e., more or less than the three slits 64 illustrated in FIG. 1), and can be spatially oriented in
directions different from that shown. To this end, in one alternative ;:mbodiment, a multiplicity
of closely spaced slits 64 are formed, extending in different spatial directions and combining to
define a webbing that collectively replaces the openings 60, 62. However, with the one
embodiment shown, the slits 64 include first-fourth slits 64a-64d. The first slit 64a constitutes an
inferior-most slit and, as made clear below, will be positioned at or immediately adjacent the
patient’s occipital bone during use. With this in mind, in one embodiment, the first slit 64a has a
wavy or scalloped-like shape so as to distribute any pressure points along an enlarged surface
area. Further, the third and fourth slits 64c, 64d are generally convex in shape relative to the
coronal mid-line CM (and thus relative to the occipital bone of the patient’s head during use) to
minimize or eliminate possible pressure points, as well as to promote cupping or three-
dimensional curving of the top portion 40 about a rear of the patient’s head as previously
described. Altematively, the slits 64 can assume a variety of other forms and, in'alternative

embodiments, can be eliminated.
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The bottom portion 42 extends inferiorly from the top portion 40, increasing in width to
the bottom end 46 as shown. As a point of reference, while the top and bottom portions 40, 42
are described as bei;lg separate components, in one emboc'liment, the central body 22 is formed
as a continuous, homogenous structure such that a line of demarcation between the top and
bottom portions 40, 42 does not physically exist. Regardless, in one embodiment, the bottom
portion 42 is sized and shaped to define a width large enough to cover both ears of an infant
patient’s head (with the central body 22 centered on a read of the patient’s head), and lies or
bears against a nape of the patient’s neck during use. With this in mind, in one embodiment a
middle perimeter region 66 of the bottom end 46 is wavy or scalloped-shaped to minimize
possible pressure points on the patient’s head, and in the flat state, is generally concave.
Opposing outer perimeter regions 68a, 68b of the bottom end 46 are generally linear (in the flat
state), establishing a desired orientation of the lower straps 28, 30 as described below. In one
embodiment, the outer perimeter regions 68a, 68b define an angle relative to the sagittal mid-line
SM in the range of 50 — 85 degrees. In the wrapped state, the angle of outer perimeter region
68a, 68b extension, and thus the angle of the lower straps 28, 30, dictates a location of the lower
straps 28, 30 relative to the patient’s upper lip, and thus is selected to correspond with an
anticipated size of the patient’s head. For example, '~ for very small infants (e.g., head
circumference in the range of 17 — 26 cm), the angle of outer perimeter region 68a, 68b
extension relative to the sagittal mid-line SM can be on the order of 73 — 83 degrees; whereas for
larger infanlt patients (e.g., head circumference in the range of 26 — 42 cm), the angle of outer
perimeter region 68a, 68b extension relative to the sagittal mid-line SM can be on the order of 55
— 65 degrees. Alternatively, other dimensions are acceptable. Even further, the bottom portion

42 can assume a wide variety of other shapes and sizes apart from those shown in alternative

embodiments.

To enhance long-term patient comfort, in one embodiment, the headgear 20 further
includes an occipital pad 80 disposed on the interior surface 21 within the bottom portion 42. As
described below, the primary pad 80 directly contacts the patient’s head immediately inferior the
occipital bone. In one embodiment, the occipital pad 80 is comprised of a soft, cushioning
material (e.g., foam), and is sized to provide an enhanced surface area, preferably encompassing
a majority of an available lateral space between the first slit 64a and the bottom end 46. For

example, in one embodiment, the occipital pad 80 has a length in the range of 2.5 — 3.0 inch

-9.
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(preferably approximately 2.75 inches) and a width in the range of 0.25 — 0.75 inch (preferably
ai)proximately 0.5 inch), and is centered relative to the sagittal mid-line SM, although other
dimensions and/or locations are also acceptable. Notably, the occipital pad 80 is not a required

component and thus, in alternative embodiments, can be eliminated.

