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VENTILATINGAPPARATUS AND METHOD 
ENABLING A PATIENT TO TALK WITH OR 
WITHOUTA TRACHOSTOMY TUBE CHECK 

VALVE 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 This application relates to ventilation of a patient, 
and, more particularly, to a method and apparatus for invasive 
ventilation of a patient utilizing an endotracheal tube assem 
bly and a ventilator assembly. 
0003 2. Description of Related Art 
0004 An example of a known endotracheal tube assembly 

is disclosed in U.S. Pat. No. 4,759,356 (“the 356 patent”), the 
entire disclosure of which is hereby incorporated by reference 
into the present specification. An example of a known venti 
lator assembly is disclosed in U.S. Pat. No. 6.543,449 (“the 
449 patent”), the entire disclosure of which is hereby incor 
porated by reference into the present specification. 
0005. The endotracheal tube assembly disclosed in the 
356 patent includes an endotracheal tube configured to be 
installed into a patient's trachea so that an inner open end 
communicates with the patient's airway and lungs and an 
outer open end is suitably anchored exteriorly of the patient's 
neck. The 356 patent discloses the provision of a check valve 
on the open end of the tube, often referred to in the art as a 
“talking valve.” The check valve disclosed in the 356 patent 
is in widespread use and the 356 patent specification indi 
cates many advantages of the check valve when in use in 
addition to the basic talking advantage function. 
0006. The ventilator assembly disclosed in the 449 patent 
has the capability of invasive use, as with an endotracheal 
tube assembly, or non-invasive use, as with a mask. The 
present invention focuses on the invasive mode of ventilator 
operation. 
0007 As stated in the 356 patent, there are many advan 
tages in addition to the talking capability which result from 
the use of a check valve. However, there are disadvantages as 
well. For example, the check valve should be removed in 
order to give the patient aerosol treatments or to perform 
Suctioning. 

SUMMARY OF THE INVENTION 

0008. The present invention relates to a method by which 
the advantages of a check valve in a endotracheal tube can be 
obtained without the disadvantages thereof. The method of 
the invention relates to a method of operating a ventilator 
assembly having conduit providing inhalation and exhalation 
passages communicating with one another, and a respiration 
assembly capable of performing repetitive respiratory cycles 
each including (1) an inhalation phase during which an inha 
lation valve in the inhalation passage is relatively open for the 
passage of gas therethrough into the inhalation passage and to 
patient and an exhalation valve between the exhalation pas 
sage and an exhalation outlet in the ventilator assembly is 
relatively closed and (2) an exhalation phase during which the 
inhalation valve is relatively closed. 
0009. In an exemplary embodiment, the method com 
prises the steps of connecting the conduit with an exterior 
open end of an endotracheal tube positioned within a patient's 
trachea so that an interior open end leads into the patient's 
airway and lungs below the patient's vocal cords. The respi 
ration assembly is repetitively cycles so that during the inha 
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lation phase, the gas in the inhalation passage flows through 
the endotracheal tube and into the patient's airway and lungs, 
and during the exhalation phase, the exhalation valve is main 
tained relatively closed and the patient is allowed to exhale 
the gases in the patient's airway and lungs, passed the 
patient's vocal cords and out of the patient's mouth, thereby 
facilitating the patient's ability to speak. The pressure within 
at least one of the passages is monitored during both phases 
for purposes of determining the pressure within the patient's 
airway and lungs for use in operating the ventilator assembly. 
0010. In one embodiment of the invention, the endotra 
cheal tube is devoid of a check valve so that the gas exhaled by 
the patient during each exhalation phase is communicated 
with the passages while both inhalation and exhalation valves 
are closed. 

0011. The invention also includes a patient ventilating 
apparatus for carrying out the method as described above. The 
apparatus comprises the combination of the following com 
ponents. An endotracheal tube constructed and arranged to be 
installed through a patient's trachea below the patient’s vocal 
cords so that an exterior open end thereof is exterior of the 
patient and an interior open end thereof communicates with 
the patient's airway and lungs. A ventilator assembly is pro 
vided which includes conduit connected with the exterior 
open end of the endotracheal tube providing inhalation and 
exhalation passages communicating with one another. Inha 
lation and exhalation valves are mounted in the inhalation and 
exhalation passages, respectively. 
0012. The ventilator assembly is constructed and arranged 
to provide repetitive respiratory cycles, each including an 
inhalation phase during which the inhalation valve is rela 
tively open and the exhalation valve is relatively closed and a 
flow of gas is allowed to pass through the inhalation passage 
and the endotracheal tube into the patient’s airway and lungs. 
A controller is also provided for operating the inhalation 
valve and the exhalation valve, and the exhalation valve oper 
ates in a selected one of the following two exhalation phase 
modes: (1) a first mode wherein the exhalation valve is rela 
tively open during the exhalation phase allowing the gas in the 
patient's airway and lungs after the preceding inhalation 
phase to pass through the open exhalation valve and an outlet 
of the ventilator assembly; and (2) a second mode wherein the 
exhalation valve is maintained relatively closed and the 
patient causes the gas in the patient's airway and lungs after 
the preceding inhalation phase to flow passed the patient's 
Vocal cords and out of the patient's mouth, thus facilitating 
patient’s ability to talk. 
0013 The ventilator assembly also includes a pressure 
monitoring structure operatively associated with the passages 
for purposes of determining the existing pressure conditions 
in the patient's airway and lungs for use by the controller in 
operating the ventilator assembly. In one embodiment, the 
endotracheal tube is devoid of a check valve so that the 
communication between the passages and the patient's air 
way and lungs while the exhalation valve is in the non-talking 
mode thereof is through the endotracheal tube open end in 
both directions. 

