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[57] ABSTRACT

A method and apparatus for the treatment of obstructive
sleep apnea wherein a continuous positive pressure 18 sup-
plied to a nose mask from a threshold valve via a flexible
tube, and air is discharged from the mask via vent holes 1n
the mask for rapid discharge of exhaled air.

15 Claims, 1 Drawing Sheet
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METHOD AND APPARATUS FOR THE
TREATMENT OF OBSTRUCTIVE SLEEP
APNEA

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This invention relates to a method and apparatus for the
treatment of obstructive sleep apnea and is particularly
directed to such a method and apparatus wherein a positive
pressure is applied to the nares of a patient by means of a
nose mask.

The syndrome of obstructive sleep apnea 1s a common
disorder, especially in middle-aged obese males. The prob-
lem arises in sleep-induced occlusion of the oropharyngeal
airway, resulting in multiple apneic occurrences during
sleep. As a consequence, there is a severe interruption of
sleep in the patient, and, as the disease progresses over
periods of time, greater degrees of asphyxia occur. The
duration of apnea may exceed two minutes, with the arterial
hemoglobin oxygen saturation falling below 50%. The
patient may be entirely unaware of the occurrence of these
frequent obstructions to breathing. The symptoms are gen-
erally excessive day-time sleepiness, and snoring. The noc-
turnal asphyxia may eventually lead to a number of further
problems, such as cardiac arrhythmia, pulmonary hyperten-
sion and right heart failure, systemic hypertension severe
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morming headache intellectual and personality changes, and

polycythemia.

One method of treatment for the disease is a tracheo-
stomy, which is left open at night. Medical and psycho-
social problems frequently interfere with the acceptance of
a tracheostomy, both by the patient and the physician, and
this solution has generally been employed only i1n severe
cases. Patients have frequently chosen to accept the discom-
fort associated with the disease rather than have a tracheo-

stomy.
It has been suggested that continuous positive airway

pressure (CPAP) be applied (o the patient, during periods of
sleep, by way of the nose (“Reversal of Obstructive Sleep
Apnea by Continuous Positive Airway Pressure Applied
Through the Nares”, Colin Sullivan, et al., The Lancet, Apr.
18, 1981, pp. 862-865). Sullivan et al. suggest the applica-
tion of low levels of pressure, in the range of 4.5 10 10.0
centimeters H,O, and reported that this procedure com-
pletely prevented upper airway occlusion dunng sleep. The
continuous positive airway pressure applied in this manner
may provide a pneumatic splint for the nasopharyngeal
airway.

In the arrangement provided by Sullivan et al., two soft
plastic tubes were shaped to fit snugly in each naris. The
other ends of these tubes were inserted into a light-weight
wide-bore tube, the arrangement being strapped to the
patient’s face. A medical grade silicone rubber was then run
over the nose and nares to provide a seal. Continuous
positive pressurc was produced by connecting one end of the
wide-bored tube to an air compressor motor with variable
speed control. The other end of the side-bore tube was led
away from the patient and narrowed, to provide a mechani-
cal resistance. The resistance of the circuit was chosen so
that a high bias flow (2040 liters/minute) was sustained for
the range of pressures required at the nose.

While the CPAP procedure as reported by Sullivan et al.
may provide temporary relief, i.e., patients with severe
disease may satisfactorily employ the technique for several
nights, the required cumbersome physical equipment ren-
ders this solution satisfactory only for in-hospital manage-
ment of patients, hence being practical only for severely
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affected patients. The discomfort of this device 1s nol
conducive 1o continual use by patients in the home envi-

ronment.
While various masks have been employed in the past for

respiration purposes, conventional respiration masks also

cover the mouth and are designed primarily for temporary
use or for use by persons who do not require comfort. Such
masks may be employed for anesthesia or resuscitation. A
full face mask of this type is not satisfactory for patients with
obstructive sleep apnea. Treatment of obstructive sleep
apnea relies on the difference in pressure between the nose
and the mouth to open the airway. Furthermore, leaving the
mouth uncovered allows the patient to breathe normally
while awake and in case of failure of the air compressor or
valve. Comfort is critical, since willingness on the part of a
patient to continually employ a mask during sleeping hours
defeats the purpose of the treatment.