. The forehead straps 24, 26 are, in one embodiment, identical, extending from a
corresponding one of the sides 48 or 50 of the central body 22 at a pbint laterally (inferiorly)
spaced from the top end 44. Each of the forehead straps 24, 26 generally defines a trailing
segment 90 and a leading segment 92. The trailing segment 90 is attached to, and extends
directly from, the central body 22. The leading segment 92 extends from the trailing segment 90,
and terminates at a leading end 94. As shown in FIG. 1, in the flat state, the forehead straps 24,
26 are symmetrically arranged relative to the sagittal mid-line SM, and extend in a non-colinear
fashion relative to one another. To this end, and in one embodiment, in the flat state, the trailing
segment 90 extends in a first spatial.orientation or direction D1 from the central body, whereas
the leading segment 92 extends in a second spatial orientation or direction D2 from the trailing
segment 90. The first orientation D1 differs from the second orientation D2, such that forehead
straps 24, 26 each have a non-linear configuration in the flat state. More particularly, in the flat
state, the trailing segment 90 projects superiorly from the central body 22 (i.e., toward the top
end 44), whereas the leading segment 92 projects inferiorly from the trailing segment (i.e.,
toward the bottom end 46). Thus, the orientation direction D1 of the trailing segment 90
intersects with the bottom portion 42 of the central body 22 such that during use, a primary
“line” of attachment is established from the forehead straps 24, 26 to the bottom portion 42 as
described below. Further, the differently oriented leading segment 92 readily wrap about or to
the patient’s forehead. In one embodiment, the forehead straps 24, 26 have a curved perimeter
shape. Alternatively, the forehead straps 24, 26 can assume a variety of other shapes and need

not be identical.

As made clear below, the forehead straps 24, 26 are, during use, wrapped toward or about
the patient’s forehead during use. Thus, an overall length collectively defined by the forehead
straps 24, 26 (i.e., transverse distance between the leading ends 94) can assume a number of
different dimension. In fact, because the forehead straps i4, 26 will overlap one another to a

certain extent during use, the forehead strap 24, 26 designs can accommodate a fairly wide range
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of patient head sizes. In one embodiment, however, the forehead straps 24, 26 are sized for use
with a select range of infant patient head sizes. For example, in one embodiment, the forehead
straps 24, 26 define a collective length (i.e., distance between the leading ends 94) in the range of
10.4 — 11.4 inches for use with an infant patient having a head circumference in range of 17 - 21
cm; a collective length in the range of 11.3 — 12.2 inches for use with an infant patient having a
head circumference in the range of 21 — 26 cm; a collective l.ength in the range of 13.7 — 14.7
inches for use with an infant patient having a head circumference in the range of 26 — 32 cm; a
collective length in the range of 15.3 — 16.3 inches for use with an infant patient having a head
circumference in the range of 32 — 37 cm; and a collective length in the range of 16.0 — 17.0
inches for use with an infant patient having a head circumference in the range of 37 — 42 cm.
Alternatively, however, the forehead straps 24, 26 can be sized to define a number of other

collective lengths.

In one embodiment, the headgear 20 is adapted such that when applied to a patient, the
first forehead strap 24 lies against the patient’s forehead and the second forehead strap 26
overlies the first forehead strap 24. With this in mind, in one embodiment, the headgear 20
further includes a forehead pad 100 applied to the interior surface 21 along the first forehead
strap 24,a first engagement strip 102 applied to the interior surface 21 along the second forehead
strap 26, and a second engagement strip 104 applied to the exterior surface (hidden in FIG. 1)
along the first forehead strap 24.

The forehead pad 100 is adapted to be comfortable when pressed against the patient’s
skin, and can thus assume a variety of forms (e.g., a foam pad). Further, the forehead pad 100
provides a tacky surface (as compared to a coefficient of friction associated with the material
otherwise forming the interior surface 21 along at least the first forehead strap 24). This tacky
surface does not readily slide along a patient’s skin, a common problem found with prior
headgear designs. As a result, a user will not be inclined to over tighten the headgear in an effort
to prevent slipping of the headgear 20. Regardless, the forehead pad 100 is preferably applied to
the first forehead strap 24 so as to be centered relative to a center of the leading end 94 thereof,
and is off-set therefrom. Alternatively, the forehead pad 100 can be placed in a location

differing from that shown, and in some embodiments is eliminated.
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Similarly, the engagement strip 102 can assume a variety of forms, and is configured in
accordance with a material comprising an exterior surface (hiddeﬁ in FIG. 1) of headgear 20 and
in particular the first forehead strap 24. More particular, and as described below, in one
embodiment, the exterior surface comprises a loop-type material, at least along the first forehead
strap 24. With this in mind, in one embodiment, the engagement strip 102 is a strip or tab of
hook-type material such that when the second forehead strap 26 is ‘wrapped over the first
forehead strap 24 (i.e., the interior surface 21 of the second forehead strap 26 is above or on top
of the exterior surface of the first forehead strap 24), the engagement strip 102 will releasably
couple or engage the first forehead strap 24 (e.g., a Velcro ®-type engagement).

