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(57) ABSTRACT 

Spontaneous respiration is detected by sensors. An additional 
amount of oxygen is administered to the lungs via a jet gas 
current at the end of an inhalation procedure. Breathing vol 
ume, absorption of oxygen during inhalation, and clearance 
of carbon dioxide during exhalation are improved. If 
required, the exhalation procedure of the patient can be 
arrested or sloWed by a countercurrent to avoid a collapse of 
the respiration paths. An apparatus including an oxygen pump 
can be connected to an oxygen source and includes a tracheal 
prosthesis that can be connected via a catheter. The respira 
tion detections sensors are connected to a control unit for 
activating the oxygen pump. The tracheal prosthesis includes 
a tubular support body With a connection for the catheter, and 
the sensors are associated With the support body. The tracheal 
prosthesis and jet catheter are dimensioned so the patient can 
freely breathe and speak Without restriction. 
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FIG. 13 
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FIG. 16A 
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SYSTEMS, METHODS AND APPARATUS FOR 
RESPIRATORY SUPPORT OF A PATIENT 

PRIORITY CLAIM 

[0001] This patent application claims priority to US. Ser. 
No. 60/718,318, “Systems, Methods and Apparatus for Res 
piratory Support for a Patient”, ?led Sep. 20, 2005, Which is 
incorporated herein by reference in its entirety. 

FIELD OF INVENTION 

[0002] The present invention relates generally to respira 
tory systems and more particularly to specialiZed systems, 
methods, and devices for enhanced ventilation of a patient. 

BACKGROUND OF THE INVENTION 

[0003] In order for the body to take in oxygen and give off 
carbon dioxide, tWo components of the respiratory bronchial 
system must functionithe lungs as a gas-exchanging organ 
and the respiratory pump as a ventilation organ that transports 
air into the lungs and back out again. The breathing center in 
the brain, central and peripheral nerves, the osseous thorax 
and the breathing musculature as Well as free, stable respira 
tory paths are necessary for a correct functioning of the res 
piratory pump. 
[0004] In certain diseases there is a constant overload on or 
exhaustion of the respiratory pump. A typical syndrome is 
pulmonary emphysema With ?at-standing diaphragms. Flat 
standing diaphragms do not have the ability to contract. In the 
case of pulmonary emphysema, respiratory paths are usually 
extremely slack and tend to collapse. As a consequence of the 
?attened, over-extended diaphragms, the patient cannot 
inhale deeply enough. In addition, the patient cannot exhale 
suf?ciently due to collapsing respiratory paths. This results in 
an insuf?cient respiration With an undersupply of oxygen and 
a rise of carbon dioxide in the blood, i.e. a ventilatory insuf 
?ciency. 
[0005] The treatment for inhalation dif?culty often 
involves a breathing device. A home ventilator is an arti?cial 
respirator for supporting or completely relieving the respira 
tory pump. Arti?cial respiration can be applied non-inva 
sively via a nose or mouth mask that the patient can put on and 
take off as needed. HoWever, the nose or mouth mask prevents 
the patient from breathing and speaking freely, and is very 
invasive. 
[0006] Another treatment option is invasive ventilation. 
Invasive ventilation is usually applied via a cuffed endotra 
cheal tube that is passed through the mouth and the larynx and 
into the Windpipe, or is applied via a tracheostomy. The 
tracheostomy involves an opening placed in the trachea by an 
operation. A catheter about the diameter of a ?nger With a 
blocking balloon or cuff is inserted via the opening into the 
trachea and connected to a ventilator that applies cyclic posi 
tive pressure. This procedure makes suf?ciently deep respi 
ration possible, but prevents the patient from speaking. 
[0007] In addition to home ventilation With a mask and 
invasive ventilation, there is also transtracheal administration 
of oxygen via thinner catheters. US. Pat. Nos. 5,181,509 or 
5,279,288 disclose corresponding embodiments. In this man 
ner, a highly dosed administration of oxygen is administered 
to the patient in a continuous stream With a permanently 
adjusted frequency. The How rate of oxygen is regulated 
manually by a regulator. HoWever, simulation of the natural 
breathing process of a patient is not achieved because the 
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depth of breathing is not enhanced. Some common problems 
associated With these transtracheal catheters are irritations 
and traumas of the sensitive inner skin of the Windpipe (tra 
cheal mucosa). It is a common observation that the tip of the 
small catheter strikes against the inner Wall of trachea as a 
consequence of the respiratory movement. In addition to this 
mechanical trauma, the surrounding tissue is dried out by the 
high ?oW oxygen stream. 

