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(57) Abréegée/Abstract:

The present invention relates to a catheter for ventilating a patient, with a ventilation channel for alternately delivering and removing
alr and/or oxygen to and from the patient's airways, the catheter having a maximum external diameter of at most 6 mm, preferably 2
to 5 mm, and the ventilation channel having an open end, and a connector end for connection to a gas flow reversing element.
According to the Invention, the catheter Is provided with means or elements for measuring the pressure outside the ventilation
channel near the open end. The catheter preferably has a pressure measurement channel, with an open measurement end near
the open end of the ventilation channel, and a measurement connector piece for connecting a pressure display device. Of
particular advantage Is a catheter with an expansion body (cuff) that Is fluidically connected to a supply channel through which the
expansion body can be increased or reduced In size by means of a fluid. The jet ventilation catheter according to the invention
permits a novel ventilation principle that can be regarded as a bridge between classical jet ventilation and conventional controlled
ventilation and that opens up possibilities for new and improved Interventions in the airways.
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ABSTRACT

The present invention relates to a catheter for ventilating a patient, with a
ventilation channel for alternately delivering and removing air and/or oxygen to and
from the patient's airways, the catheter having a maximum external diameter of at
most 6 mm, preferably 2 to 5 mm, and the ventilation channel having an open end,
and a connector end for connection to a gas flow reversing element. According to
the invention, the catheter is provided with means or elements for measuring the
pressure outside the ventilation channel near the open end. The catheter
preferably has a pressure measurement channel, with an open measurement end
near the open end of the ventilation channel, and a measurement connector piece
for connecting a pressure display device. Of particular advantage is a catheter with
an expansion body (cuff) that is fluidically connected to a supply channel through
which the expansion body can be increased or reduced in size by means of a fluid.
The jet ventilation catheter according to the invention permits a novel ventilation
principle that can be regarded as a bridge between classical jet ventilation and
conventional controlled ventilation and that opens up possibilities for new and
iImproved interventions in the airways.
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JET VENTILATION CATHETER

FIELD OF THE INVENTION

The present invention concerns the ventilation of patients and their examination

and treatment in the region of the airways.

BACKGROUND OF THE INVENTION

WO 2008/113752 A1 discloses a gas flow reversing element which allows a

human being to be ventilated by way of a relatively thin catheter, for example in
emergency situations. Oxygen can thus be introduced into the lung and gas can
also be aspirated from the fung again in sufficient quantity. The high flow rate In
both directions, despite the small diameter of the catheter, is able to maintain
the supply of oxygen and the removal of carbon dioxide when ventilating
through a relatively thin catheter.

Various devices for transtracheal ventilation are known from the article
"Comparison of four different emergency airway access equipment sets on a
human patient simulator” in Anaesthesia, 2004, 53, pages 73-79, in particuiar
from Figure 4, which shows an easy to use device for jet ventilation.

The main aim of the present invention is to extend the field of use of jet
ventilation, to make it safer, and to create suitabie devices and methods
therefor. With classical jet ventilation, a mixture of oxygen and air is blown with
a high pressure and flow via a katheter into the airway and used or excessive
gas can escape via the airway. In contrast hereto, the concept of the present
invention can be described as jet ventilation with expiratory assistance, which
can also be used when this escape Is not possibie or Is possible only with
difficulty.

Surprisingly, the ventilation method hitherto conceived for emergency care in
cases of partially or completely obstructed airways i1s also suitable for other
uses. Hitherto, in operations performed in the region of the lower airways and
the lungs, catheters with relatively large diameters have been used for

ventilation purposes and for introducing instruments, but these restrict the
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possibilities of performing treatment alongside the catheter or of introducing
additional catheters and instruments.

An additional and often underestimated problem is that, when a high
concentration of oxygen is present in the airways and use is being made of a
laser, for example, or of other instruments that generate high temperatures,
there is a risk of burning. This concerns the surrounding tissue, but also the
catheter and the instruments themselves.

An important aspect of jet ventilation is the safety of the patient during its use. In
conventional jet ventilation systems, there is a danger that, if the airways are
substantially or completely obstructed, too high a pressure will build up in the
lung. Consequently, the field of use has hitherto been limited.