To minimize possible patient discomfort caused by pressing of the second forehead strap
26 on to the patient and/or movement of the patient’s head relative to the second forehead strap
26, in one embodiment, manufacture of the headgear 20 includes ultrasonically welding the
engagement strip 102 to the second forehead strap 26 in a manner that ensures all side edges 104
(referenced generally) of the strip 102 are flat against the second forehead strap 26. To this end,
it is known in the ultrasonic welding art to employ an ultrasonic horn or anvil that defines a
plurality of line projections that otherwise effectuate a weld between to materials when subjected
to ultrasonic energy (e.g., the line projections extend generally perpendicular to a length
engagement strip 102 shown in FIG. 1). With this approach, it.is difficult to consistently eﬁéuré
that an individual line projection is over the opposing edges of the engagement strip 102 (in a
manner that would otherwise cause the edges to be welded flat against the second forehead strap
26). This is especially true under manufacturing conditions where the headgear 20 is produced
in mass, and a supply of engagement strips 102 has varying sizes and/or where the engagement
strip 102 is hand applied to the second forehead strap 26 (thus entailing some inherently
variability in an exact location of the engagement strip 102 relative to the second forehead strap
26). As such, in one embodiment, a method of manufacturing the headgear 20 in accordance
with principles of the present invention includr:s use of an ultrasonic hom or anvil having line
prc;jections, the outer two of which are of an increased width, for ultrasonically welding the
engagement strip 102 to the second forehead strap 26. With this approach, even where the
engagemenf strip 102 has a size slightly varying from an expected size and/or the engagement
strip 102 is located on the second forehead strap 26 in position slightly different from that

expected, the outer two line projections will cover the opposing edges of the engagement strip
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102 to ensure a complete, flat weld. Alternatively, the engagement strip 102 can assume a
number of other forms (e.g., can be a loop-type material), and can be assembled to the second
forehead strap 26 in a variety of different manners (e.g., adhesive). Even further, in other

embodiments, the engagement strip 102 is eliminated.

In some embodiments, the second engagement strip 104 is also provided and is
assembled to the first forehead strap 24 along the exterior surface thereof (and thus is hidden in
the view of FIG. 1). The second engagement strip 104 is, in one embodiment, similar to the first
engagement strip 102 described above, and thus can be a strip of hook-type material. The
second engagement strip 104 is positioned between the forehead pad 100 and the leading end 94
of the first forehead strap 24. Alternatively, the second engagement strip 104 can be eliminated,

such as where the first forehead strap 24 is of a smaller length.

The lower straps 28, 30 are, in one embodiment, identical and are symmetrically disposed
relative to the sagittal mid-line SM. As described below, the lower stréps 28, 30 do not provide a
primary means of attaching the headgear 20 to a patient’s head, and thus have a width that is less
than a width of the forehead straps 24, 26. Regardless, the lower straps 28, 30 are spaced
relative to the forehead straps 24, 26, respectively; for example, the first lower strap 28 is
inferiorly spaced from the first forehead strap 24 (i.e., laterally spaced in a direction opposite the
top end 44), whereas the second lower strap 30 is inferiorly spaced from the second forehead
strap 26. Further, and as previously described, the lower straps 28, 30 extend contiguously from

a corresponding one of the outer perimeter regions 68a, 68b of the central body 22.

In one embodiment, a transition zone 110a, 110b between corresponding pairs of the
forehead and lower straps 24/28, 26/30 has a curved perimeter shape as illustrated in FIG. 1.
This curved transition zone 110a, 110b serves as a relief area, ensuring that when the headgear
20 is appliecf to a patient’s head in the wrapped state, the patient’s eyes are not encumbered, as

described below.

In one embodiment, the lower straps 28, 30 are directly connected or threaded to a
corresponding component of the patient airway interface system (not shown), and folded back on
to themselves. With this in mind, in one embodiment, the headgear 20 further includes first and

second engagement tabs 112a, 112b secured to, and extend from, respective ones of the lower
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straps 28, 30. The engagement tabs 112a, 112b can assume a variety of forms, and are generally'
configured in accordance with a material comprising the exterior surface of the headgear 20 so as
to facilitate releasable engagement between the engagement tab 112a or 112b and the exterior
surface of the headgear 20. For example, in one embodiment where the exterior surface of the
headgear 20 is comprised of a loop-type material, the engagement tabs 112a, 112b include a
hook-type surface. With this embodiment, the engagement tabs 112a, 112b are arranged such
that the hook-type surface is exterior exposed (and thus hidden in the view of FIG. 1). During
use, then, as the lower straps 28, 30 are wrapped back on to themselves, the exposed hood-type
surfaces of the engagement tabs 112a, 112b will readily engage the exterior surface of the
headgear 20 (e.g., a Velcro ™-type attachment). Alternatively, the engagement tabs 112a and/or
112b can assume a variety of other forms (e.g., a pressure sensitive adhesive-bearing structure),

and in other embodiments are eliminated.