In other masks, such as provided, for exampie, for dental

applications, the nose masks have face seals such that they
can not be pressurized. Application of CPAP absolutely

requires the maintenance of pressure.

In one solution to this problem, as disclosed in U.S. Pat.
No. 4,655,213 an improved apparatus for the application of
CPAP is comprised of a comfortable nose mask, for the
treatment of apnea, whereby patients experience no discom-
fort from the use of the mask. In this apparatus, a nose mask
is provided incorporating a threshold valve, wherein the air
pressure continually applied to the mask is continually
released from the mask, by means of a valve, at such a
pressure that normally some pressurized air always escapes
from the mask by way of the valve. This feature serves to
maintain the air pressure at the nose, in order to maintain the
nasopharyngeal airway open, as well as to provide a con-
tinuous flow of fresh air to the mask so that the patient may
exhale through the mask, with the exhaled air being imme-
diately exhausted through the valve.

An apparatus of the type disclosed in U.S. Pat. No.
4,655,213, as illustrated in FIG. 1, is comprised of a gen-
erally cup-shaped nose piece 10 provided with a rim 11 for
lightly sealing the mask to the face. The rim 11 is preferably
an air cuff, i.e., a flexible doughnut-shaped member, fitted to
the edge of the mask and containing a pressurized gas. It is,
of course, apparent that other sealing rims may be employed
for the mask.

The nose mask is further provided with a valve assembly
12 including a bypass valve 13 for continually relieving air
within the mask at a pressure such that the valve normally
will not be closed in use. In addition, the valve assembly 12
has an extension 14 adapted to be connected to an air supply
tube 15, the tube 18 receiving compressed air from a
conventional compressor 16. The nose piece 10 is connected
to the valve assembly 12 by way of a swivel interconnection
19.

In order to hold the nose mask on the face of the patient,
lightweight flexible straps 17 may be connected to the mask
to extend around the head of the patient.

Since the threshold valve employed in this mask may be
a very simple device, it may be readily mimatunzed, so that
the mask assembly may be very small and lightweight,
thereby being comfortable to wear. The air supply tube may
be a single small, very flexible tube, enabling the patient to
move around at night without difficulty. Ease of movement
when using this mask is further enhanced by the provision
of a swivel joint at the junction of the valve and mask.

While the apparatus of U.S. Pat. No. 4,655,213 thus
constitutes a substantial improvements over prior solutions,
it is desirable to further improve the apparatus, to render its
use even more satisfactory to patients.
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SUMMARY OF THE INVENTION

Briefly stated, in accordance with the invention, the mask
1s coupled 1o the compressor or blower by way of a flexible
tube, but a valve is not provided on the mask itself. Instead,
a relief valve is connected to the flexible tube, preferably
adjacent the compressor or blower, so that i may be
mounted at a position separated from the patient and mask.
[n addition, in accordance with the invention, one or more
ports are provided on the mask itself to enable the continu-
ous venting of the mask at a predetermined rate.

Removal of the valve from the mask, in accordance with
the invention, enhances the patient’ comfort and gives
greater freedom of movement.

In order that the invention will be more clearly under-
stood, it will now be disclosed in greater detail, with
reference to the accompanying drawings, wherein:

FIG. 1 is a view of a patient wearing a known mask;

FIG. 2 is a simplified illustration of an apparatus in
accordance with the invention;

FIG. 3 1s a cross-sectional view of a mask that may be
employed in the apparatus of FIG. 2; and