The object of the present invention is therefore to make available devices and
methods which, in particular during an examination or operation, permit safe
ventilation of a patient by means of et ventilation with expiratory assistance and
leave considerable parts of the cross-sectional area of the upper airways free

for necessary interventions.

SUMMARY OF THE INVENTION
The foregoing object i1s achieved by a device and associated method according
to the embodiments of the invention described herein.

In one embodiment, the present invention includes a catheter structured
to be connected fo a gas flow reversing element for ventilating a patient.
According to one embodiment the catheter comprises an elongate member
defining a ventilation channel therein for alternately delivering oxygen or oxygen
containing gas to and removing respiratory gas from the patient’s airways. The
ventilation channel defines an open end and a connector end for connecting to
the gas flow reversing element. Optionally, the catheter further comprises a
pressure sensor located outside the ventilation channel for measuring the
pressure near the open end of the ventilation channel.

In one embodiment, the elongate member has a maximum external

diameter of approximately 6 mm. In another embodiment, the elongate member
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has an external diameter of approximately 1.5 to 4.5 mm. In yet another
embodiment. at least a portion of the outer surface of the elongate member is
made of a noncombustible. honflammable and/or laser-resistant mat'erial and,
preferably the outer surface of the elongate member insofar as it is to be
inserted into the airways of a patient. In still another embodiment, at least a
portion of the outer surface of the elongate member Is coated with a
noncombustible, nonflammable and/or laser-resistant material.

In one embodiment, the pressure sensor comprises at least one
electronic pressure sensor with signal lines integrated within the elongate
member of the catheter. In another embodiment, the elongate member further
defines a pressure measurement channel therein, the pressure measurement
channel defining an open measurement end near the open end of the
ventilation channel and a second connector end. According to this
embodiment, the pressure sensor comprises a measurement connector piece
and a pressure display device, the measurement connector piece being
operably connected to the second connector end and the pressure display
device to measure the pressure within the pressure measurement channel.

In another embodiment, the elongate member, at least in the area of the
open end of the elongate member, has a needle-like shape, being structured in
particular for piercing the trachea and for performing transtracheal ventilation of
a patient.

In another embodiment, the catheter comprises at least one expansion
body positioned on the outside of the elongate member in the area of the open
end of the elongate member, wherein the at least one expansion body Is
structured to be increased and reduced in size by delivering and removing a
fluid, respectively. In one embodiment, the catheter comprises a 'supply
channel defined within the elongate member or on the elongate member, the
supply channel being fluidically connected to the expansion body. In yet
another embodiment, the expansion body comprises at least one stabilizing
structure that provides a minimum volume to the expansion body in the

condition of reduced size and maintains at least the minimum volume of the
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expansion body relative to an external overpressure or underpressure of at
least 10 mbar.

In one embodiment, the present invention includes a method for
ventilating a patient, comprising the steps of providing a gas flow reversing
element and providing a catheter comprising an elongate member defining a
ventilation channel therein for alternately delivering oxygen or oxygen
containing gas to and and removing expiratory gas from the patient’'s airways,
wherein the ventilation channel defines an open end and a connector end for
connecting to the gas flow reversing element, the catheter further optionally
comprising a pressure sensor located outside the ventilation channel for
measuring the pressure near the open end of the ventilation channel. The
method includes inserting the catheter from the outside into the trachea. Jet
ventilation with expiratory assistance is performed through the catheter. In one
embodiment, the performing step is conducted using a gas flow reversing
element having processor-controlled valves for delivering and removing oxygen,.
oxygen containing gas and/or respiratory gas that is operably connected to the
catheter. The pressure near the open end of the ventilation channel iIs
measured; and the intervals for delivering and removing oxygen and/or air are
determined based upon pressure measurement values.

In another embodiment, the catheter further comprises an expansion
body and the method of the invention further comprises the step of intermittently
modifying the size of the expansion body, the timing of the intermittent
modifications Iin size being synchronized with the delivery and removal of air
and/or oxygen in the performing step. In one embodiment, the step of
intermittently modifying the size of the expansion body comprisés INncreasing
and reducing the size of the expansion body. In another embodiment, the step
of Intermittently Increasing and decreasing the size of the expansion body
comprises delivering and removing a noncombustible gas or a nonflammable
liguid to the expansion body, respectively. In yet another embodiment, the
noncombustible gas comprises nitrogen or a noble gas. And in yet another

embodiment the nonflammable liquid comprises water or saline solution.
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In one embodiment, the insertion step comprises inserting the catheter
so far into the patient’s airway that the expansion body is being positioned
deeper than a site in the airway that is to be treated or examined, and the
expansion body is at least intermittently expanded to such an extent that it holds
the catheter sealingly in place relative to the surrounding tissue of the patient,
and wherein the performing step is performed before, during and/or after the
treatment of the site that is to be treatea.

