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(57) ABSTRACT

The present invention discloses a carbon dioxide inhalation
treatment device for central sleep apnea comprising a
blower, a gas cylinder filled with carbon dioxide (CO,), an
airbag, a mask, and a detection mechanism for detecting the
central apnea by measuring the electromyographic activity
of the chest wall muscles. The mask is provided with
multiple holes providing a communication between the
inside and outside of the mask in order to prevent any sense
of resistance of breathing and to provide greater control of
inspired CO,. Inspired CO, from a gas mixture containing
also a minimum 20% O, is driven by air using a blower into
a mixing chamber. This carbon dioxide inhalation treatment
device for central sleep apnea can provide a stable, mild
level of carbon dioxide for patients with central sleep apnea,
thus by preserving respiratory drive correcting central sleep
apnea without increasing the arousal and microarousal fre-
quency.
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CARBON DIOXIDE INHALATION
TREATMENT DEVICE FOR CENTRAL
SLEEP APNEA

FIELD OF THE INVENTION

[0001] The present invention relates to a treatment device,
and in particular to a carbon dioxide inhalation treatment
device for central sleep apnea.

BACKGROUND OF THE INVENTION

[0002] Carbon dioxide is a respiratory center stimulant.
Normal breathing rhythm depends on a constant level of
carbon dioxide maintained in the body. Within a certain
range, if the concentration of carbon dioxide in the blood is
too high, carbon dioxide will stimulate the brain stem
chemoreceptor to make breathing deepened and accelerated,
conversely apnea will be caused when the concentration of
carbon dioxide in the blood is reduced. In the awake state,
respiratory depression due to a decrease in the concentration
of carbon dioxide in the blood can be compensated by
excitability in the cerebral cortex, thereby maintaining the
normal breathing motion. However, in the asleep state, a
decrease in the concentration of carbon dioxide in the blood
can cause sleep apnea.

[0003] Heart failure patients often suffer from frequent
episodes of central sleep apnea which results in intermittent
hypoxia and this is considered harmful since it may further
damage heart function and is associated with increased
mortality in the patients with heart failure. Inhaled carbon
dioxide can eliminate central sleep apnea and Improve heart
function. However, inhalation of excessive carbon dioxide
can cause arousal, affect sleep and aggravate the condition;
equally if concentration of the inhaled carbon dioxide is too
low, the central sleep apnea cannot be effectively corrected.
There is only a small difference in the concentration of
carbon dioxide in the blood between causing central sleep
apnea and causing arousal. Thus while the physiological
principle of using CO2 as a therapy for CSA associated with
heart failure is accepted, it has not passed into clinical use
principally because of difficulties in titrating and remaining
the concentration of Inspired CO2 in real time. On the other
hand, the current technology is based on an airflow sensor
placed at the nasal outlet and two thoracoabdominal bands
respectively tied at the chest and abdomen to determine
whether the patient is in apnea. The airflow sensor and the
thoracoabdominal band may cause discomfort, affecting the
patient’s sleep and there is no currently available integrative
device that can use these data to titrate inspired CO,.
Therefore, there is an unmet need for an effective and
comfortable carbon dioxide inhalation treatment device for
the patients with central sleep apnea, particularly for the
patients with heart failure associated with central sleep
apnea.