The vertical strap 32 extends vertically (in the flat state) from the top end 44 along the
sagittal mid-line SM, terminating at a forward end 120. As described below, the vertical strap 32
serves to support or cushion the patent’s head against various patient airway interface system
components and keeps the headgear 20 from shdmg inferiorly (downwardly) along the patient’s
once applied. As such, the vertical strap can assume a number of different shapes and sizes. In
one embodiment, however, the vertical strap 32 defines opposing edges 122a, 122b, at least a
portion of which has a wavy or scalloped-shape to minimize possible pressure points when
pressed against a patient’s head. Alternatively, the vertical strap 32 can have a more linear

shape, and in other embodiments, can be eliminated entirely.

In one embodiment, the vertical strap 32 is configured to be partially wrapped about the
patient’s head during use. With this in mind, it has been discovered that with infant patients
(especially pre-mature infants or neonates), it may be possible to “over tighten” the vertical strap
32, potentially leading to patient discomfort and even trauma. To minimize this over tightening
from accidentally occurring, in one embodiment the vertical strap 32 forms a plurality of
horizontally extending slits 124 (referenced generally) adjacent the central body 22. The slits
124 serve as visual indicators of over tightening, whereby a user will readily perceive when the
slits 124 are overtly separating. Under these circumstances, the user will recognize that the

vertical strap 32 has been over ti ghtened thus prompting the user to re-position the vertical strap
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32 and/or select a differently sized headgear 20. This visual indication can be provided in a wide
variety of other manners differing from the slits 124 as shown. In other embodiments, the slits

124 (or any other visual indicating means) are eliminated.

As described below, in one embodiment application of the headgear 20 to a patient
entails partially wrapping of the vertical strap 32 back on to itself. In one embodiment, then, the
headgear 20 further includes an engagement structure 126 (referenced generally) on the exterior
surface along the vertical strap 32 (as a point of reference, the engagement structure 126 is
hidden in the view of FIG. 1). The engagement structure 126 is configured in accordance with a
material comprising the exterior surface of the vertical strap 32, and in particular is selected to
releasably engage the exterior surface. Thus, where the exterior surface is formed of a loop-type
material, the engagement structure 126 can be a strip or tab of hook-type material (e.g., a
Velcro®-type arrangement). Alternatively, the engagement structure 126 can assume a variety

of other forms, and in alternative embodiments can be eliminated.

The headgear 20 (including each of the central body 20, the forehead straps 24, 26, the
lower straps 28, 30, and the vertical strap 32) is preferably formed of a soft, cushioning-type
fabric material, and in one embodiment has multiple layers. For example, in one embodiment,
the headgear 20 is comprised of an interior foam layer (e.g., polyester foam) that forms or
defines the interior surface 21 and an exterior fabric material (e.g., nyion fabric) that forms or
defines the exterior surface (hidden in FIG. 1). As alluded to above, the exterior material, and
thus the exterior surface, is preferably selected to provide a continuous surface for releasably
engaging corresponding headgear components (e.g., the exterior surface forms a multiplicity of
micro-hooks (or micro-loops)) at any number of different exterior locations. Alternatively, the
headgear 20 can be formed of other materials, can be a single layer and/or the various

components can be formed of differing materials.

In one embodiment, the central body 20 and the straps 24-32 are formed as an integral,
homogenous, contiguous structure, for example by punch cutting the headgear 20 (in the flat
state of FIG. 1) from a sheet of éppropriate material(s). Alternatively, one or more of the central
body 20, the forehead straps 24, 26, the lower straps 28, 30 and/or the vertical strap 32 can bg:

separately formed and subsequently assembled to the other component(s), for example by

ultrasonic welding.
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In conjunction with the one exemplary technique for applying the headgear 20 to a
patient’s head described below, in one embodirneht, manufacture of the headgear 20 further
includes placement of indicia on one or more of the central body 22 and/or the strap(s) 24-32 to
prompt a user as to the desired application. For example, in one embodiment, the headgear 20
further includes first, second, and third instructional indicia 130a, 130b, and 130c oriented to be
read via the exterior surface. The first instructional indicia 130a is provided on the first forehead
strap 24 and is generally indicative of a first step (e.g., forms a “1”); the second instructional
indicia 130b is provided on the vertical strap 32 and is generally indicative of a second step (e.g.,
forms a “2”); and the third instructional indicia 130c is provided on the second forehead strap 26
and is generally indicative of a third step (e.g., forms a “3”). With this one approach, then, a user
will readily understand that the proper application steps include first applying the first forehead
strap 24, followed by application of the vertical strap 32, and then followed by application of the
second forehead strap 26. The instructional indicia 130a-130c can assume a variety of forms
apart from that shown, and in other embodiments can be eliminated. Similarly, in other
embodiments, the headgear 20 can further include size designation indicia 132, for example
visible on the exterior surface along the central body 22. The size designation indicia 132 can
assume a variety of forms, and can generally indicate an overall size of the headgear 20 (e.g.,
small, medium, large, etc.) and/or a patient head circumference range most appropriate for the |
particular headgear 20. In other embodiment, the size designation indicia 132 are eliminated.
Where provided, however, the instructional indicia 130a-130c and the size designation indicia
132 are applied to the corresponding headgear component’s surface by any number of