[0008] Furthermore, so-called “Montgomery T-tubes” can 
be inserted into the trachea and a patient can obtain oxygen 
via a shank of the T-piece external to the patient. In needed, 
the patient can draW off secretions using a suction catheter 
and a vacuum pump. The patient can breathe freely and speak 
When the front shank is closed; hoWever, normal arti?cial 
positive pressure ventilation is not possible via the Montgom 
ery T-tube since the introduced air escapes upWard into the 
oral cavity or the pharyngeal area. An additional limitation of 
the above-referenced therapies is the impaired mobility of the 
patient because of inadequate ventilation or because of the 
bulk of the apparatuses. 

[0009] Jet ventilators are state of the art, but these devices 
are not synchronized With a patient’s breathing. On the other 
hand, invasive ventilators With cuffed tubes are synchroniZed 
because there is a direct feedback of the pressure inside the 
in?ated lung to the sensors inside the respirator. HoWever, 
there are no respiratory systems that use feedback from sen 
sors in the body to properly synchroniZe and control the 
ventilator. 

[0010] Whether the breathing disorder is COPD/emphy 
sema, ?brosis, sleep apnea, or otherWise, dif?cult breathing is 
a serious, often life-threatening problem. Therefore, there is 
an existing need for a respiratory system that provides a more 
e?icient method for supporting the respiration of a patient 
that can be used to treat many disorders, are minimally inva 
sive, mobile and taken along by the patient, and/or reliable in 
use. Moreover, there is a need for respiratory support systems 
that simulate the patient’s spontaneous respiration Without 
adversely affecting the patient’s ability to speak. Addition 
ally, there is a need for a respiratory support system capable of 
using pressure or How signals from inside the body to prop 
erly synchroniZe and control a ventilator. 

SUMMARY OF EXEMPLARY EMBODIMENTS 

[0011] The invention includes systems, methods, and appa 
ratuses that improve the quality of life forpatients that require 
respiratory support. These respiratory systems, methods, and 
apparatuses can provide a more ef?cient Way of supporting 
the respiration of a patient by providing additional oxygen 
When needed in accordance With the principles of the inven 
tion. 

[0012] In one embodiment, a tracheal prosthesis and a cath 
eter in accordance With the principles of the invention can 
provide for respiratory support that can be synchronized With 
the spontaneous respiration of the patient and still alloW the 
patient to speak. 
[0013] Additional features, advantages, and embodiments 
of the invention may be set forth or apparent from consider 
ation of the folloWing detailed description, draWings, and 
claims. Moreover, it is to be understood that both the forego 
ing summary of the invention and the folloWing detailed 
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description are exemplary and intended to provide further 
explanation Without limiting the scope of the invention as 
claimed. 