FIG. 4 is a cross sectional view of a relief valve that may
be encorporated in the apparatus of FIG. 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to FIG. 2, therein is illustrated an apparatus
in accordance with the preferred embodiment of the inven-
tion. A mask or nose fitting 40, suitable for fitting over the
nose of the patient, may be generally similar to that shown
and described with reference to FIG. 1, includes a nose piece
10 and rim 11 for sealing the mask to the face. Thus, the air
cufl seal 11 is of a lightweight plastic material and must be
of a non-irritating material, since it is in continuous contact
with the face of the patient. The nose piece 10 is of a plastic
matenal that 1s partially rigid and partially flexible, such as
heavy vinyl, of a nature that can conform to the face. The
element must be sufficiently large to accommodate the noses
of all patients who may employ the mask. The partial rigidity
1s required so that the nose piece will generally maintain its
shape in use, while still enabling it to conform to the face of
the patient.

A harness 42 maintains the mask in position on the patient
when the apparatus is used. In the arrangement in accor-
dance with the invention, however, the mask 40 is connected
directly to a compressor or blower 44 by a hollow flexible
tube 46. An adjustable relief valve in the form of a threshold
valve or pressure controller 48 is connected between the
blower 44 and the mask 40 at a T fitting 50 inserted in the
tube 46. The valve is mounted by any convenient conven-
tional means at a location separated from the patient and
mask, the flexible tube being sufficiently long that fixed
mounting of the valve has no effect on movements of the
patient.

As 1llustrated in FIG. 3, the valve 48 may be simply
compnsed of a nigid valve disk 61 held adjacent a valve seat
62 formed at one end of the T fitting 50. The disk 30 may
be loosely axially guided at its edge by an enlarped diameter
end extension 63 on the end of the T fitting. The valve disk
61 is urped toward the valve seat 62 by a spring, such as
helical spring 64 extending through the T fitting 50 to a fixed
connection, for example, to a pin 65 held to the walls of the
T fiting. Adjustability of the pressure maintained by the
valve may be effected by connecting the end of the spring 64
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to the end of an adjustment screw 66 threaded in the disk 61.
The adjustment of the screw thereby controls the tension of
the spring, to determine the pressure of air directed to the
mask. The valve 1s settable to enable the production of an
operating pressure range within the mask from 5.0 to 15.0
centimeters H,). The pressure adjustment for any patient is
set so that under normal breathing conditions the valve is
always open, even during inhalation. As a result, the
required positive pressure is always present 1o maintain the
nasopharyngeal airway opened.

It 18 of course apparent that the illustrated valve consti-
tutes only the preferred embodiment thereof and that other
constructions thereof for serving this function may alterna-
tively be employed in accordance with the invention. The
valve 48 continually discharges gases 10 the external atmo-
sphere as indicated by the arrow 70 when the blower 44
provides a positive pressure in the system. The valve 48 is
suitable to maintain a positive pressure within the system to
3 to 15 centimeters of water with a discharge of air flow from
the valve 48 in the range of 30 to 50 liters per minute.

A reservoir bag 54 connected to the flexible tube 46
between the valve 48 and blower 44 serves to reduce
transients in the flow rate and pressure within the system.

As 1llustrated in FIGS. 2 and 4, the mask 40 includes
ports, preferably two ports 56 passing through the shaped
portion 10 of the mask 40. Through these ports 56 air from
the system, and particularly air exhaled by the patient,
passes from the system to the external ambient environment.
These ports 36 constitute intentional leaks at the mask, and
must be small enough not to vent off all the pressure
delivered by the compressor 44/valve 48 combination, but
must be large enough to vent the patient’s expired breath
over the period of expiration. For example, holes which are
individually capable of passing a flow of 5 to 7 liters of air
per minute with an internal mask pressure of 5 centimeters
of walter in material, and having a diameter in the order of
/16 inch thick, have been found satisfactory. Suitable means
for blocking one or both of these ports, such as plugs 57,
may be provided in order to enable adjustment of the rate of
air discharge from the mask. It is of course apparent that the
invention is not limited to this size and number of ports.