0014. As indicated above, utilizing an endotracheal tube 
devoid of a check valve is an aspect of the present invention 
which secures the talking function without the known disad 
vantages of check valves. Nevertheless, another aspect of the 
present invention resides in providing a ventilating apparatus 
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which overcomes many of the known disadvantages of the 
use of a check valve even though a check valve is present in 
the endotracheal tube. 
0.015. In another embodiment of the invention, the venti 
lating apparatus includes the following components. An 
endotracheal tube constructed and arranged to be installed 
into a patient's trachea below the patient's vocal cords so that 
an exterior open end thereof is exterior of the patient and an 
interior open end thereof communicates with the patient's 
airway and lungs. A ventilator assembly including conduit 
connected with the exterior open end of the tube and provid 
ing inhalation and exhalation passages communicating with 
one another, inhalation and exhalation valve in the inhalation 
and exhalation passages, respectively, and a respiration 
assembly constructed and arranged to provide repetitive res 
piratory cycles, each including (1) an inhalation phase during 
which an inhalation valve in the inhalation passage is rela 
tively open and an exhalation valve in the exhalation passage 
is relatively closed and a flow of gas is allowed to pass through 
the inhalation passage and the tube into the patient's airway 
and lungs and (2) an exhalation phase during which the inha 
lation valve is relatively closed and the exhalation valve is 
maintained relatively closed. 
0016. The endotracheal tube has a check valve in the exte 
rior open end thereof enabling the patient at the end of each 
inhalation phase to cause the gas in the patient's airway and 
lungs to pass through the patient's Vocal cords and out of the 
patient's mouth, thus facilitating the patient's ability to speak, 
the check valve is operable to trap the pressure conditions 
within the passages at the end of the inhalation phase when 
both valves are relatively closed so as to allow the trapped 
pressure conditions in the passages at the end of each inhala 
tion phase to equalize with the pressure conditions within the 
patient's airway and lungs during the exhalation phase. The 
ventilator assembly includes a pressure monitoring structure/ 
assembly for monitoring the pressure conditions in the pas 
sages during both phases for purposes of determining the 
existing pressure conditions in the patient's airway and lungs 
for use in operating the ventilator assembly. 
0017. These and other objects, features, and characteris 

tics of the present invention, as well as the methods of opera 
tion and functions of the related elements of structure and the 
combination of parts and economies of manufacture, will 
become more apparent upon consideration of the following 
description and the appended claims with reference to the 
accompanying drawings, all of which form a part of this 
specification, wherein like reference numerals designate cor 
responding parts in the various FIGS. It is to be expressly 
understood, however, that the drawings are for the purpose of 
illustration and description only and are not intended as a 
definition of the limits of the invention. As used in the speci 
fication and in the claims, the singular form of “a”, “an', and 
“the include plural referents unless the context clearly dic 
tates otherwise. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 FIG. 1A is a partially schematic view of an embodi 
ment of a ventilating apparatus according to one aspect of the 
invention, the apparatus being shown operatively connected 
with a patient with arrows indicating the direction of gas flow 
when the valves and controller are in an inhalation phase; 
0019 FIG. 1B is a view similar to 1A, but showing a 
partially closed exhalation valve; 
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0020 FIG. 2A is a partially schematic view of the embodi 
ment of FIG. 1A, but showing arrows indicating the direction 
of flow when the valves and controller are in a talking mode 
exhalation phase; 
0021 FIG. 2B is a view similar to 2A, but showing a 
partially closed exhalation valve and a partially closed inha 
lation valve; 
0022 FIG. 3 is a partially schematic view of the embodi 
ment of FIG. 1A, but showing arrows indicating the direction 
of flow when the valves and controller are in a non-talking 
mode exhalation phase; 
0023 FIG. 4A illustrates another embodiment of the 
present invention wherein the endotracheal tube, rather than 
being devoid of a check valve as in FIG. 1A, has a check valve 
in the open end thereof; 
0024 FIG. 4B is a view similar to 4A, but showing a 
partially closed exhalation valve; 
(0025 FIG. 5A is a view similar to FIG. 4A, but showing 
arrows indicating the direction of flow when the valves and 
controller are in an exhalation phase; 
(0026 FIG. 5B is a view similar to FIG. 5A, but showing 
partially closed exhalation and inhalation valves; and 
(0027 FIG. 6 schematically depicts the system of FIGS. 1 
and 2 as an analogous electric circuit diagram, and showing 
an arrangement in which the exhalation valve is completely 
closed during the inhalation and exhalation phases. 

