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(57) Abstract: Described herein is a respiratory care apparatus capable of performing multitude of therapy for secretion management
and breath assistance therapy. The respiratory care apparatus comprises an electromechanical air router assembly (EARA) and an in-
terfacing assembly. The EARA includes independent first and second pressure generating sources for assisted inhalation/insufflation
and assisted exhalation/exsutflation process. The interfacing assembly includes a patient interface port and a patient interface tube.
The interfacing assembly forms two pneumatically separate paths. The respiratory care apparatus is configured to generate alternate
positive and negative pressure at the patient interface port for assisted inhalation/insufflation and assisted exhalation/exsufflation
processes respectively. The assisted inhalation/insufflation and assisted exhalation/exsufflation processes are carried out independ -
ently through separate conduits/passages to reduce contamination and infection. Further, the respiratory care apparatus comprises a
garment which oscillates due to alternate positive and negative pressure generation and provides therapy to the patient.
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RESPIRATORY CARE APPARATUS

TECHNICAL FIELD

The present subject matter relates to a medical device in general, and in particular, to a
respiratory care apparatus which can be programmed and controlled with various configurations

to provide lung ventilation and helps to manage airway secretion.

BACKGROUND

Patients having lung related diseases are unable to ventilate their lungs properly and may
also suffer mucus clearance issues. This may happen when the normal lung defense system is

damaged by lung related diseases.

Respiratory system is a complex structure which starts with upper airways, i.e. nose
followed by trachea which branches into bronchus. The bronchus supplies air to the right and left
lungs. Air splits progressively into the secondary and tertiary bronchi for the lobes of the lungs,
and into smaller bronchioles to reach the respiratory bronchioles. The respiratory bronchioles in

turn supply air through alveolar ducts into the alveoli, where the exchange of gases takes place.

As lungs are the only internal organs which get exposed to external environment, they act
as a natural cleaning mechanism. Normally, lungs secrete mucus which traps dust and foreign
particles. This mucus is moved upwards by tiny beating cells (cilia) to the main airways. If the
quantity of mucus is more, one feels an urge to cough, otherwise this mucus is swallowed as part

of Mucociliary Clearance mechanism continuously.
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Hence, it is essential that this system works constantly to keep airway clean in order to
e 00

have a healthy lung. Airway is kept clean by an effective airflow, “Mucociliary

(MCC) and by an effective cough.

[f either of “Mucociliary” clearance (MCC) and effective cough system is impaired or the

lungs produce abnormal amount of mucus which cannot be handled by this system, then the

results in retaining of all the bacteria and dust inside the lungs causing a vicious cycle of

illnesses.
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transplantation, post-operative immobility, or because of congenital issues.

Mucociliary clearance is generally managed either by manual therapies such as chest

physiotherapy, breathing exercises, physical exercises, or through various patient positioning

only time consuming and labor intensive but also diminish patient’s autonomy, eventually

resuiting in non-compliance of aforesaid mucociiiary ciearance regime.

Recently, there has been a significant advancement in airway clearance therapy either due
to mechanical assisted/automated airway therapy modalities or due to better understanding of the
disease profile. Mechanical/machine assisted airway clearance techniques fall under two

categories, L.e. Active Airway Clearance Devices and Passive Airway Clarence Devices.



10

15

20

25

WO 2017/144963 PCT/IB2016/057201

Passive airway clearance devices have shown to be efficacious in many instances.
However, these devices are patient effort dependent as these are passive in nature. Therapy
efficacy will be in question if a patient is not exerting enough flow during the respiration. Hence,
the therapy may not yield the desired results as many of these patients are already very weak

because of compromised lungs.

Active airway clearance devices, where external devices assist a patient to provide the
therapies without much interference from the patient, are finding increasing applications in
mucociliary clearance. High Frequency Chest Wall Oscillation (HFCWO) through external
means (through chest wall) and oscillations through direct airways interface i.e. through
mouthpiece or face mask are few categories of treatments available in active airway clearance

space.

HFCWO devices provide high frequency chest wall oscillations, which help patients to
mobilize their mucus from lower airways to upper airways. Few conventional devices work on
the principle of a blower to generate a positive air pressure and a secondary module to oscillate
the pressurized air inside a control box. The user wears a vest garment that contains an inflatable
bladder connected to a control unit for rapid inflation and deflation. Further, some conventional
devices generate the required chest wall oscillation through a vibratory/oscillatory mechanism
using off-set motor coils directly inside the garment, instead of pumping air from a separate
control box. These types of devices are used mainly by patients, who have issues with
mucociliary clearance. such as CF. Bronchiectasis. etc., either through a separate control unit or

the control unit attached to chest garment itself.
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Intrapulmonary percussion devices are also known in the art, which deliver bursts of
positive air to patient’s direct airway through a mask/mouth piece/trachea tube, and the like.
These devices simultancously deliver an acrosolized medication. Similarly, there are other
devices which provide a similar therapy with an additional CPEP function. More often, these

kind of devices are pneumatic in nature and required high pressure O2 or airline.

ineffective glottis closure,
impaired diaphragm movement or weak respiratory muscles are in need of mechanical assisted
cough devices, i.e. mechanical Insufflation/Exsufflation. There are devices known in the art
which provide solution in this category. For example, M-IE devices mimic/simulate the cough
function, typically, for those patients who have a peak airflow lesser than 270 liters per minute,
by providing a positive pressure air and suddenly creating a negative pressure inside the lung,

which in turn brings the mucus along the upper airways. M-IE devices may also find their

application in patients who have upper airway clearance issues after surgery, for example.

Airway clearance modalities include mobilization/move mucus/mucociliary clearance
and mucus evacuation. Mobilization/move mucus/mucociliary clearance technique includes
manual therapies such as CPT, bronchial drainage, physiotherapy, exercise, etc. and
mechanical/device assisted therapies. The mechanical/device assisted therapies are further
divided into passive devices and active devices through external means/garment attached to a
patient’s chest or with mouth interface/direct airway interface. The mucus evacuation, on the
other hand. utilizes invasive devices. such as suction devices and bronchoscopy, as well as non-

invasive/mechanical cough (M-1LE) devices.
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In hospitals, therapists generally need multiple airway clearance devices as patient’s lung
condition may require mucociliary clearance/airway mobilization or airway evacuation/assisted
cough treatment or both. Firstly, the therapists have to ensure that the device does not introduce
infection to the patients because of a possible ineffective infection control. Secondly, the
therapists should manage and maintain multiple devices from various manufacturers. Thirdly,
multiple devices impose huge strain on caregivers in terms of usability, Storage, learning, etc.

Lastly, purchasing multiple devices involves high cost.

Similarly, in home settings, many patients are in need of multiple airway clearance
devices. In such situations too, current treatment modalities have certain limitations, such as
infection control (re-contamination at large and some cases cross contamination if they patients

use serviced units), re-imbursement, ﬂeXibility and usability.

Devices which interact directly with patient interface impose huge risk in terms of cross
contamination and re-contamination. In addition to typical infection control protocols such as
cleaning/disinfecting the surface of the device and changing the patient circuit among patients, it
is also critical that the device manufacturer ensures enough safety mitigation inside the control

unit as well.

In home settings too, same risk profile applies except the fact that the device may impose
higher risk of re-contamination. In addition, device manufacturers may service/repair the
old/used units at their service line and send the used units to new patients. It is very important
that the serviced units are free of contaminants too in order to help to reduce the cross

contamination to new patient.
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The existing airway clearance therapy devices use same airway channel/path inside the
control unit for both Insufflation and Exsufflation purpose. Even though, such devices use a
bacterial filter, there is always a possibility that the contaminants may enter the control unit.
However, the control unit construction is not optimal to reduce infection as inhalation and
exhalation paths are not isolated inside the device. It is also important to know the fact that the
cough therapy is more intense than the typical ventilator, and hence it is important that the cough
devices should use in-built design mitigation techniques to avoid cross contamination inside the

control unit.

Further, as discussed before, hospitals, patients and/or caregivers need to purchase
multiple devices if they need more than one kind of airway clearance modalities. It is really
helpful if one device is able to perform multitude of airway clearance functions in one footprint.
This will not only bring down the cost, but it also enhance the serviceability, portability and

usability of the product.

In general, the existing airway clearance devices provide an internal gas source as either

internal blowers, turbines or some form of pumps.

Out of the aforesaid devices, dual limb ventilation devices provide a patient circuit which

has a dedicated limb for inspiratory gases or the gases going towards the lung and expiratory

elastic lung and chest wall.
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Other devices like cough assist or single limb ventilators or intermittent oscillatory
ventilators again have a single core internal pressure source (turbine, blower or other forms of
pumps) and may generate a negativé pressure (in case of cough assist) using a valve and
manifold design, which changes the direction of pressure flow outlets mechanically using valves

and other actuating mechanisms.

The feedback for the valves and pressure control is generated using sensors (flow,

pressure, hall, encoder, temperature etc.) along the aforesaid pneumatic/airway path.

A basic actuating pump which has piston or fan/rotating blades and which generates flow
and pressure by actuation of these flow creating mechanisms can generate flow or pressure only

in one direction at a given time.