In one embodiment, the measuring step comprises measuring the
pressure near the open end of the ventilation channel using an electrical
pressure sensor positioned within the elongate member near the open end. In
another embodiment, the elongate member further defines a pressure
measurement channel therein, the pressure measurement channel defines an
open measurement end near the open end of the ventilation channel and a
second connector end, wherein the pressure sensor comprises a measurement

connector piece and a pressure display device, the measurement connector

~ piece being operably connected to the second connector end and the pressure

display device, and wherein the measuring step comprises measuring the
pressure near the open end of the ventilation channel using the pressure
display device.

In still another embodiment, the present invention comprises a method of
ameliorating a breathing obstruction in a subject, comprising the steps of
providing a gas flow reversing element; providing a catheter comprising an
elongate member defining a ventilation channel therein for alternately delivering
and removing air and/or oxygen to and from the patient’s airways, wherein the
ventilation channel defines an open end and a connector end for connecting to
the gas flow reversing element; inserting the catheter from the outside into the
trachea; and performing jet ventilation with expiratory assistance through the
catheter such that the subject is normoventilated. In one embodiment, the
catheter further comprising a pressure sensor located outside the ventilation
channel for measuring the pressure near the open end of the ventilation

channel and the method further comprises the steps of measuring the pressure
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near the open end of the ventilation channel; and determining the intervals for
delivering and removing oxygen and/or air based upon pressure measurement
values. In another embodiment the ventilation channel has a maximum
diameter of 3 mm. In another embodiment, the flow rate of the inspirated ana
aspirated gas through the catheter is approximately 12 to 20 liters per minute.
In still another embodiment, the flow rate of the inspirated and aspirated gas

through the catheter is approximately 15 liters per minute.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Further details and advantages of the invention and preferred illustrative
embodiments are explained in more detail below with reference to the drawings,
in which:

Figure 1 shows a catheter according to one embodiment of the invention
for ventilation, particularly in examinations and operations;

Figure 2 shows a cross section through the catheter according to Figure
1 along the line 1l-1I;

Figure 3 shows a cross section through the catheter according to Figure
1 along the line HI-III; '

Figure 4 shows a catheter according to another embodiment of the
invention designed as a needle at the front for jet ventilation with expiratory
assistance; and

Figure 5 shows an example of the arrangement of the catheter according

to one embodiment of the invention with peripheral devices.

DETAILED DESCRIPTION OF THE INVENTION

The detailed description begins with a general description of the invention and

then concludes with a description of the embodiments of the invention illustrated
in Figures 1-5.

For practically all uses of jet ventilation it is advantageous if a ventilation
catheter introduced into the airways has, in the area of its open end, means or

elements according to the invention for pressure measurement. Although this
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requires an additional channel or measurement conduits, this I1s offset by the
gain in safety and by the possibilities of more precise dosing and control of the
inhalatory and exhalatory gas flows. This broadens the possibilities of safe use
of jet ventilation, particularly in connection with a gas flow reversing element, for
example as described in WO 2008/113752 A1.

Although the measurement principle itself is not of importance, the
measurement principle and the place of measurement should nevertheless be
chosen in such a way that the actual ambient pressure near the open end of the
catheter is measured, not the pressure in the interior of the channel for jet
ventilation. Under these conditions, the jet ventilation according to the invention

can even be used for transtracheal ventilation for example (i.e. via a cannula or

needle (collectively refered to herein as a "cannula™)) inserted through the skin
into the trachea or via a catheter positioned in this way) If it is feared that the
airways in the head-neck area are substantially or completely obstructed.

If the means or elements for pressure measurement inciude an additional
channel, this can easily be kept open during introduction of the cannula or
catheter, e.g. by an inner removable wire. Such a wire can also avoid buckling
during the advance of the cannula or catheter.