techniques, such as heat transfer, screen printing, pad printing, etc.

Application of the headgear 20 to .an infant patient 200 in accordance with principles of
the present invention is best described with continued reference to FIG. 1 as well as FIGS. 2A-
2C. In one embodiment, a circurnference of a head 202 (about the crown) is first determined,
and an appropriately sized headgear selected. By Way of reference, it has been found that the
varying sizes commonly associated with infant heads (e.g., in the range of 17 — 42 cm) can be
accommodated with only five differently sized version of the headgear 20 described above
(whereby there primary difference in headgear 20 size in terms of the collective length defined
by the forehead straps 24, 26 and the angle at which the lowc?r straps 28, 30 extend from the

central body 22). This represents a marked improvement over current bonnet-type infant
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headgear configurations whereby a highly large number of differently-sized bonnets must be
inventoried. Regardless, with the desired size in mind, the headgear 20 is initially laid in the flat
state of FIG. 1 (such as on a table), with the interior surface 21 facing outwardly (i.e., the
orientation of FIG. 1). The infant’s head 202 is then laid on to the headgear 20. In particular, a
rear 204 (FIG. 2B) of the infant’s head 202 is placed on to the central body 22, with the occipital
bone/region 206 (reference generally in FIGS. 2B and 2C) being positioned at or slightly above
the bottom portion 42 (FIG. 1). The infant’s head 202 is preferably centered relative to the
headgear 20 (i.c., relative to sagittal mid-line SM); the vertical strap 32 assists in achieving this
desired positioning whereby the user can visually estimate whether the vertical strap 32 is
centrally positioned relative to the infant’s head 202 (i.e., in the flat state of FIG. 1, the vertical
strap 32 is uncovered by the infant’s head 202, providing a straightforward visual confirmation

of an approximate centered position of the infant’s head 202 relative to the central body 22).

With the infant’s head 202 proi:er]y positioned on the central body 22, the first forehead
strap 24 is wrapped over a forehead 208 of the infant 200 as best shown in FIG. ZA. In one
embodiment, the first forehead strap 24 includes the first instructional indicia 130a (FIG. 1) that

“indicates to the user that the first forehead strap 24 should be applied first. Regardless, the first

forehead strap 24 is placed across the forehead 208, with the forehead pad 100 (FIG. 1) abutting

against the patient’s forehead 208 at approxirriately a sagittal center of the patient.

The vertical strap 32 is then wrapped from the rear portion 204 toward the forehead 208,
and placed on top of the previously-positioned first forehead strap 24. This relationship is best
shown in FIGS. 2A and 2B. In one embodiment, the second instructional indicia 130b (FIG. 1)
provides a visual clue to the user that the vertical strap 32 should be positioned following
placement of the first forehead strap 24. Regardless, the vertical stxiap 32 is preferably centered
relative to the forehead 208. Further, in one embodiment where the vertical strap includes the
slits 124 (FIG. 1), the slits 124 provide a visual indication of vertical strap 32 over tightening in
that if the vertical strap 32 is over tightened about the infant’s head 200, the slits 124 will
individually separate, If this situation is perceived by the user, the user will then reduce an

applied tension to the vertical strap 32.

The second forehead strap 26 is then wrapped toward the patient’s forehead 208, and is
placed over the first forehead strap 24 and the vertical strap 32. The third instructional indicia
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130c (FIG. 1) provides a visual indication that the second forehead strap 26 is the third strap to
be applied to the patient 200 in succession. The second forehead strap 26 is generally aligned
with a length of the previously-positioned first forehead strap 24. Once properly positioned, the

" leading end 94 of the second forehead strap 26 will extend beyond the vertical strap 32 (best

shown in FIG. 2A) such that the engagement strip 102 (FIG. 1) contacts and engages the exterior
surface 21 (referenced generally) of the first forehead strap 24.