In addition to clinical challenges, the aforementioned therapy devices further face a basic
issue of consuming expired gases into same pneumatic path and back into blower and valves,
thereby contaminating them. The same air path is then used to provide inspiratory gas to the
lung. Typically, the contamination risk to device is handled by placing a bacterial filter on the
patient circuit. But in care scenarios at home where the filter may get wet or reused too many
times, the device pneumatics have high probability of getting contaminated. Once the internal

pneumatic paths are contaminated, it is very difficult to clean the pneumatic paths.

Apart from this, a single core pressure source with a valve manifold combination also

creates constraints for response and control of pressure and flow in both directions.

Hence, there is a need for a respiratory care apparatus which overcomes the

aforementioned and other related challenges.
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SUMMARY

An object of the present subject matter is to provide a multitude of airway clearance

modalities along with provision for contamination reduction.

Another object of the present subject matter is to provide separate conduits for

insufflation/inhalation and exsufflation/exhalation to reduce contamination.

Yet another object of the present subject matter is to provide at least one positive pressure

generating source.

" 4t

Yet another object of the present subject matter is to provide at least one negative

Yet another object of the present subject matter is to provide a first pressure restricting

valve corresponding to the positive pressure generating source.

Yet another object of the present subject matter is to provide a second pressure generating

source corresponding to the negative pressure generating source.

Yet another object of the present subject matter is to provide High Frequency Chest Wall

Oscillation (HFCWO) therapy through a patient garment.

Yet another object of the present subject matter is to provide mechanical

Yet another objection of the present subject matter is to provide nebulization therapy.
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Yet another object of the present subject matter is to provide a connectivity module to

transfer data.

The respiratory care apparatus according to the present subject matter encompasses
embodiments, which not only address key clinical need with state of the art therapy features but
also solves the challenges such as precise pressure controls, infection risk and portability.
Further, the present disclosure addresses the key concerns related to flexibility of airway

clearance therapies.

The present disclosure comprises at least one first pressure generating source and at least
one second pressure generating source. The at least one first pressure generating source and the
at least one second pressure generating source are configured to function independently with
respect to each other. These said independent pressure generating sources are configured to

generate flow and pressure continuously in opposite as well as same direction.

The respiratory care apparatus further comprises a first pressure restricting valve, a
second pressure restricting valve, at least one patient interface port and a manifold structure. A
first pneumatic/airway path is formed between the at least one first pressure generating source
and the at least one patient interface port. A second pneumatic/airway path is formed betw‘éen the
at least one second pressure generating source and the at least one patient interface port. One of
the said pneumatic paths is configured to be used as one way inspiratory path while the other
path is configured to be used only for negative pressure and flow from the fung (exhalation).
Thus. a clean inspiratory path to external load or lung is formed which is least affected against
contamination through gas flowing back from the external load or from lung or from patient

interface.
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In an embodiment, the respiratory carc apparatus comprises an electronic air router
assembly (IPARA). The EARA is capable of providing multiple airway clearance thera
) 1
portably. The EARA can be configured (through hardware/mechanical, software and interfacing

assembly) in order to deliver various airway clearance therapies.

In another embodiment, the respiratory care apparatus comprises a connectivity module

(Long Term Evolution) and GSM (Global System for Mobile Communications). The data
transferred from the respiratory care apparatus through the connectivity module comprises one or
more of at delivered pressure, flow, pressure/flow related graphs and the corresponding user
parameters. The data transferred from the respiratory care apparatus further comprises one or
more of total device usage data, prescribed total therapy protocol, sensor data such as SpO2 and
respiratory rate. The prescribed total therapy protocol comprises parameters such as possible

pressure settings oscillation settings, duration of therapy and number of therapies.

The present subject matter relates to a respiratory care apparatus comprising an
interfacing assembly having separate conduits for inhalation and exhalation. The interfacing
assembly comprises at least one patient interface port and a patient interface tube having a first
end and a second end. The first end of the patient interface tube is connected with the at least one
patient interface port. The second end of the patient interface tube is connected with one or more
of a face mask. mouth piece. artificial lung tubing. tracheal tube adapter. expiratory resistance
change adapter and ventilator interface adapter. The patients interface tube is tube-in-tube type
having an outer conduit. an inner conduit and a collector chamber. The patient interface tube

1] bl ~ N t 1 i 1 P " 1 e A Lt et [ B P
condutis for mhalation and exhalabion 1o reduce contamination. The
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interfacing assembly comprises a patient interface means, the patient interface means is in
connection with patient’s external garment. The respiratory care apparatus further comprises at
least one first pressure generating source configured to generate flow and pressure and least one
second pressure generating source configured to generate flow and pressure. The at least one
conduit is formed between the at least one patient interface port, the at least one first pressure

generating source and the at least one second pressure generating source.

In an embodiment, the present subject matter relates to a respiratory care apparatus
comprising an interfacing assembly having separate conduits for inhalation and exhalation, at
least one first pressure generating source configured to generate flow and pressure and at least
one second pressure generating source configured to generate flow and pressure. The interfacing
assemblfy comprises at least one patient interface port. The at least one first pressure generating
source comprises an inlet which draws atmospheric air into the at least one first pressure
generating source and an outlet which outputs air from the at least one first pressure generating
source to the at least one patient interface port. The at least one second pressure generating
source comprises an inlet which draws air from the at least one patient interface port into the at
least one second pressure generating source and an outlet which outputs air to atmosphere. The at
least one first pressure generating source and the at least one second pressure generating device

are configured to function independently with respect to each other.

In another embodiment, the present subject matter relates to a respiratory care apparatus
comprising an interfacing assembly having separate conduits for inhalation and exhalation, a first
pressure restricting valve configured to control pressure and/or flow and a second pressure

restricting valve configured to control pressure and/or flow. The interfacing assembly comprises

11
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a patient interface port. The respiratory care apparatus further comprises at least one first
pressure generating source configured to generate flow and pressure and at least one second
pressure generating source configured to generate flow and pressure. The first pressure
restricting valve is disposed between the at least one first pressure generating source and the at
least one patient interface port. The first pressure restricting valve is configured to control
pressure between 1he at least one first pressure generating source and the at least one patient
interface port. The second pressure restricting valve is disposed between the at least one second
pressure generating source and the at least one patient interface port. The second pressure

restricting valve is configured to control pressure between the at least one second pressure
generating source and the at least one patient interface port. The first pressure restricting valve
comprises a first electromechanical valve structure housed in a hollow structure having a first
port and a second port. The first port is pneumatically connected to outlet of the at least one first
pressure generating source and the second port is pneumatically connected to the at least one
patient interface port. The first electromechanical valve structure is controlled bi-directionally
through displacement of a first electromechanical motor. The second pressure restricting valve
comprises a second electromechanical valve structure housed in a hollow structure having a first

ey g i L 1 TR e 'A - i P N Tomrm b mm om am wdn e b
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-interface port and the second port is pneumatically connected to inlet of the at least one second

pressure generating source. The second electromechanical valve structure is controlled bi-
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h displacement of a second electromechanical motor,

In yet another embodiment, the present subject matter relates to a respiratory care
apparatus comprising an interfacing assembly having separate conduits for inhalation and

exhalation and an electromechanical air router assembly. The electromechanical air router
12
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assembly comprises at least one first pressure generating source. The electromechanical air
router assembly comprises at least one second pressure generating source. The at least one first
pressure generating source comprises an inlet and an outlet. The at least one second pressure
generating source comprises an inlet and an outlet. The electromechanical air router assembly
comprises a first electromechanical valve structure. The electromechanical air router assembly
comprises a second electromechanical valve structure. The first electromechanical valve
structure is in pneumatic connection with the atmosphere through the first pressure generating
source. The first electromechanical valve structure is disposed in proximity with the outlet of the
first pressure generating source. The first electromechanical valve structure is in connection with
the interfacing assembly through a manifold/air router structure. The second electromechanical
valve structure is in pneumatic connection with the atmosphere through the second pressure
generating source. The second electromechanical valve structure is disposed in proximity with
the inlet of the second pressure generating source. The second electromechanical valve structure
is in connection with the interfacing assembly through the manifold/air router structure. The first
pressure generating source is separately connected to the interfacing assembly via the
manifold/air router structure. The second pressure generating source is separately connected to
the interfacing assembly via the manifold/air router structure. The electromechanical air router
assembly is configured to provide separate inhalation and exhalation paths through the

manifold/air router structure and the interfacing assembly.

In yet another embodiment, the present subject matter relates to a respiratory care
apparatus comprising an interfacing assembly having separate conduits for inhalation and
exhalation, at least one first pressure generating source configured to generate flow and pressure.