DETAILED DESCRIPTION OF THE 
EXEMPLARY EMBODIMENTS 

0028 Referring now more particularly to FIGS. 1A, 1B, 
2A, 2B, and 3 (or “FIGS. 1-3” for short) of the drawings, there 
is shown a ventilating apparatus, generally indicated at 10, 
embodying the principles of the present invention. Ventilating 
apparatus 10 includes, in general, an endotracheal tube 
assembly, generally indicated at 12, and a ventilator assem 
bly, generally indicated at 14. 
0029. Endotracheal tube assembly 12 includes an endot 
racheal tube 16, constructed, for example, in accordance with 
the principles disclosed in the incorporated 356 patent. 
Endotracheal tube 16 is constructed and arranged to be 
mounted in a trachea 18 of a patient 20, as shown in FIGS. 1-3, 
so that an exterior open end 22 is suitably fixed in position 
exteriorly of the patient's neck 24 and an interior open end 26 
communicates with the patient's airway and lungs 28 at a 
position below the patient's vocal cords 30. 
0030. In FIGS. 1-3, endotracheal tube 18 is shown as being 
devoid of a check valve, often referred to as the talking valve, 
such as the one disclosed in the 356 patent. Ventilator assem 
bly 14 includes a conduit assembly, generally indicated at 32. 
which includes a Y fitting 34 and tubing portions forming an 
inhalation passage 36 and an exhalation passage 38, as will be 
described below. The stem of Y fitting 34 is connected over 
exterior open end 22 of endotracheal tube 16 so that endotra 
cheal tube is devoid of a check valve and communicates with 
conduit assembly 32 for gaseous flow therethrough in either 
direction. 
0031 One branch of the Y fitting is connected with the 
tubing or conduit section defining inhalation passage 36 and 
the other branch of the Y fitting is connected with the tubing 
or conduit section defining exhalation passage 38. As can be 
seen from FIGS. 1-3, Y fitting 34 serves to communicate 
inhalation passage 36 and exhalation passage 38 with one 
another. 
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0032 Conduit assembly 32 thus far described is disposed 
exteriorly of ventilator assembly 14, as indicated by broken 
lines in FIGS. 1-3. Ventilator assembly 14 houses a respira 
tion assembly 40 therein which includes an inhalation assem 
bly 42 and an exhalation assembly 44. In FIGS. 1-3, inhala 
tion assembly 42 and exhalation assembly 44 of respiration 
assembly 40 are shown Schematically in a block diagram. The 
gas flow components included in inhalation and exhalation 
assemblies 42 and 44 of respiration assembly 40 can be of 
conventional construction. A specific disclosure of one 
embodiment of the components used in accordance with the 
principles of the present invention is disclosed in the 449 
patent. 
0033. As illustrated, inhalation assembly 42 includes a 
controllable inhalation valve 46 that communicates with 
inhalation passage 36, and exhalation assembly 44 includes a 
controllable exhalation valve 48 that communicates with 
exhalation passage 36. 
0034 Valves 46 and 48 are preferably controlled elec 
tronically by a controller 52 and are capable of being con 
trolled to move between fully closed and fully open and any 
position of partial opening therebetween. Valves 46 and 48 
can be of any Suitable type for ventilator applications, such as 
proportional Solenoid type valves, or stepper motor driven 
type, just for example. 
0035 Respiration assembly 40 is constructed and 
arranged to be controlled to provide repetitive respiratory 
cycles. Each respiration cycle includes an inhalation phase 
during which inhalation valve 46 is open and exhalation valve 
48 is closed. During each inhalation phase, inhalation assem 
bly 42 is controlled by controller 52 to cause a flow of gas to 
pass through the open inhalation valve 46, inhalation passage 
36, endotracheal tube 16 into the patient’s airway and lungs 
28. In one embodiment, the flow of gas includes air and 
oxygen mixed by inhalation assembly 42 from a Supply of air 
drawn through an and inlet 50 of inhalation assembly 42 and 
a Supply of oxygen contained within inhalation assembly 42. 
However, any known source of gas can be used and commu 
nicated through inhalation passage 36 via inhalation valve 46. 
0036) Each respiration cycle also includes an exhalation 
phase during which inhalation valve 46 is closed or partially 
closed (i.e., “relatively closed as discussed later). 
0037. As best shown in FIGS. 2A and 2B, in accordance 
with an embodiment of the invention, exhalation valve 48 is 
controlled by controller 52 to remain in its relatively closed 
position, or to dynamically control the pressure in conduit 
assembly 32 in accordance with a desired pressure profile, 
during the exhalation phase, with the pressure profile being 
based upon the objective of enhancing the patient's ability to 
speak. This control of exhalation valve 48 enables the exha 
lation phase to be one in which the ability of the patient to talk 
is facilitated, even though there is no check valve embodied in 
endotracheal assembly 12 or conduit assembly 32. Thus, 
during the exhalation phase, when the patient is able to exhale 
the breathable gas introduced into the patient's airway and 
lungs in the preceding inhalation phase, the relatively closed 
inhalation and exhalation valves 46 and 48 prevent flow ther 
ebeyond, or are controlled to achieve a pressure profile in 
conduit assembly 32, so that the exhaled gas must flow passed 
the patient’s vocal cords 30 on its way out of the patient’s 
mouth, thus facilitating the patient's ability to talk, as shown 
by the arrows in FIGS. 2A and 2B. 
0038. It should be appreciated that in instances in which 
the inhalation valve or exhalation valve is disclosed hereinas 
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being “closed’ or “open, this is not meant to necessarily refer 
to an absolute or fully open or fully closed valve (although it 
may), but rather a relational open or closed valve. In other 
words, for example, when the exhalation valve is “closed'. 