In addition to a transtracheal cannula or transtracheal catheter intended
particularly for emergency care and having means or elements for pressure
measurement, the combination of the effect of a gas flow reversing element, for
example as described in WO 2008/113752 A1, with a jet ventilation catheter
according to the invention, as described below, defines a novel method of
ventilation that can be regarded as a bridge between classical jet ventilation and
conventional controlled ventilation and that opens up possibilities of new and
improved interventions in the airways.

In an illustrative embodiment described In detail here and shown in the drawing,
the special jet ventilation catheter is flexible, measures 20 to 60 cm in length,
has an external diameter typically of at most 6 mm, preferably 1.5 to 4.5 mm,

has a ventilation lumen measuring at most approxtimately 3 mm and with one or

more openings at its ends, and, optionally, has a supply channel which leads to
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an expansion body located at the tip, here an inflatable cuff, and a pressure
measurement channel, and it 1s preferably made from a
noncombustible/nonflammable material or is coated with such a material.
Resistance to laser radiation caused by lasers used in the medical field 1s also
important in some applications, in order to ensure that the catheter cannot be
damaged when such devices are used in its vicinity.

The tubular, flexible jet ventilation catheter is pushed through the mouth or nose
into the trachea or, If it has a suitable length, as far as the bronchial system of
the left or right lung of a patient. In contrast to the conventional bronchial
blockers often used In unilateral surgery of the thorax, the jet ventilation
catheter can be used to ventilate the "blocked lung”, while at the same time the
"unblocked lung"” on the side to be operated on is able to collapse optimally (as
IS desired in such interventions).

Such a jet ventilation catheter can also be very easily positioned using a flexible
fiber optic with a working channel. For this purpose, the tip of the jet ventilation
catheter 1s fixed on the tip of the fiber optic by means of a filament or wire,
which Is guided through the catheter (for example through the pressure
measurement lumen) and secured on the tip and which i1s then threaded back
from the front end through the work channel of the fiber optic, and it is brought
to the desired position with the fiber optic. The fiber optic is then pulled back.
The filament or wire can be removed or left iIn place. The latter option allows the
jet ventilation catheter to be repositioned at any time with the aid of the fiber
optic.

The small external diameter ensures that the airway is only minimally
obstructed by the jet ventilation catheter, such that plenty of room remains for
diagnostic and therapeutic interventions, even in the deeper airways.

A ventilation lumen of less than 4.0 mm results in a considerably delayed
passive exhalation. Consequently, adults can no longer be sufficiently ventilated

by conventional means using such tubes. Because of the relatively high flow
resistance of the ventilation lumen, e.g. with a diameter of 3 mm, the special jet

ventilation catheter requires active support of exhalation by suction (e.g. by
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means of a gas flow reversing element) unless it is also possible (as in classical
jet ventilation) for air to escape from the lung alongside the jet ventilation
catheter.

By means of the inflatable cuff, the special jet ventilation catheter can seal off
the trachea or a bronchus and thus separating the airways downstream and
upstream of the expansion body.

Of particular advantage is a cylindrical cuff which (when inflated) holds the tip of
the jet ventilation catheter in position in the middle of the trachea or of the
bronchus and reduces the risk of dislocation during manipulations in the airway.
By means of the folds of the cuff material, even the "unblocked" cuff (that is to
say emptied by suction) ensures that the opening(s) of the ventilation lumen are
not sucked onto the wall of the trachea. However, it is also conceivable to use
clasps (e.g. lying in the cuff) which hold the tip of the jet ventilation catheter in
the lumen of the trachea or of a bronchus even when the cuff is completely
empty.

The cuff can be Inflated either continuously for the duration of an
operation/intervention or intermittently at each ventilation cycle.

If the cuff is "blocked" continuously with a pressure of 20 to 30 mbar which is
also customary in endotracheal tubes (in conventional controlled ventilation it is
necessary to build up pressures of 20 to 30 mbar for sufficient gas exchange),
the airway above the cuff 1s completely separated from the airway below the
cuff (I.e. toward the lung periphery).