&

at least one second pressure generating source configured to generate flow and pressure. a first
13
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pressure restricting valve configured to control pressure and a second pressure restricting valve
configured to control pressure. The at least one second pressure generating source is blocked
using the second pressure restricting valve and the speed of the first pressure generating source is
controlled in synchronization with the first pressure restricting valve. The pressure is set to a
value based on set parameters and the feedback from one or more sensing parameters such as a
pressure sensor, encoder, flow sensor, and temperature sensor to create positive pressure at the at
least one patient interface port. The at least one first pressure generating source is blocked using
the first pressure restricting valve and the speed of the at least one sccond pressure generating
source is controlled in synchronization with the second pressure restricting valve. The pressure is
set to a value based on set parameters and the feedback from one or more sensing parameters
such as a pressure sensor, a flow sensor, a hall sensor, encoder, and temperature sensor, to create
negative pressure at the at least one patient interface port. The at least one second pressure
generating source is blocked using the second pressure generating structure and the speed of the
at least one first pressure generating source is varied to generate oscillating wavetorm at the at
least one patient interface port, The first pressure restricting valve is adjusted to generate positive
waveform having a first amplitude value. The first pressure restricting valve is adjusted to

~ cormined nmaem it da nliia
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generate a positive pressuie he yscillating pressure wavetorim
is generated based on user set parameters such as oscillation amplitude and oscillation pressure.
The pressure is controlled based on set parameters and the feedback from one or more sensors
such as pressure sensor, flow sensor, encoder, hall sensor and temperature sensor. The positive
waveforms are continuous or discrete in nature. The frequency of the positive waveforms varies
between 0 to 50 Hz. The at least one first pressure generating source is blocked using the first

pressure restricting valve and the speed of the at least one second pressure generating source is

14
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varied to generate oscillating waveform at the at least one patient interface port. The second
pressure restricting valve is adjusted to generate negative waveform having a first amplitude
value. The second pressure restricting valve is adjusted to generate a negative pressure having a
second amplitude value. The oscillating pressure waveform is generated based on user set
parameters such as oscillation amplitude and oscillation pressure. The pressure is controlled
based on the feedback from one or more sensors such as pressure, flow, encoder, hall sensor and
temperature sensor. The negative waveforms are continuous or discrete in nature. The frequency
of the negative waveform varies between 0 to 50 Hz. The at least one patient interface port
comprises nebulizer connecting port. The at least one patient interface port comprises sensor
interfacing port. The respiratory care apparatus further comprises a bacterial filter and/or a viral
filter for infection control. The respiratory care apparatus further comprises a built-in intelligence
module configured to detect patient’s breathing response to a frequency pressure waveform. The
said frequency range varies between 0 to 50 Hz. The intelligence module comprises
microcontrollers and electronic components. The intelligence module is configured to process
patient’s response to oscillating waveform, the processing happens in time and frequency
domain. The processed data is used to assess parameters such as patient’s lung condition and

therapy performance.

In yet another embodiment, the subject matter relates to a respiratory care apparatus
comprising an interfacing assembly having separate conduits for inhalation and exhalation and a
connectivity module configured to transfer data. The connectivity module is based on LTE (Long
Term Evolution) and GSM (Global System for Mobile Communications). The data transferred
from the respiratory care apparatus through the connectivity module comprises one or more of at

delivered pressure. flow. pressure/flow related graphs and the corresponding user parameters,
15
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the data transferred from the respiratory care apparatus through the connectivity module
comprises one or more of total device usage data, prescribed total therapy protocol, sensor data
such as SpO2 and respiratory rate. The prescribed total therapy protocol comprises parameters
such as possible pressure settings, oscillation settings, duration of therapy and number of
therapies. The connectivity module comprises a two way data communication. The two way data

communication comprises notes from individual such as patients, caregivers and clinicians.

In yet another embodiment the present subject matter relates to a method for
administering therapy to a patient using a respiratory care apparatus. The method comprising
connecting an interfacing assembly, wherein the interfacing assembly has separate conduits for
inhalation and exhalation to a patient. The method further comprises generating a positive
pressure at the interfacing assembly for inhalation, generating a negative pressure at the
interfacing assembly for exhalation, providing separate inhalation and exhalation paths to reduce
cross contamination and infection, transferring of patient data to caregiver and clinicians and
transferring prescribed total therapy protocol to the patient, wherein the prescribed total therapy
protocol comprises one or moie of parameters such as possible pressure settings, oscillation
settings, duration of therapy and number of therapies. Also, the method comprises providing a

nebulization therapy through an clectric conduit to patient interface port.

In yet another embodiment. the present subject matter relates to a respiratory care
apparatus comprising an interfacing assembly having separate conduits for inhalation and
exhalation. at least one first pressure generating source configured to generate flow and pressure,

at least one second pressure generating source configured to generate flow and pressure, at least

one third pressure generaiing source o deliver the aerosolived medicine and a control
g
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mechanism to deliver nebulization in synchronization with assisted inhalation and assisted
exhalation cycle of the patient. The synchronization includes electronic control of the at least one
third pressure generating source at the same time with EARA operations. The at least one third
pressure generating source is pneumatically driven. The at least one third pressure generating

source is electrically driven.

In yet another embodiment, the present subject matter relates to a respiratory care
apparatus comprising an interfacing assembly having separate conduits for inhalation and
exhalation, at least one first pressure generating source configured to generate flow and pressure,
at least one second pressure generating source configured to generate flow and pressure, at least
one third pressure generating source to deliver the aerosolized medicine and at least two patient
ports attached to a patient garment. The at least one second pressure generating source is blocked
using the second pressure restricting valve and the speed of the at least one first pressure
generating source is varied to generate positive oscillating waveform at the at least one patient
interface port. The position of the first pressure restricting valve is altered continuously from a
first position to a second position to generate positive oscillation waveform at the at least one
patient interface port. The frequency of the positive waveforms varies between 0 to 50 Hz. The at
least one first pressure generating source is blocked using the first pressure restricting valve and
the speed of the at least one second pressure generating source is varied to generate negative
oscillating waveform at the at least one patient interface port. The position of the second pressure
restricting valve is altered continuously from a first position to a second position to generate
negative oscillation waveform at the at least one patient interface port. The frequency of the
negative waveform varies between 0 to 50 Hz. The first pressure restricting valve and the second

pressure restricting valve can be used in synchronization with each other to gencrate oscitlation
17
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simultanecusly. The at least one first pressure generating source is unblocked using the first
pressure restricting valve such that the position of the first pressure restricting valve is altered
continuously from a first position to a second position. The at least onc seccond pressure
generating source is partially unblocked using the second pressure restricting valve such that the
position of the second pressure restricting valve is altered continuously from a first position to a
second position. The position of the first pressure restricting valve and the position of the second

pressure restricting valve can be changed alternately to block/unblock the at least one first

pressure generating source and the at least one second pressure generating source respectively to

generate aggressive oscillation by forming alternate positive and negative waveforms. The
respiratory care apparatus is configured to perform oscillation in the patient garment. The patient
garment expands during positive pressure generation and contracts during the negative pressure
generation. The patient garment oscillates due to alternate positive and negative pressure

generation. The patient garment is configured to provide osciliation therapy to a patient.

BRIEF DESCRIPTION OF ACCOMPANYING DRAWINGS

A further understanding of the present subject matter can be obtained by reference to
various embodiments set forth in the illustrations of the accompanying drawings. The drawings
are not intended to limit the scope of the present subject matter, which is set forth with
particularity in the claims as appended or as subsequently amended, but merely to clarify and
exemplify the subject matter.

For a fuller understanding of the nature and object of the present subject matter, reference

is made to the accompanying drawings. wherein:
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FIG. T is a schematic diagram illustrating working of a conventional airway clearance
device.

FIG. 2 is a schematic diagram illustrating an electromechanical airway router assembly of
a respiratory care apparatu‘s in accordance with an embodiment of the present subject matter.

F1G. 3 is a schematic diagram illustrating an electromechanical airway router assembly of
a respiratory care apparatus in accordance with another embodiment of the present subject
matter.

FIG. 4 is a perspective view of a respiratory care apparatus in accordance with an
embodiment of the present subject matter.

FIG. 5 is a three dimensional view of the internal components of a respiratory care
apparatus in accordance with an embodiment of the present subject matter.

FIG. 6 illustrates an exploded view of a respiratory care apparatus in accordance with an
embodiment of the present subject matter.

F1G. 7 illustrates an exploded view showing a top cover for the respiratory care apparatus
and a display module according to an embodiment of the present subject matter.

FI1G. 8 illustrates an exploded view of a side panel and an exhaust fan for the respiratory
care apparatus in accordance with an embodiment of the present subject matter.

FIG. 9 illustrates a perspective view of a manifold/air router structure of the respiratory
care apparatus in accordance with an embodiment of the present subject matter.

FIG. 10 is a schematic diagram of an electromechanical airway router assembly of a
respiratory care apparatus illustrating a positive pressure generation mechanism in accordance

with an embodiment of the present subject matter.
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FIG. 11 is a schematic diagram of a electromechanical airway router assembly of a
respiratory care apparatus illustrating a negative pressure generation mechanism in accordance
with an embodiment of the present disclosure.

FIG. 12 is a schematic representation of a respiratory care apparatus showing a positive
pressure generation and patient interface in accordance with an embodiment of the present
subject matter.

FIG. 13 is a schematic representation of a respiratory care apparatus showing a negative
pressure generation and patient interface in accordance with an embodiment of the present
subject matter.

FIG. 14 is a schematic representation of a respiratory care apparatus showing a pressure
generating source to deliver aerosolized medicine in accordance with an embodiment of the
present subject matter.

FIG. 15a and FIG. [5b illustrate a schematic view of a patient garment and a pressure

generation mechanism of the respiratory care apparatus for the patent garment respectively in

DETAILED DESCRIPTION

The following presents a detailed description of various embodiments of the present

subject matter with reference to the accompanying drawings.