this does not mean that it is completely closed to prevent any 
gas passage therethrough, as shown in FIGS. 1A and 2A. 
Rather, the exhalation valve may be partially closed, but 
closed sufficiently to achieve its desired functionality (as 
shown in FIGS. 1B and 2B). Thus, for example, a “relatively 
closed’ or “relatively open’ exhalation valve means a rela 
tively closed position and a comparatively, relatively open 
position, respectively, as it relates to that particular valve. 
Similarly, a “closed’ or “open’ inhalation valve refers to two 
relative positions of the inhalation valve, wherein one posi 
tion is relatively closed or relatively open with respect to the 
other. Thus, the term “relatively closed as used herein is 
intended to convey this broad understanding and meaning. 
0039. In the inhalation phase, for example, the exhalation 
valve need not be fully closed, but may be closed only enough 
to enable a desired pressure to build within conduit assembly 
32 and the patient's lungs. Similarly, in the inhalation phase, 
the inhalation valve need not be fully open, but may be open 
only enough to draw Sufficient gas into conduit assembly 32 
and patient's lungs to enable the patient to breath (not shown 
in the FIGS.). Similarly, in the exhalation phase, the inhala 
tion valve need not be fully closed, but may be partially closed 
(see FIG. 2B), and the exhalation valve need only be closed 
Sufficiently to maintaina desired profile of pressure in conduit 
assembly 32 (see FIG. 2B). 
0040. In one embodiment, the degree of opening and clos 
ing of the exhalation valve and/or inhalation valve is dynami 
cally controlled by controller 52. Specifically, exhalation 
monitor 58 and/or inhalation monitor 54 can be used to moni 
torpressure throughout, or periodically during, the inhalation 
and/or exhalation phase and send a signal to controller 52 to 
continuously or intermittently send signals to open and/or 
close exhalation valve 48 and/or inhalation valve to a desired 
degree, based on a desired pressure to be provided within 
conduit assembly 32 or desired bleed rate through associated 
valve 46 and/or 48 at any point in the breathing cycle, or based 
upon the talking or non-talking mode of operation. In one 
embodiment, an encoder or any type of transducer can be used 
to measure the degree of valve opening and send feedback 
signals back to controller 52. 
0041. In one embodiment, during the inhalation phase, 
exhalation valve 48 is relatively closed (i.e., closed suffi 
ciently to allow a desired amount of breathable gas to be 
provided to the patient), but may be only partially closed so as 
to be able to bleed excess gas (e.g. between about 3 to 7 liters 
per minute) through outlet port 62 (see FIG. 1B). In addition, 
inhalation valve 46 may be fully open or partially open, but in 
any event, relatively open in comparison when it is in the 
closed or relatively closed positions. 
0042. In one embodiment, during the exhalation phase, the 
exhalation valve and the inhalation valves are relatively 
closed, but one or both valves can be partially closed (see FIG. 
2B) to control the level or pressure in conduit assembly 32. 
For example, in one embodiment it may be desirable to main 
tain the pressure in conduit assembly 32 above a specified 
threshold, Such as, in one embodiment, 5 centimeters of 
water. Such control is often referred to as positive and expi 
ratory pressure (PEEP), which can be used in the present 
invention, and as disclosed in U.S. Pat. No. 6,823.866, hereby 
incorporated by reference in its entirety. This method can be 
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used to keep pressure within conduit assembly 32 above a 
certain level to keep the patient's airway open and/or enhance 
the patient’s ability to speak. 
0043. It will be noted that while there is no flow through 
the communicating inhalation and exhalation passages 36 
and 38 when valves 46 and 48 are closed in the exhalation 
phase, the communication provided by endotracheal tube 16 
is such that passages 36 and 38 reflect the airway pressure 
during the exhalation phase just as they do during the inhala 
tion phase. 
0044. In one embodiment controller 52 may be a program 
mable microprocessor and, as noted above, serves to control 
the operation of respiration assembly 40 in providing the 
repetitive respiration cycles, including control of inhalation 
assembly 42 and inhalation valve 46 thereof and exhalation 
assembly 44 and exhalation valve 48 thereof 
0045 Controller 52, in its control of the overall operation 
of ventilator assembly 14, uses data relating to the measured 
pressure within the patient’s airway as reflected in inhalation 
and exhalation passages 36 and 38. While the measured data 
could be obtained from a single monitor, in the illustrated 
embodiment two monitors are provided, including a inhala 
tion monitor 54 communicated with inhalation passage 36 by 
suitable tubing 56, and a separate exhalation monitor 58 com 
municated with exhalation passage 38 by suitable tubing 60. 
In one embodiment, monitors 54 and 58 use pressure trans 
ducers capable of sensing the pressure conditions of the com 
municating passage and converting the sensed pressure con 
dition into a discrete signal capable of being received and 
used by controller 52. Controller 52 opens and closes valves 
46 and 48 based upon monitor 54 and/or monitor 58, the 
output of which can be used to detect the phase of respiration 
that the patient is in. That is, the monitors track the pressure 
within the patient's lungs throughout the breathing cycle to 
control opening and closing of valves 46 and 48. 
0046. In one embodiment, the controller uses two distinct 
algorithms, one for controlling exhalation valve 48 and the 
other for controlling inhalation valve 46. In another embodi 
ment, the controller comprises two separate control units or 
control modules, one for controlling each valve and con 
nected with at least one of monitors 54 and 58. 

