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7) ABSTRACT

An airway status evaluation apparatus includes a respiration
monitoring unit, a data processing unit, an inflation/deflation
unit, and an inflation/deflation control unit. The data pro-
cessing unit is electrically connected to the respiration
monitoring unit, collects a respiration parameter of a patient
from the respiration monitoring unit when a cuff meets an
evaluation state, and evaluates an airway status of the patient
according to the respiration parameter. The inflation/defla-
tion control unit is connected to the inflation/deflation unit
and controls the inflation/deflation unit to inflate and deflate

Int. CIL. the cuff so as to enable the cuff to meet an evaluation state.
A6IM 16/00 (2006.01) In the present disclosure, inflation and deflation of the cuff
A6IM 16/04 (2006.01) are implemented in a full-automatic or semi-automatic con-
A61B 5/091 (2006.01) trol manner, the respiration parameter can be automatically
AG6IB 5087 (2006.01) monitored, and the evaluation result is automatically calcu-
AG6IB 5/08 (2006.01) lated, thereby achieving the automatic evaluation for the
AG6IB 5/00 (2006.01) airway status of a patient.
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METHOD AND APPARATUS FOR
EVALUATING AN AIRWAY STATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT Applica-
tion No. PCT/CN2016/074246, filed Feb. 22, 2016, for
APPARATUS, METHOD OF EVALUATING AN AIRWAY
STATUS, AND VENTILATOR, which is incorporated
herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to medical devices,
and in particular to a method and apparatus for evaluating an
airway status, as well as a ventilator including the apparatus.

BACKGROUND ART

[0003] Tracheal intubation involves the placement of a
special endotracheal tube into the nasopharynx or orophar-
ynx, transnasally or transorally, to establish an air passage in
the trachea of a patient. Currently, tracheal intubation is a
common and important first-aid technique and is an effective
measure for ensuring that the patient’s airway is unob-
structed.

[0004] A conventional tracheal tube includes a catheter, an
inflatable cuff, and an inflation tube. The catheter is placed
into the trachea of the patient. When in use, an insertion end
of the catheter is inserted into the trachea of the patient, an
exposed end of the catheter is connected to a breathing
circuit of a ventilator, and the cuff is fixed outside an end of
the catheter inserted into the trachea. The cuff may fix the
tube, close the trachea, and prevent an unwanted aspiration.
The inflation tube is usually a long, thin flexible tube, with
one end connected to an inside of the cuff, and the other end
thereof exposed outside and connected to an inflation bag or
a syringe. An operator may inflate the cuff by operating the
inflation bag or the syringe.

[0005] Since the tracheal tube may be inserted into the
trachea easily, it is commonly used in emergency situations.
The tracheal tube is also convenient for sputum aspiration
owing to the relatively large lumen, so it is often used in
clinical contexts. However, establishing an artificial airway
by tracheal intubation damages and destroys a normal physi-
ological function of a body to some extent. For example,
when the cuff pressure is excessively high, it is easy to cause
airway damage due to insufficient blood supply to a tracheal
mucosa of the patient. Moreover, long-term establishment of
the artificial airway sometimes causes a tracheal stenosis of
the patient. Therefore, before weaning and extubating for the
patient, medical personnel need to evaluate the airway status
of the patient and determine whether an extubation may be
performed based on the airway patency, otherwise it would
cause a difficulty in reintubation or even endanger the
patient’s life. Currently, the latest artificial airway cuff
management guidelines also suggest that a cuff leak test
should be performed to evaluate airway patency before
extubation,

[0006] Conventionally, medical personnel evaluate the
airway status based on experience, intubating the patient,
operating the cuff, setting the ventilator, and observe the
status of the patient. Because medical personnel have to do
so many complicated operations, evaluation accuracy may
decrease.
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SUMMARY

[0007] An airway status evaluation apparatus may
include: a respiration monitoring unit to monitor a respira-
tion parameter of a patient; an inflation/deflation unit includ-
ing an interface connected to an inflation tube of a tracheal
tube, to inflate or deflate a cuff of the tracheal tube through
the inflation tube; an inflation/deflation control unit, con-
nected to the inflation/deflation unit, to control the inflation/
deflation unit to inflate and deflate the cuff'so as to enable the
cuff to meet an evaluation state; and a data processing unit,
electrically connected to the respiration monitoring unit, to
collect the respiration parameter of the patient from the
respiration monitoring unit when the cuff meets the evalu-
ation state and to evaluate an airway status of the patient
according to the respiration parameter.

[0008] An airway status evaluation apparatus may
include: a respiration monitoring unit to monitor a respira-
tion parameter of a patient; an inflation/deflation unit includ-
ing an interface, connected to an inflation tube of a tracheal
tube, to inflate or deflate a cuff of the tracheal tube through
the inflation tube; a pressure sensor connected to the cuff to
measure cuff pressure; an inflation/deflation control unit,
electrically connected to a signal output end of the pressure
sensor, to output a command or prompt information about
inflating or deflating the cuff after an airway status evalua-
tion procedure is started and to determine whether the cuff
meets an evaluation state according to the cuff pressure; and
a data processing unit, electrically connected to the respi-
ration monitoring unit, to collect the respiration parameter of
the patient from the respiration monitoring unit when the
cuff meets the evaluation state and to evaluate an airway
status of the patient according to the respiration parameter.
[0009] An airway status evaluation apparatus may
include: an inflation/deflation unit including an interface,
connected to an inflation tube of a tracheal tube, to inflate or
deflate a cuff of the tracheal tube through the inflation tube;
a pressure sensor connected to the cuff to measure cuff
pressure; a connection unit to be in signal connection with
a ventilator; and an inflation/deflation control unit, respec-
tively electrically connected to the inflation/deflation unit
and a signal output end of the pressure sensor, to control the
inflation/deflation unit to inflate and deflate the cuff or
output prompt information about inflating or deflating the
cuff such that the cuff is inflated to a predetermined pressure
or completely deflated, and further electrically connected to
the connection unit and communicating with the ventilator
through the connection unit so as to receive an inflation/
deflation instruction from the ventilator and/or feed back the
cuff pressure to the ventilator.