As used herein, the singular torms “a™, “an” and “the™ are intended to include the plural
forms as well, unless expressly stated otherwise. It will be further understood that the terms
“includes™. “comprises”. “including™ and/or “comprising” when used in this specification.

specify the presence of stated features. integers. steps. operations. elements. and/or components.
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but do not preclude the presence or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof. It will be understood that when an
element is referred to as being “connected” or “coupled” to another element, it can be directly
connected or coupled to the other element or intervening elements may be present. Furthermore,
“connected” or “coupled” as used herein may include operatively connected or coupled. As used
herein, the term “and/or” includes any and all combinations and arrangements of one or more of

the associated listed items.

The embodiments of the present subject matter are described in detail with reference to
the accompanying drawings. However, the present subject matter is not limited to these
embodiments which are only provided to explain more clearly the present subject matter to the
ordinarily skilled in the art of the present disclosure. In the accompanying drawings, like

reference numerals are used to indicate like components.

Unless otherwise defined, all terms (including technical and scientific terms) used herein
have the same meaning as commonly understood by one of ordinary skill in the art to which this
disclosure pertains. It will be further understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning that is consistent with their meaning
in the context of the relevant art and will not be interpreted in an idealized or overly formal sense

unless expressly so defined herein.

The detailed description set forth below in connection with the appended drawings is
intended as a description of the several presently contemplated embodiments of a respiratory
care apparatus. The apparatus is capable of providing multiple therapies for respiratory system,

more specifically. for airway clearance. The apparatus can be configured to deliver various
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airway clearance therapies through hardware/mechanical, software and patient circuit
configurations. The respiratory care apparatus comprises therapy capabilities including but not
limiting to HFCWO (high frequency chest wall oscillation) therapy through an external chest
garment, M-1E (mechanical insufflation/exsufflation) therapy through a patient circuit, HFO/IPV
(high frequency oscillation) therapy through a patient circuit, PAP (positive air pressure) through
a patient circuit, Oscillating PAP through a patient circuit, suction through a patient circuit,
CPAP (continuous positive air pressure) functions and Bi-PAP (bi-level positive air pressure)
functions. This description is not intended to represent the only form in which the disclosed
subject matter may be developed or utilized. The description sets forth the functions and features
in connection with the itlustrated embodiments. It is to be understood, however, that the same or
equivalent functions may be accomplished by different embodiments that are also intended to be
encompassed within the scope of the present disclosure. It is further understood that the use of
relational terms such as first and second and the like are used solely to distinguish one from
another entity without necessarily requiring or implying any actual such relationship or order

between such entities.

FIG. 1 is a schematic diagram of a conventional airway clearance device 100 known in
the art. The conventional airway clearance device 100 comprises dual limb ventilation and a
patient circuit which has a dedicated limb for inspiratory gases or the gases going towards the
lung and expiratory gases coming out of the lung. Such devices provide an internal positive
pressure source 102 while the expiration phase from the lung or external load is passive i.e. flow

is generated by recoil of lung and chest wall.
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Other devices like cough assist or single limb ventilators or intermittent oscillatory
ventilators also have a single core internal pressure source 102 like a turbine, blower or other
forms of pumps and may generate a negative pressure (in case of cough assist) using a valve and
a manifold 104 which changes the direction of pressure flow outlets mechanically using valves

and other similar actuating mechanisms.

The feedback for the valves and pressure control is generated by a sensor 106 including

but not limiting to pressure sensors and/or flow sensors.

Further, a single unit of basic actuating pump which has a piston or fan/rotating blades
and which generates flow and pressure by actuation of flow creating mechanisms can be used as
the core pressure source 102. However, the core pressure source 102 can generate flow and/or

pressure only in one direction at a specific point in time.

FIG. 2 discloses a schematic diagram of respiratory care apparatus 200 in one
embodiment of the present disclosure. The respiratory care apparatus 200 comprises a plurality
of components including but not limiting to an electromechanical airway router assembly 202
and an interfacing assembly 204 (as shown in FIG. 12). The electromechanical airway router
assembly 202 comprises at least one first pressure generating source 206 and at least one second
pressure generating source 208. The interfacing assembly 204 comprises at least one patient
interface port 210 and a patient interface tube 212. The patient interface tube 212 can be of tube-
in-tube type or any other suitable type known in the art to provide separate conduits/passages for
insufflation and exsufflation. The at least one second pressure generating source 208 is
configured to generate flow and pressure. The aforesaid pressure generating sources can be

chosen from blowers. turbines. pumps, and the like. However. it is evident to a person of
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ordinary skills in the art that the type of patient interface tube and the pressure generating sources
used does not limit the scope of present disclosure. The at least one patient Interface port 210
forms a first conduit between the at least one interfacing assembly 204 and the at least one first
pressure generating source 200, the at least one patient Interface port 210 forms a second conduit
between the at least one interfacing assembly 204 and the at least one second pressure generating
source 208. In other words, at least one pneumatic/airway path (conduit) is formed between each
of the pressure generating sources 206, 208 and the at least one interfacing assembly 204. The at
least one patient interface port 210 enables the formation of such pneumatic/airway path
(conduit). The electromechanical air router assembly further comprises a first pressure restricting
valve 214 and a second pressure restricting valve 216. The first pressure restricting valve 214 is
disposcd between the at Icast one interfacing assembly 204 and the at lcast onc patient interface
port 210. The first pressure restricting valve 214 is configured to control pressure between the at
least one interfacing assembly 204 and the at least one patient interface port 210. Further, the
second pressure restricting valve 216 is disposed between the at least one second pressure
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generating source 208 and the at least one patient interface port 210. In an embodiment, the first
and second pressure restricting valves 214, 218 are not limited to controlling pressure only.
Moreover, the first and second pressure restricting valves 214, 218 can alter the pressure and
flow with respect to the at least one first pressure generating source 206 and the at least one

Seiivliatinig VLI LL fa) L

second pressure generating source 208 repectively.

The respiratory care apparatus 200 further comprises a manifold/air router structure 246

(as shown in FIG. 5, FIG. 6 and FIG. 9). The manifold/air router structure 246 can be hollow
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cuboidal type, circular type, Y-shaped, cylindrical type or any other suitable manifold/air router
structure 246 type known in the art. However, it is evident to a person of ordinary skills in the art
that the type of manifold/air router structure 246 used does not limit the scope of the present
disclosure. The first electromechanical valve structure is in pneumatic connection with the at
least one patient interface port 210 of the interfacing assembly 204 through the manifold/air
router structure 246. The first electromechanical valve structure is disposed in proximity with the
outlet of the at least one interfacing assembly 204 such that the first electromechanical valve
structure is in pneumatic connection with the atmosphere through the interfacing assembly 204.
Further, the second electromechanical valve structure is in connection with the interfacing
assembly 204 through the manifold/air router structure 246. The second electromechanical valve
structure is disposed in proximity with the inlet of the at least one second pressure generating
source 208 such that the second electromechanical valve structure is in pneumatic connection
with the atmosphere through the at least one second pressure generating source 208. A plurality
of atmospheric vents 248 is provided in the electromechanical airway router assembly 202 for
connection with the atmosphere. Furthermore, the at least one interfacing assembly 204 and the
at least one second pressure generating source 208 are separately connected to the interfacing
assembly 204 via said manifold/air router structure 246. Hence, the electromechanical air router
assembly is configured to provide separate inhalation and exhalation paths through the

manifold/air router structure 246 and the interfacing assembly 204.

In an embodiment, the first pressure restricting valve 214 and the second pressure
restricting valve 216 are electronic motor valves (EMVs). The purpose of the electronic motor
valves is to allow the air from one pressure generating source at a time to reach the at least one

patient interface port 210. Meantime. it is also important to control the pressure and the flow of
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the airway path for the at least one interfacing assembly 204 and the at least one second pressure
generating source 208 through additional oscillation generation mechanism. There can be
numerous valve constructions to be used in the respiratory care apparatus 200. For instance and
by no way limiting the scope of the present disclosure the valve constructions may include air-
pressure based diaphragm valve, DC motor valve, stepper motor valve, piezoelectric valve, and

the like.

In an embodiment, a first pneumatic/airway path 250 corresponding to the at least one
first pressure generating source 206 is created by the combination of the manifold/air router
structure 246 and the first pressure restricting valve 214. Similarly, a second pneumatic/airway
path 252 corresponding to the at least one second pressure generating source 208 is created by
the combination of the manifold/air router structure 246 and the second pressure restricting valve
216. One of the pneumatic paths 250, 252 corresponds to inspiratory path while the other path
would be only used for negative pressure and flow from the fung. Thus, a clean inspiratory path
to external load or lungs is created without getting contaminated by gas flowing back from the
external load or from lung or from any portion of the interfacing assembly 204. The
electromechanical air router assembly 202 further comprises a plurality of sensors 254 for

monitoring pressure at the patient interface port in real time.

In an embodiment, the patient interface port 210 and the plurality of atmospheric vents
248 can be reversed with respect to cach other to get the similar effect. However. in this case the
first pressure restricting valve 214 and the second pressure restricting valve 216 are positioned

plurality of vents and the pressure generating sources. as shown in FIG. 3.
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The at least one patient interface port 210 is connected with the patient interface tube
212. The patient interface tube 212 comprises a first end 218 and a second end 220 (shown in
FI1G. 12). The first end 218 of the patient interface tube 212 is connected with the at least one
patient interface port 210 and the second end 220 of the patient interface tube 212 is connected
with one or more of a face mask, mouth piece, artificial lung tubing, tracheal tube adapter,

expiratory resistance change adapter and ventilator interface adapter.