When the straps 24, 26, 32 are properly positioned, the second forehead strap 26 should
lie directly over the first forehead strap 24 and a bottom edge of both of the forehead straps 24,
26 should be approximately aligned with the patient’s brow. The vertical strap 32 is then folded
back on to itself, with the forward end 120 directed toward a crown 210 of the patient’s head
200, as best shown in FIGS. 2A and 2B. With this arrangement, the engagement structure 126
(FIG. 1) otherwise carried by the vertical strap 32 readily contacts and engages the exterior
surface 21 along a remainder of the vertical strap 32, thus securing the forward end 120. Once

again, the slits 124 provide a visual indication of possible over tightening of the vertical strap 32.

With the straps 24, 26, and 32 applied as described above, the headgear 20 is now affixed
to the patient’s head 202. As shown in FIG. 2B and 2C, the bottom portion 42 of the central
body 22 resides immediately inferior the occipital bone or along a nape of the patient’s neck
(hidden in FIGS. 2B and 2C, but referenced generally at 212). Further, the central body 22
extends about and covers the patient’s ears (not shown, but evident from the view of FIG. 2B).
In one embodiment, however, the headgear 20 does not cover a majority of the patient’s head
202, especially in the region of the crown 210. For example, in one embodiment, the applied
headgear 20 (i.e., in the wrapped state) provides at two enlarged regions 220a, 220b at which the
head/cranium 202 remains exposed, and thus readily available to receive auxiliary treatments
(e.g., IV’s). Further, the applied headgear 20 in the wrapped state establishes a line of
engagement about the patient’s head 202 that extends from and between the forehead 208 and
the nape of the neck 212. In other words, unlike conventional headgear designs, the headgear 20
in accordance with principles of the present invention does not establish a line of engagement
about or along the crown 210 as to do so might cause overt pressure points and/or deformation of
the skull. In addition, and as best shbwn in FIG. 2C, the top portion 42 of the central body 22

assumes a three-dimensional state, wrapping or cupping about a contour of the rear 204 of the
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patient’s head 202. That is to say, the central body 22 achieves a three-dimension fit about the
rear 204 of the patient’s head 202, thus providing complete support when the patient 200 is
positioned with the head 202 lying on a surface. In this regard, the various features associated
with one embodiment of the central body 22 (e.g., the openings 60, 62 and the slits 64) promote
this desired, cupped fit and prevent formation of buckled material. Finally, the vertical strap 32
prevents the headgear 20 from sliding inferiorly or downwardly relative to the patient’s head
202.

Following application of the forehead straps 24, 26 and the vertical strap 32, the lower
straps 28, 30 can then be deployed to connect an patient airway interface device to the headgear
20/patient 200. One embodiment of portions of a patient airway interface device 230 with which
the headgear 20 is useful are illustrated in FIG. 3. In general terms, the patient airway interface
device 230 is provided as part of an airway interface system, such as an nCPAP system. With
this in mind, the interface device 230 generally includes an interface piece 232, a CPAP
generator 234, inlet tubes 236a, 236b, an exhaust tube 238, and a support block assembly 240. It
will be understood that the headgear 20 can be used with a wide variety of other airway interface
devices that may or may not include one or more of the components 232 — 240; typically,
however, at least the interface piece 232 will be provided, and is configured to establish a fluid
connection with the patient’s nasal airways (i.e., nares), and is in the form of a mask (as shown

in FIG. 3), nasal prongs, etc.

With the above gener;il description in mind, in one embodiment, the generator 234
includes connection bodies 242, one of which is referenced generally in FIG. 3. The connection
bodies 242 can assume a variety of forms, and are configured to receive a respective one of the
lower straps 28, 30 (e.g., such as by threading the lower straps 28, 30 through the corresponding
connection body 242); in other embodiments, the interface piece 232 forms or provides the
connection bodies 242. Regardless, and with additional reference to FIGS. 2A and 2B, the lower
straps 28, 30 are wrapped toward an upper lip 244 (referenced generally) of the patient, and
connected to a respective one of the connection bodies 242, as shown in FIG. 3. Once secured to
the connection body 242, the lower strap 28 or 30 is then threaded back on to itself and secured,
such as via the corresponding engagement strip 112 (FIG. 1) contacting the exterior surface 21

thereof. Notably, and as best shown in FIGS. 2B and 3, the transition zone 110 established
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between the corresponding pairs of forehead straps/lower straps 24/28, 26/30 fully
accommodates the patient’s eyes 214. This is of great benefit for infant patients whom might
otherwise be highly sensitive to any contact with their eyes 214 or the immediately surrounding

skin.