[0010] A ventilator may include: a breathing circuit, con-
nected to an exposed end of a catheter of a tracheal tube, to
provide a passage for a patient to inhale or exhale gas; a
respiration unit to provide mechanical ventilation for the
patient, the respiration unit being connected to the breathing
circuit; and the airway status evaluation apparatus as any
one described above, in which the respiration monitoring
unit is connected to the breathing circuit to monitor respi-
ration parameters of the patient.

[0011] An airway status evaluation method, using the
airway status evaluation apparatus as described above to
evaluate the airway status of a patient, may include: con-
trolling the inflation/deflation unit to maintain the cuff at a
predetermined pressure when the tracheal tube is in a normal
ventilation mode; starting an airway status evaluation pro-
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cedure based on an instruction from a user; controlling the
respiration unit to provide mechanical ventilation at a preset
tidal volume for a patient; acquiring a first respiration
parameter of exhalation of the patient from a respiration
monitoring unit when the cuff is at the predetermined
pressure, and the first respiration parameter is a value
measured in one respiratory cycle or an average value
measured in multiple respiratory cycles; controlling the
inflation/deflation unit to completely deflate the cuff; acquir-
ing a second respiration parameter of exhalation of the
patient from the respiration monitoring unit after the cuff is
completely deflated, and the second respiration parameter is
a value measured in one respiratory cycle or an average
value measured in multiple respiratory cycles; and evaluat-
ing the airway status according to the first and second
respiration parameters, and outputting an evaluation result.

[0012] An airway status evaluation method, using the
airway status evaluation apparatus described above to evalu-
ate the airway status of a patient, may include: controlling
the inflation/deflation unit to maintain the cuff at a prede-
termined pressure when the tracheal tube is in a normal
ventilation mode; starting an airway status evaluation pro-
cedure based on an instruction from a user; controlling the
inflation/deflation unit to completely deflate the cuff; acquir-
ing an inhalation parameter and an exhalation parameter of
a patient from the respiration monitoring unit after the cuff
is completely deflated, and the inhalation parameter and the
exhalation parameter are values measured in one respiratory
cycle or average values measured in multiple respiratory
cycles; and evaluating the airway status according to the
inhalation parameter and the exhalation parameter and out-
putting the evaluation result.

[0013] An airway status evaluation apparatus may
include: a unit to control the inflation/deflation unit to
maintain the cuff at a predetermined pressure when the
tracheal tube is in a normal ventilation mode; a unit to start
an airway status evaluation procedure based on an instruc-
tion from a user; a unit to control the respiration unit to
provide mechanical ventilation at a preset tidal volume for
a patient; a unit to acquire a first respiration parameter of
exhalation of the patient from a respiration monitoring unit
when the cuff is at the predetermined pressure, and the first
respiration parameter is a value measured in one respiratory
cycle or an average value measured in multiple respiratory
cycles; a unit to control the inflation/deflation unit to com-
pletely deflate the cuff; a unit to acquire a second respiration
parameter of exhalation of the patient from the respiration
monitoring unit after the cuff is completely deflated, and the
second respiration parameter is a value measured in one
respiratory cycle or an average value measured in multiple
respiratory cycles; and a unit to evaluate the airway status
according to the first and second respiration parameters, and
outputting an evaluation result.

[0014] An airway status evaluation apparatus may
include: a unit to control the inflation/deflation unit to
maintain the cuff at a predetermined pressure when the
tracheal tube is in a normal ventilation mode; a unit to start
an airway status evaluation procedure based on an instruc-
tion from a user; a unit to control the inflation/deflation unit
to completely deflate the cuff; a unit to acquire an inhalation
parameter and an exhalation parameter of a patient from the
respiration monitoring unit after the cuff is completely
deflated, and the inhalation parameter and the exhalation
parameter are values measured in one respiratory cycle or
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average values measured in multiple respiratory cycles; and
a unit to evaluate the airway status according to the inha-
lation parameter and the exhalation parameter and output-
ting the evaluation result.

[0015] A tracheal intubation device may include: a tra-
cheal tube including a catheter, a cuff, and an inflation tube,
the cuff surrounding an outer face of an end of the catheter,
and the inflation tube having one end connected to the inside
of the cuff, and the other end used to introduce air; and the
airway status evaluation apparatus as described above, with
the interface of the inflation/deflation unit being connected
to the other end of the inflation tube.

[0016] One embodiment provides an airway status evalu-
ation method, including: receiving an airway status evalu-
ation instruction from a user; measuring an exhalation
parameter of a patient when the cuff of an air tube is
respectively in an inflated state and in a deflated state;
comparing the exhalation parameter values measured
respectively in the inflated state and in the deflated state; and
outputting an airway status evaluation prompt according to
the comparison result.

[0017] An airway status evaluation method may include:
receiving an airway status evaluation instruction from a
user; measuring an inhalation parameter value and an exha-
lation parameter value of a patient when the cuff of the air
tube is in a deflated state; comparing the measured inhala-
tion parameter value and the measured exhalation parameter
value; and outputting an airway status evaluation prompt
according to the comparison result.

[0018] An airway status evaluation apparatus may
include: a receiving unit to receive an airway status evalu-
ation instruction from a user and output an evaluation trigger
command; a respiration parameter detection unit, connected
to the interface unit, to measure exhalation parameters of a
patient when the cuff of the air tube is respectively in an
inflated state and in a deflated state after receiving the
evaluation trigger command; a respiration parameter com-
parison unit, connected to the respiration parameter detec-
tion unit, to compare the exhalation parameter values mea-
sured respectively in the inflated state and in the deflated
state; and an evaluation unit, connected to the respiration
parameter comparison unit, to give a prompt to output an
airway status evaluation prompt according to the compari-
son result.

