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COMBINED VENTILATOR INEXSUFFLATOR

Related Applications

This application claims the benefit of U.S. Provisional Application No.

60/720,042, filed September 26, 2005, and U.S. Provisional Application No.

60/830,741, filed July 13, 2006, the disclosures of which are hereby incorporated in

their entirety by this reference.

Field of the Invention

The present invention relates to the field of respiratory devices. In particular,

the present invention relates to an inexsufflation respiratory device to assist in the

removal of pulmonary secretions from airways.

Background of the Invention

For patients with weak respiratory muscles, inspiratory and/or expiratory

devices may be used to assist with inspiration and/or expiration. For example,

mechanical ventilators may apply air under pressure to a patient during inhalation to

facilitate respiration. For patients with a weak cough, assistance with coughing

during expiration can protect against infection by removing airway secretions from

the lungs and air passages. Patients on mechanical ventilation in an intensive care

unit may require frequent secretion removal treatments so as to keep their airways

free of respiratory secretions. Several methods for performing secretion removal in

ventilated patients are known in the art.

The most common secretion removal method currently known in the art is

invasive catheter suction, in which a narrow-gauge catheter is inserted into the

patient's airways via an endotracheal or tracheostomy tube, and continuous suction is

applied as the catheter is withdrawn from the patient. If the catheter comes into close

proximity with the secretions, the secretions adhere to, or are sucked into, the

catheter, and are removed as the catheter is withdrawn from the body. However,

drawbacks of this method include its invasive nature and the potential for scarring of

the airways due to the insertion and removal of the catheter.



Another method for secretion removal employed as an alternative to catheter

suction is known as mechanical inexsufflation (ME). In mechanical inexsufflation,

the lungs are first insufflated to near maximum vital capacity, and then rapidly and

suddenly exsufflated by sucking air out of the lungs at a high velocity. Because air is

expelled from the airways at high velocity, the airflow carries secretions up and out of

the lungs with the high velocity air flow. Mechanical inexsufflation thus removes

airway secretions by simulating a natural cough. Mechanical inexsufflation may be

performed using a facemask, endotracheal tube, tracheostomy or other suitable patient

interface.

Mechanical inexsufflation may be preferred over catheter suction due to its

non-invasive nature. In addition, mechanical inexsufflation generates airflow within

the entire diameter and length of the patient's functional airway and at a high flow

rate, thus causing expulsion of secretions from the entire airway. In contrast, catheter

suction generates airflow only within the narrow suction catheter, and at a relatively

lower flow rate. Because of its physical dimensions, when a suction catheter is

inserted into the airways it is capable of reaching only the larger, more proximal

airways, but not the small, distant, more peripheral airways. In addition, the branching

morphology of the left and right bronchi is such that suction catheters usually enter

the right mainstem bronchus, and usually miss the left mainstem bronchus, when the

catheter is inserted into the airways. During catheter suction, much of the patient's

functional airway is therefore not exposed to the catheter and suction airflow, and

consequently little or no removal of secretions from those areas occurs.

In mechanical inexsufflation, secretions are physically removed by airflow

within the patient's airway, whereas in catheter suction, secretions are physically

removed by the catheter itself.

Several devices for performing secretion removal via a suction catheter in

combination with a source of positive gas pressure are known in the art. For example,

devices known in the art may connect a source of positive pressure, such as an oxygen

cylinder, and a source of negative pressure, such as a suction device, with a suction

catheter for purposes of lung insufflation (with oxygen) and secretion removal

through the suction catheter. Such devices are unsuitable for performing mechanical



inexsufflation because the narrow diameter of the suction catheter precludes the

generation of an exsufflatory flow equivalent to that of a natural cough, about 160

liters per minute in an adult, or about 14 liters per minute in an infant, as desired.

For example, a suction catheter generally has an inner diameter of between

about one millimeter and about two millimeters, whereas the natural airway of an

adult patient, or an endotracheal tube inserted into an adult patient, typically has an

inner diameter of between about five millimeters and about ten millimeters. As gas

flow rate is proportional to the diameter of the channel through which the gas flows,

the larger diameter airflow channel through which flow is generated in mechanical

inexsufflation allows commercially available suction devices to generate gas flow

rates that approximate those of a nature cough (i.e., about 160 liters per minute at a

pressure gradient of 60 cm H2O), whereas the smaller diameter airflow channel

through which catheter suction is performed precludes generation of cough flow rates,

and generally results in low flow (less than about two liters per minute at a pressure

gradient of 200 cm H O). Attempts to generate higher flow through a suction catheter

by increasing the suction force several-fold could cause the soft plastic suction

catheter to collapse and cut off flow completely. In addition, the length of suction

catheters (usually about 60cm) is much longer than the length of endotracheal or

tracheostomy tubes (usually about 10cm to 25cm). The combination of increased

length and decreased diameter results in a much higher resistance to airflow through a

suction catheter than through an endotracheal or tracheostomy tube. Therefore, use of

a suction catheter as an exsufflatory airflow channel to remove airway secretions by

cough simulation is generally difficult, if possible at all, inefficient, or otherwise

undesirable.

In addition, use of an oxygen cylinder as a source of positive pressure gas flow

for a cough insufflation has drawbacks. It is preferable in cough simulation that the

preceding insufflation be carefully measured so as to ensure that the patient's

maximal lung vital capacity (i.e. the maximum volume to which the lung can be

safely inflated) has been reached, but not exceeded. The cough will generally be less

effective if the vital capacity is not reached before exsufflation commences, because

there will not be enough air in the lungs to blow secretions out of the airways. In

addition, if the vital capacity is exceeded before exsufflation commences, a



pneumothorax may ensure, damaging the patient's lungs. Careful calibration of the

insufflatory airflow volume may thus be desirable for the effective and safe

performance of mechanical inexsufflation. An oxygen cylinder usually lacks a

mechanism for calibrating the volume of gas leaving the cylinder, and may therefore

be a dangerous or ineffective method for achieving lung insufflation to the patient's

vital capacity.