The airway above the cuff is then open to the outside, while the airway below
the cuff by contrast is closed off from the outside. Compared to classical jet
ventilation requiring an open airway and thus not applicable in this situation,
adequate ventilation and even normoventilation can be achieved by jet
ventilation with expiratory assistance (with suction) in such a blocked airway.
With the cuff blocked, the patient can even be given pure oxygen without
increasing the oxygen-dependent risk of burns or flames which, in laser surgical
Interventions using electrocautery'and In classical jet ventilation, necessarily

arises with an increased oxygen concentration.
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Alternatively, by intermittent inflation of the cuff during Inhalation and
emptying/collapsing of the cuff during exhalation, it is very easy, i.e. without
needing to measure the intrapulmonary pressure, to avoid the build-up of too
high a positive pressure or negative pressure In the lung.

Alternatively, it is also advantageous if the cuff is inflated and emptied again by
suction automatically and in synchrony with the ventilation not via a separate
channel, but instead via openings through which the cuff communicates with the
ventilation lumen of the catheter. If the material of the cuff is elastic, the inflated
cuff collapses still more quickly under the restoring forces of the cuff matenai.
Thus, during inhalation, it is possible to suppress the venturi effect, which
characterizes jet ventilation and by which air is entrained from the upper airway
into the lung and the inhalatory oxygen concentration 1s reduced, and it is
possible to ensure a pressure compensation with the outside air upon each
exhalation.

Moreover, by incompiete inflation of the cuff ("leaking" cuff) or inflation at a very
low pressure (for example 5 mbar), it i1s possible to ensure that, in the presence
of an overpressure or underpressure in the lung, the cuff becomes untight and
then functions as an overpressure or underpressure vaive.

The cuff and the sealing of the ventilated lung, which takes place at least during
inhalation, also ensure that in laser surgical interventions with electrocautery, it
IS not possible for toxic fumes, virus particles or cell fragments, released by
Interventions above the cuff, to pass into the ventilated lung. Moreover, the
ambient air in which the operating surgeon has to work is not additionally
charged with the gas that flows out from the lung and that entrains such gases
or particles.

By means of the cuff, it iIs very easy to switch from classical jet ventilation to jet
ventilation with assisted expiration when so required, particularly during laser -
surgical interventions using electrocautery, and then to go back to classical
ventilation again after the actual intervention and then allow the patient to wake.
After complete emptying of the cuff by suction, the jet ventilation catheter can

then initially remain without any problem in the trachea of the wakened patient.

10
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It Is then possible for oxygen to be administered through the jet ventilation
catheter very effectively and without any danger and the patient in an
emergency situation can even receive further (supportive) ventilation.

The jet ventilation catheter can also be used for renewed intubation or
reintubation. For this purpose, the jet ventilation catheter simply has to be
lengthened in a suitable way and can then serve as a guide for a conventional
tube. Alternatively, a flexible wire is inserted through the lumen of the jet
ventilation catheter into the deeper airways, the jet ventilation catheter is
removed, and a suitable flexible rod (tube changer) is then engaged onto the
flexible wire and positioned In the trachea, after which a conventional tube is
advanced over this flexible rod into the trachea.

Although it i1s In principle possible to measure the intrapulmonary pressure
through the ventilation lumen during a brief pause in ventilation, it is
nevertheless desirable to provide an additional pressure measurement channel
that permits continuous monitoring of the pressure. In tests, the lumen of an
epidural catheter has already proven sufficient for this purpose. Although an air
column in a channel with such a small lumen permits only a slightly delayed
and attenuated measurement of the pressures during inhalation and exhalation
it nonetheless allows very simple and precise monitoring of the profile of the
mean pressure (as the crucial parameter). In principle, it is of course also
possible to carry out a precise measurement via a liquid column, by filling the
pressure measurement channel with a sterile liquid and then connecting it to a

fransducer system. A miniaturized electronic pressure sensor can also
conceivably be used and may be advantageous from the point of view of space
requirements and production technology. However, an air or liquid column
appears to be less susceptible to technical defects, and its functionality can be
easily ensured and verified by flushing it through.

Pressure measurement in the ventilated lung then affords the possibility of
controlling a ventilation device, for example based on the gas flow reversing
element described in WO 2008/113752 A1 in such a way that the gas flows

directed to and from the patient can be exactly adapted, in terms of their

11
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strength and duration, to the respective ventilation situation. In light of the
Increasing numbers of In particular laser surgical interventions with
electrocautery in the region of the airways, the jet ventilation catheter should as
far as possible be made of a noncombustible/nonflammable material. This Is
essential in particular in the case of ventilation with pure oxygen, since
potentially life-threatening burns can otherwise occur in the airways of patients.