[0019] An airway status evaluation apparatus may
include: a receiving unit to receive an airway status evalu-
ation instruction from a user and output an evaluation trigger
command; a respiration parameter detection unit, connected
to the interface unit, to measure an inhalation parameter
value and an exhalation parameter value of a patient when
the cuff of the air tube is in a deflated state after receiving
the evaluation trigger command; a respiration parameter
comparison unit, connected to the respiration parameter
detection unit, to compare the measured inhalation param-
eter value and the measured exhalation parameter value; and
an evaluation unit, connected to the respiration parameter
comparison unit, to give a prompt to output an airway status
evaluation prompt according to the comparison result.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a schematic structural diagram of an
airway status evaluation apparatus according to some
embodiments;
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[0021] FIG. 2 is a schematic flowchart of an airway status
evaluation method using respiration parameters detected
before and after a cuff is deflated;

[0022] FIG. 3 is a schematic diagram of a GUI of a first
stage where the cuff is inflated;

[0023] FIG. 4 is a schematic diagram of a GUI of a second
stage where the cuff is deflated;

[0024] FIG.5isaschematic diagram of a GUI that a preset
evaluation criterion is met;

[0025] FIG. 6 is a schematic diagram of a GUI that the
preset evaluation criterion is not met;

[0026] FIG. 7is a schematic diagram of a GUI that the cuff
is in a leaking state;

[0027] FIG. 8 is a schematic flowchart of an airway status
evaluation method using respiration parameters detected
after cuff deflation;

[0028] FIG. 9 is a schematic structural diagram of an
airway status evaluation apparatus according to some
embodiments; and

[0029] FIG. 10 is a schematic structural diagram of an
airway status evaluation apparatus according to some
embodiments.

DETAILED DESCRIPTION

[0030] In one embodiment, as shown in FIG. 1, a catheter
20 of a tracheal tube is placed into an airway 21 of a patient
in a normal working state, a cuff 22 is fixed outside an end
of the catheter 20 inserted into the airway 21, one end of an
inflation tube 23 is connected to an inside of the cuff 22, and
the other end thereof is exposed and is connected to an
inflation/deflation unit. The inflation/deflation unit, as well
as the other units described herein, may be implemented
using hardware or by a processor executing instructions
stored in a memory. An exposed end 201 of the catheter 20
is connected to a breathing circuit of a ventilator 24. In a one
embodiment, the breathing circuit 24 includes an inspiration
conduit 24a and an expiration conduit 24b, and in illustrated
example, the inspiration conduit 24a and the expiration
conduit 24b are respectively connected to the exposed end
201 of the catheter of the tracheal tube through a Y-shaped
member 25.

[0031] As previously noted, it is clinically necessary to
evaluate an airway status of a patient before weaning the
patient from the ventilator. In this embodiment, an airway
status evaluation apparatus may include three units. A first
unit 14 may include a respiration unit 142, a respiration
monitoring unit 141, and a data processing unit 143, such as
a CPU or the like. A second unit 12 may include an
inflation/deflation unit 121 and an inflation/deflation control
unit 122. A third unit may be an evaluation result output unit
13. In addition, the second unit 12 may further comprise a
pressure sensor 123.

[0032] The respiration unit 142 may be connected to the
breathing circuit 24, and may provide mechanical ventila-
tion for the patient. In one embodiment, the respiration unit
142 may include an inhalation valve 1424 and an exhalation
valve 1425, an air flow flowing through the breathing circuit
24 may be controlled by opening/closing the inhalation
valve 142a and the exhalation valve 1426 to a certain
degree, such that a specific air flow is output to a lung of the
patient through the breathing circuit 24 and the catheter 20,
and an airway pressure and a tidal volume may be main-
tained at a specific level, so as to implement mechanical
ventilation for the patient.
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[0033] The respiration monitoring unit 141 may monitor a
respiration parameter of a patient. In one embodiment, the
respiration monitoring unit 141 may monitor at least one
respiration parameter, such as a tidal volume, a respiratory
flow rate, an airway pressure, a carbon dioxide content, a
chemical indicator content, and so on. In this embodiment,
the respiration monitoring unit 141 may include a flow
sensor. The respiration monitoring unit 141 may monitor a
respiratory flow rate of the patient and output the respiratory
flow rate to the data processing unit 143. The respiration
monitoring unit 141 may be connected to the breathing
circuit 24. For example, when the exposed end 201 of the
catheter 20 is connected to the breathing circuit 24 of the
ventilator through the Y-shaped member 25, the respiration
monitoring unit 141 may be disposed in a channel of the
Y-shaped member 25, and when the respiration monitoring
unit 141 needs to respectively monitor respiration param-
eters of an expiratory phase and an inspiratory phase, the
respiration monitoring unit 141 may be respectively con-
nected to the inspiration conduit 24a and the expiration
conduit 245 of the breathing circuit 24.

[0034] The data processing unit 143, electrically con-
nected to the respiration monitoring unit 141, may collect
the respiration parameters of the patient from the respiration
monitoring unit 141 when the cuff meets an evaluation state
and evaluate the airway status of the patient according to the
respiration parameters.

[0035] The inflation/deflation unit 121 inflates the cuff 22
of the tracheal tube or deflates the cuff 22 through the
inflation tube 23, the inflation/deflation unit 121 includes an
air pump 1211 and a first interface 1212, and the first
interface 1212 may be connected to an air input/output port
of the air pump 1211 through a connecting tube 1213.
Correspondingly, an exposed end of the inflation tube 23 of
the cuff includes a second interface 231, and the second
interface 231 may be fitted to the first interface 1212 to
implement an airtight connection. After the second interface
231 is connected to the first interface 1212, an air passage is
formed from the air pump 1211, through the connecting tube
1213, the first interface 1212, the second interface 231 and
the inflation tube 23, and to the cuff 22. In one embodiment,
the air pump 1211 may be replaced with a syringe, a
proportional valve or an air evacuation valve, a power
component of the syringe, the proportional valve or the air
evacuation valve is electrically connected to the inflation/
deflation control unit 122, and the air input/output port is
connected to the first interface 1212 through the connecting
tube 1213.