In a preferred embodiment, the patient interface tube 212 is tube-in-tube type having an
outer conduit 222, an inner conduit 224 and a collector chamber (not shown in figures). The
outer conduit 222 can be used for inhalation/insufflation and the inner conduit 224 can be used
for exhalation/exsufflation. In another embodiment, the outer conduit 222 can be used for
exhalation/exsufflation and the inner conduit 224 can be used for inhalation/insufflation. The
patient interface tube 212 comprises separate conduits for inhalation/insufflation and
exhalation/exsufflation to reduce cross contamination and infection. The interfacing assembly
204 further comprises a patient interface means, the patient interface means (not shown in
figures) is in connection with a patient’s external garment to provide High Frequency Chest Wall
Oscillation (HFCWO) therapy. The patient interface means and/or the patient interface tube 212
along with the at least one patient interface port 210 are fluidly connected with the at least one

first pressure generating source 206 and the at least one second pressure generating source 208.

The at least one interfacing assembly 204 comprises an inlet in proximity with the first
cnd 218 which draws atmosphcric air into the at least one interfacing assembly 204 and an outlet
in proximity with the second end 220 which outputs air from the at least one interfacing

assembly 204 1o the at least one patient interface port 210. Further. the at least one second
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pressure generating source 208 comprises an inlet which draws air from the at least one patient
interface port 210 into the at least one second pressure generating source 208 and an outlet which
outputs air to atmosphere. The at least one interfacing assembly 204 and the at least one second
pressure generating device are configured to function independently with respect to each other.
Both the aforesaid pressure generating sources are connected with separate paths (conduits) of

the interfacing assembly 204 to reduce cross contamination and infection.

The pressure flow in respect of the at least one first pressure generating source and the at
least one second pressure generating source is controlled by the first pressure restricting valve
214 and the second pressure restricting valve 216 respectively. The first pressure restricting
valve 214 comprises a first electromechanical valve structure housed in a hollow structure
having a first port and a second port. The first port is pneumatically connected to outlet of the at
least one interfacing assembly 204 and the second port is pneumatically connected to the at least
one patient interface port 210. The first electromechanical valve structure is controlled bi-
directionally through general displacement motion of a first electromechanical motor 238.
Further, the second pressure restricting valve 216 comprises a second electromechanical valve
structure housed in a hollow structure having a first port and a second port. The first port is
pneumatically connected to the at least one patient interface port 210 and the second port is
pneumatically connected to inlet of the at least one second pressure generating source 208. The
second electromechanical valve structure is controlled bi-directionally through rotary motion of a

second electromechantical motor 244,

Referring FIG. 4. a perspective view of the respiratory care apparatus 200 is illustrated in

-

yparaius comprises a top cover 256,
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bottom cover 258 anvd a side panel 260. The top cover 256, the bottom cover 258 and the side
panel 260 are external components and form housing for the respiratory care apparatus 200. The
top cover 256 features a touch enabled LCD/LED screen 262 as a user interface. The LCD/LED
screen 262 enables a user to communicate with the respiratory care apparatus 200. The
respiratory care apparatus 200 is configured to be operated on electrical power. Hence, a power
button 264 and DC power input jack are provided externally for ease of access. A foot switch
port 266 is provided at the bottom cover 258 of the respiratory care apparatus 200. A buzzer 268
is also provided to notify a care giver/ patient/clinician about multiple events related to therapy

such as data reception, data delivery, therapy completion, therapy schedule, and the like.

FIG. 5 illustrates a 3-D view of the respiratory care apparatus 200 in accordance with an
embodiment of the present subject matter. In addition to the components described earlier,
further components are shown in FIG. 5. The respiratory care apparatus 200 further comprises a
silencer 270 and a battery 272. The silencer 270 is configured to control the noise due to the
pressure generating sources. The battery 272 is provided to operate the respiratory care apparatus

200 in portable mode without external electric supply.

Referring FIG. 6, an exploded view of the respiratory care apparatus 200 has been
illustrated. In an embodiment, the first pressure restricting valve 214, the second pressure
restricting valve 216, the first electromechanical motor 238, the second electromechanical motor
244 are butterfly type. A butterfly housing comprising a top cover 274 and a bottom cover 276 is
provided to house the first pressure restricting valve 214, the second pressure restricting valve

216 respectively. In addition to above, the respiratory care apparatus further comprises a foot
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switch connector 278, a DC supply jack 280 and a main controller PCB 282. In an embodiment,

the manifold/air router structure 246 is a Y-type manifold, as shown in FI1G. 6.

As can be seen in FIG. 7, the top cover 256 and the touch enabled LCD/LED screen 262
are shown in an exploded view. At least one display mounting bracket 284 is provided to mount

the touch enabled LCD/LED screen 262. Further, a power button PCB 286 is provided to enable

260. The side panel 260 and the exhaust fan 288 are illustrated in FIG. 8.

FIG. 9 illustrates the manifold/air router structure 246 in accordance with another

embodiment of the present subject matter. A patient interface port 210 is shown along with two

nneninos 290 2872 1o be sted with the ai leaci nne fire nreceure generatine conrece 704 and
apenings Yy, LY 2 0 be connecled wilhy the at 1east one 1irst pressure gencorating source Luo and

the at least one second pressure generating source 208.

In an embodiment, the electromechanical air router assembly (EARA) 202 is intelligently

constructed in order to eliminate cross contamination, to provide precise positive and negative

clearance therapies except nebulization such as HFCWO therapy, M-IE therapy, HFO/IPV
therapy, PAP, osciilating PAP, suction, CPAP/CPEP and Bi-PAP are a combination of positive

pressure, negative pressure and oscillation. Hence, EARA is suitable for a variety of airway

clearance therapies. The different combinations of aforesaid positive pressure, negative pressure

the help of the electromechanical valves placed in the first and second pneumatic/airway paths
250. 252 in respect of the flow generated by the at least one interfacing assembly 204 and the at

least one second pressure generating source 208.
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FIG. 10 & FIG. 11 illustrate mechanism for positive pressure generation and negative
pressure generation respectively in accordance with an embodiment of the present subject matter.
In operation, the at least one second pressure generating source 208 is blocked using the second
pressure restricting valve 216 and the speed of the at least one interfacing assembly 204 is
controlled in synchronization with the first pressure restricting valve 214. The pressure in the
pneumatic/airway path is set to a value based on the feedback from one or more sensing
parameters such as a pressure sensor, encoder, flow sensor, temperature sensor, and the like to
create positive pressure at the at least one patient interface port 210. Similarly, the at least one
interfacing assembly 204 is blocked using the first pressure restricting valve 214 and the speed of
the at least one second pressure generating source 208 is controlled in synchronization with the
second pressure restricting valve 216. The pressure is set to a value based on the feedback from
one or more sensing parameters such as a pressure sensor, a flow sensor, a hall sensor, encoder,
temperature sensor, and the like, to create negative pressure at the at least one patient interface
port 210. Further, the at least one second pressure generating source 208 is blocked using the
second pressure restricting valve 216 and the speed of the at least one interfacing assembly 204
is varied to generate 6scillati11g waveform at the at least one patient interface port 210 and the
first pressure restricting valve 214 is adjusted to generate positive waveform having a first
amplitude value. The first pressure restricting valve 214 is further adjusted to generate a positive
pressure having a second amplitude value. The oscillating pressure waveform thus generated, is
based on user set parameters such as oscillation amplitude and oscillation pressure. The pressure
at the at least one patient interface port 210 is controlled based on the feedback from one or more
sensors such as pressure sensor. flow sensor. encoder, hall sensor, temperature sensor. and the
like. The aforesaid positive waveforms can be continuous as well as discrete in nature with
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frequency ranging between 0 to 50 Hz. Furthermore, the at least one interfacing assembly 204 is
blocked using the first pressure restricting valve 214 and the speed of the at least one second
pressure generating source 208 is varied to generate oscillating waveform at the at least one
patient interface port 210. The second pressure restricting valve 216 is adjusted to generate
negative waveform having a first amplitude value. The second pressure restricting valve 216 is
further adjusted to generate a negative pressure having a second amplitude value. The oscillating
pressure waveform is generated based on user set parameters such as oscillation amplitude and
oscillation pressure. The pressure at the patient interface port 210 is controlled based on the
feedback from one or more sensors such as pressure, flow, encoder, hall sensor and temperature
sensor. The aforesaid negative waveforms are continuous in nature with frequency ranging

between 0 to 50 Hz.

In an embodiment, the first pressure restricting valve 214 and the second pressure
restricting valve 216 can be used in synchronization with each other to generate oscillation
simultaneously. The first pressure restricting valve 214 and the second pressure restricting valve
216 can be used in synchronization with each other to generate oscillation simultaneously. The at
least one first pressure generating source 206 is unblocked using the first pressure restricting
valve 214 such that the position of the first pressure restricting valve 214 is altered continuously
from a first position to a second position. The at least one second pressure generating source 208
is partially unblocked using the second pressure restricting valve 216 such that the position of the
second pressure restricting valve 216 is altered continuously from a first position to a second
position. In other words, the at least one first pressure restricting valve 214 is in chopping state
from an open position to achieve oscillations. Further. the position of the at least one second

pressure restricting valve 216 is slightly changed from its closed position such that the second
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pressure restricting valve 216 begins to vibrate. Therefore, with such an arrangement,
simultaneous oscillation/vibration at both the pressure restricting valves 214, 216 can be
achieved. Further, The position of the first pressure restricting valve 214 and the position of the
second pressure restricting valve 216 can be changed alternately to block/unblock the at least one
first pressure generating source 206 and the at least one second pressure generating source 208
respectively to generate aggressive oscillation by forming alternate positive and negative

waveforms.