SUMMARY OF THE INVENTION

[0004] For overcoming the above defects of the prior
technique, a purpose of the present invention is to provide a
carbon dioxide inhalation treatment device for central sleep
apnea. This device can provide the patients with stable,
moderate carbon dioxide, so as to effectively correct the
patients’ sleep apnea without causing an increase in arousal
and micro-arousal.
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[0005] 1In order to achieve the above purpose, the present
invention adopts the following technical solution: a carbon
dioxide inhalation treatment device for central sleep apnea is
provided, which comprises a blower, a gas cylinder filled
with carbon dioxide, a mixing chamber, a mask, and a
detection mechanism for detecting central apnea; the mask
connected via the mixing chamber with the blower through
a second pipe, and the gas cylinder is connected to the
second pipe through a third pipe; the third pipe is provided
with a flow meter. In one embodiment, the device is initially
adjusted during an attended study, commonly in a hospital.
For this purpose, the therapeutic device will also be used
with the detection mechanism comprising at least one pair of
electroencephalographic (EEG) recording electrodes for col-
lecting EEG signals, at least one pair of electromyographic
(EMG) recording electrodes for collecting diaphragm EMG
signals (either from the skin surface or the esophagus), a
signal analyzer with amplification, both the EEG recording
electrode and the EMG recording electrode being connected
to the signal analyzer. This titration system forms part of the
Invention.

[0006] Preferably, the outer edge of the mask is loosely
connected to a face of a patient, for example, a patient
afflicted with sleep apnea.

[0007] Preferably, the volume percentage of carbon diox-
ide in the gas cylinder is 5% to 80%. The gas cylinder of the
present invention stores high-pressure high-concentration
carbon dioxide, such that it can provide the patient with an
appropriate concentration of carbon dioxide alter the carbon
dioxide is mixed with the air supplied by the blower. In one
embodiment, the volume percentage of carbon dioxide in the
gas cylinder is further preferably 60% to 80%.

[0008] Preferably, there are a plurality of holes disposed
along a portion of the mask, which may be evenly divided
into two groups that are respectively located on the left and
right sides of the mask.

[0009] Preferably, the carbon dioxide inhalation treatment
device for central sleep apnea also includes an alarm, which
is connected with the tubing immediately before its entry to
the mask.

[0010] This carbon dioxide inhalation treatment device for
central sleep apnea works as follows: it is envisaged that the
setup and titration will be done in hospital but that the
patient will then be discharged with a device which carnnot
be adjusted by the user and which delivers a prescribed
concentration of inspired/Inhaled CO,.

[0011] Detail of apparatus for the titration phase is as
follows. First the EEG recording electrode is connected to
the head of the patient, then placement of an EMG recording
electrode on the surface of the chest or in the esophagus for
recording of the diaphragm EMG, placing a mask to the
patient, starting the blower, and making the blower send a
constant flow of air to the mask. In hospital real-time
monitoring of the patient’s sleep quality, i.e., observing
signals displayed on monitor from the EEG recording elec-
trode in conjunction with an the EMG recording electrode,
are used by a healthcare personnel to determine the level of
inspired/Inhaled CO2 required to overcome central sleep
apnea.

[0012] When the patient experiences an apnea during
sleep, healthcare personnel opens the valve of the gas
cylinder to permit egress of the carbon dioxide/oxygen
mixture, which is subsequently mixed with the constant
airflow inputted by the blower and then enters the mask, so
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as to make the patient inhale an accurately determined and
moderate concentration of carbon dioxide to stimulate the
respiratory center and correct apnea. In this way the patient’s
central sleep apnea events is eliminated by gradually
increasing the flow of carbon dioxide from the gas cylinder
by gradually adjusting the valve of the gas cylinder, until the
minimum effective carbon dioxide concentration for the
elimination of the central sleep apnea is achieved.

[0013] The present invention has the following beneficial
effects compared to the prior technique:

[0014] 1. This carbon dioxide inhalation treatment device
for central sleep apnea is mainly composed of a blower, a
gas cylinder filled with carbon dioxide and a mask, so as to
provide the patients with stable, moderate carbon dioxide
through cooperation of the blower, the gas cylinder, the
mask and other components, thus effectively correcting the
central sleep apnea.

[0015] 2. The mask in this carbon dioxide inhalation
treatment device for central sleep apnea is provided with a
through hole, and does not need to be sealed to the face,
thereby eliminating the expiratory resistance, reducing dis-
comfort of the treatment, ensuring comfort while the patient
falls asleep, and also reducing the impact of the carbon
dioxide in the exhaled breath on the inhaled carbon dioxide.
[0016] 3. With the first pipe and the second pipe of this
carbon dioxide inhalation treatment device for central sleep
apnea connected by the airbag, the air blown in by the
blower can be mixed evenly with the carbon dioxide flowing
out of the gas cylinder to ensure the gas uniformity when the
gases are mixed after entering the mask, thus ensuring a
good treatment effect.