An example of a conventional inexsufflator is described in U.S. Patent

Number 7,096,866, issued August 29, 2006 and entitled "Inexsufflator", the contents

of which are incorporated herein by reference.

Another device known and used in the prior art for performing mechanical

inexsufflation is the "CoughAssist®" from the JH Emerson Company of Cambridge,

MA. The CoughAssist® device uses a turbine to perform insufflation of the lungs by

blowing air into a patient at a defined pressure for a predetermined period of time

through a tubing connected to the patient's endotrachael tube, tracheostomy tube or

facemask. After the predetermined period of time, a valve mechanism within the

CoughAssist® device rapidly switches the direction of airflow within the length of

tubing, resulting in rapid exsufflation of the patient's lungs. The exsufflation flow

continues until the valve mechanism disconnects the tubing from the turbine,

terminating the exsufflation flow. There is then a pause period, during which no

airflow occurs and airway pressure is equal to zero (atmospheric pressure), until the

next insufflation cycle commences. This pause period is necessary to avoid

hyperventilation of the patient, and usually lasts about one to three seconds. The cycle

is repeated several times to complete the secretion removal treatment.

The CoughAssist® device also suffers from several disadvantages. For

example, the CoughAssist® device requires a patient to be disconnected from a

medical ventilator to perform the mechanical inexsufflation procedure. Disconnection

from a medical ventilator in order to connect the patient to the CoughAssist® device

may be undesirable, particularly for critically ill patients, who may deteriorate when

disconnected from the medical ventilator. The CoughAssist® device also employs a

time-cycled cycling mechanism to terminate the phase of inhalation, which may

present additional disadvantages, because volume-cycled or flow-cycled cycling



mechanisms are usually the safest and most efficient methods for ventilating adults.

Furthermore, the CoughAssist® device cannot maintain positive end expiratory

pressure (PEEP) during the pause period prior to onset of the next inhalation. PEEP is

supra-atmospheric pressure in the airways during the period of expiration, and is often

used in intensive care units to manage patients undergoing mechanical ventilation,

because it prevents collapse of the lung tissue (atelectasis) and encourages secretion

removal. With the CoughAssist® device, however, airway pressure equilibrates with

atmospheric pressure during the pause period after exsufflation has ended and before

inhalation has started. The CoughAssist® device also does not include alarm systems

and other components used in life-support devices.

Another disadvantage of performing mechanical inexsufflation with the

CoughAssist® device is that the same tubing carries both exsufflatory airflow and

insufflatory airflow between the patient interface and the CoughAssist® device.

Exsufflatory airflow contains airway secretions within it, which may be infected.

These infected secretions are deposited in the CoughAssist® tubing, through which

the insufflatory airflow of the next treatment cycle passes. Insufflation through the

same tubing that has just been used for exsufflation therefore carries a risk of causing

immediate reinfection of the lungs from which the secretions were cleared.

Moreover, because the same turbine is used for generating both insufflation and

exsufflation airflows, the turbine is exposed to potentially infected airway secretions,

potentially limiting the lifetime of the turbine and creating a hazard of infecting a

different patient who may use the same CoughAssist® machine later.

Summary of the Invention

The present invention provides a mechanical inexsufflation device for

assisting with respiration, coughing and/or secretion removal in a patient. The

illustrative mechanical inexsufflation device and method of the present invention

includes a medical ventilator or other suitable device for conveying airflow under

positive pressure, a first gas flow channel connected to the medical ventilator and

operative to convey unidirectional gas flow, a first gate operative to selectively open

or obstruct gas flow through the first gas flow channel, and a source of negative

pressure gas flow, which is preferably capable of conveying unidirectional gas flow at



a flow rate of at least fourteen liters per minute. The source of negative pressure gas

flow is preferably capable of generating negative pressure simultaneously with the

generation of airflow under positive pressure by a source of positive pressure in the

ventilator. A second gas flow channel connected to the source of negative pressure

gas includes a second gate that may selectively open or obstruct gas flow through the

second gas flow channel. A control unit operates to open or close the first and second

gates in a mutually reciprocal and opposite manner. A patient interface unit conducts

airflow to and from a patient's lungs according to the settings of the gates.

The mechanical inexsufflation device preferably does not include a valve

mechanism connected to the endotracheal tube, which provides advantages over prior

respiratory devices. In addition, the valve mechanism may be lightweight and/or

smaller than valve mechanisms of the prior art. The mechanical inexsufflation device

may include ventilation tubing connected directly to a patient interface and a suction

unit connected to a patient interface using a suitable tubing or other connection

means.

According to a first aspect of the invention, a mechanical inexsufflation device

is provided. The mechanical inexsufflation devices comprises a patient interface unit

configured to permit a negative pressure airflow therethrough and a positive pressure

airflow from a medical mechanical ventilator, a suction unit for generating airflow

under negative pressure, a first valve for selectively blocking airflow from the

medical mechanical ventilator and a second valve separate from the first valve for

selectively blocking airflow to the suction unit.