[0036] In this embodiment, the inflation/deflation control
unit 122 1s connected to the inflation/deflation unit 121, and
is used to control the inflation/deflation unit 121 to inflate
and deflate the cuff, so as to enable the cuff to meet an
evaluation state. The required cuff evaluation state is differ-
ent according to different evaluation standards. For some
evaluation standards, the respiration parameters detected
before and after cuff deflation are compared to make a
determination, and therefore the cuff evaluation state
required therefor refers to a state in which the cuff is inflated
to a predetermined pressure before deflation and a state in
which the cuff is completely deflated. For some evaluation
standards, the respiration parameters of an inspiratory phase
and an expiratory phase after cuff deflation are compared to
make a determination, and therefore the cuff evaluation state
required therefor refers to a state in which the cuff is
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completely deflated. In this embodiment, the connection
method between the inflation/deflation control unit 122 and
the inflation/deflation unit 121 may be electrical connection
or may be mechanical or airway connection. In this embodi-
ment, the inflation/deflation unit 121 is in an air pump
manner, the inflation/deflation control unit 122 is electrically
connected to the air pump to control the start and turning of
the air pump so as to implement the inflation and deflation
of the cuff.

[0037] The pressure sensor 123 is disposed on the infla-
tion/deflation unit 121, and is used to measure the pressure
of the cuff 22 after the inflation/deflation unit 121 is con-
nected to the inflation tube 23. For example, the pressure
sensor 123 is mounted on the air input/output port of the air
pump through a mounting hole, or is mounted on the
connecting tube 1213, or is mounted on the first interface
1212, such that the pressure sensor 123 may be connected to
an air flow channel of the cuff 22. A signal output end of the
pressure sensor 123 is electrically connected to the inflation/
deflation control unit 122, and feeds back the pressure of the
cuff 22 to the inflation/deflation control unit 122. The
pressure sensor 123 is used to detect the cuff pressure. It is
only an example that the pressure sensor is disposed on the
inflation/deflation unit, and a person skilled in the art should
understand that the pressure sensor may further be mounted
in other ways, provided that the pressure sensor may be
connected to the cuff when in use.

[0038] An evaluation result obtained by the data process-
ing unit 143 may be output through the evaluation result
output unit 13, and may be output via a sound, light, text
image, or like manner. In one embodiment, the evaluation
result output unit 13 includes a display unit 131, and the
evaluation result obtained by the data processing unit 143 is
displayed in graphically by the display unit 131. On the
other hand, the display unit 131 may further receive param-
eters and instructions input by a user, after which the
respiration unit 142 provides the preset mechanical ventila-
tion according to the parameters input by the user, and the
inflation/deflation control unit 122 controls the inflation/
deflation unit 121 to inflate or deflate the cuff 22 based on
the instructions input by the user. The inflation/deflation
control unit 122 may further display the detected cuff
pressure through the display unit 131.

[0039] Airway status evaluation processes according to
two evaluation standards are respectively described below.
During the specific description, an example is taken with
tidal volume as the respiration parameter, but a person
skilled in the art should understand that, in other embodi-
ments, the respiration parameter used to evaluate the airway
status may different, e.g., respiratory flow rate, airway
pressure, carbon dioxide content, chemical indicator con-
tent, or the like.

[0040] FIG. 2 shows an evaluation procedure according to
the evaluation standard in which tidal volumes detected
before and after cuff deflation are compared to make a
determination, including the following steps.

[0041] Instep 31, an airway status evaluation procedure is
started. When the tracheal tube is in a normal ventilation
mode, the inflation/deflation control unit controls the infla-
tion/deflation unit to maintain the cuff at the predetermined
pressure, and when it is needed to evaluate the airway status,
a user (for example, a doctor or nurse) may input an
instruction of starting the airway status evaluation procedure
by means of the display unit or another trigger unit, so as to
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start an automatic airway status evaluation procedure. After
the automatic airway status evaluation procedure is started,
medical personnel may input on an interface the ventilation
tidal volume and the number of respiratory cycles for
measurement, or may use the default tidal volume and
number of cycles.

[0042] In step 32, the respiration unit is controlled to
provide mechanical ventilation for a patient with the preset
tidal volume, and the expiratory tidal volume before defla-
tion is recorded. At the depicted moment, the cuff is under
the predetermined pressure and meets the evaluation state.
When the respiration monitoring unit is a flow sensor, the
flow sensor may monitor the respiratory flow rate of the
patient in real time, the data processing unit may calculate
the expiratory tidal volume according to the respiratory flow
rate and save the expiratory tidal volume as a first respiration
parameter, and the expiratory tidal volume before deflation
may be a value measured in one respiratory cycle or an
average value measured in multiple respiratory cycles, each
respiratory cycle including an inspiratory phase and an
expiratory phase.

[0043] In step 33, the inflation/deflation unit is controlled
to completely deflate the cuff. After the expiratory tidal
volume is recorded, the inflation/deflation control unit con-
trols the inflation/deflation unit to deflate the cuff, the
pressure sensor may monitor the pressure in the cuff in real
time and feeds back the pressure in the cuff to the inflation/
deflation control unit, and when the pressure in the cuff is
less than a certain value (that is, when the cuff is completely
deflated), the inflation/deflation control unit controls the
inflation/deflation unit to stop deflation. At the depicted
moment, the cuff 1s in a completely deflated state and meets
the evaluation state.

[0044] In step 34, the expiratory tidal volume after defla-
tion is recorded. The expiratory flow rate of the patient after
the cuff is completely deflated is acquired from the respira-
tion monitoring unit, the data processing unit may calculate
the expiratory tidal volume according to the respiratory flow
rate and save the expiratory tidal volume as a second
respiration parameter, and the expiratory tidal volume after
deflation may also be a value measured in one respiratory
cycle or an average value measured in multiple respiratory
cycles.

[0045] In step 35, the inflation/deflation unit is controlled
to inflate the cuff to the preset pressure. After the tidal
volume is collected, the cuff is inflated to the preset pressure,
so as to enable the patient to be in the normal ventilation
mode.

[0046] In step 36, the expiratory tidal volumes before and
after deflation are compared. The comparison result may be
the difference, ratio, percentage or the like between the
expiratory tidal volumes before and after deflation.

[0047] In step 37, the comparison result is compared with
the preset criterion to obtain the evaluation result of airway
patency and output the evaluation result.

[0048] The evaluation process and the evaluation result
may be displayed in a visualized manner through the display
unit. For example, the data processing unit generates graphic
data for displaying a visualized graph of a pharynx of the
patient inserted by the tracheal tube and outputs the graphic
data to the display unit, the display interface as shown in
FIGS. 3-6, as described below.