[0017] 4. The detection mechanism used in the attended
titration phase of this carbon dioxide inhalation treatment
device for central sleep apnea is mainly composed of an
EEG recording electrode, an EMG recording electrode, a
signal analyzer with amplification, and replaces the tradi-
tional airflow sensor and thoracoabdominal band, thus
ensuring the accuracy of the test results and also improving
the patients comfort.

[0018] In another embodiment, the concentration of inhal-
able CO, is sensed by a sensor from a delivery line and
adjusted during the titration phase using a regulator placed
at the gas cylinder of the device, using information from the
EEG and EMG measurements comprising the chest wall or
esophageal electromyographic sensors measuring the activ-
ity of the diaphragm during sleep.

[0019] It is intended that the optimal concentration of
inspired CO, be determined during an attended (and prob-
ably in hospital) study using information obtained by dia-
phragm electromyography (using surface or esophageal
electrodes) and the electroencephalograph (EEG) for judg-
ment of sleep; thus the equipment used for the titration phase
form part of the invention. The patient is then discharged to
use at home the device adjusted to a fixed personally
determined concentration of Inspired CO,.

[0020] The present invention envisages that the device
could be further adapted in the future to include a non-
invasive EMG monitor to titrate CO2 delivery more pre-
cisely to respiratory activity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is a schematic view of the overall structure
of a carbon dioxide inhalation treatment device for central
sleep apnea according to one embodiment of the Invention.
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[0022] FIG. 2 is a schematic view of the overall system
according to one embodiment of the invention, the system
comprising a CO, inhalation device, a detection mechanism,
and a signal analyzer.

DETAILED DESCRIPTION OF THE
INVENTION

[0023] To facilitate those skilled in the art to understand
the present invention, the present invention will be further
described in detail below with reference to drawings and
examples.

Example 1

[0024] As shown in FIG. 1, this carbon dioxide inhalation
treatmernt device for central sleep apnea comprises a blower
1, a gas cylinder 2 filled with carbon dioxide, an airbag 3, a
mask 4, and a detection mechanism in FIG. 2 for detecting
central apnea; the mask 4 is provided with a plurality of
holes 5 communicating with the Inside and outside of the
mask 4; the mask 4 extends and connects through a first pipe
6 and one end of the airbag 3; the other opposite end of the
airbag 3 is connected with the blower 1 via a second pipe 7,
and the gas cylinder 2 is connected to the second pipe 7
through a third pipe 8; and the third pipe 8 is provided with
a flow meter 9. Specifically, moderate carbon dioxide is
supplied stably by the blower 1 and the gas cylinder 2 (i.e.,
making the patient inhale carbon dioxide at the lowest
effective concentration to eliminate central sleep apnea) to
stimulate the respiratory center, thus effectively correcting
the central sleep apnea, with the patient not be awakened
caused by too high concentration of carbon dioxide, thereby
improving the sleep quality of the patient. The gases stored
in the gas cylinder 2 also include oxygen in addition to
carbon dioxide, in which the volume percentage of carbon
dioxide is up to 80%, and the volume percentage of oxygen
is at least 20%.