The mechanical inexsufflation device may also include a medical mechanical

ventilator connected to the patient interface unit for generating airflow under positive

pressure

The patient interface unit may be configured to permit a negative pressure

airflow of between about 14 liters per minute and about 800 liters per minute (i.e., the

flow rate range of a natural cough). In a specific embodiment, airflow is in the range

of from about 14 liters per minute to about 500 liters per minute.



According to another aspect of the invention, a device for performing an

exsufflation of a patient's lungs comprises a suction unit for generating airflow under

negative pressure, an exsufflatory valve for selectively blocking airflow to the suction

unit and a branched tubing for connecting the suction unit to a patient interface unit

and for connecting the patient interface unit to a medical mechanical ventilator used

to insufflate the patient's lungs.

According to still another aspect, a method of performing a mechanical

inexsufflation to remove secretions from a patient's lungs comprises the steps of

delivering airflow under positive pressure from a medical mechanical ventilator to the

patient's lungs through an open first valve, generating a negative suction force,

wherein a closed second valve prevents exposure of the patient's lungs to the negative

suction force while continuing to deliver airflow under positive pressure to the

patient's lungs and simultaneously closing the first valve and opening the second

valve to expose the patient's lungs to the negative suction force, thereby effecting

exsufflation of the patient's lungs.

According to yet another aspect of the invention, a control unit for controlling

a mechanical inexsufflation device is provided. The control unit has a microprocessor

including instructions for performing the computer-implemented steps of selectively

opening and closing a first valve to allow positive pressure airflow from a medical

mechanical ventilator to insufflate a patient's lungs and selectively opening and

closing a second valve to allow negative pressure airflow to exsufflate a patient's

lungs.

In still another aspect of the invention, a tubing for use in a mechanical

inexsufflation device is provided. The tubing comprises a branched tube including a

main portion for connecting to a patient interface unit, a first limb for connecting to a

medical mechanical ventilator, and a second limb for connecting to a source of

negative pressure airflow. A pneumatically-activated member disposed in a lumen in

the first limb selectively blocks the lumen in the first limb to prevent positive pressure

airflow from flowing from the source of positive pressure airflow to the patient

interface unit.



According to yet another aspect of the invention, a valve for selectively

blocking an airflow passage in a mechanical inexsufflator is provided. The valve

comprises a membrane configured to lay substantially flat in a lumen of the airflow

passage connected to a medical mechanical ventilator when inactivated and bulge to

fill the lumen and block the airflow passage when activated and a pneumatic

mechanism for selectively generating an increase in pneumatic pressure behind the

membrane to cause the membrane to bulge. The valve is packaged for instructions for

use in a mechanical inexsufflation device to perform a mechanical inexsufflation of a

patient's lungs.

According to a final aspect of the invention, a patient interface system for use

in performing a mechanical inexsufflation of a patient's lungs comprises a device for

establishing an interface between a patient and another medical device and a branched

tubing connected to the device. The branched tubing includes a first limb configured

to be connected to a mechanical medical ventilator for generating positive pressure

airflow, a second limb configured to be connected to a source of negative pressure

airflow and a main portion connecting the first and second limbs to the device for

establishing an interface. The patient interface system is packaged with instructions

for use to perform a mechanical inexsufflation of a patient's lungs.

Brief Description of the Figures

Figure 1 is a schematic diagram of a mechanical inexsufflation device

according to an illustrative embodiment of the invention;

Figure 2 illustrates a tubing suitable for use in the mechanical inexsufflation

device of Figure 1;

Figure 3 is a flow chart illustrating the steps involved in performing a

mechanical inexsufflation using a mechanical inexsufflation device of an illustrative

embodiment of the invention;

Figure 4 is a schematic diagram of a mechanical inexsufflation device

according to an illustrative embodiment of the invention;

Figure 5 is a flow chart illustrating the steps involved in performing a

mechanical inexsufflation using the mechanical inexsufflation device of Figure 4.



Detailed Description of the Invention

The present invention provides an improved mechanical insufflation-

exsufflation (i.e., inexsufflation) device for performing mechanical inexsufflation to

remove secretions from a patient's lungs. The present invention will be described

below relative to certain illustrative embodiments. Those skilled in the art will

recognize that the invention is not limited to the illustrative embodiments, and may

include certain changes and variations.

As used herein, the term "insufflation", and the like, refers to the blowing of

air, vapor, or a gas into the lungs of a patient.

As used herein, the term "exsufflation", and the like, refers to the forced

expiration of air, vapor or gas from the lungs of a patient.

The illustrative mechanical inexsufflation device and method of the present

invention comprises a device for generating airflow under positive pressure, such as a

medical ventilator, a first gas flow channel connected to the medical ventilator and

operative to convey unidirectional gas flow, a first gate operative to selectively open

or obstruct gas flow through the first gas flow channel, and a source of negative

pressure gas flow, which is preferably capable of conveying unidirectional gas flow at

a flow rate of at least fourteen liters per minute. The source of negative pressure gas

flow preferably generates negative pressure simultaneously with the source of positive

pressure in the ventilator. A second gas flow channel connected to the source of

negative pressure gas includes a second gate that may selectively open or obstruct gas

flow through the second gas flow channel. A control unit operates to open or close

the first and second gates in a mutually reciprocal and opposite manner. A patient

interface unit conducts airflow to and from a patient's lungs to perform insufflation or

exsufflation, depending on the operation of the gates within the flow channels.