[0049] 1. Ventilation parameters and an evaluation crite-
rion used in the evaluation procedure: the ventilation param-
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eters and the evaluation criterion are set before the evalua-
tion procedure is started, the ventilation parameters include,
for example, the tidal volume (TV), the number of cycles
(Cycle) and the like, and the evaluation criterion is mainly
represented by ATV and ATV %. As shown in FIG. 3, the
preset tidal volume (TV) is 500 ml, the number of cycles
(Cycle) is 5, ATV is 110 ml, and ATV % is 10%.

[0050] 2. Parameters and image display during the evalu-
ation: for example, the display of ventilation waveforms, the
trend of key parameters, and the cuff pressure state image.
[0051] 3. The final evaluation result: the evaluation result
may be displayed using an image and/or text.

[0052] FIG. 3 shows a first stage where tidal volumes in
several cycles are measured during the cuff inflation, and at
the depicted moment, the cuff presents an inflated state in the
graphs.

[0053] FIG. 4 shows a second stage where tidal volumes
in several cycles are measured during the cuff deflation, and
at the depicted moment, the cuff is completely deflated, the
data processing unit changes the form of the cuff in the
visualized graphs according to the cuff pressure, and the cuff
turns to be in a collapsed state.

[0054] FIG. 5 shows that the test is finished, the preset
evaluation criterion is met, the data processing unit changes
the form of the cuff'in the visualized graphs according to the
evaluation result, such that the cuff presents an inflated state
in the graphs, and the airway is in a normal shape, repre-
senting that the cuff leak test passes and indicating that
extubation may be performed.

[0055] FIG. 6 shows that the test is finished, the preset
evaluation criterion is not met, the data processing unit
changes the forms of the cuff and the airway in the visual-
ized graphs according to the evaluation result, such that the
airway has local form change in the graphs, and the cuff
presents a collapsed state, representing that the cuff leak test
fails and the airway is narrow and indicating that the
extubation may not be performed.

[0056] In this embodiment, text information is further
displayed near the visualized graphs at the same time to
prompt the evaluation result.

[0057] In other embodiments, different forms of airway or
position relationships between the cuff and the airway may
be used to represent different airway evaluation results.
[0058] When the cuff is broken, the data processing unit
changes the form of the cuff in the visualized graphs
according to a detection result, such that the cuff present a
leaking state in the graphs, for example, the graphs as shown
in FIG. 7 represent that the cuff is broken.

[0059] FIG. 8 shows an evaluation procedure according to
the evaluation standard in which the respiration parameters
detected after the cuff is completely deflated are compared
to make a determination, including the following steps:
[0060] In step 41, the airway status evaluation procedure
is started based on an instruction from a medical person.
When the tracheal tube is in a normal ventilation mode, the
inflation/deflation unit is controlled to maintain the cuff at
the predetermined pressure, and a medical person starts an
automatic evaluation procedure or may preset setting param-
eters such as the preset tidal volume and a quantity of
ventilation cycles on a human-computer interface of the
display unit.

[0061] In step 42, the inflation/deflation unit is controlled
to completely deflate the cuff.
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[0062] 1In step 43, the inspiratory tidal volume and the
expiratory tidal volume after deflation are recorded, and at
the same time the respiration unit is controlled to provide
mechanical ventilation for a patient with the preset tidal
volume. When the respiration monitoring unit is a flow
sensor, the flow sensor monitors the respiratory flow rate of
the patient in real time, and the data processing unit may
calculate the inspiratory tidal volume and the expiratory
tidal volume according to the respiratory flow rate. The
inhalation parameter and the exhalation parameter are values
measured in one respiratory cycle or average values mea-
sured in multiple respiratory cycles.

[0063] In step 44, the inflation/deflation unit is controlled
to inflate the cuff to the preset pressure.

[0064] In step 45, the inspiratory tidal volume and the
expiratory tidal volume after deflation are compared. The
comparison result may be the difference, ratio, percentage or
the like between the inspiratory tidal volume and the expi-
ratory tidal volume.

[0065] In step 46, the comparison result is compared with
the preset criterion to obtain the evaluation result of airway
patency and output the evaluation result.

[0066] In this embodiment, the tidal volume may also be
replaced with any one of the respiratory flow rate, airway
pressure, carbon dioxide content and chemical indicator
content, and the airway status of a patient may be evaluated
likewise by the foregoing evaluation procedure.

[0067] Inthis embodiment, after a medical person starts an
airway status evaluation procedure, the inflation and defla-
tion of the cuff are implemented in a full-automatic control
manner, the respiration parameters may be automatically
monitored, and the evaluation result may be automatically
calculated, without requiring a medical person to operate the
cuff and the ventilator or to evaluate the airway status
according to the observation for the patient, thereby auto-
matically evaluating the airway status of the patient. In one
evaluation result output method, the evaluation result is
displayed in a visualized graphical representation manner on
a human-computer interaction interface to facilitate obser-
vation by a medical person.

[0068] In another embodiment, the cuff is inflated and
deflated in a semi-automatic manner. The inflation/deflation
unit is not connected to an inflation/deflation control unit,
the inflation/deflation unit is manually inflated and deflated,
the inflation/deflation control unit is electrically connected
to the signal output end of the pressure sensor, and after a
medical person starts an airway status evaluation procedure,
when it is needed to deflate the cuff, the inflation/deflation
control unit outputs prompt information about deflating the
cuff, and medical personnel manually operates the inflation/
deflation unit (e.g., a syringe, a proportional valve, or an air
evacuation valve) to deflate the cuff. When the detection of
the respiration parameters used for evaluation is completed,
the inflation/deflation control unit outputs prompt informa-
tion about inflating the cuff, medical personnel manually
operates the inflation/deflation unit to inflate the cuff, the
pressure sensor detects the cuff pressure in real time and
feeds back same to the inflation/deflation control unit, and
when the cuff is inflated to the preset pressure, the inflation/
deflation control unit outputs prompt information about
stopping inflation.

[0069] The airway status evaluation apparatuses described
above may be manufactured into independent products, and
implements human-computer information exchanged on the
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display unit thereof, and in a further embodiment, the airway
status evaluation apparatus may share some components
with a ventilator, which will be explained below.