In an embodiment, the respiratory care apparatus 200 further comprises a nebulizer
connecting port for nebulization therapy and a sensor interfacing port in addition to the at least
one patient interface port 210. The nebulizer can be pneumatic or electric in nature. The
respiratory care apparatus 200 further comprises a bacterial filter and/or a viral filter for infection
control. The respiratory care -apparatus 200 also includes a built-in intelligence module
configured to detect patient’s breathing response to a frequency pressure waveform. The
frequency range varies from 0 to 50 Hz. The intelligence module comprises a main control unit.
The main control unit may comprise microcontrollers and/or microprocessors for controlling the
functions of the respiratory care apparatus 200. The intelligence module is configured to process
patient’s response to oscillating waveform, the processing happens in time and frequency
domain. Further, the processed data is used to assess parameters such as patient’s lung condition
and therapy performance. The intelligence module is configured to operate through a variety of
other modules including but not limiting to driver module, platform module, therapy control
module. interface manager and other control modules. The driver module includes blower driver,
power circuitry driver, electronic motor valve driver, serial port drivers, fan driver, sensor

drivers: pressure. flow. etc. The platform module includes positive pressure generator module.
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negative pressure generator module and oscillation generator module (electromechanical valve

ke

controller). The therapy control module includes nebulization generator module and therapy
v p./ o r)J

o

integration module which corresponds to the multiple airway clearance therapies associated with
the respiratory care apparatus 200 of the present disclosure such as HFCWO therapy, M-Ik
therapy, HFO/IPV therapy, PAP, oscillating PAP, suction, CPAP/CPEP, Bi-PAP, and the like.
The interface manager includes interface co-ordination with main communication controller and
other modules. The other modules include power management, battery management,
communication controller, heat/fan management, forced oscillation spirometry and alarm

management.

Referring FIG. 12 & FIG. 13, a pictorial representation of positive pressure generation
and negative pressure generation has been illustrated respectively. In a preferred embodiment,
the patient interface tube 212 comprises a first end 218 and a second end 220. The first end 218
of the patient interface tube 212 is connected with the at least one patient interface port 210. The
second end 220 of the patient interface tube 212 can be connected with a plurality of external
members including but not limiting to a face mask, mouth piece, artificial lung tubing, tracheal
tube adapter, expiratory resistance change adapter and ventilator interface adapter to provide the
aforementioned airway clearance therapies. The patient interface tube 212 is tube-in-tube type
having an outer conduit 222, an inner conduit 224 and a collector chamber. The inner conduit
224 can be used for inhalation and the outer conduit 222 can be used for exhalation and vice-
versa. The collector chamber is configured to store the mucus/cough excreted by the patient
during said therapy. The outer conduit 222 includes a suction chamber designed to trap the
secretions such that the negative pressure/suction port in the collection chamber which is at

higher position with respect to the portion of the patient interface tube 212 towards the patient
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end in order to reduce back flow of the secreted mucus/cough. The collection chamber itself acts
as reservoir of negative pressure for exsufflation. The patient interface tube 212 comprises

separate conduits for inhalation and exhalation to reduce contamination and infection.

FIG. 14 shows a pictorial representation of aerosolized medicine delivery through a
pressure generating source. In an embodiment, the respiratory care apparatus 200 comprises a
third pressure generating source 294. The third pressure generating source 294 s
electrically/pneumatically driven. The aerosolized medicine is delivered to the patient through
the third pressure generating source 294. Further, a control mechanism to deliver nebulization in
synchronization with assisted inhalation and assisted exhalation cycle of the patient is also
provided. The synchronization includes electronic control of the at least one third pressure

generating source 294 at the same time with EARA operations.

FIG. 15a and FIG. 15b illustrate a schematic view of a patient garment 296 and a pressure
genération mechanism of the respiratory care apparatus 200 respectively in accordance with an
embodiment of the present subject matter. The interfacing assembly 204 further comprises a
patient interface means (not shown) in connection with patient’s external garment 296. The
patient garment 296 includes two patient ports P1 and P2 connected with the patient interface
means. The patient garment 296 expands during positive pressure generation and contracts
during negative pressure generation. The mechanism for positive and negative pressure
generation is explained above. The patient garment 296 oscillates due to alternate positive and
negative pressure generation (as in the case of aggressive oscillation) and provides therapy to the

patient. The patient interface means acts as a medium between the at least one patient interface

35



(%1

>
o}

15

20

WO 2017/144963 PCT/IB2016/057201

port 210 and the external chest garment 296 of the patient to provide HFCWO (High Frequency

o

Chest Wall Oscillation therapy).

The oscillation generation process includes simple oscillation (chopping) generation and
aggressive oscillation generation. In case of simple oscillation generation, positive pressure path
is intercepted based on the frequency of pressure restricting valve switching. The extent to which
the
the flow delivered to the patient interface port 210. In other words, by changing the speed
(rotations per minute) of the pressure generating sources and position of the pressure restricting
valves 214, 216, additional control over pressure and flow of oscillatory waveform can be
achieved. Further, in aggressive oscillation generation switching between the positive pressure
generator and negative pressure generator helps to generate oscillatory waveform. Such an
approach of oscillation generation is more aggressive and hence, more variation in flow/pressure
can be achieved in lesser time using this approach. Extent to which the pressure restricting valves
open decides the amount of pressure generated and the flow delivered to the patient.
Additionally, by changing speed of the pressure generating sources 206, 208, additional control

over pressure and flow of the oscillatory waveform can be achieved in this process.

The respiratory care apparatus 200 further comprises a connectivity module configured to
transfer data. The connectivity module is based on LTE (Long Term Evolution) and GSM
(Global System for Mobile Communications). The connectivity module comprises means for
sending and receiving data, a display and other driver modules to enable the data transmission.
The data transferred from the respiratory care apparatus 200 through the connectivity module

comprises a plurahty of parameters including but not limiting to delivered press
v - < - -

i SRS R A
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pressure/flow related graphs and the corresponding user parameters. The data transferred using
the connectivity module further comprises total device usage data, prescribed total therapy
protocol, sensor data such as SpO2, respiratory rate, and the like. Further, the prescribed total
therapy protocol comprises parameters such as possible pressure settings, oscillation settings,
duration of therapy and number of therapies. The connectivity module comprises two way data
communication enabling data transmission as well as data reception. The two way data
communication comprises notes from individual such as patients, caregivers and clinicians, and
the like. Further, the connectivity module is configured to provide assistance to the caregiver or
patient regarding usage of interfacing assembly when switching from one type of airway

clearance therapy to other.

As described hereinabove, the respiratory care apparatus 200 of the present subject matter
provides a unique opportunity to address the pressing problems such as reducing the cross
contamination and re-contamination. Further, the respiratory care apparatus 200 can deliver
multitude of therapies in one footprint, hence, it helps to reduce cost burden to hospitals and
caregivers, and enhances usability by reducing the footprints and simple intuitive user interface.

Although the invention has been described with reference to specific embodiments, this
description is not meant to be construed in a limiting sense. Various modifications of the
disclosed embodiments, as well as alternate embodiments of the invention, will become apparent
to persons skilled in the art upon reference to the description of the invention. It is therefore,
contemplated that such modifications can be made without departing from the spirit or scope of

the present invention as defined.

37



10

15

20

25

WO 2017/144963 PCT/IB2016/057201

What is claimed is:

Lo

9.

A respiratory care apparatus comprising:

an interfacing assembly having separate conduits for inhalation and exhalation.
The respiratory care apparatus as claimed in claim 1, wherein the interfacing assembly
comprises at least one patient interface port.
The respiratory care apparatus as claimed in claim 1, wherein the interfacing assembly
comprises a patient interface tube having a first end and a second end.
The respiratory care apparatus as claimed in claim 3, wherein the first end of the patient
interface tube is connected with the at least one patient interface port.
The respiratory care apparatus as claimed in claim 3, wherein second end of the patient
interface tube is connected with one or more of a face mask, mouth piece, artificial lung
tubing, tracheal tube adapter, expiratory resistance change adapter and ventilator interface
adapter.
The respiratory care apparatus as claimed in claim 3, wherein the patients interface tube

and a collector chamber.

o)

o

is tube-in-tube type having an outer conduit, an inner conduit
The respiratory care apparatus as claimed in claim 3, wherein the patient interface tube
comprises separate conduits for inhalation and exhalation to reduce contamination.

The respiratory care apparatus as claimed in claim 1, wherein the interfacing assembly
comprises a patient interface means, the patient interface means is in connection with
atient’s external garment.

The respiratory care apparatus as claimed in claim 1. further comprising at least one first
pressure generating source configured to generate flow and pressure.

o
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10.