Referring to Figure 1, a mechanical inexsufflation device 10 of an illustrative

embodiment of the invention includes a mechanical medical ventilator 20 for

generating airflow under positive-pressure or another source of positive pressure

airflow. The positive pressure airflow may be used for insufflation of a patient. The

illustrative mechanical ventilator 20 has a positive-pressure airflow generator 22, such



as a turbine, piston, bellow or other devices known in the art, for generating airflow

under positive pressure. One skilled in the art will recognize that the airflow

generator 22 may be any suitable device or mechanism for generating positive

pressure airflow and is not limited to the above-mentioned devices. An inflow

airflow channel 23 is connected to an inlet and outlet of the generator 22 to convey

and supply gas flow from the airflow generator 22. The direction of airflow through

the airflow generator 22 and the associated airflow channel 23 is illustrated by the

arrows labeled "I".

The illustrative ventilator 20 for generating airflow under positive-pressure

may be any suitable ventilator and is not limited to a particular type of medical

ventilator. For example, the device may be a standard volume-cycled, flow-cycled,

time-cycled or pressure-cycled life support or home use medical ventilator, or any

medical ventilator or other device capable of generating positive end expiratory

pressure (PEEP). Such devices are known in the art.

The ventilator 20 for generating airflow under positive-pressure preferably

includes a calibration means 62 for calibrating the insufflatory airflow, as is standard

practice in all medical ventilators. This calibration means 62 is also known as the

"cycling mechanism" of the ventilator, and may operate on the basis of volume-

cycled, flow-cycled, time-cycled or pressure-cycled mechanisms of calibration, or

other basis known in the art.

The illustrative mechanical inexsufflation device 10 further includes a suction

unit 30 for generating airflow under negative pressure, which may be used to perform

exsufflation of a patient. The illustrative suction unit 30 includes a negative-pressure

airflow generator 32 for generating a suction force, and an outflow airflow channel 33

for conveying airflow to and through the negative-pressure airflow generator 32 under

negative pressure. The negative pressure airflow generator 32 may be any suitable

device or mechanism for generating negative pressure airflow, including, but not

limited to, a turbine, piston, bellow or other devices known in the art. The direction

of airflow to the airflow generator 32 and through the associated airflow channel 33 is

illustrated by the arrows E.



A patient interface unit 40 interfaces the suction unit 30 and medical ventilator

20 with a patient. As shown, the inflow airflow channel 23 and outflow airflow

channel 33 are connected to the patient interface unit 40 by means of tubing 42 or

other suitable means. The illustrative patient interface unit 40 may be an endotrachael

tube, a tracheostomy tube, a facemask or other suitable means known in the art for

establishing an interface between a patient and another medical device, such as a

ventilator or suction unit. The patient interface unit 40 is preferably of sufficient

caliber to permit airflow at a flow rate that is substantially equivalent or in the range

of the flow rate of a natural cough (generally corresponding to a flow rate of at least

about 160 liters per minute through an endotracheal tube of internal diameter of about

ten millimeters or about fourteen liters per minute through an endotracheal tube of

about three millimeters internal diameter.) For example, the illustrative patient

interface unit is configured to permit a negative pressure airflow therethrough of at

least 14 liters per minute, ranging up to about 800 liters per minute, which covers the

range of cough flow rates from infants to adults. In a specific embodiment, the

airflow is in the range of from about 14 to about 500 liters per minute. The patient

interface unit is also configured to permit positive pressure airflow from a medical

mechanical ventilator. The device 10 may include a sensor 48, illustrated as a

component on the tubing 42 between the interface 40 and the gate 29, for detecting an

inspiratory pressure generated by the device, particularly a peak inspiratory pressure,

as described below. The sensor may alternatively be located in any suitable location

relative to the patient. For example, the sensor 48 may alternatively be located

between the interface 40 and the gate 39, or within the ventilator 40.

The illustrative tubing 42, illustrated in detail Figure 2, may be a standard

twenty-two millimeter diameter ventilator tubing or other suitable tubing known in

the art. The tubing 42 preferably is substantially branched, having two limbs 43a,

43b, each of which connects with air channels 23 and 33, respectively. The

illustrative tubing is y-shaped, though the tubing may alternatively be t-shaped or

have any other suitable shape known in the art. The ends of the limbs 43a and 43b

may connect to and interface with the air channels through any suitable means known

in the art, such as friction fit and other connection means. The limbs 43a, 43b may

extend at any suitable angle relative to a main portion 43c of the tubing. As shown,



the main portion 43c of the tubing connects to the patient interface 40 through any

suitable means known in the art.

Alternatively, the tubing 42 may comprise a single length of double-lumen

tubing, with the two lumens joining together at the point of connection to the patient

interface unit 40. One skilled in the art will recognize that any suitable means may be

used for connecting both the ventilator 20 and the suction unit 30 to the patient

interface unit 40. For example, two lengths of non-intersecting tubing coupled

between the patent interface 40, the ventilator 20 and the suction unit 30.

Each airflow channel 23, 33 may include a valve, illustrated as gates 29, 39,

respectively, for regulating airflow through the corresponding airflow channel. Each

gate 29, 39 may selectively form a physical barrier to airflow within the

corresponding airflow channel. Each gate 29, 39 may be selectively opened, to allow

air to flow unobstructed through the corresponding airflow channel, or closed to block

the corresponding airflow channel. For example, when gate 29 is open, positive

pressure airflow generated by the medical ventilator 20 is delivered to the patient

interface unit via channel 23 and tubing portions 43a, 43c. When gate 39 is open,

negative pressure airflow generated by the suction unit 30 is permitted to flow from

the patient interface device 40 to and through the suction unit 30 via tubing portions

43c, 43b and channel 33. The gates 29, 39 may comprise any suitable means for

allowing reversible closing and opening of an airflow channel, including, but not

limited to, membranes, balloons, plastic, metal or other mechanisms known in the art.