[0070] As shown in FIG. 9, a ventilator may include a
breathing circuit 24, a Y-shaped member 25, a respiration
unit 511 and a display unit 513, the respiration unit 511 being
connected to the breathing circuit 24, and an inspiration
conduit and an expiration conduit of the breathing circuit 24
being respectively connected to a first and a second end of
the Y-shaped member 25. An airway status evaluation appa-
ratus includes three units. A first unit 54 includes a respira-
tion monitoring unit 541, a connection joint 542 and a data
processing unit 543, the respiration monitoring unit 541
being disposed in the connection joint 542. When in use, the
connection joint 542 is connected between a third end of the
Y-shaped member 25 and an exposed end 201 of a catheter
20, such that the respiration monitoring unit 541 may be
connected to the breathing circuit 24 to monitor respiration
parameters of a patient. A second unit 52 includes an
inflation/deflation unit 521, an inflation/deflation control
unit 522 and a pressure sensor 523, which are the same as
those disclosed above and will not be described again in
detail herein. A third unit is a connection unit 53, and the
connection unit 53 is used to be in signal connection with the
ventilator 51. For example, the connection unit 53 may be a
wireless communication unit, and performs data interaction
with the ventilator in a wireless communication manner. As
another example, the connection unit 53 may also be a
connector for electrical contact through a conductor, and the
airway status evaluvation apparatus may be designed as a
plug-in unit electrically connected to the ventilator by means
of point contact or a pin connector, so as to receive an
instruction from the ventilator and/or upload detection or
calculation data to the ventilator.

[0071] The evaluation result and the graphic data display-
ing a visualized graph of a pharynx of the patient inserted by
the tracheal tube obtained by the data processing unit 543
may be output to the ventilator and displayed on the display
unit 531 of the ventilator, such that the airway status
evaluation apparatus and the ventilator share the display
unit.

[0072] In one embodiment, the airway status evaluation
apparatus directly uses the respiration monitoring unit in the
ventilator, rather than including a respiration monitoring unit
and a connection joint, such that the airway status evaluation
apparatus may serve as a part or as a plug-in unit of the
ventilator.

[0073] Referring to FIG. 10, a catheter 20 of a tracheal
tube is inserted into the airway 21 of a patient in a normal
working state, a cuff 22 is fixed outside an end of the catheter
20 extending into the airway 21, one end of an inflation tube
23 is connected to the inside of the cuff 22, and the other end
thereof is exposed and is connected to an air source. An
exposed end 201 of the catheter 20 is connected to a
breathing circuit of a ventilator 24.

[0074] The ventilator 60 includes the breathing circuit 24,
a respiration unit 611, a main control unit 612, a display unit
613, a respiration monitoring unit 641 and the airway status
evaluation apparatus, and the airway status evaluation appa-
ratus includes a data processing unit 643, an inflation/
deflation unit 621, an inflation/deflation control unit 622 and
a pressure sensor 623.

[0075] The breathing circuit 24, the respiration unit 611,
the respiration monitoring unit 641, the data processing unit
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643, the inflation/deflation unit 621, the inflation/deflation
control unit 622 and the pressure sensor 623 are the same as
those in the foregoing embodiments and will not be
described again in detail herein.

[0076] The main control unit 612 is used for the operation
control and data processing (for example, calculation and
processing respiration parameters) of the ventilator. In this
embodiment, the main control unit 612 is electrically con-
nected to the respiration unit 611, the main control unit 612
controls the opening/closing and the opening degree of an
inhalation valve and an exhalation valve based on an instruc-
tion from a user or the default settings, such that a specific
air flow is output to the lung of the patient through the
breathing circuit 24 and the catheter 20, and the airway
pressure and the tidal volume are maintained at specific
levels, so as to implement mechanical ventilation for the
patient. The main control unit 612 is electrically connected
to the display unit 613, outputs display data to the display
unit 613, and receives an operation instruction from the
display unit. The main control unit 612 is further respec-
tively electrically connected to the data processing unit 643
and the inflation/deflation control unit 622, receives the
evaluation result and other data from the data processing
unit 643, and outputs an inflation/deflation instruction to the
inflation/deflation control unit 622, and then the inflation/
deflation control unit 622 controls the action of the inflation/
deflation unit 621 according to the inflation/deflation
instruction.

[0077] The data processing unit 643, the inflation/deflation
unit 621, the inflation/deflation control unit 622 and the
pressure sensor 623 may be fabricated into one independent
an airway status evaluation apparatus plug-in unit, and the
ventilator is provided with a plug port matching the airway
status evaluation apparatus plug-in unit, such that when it is
needed to automatically evaluate the airway status of the
patient, the plug-in unit is plugged into the ventilator, and a
first interface 6212 of the inflation/deflation unit 621 is
connected to a second interface 231 of an exposed end of the
inflation tube 23, and when not in use, the airway status
evaluation apparatus plug-in unit may be removed from the
ventilator.

[0078] Insome embodiments, the data processing unit 643
and the main control unit 612 may be integrated into one
unit, and in this case, an independent airway status evalu-
ation apparatus plug-in unit includes the inflation/deflation
unit 621, the inflation/deflation control unit 622 and the
pressure sensor 623. In some embodiments, the inflation/
deflation control unit 622 and the main control unit 612 may
further be integrated into one unit, and in this case, the
independent airway status evaluation apparatus plug-in unit
only includes the inflation/deflation unit 621 and the pres-
sure sensor 623.

[0079] In another embodiment, the airway status evalua-
tion apparatus described above may further be integrated
with a tracheal tube to form a tracheal intubation device.
[0080] In yet another embodiment, an airway status evalu-
ation method is provided, including: receiving an airway
status evaluation instruction from a user; measuring an
exhalation parameter of a patient when the cuff of an air tube
is respectively in an inflated state and in a deflated state;
comparing the exhalation parameter values measured
respectively in the inflated state and in the deflated state; and
outputting an airway status evaluation prompt according to
the comparison result.
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[0081] Here, when the cuff is in an inflated state, the cuff
is maintained at a predetermined pressure, and when the cuff
is in a deflated state, the cuff is completely deflated. The
exhalation parameter may be any one of a tidal volume, a
respiratory flow rate, an airway pressure, a carbon dioxide
content, and a chemical indicator content. The method for
measuring the exhalation parameter values is also as
described above. The method for obtaining the airway status
by comparing the exhalation parameter values measured
respectively in the inflated state and in the deflated state is
as described above, which will not be described again.
[0082] In another embodiment, an airway status evalua-
tion method is provided, including: receiving an airway
status evaluation instruction from a user; measuring an
inhalation parameter value and an exhalation parameter
value of a patient when the cuff of the air tube is in a deflated
state; comparing the measured inhalation parameter value
and the measured exhalation parameter value; and output-
ting an airway status evaluation prompt according to the
comparison result.