The respiratory care apparatus as claimed in claim I, further comprising at least one

second pressure generating source configured to generate flow and pressure.

. The respiratory care apparatus as claimed in claim 1, wherein at least one conduit is

formed between the at least one patient interface port, the at least one first pressure

generating source and the at least one second pressure generating source.

. A respiratory care apparatus comprising:

an interfacing assembly having separate conduits for inhalation and exhalation;

at least one first pressure generating source configured to generate positive flow
and pressure; and

at least one second pressure generating source configured to generate negative

flow and pressure.

. The respiratory care apparatus as claimed in claim 12, wherein the interfacing assembly

comprises at least one patient interface port.

. The respiratory care apparatus as claimed in claim 12, wherein the at least one first

pressure generating source comprises an inlet which draws atmospheric air into the at
least one first pressure generating source and an outlet which outputs air from the at least

one first pressure generating source to the at least one patient interface port.

. The respiratory care apparatus as claimed in claim 12, wherein the at least one second

pressure generating source comprises an inlet which draws air from the at least one
patient interface port into the at least one second pressure generating source and an outlet

which outputs air to atmosphere.
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16.

19.

o
o

The respiratory care apparatus as claimed in claim 12, wherein the at least one first
pressure generating source and the at least one second pressure generating device are

configured to function independently with respect to each other.

. A respiratory care apparatus comprising:

an interfacing assembly having separate c011duits for inhalation and exhalation;

a first pressure restricting valve configured to control positive pressure and/or
flow; and

a second pressure restricting valve configured to control negative pressure and/or

flow.

. The respiratory care apparatus as claimed in claim 17, wherein the interfacing assembly

comprises a patient interface port.
The respiratory care apparatus as claimed in claim 17, further comprising at least one first

ressure generating source configured to generate flow and pressure.
o o o

. The respiratory care apparatus as claimed in claim 17, further comprising at least one

second pressure generating source configured to generate flow and pressure.

. The respiratory care apparatus as claimed in claim 17, wherein the first pressure

the at least one patient interface port.

. The respiratory care apparatus as claimed in claim 17, wherein the first pressure

restricting valve is configured to control pressure between the at least one first pressure

generating source and the at least one patient interface port.
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23.

24.

25.

26.

27.

28.

29.

The respiratory care apparatus as claimed in claim 17, wherein the second pressure
restricting valve is disposed between the at least one second pressure generating source
and the at least one patient interface port.

The respiratory care apparatus as claimed in claim 17, wherein the second pressure
restricting valve is configured to control pressure between the at least one second
pressure generating source and the at least one patient interface port.

The respiratory care apparatus as claimed in claim 17, wherein the first pressure
restricting valve comprises a first electromechanical valve structure housed in a hollow
structure having a first port and a second port.

The respiratory care apparatus as claimed in claim 25, wherein the first port is
pneumatically connected to outlet of the at least one first pressure generating source and
the second port is pneumatically connected to the at least one patient interface port.

The respiratory care apparatus as claimed in claim 25, wherein the first electromechanical
valve structure is controlled bi-directionally through displacement of a first
electromechanical motor.

The respiratory care apparatus as claimed in claim 17, wherein the second pressure
restricting valve comprises a second electromechanical valve structure housed in a
hollow structure having a first port and a second port.

The respiratory care apparatus as claimed in claim 28, wherein the first port is
pneumatically connected to the at least one patient interface port and the second port is

pneumatically connected to inlet of the at least one second pressure generating source.
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30.

(%)
—_

32.

LI
(%)

36.

The respiratory care apparatus as claimed in claim 28, wherein the second
electromechanical valve structure is controlled bi-directionally through displacement of a

second electromechanical motor.

. A respiratory care apparatus comprising:

an interfacing assembly having separate conduits for inhalation and exhalation;
and

an electromechanical air router assembly.
The respiratory care apparatus as claimed in claim 31, wherein the electromechanical air

router assembly comprises at least one first pressure generating source.

. The respiratory care apparatus as claimed in claim 31, wherein the electromechanical air

router assembly comprises at least one second pressure generating source.

. The respiratory care apparatus as claimed in claim 31, wherein the at least one first

pressure generating source comprises an inlet and an outlet.

. The respiratory care apparatus as claimed in claim 31, wherein the at least one second

pressure generating source comprises an inlet and an outlet.

The respiratory care apparatus as claimed in claim 31, wherein the electromechanical air

. iratory care apparatus as claimed in claim 31, wherein the electromechanical air
The respiratory care apparatus as claimed in claim 31, wherein the electromechanical ai

router assembly comprises a second electromechanical valve structure.

. The respiratory care apparatus as claimed in claim 36, wherein the first electromechanical

valve structure is in pneumatic connection with the atmosphere through the first pressure

gcncrating source.
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40.

42.

43.

44,

45.

. The respiratory care apparatus as claimed in claim 36, wherein the first electromechanical

valve structure is disposed in proximity with the outlet of the first pressure generating

source.
The respiratory care apparatus as claimed in claim 36, wherein the first electromechanical

valve structure is in connection with the interfacing assembly through a manifold/air

router structure.

. The respiratory care apparatus as claimed in claim 37, wherein the second

electromechanical valve structure is in pneumatic connection with the atmosphere
through the second pressure generating source.

The respiratory care apparatus as claimed in claim 37, wherein the second
electromechanical valve structure is disposed in proximity with the inlet of the second
pressure generating source.

The respiratory care apparatus as claimed in claim 37, wherein the second
electromechanical valve structure is in connection with the interfacing assembly through
the manifold/air router structure.

The respiratory care apparatus as claimed in claim 32, wherein the first pressure
generating source is separately connected to the interfacing assembly via the manifold/air
router structure.

The respiratory care apparatus as claimed in claim 33, wherein the second pressure
generating source is separately connected to the interfacing assembly via the manifold/air

router structure.

43



10

15

20

25

WO 2017/144963 PCT/IB2016/057201

46.

47.

48.

49.

. The res ratory care

The respiratory care apparatus as claimed in claim 31, wherein the electromechanical air
router assembly is configured to provide separate inhalation and exhalation paths through
the manifold/air router structure and the interfacing assembly.
A respiratory care apparatus comprising:

an interfacing assembly having separate conduits for inhalation and exhalation;

at least one first pressure generating source configured to generate flow and
pressure;

at least one second pressure generating source configured to generate flow and
pressure;

a first pressure restricting valve configured to control pressure; and

a second pressure restricting valve configured to control pressure.
The respiratory care apparatus as claimed in claim 47, wherein the at least one second

pressure generating source is blocked using the second pressure restricting valve and the

speed of the first pressure generating source is controlled in synchronization with the first

5'\
..__

pressure restrictin
The respiratory care apparatus as claimed in claim 47, wherein pressure is set to a value
vasea on set parameters and the feedback from one or more sunme parametcers such as a
pressure sensor, encoder, flow sensor, and temperature sensor to create positive pressure
at the at least one patient interface port.

naratus as claimed in claim 47, wherein nressure s set to a value

513
%]

!

ol
based on set parameters and the feedback from one or more sensing parameters such as a
pressure sensor. encoder, flow sensor. and temperature sensor Lo create positive pressure

at the at least one patient interface port.
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ST

52.

54.

55.

56.

57.

The respiratory care apparatus as claimed in claim 47, wherein the at least one first
pressure generating source is blocked using the first pressure restricting valve and the
speed of the at least one second pressure generating source is controlled in
synchronization with the second pressure restricting valve.

The respiratory care apparatus as claimed in claim 47, wherein pressure is set to a value
based on set parameters and the feedback from one or more sensing parameters such as a
pressure sensor, a flow sensor, a hall sensor, encoder, and temperature sensor, to create

negative pressure at the at least one patient interface port.

. The respiratory care apparatus as claimed in claim 47, wherein the at least one second

pressure generating source is blocked using the second pressure restricting valve and the
speed of the at least one first pressure generating source is varied to generate oscillating
waveform at the at least one patient interface port.

The respiratory care apparatus as claimed in claim 47, wherein the position of the first
pressure restricting valve is altered continuously from a first position to a second position
to generate oscillation waveform at the at least one patient interface port.

The respiratory care apparatus as claimed in claim 47, wherein the first pressure
restricting valve is adjusted to generate positive waveform having a first amplitude value.
The respiratory care apparatus as claimed in claim 47, wherein the first pressure
restricting valve is adjusted to generate a positive. pressure having a second amplitude
value.

The respiratory care apparatus as claimed in claim 47, wherein the oscillating pressure
waveform is generated based on user set parameters such as oscillation amplitude and
oscillation pressure.
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04.

['he respiratory care apparatus as claimed in claim 47, wherein the pressure is controlled

sensor, flow sensor, encoder, hall sensor and temperature sensor.

. The respiratory care apparatus as claimed in claim 47, wherein the positive waveforms
are continuous or discrete in nature.

. The respiratory care apparatus as claimed in claim 47, wherein the frequency of the
positive waveforms varies between 0 to 50 Hz.

. The respiratory care apparatus as claimed in claim 47, wherein the at least one first
pressure generating source is blocked using the first pressure restricting valve and the
speed of the at least one second pressure generating source is varied to generate

oscillating waveform at the at least one patient interface port.