In embodiments where the patient airway interface device 230-includes components in
addition to the interface piece 232/generator 234 that must otherwise be supported along the
patient’s head 202, the above steps can be modified slightly be first securing the support block
assembly 240 to the headgear 20. As a point of reference, with the one embodiment of FIG. 3,
the interface device 230 is provided in an assembled format, whereby the tubes 236a-238 are
secured to the generator 234 and the support block assembly 240. To this end, the support block
assembly 240 can include a support block 250 and a band 252 movably connected thereto. The
tubes 236a-238 are pre-assembled to the support block 250, with the band 252 maintaining one
or more of the tubes 236a-238 relative to the support block 250. With this in.mind, assembly of
the interface device 230 includes first fluidly connecting the interface piece 232 with the
patient’s nasal airways. The support block 250/tubes 236a-238 are then aligned mid-line with
the patient’s head 202. The support block 250 is then placed on to the second forehead strap 26,
followed by securing of the band 252 on to the second forehead strap 26 (e.g., using Velcro®-
type hook material/strip on an interior face of the band 252 to releasably engage the exterior
surface 21 along the second forehead strap 26). Once positioned and secured, the lower straps
28, 30 can then be connected to the interface piece 232/generator 234 as previously described.
Once assembly is complete, the tubes 236a-238 extend superiorly along the patient’s head 202,
with the vertical strap 32 providing a cushion between the tubes 236a-238 and the patient’s head
202.

The headgear and related infant nasal aifway interface system of the present invention
provides a marked improvement over previous designs. The headgear effectively translates an
easy-to-manufacture two-dimensional design or format into a three-dimensional device when
wrapped about a patient’s head. By establishing a line of attachment extending from the
patient’s forehead to the nape of the neck (e.g., immediately inferior the occipital bone), a more
secure fit or attachment to the patient’s head is achieved. Further, the headgear incorporates, in

certain embodiments, other features, such as holes, scalloped-shaped edge(s), pads, etc., that are
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uniquely configured to minimize possible pressure po'ihts as well as allow for expected

movements of the patient’s head.

Although the present invention has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes can be made in form and
detail without departing from the spirit and scope of the present invention. For example, in
alternative embodiments, an additional lateral strap can be provided that extends, when applied
to the patient’s head, from ear-to-ear, beneath the patient’s chin. In other embodiments, one or
more of the described straps can be provided with a recoil device that effectively generates a
desired tension across the corresponding strap. Further, while the headgear has been described
as preferably being applied to an infant. patient, in other embédiments, the headgear can bp sized

for use with an adult or child.
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What is claimed is:

1. A headgear for securing a patient airway interface device to a patient’s head, such as an
infant patient’s head, the headgear being transitionable from a flat state to a wrapped state when
applied to the patient’s head, the headgear comprising:

a central body defining, in the flat state, a top portion terminating in a top end and a bottom
portion terminating in a bottom end, the central body adapted to be positionable at a rear of the
patient’s head whereby the bottom portion is adjacent an occipital bone of the patient’s head;

first and second forehead straps extending from opposite states, respectively, of the central body,
each strap including a trailing segment extending from the central body and a leading segment
extending from the trailing segment, wherein in the flat state, the trailing segment extends in first
spatial direction and the leading segment extends in a second spatial direction, the second spatial
direction differing from the first spatial direction; and

first and second lower straps extending from opposite sides, respectively, of the central body,
each lower ‘strap being laterally spaced from a corresponding one of the forehead straps in a

direction opposite the top end.

2. The headgear of claim 1, wherein the headgear is adapted and sized such that when
applied to a patient’s head, the bottom portion rests against a nape of a neck of the patient’s head
and the forehead straps extend from opposite sides of the patient’s head and intersect along a
forehead of the patient to establish a line of attachment from the patient’s forehead to an
occipital region of the patient’s head.

3. The headgear of claim 1, wherein the central body is sized and adapted such that the top

portion conforms to a contour of a rear portion of a patient’s head in the wrapped state.

4, The headgear of claim 1, wherein each of the forehead straps is configured such that in
the flat state, the trailing segment projects from the central body in a direction generally away
from the bottom end and the leading segment extends from the trailing segment in a direction

generally toward the trailing end.
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5. The headgear of claim 1, wherein each of the forehead straps defines opposing perimeter
side edges, and further wherein in the flat state, at least one of the périmeter side edges defines a°

curvature along the leading segment.

6. The headgear of claim 1, wherein the central body is adapted and sized such that in the
wrapped state and when the bottom portion is positionable adjacent an occipital bone of the
patient’s head, the top portion extends along a rear of the infant’s head and the top end does not

project over a crown of the patient’s head.

7. The headgear of claim 1, wherein the top portion defines side edges extending from the

top end to each of the forehead straps, and further wherein the side edges are curved.