0047. From the above, it will be understood that controller 
52 is programmed so that during each exhalation phase, a 
talking mode is entered in which the exhalation valve remains 
closed or partially closed, as previously described. 
0048. In addition, the controller is programmed so that 
during the exhalation phase, a non-talking mode may be 
entered into, in which the exhalation valve is opened. In this 
non-talking mode (or “first mode), the gas in the patient's 
airway and lungs at the end of the inhalation phase is allowed 
to flow through endotracheal tube 16, open exhalation valve 
48 and out of an outlet 62 provided by exhalation assembly 
44, as shown by the arrows in FIG. 3. The non-talking exha 
lation phase is entered into when monitor 54 and/or 58 sends 
a signal to controller 52 indicating a prescribed condition. For 
example, if monitor 54 and/or 58 detects that pressure in 
conduit assembly 32 is not being reduced at an expected rate, 
it may be indicative of a blockage (e.g., gas is being forced 
back into conduit assembly 32 rather than past the vocal 
chords) or airway occlusion. In this case, exhalation valve 48 
will be open to allow gas to escape from the patient's lungs. 
0049. From the above, it can be seen that ventilating appa 
ratus 10, as described above, facilitates the ability of the 
patient to talk when in the talking mode (or “second mode) 
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as shown in FIG. 2, and also provides a non-talking ventila 
tion mode (see FIG.3) merely by operation of controller 52 of 
FIG. 3. It should be appreciated that some talking may be 
possible in the first (or “non-talking) mode, although it may 
not be as conducive. 
0050 Referring now more particularly to FIGS. 4A, 4B, 
5A and 5B (or “FIGS. 4 and 5” for short), there is shown 
therein an alternate embodiment. In this embodiment, endot 
racheal tube assembly 12 includes a conventional check valve 
64 in conduit assembly 32. This embodiment demonstrates 
that the feature of enabling controller 52 to select a mode in 
which exhalation valve 48 is maintained in a relatively closed 
position during the exhalation phase can secure advantages 
even when a conventional check valve 64 is employed. 
0051. In the embodiment of FIGS. 4 and 5, controller 52 
operates in a talking mode similar to the talking mode 
described above. The difference is that gas flow communica 
tion from the patient to ventilator assembly 14 during the 
exhalation phase is cut offat check valve 64 rather than at the 
relatively closed exhalation valve 48. If controller 52 actually 
functioned to open exhaust valve 48 during the exhalation 
phase as in the FIG. 3 non-talking mode, the pressure in 
exhalation passage 38 would simply be at atmospheric pres 
sure during the exhalation phase so that exhalation monitor 58 
would not be monitoring the patients airway pressure during 
the exhalation phase. 
0052. Note that FIG. 4B is functionally the same as 4A, but 
showing a partially closed exhalation valve, while FIG. 5B is 
functionally the same as FIG. 5A, but showing partially 
closed inhalation and exhalation valves. 
0053 As noted above, controller 52 will regulate exhala 
tion valve 48 so as to be relatively closed during the exhala 
tion phase, when the inhalation valve 46 is relatively closed, 
and the pressure in exhalation passage 38 will be generally 
equal to the patient's airway pressure throughout the exhala 
tion phase. Since this pressure reduces in the patient's airway 
as the exhalation phase proceeds, the exhalation monitor can 
continue during the exhalation phase to monitor the patients 
reducing airway pressure. Because the closed (or partially 
closed) inhalation valve 46 and closed (or partially closed) 
exhalation valve 48 will maintain the pressure within the 
communicating inhalation passage 36 and exhalation passage 
38 at or slightly above the pressure in the patient’s lungs 
during the exhalation phase, and because this pressure is 
approximately balanced with the pressure in the patient's 
lungs through operation of the check valve 64, exhalation 
monitor 58 (and/or inhalation monitor 54) is/are able to effec 
tively approximate the pressure in the patent's lungs at all 
times during the exhalation phase. Consequently, as the 
patient's airway pressure diminishes during the exhalation 
phase, the pressure closed within communicating passages 36 
and 38 will continue to equalize with the patient's airway 
pressure during the exhalation phase. Exhalation monitor 58 
is thus monitoring the patient's airway pressure during the 
exhalation phase rather than atmospheric pressure, as would 
be the case if the exhalation valve were to open. 
0054 FIG. 6 schematically depicts the system of FIGS. 1 
and 2 as an analogous electrical circuit diagram. 
0055. In FIG. 6, the various components of the system 
shown in FIGS. 1 and 2 are depicted as electrical symbols as 
known in the art, each labeled with a descriptive word or 
descriptive abbreviation. The descriptive abbreviations are as 
follows: RVocal cords refers to the patient's vocal cord resis 
tance. RVocal cords is shown as a variable resistor to show 
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the variable resistance generated by the vocal cords (for 
example, higher pitch Sounds generate greater resistance). 
Rairway refers to the patient’s airway resistance. Rtube refers 
to the patient's circuit tubing resistance or conduit resistance. 