The inflow gate 29 or other valving means for selectively opening and closing

the inflow airflow channel 23 may be located in any suitable position along the inflow

airflow path. In one embodiment, the gate 29 may be located at any location along

the inflow airflow channel 23 within the ventilator. The gate may be located at the air

outlet of the ventilator in the inflow airflow channel 23 or in another location.

Alternatively, the inflow gate 29 may be located within the tubing 42, such as in the

limb 43a and illustrated in phantom as inflow gate 29'. The outflow gate 39 is

preferably located between the outflow airflow generator 32 and the patient interface

unit 40. In one embodiment, the outflow gate 39 is located at the air inlet of the

suction device 30.



Alternatively the outflow gate may be located in the tubing 42, such as in the

limb 43b. The alternative embodiment of the outflow gate 39' is shown in phantom in

Figures 1 and 2.

A control unit 5 1 controls the operation of the gates 29 and 39. The control

unit 5 1 may comprise a microprocessor running software algorithms receiving inputs

from pressure sensors, flow sensors and the control panels of the ventilator 20 and

suction unit 30. The output of the microprocessor in the control unit 5 1 may connect

to the electronic circuitry of the ventilator 20 and suction unit 30, as well as to the

gates 29 and 39 to control and coordinate the operation of these components, as

described below.

According to one embodiment, the illustrative mechanical inexsuffiation

device may be formed by retrofitting an existing medical ventilator with a suction unit

30, patient interface unit 40 and/or tubing 42 capable of selectively connecting both

the suction unit and ventilator to the patient interface. Alternatively, a patient

interface unit 40 with appropriate tubing 42 may be provided for retrofitting a suction

unit and medical ventilator to perform mechanical inexsuffiation.

Figure 3 illustrates the steps involved in operating the mechanical

inexsuffiation device 10 according to an illustrative embodiment of the invention. In

a first step 110, the mechanical inexsuffiation device 10 is in a resting state, in which

the ventilator 20 ventilates a patient through the patient interface unit 40. In the

resting state, the first gate 29 in the inflow airpath, defined by airflow channel 23 and

limb 42a, is open to allow positive pressure airflow generated by the generator 22

through the inflow airpath under positive pressure, while the second gate 39 in the

outflow airpath, defined by outflow channel 33 and limb 42b is closed to prevent

airflow through the outflow airpath. The device remains in the first state,

continuously ventilating the patient, until secretion removal by mechanical

inexsuffiation is desired or prompted.

When mechanical inexsuffiation is prompted in step 120, the control unit 5 1

prepares to apply negative pressure airflow to the lungs to effect secretion removal.



To effect secretion removal, the control unit switches on, if not already on, the suction

airflow generator 32 such that the suction airflow generator 32 then generates a

negative suction force in step 130. Preferably, in step 130, the suction airflow

generator produces a pressure differential of 30 to 130 and preferably approximately

70 cm H Oin comparison to the maximum pressure in the patient interface unit 40

during ongoing ventilation in step 120. In one embodiment, the suction airflow

generator generates a suction force after mechanical inexsufflation is prompted in step

120. Alternatively, the suction airflow generator may generate a negative pressure

airflow even before prompting of the mechanical inexsufflation in step 120, such that

suction force is in effect while or even before ventilation occurs in step 110. Steps 120

and 130 may be incorporated into a single step, involving powering on a suction unit

in preparation for performing secretion clearance, if the suction unit is not already

powered on.

The switch to initiate mechanical inexsufflation may be triggered by an input

from the control panel of the ventilator 20, from a pressure sensor in the ventilator 20,

or prompted by a timing mechanism in the control unit 51, or by a mechanical

prompting by a user. During step 130, when the suction force is initiated, the outflow

gate 39 remains closed, so that the patient interface unit 40 is not exposed to the

suction force being generated. During step 130, positive pressure continues to be

generated by the ventilator 20 simultaneously with the generation of negative pressure

by the suction airflow generator 32.

The conditions of step 130 continue until the ventilator 20 generates a peak

inspiratory pressure in the patient interface unit 40 in step 140. The peak inspiratory

pressure may be detected by a sensor 48, which then signals the control unit 51, or

other suitable means. The use of a ventilator, which has means to measure and

calibrate an insufflation, ensures that a patient's maximal lung vital capacity is

reached, but not exceeded, to promote effective secretion removal.

When peak inspiratory pressure is reached, the control unit 51 closes the first,

ventilating, gate 29 and simultaneously opens the second, exsufflatory, gate 39 in step

150. The switching between the gates while both airflow generators 22 and 32 are

operating rapidly and suddenly exposes the patient to the pressure gradient generated



by the suction airflow generator 32, and exsufflation of air from the lungs towards the

suction unit 30 ensues. In the illustrative embodiment of the present invention, the

simultaneous or near simultaneous closure of the first gate 29 ensures that the

negative pressure generated by the suction airflow generator 32 does not suck

atmospheric air in through the inflow airflow channel 23.

After a predetermined time period, which may be between about one and

about two seconds or any suitable interval, the control unit 51, in step 160, causes the

second, exsufflatory, gate 39 to close, and the first, ventilating, gate 29 to

simultaneously open. The suction unit 30 may be switched off after sealing the

outflow airpath, or may continue to operate without affecting the subsequent

ventilation by the ventilator 20.

Throughout steps 120 through 160, the ventilator 20 preferably continues

operating continuously, including during the period of time that gate 29 is closed.