BRIEF DESCRIPTION OF THE FIGURES 

[0014] The accompanying drawings, Which are included to 
provide a further understanding of the invention, are incor 
porated in and constitute a part of this speci?cation, illustrate 
preferred embodiments of the invention and together With the 
detailed description serve to explain the principles of the 
invention. 
[0015] In the draWings: 
[0016] FIG. 1 shoWs the upperbody of a patient carrying an 
embodiment of a system for respiration support in accordance 
With the principles of the invention. 
[0017] FIG. 2 shoWs a diagram With a vieW of the respira 
tion How of an emphysema patient Without respiration sup 
port and With respiration support in accordance With the prin 
ciples of the invention. 
[0018] FIG. 3 shoWs a technically simpli?ed vieW of an 
embodiment of a tracheal prosthesis in accordance With the 
principles of the invention. 
[0019] FIG. 4 shoWs another embodiment of a tracheal 
prosthesis in accordance With the principles of the invention. 
[0020] FIG. 5 shoWs a schematic of an embodiment of an 
oxygen-bearing gas tank and pump shoWing the conduction 
of air and a control unit in accordance With the principles of 
the invention. 
[0021] FIG. 6 shoWs an embodiment of the end section of a 
catheter in accordance With the principles of the invention. 
[0022] FIG. 7 shoWs the catheter according to FIG. 6 
inserted in a support body in accordance With the principles of 
the invention. 
[0023] FIGS. 8A and 8B shoW graphs of breathing data 
generated from a bench model test in accordance With the 
principles of the invention. 
[0024] FIG. 9 shoWs an embodiment of a catheter and sen 
sors in accordance With the invention. 
[0025] FIG. 10 shoWs a schematic ofan embodiment ofa 
circuit in accordance With the invention. 
[0026] FIG. 11 shoWs another embodiment of a catheter 
and sensors in accordance With the invention. 
[0027] FIG. 12 shoWs a schematic of another circuit in 
accordance With the invention. 
[0028] FIG. 13 shoWs a system in accordance With an 
embodiment of the invention Where the pump and control unit 
are integrated With the oxygen tank. 
[0029] FIG. 14 shoWs an embodiment of a distal end of a 
catheter in accordance With the invention. 
[0030] FIG. 15 shoWs another embodiment of a distal end 
of a catheter in accordance With the invention. 
[0031] FIGS. 16 A-16E shoWs embodiments of a catheter in 
accordance With the invention. 
[0032] FIG. 17 shoWs an embodiment of a dual lumen 
catheter in accordance With the invention. 
[0033] FIG. 18 shoWs an embodiment of the How through 
the catheter of FIG. 17 during inspiration in accordance With 
the principles of the invention. 
[0034] FIG. 19 shoWs an embodiment of the How through 
the catheter of FIG. 17 during expiration in accordance With 
the principles of the invention. 
[0035] FIG. 20 shoWs an embodiment of a dual lumen 
catheter having a gliding Wall in accordance With the inven 
tion. 
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[0036] FIG. 21 shoWs the catheter of FIG. 20 With the 
gliding Wall in a different position. 
[0037] FIG. 22 shoWs an expanded vieW of an air outlet of 
the catheter in FIG. 20. 
[0038] FIG. 23 shoWs an expanded vieW of an air outlet of 
the catheter in FIG. 21. 
[0039] FIG. 24 is a How diagram illustrating the operation 
of an embodiment of the invention. 
[0040] FIG. 25 is a diagram of the overall system. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0041] The present invention, in a preferred embodiment, 
provides systems, methods, and apparatus for supporting the 
respiration of a patient. This can be accomplished by provid 
ing controlled synchronized ventilation With a directed How 
of an oxygen-bearing gas. The oxygen-bearing gas may be 
substantially pure oxygen, mixtures of oxygen and nitrogen, 
mixtures of oxygen and inert gases, ambient air, or various 
combinations thereof. In addition, the oxygen-bearing gas 
may include fragrances, aerosolized drugs, humidi?cation or 
heating. The oxygen-bearing gas can be provided as needed 
upon inhalation and/or expiration, preferably, based upon 
sensing of the patient’s spontaneous breathing. 
[0042] By providing a jet boost of an oxygen-bearing gas 
upon inspiration, as needed, the patient can inhale more oxy 
gen. Preferably, the additional oxygen is administered at the 
end of inhalation, in particular, after the peak of inspiratory 
How is detected. The administration of additional oxygen can 
improve the depth of ventilation during inhalation. HoWever, 
the additional oxygen may be administered at any point dur 
ing inhalation. Additionally, a countercurrent or counter pulse 
during expiration can be delivered, Which creates a back 
pressure in the airWays similar to the pursed lips breathing 
strategy applied by physiotherapists in order to avoid a col 
lapse of the respiration paths. By providing an oxygen-bear 
ing gas upon expiration through counter pulses (e. g. bursts or 
pulses of oxygen-bearing gas directed against the direction of 
the How during expiration), a dynamic collapse of the airWays 
can be minimized or prevented, over in?ation of the lung can 
be minimized, and clearance of carbon dioxide from the lungs 
can be improved. Therefore, in accordance With the principles 
of the invention, Whether used for inhalation and/ or exhala 
tion, breathing requires less energy and the patient’s pain, 
dyspnea and exhaustion are relieved. Moreover, the systems 
and methods of the invention can be used for treatment of 
many breathing disorders, including, but not limited to, 
COPD, emphysema, ?brosis, and sleep apnea. 
[0043] Referring to FIG. 1, in accordance With one embodi 
ment of the invention, patient P designates a patient suffering 
from a breathing disorder, for example, pulmonary emphy 
sema, With overloading and exhaustion of the respiratory 
muscles. As a consequence, the patient cannot inhale enough 
oxygen because the lungs are compromised. In addition, the 
patient cannot exhale enough carbon dioxide because the 
patient has slack and collapsing respiratory paths. The system 
of FIG. 1 generally includes the ability to detect the patient’s 
spontaneous respiration and the ability to provide oxygen to 
the lungs of the patient during spontaneous inspiration and/or 
exhalation. 
[0044] As shoWn, the respiration support of patient P in 
accordance With the principles of the invention can be imple 
mented in a system, method, or apparatus that may be com 
pact and/or portable. Other systems are contemplated includ 
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ing, for example, providing for use With a ventilator or 
oxygen source as shown in FIG. 13. The overall system of the 
invention is described in FIG. 25, indicating the gas source 
02, the pump apparatus 1 and control system 12, the catheter 
5 and internal sensors 8, 9 and the patient P. The gas source 
02, pump apparatus 1 and control system 12 can be separate 
or integrated components of the system. The control unit 12 
may be connected I to internal sensors 8, 9 and/or external 
sensors 13, 14. 