When the pressure within the mask is at the low end of the
operating range, that is in the range of 5—7 centimeters of
water, at least two ports 56 with sizing as described above
are left open to vent the mask at a rate of approximately

10-12 liters per minute. When the pressure within the mask
1§ set in the upper end of the range, from 10-15 centimeters
of water, one hole is plugged while the other provides a vent
which delivers in the order of 5-7 liters per minute.

Since the valve 48 is not mounted on the mask, but is
coupled thereto by a flexible tube, the weight of the mask
assembly that must be supported on the patient’s face is
substantially reduced, and the comfort to the patient is
accordingly greatly increased. The connection between the
rube 46 and the mask 40 may be via a swivel joint 58, if
desired, to permit the patient to have more freedom of
movement without danger of entangling the mask apparatus
with the bedding or causing the mask to separate from the
face.

The compressed air may be provided by any conventional
device, so that the patient may inexpensively provide this
source for use in his own home. It is preferred, however, that
a blower be provided instead of a compressor, since com-
pressors tend to dessicate the air supply, while blowers
deliver air at room humidity, can handle ultrasonically
humidified air, and drop flow upon increases in back pres-
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sure. This latter feature is desirable, since the flow from a
blower quickly increases during inspiration, when the back
pressure increases in the system. The compressed air may be
heated and humidified by conventional devices.

In the treatment of obstructive apnea, it must be siressed
that the condition can be expected to continue for the
remainder of the patient’life, and it can be expected to
increase in severity. Accordingly, a patient seeking relief by
the use of CPAP can expect to require use of the mask for
the remainder of his life. Effectiveness of CPAP treatment
depends upon the willingness of the patient to use a nose
mask. The nose mask should be employed during naps as
well as during nighttime sleeping.

the present invention therefore solves t he problem of
providing the comfort required of such a nose mask, thereby
minimizing the reluctance of patients to seek relief by this
method. The mask in accordance with this invention may be
readily employed in the patient’s home and provide an
inexpensive solution to the problem of obstructive sleep
apnea.

While various nose masks are known and have been used
for respiration, none combine the features of maintaining
continuous positive air pressure at the nose and continuous
bypass of air away from the nose through vents that are
always open when the mask is in use, even during inhalation
It is this combination of features which is most effective in
treating obstructive sleep apnea.

It will thus be seen that the objects set forth above, among
those made apparent from the preceding description, are
efficiently attained and, since certain changes may be made
in the above constructions without departing from the spirit
and scope of the invention, it is intended that all matter
contained in the above description or shown in the accom-
panying drawings shall be interpreted as illustrative and not
in a limiting sense.

It is also to be understood that the following claims are
intended to cover all of the generic and specific features of
the invention herein described, and all statements of the
scope of the invention which, as a matter of language, might
be said to fall therebetween.

What is claimed is:

1. An assembly for treatment of obstructive sleep apnea
COMPpIISINg:

a nose mask adapted to be fitted over the nose of a patient;

supply means coupled to said mask for supplying air with
continuous positive pressure to said mask suited to
maintain the nasopharynegeal airway of a patient open
when said supply means is supplied with gas at positive
pressure, said supply means comprising an elongated
flexible tube coupled at one end to said mask and
having an opposite and remote from said mask that 1s
connected to inlet means for receiving pressurized air
and delivering air to said flexible tube to establish
within the mask a predetermined range of pressures;

venting means located on the nose mask for continuously
venting patient expiratory flow while said positive
pressure is applied to said mask via said supply means;
and

a threshold valve mounted at said opposite end of the
fiexible tube and adjustable for maintaining a positive
pressure within said mask in the range of about 35 to 15
centimeters water at all times when said mask 1s fitted
over the nose of a patient for respiration.

2. An assembly as claimed in claim 1 wherein said venting

means comprises in the mask at least one vent hole spaced
from the coupling of the tube to the mask.
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3. An assembly as claimed in claim 2 wherein said gas 18
air and said at least one vent hole vents air in the range of
5-15 liters/minute for internal mask pressures in the range of

5-15 centimeters water.
4. An assembly as claimed in claim 3 wherein said at least

one vent hole comprises two vent holes each venting air in
the range of about 5-7 liters/minute for internal mask
pressures in the range of 5-15 centimeters walier.