Thus, immediately upon opening of gate 29, the patient is exposed to the ongoing

positive pressure ventilation cycle of ventilator 20. The ventilator 20 then ventilates

the patient through the patient interface unit 40 as in step 110, during a "pause" period

until the control unit 5 1 initiates another mechanical inexsufflation cycle in step 120,

and the illustrated steps 120-160 are repeated. During the pause period between

mechanical inexsufflations, the patient receives full ventilation, according to all the

ventilator's ventilation parameters (including provision of PEEP and enriched

oxygen).

The control unit 5 1 in the illustrative device may also control other aspects of

the electronic and mechanical functioning of the ventilator 20 and the suction unit 30

before, during and after a mechanical inexsufflation treatment. For example, the

control unit 5 1 may override the normal alarm functions of the ventilator 20 so as to

prevent the alarms from sounding because of high pressure detected proximal to the

closed gate 29.

Alternatively, the control unit 5 1 may cause an increased tidal volume to be

delivered to the patient in the breath immediately prior to an exsufflation to facilitate

the exsufflation process.



The control unit 5 1 may also or alternatively be programmed to initiate a cycle

of mechanical inexsufflation treatment in step 120 whenever a control button on the

ventilator 20 is activated, or whenever a high intrathoracic pressure is detected in the

patient using a sensor. Alternatively, the control unit 5 1 may be programmed to

initiate step 120 and a subsequent cycle of mechanical inexsufflation treatment at a

predetermined frequency.

In another embodiment, the control unit 51 may adjust the timing of the

insufflation and exsufflation cycles, as well as, or alternatively, the strength of the

positive pressure and negative pressure airflow used in the mechanical inexsufflation

treatments.

The control unit 5 1 may be located within the ventilator 20, the suction unit 30

or in any suitable location to effect control of various components of the device 10.

The control unit 5 1 can communicate with the ventilator unit 20, the suction unit 30 or

both in either a wired or wireless manner.

Figure 4 is a schematic drawing of a mechanical inexsufflation device 10'

according to another embodiment of the invention. In the embodiment of Figure 4,

the gate 29' within the inflow airflow path comprises a pneumatically-activated

member, illustrated as a pneumatically-activated membrane 129. In the illustrative

embodiment, the gate 29' is disposed within the first, inflow, branch 43a' of the tubing

42', though the gate 29' may alternatively be disposed in another suitable location

within the device 10'. During operation of the device 10', in the resting, ventilating

state of step 110, the membrane 129 is substantially flat and does not obstruct the

lumen of the tubing 42'. A pneumatic mechanism 122 is in communication with the

membrane 129 and suction unit 30'. A control unit 124 controls the activation and

deactivation of the second gate 39' and membrane 129 of the first gate 29'. In this

embodiment, the control unit 124 does not receive inputs from, or have outputs to the

electronic circuitry of the ventilator 20'. When the gate 29' is activated, the pneumatic

mechanism 122 generates an increase in pneumatic pressure behind the membrane

129, causing the membrane 129 to bulge and thereby obstruct the lumen of the tubing,

as illustrated by the dotted line 126. In an alternative embodiment of device 10', the



gate 29' may comprise a pneumatically activated piston, or any other pneumatically

activated valve mechanism. Reference numerals 22', 23', 48' and 62' refer to elements

corresponding to the elements 22, 23, 48 and 62, respectively, as explained in relation

to Figure 1.

Figure 5 illustrates the steps involved in operating the device 10' of Figure 4 to

perform mechanical inexsufflation cycles. In a resting state in step 210, the device 10'

ventilates a patient through the patient interface unit 40', with the gate 29' open and

the gate 39' closed. When secretion removal by mechanical inexsufflation is desired,

a prompt may be given in step 220. In step 230, which may occur before, during or

after step 110 and/or step 220, the operator powers on the suction unit 30', such that

the airflow generator 32' generates a negative suction force, producing a pressure

differential of 30 to 130 and preferably about 70 cm H2O in comparison to the

maximum pressure in the interface unit 40' during ongoing ventilation. Steps 220 and

230 may be incorporated into a single step, involving powering on a suction unit in

preparation for performing secretion clearance, if the suction unit is not already

powered on. Because the second gate 39' is closed during steps 220 and 230, the

patient interface unit 40' is not initially exposed to the suction force in step 230. In

step 230, the ventilator 20' continues to generate cycles of positive pressure

simultaneous with the generation of negative pressure by the airflow generator 32'. In

step 240, as the ventilator generates a peak inspiratory pressure in the patient interface

unit 40', the operator initiates the control unit 124 to cause the pneumatic mechanism

122 to activate the gate 29' and to simultaneously open the second gate 39' in step

250. The operator my prompt the control unit 124 by pressing a button on the control

panel of the suction unit 30', or through other suitable means. As a result of the

actions in step 250, the patient is suddenly and rapidly exposed to the pressure

gradient generated by the airflow generator 32', and exsufflation of air from the lungs

and towards the suction unit 30' ensues in step 250. The closure of the first gate 29'

ensures that the negative pressure generated by the airflow generator 32' does not suck

atmospheric pressure in through the airflow channel 33'. In step 260, the control unit

124 simultaneously causes the second gate 39' to close and the first gate 29' to open.

Step 260 may be initiated after a predetermined time-period, such as between about

one and about two seconds, or after any suitable time. Then, the cycle returns to step

210, in which the ventilator 20' ventilates the patient through the patient interface unit



40' as before, until the control unit 124 initiates another mechanical inexsufflation

cycle.