Ctube refers to the patient's circuit tubing compliance or 
conduit compliance, which can be measured as a capacitance, 
or the volume of tubing divided by the pressure in the tubing. 
Clung refers to the patient's lung compliance. Pmus refers to 
the pressure created in the patient's lungs by the patient's 
muscles, and illustrated as an alternating pressure generated 
by the patient through the patient's muscle action (e.g., 
patient's diaphragm, intercostal muscles, pectoral muscles, 
etc.). 
0056. The prefix letter Q refers to a quantity of gas flow 
delivered by the ventilator (Q. vent) or by the patient during 
the exhalation phase (Q exhalation). The Q prefix also refers 
to a quantity of gas flow delivered (1) to the conduit or tubing 
system (Q. tube), (2) to the patient (Q patient), (3) to the 
patient's lungs (Q lung) and (4) to the patient's Vocal cords 
(Q. cords). 
0057. As shown in FIG. 6, gas flow is delivered by the 
ventilator (Q. vent) during the inhalation phase of the breath 
ing cycle. Because the exhalation valve is closed (i.e., Switch 
open) during this phase, gas is delivered to the patient (Q pa 
tient) as well as the tubing system (Q. tube). During the 
inhalation phase, the flow through the Vocal cords (Q. cords) 
is typically Zero, as the patient’s glottis is closed (represented 
by the open switch next to Q cords in FIG. 6) so the gas 
(Q Lung) is delivered to the patient's lungs. However, it 
should be appreciated that in some instances during the inha 
lation phase, the gas being delivered by the ventilator can be 
used for speech purposes by the patients, and so the flow 
through Vocal cords is not Zero. 
0058. It should be appreciated that the open switch in FIG. 
6 labeled “Exhalation Valve' represents an arrangement 
wherein the exhalation valve is completely closed for both 
inhalation and exhalation phases. This Switch can be replaced 
by a variable resistor to reflect arrangements wherein the 
exhalation valve may be partially or relatively closed during 
exhalation and/or inhalation phases. 
0059 Generally, the exhalation phase of the breathing 
cycle is when talking is facilitated. Talking is accomplished 
by increasing the pressure in the lung via the thoracic muscle 
recoil forces as well as diaphragmatic muscle activity. During 
speech, the direction of Q Lung is reversed and leaves the 
patient through the vocal cords. Modulation of the vocal cords 
(i.e., vocal cords resistance variation) is responsible for the 
cords vibrations which ultimately become speech. 
0060. During the exhalation phase, the ventilator's exha 
lation valve remains closed (or partially closed), and in this 
way, the majority of the gas flow is redirected towards the 
Vocal cords during speech. During exhalation, a small amount 
of gas may flow towards the tubing system compliance. This 
compliance, typically less than 2 ml/cmH2O, being Small 
compared to the patient Lung compliance (Clung) uses a few 
milliliters of the gas volume exhaled by the patient. 
0061 The embodiments just described without the speak 
ing valve (check valve) have several advantages, including, 
but not limited to, the following: 
0062 1) Allows detection of inflated tracheotomy tube 
cuffs. This is possible since the ventilator pressure sensors are 
able to monitor the pressure in the tubing system and this 
pressure in turn reflects the pressure in the patient's airway 
and lungs. 
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0063. 2) Allows assessment of the patient's airway pres 
Sure during exhalation so that stacking of breaths is avoided. 
This is not practical in embodiments using the speaking valve, 
since the valve blocks the pneumatic communication with the 
ventilator's pressure transducers. 
0064. 3) Allows for strong patient coughs without inter 
ference from a one way valve's membrane, since no valve is 
used. 
0065. 4) Allows aerosol treatments without the need to 
take out the speaking valve. 
0.066 5) Allows suctioning without the need to take out the 
speaking valve. 
0067 6) Avoids the need to take out the speaking valve to 
prevent the valve's disc/membrane from becoming clogged 
with sputum, since no speaking valve is required. 
0068. Note that embodiments where the speaking valve is 
present, the Volume of gas trapped in the tubing circuit can 
only escape through the speaking valve. Gas flow through the 
speaking valve is possible only if there exists a pressure 
differential across the valve. Thus, monitoring of the pressure 
in the patient's airway and lungs via monitoring of the tubing 
system pressure is possible, so long as the pressure in conduit 
assembly 32 is greater than or equal to the pressure in the 
patient's lungs, which is the manner of operation of the 
present invention. 
0069. Although the invention has been described in detail 
for the purpose of illustration based on what is currently 
considered to be the most practical and preferred embodi 
ments, it is to be understood that such detail is solely for that 
purpose and that the invention is not limited to the disclosed 
embodiments, but, on the contrary, is intended to cover modi 
fications and equivalent arrangements that are within the 
spirit and scope of the appended claims. For example, it is to 
be understood that the present invention contemplates that, to 
the extent possible, one or more features of any embodiment 
can be combined with one or more features of any other 
embodiment. 