[0025] FIG. 2, shows a schematic of the overall system,
comprising the detection mechanism used in the attended
titration phase comprising at least one pair of EEG recording
electrodes consisting of electrodes 12 and 13 for collecting
EEG signals 24, at least one pair of EMG recording elec-
trodes consisting of electrodes 14 and 15 for esophageal
recording or electrodes 16 and 17 for chest wall recording to
collect diaphragm EMG signals 22 and 23. Both the EEG
recording electrode 12 and 13 and the EMG recording
electrode 14 and 15 for esophageal recording or electrodes
16 and 17 for surface recording being displayed on monitor
25 or 26. In this example, one pairs of the EEG recording
electrodes 12 and 13 are used that are attached to a patient’s
head, so as to monitor the patient’s sleep status in real time.
The EMG recording electrode may be a recording electrode
disposed in the esophagus, or placed on both sides of the
chest. In this example, the EMG recording electrode 16 and
17 is paced on chest wall to monitor or detect the central
apnea by the presence or absence of myoelectricity. On
monitor screen 25, EMG 22 exists during sleep as judged by
EEG signal 24, indicating no sleep apnea. On mouitor screen
26, EMG 23 disappear over a period time during sleep as
judged by EEG signal 24, indicating there were central sleep
apnea events.

[0026] The outer edge of the mask 4 is loosely connected
to the face of a patient. Loose connection means that the
mask 4 and the face can be spaced rather than be connected



US 2017/0333664 Al

in a sealed manner, which allows leakage, thus ensuring
comfort of the patient wearing the mask.

[0027] In another embodiment, the carbon dioxide inha-
lation treatment device for central sleep apnea also includes
an alarm 10, which is connected with the first pipe 6. The
alarm 10 may monitor the concentration of carbon dioxide
through the first pipe 6 at any time; when the concentration
of carbon dioxide is high, the alarm 10 issues an alarm signal
to prevent the patient from inhaling excessive carbon diox-
ide due to device failure, thus ensuring the patient’s safety.
[0028] There are a plurality of holes 5, which are evenly
divided into two groups that are respectively located on the
left and right sides of the mask 4. This arrangement assures
the smoothness of the exhaust of the mask 4, and Improves
the comfort.

[0029] The use process of the carbon dioxide inhalation
treatment device for central sleep apnea is described as
follows:

[0030] Affixing the EEG recording electrodes 12 and 13 to
the head of the patient, then placing the EMG recording
surface electrodes 16 and 17 on the chest of the patient,
aligning the mask 4 to the patient along the face, covering
the nose and mouth, and securing the mask in position using
astrap or rope 11, and then starting the blower 1, and making
the blower 1 send a constant flow of air to the mask 4.
Real-time monitoring the patient’s sleep breathing condi-
tion, i.e., the signals detected by the EEG electrode and the
EMG electrodes are displayed on the monitor as shown on
monitor screen 25 or 26 after signal analyzer 21, with the
patient assessed for central sleep apnea based on the signal
displayed on the monitor.

[0031] When the patient falls asleep after the intermittent
disappearance of the respiratory muscle myoelectricity as
shown on monitor 26, gradually opening the valve of the gas
cylinder 2 by starting from the flow rate of 0.1 i/min
displayed on the flow meter 9 according to the intermittent
disappearance of the respiratory muscle EMG. With the
respiratory muscle EMG disappearance occurring two times
within 10 min, increasing the flow rate of carbon dioxide of
the gas cylinder to 0.05 L/min and gradually increasing
concentration of the inhaled carbon dioxide, until the respi-
ratory muscle EMG has no more intermittent disappearance
as shown on monitor screen 25. When the lowest effective
carbon dioxide concentration is achieved, fixing the valve to
let the subject continue to be treated.

Example 2

[0032] This carbon dioxide inhalation treatment device for
central sleep apnea is the same as Example 1 except for the
following technical feature: The volume percentage of car-
bon dioxide in the gas cylinder is 60%.

Example 3

[0033] This carbon dioxide inhalation treatment device for
central sleep apnea is the same as Example 1 except for the
following technical feature: The volume percentage of car-
bon dioxide in the gas cylinder is 80%.

Example 4

[0034] This carbon dioxide inhalation treatment device for
central sleep apnea is the same as Example 1 except for the
following technical feature: The volume percentage of car-
bon dioxide in the gas cylinder is 5%.
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[0035] The above-described embodiments are preferred
examples of the present invention; however, the present
invention is not limited thereto, and other variations that do
not depart from the technical solution of the present inven-
tion or other equivalent permutations are included within the
scope of protection of the present invention.