[0045] In accordance With the embodiment of FIG. 1, in 
general, patient P’s spontaneous breathing can be detected by 
Way of sensors. A catheter 5 can be used to introduce oxygen 
into the lungs as needed. The sensors and catheter can be 
associated With the patient in a variety of Ways. As illustrated 
in FIG. 1, a catheter 5 is introduced in the trachea. Also, a 
catheter 5 could be introduced at other points into a patient P, 
including, for example, through the mouth or nose of the 
patient P, or accessed into the trachea by an arti?cially created 
entry point someWhere on the body and tunneled internally to 
and into the trachea. The catheter 5 can be secured in the 
trachea in a variety of Ways. In one embodiment, the catheter 
5 can be associated With a tracheal prosthesis as discussed 
later or using a positioning catheter as also discussed later 
With reference to FIGS. 3 and 4, for example. 

[0046] The system of FIG. 1 generally includes an oxygen 
bearing gas source (not shoWn), gas pump 1, mobile respira 
tory device 4, a set of exterior sensors 13, 14, and a set of 
interior sensors (not shoWn) disposed inside the trachea of the 
patient P. The oxygen-bearing gas pump 1 canbe connected to 
a gas source (see FIG. 5) and catheter 5 to introduce an 
oxygen-bearing gas into the patient’s lungs by Way of the 
trachea, as shoWn, although other entry points can be used in 
accordance With the principles of the invention as discussed 
above. According to FIG. 1, the oxygen-bearing gas pump 1 
is shoWn as a component of a compact, easily portable respi 
ration device 4. The device 4 could alternatively be housed in 
a component With a gas tank or oxygen-bearing gas source as 
illustrated in FIG. 13. With the sensors in accordance With the 
principles of the invention, the spontaneous respiration of the 
patient can be detected. Typically, the information from the 
sensors is communicated to the gas pump 1. HoWever, the 
information from the sensors may also be communicated to a 
cellular telephone or other Wireless systems that can commu 
nicate information to a healthcare provider/hospital, etc., for 
24-hour monitoring and response from the healthcare pro 
vider/hospital, etc. The patient then can receive a pressure 
boost of oxygen-bearing gas as needed in accordance With the 
principles of the invention. FIG. 2 illustrates both spontane 
ous respiration of the patient P Without the invention (right) 
and respiration supported in accordance With the principles of 
the invention (left). The x-axis in this diagram represents time 
and the y-axis represents the amount of How (change in vol 
ume over time) of oxygen-bearing gas, Which can be liters per 
second or any other appropriate measurements. The sponta 
neous respiration process With inspiratory How and expira 
tory ?oW Without respiratory support for patient P is shoWn in 
the left half of FIG. 2. The curve for inhalation is designated 
by El and the curve for exhalation by A1. As illustrated by 
curve E1, during inhalation the tidal volume inhaled is 
reduced from that of a normal patient. For example, a patient 
With emphysema With ?attened diaphragms or a patient With 
stiff lungs suffering from ?brosis cannot breathe in enough air 
(oxygen) in one breath. Both patients typically experience 
shalloW breathing. Therefore, the patient requires more 
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breathing cycles to get the requisite amount of oxygen and 
clear carbon dioxide. During exhalation, as illustrated by 
curve Al, the expiratory How of the emphysema patient is 
reduced because the respiratory paths can be slack and tend to 
collapse before an adequate amount of carbon dioxide is 
expelled from the lungs. 
[0047] The sensors alloW the patient P’s breathing to be 
monitored continuously so that a jet How of oxygen-bearing 
gas can be supplied in accordance With the principles of the 
invention, that is, When a deeper breath is needed. In particu 
lar, at the end of an inhalation process of the lungs, an addi 
tional volume (oxygen) can be administered to patient P, as 
discussed in more detail beloW. This respiratory How is illus 
trated in the right half of FIG. 2. As illustrated, an additional 
amount of oxygen-bearing gas provided to patient P increases 
the respiratory volume during inhalation according to curve 
E2 by the volume difference shoWn darkened in the upper 
curve and designated by E3. The additional amount of oxy 
gen-bearing gas can have an extra space tidal volume betWeen 
25 ml and 150 ml. 
[0048] In addition, the exhalation process of the patient can 
be braked or sloWed by a countercurrent. As a consequence 
thereof, the respiratory ?oW shifts during exhalation along the 
curve designated by A2. This purposeful resistance acting 
opposite to the exhalation prevents a collapsing of the respi 
ratory paths during exhalation. In this manner, the exhalation 
volume can be increased by the volume also shoWn darkened 
and designated by A3. The amount of carbon dioxide that is 
exhaled can be increased by a statistically signi?cant amount. 
The amount of carbon dioxide that is exhaled can be increased 
by at least 5%. Preferably, the amount of carbon dioxide 
exhaled is increased from 5% to 30%. More preferably, the 
amount of carbon dioxide exhaled is increased about 20% to 
30%. 