1-11. (canceled) 
12. A patient ventilator assembly for connection with an 

endotracheal tube constructed and arranged to be installed 
through a patient's trachea below the patient's Vocal cords so 
that an exterior open end of the tube is exterior of the patient 
and an interior open end of the tube communicates with the 
patient's airway and lungs, the ventilator assembly compris 
ing: 

a conduit for connection with the exterior open end of the 
endotracheal tube and providing inhalation and exhala 
tion passages communicating with one another, 

proportionally controlled inhalation and exhalation valves 
in the inhalation and exhalation passages, respectively; 
and 

a controller for controlling the proportionally controlled 
inhalation valve and the proportionally controlled exha 
lation valve so as to provide repetitive respiratory cycles, 
each including an inhalation phase and an exhalation 
phase, wherein during the inhalation phase the propor 
tionally controlled inhalation valve is relatively open 
and the proportionally controlled exhalation valve is 
relatively closed and a flow of gas is allowed to pass 
through the inhalation passage and the tube into the 
patient's airway and lungs, the controller controlling the 
proportionally controlled exhalation valve for use in two 
exhalation phase modes, the two modes including: 
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(1) a first mode wherein the proportionally controlled 
exhalation valve is relatively open during the exhalation 
phase, allowing the gas in the patient's airway and lungs 
after the preceding inhalation phase to pass through the 
relatively open proportionally controlled exhalation 
valve and through an outlet of the ventilator assembly, 
and 

(2) a second mode wherein the proportionally controlled 
exhalation valve is maintained relatively closed so the 
patient causes the gas in the patient's airway and lungs 
after the preceding inhalation phase to flow past the 
patient's Vocal cords and out of the patient's mouth, thus 
facilitating the patient’s ability to talk. 

13. A patient ventilator assembly as defined in claim 12, 
wherein the controller comprises an exhalation controller 
module that controls the exhalation valve and an inhalation 
controller module that controls the inhalation valve. 

14. A patient ventilator assembly as defined in claim 12, 
wherein the controller comprises a first algorithm for control 
ling the inhalation valve and a second algorithm for control 
ling the exhalation valve. 

15. A patient ventilator assembly according to claim 12, 
wherein the exhalation valve is completely closed during the 
exhalation phase. 

16. A patent ventilator assembly according to claim 12, 
wherein the exhalation valve is completely closed during the 
inhalation phase. 

17. A patient ventilator assembly according to claim 12, 
wherein the exhalation valve is controlled by the controller to 
be closed sufficiently during the inhalation phase to enable a 
desired pressure to build within the conduit. 

18. A patient ventilator assembly according to claim 12, 
wherein the exhalation valve is controlled by the controller to 
be closed sufficiently during the exhalation phase to maintain 
a desired pressure in the conduit. 

19. A patient ventilating apparatus as defined in claim 12, 
wherein the ventilator assembly includes at least one pressure 
monitor communicating with the passages for purposes of 
determining the existing pressure conditions in the patient's 
airway and lungs, the pressure monitor operatively connected 
with the controller for operating the inhalation and exhalation 
valves. 