1-6. (canceled)

7. A carbon dioxide inhalation treatment device for central
sleep apnea, comprising:

a blower,

a gas cylinder filled with a minimum 5% oxygen and up

to 80% carbon dioxide (CO,),

a mixing chamber, wherein inhalable CO, from a gas
mixture comprising a mixture of oxygen and CO, is
driven by air using the blower,

a mask configured to be worn by a user for receiving
inhalable CO,,

and a detection mechanism for detecting central apnea.

8. The device of claim 7, wherein the mask is connected
to the mixing chamber at an end via a first conduit com-
prising a pipe or tube, and wherein the blower and gas
container are connected to an opposite end of the mixing
chamber via an interconnected conduit comprising a second
conduit comprising a second pipe or tube and a third conduit
comprising a third pipe or tube.

9. The device of claim 7, characterized in that: the outer
edge of the mask is loosely connected to a face of a wearer.

10. The device of claim 7, further comprising multiple
holes disposed along a portion of the mask, the holes
providing a communication between the inside and outside
of the mask in order to prevent any sense of resistance of
breathing and to provide greater control of inspired CO,.

11. The device of claim 10, wherein the plurality of holes
are evenly divided into two groups that are respectively
located on the left and right sides of the mask.

12. The device of claim 7, characterized in that: the
volume percentage of carbon dioxide in the gas cylinder
may be between 20% to 80%.

13. The device of claim 7, further comprising an alarm
connected with the first conduit, that will wake the patient in
the event of unsafe hypercapnia, hypoxia or tachypnea
detection.

14. A system for use by a patient in need of treatment for
sleep apnea, comprising: a carbon dioxide inhalation treat-
ment device; and a detection mechanism, wherein the detec-
tion mechanism measures the presence or absence of myo-
electricity as measured by one or both of an EEG and EGM
signal, and adjusts the concentration of inhaled carbon
dioxide administered by the treatment device, until an EMG
signal no longer presents an intermittent disappearance
indicating a sleep apnea event; the carbon dioxide treatment
device configured to maintain an optimal concentration of
carbon dioxide, via the detection mechanism, for adminis-
tration to a patient by inhalation via a mask of the treatment
device.

15. The system of claim 14, further comprising a titration
mechanism comprising at least one pair of electroencepha-
lographic recording electrodes worn by the patient for
collecting EEG signals, at least one pair of surface or
esophageal electromyographic recording electrodes worn by
the patient for collecting diaphragm EMG signals, a signal
amplifier and a signal analyzer, the recording electrodes
being connected to the signal analyzer through the signal
amplifier.
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16. A method of treating central sleep apnea, comprising:

administering an inhalable CO, treatment volume at an
interval to a patient via a carbon dioxide inhalation
treatment device according to claim 7.

17. The method according to claim 16, wherein the
treatment volume is determined by a titration mechanism for
measuring the presence or absence of myoelectricity as
measured by one or both of a patient’s EEG and EGM
signals monitored, and adjusting the concentration of inhal-
able carbon dioxide administered by the treatment device,
until the patient’s EMG signal no longer presents an inter-
mittent disappearance indicating a sleep apnea event.

18. The method according to claim 17, whereby the
concentration of inhalable CO, is sensed by a sensor from a
delivery line and adjusted during the titration phase using a
regulator placed at the gas cylinder of the device, using
information from the EEG and EGM measurements com-
prising the chest wall or esophageal electromyographic
sensors measuring the activity of the diaphragm during
sleep.

19. The method according to claim 16, further comprising
maintaining an optimal concentration of carbon dioxide, via
a detection mechanism, and administering a fixed and non-
adjustable amount of carbon dioxide to the patient by
inhalation via the mask of the treatment device.

I I T T
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