5. An assembly as claimed in claim 4 wherein said vent

holes are each closable by means of a plug.

6. In the method for the treatment of obstructive sleep
apnea comprising supplying air of a continuous positive
pressure within a pressure range of 5-15 centimeters water
via a long flexible tube to a nose mask to maintain the
nasopharyngeal airway of a patient open, the improvement
comprising controlling the pressure in the nose mask by
means of a threshold valve connected to the tube at a
position remote from the mask, and continuously venting air,
including patient expiratory air, directly from said mask via
at least one hole in said mask, at a rate of 5-135 liters/minute.

7. A method as claimed in claim 6 wherein when the
pressure in the nose mask is controlled by the threshold
valve to a value in the range of =b 5—7centimeters water, the
continuous venting step is carried out at a rate of approxi-
mately 10-12 liters/minute, and when the pressure 1n the
nose mask is increased to a value in the range of 10-15
centimeters water, the continuous venting is of the order of

5-7 hters/minute.
8. An assembly for treatment of obstructive sleep apnea

COMprising:
a nose mask adapted to be fitted over the nose of a patient,

supply means coupled to said mask for supplying air with
continuous positive pressure 1o said mask suited to
maintain the nasopharyngeal airway of a patient open
when said supply means is supplied with gas at posttive
pressure, said supply means comprising an elongated
flexible tube coupled at one end to said mask and
having an opposite end remote from said mask that is
connected to inlet means for receiving pressurized air
and delivering air to said flexible tube to establish
within the mask a predetermined range of pressures;

venting means located on the nose mask for continuously
venting patient expiratory flow while said positive
pressure is applied to said mask via said supply means,
and

means mounted at said opposite end of the flexible tube
and adjustable for maintaining a positive pressure
within said mask in the range of about 5 to 15 centi-
meters water at all times when said mask is fitted over
the nose of a patient for respiration.

Q. An assembly for treatment of obstructive sleep apnea

comprising:

a nose means adapted to be fitted to the nose of a patient

for sealing off the nose,

supply means coupled to said nose means for supplying
air with continuous positive pressure to said nose
means suited to maintain the nasopharyngeal airway of
a patient open when said supply means is supplied with
gas at positive pressure, sald supply means compnsing
an elongated flexible tube coupled at one end to said
nose means and having an opposite end remote from
said nose means that is connected to inlet means for
receiving pressurized air and delivering air to said
flexible tube to establish within the nose means a

predetermined range of pressures;

venting means located on the nose means for continuously
venting patien! expiratory flow while said positive
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pressure is applied 1o said nose means via said supply
means, and

means mounted at said opposite end of the flexible tube
and adjustable for maintaining a positive pressure
within said nose means in the range of about 5 to 15
centimeters water ait all times when said nose means is
fitted to the nose of a patient for respiration.
10. An assembly for treatment of obstructive sleep apnea
comprising:

a nose means adapled to be fitted to the nose of a patient 10

for sealing off the nose;

supply means coupled to said nose means for supplying
air with continuous positive pressure o said nose
means suited 1o maintain the nasopharyngeal airway of
a patient open when said supply means is supplied with
gas at positive pressure, said supply means comprising
an elongated flexible tube coupled at one end to said
nose means and having an opposite end remote from
sald nose means that is connected to inlet means for
recewving pressurized air and delivering air to said
flextble tube to establish within the nose means a
predetermined range of pressures;

venting means located on the nose means for continuously
venting patient expiratory flow while said positive
pressure 1s applied to said nose means via said supply

means: and

means mounted at said opposite end of the flexible tube
and adjustable for maintaining a positive pressure
within said nose means all times when said nose means
is fitted to the nose of a patient for respiration.
11. An assembly for treatment of obstructive sleep apnea,
comprising:
a nose fitting for sealing off the nose of a patient;