The mechanical inexsufflation device of the illustrative embodiments of the

invention provide significant advantages over the prior art. For example, compared to

traditional catheter suctioning for secretion removal, the mechanical inexsufflation

device provides decreased mucosal trauma, increased patient comfort and greater

efficiency. Compared to other inexsufflation devices, the current mechanical

inexsufflation device preferably does not include a valve mechanism connected

directly to the endotracheal tube, which frees the endotracheal tube from the weight of

a valve, reducing the risk of accidental intubation and making the patient's respiratory

tubing easier to manage. In addition, the valve mechanism may be lightweight and/or

smaller than valve mechanisms of the prior art, facilitating automation of the

coordinating valves. These factors reduce the risk of accidental decannulation caused

by the weight of the valve mechanism on the endotracheal tube or tracheostomy, as

well as reducing the risk of sudden extubation. The configuration of the device

facilitates automatic or semi-automatic operation of the device, in particular, the

valves, which may optimize its efficacy.

Compared to the CoughAssist® device, the current invention does not require

disconnecting the ventilated patient from his ventilator so as to perform

inexsufflation. Therefore, the patient continues to receive essential ventilator

parameters, such as PEEP provided by the ventilator, during the pause period between

each inexsufflation cycle. As PEEP facilitates secretion removal, this is a distinct

advantage as compared with the CoughAssist® device.

The present invention has been described relative to certain illustrative

embodiments. Since certain changes may be made in the above constructions without

departing from the scope of the invention, it is intended that all matter contained in

the above description or shown in the accompanying drawings be interpreted as

illustrative and not in a limiting sense. It is also to be understood that the following

claims are to cover all generic and specific features of the invention described herein,

and all statements of the scope of the invention which, as a matter of language, might

be said to fall therebetween.

Having described the invention, what is claimed as new and protected by

Letters Patent is:



Claims

1. A mechanical inexsufflation device, comprising:

a patient interface unit configured to permit a negative pressure airflow

therethrough and a positive pressure airflow from a medical mechanical ventilator;

a suction unit for generating airflow under negative pressure that flows

through the patient interface unit;

a first valve for selectively blocking airflow from a medical mechanical

ventilator to the patient interface unit; and

a second valve separate from the first valve for selectively blocking airflow

from the patient interface unit to the suction unit.

2. The mechanical inexsufflation device of claim 1, wherein the patient interface

unit is configured to permit a negative pressure airflow of between about 14 liters per

minute and about 800 liters per minute.

3. The mechanical inexsufflation device of claim 1, further comprising a medical

mechanical ventilator connected to the patient interface unit for generating airflow

under positive pressure.

4. The mechanical inexsufflation device of claim 3, further comprising a tubing

for connecting the medical mechanical ventilator and the suction unit to the patient

interface unit.

5. The mechanical inexsufflation device of claim 4, wherein the tubing

comprises a main portion for connecting to the patient interface unit, a first limb for

connecting the main portion to the medical mechanical ventilator and a second limb

for connecting the main portion to the suction unit.

6. The mechanical inexsufflation device of claim 5, wherein the first valve

comprises a pneumatically-activated membrane.

7. The mechanical inexsufflation device of claim 6, wherein the pneumatically-

activated membrane is disposed within the first limb and lays flat within a lumen of



the first limb when the first valve is not activated to allow flow through the first limb.

8. The mechanical inexsufflation device of claim 7, further comprising a

pneumatic mechanism in communication with the suction unit and the pneumatically-

activated membrane for selectively activating first valve by causing the

pneumatically-activated membrane to bulge and block the lumen of the first limb of

the tubing.

9. The mechanical inexsufflation device of claim 8, wherein the first valve is

located within an airflow channel in communication with the medical mechanical

ventilator.

10. The mechanical inexsufflation device of claim 1, wherein the second valve is

located within an airflow channel in the suction unit.

11. The mechanical inexsufflation device of claim 1, further comprising a control

unit for controlling operation of the first valve and the second valve.

12. The mechanical inexsufflation device of claim 11, wherein the control unit is

configured to simultaneously open the second valve and close the first valve to effect

exsufflation of a patient's lungs.

13. The mechanical inexsufflation device of claim 12, wherein the control unit

simultaneously opens the second valve and closes the first valve to effect exsufflation

of a patient's lungs when a peak inspiratory pressure is generated by the medical

mechanical ventilator in the patient interface unit connecting the medical mechanical

ventilator and the suction unit to the patient.

14. The mechanical inexsufflation device of claim 12, wherein the control unit is

configured to simultaneously close the second valve and open the first valve to cease

exsufflation of a patient's lungs.

15. The mechanical inexsufflation device of claim 11, wherein the control unit

controls operation of the medical mechanical ventilator.



16. A device for performing an exsufflation of a patient's lungs, comprising:

a suction unit for generating airflow under negative pressure;

an exsufflatory valve for selectively blocking airflow to the suction unit; and

a branched tubing for connecting the suction unit to a patient interface unit and

for connecting the patient interface unit to a medical mechanical ventilator used to

insufflate the patient's lungs.

17. The device of claim 16, further comprising a pneumatically-activated

membrane within the branched tubing for controlling airflow from the medical

mechanical ventilator to the patient interface unit.

18. The mechanical inexsufflation device of claim 17, wherein the pneumatically-

activated membrane is disposed within a first limb of the branched tubing and lays flat

within a lumen of the first limb when not activated to allow flow through the first

limb.

19. The mechanical inexsufflation device of claim 18, further comprising a

pneumatic mechanism in communication with the suction unit and the pneumatically-

activated membrane for selectively blocking the lumen in the first limb by causing the

pneumatically-activated membrane to bulge and block the lumen.