20. A patient ventilating apparatus as defined in claim 19, 
wherein the at least one pressure monitor is capable of detect 
ing occlusions in the conduit and disconnections of the con 
duit. 

21. A patient ventilating apparatus as defined in claim 12, 
wherein the endotracheal tube is devoid of a check valve so 
that communication between the passages and the patient's 
airway and lungs while the exhalation valve is in the first 
mode thereof is through the exterior tube end in both direc 
tions. 

22. A patient ventilating apparatus as defined in claim 12, 
wherein the inhalation and exhalation valves form part of a 
respiration assembly. 

23. A patient ventilating apparatus comprising: 
an endotracheal tube constructed and arranged to be 

installed into a patient’s trachea below the patient's 
Vocal cords so that an exterior open end thereof is exte 
rior of the patient and an interior open end thereof com 
municates with the patient's airway and lungs; 

a conduit connected with the exterior open end of the tube 
and providing inhalation and exhalation passages com 
municating with one another, 
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a respiration assembly constructed and arranged to provide 
repetitive respiratory cycles, each including (a) an inha 
lation phase during which a proportionally controlled 
inhalation valve in the inhalation passage is relatively 
open and a proportionally controlled exhalation valve in 
the exhalation passage is relatively closed, and wherein 
a flow of gas is allowed to pass through the inhalation 
passage and the endotracheal tube into the patient's air 
way and lungs and (b) an exhalation phase during which 
the proportionally controlled inhalation valve is rela 
tively closed and the proportionally controlled exhala 
tion valve is maintained relatively closed causing the gas 
in the patient's airway and lungs after the preceding 
inhalation phase to flow past the patient's Vocal cords 
and out of the patient's mouth, thus facilitating the 
patient’s ability to talk; 

a check valve operatively coupled to the endotracheal tube, 
the check valve improving the patient's ability to speak, 
the check valve being operable to trap pressure within 
the patient's lungs at the end of the inhalation phase 
when both the proportionally controlled inhalation and 
exhalation valves are relatively closed so as to allow 
pressure in the passages at the end of each inhalation 
phase to Substantially equalize with the pressure within 
the patient's airway and lungs during the exhalation 
phase; 

a controller that controls operation of the proportionally 
controlled inhalation valve and the proportionally con 
trolled exhalation valve; and 

at least one pressure monitor for monitoring the pressure in 
the inhalation and exhalation passages during both inha 
lation and exhalation phases, the pressure monitor being 
operatively connected with the controller to provide 
input signals to the controller that are used in controlling 
the proportionally controlled inhalation valve and the 
proportionally controlled exhalation valve. 

24. The patient ventilating apparatus of claim 23, wherein 
during the inhalation phase, the flow of gas is allowed to pass 
through the exhalation valve. 

25. A patient ventilator assembly for connection with an 
endotracheal tube constructed and arranged to be installed 
through a patient's trachea below the patient's Vocal cords so 
that an exterior open end of the tube is exterior of the patient 
and an interior open end of the tube communicates with the 
patient's airway and lungs, the ventilator assembly compris 
1ng: 

a conduit for connection with the exterior open end of the 
endotracheal tube and providing an inhalation passage 
and an exhalation passage communicating with one 
another, 

a proportionally controlled inhalation valve operatively 
coupled to the inhalation passage; 

a proportionally controlled exhalation valve operatively 
coupled to the exhalation passage; and 

a controller for controlling the proportionally controlled 
inhalation valve and the proportionally controlled exha 
lation valve so as to provide repetitive respiratory cycles, 
each including an inhalation phase and an exhalation 
phase, wherein during the inhalation phase the propor 
tionally controlled inhalation valve is relatively open 
and the proportionally controlled exhalation valve is 
relatively closed and a flow of gas is allowed to pass 
through the inhalation passage and the tube into the 
patient's airway and lungs, the controller controlling the 
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proportionally controlled exhalation valve for use in two 
exhalation phase modes, the two modes including: 

(1) a first mode wherein the proportionally controlled 
exhalation valve is relatively open during the exhalation 
phase, allowing the gas in the patient's airway and lungs 
after the preceding inhalation phase to pass through the 
relatively open proportionally controlled exhalation 
valve and through an outlet of the ventilator assembly, 
and 

(2) a second mode wherein the proportionally controlled 
exhalation valve is maintained relatively closed so the 
patient causes the gas in the patient's airway and lungs 
after the preceding inhalation phase to flow past the 
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patient's Vocal cords and out of the patient's mouth, thus 
facilitating the patient’s ability to talk wherein the con 
duit is devoid of a check valve. 

26. A method as defined in claim 1, comprising an act of 
maintaining a desired pressure in the conduit by controlling 
the relative opening and closing of at least one of the propor 
tionally controlled inhalation and exhalation valves. 

27. A patient ventilator assembly according to claim 12, 
wherein the relative opening and closing of at least one of the 
proportionally controlled inhalation and exhalation valves is 
controlled by the controller to maintain a desired pressure in 
the conduit. 