8. The headgear of claim 1, wherein the central body forms first and second openings in the
top portion. '
9. The headgear of claim 8, wherein the first and second opening are symmetrically

arranged relative to a mid-line of the central body.

10. The headgear of claim 8, wherein the first and second openings are kidney-shaped.
11. The headgear of claim 1, wherein the central body forms a plurality of slits.
12. The headgear of claim 11, where the slits extend in a direction generally perpendicular to

{

13. The headgear of claim 1, wherein the bottom end defines a bottom edge having a

scalloped-shape.

14. The headgear of claim 1, further comprising a vertical strap extending from the top end
of the central body.
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15.  The headgear of claim 14, wherein at least a portion of a perimeter of the vertical strap

has a scalloped-shape.

16. The headgear of claim 14, wherein the vertical strap forms a plurality of slits adjacent the

central body.

17. The headgear of claim 14, wherein the central body, the forehead straps, tf)e lower straps,

and the vertical strap are integrally formed as a homogenoils, contiguous body.

18. The headgear of claim 14, further comprising instructional indicia disposed long each of
the forehead straps and the vertical strap, the instructional indicia providing an indication of an

order in which the forehead straps and the vertical straps are applied to a patient.

19. The ﬁeadgear of claim 1, wherein the headgear defines an interior surface and an exterior
surface, the exterior surface formed of a loop-type material, the headgear further comprising:

a strip of hook-type material applied to the interior surface along the second forehead strap.

20. A headgear for securing a patient airway interface device to a patient’s head, such as an
infant patient’s head, the headgear transitionable from a flat state to a wrapped stated when
applied to the patient’s head, the headgear comprising:

a central body defining a top portion terminating at a top end and bottom portion terminating at a
bottom end, wherein the central body is sized and adapted to be positionable at a rear of the
patient’s head such that in the wrapped state, the bottom portion is adjacent an occipital bone of
the patient’s head and the top portion does not extend around to a front of the patient’s head;

first and second forehead straps extending form opposite side, respectively, of the central body,
wherein the forehead straps are sized and adapted to be positionable across a forehead of the
patient’s head; ' ,
wherein the forehead straps and the bottom portion combine to define, when in the wrapped state
and applied to the infant’s head, a line of attachment from the patient’s forehead to a nape of a

neck of the patient’s head; and
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first and second lower straps extending from opposite sides of the central body, respectively, the
lower straps being laterally spaced from a respective one of the forehead straps, and being sized
and adapted to be positionable adjacent an upper lip of the patient’s head;

wherein the headgear is adapted such that when applied to the patient’s head in the wrapped

state, a portion of the patient’s cranium is exposed.

21. The headgear of claim 20, wherein the central body is sized and adapted such that in the
wrapped state, the top portion wraps about a rear of the patient’s head, conforming to a contour
thereof.

22. The headgear of claim 20, further comprising:
a vertical strap extending from the top end of the central body, the vertical strap being sized and
adapted to be positionable in a sagittal direction across the infant’s head and intersect with the

forehead straps.

23. - A combination patient interface device and headgear for use as part of an patient airway
interface system, such as an infant nCPAP system, the combination comprising:

a patient interface device comprising an interface piece for establishing a fluid connection with
nasal airways of a patient; and '

a headgear transitionable from a flat state to a wrapped state and comprising:

a central body defining, in the flat state, a top portion terminating at a top end and a bottom
portion terminating at a bottom end, the central body being adapted to be positionable adjacent
an occipital bone of a patient’s head,

first and second forehead straps extending from opposite sides, respectively, of the central body,
each of the forehead straps including a trailing segment extending from the central body in a first
spatial direction and a leading segment extending from the trialing segment in a second spatial
direction differing from the first,

first and second lower straps extending from opposite sides, respectively, of the central body,
each of the lower straps being laterally spaced from a corresponding one of the forehead straps in

a direction opposite the top end;
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wherein the combination is configured such that in the wrapped state of the headgear, the
forehead straps and the central body secure the headgear to a patient’s head, and the lower straps

secure the patient interface piece to the headgear.

24, The combination of claim 23, wherein patient interface device further includes a CPAP
generator and the interface piece includes a comporient selected from the group consisting of a

mask and nasal prongs.

25.  The combination of claim 24, wherein the patient interface device further includes a
plurality tubes extending from the generator and a support block assembly spaced from the
generator and maintaining the tubes, and further wherein the headgear is configured to receive

the support block assembly in the wrapped state to support the support block assembly relative to
a patient’s forehead.

26.  The combination of claim 25, wherein the headgear further includes a vertical strap
extending from the top end of the central body, the headgear being configured such that upon

assembly of the combination to a patient’s head, the vertical strap supports at least one of the

tubes.
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