. The respiratory care apparatus as claimed in claim 47, wherein the position of the second

pressure restricting valve is altered continuously from a first position to a second position
to gencrate oscillation waveform at the at least one patient interface port.

wherein the second

15 as claimed in claim 47 1€ ond p
D

aim alim N
restricting valve is adjusted to generate negative waveform having a first amplitude
value.

The respiratory care apparatus as claimed in claim 47, wherein the second pressure
restricting valve is adjusted to generate a negative pressure having a second amplitude

o
<.

valu
. The respiratory care apparatus as claimed in claim 47, wherein the first pressure
restricting valve and the second pressure restricting valve can be used in synchronization

with each other to generate oscillation simultaneously.
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66. The respiratory care apparatus as claimed in claim 65, wherein the at least one first

67.

68.

69.

70.

71.

pressure generating source is unblocked using the first pressure restricting valve such that
the position of the first pressure restricting valve is altered continuously from a first
position to a second position.

The respiratory care apparatus as claimed in claim 65, wherein the at least one second
pressure generating source is partially unblocked using the second pressure restricting
valve such that the position of the second pressure restricting valve is altered
continuously from a first position to a second position.

The respiratory care apparatus as claimed in claim 65, wherein the position of the first
pressure restricting valve and the position of the second pressure restricting valve can be
changed alternately to block/unblock the at least one first pressure generating source and
the at least one second pressure generating source respectively to generate aggressive
oscillation by forming alternate positive and negative waveforms.

The respiratory care apparatus as claimed in claim 47, wherein the oscillating pressure
waveform is generated based on user set parameters such as oscillation amplitude and
oscillation pressure.

The respiratory care apparatus as claimed in claim 47, wherein the pressure is controlled
based on the feedback from one or more sensors such as pressure, flow, encoder, hall
sensor and temperature sensor.

The respiratory care apparatus as claimed in claim 47, wherein the negative waveforms

are continuous or discrete in nature.

2. The respiratory care apparatus as claimed in claim 47. wherein the frequency of the

negative waveform varies between 0 to 50 Hz.
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75.

76.

77.

78.

79.

81

. The respiratory care apparatus as claimed in claim 47, wherein the at least one patient

interface port comprises nebulizer connecting port.

CULHIAVT

. The respiratory care apparatus as claimed in claim 47, wherein the at least one patient

interface port comprises sensor interfacing port.
The respiratory care apparatus as claimed in claim 47, further comprising a bacterial filter
and/or a viral filter for infection control.

The respiratory care apparatus as claimed in claim 47, further comprising a built-in
intetligence module configured to detect patient’s breathing response to a frequency
pressure waveform.

The respiratory care apparatus as claimed in claim 76, wherein the frequency range varies
from 0 to 50 Hz.

The respiratory care apparatus as claimed in claim 76, wherein the intelligence module
comprises microcontrollers and electronic components,

The respiratory care apparatus as claimed in claim 76, wherein the intelligence module is
configured to process patient’s respénse to oscillating waveform, the process

ino N
ss patient’s lating way processt

in time and frequency domain.

10y

The respiratory care apparatus as claimed in claim 79, wherein the processed data is used

to assess parameters such as patient’s lung condition and therapy performance.

A respiratory care apparatus comprising:

a connectivity module configured to transfer data.
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82.

83.

84.

85.

86.

87.

88.

The respiratory care apparatus as claimed in claim 81, wherein the connectivity module is
based on LTE (Long Term Evolution) and GSM (Global System for Mobile
Communications).
The respiratory care apparatus as claimed in claim 81, wherein data transferred from the
respiratory care apparatus through the connectivity module comprises one or more of at
delivered pressure, flow, pressure/flow related graphs and the corresponding user
parameters.
The respiratory care apparatus as claimed in claim 81, wherein data transferred from the
respiratory care apparatus through the connectivity module comprises one or more of
total device usage data, prescribed total therapy protocol, sensor data such as SpO2 and
respiratory rate.
The respiratory care apparatus as claimed in claim 84, wherein the prescribed total
therapy protocol comprises parameters such as possible pressure settings, oscillation
settings, duration of therapy and number of therapies.
The respiratory care apparatus as claimed in claim 81, wherein the connectivity module
comprises a two way data communication.
The respiratory care apparatus as claimed in claim 86, wherein the two way data
communication comprises notes from individual such as patients, caregivers and
clinicians.
A method for administering therapy to a patient using a respiratory care apparatus, the
method comprising:

connecting an interfacing assembly having separate conduits for inhalation and
exhalation to a patient.
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G7.

90.

91.

92.

93.

94.

A resy il’ﬂf v care ¢
. A respiratory care

The method as claimed in claim 88, further comprising: generating

the interfacing assembly for inhalation.

(A2 e STl

PCT/IB2016/057201

1 positive pressure at

o8

The method as claimed in claim 88, further comprising: generating a negative pressure at

the interfacing assembly for exhalation.

The method as claimed in claim 88, further comprising: providing separate inhalation and

exhalation paths to reduce cross contamination and infection.

The method as claimed in claim 88, further comprising: transferring of patient data to

caregiver and clinicians.

The method as claimed in claim 88, further comprising: transferring prescribed total

therapy protocol to the patient, wherein the prescribed total therapy protocol comprises

one or more of parameters such as possible pressure settings, oscillation settings, duration

of therapy and number of therapies.

The method as claimed in claim 88, further comprising: providing a nebulization therapy

through an electric conduit to patient interface port.

i8]
appalaius LUl

naratus comprising:
prising:

an interfacing assembly having separate conduits for inhalation and exhalation;

at least one first pressure generaling source configured to generate flow and

pressure;
at least one second pressure

o

pressure;

aer

1erating source configured to generate flow and

at least onc third pressure generating source to deliver the aerosolized medicine;

and
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96.

97.

98.

99.

100.

a control mechanism to deliver nebulization in synchronization with assisted
inhalation and assisted exhalation cycle of the patient.
The respiratory care apparatus as claimed in claim 95, the synchronization includes
electronic control of the at least one third pressure generating source at the same time
with EARA operations.
The respiratory care apparatus as claimed in claim 95, wherein the at least one third
pressure generating source is pneumatically driven.
The respiratory care apparatus as claimed in claim 95, wherein the at least one third
pressure generating source is electrically driven.
A respiratory care apparatus comprising:

an interfacing assembly having separate conduits for inhalation and exhalation;

at least one first pressure generating source configured to generate positive flow
and pressure;

at least one second pressure generating source configured to generate negative
flow and pressure;

a first pressure restricting valve configured to control pressure;

a second pressure restricting valve configured to control pressure;

at least one third pressure generating source to deliver the aerosolized medicine;
and
at least two patient ports attached to a patient garment.
The respiratory care apparatus as claimed in claim 99, wherein the at least one

second pressure generating source is blocked using the second pressure restricting valve

51



(Sa]

10

15

20

25

WO 2017/144963 PCT/IB2016/057201

and the speed of the at least one first pressure generating source is varied to generate

positive oscillating waveform at the at least one patient interface port.
101. The respiratory care apparatus as claimed in claim 99, wherein the position of the

first pressure restricting valve is altered continuously from a first position to a second
position to generate positive oscillation waveform at the at least one patient interface
port.

102. The respiratory care apparatus as claimed in claim 99, whereiﬁ the frequency of
the positive waveforms varies between 0 to 50 Hz.

103. The respiratory care apparatus as claimed in claim 99, wherein the at least one
first pressure generating source is blocked using the first pressure restricting valve and
the speed of the at least one second pressure generating source is varied to generate
negative oscillating waveform at the at least one patient interface port.

104. The respiratory care apparatus as claimed in claim 99, wherein the position of the
second pressure restricting valve is altered continuously from a first position to a second

position to generate negative oscillation waveform at the at least one patient interface

port.

105, The respiratory care apparatus as claimed in claim 99, wherein the frequency of
the negative waveform varies between 0 to 50 Hz.

106. The respiratory care apparatus as claimed in claim 99, wherein the first pressure
restricting valve and the second pressure restricting valve can be used in synchronization
with each other to generate oscillation simultaneously.

107, The respiratory care apparatus as claimed in claim 99, wherein the at least one

first pressure generating source is unblocked using the tirst pressure restricting valve such
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that the position of the first.pressure restricting valve is altered continuously from a first
position to a second position.

108. The respiratory care apparatus as claimed in claim 99, wherein the at least one
second pressure generating source is partially unblocked using the second pressure
restricting valve such that the position of the second pressure restricting valve is altered
continuously from a first position to a second position.

109. The respiratory care apparatus as claimed in claim 99, wherein the position of the
first pressure restricting valve and the position of the second pressure restricting valve
can be changed élternately to block/unblock the at least one first pressure generating
source and the at least one second pressure generating source respectively to generate
aggressive oscillation by forming alternate positive and negative waveforms.

110. The respiratory care apparatus as claimed in claim 99, wherein the respiratory
care apparatus is configured to perform oscillation in the patient garment.

I The respiratory care apparatus as claimed in claim 99, wherein the patient
garment expands during positive pressure generation and contracts during the negative
pressure generation.

112. The respiratory care apparatus as claimed in claim 111, wherein the patient
garment oscillates due to alternate positive and negative pressure generation.

113. The respiratory care apparatus as claimed in claim 112, wherein the patient

garment is configured to provide oscillation therapy to a patient.
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