[0083] Here, when the cuff is in a deflated state, the cuff
is completely deflated; the exhalation and inhalation param-
eters are any one of a tidal volume, a respiratory flow rate,
an airway pressure, a carbon dioxide content, and a chemical
indicator content; the method for measuring the inhalation
and exhalation parameter values is also as described above;
and the method for obtaining the airway status by comparing
the measured inhalation parameter value and the measured
exhalation parameter value is as described above, which will
not be described again.

[0084] In another embodiment, an airway status evalua-
tion apparatus is provided, including: a receiving unit to
receive an airway status evaluation instruction from a user
and output an evaluation trigger command; a respiration
parameter detection unit connected to the interface unit, to
measure exhalation parameters of a patient when the cuff of
the air tube is respectively in an inflated state and in a
deflated state after receiving the evaluation trigger com-
mand; a respiration parameter comparison unit, connected to
the respiration parameter detection unit, to compare the
exhalation parameter values measured respectively in the
inflated state and in the deflated state; and an evaluation unit,
connected to the respiration parameter comparison unit, to
give a prompt to output an airway status evaluation prompt
according to the comparison result.

[0085] Here, when the cuff is in an inflated state, the cuff
is maintained at a predetermined pressure, and when the cuff
is in a deflated state, the cuff is completely deflated; the
exhalation parameter is any one of a tidal volume, a respi-
ratory flow rate, an airway pressure, a carbon dioxide
content, and a chemical indicator content; the method for
measuring the exhalation parameter values is also as
described above; and the method for obtaining the airway
status by comparing the exhalation parameter values mea-
sured respectively in the inflated state and in the deflated
state is as described above, which will not be described
again.

[0086] In another embodiment, an airway status evalua-
tion apparatus is provided, including: a receiving unit to
receive an airway status evaluation instruction from a user
and output an evaluation trigger command; a respiration
parameter detection unit, connected to the interface unit, to
measure an inhalation parameter value and an exhalation
parameter value of a patient when the cuff of the air tube is
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in a deflated state after receiving the evaluation trigger
command; a respiration parameter comparison unit, con-
nected to the respiration parameter detection unit, to com-
pare the measured inhalation parameter value and the mea-
sured exhalation parameter value; and an evaluation unit,
connected to the respiration parameter comparison unit, to
give a prompt to output an airway status evaluation prompt
according to the comparison result.

[0087] Here, when the cuff is in a deflated state, the cuff
is completely deflated; the exhalation and inhalation param-
eters are any one of a tidal volume, a respiratory flow rate,
an airway pressure, a carbon dioxide content, and a chemical
indicator content; the method for measuring the inhalation
and exhalation parameter values is also as described above;
and the method for obtaining the airway status by comparing
the measured inhalation parameter value and the measured
exhalation parameter value is as described above, which will
not be described again.

[0088] The present disclosure is explained above using
specific examples, which merely aid in the understanding of
the present disclosure and are not intended to limit the
present disclosure. For a person skilled in the art, changes
may be made to the specific embodiments described above
in accordance with the concept of the present disclosure.

1. An airway status evaluation apparatus, comprising:

a respiration monitoring unit to monitor a respiration

parameter of a patient;

an inflation/deflation unit, comprising an interface con-

nected to an inflation tube of a tracheal tube to inflate
or deflate a cuff of the tracheal tube through the
inflation tube;

an inflation/deflation control unit, connected to the infla-

tion/deflation unit, to control the inflation/deflation unit
to inflate and deflate the cuff so as to enable the cuff to
meet an evaluation state; and

a data processing unit, electrically connected to the res-

piration monitoring unit, to collect the respiration
parameter of the patient from the respiration monitor-
ing unit when the cuff meets the evaluation state and to
evaluate an airway status of the patient according to the
respiration parameter.

2. The apparatus of claim 1, wherein the apparatus further
comprises a pressure sensor, connected to the cuff, and a
signal output end of the pressure sensor is electrically
connected to the inflation/deflation control unit.

3. (canceled)

4. The apparatus of claim 1, wherein the evaluation state
refers to a state in which the cuff is maintained at a
predetermined pressure before deflation and a state in which
the cuff is completely deflated; the data processing unit
collects values of the respiration parameters respectively in
the two evaluation states from the respiration monitoring
unit after the airway status evaluation procedure is started,
and a value of the respiration parameter is a value measured
in one respiratory cycle or an average value of measured in
multiple respiratory cycles.

5. The apparatus of claim 1, wherein the evaluation state
refers to a state in which the cuff is completely deflated; the
data processing unit collects values of respiration parameters
of the patient from the respiration monitoring unit after the
airway status evaluation procedure is started, the respiration
parameters comprises an inhalation parameter and an exha-
lation parameter, and the airway status is evaluated accord-
ing to a collected inhalation parameter value and a collected
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exhalation parameter value, the inhalation parameter value
and the exhalation parameter value is a value measured in
one respiratory cycle or an average value measured in
multiple respiratory cycles.

6. The apparatus of claim 1, wherein the inflation/defla-
tion control unit controls the inflation/deflation unit to inflate
the cuff'to the predetermined pressure after the airway status
evaluation procedure is finished.

7. The apparatus of claim 1, wherein the respiration
parameter monitored comprises any one of a tidal volume,
a respiratory flow rate, an airway pressure, a carbon dioxide
content, and a chemical indicator content.