[0049] As a consequence, the invention may avoid insu?i 
cient respiration from an undersupply of oxygen and an 
increase of carbon dioxide in the blood. The patient P may be 
signi?cantly less stressed and more mobile, and may perceive 
less or no shortage of air. 

[0050] The sensors for detecting and monitoring respira 
tion Will noW be discussed in more detail. To detect sponta 
neous respiration of the patient P, sensors can be associated 
With an end of the catheter that is disposed in the trachea of the 
patient P. In one embodiment, the invention can include con 
necting the catheter to a tracheal prosthesis (e.g. FIGS. 3, 4, 
and 7) or can include a catheter-positioning device (eg FIGS. 
14, 15, and 16A-16E) to more reliably and accurately direct 
the oxygen ?oW into the patient’s airWays and aWay from a 
tracheal Wall. Preferably, in accordance With the principles of 
the invention, oxygen is introduced into the patient P in such 
a manner that the patient P can freely breathe and speak 
Without restriction. 

[0051] In one embodiment, as shoWn in FIGS. 3 and 4, the 
sensors can be disposed on a tracheal prosthesis 2, 3. Each 
tracheal prosthesis 2, 3 is shoWn having a tubular support 
body 6 With a connection 7 for a catheter 5. As shoWn, tWo 
sensors 8, 9 detect spontaneous respiration of the patient P, 
and can be associated With a support body 6. The sensors 8, 9 
can be thermistors, that is, temperature dependent resistors. 
The sensors 8, 9 can detect tracheal How of the patient 
because inspired air and expired air have different tempera 
tures. The thermistors 8, 9 can be connected together in a 
bridge circuit in the apparatus to compensate for changes in 
ambient air temperature. Other types of sensors canbe used in 
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accordance With the principles of the invention including, for 
example, a pressure sensor as discussed later. Both sensors 8, 
9 can be located on an inner Wall 10 of the support body 6 
(FIG. 3), or one sensor 8 can be ?xed on the inner Wall 10 of 
the support body 6 and the other sensor 9 can be located on an 
outer Wall 11 of the support body 6 (FIG. 4). The sensors 8, 9 
communicate With a control unit 12 for activating an oxygen 
jet pump 1. The sensors 8, 9 can be connected by Wires or by 
Wireless communication. The control unit 12 can be any type 
of microprocessor that is capable of processing the collected 
data in accordance With the invention. The control unit 12 is 
schematically shoWn in FIG. 5 With its inputs (I) and outputs 
(O). The inputs (I) represent information coming from the 
sensors. The outputs (0) represent information that is used to 
control the pump 1. 
[0052] In the tracheal prosthesis 2 according to FIG. 3, the 
jet catheter 5 can be inserted via connection 7 into the support 
body 6. An end 15 of jet catheter 5, located in support body 6, 
is preferably guided or de?ected approximately parallel to its 
longitudinal axis L. The data lines from sensors 8, 9 to the 
control unit 12 run inside the catheter 5. The invention is not 
limited to data lines; transmission from sensors can be any 
type of transmission, including Wireless. On the discharge 
side, the end 15 of the jet catheter 5 is preferably designed as 
a jet noZZle 25. The jet noZZle 25 increases the speed of an 
oxygen current being discharged from the catheter 5, and the 
current is conducted in the direction of the bronchial tract. 
The diameter of the support body 6 is dimensioned With a 
suf?ciently free lumen in such a manner that the patient P can 
freely breathe and speak even With the integrated catheter 5. 
[0053] In another embodiment, a separate coupling 18 is 
provided on the connection 7 in the tracheal prosthesis 3 
according to FIG. 4. The catheter 5 can be connected to the 
tracheal prosthesis 3 With the separate coupling 18. In this 
instance, a ?xed longitudinal section 19 alignedparallel to the 
longitudinal axis L can serve as the catheter end in the support 
body 6, and the oxygen current is conducted via a jet noZZle 
26 in the direction of the bronchial tract. 