20. A method of performing a mechanical inexsufflation to remove secretions

from a patient's lungs, comprising the steps of:

delivering airflow under positive pressure from a medical mechanical

ventilator to the patient's lungs through an open first valve;

generating a negative suction force, wherein a closed second valve prevents

exposure of the patient's lungs to the negative suction force while continuing to

deliver airflow under positive pressure to the patient's lungs; and

simultaneously closing the first valve and opening the second valve to expose

the patient's lungs to the negative suction force, thereby effecting exsufflation of the

patient's lungs.



21. The method of claim 20, further comprising the step of calibrating the airflow

under positive pressure delivered to the patient's lungs.

22. The method of claim 21, wherein the step of simultaneously closing the first

valve and opening the second valve occurs when a peak inspiratory pressure is

generated in a patient interface unit used to deliver the airflow under positive pressure

and negative suction force to the patient's lungs.

23. The method of claim 20, further comprising the step of closing the second

valve and simultaneously opening the first valve to cease exsufflation after a

predetermined period of time.

24. The method of claim 20, further comprising a step of increasing a tidal volume

of the airflow under positive pressure delivered to the patient immediately prior to the

step of simultaneously closing the first valve and opening the second valve.

25. The method of claim 20, wherein the step of generating a negative suction

force is initiated manually.

26. The method of claim 20, wherein the step of generating a negative suction

force is initiated when high intrathoracic pressure is detected in the patient.

27. The method of claim 20, wherein the step of generating a negative suction

force is initiated at a predetermined frequency.

28. The method of claim 20, wherein the first valve comprises a pneumatically-

activated membrane.

29. A control unit for controlling a mechanical inexsufflation device, having a

microprocessor including instructions for performing the computer-implemented steps

of:

selectively opening and closing a first valve to allow positive pressure airflow

from a medical mechanical ventilator to insufflate a patient's lungs; and



selectively opening and closing a second valve to allow negative pressure

airflow to exsufflate a patient's lungs.

30. The control unit of claim 29, wherein the control unit is programmed to switch

on a suction unit to generate a negative pressure airflow when prompted.

31. The control unit of claim 29, wherein the control unit is programmed to

perform the step of .simultaneously opening the second valve and closing the first

valve after switching on a suction unit to effect exsufflation.

32. The control unit of claim 31, wherein the control unit is programmed to

perform the step of increasing a tidal volume of positive pressure airflow to the

patient immediately prior to the step of simultaneously opening the second valve and

closing the first valve.

33. The control unit of claim 31, wherein the control unit is programmed to

perform the step of simultaneously opening the second valve and closing the first

valve when a peak inspiratory pressure is reached in a patient.

34. The control unit of claim 33, wherein the control unit is programmed to

perform the step of simultaneously closing the second valve and opening the first

valve after a predetermined period of time to cease exsufflation.

35. The control unit of claim 33, wherein the control unit is programmed to trigger

the step of simultaneously opening the second valve and closing the first valve from

one of: activation of a control button, detection of a high intrathoracic pressure in a

patient and after a predetermined interval.

36. The control unit of claim 29, wherein the control unit is programmed to

override an alarm function of the medical mechanical ventilator that generates the

positive pressure airflow to insufflate a patient's lungs.



37. The control unit of claim 29, wherein the first valve is a pneumatically-

activated membrane and the control unit triggers a pneumatic mechanism to generate

an increase in pneumatic pressure to selectively close the first valve.

38. A tubing for use in a mechanical inexsufflation device, comprising:

a branched tube including a main portion for connecting to a patient interface

unit, a first limb for connecting to a source of positive pressure airflow, and a second

limb for connecting to a source of negative pressure airflow; and

a pneumatically-activated member disposed in a lumen in the first limb for

selectively blocking the lumen in the first limb to prevent positive pressure airflow

from flowing from the source of positive pressure airflow to the patient interface unit.

39. A valve for selectively blocking an airflow passage in a mechanical

inexsufflator, comprising:

a membrane, the membrane configured to lay substantially flat in a lumen of

the airflow passage connected to a medical mechanical ventilator when inactivated

and bulge to fill the lumen and block the airflow passage when activated; and

a pneumatic mechanism for selectively generating an increase in pneumatic

pressure behind the membrane to cause the membrane to bulge, the valve packaged

for instructions for use in a mechanical inexsufflation device to perform a mechanical

inexsufflation of a patient's lungs.

40. The valve of claim 39, wherein the pneumatic mechanism is configured to

cause the membrane to close the lumen simultaneous with an opening of an

exsufflatory valve for allowing a negative pressure force access to a patient's lungs.

4 1. A patient interface system for use in performing a mechanical inexsufflation

of a patient's lungs, comprising:

a device for establishing an interface between a patient and another medical

device; and

a branched tubing connected to the device, the branched tubing including a

first limb configured to be connected to a mechanical medical ventilator for

generating positive pressure airflow, a second limb configured to be connected to a



source of negative pressure airflow and a main portion connecting the first and second

limbs to the device for establishing an interface,

the patient interface system packaged with instructions for use to perform a

mechanical inexsufflation of a patient's lungs.

42. The patient interface system of claim 41, further comprising a first valve

disposed in the first limb for selectively blocking positive pressure airflow from a

source of negative pressure airflow to the device.

43. The patient interface system of claim 42, wherein the first valve comprises a

pneumatically-activated membrane.

44. The patient interface system of claim 41, wherein the device for establishing

an interface is configured to permit a negative pressure airflow of between about 14

liters per minute and about 800 liters per minute.
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