8. (canceled)

9. The apparatus of claim 1, wherein the apparatus further
comprises a display unit connected to the data processing
unit, wherein the data processing unit further generates a
graphic data displaying a visualized graph of a pharynx of
the patient inserted by the tracheal tube and outputs the
graphic data to the display unit, wherein the graphic data is
changed according to different evaluation results of the
airway status, and the changed graphic data in the visualized
graph include at least one of a cuff form, an airway form, and
a position relationship between the cuff and the airway.

10. The apparatus of claim 9, wherein the data processing
unit further changes the cuff form in the visualized graph
according to the cuff inflation/deflation pressure during the
evaluation.

11. The apparatus of claim 9, wherein the data processing
unit farther displays, on the display unit, at least one of
ventilation setting parameters representing the airway status
evaluation, an evaluation criterion, a text information rep-
resenting an airway status evaluation result, and a ventila-
tion monitoring parameter, a ventilation waveform and a
ventilation trend graph during the evaluation.

12. The apparatus of claim 1, wherein the apparatus
further comprises a tracheal tube comprising a catheter, a
cuff and an inflation tube, the cufl surrounding an outer face
of an end of the catheter, and the inflation tube having one
end connected to the inside of the cuff, and the other end
used to introduce air.

13. An airway status evaluation apparatus, comprising:

an inflation/deflation unit comprising an interface con-

nected to an inflation tube of a tracheal tube to inflate
or deflate a cuff of the tracheal tube through the
inflation tube;

a pressure sensor connected to the cuff to measure cuff

pressure;

a connection unit used to be in signal connection with a

ventilator; and

an inflation/deflation control unit, respectively connected

to the inflation/deflation unit and a signal output end of
the pressure sensor to control the inflation/deflation unit
to inflate and deflate the cuff or output prompt infor-
mation about inflating or deflating the cuff such that the
cuff is inflated to a predetermined pressure or com-
pletely deflated, and further electrically connected to
the connection unit and communicating with the ven-
tilator through the connection unit so as to receive an
inflation/deflation instruction from the ventilator and/or
feed back the cuff pressure to the ventilator.

14. The airway status evaluation apparatus of claim 13,
wherein the inflation/deflation control unit controls the infla-
tion/deflation unit to maintain the cuff to be at the prede-
termined pressure when the tracheal tube is in a normal
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ventilation mode, controls the inflation/deflation unit to
completely deflate the cuff that is at the predetermined
pressure after the airway status evaluation procedure is
started, and controls the inflation/deflation unit to inflate the
cuff’ again to the predetermined pressure after the airway
status evaluation procedure is finished.

15. The airway status evaluation apparatus of claim 13,
further comprising a tracheal tube comprising a catheter, a
cuff and an inflation tube, the cuff surrounding an outer face
of an end of the catheter, and the inflation tube having one
end connected to the inside of the cuff, and the other end
used to introduce air.

16. The airway status evaluation apparatus of claim 13,
wherein the inflation/deflation unit comprises an inflation/
deflation device and a first interface, the inflation/deflation
device is an air pump, a syringe, a proportional valve or an
air evacuation valve, a power component of the inflation/
deflation device is electrically connected to the inflation/
deflation control unit, an air input/output port of the infla-
tion/deflation device is connected to the first interface, and
the first interface is connected to the inflation tube of the
cuff.

17. The airway status evaluation apparatus of claim 13,
wherein the connection unit is a wireless communication
unit or a connector for electrical contact through a conduc-
tor.

18. A ventilator, comprising:

a breathing circuit, connected to an exposed end of a
catheter of a tracheal tube, to provide a passage for a
patient to inhale or exhale gas;

a respiration unit for providing mechanical ventilation for
the patient, the respiration unit being connected to the
breathing circuit;

a respiration monitoring unit to monitor a respiration
parameter of a patient;

an inflation/deflation unit, comprising an interface con-
nected to an inflation tube of a tracheal tube to inflate
or deflate a cuff of the tracheal tube through the
inflation tube;

an inflation/deflation control unit, connected to the infla-
tion/deflation unit, to control the inflation/deflation unit
to inflate and deflate the cuff so as to enable the cuff to
meet an evaluation state; and

a data processing unit, electrically connected to the res-
piration monitoring unit, to collect the respiration
parameter of the patient from the respiration monitor-
ing unit when the cuff meets the evaluation state and to
evaluate an airway status of the patient according to the
respiration parameter, wherein the respiration monitor-
ing unit is connected to the breathing circuit and used
to monitor respiration parameters of the patient.

19-37. (canceled)

38. The ventilator of claim 18, wherein the ventilator
further comprises a pressure sensor, connected to the cuff,
and a signal output end of the pressure sensor is electrically
connected to the inflation/deflation control unit.

39. The ventilator of claim 18, wherein the evaluation
state refers to a state in which the cuff is maintained at a
predetermined pressure before deflation and a state in which
the cuff' is completely deflated; the data processing unit
collects values of the respiration parameters respectively in
the two evaluation states from the respiration monitoring
unit after the airway status evaluation procedure is started,
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and a value of the respiration parameter is a value measured
in one respiratory cycle or an average value of measured in
multiple respiratory cycles.

40. The ventilator of claim 18, wherein the evaluation
state refers to a state in which the cuff'is completely deflated,
the data processing unit collects values of respiration param-
eters of the patient from the respiration monitoring unit after
the airway status evaluation procedure is started, the respi-
ration parameters comprises an inhalation parameter and an
exhalation parameter, and the airway status is evaluated
according to a collected inhalation parameter value and a
collected exhalation parameter value, the inhalation param-
eter value and the exhalation parameter value is a value
measured in one respiratory cycle or an average value
measured in multiple respiratory cycles.

41. The ventilator of claim 18, wherein the respiration
parameter monitored comprises any one of a tidal volume,
a respiratory flow rate, an airway pressure, a carbon dioxide
content, and a chemical indicator content.

42. The ventilator of claim 18, wherein the ventilator
further comprises a display unit connected to the data
processing unit, wherein the data processing unit further
generates a graphic data displaying a visualized graph of a
pharynx of the patient inserted by the tracheal tube and
outputs the graphic data to the display unit, wherein the
graphic data is changed according to different evaluation
results of the airway status, and the changed graphic data in
the visualized graph include at least one of a cuff form, an
airway form, and a position relationship between the cuff
and the airway.
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