[0054] The tracheal prosthesis, When used, can comprise 
various con?gurations, shapes and dimensions. For example, 
the tube could be T-shaped or L-shaped or otherWise. The 
siZe, shape, and/or cross-section can vary, for example, to 
accommodate removal or to direct the catheter. The tracheal 
prosthesis could be a portion of a tube having, for example, a 
semi circular cross-section. Furthermore, expandable and 
self-expandable prongs or petals can be used at the tracheal 
opening to secure the prosthesis in place. In one embodiment, 
the prosthesis can include a tubular member With a tracheal 
side opening including prongs orpetals surrounding, in Whole 
or in part, the access hole. The prongs or petals may function 
like a rivet in the neck opening. The tracheal prosthesis can 
also be coated to avoid mucus retention, prevent the forma 
tion of granulation tissue, or can act as a drug-releasing 
device. The tracheal prosthesis may also include other coat 
ings, such as lubricious coatings and hydrogel anesthetics. 
Thus, the tracheal prosthesis can serve as a guide for the 
catheter, to hold sensing devices, serve as a drug delivery 
device, and/or to minimize mucus plugs that can form on the 
catheter tip. 
[0055] In addition to internal sensors, external sensors can 
be provided. FIG. 1 also shoWs respiration sensors 13, 14, 
preferably, impedance electrodes or respibands. Signals from 
the sensors 13, 14 are also for detecting the spontaneous 
respiratory efforts of the patient P. An exact image of the 
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respiration process of patient P can be obtained by processing 
the measured values received via sensors 8, 9 and 13, 14. In 
addition, the safety against false measurements or the failure 
of one of sensors 8, 9 and/or 13, 14 can be increased due to 
redundancy. Although the sensors are shoWn in certain loca 
tions on the patient P, other locations that Would alloW the 
sensor to sense the patient’s respiration, directly or indirectly, 
can be used. For example, sensors can be provided on the 
catheter as discussed later. Alternatively, a pill-type sensor or 
nano device can be used and/ or implanted to communicate by, 
for example, Wireless transmission to communicate With the 
control unit to operate the oxygen ?oW through the catheter in 
accordance With the principles of the invention. 
[0056] One embodiment Where sensors are provided on the 
catheter is shoWn in FIG. 6. FIG. 6 shoWs a catheter 28 With 
a long, ?exible tube 29 and an end 31 on the discharge side 
bent in a curvature 30. The catheter 28 can be preformed to 
provide a desired curvature 30. With the appropriate curva 
ture 30, the catheter 28 can be entered into the trachea With or 
Without use of a prosthesis. In this embodiment, tWo sensors 
32, 33 for detecting the spontaneous respiration of the patient 
P can be fastened on the end of the catheter 28. The sensors 
32, 33 are preferably thermistors, but as in all embodiments 
herein, could be other types of sensors. Furthermore, in other 
embodiments of the invention, additional sensors may be 
used. In still other embodiments of the invention, feWer sen 
sors may be used. Data lines are not shoWn in the draWing for 
the sake of simplicity and could include any form of data 
transmission. In a hard-Wired embodiment, data lines can run 
through the catheter 28. A catheter ?ange 34 designates a stop 
for use With a support body 36, as shoWn in FIG. 7. It can also 
be seen that an end 31 of the catheter 28 is provided With a jet 
noZZle 35. The cross-section of gas ?oW is reduced relative to 
the cross-section of the catheter 28 in the jet noZZle 35 so that 
the discharge rate of the supplied oxygen is increased. 
[0057] The catheter 28 can be introduced into the support 
body 36, as shoWn in FIG. 7. The support body 36 is located 
in the trachea of the patient P. A connection to the outside is 
established via a connection 37. In the body, the tip or jet 
noZZle end 35 of the catheter 28 can be disposed in the 
trachea. Preferably, the tip of the catheter 28 does not touch 
the tracheal Wall. The support body 36 can be a traditional 
Montgomery T-stent. 
[0058] FIGS. 8A and 8B shoW measurements in a lung 
model emulating respiratory diseases. FIGS. 8A and 8B 
graphically illustrate an increased tidal volume With the 
invention. FIG. 8A shoWs a bar graph of the volume (ml) of 
breath comparing a pathologically loW breath of a patient 
With emphysema at about 90 ml; the volume With jet oxygen 
in accordance With the principles of the invention upon inha 
lation at about 260 ml; and the volume With the jet oxygen in 
accordance With the principles of the invention upon inhala 
tion and With the ?oW brake (oxygen jet) upon exhalation at 
about 300 ml. FIG. 8B shoWs a graph of the ?oW of breath 
(liters per second) over time for a breath of an emphysema 
patient; the ?oW With jet oxygen in accordance With the 
principles of the invention upon inhalation; and the ?oW With 
jet oxygen in accordance With the principles of the invention 
upon inhalation and With the ?oW brake (oxygen jet) upon 
exhalation. 