an air supply coupled to said nose fitting for supplying air
with continuous positive pressure to said nose fitting
suited to maintain the nasopharyngeal airway of a
patient open when said air supply is supplied with air
at a positive pressure, said air supply comprising an
elongated flexible tube coupled at one end to said nose
Juting and having an opposite end that is connected to
an inlet for receiving pressurized air and delivering air
o said flexible tube to establish within said nose fitting
a predetermined range of pressures;

at least one vent associaled with said nose fitting for
continuously venting patient expiratory flow while said
posttive pressure is applied to said nose fitting via said
air supply; and

a pressure controller located at said opposite end of said
flexible tube and adjustable for continuously maintain-
ing a positive pressure within said nose fitting when
said nose fitting is fitted to the nose of a patient for
respiration,

12. An assembly for treatment of obstructive sleep apnea,

comprising:

a nose fitting for the nose of a patient for sealing off the
nose;

an air supply coupled to said nose fitting for supplying air
with continuous positive pressure to said nose fitting
suited to maintain the nasopharyngeal airway of a
patient open when said air supply is supplied with air
at a positive pressure, sald aitr supply comprising an
elongated flexible tube coupled at one end to said nose
fitting and having an opposite end that is connected to
an inlet for receiving pressurized air and delivering air
to said flexible tube to establish within said nose fitting
a predetermined range of pressures;
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at least one vent associated with said nose fitting for
continuously venting patient expiratory flow while said
positive pressure is applied to said nose fitting via said
atr supply; and
a pressure controller located at said opposite end of said
flexible tube and adjustable for continuously maintain-
ing a positive pressure within said nose fitting in the
range of about 5 to 15 centimeters water when said
nose fitting is fitted 1o the nose of a patient for respi-
ration,
13. An assembly for treatment of obstructive sleep apnea
comprising.:
a nose mask adapted to be fitted over the nose of a patient;

supply means coupled to said mask for supplying air with
continuous positive pressure lo said mask suiled to
mamniain the nasopharynegeal airway of a patient open
when said supply means is supplied with gas at positive
pressure, said supply means comprising an elongated
flexible tube coupled at one end to said mask and
having an opposite end remote from said mask that is
connected to inlet means for receiving pressurized air
and delivering air to said flexible tube to establish
within the mask a predetermined range of pressures;

a pressure controller mounted at said opposite end of the
flexible tube and adjustable for maintaining a positive
pressure within said mask in the range of about 5-15
centimelers waler at all times when said mask is fitted
over the nose of a patient for respiration;

at least one continuously open vent hole located on the
nose mask for continuously venting patient expiratory
flow while said positive pressure is applied to said mask
via said supply means, said vent hole being small
enough not to vent off all of the positive pressure
supplied by the supply means while at the same time
being large enough to vent the patient’s expired air
over the period of expiration.

14. An assembly for treatment of obstructive sleep apnea
as claimed in claim 13, wherein said vent hole is located on
the mask such that the incoming pressurized air carries the
patient’s expired atr through the vent hole.

15, A method for the treatment of a patient suffering from
obstructive sleep apnea, comprising:

(a) supplying air at a continuous positive pressure within
a pressure range of about 515 centimeters water via
a long flexible tube to means fitted to the nose of the
patient for sealing off the nose to maintain the nasopha-
ryngeal airway of the patient open,

(b) controlling the positive pressure in the means fitted 1o
the nose by a pressure controller connected to the
flexible tube at a position remote from the mask,

(c) continuously venting air, including patient expiratory
atr, directly from said means fitted to the nose via at
least one hole associated with said means fitted to the
nose while said air at a continuous positive pressure is
being supplied to the means fitted to the nose of the
patient,

(d) said at least one hole associated with said means fitted
to the nose of the patient being sized such that it does
not vent all of the positive pressure supplied via the
flexible tube while at the same time venting the
patient's expired air over the period of expiration, the
air at the posilive pressure carrying the patient’s
expired air through the at least one hole associated
with said means fitted to the nose of the patient.
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