[0059] In another embodiment shoWn in FIGS. 9 and 10, 
thermistors 81 and 82 can be provided on a catheter tip inside 
the trachea. The thermistor 81 is more exposed to the gas 
stream than thermistor 82, Which is protected against fast 
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temperature changes because it is inside the catheter Wall (or 
under a protection ?lm). Alternatively, multiple therrnistors 
With different response times could be used. Over a longer 
period (e. g. 10 seconds), both mean temperatures Will be the 
same (equilibrium) and the bridge (FIG. 10) Will be read 
justed. This compensates for changes in ambient temperature, 
fever, etc. Rapid changes based upon breathing in colder air 
and breathing out Warmer air is detected by the thermistor 81. 
The output signal is sent through a differentiator. The peaks of 
the thermistor signal match the highest ?oW rates. The mini 
mum in the differentiated signal matches the peak of the 
inspiratory How and the peak of the expiratory ?oW. Undif 
ferentiated and differentiated signals are fed into the micro 
processor. One Way to determine peak inspiratory ?oW (trig 
ger for beginning introduction of oxygen) Would be to look 
for minimum in ab solute temperature (cold air comes in) and 
Zero change of temperature (differentiated signal is Zero). The 
advantage of using the above multiple thermistor approach is 
that the difference betWeen the signals from the tWo ther 
mistors cancels out How artifacts found in the measured res 
piratory ?oW pattern, such as Would be caused by vibration or 
other anticipated events, and to compensate for drift in the 
thermistor signal such as Would be caused by changing exter 
nal or internal temperature or humidity conditions. 

[0060] In another embodiment, as shoWn in FIGS. 11 and 
12, FIG. 11 shoWs a pressure transducer that is a modi?ed 
silicone Wire strain gauge element 90. Instead of a typical 
silicone membrane, the Wall of the catheter is used. If the Wall 
of the catheter deforms under the pressure sWings inside the 
trachea (breathing effort), then an electrical signal from the 
bridge ampli?er is fed into a microprocessor. This embodi 
ment can be used alternatively to the thermistors, as a redun 
dant signal or as a back-up signal. Other sensors could be 
semiconductor ?oW sensors or pressure sensors. FIG. 12 
shoWs a circuit diagram of a bridge ampli?er. 
[0061] Other sensors can be used in accordance With the 
invention. For example, sensors and/or secondary control 
sensors could be: respibands (chest Wall strain gages), respi 
trace signals (conductance plethysmographs), pressure sen 
sors inside or outside the body, transthoracic electrical imped 
ance measuring devices, ?oW sensors at the mouth or nose 
(pneumotachographs), and/or capnometers (carbon-dioxide 
sensors). Moreover, the sensors in accordance With the inven 
tion can communicate data or information to the control unit 
by any devices, mechanisms, or methods. For example, com 
munication can occur by Way of Wire, Wireless, or remote 
transmission. The advantage of using non-thermistor sensors 
is that the thermistor approach may have the disadvantage of 
the thermistor head collecting airWay mucus, Which could be 
corrected for in a variety of Ways such as With cleaning. 
HoWever, other non-thermistor sensors may be less suscep 
tible to annoyances like mucus collection. Further, With ther 
mistor sensors, inevitable changes in ambient temperature, 
While compensatable in the thermistor signal processing 
algorithms, are potentially problematic to system reliability. 
Therefore, the other types of sensors stated above may be 
advantageous over thermistor sensors, or in addition to the 
thermistor sensors. 

[0062] In addition to measuring the respiration pattern, it is 
often desirable to measure airWay pressure for safety reasons, 
for Which thermistor sensors may not be the best approach. 
Therefore, some of the sensors mentioned above can also be 
used as a safety control device. For example, pressure sensors 
can be used to sense the inspiration of the patient (like the 
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thermistors), but they can also be used to sense a high pres sure 
in the trachea and shut off the jet machine in order to prevent 
baro-trauma (damage from high pressure). 
[0063] An oxygen-bearing gas is provided on demand by 
the gas pump 1. The gas pump 1 is schematically shoWn in 
FIG. 5. The gas pump 1 can be a piston pump With a double 
acting piston 20 arranged in a cylinder 27. The piston pump of 
the present embodiment comprises four valves V1 to V4. 
Other piston pumps (not shoWn) may have greater than or 
feWer than four valves. The supply of oxygen emanates from 
an external oxygen reservoir via a connection 21. The sWitch 
ing states of valves V1 to V4 and the supply lines and removal 
lines are designated by letters a to g. Other types of pumps can 
be used in accordance With the principles of the invention. 
[0064] The gas pump 1 functions in the apparatus during 
the support of respiration as folloWs. When valve V1 is open 
from c to a (b to c closed) and valve V2 is open from b to e (e 
to d closed), piston 20 moves to the left in the plane of the 
?gure and the oxygen ?oWs via outlet 22 and jet catheter 5 to 
the patient P. An additional amount of oxygen E3 is admin 
istered during the inhalation process of the patient P. 
[0065] When valve V1 is open from b to c (c to a closed) and 
valve V2 is open from e to d (b to e closed), piston 20 moves 
to the right in the plane of the ?gure and the How of oxygen 
takes place in the direction of valve V3 . Valve V3 is connected 
to the ambient air via an outlet 23. In the instance in Which 
valve V3 is open from d to g, the oxygen ?oWs off Without 
expiration brake. That means that the exhalation process is 
not braked by a countercurrent. 
[0066] If valve V3 is closed from d to g and open from d to 
f, the oxygen ?oWs via access path 24 in the direction of the 
outlet 22 and the catheter 5 in order to be administered to the 
patient P during the exhalation process and in order to break 
the respiratory How. The countercurrent prevents a collapsing 
of the respiratory paths and keeps them open, making a 
deeper exhalation possible. 
[0067] Furthermore, valveV4 is located in access path 24 of 
the apparatus, via Which the How through (f to a) can be 
variably adjusted. This advantageously can be a proportional 
valve With pulse-Width modulation. 
[0068] As discussed above, the catheter preferably includes 
a jet noZZle. Any type of j et noZZle can be used to achieve the 
necessary jet How. The jet ?oW speed in accordance With the 
invention can be signi?cantly higher than 100 m/ s. By com 
parison, the speed through a conventional ventilator tube or 
mask is signi?cantly loWer than 100 m/ s. When the jet ?oW 
rate is high enough, there is enough speed so that directed 
How is accomplished and no sealing tube cuff Would be nec 
essary. Under normal ventilation, the volumetric inspiratory 
?oW rate is in the range of about 500 m3 to 1000 cm3 in 2 
seconds. A peak inspiratory ?oW maximum can be 1000 
cm3/ second. In the case of normal invasive ventilation, the 
How of 1000 cm3/ s (peak) goes through a tube of approxi 
mately 8 mm diameter. The speed of this gas stream, deter 
mined by dividing the volumetric inspiratory ?oW rate by the 
area of the tube, is 1000 cm3/(0.4)2 cm2*Pi:2000 cm/s:20 
m/s. During jet ventilation, approximately half of this How 
goes through a jet cannula of 1.5 mm diameter. As the How 
pro?le is rectangular, the peak ?oW rate is 500 cm3/ s. There 
fore, the speed of the jet gas stream is 500 cm3/(0.075)2 
cm2*Pi:283 l 3 cm/s:283 m/ s. In accordance With a preferred 
embodiment of the invention, 100 ml (cm3) are pressed 
through a catheter of approx 1.5 mm diameter in half a sec 
ond. Preferably, the peak ?oW for this embodiment is 100 cm3 