A catheter 1 according to the invention, and of a substantially tubular shape, is
shown Iin Figure 1. This catheter 1 has a maximum external diameter D of 6
mm, preferably of less than 4.5 mm. The catheter 1 does not necessarily need
to have a circular cross section and instead can also have an oval cross
section. Extending through the interior of the catheter 1 there is a ventilation
channel 2, also called a lumen, for delivering oxygen or oxygen containing gas
and removing respiratory gas. This ventilaﬁon channel 2, which also does not
need to have a circular cross section, has a maximum internal diameter of up to
3 mm and affords the possibility of jet ventilation with expiratory assistance in
which respiratory gas has to flow through the ventilation channel 2 in both
directions. Accordingly, the structure of the catheter must be suitable to ensure
that the cross-sectional area of the ventilation channel is maintained largely
unchanged in the event of pressure and underpressure and in the event of
bending. The ventilation channel 2 has an open end 3 through which respiratory
gases can flow to and from the airways of a patient. The other end of the
ventilation channel 2 is designed as a connector end 4 to which it is possible, In
particular, to connect a gas flow reversing element 19 for delivering oxygen or
oxygen containing gas and removing respiratory gas. Also extending through

the catheter 1 I1s a pressure measurement channel 5, which has a measurement
end 6 near the open end 3 of the ventilation channel 2, and which has a
measurement connector piece 7 at the other end. The measurement end 6 can
be arranged slightly offset in relation to the open end 3 of the ventilation
channel 2. It is important on the whole that the measurement end 6 is designed
and arranged in such a way that it cannot be closed off by tissue, secretions or

the like during the aspiration of respiratory air through the ventilation channel 2.

12
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The outer surface of the catheter 1 Is intended to be covered or coated with
nonflammable material, unless it is possible for the entire catheter to be made
of such a material. This reduces the risks of burning, particularly in an oxygen-
rich environment. At a slight distance from the open end 3 of the ventilation
channel 2, an expansion body 9, particularly in the form of a cuff, is arranged
about the outer surface. A supply channel 8 leads to this expansion body 9,
through which supply channel 8 it is possible to deliver fluid to and remove fluid
from the expansion body 9. At its other end, this supply channel 8 terminates in
a supply connector piece 10, which can be connected to customary devices that
are known per se for operating such expansion bodies 9. In particular, the
expansion body 9, the supply channel 8 and an associated operating element
can be filled with a noncombustible and nonflammable fluid or gas, in particular
nitrogen, a noble gas, water or saline solution. The expansion body 9 can be
supplied by the supply channel 8 with so much fluid that it bears snugly on the
walls around the site of its insertion, thereby holding the catheter 1 in position
and substantially sealing off from each other the airways downstream and
upstream of the expansion body 9. In its interior, the expansion body 9 can also
have stabilizing structure 24 which, even without expansion by means of a fluid,
maintain certain shapes or forces of the expansion body. The intention of the
stabilizing structure (which may comprise, for example, straps, a sponge, a gel,
etc.) that can be incorporated in the expansion body is to keep the expansion

body’'s shape at least partially expanded if the expansion body is not inflated

with gas or liquid.

- To lliustrate the size ratios, Figure 2 shows a cross section through Figure 1

along the line lI-ll, from which will be seen the arrangement of the ventilation

channel 2 with an internal diameter d, of the pressure measurement channel 5
and of the supply channel 8 in relation to the external diameter D of the
catheter. In this illustrative embodiment, the individual channels are formed
separately from one another in one tube. However, it is also possible to arrange

three separate tubes within a common sleeve or also to arrange the supply

channel and pressure measurement channel as separate conduits within the

13
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ventilation channel.

Figure 3 shows a cross section through Figure 1 along the line IlI-llI, that is to
say in a plane through the expansion body 9. Since the supply channel 8 leads
only as far as the start of the expansion body, this channel is no longer present
IN this cross section or, If present, has no function.

Figure 4 shows a cannula according to the invention for jet ventilation with
expiratory assistance. This cannula 11 is cannula-shaped in order to pierce into
the trachea of a patient from the outside. A preferred embodiment consists of a
cannula, within its interior or on its exterior a trocar designed for piercing into
the trachea. For embodiments with the trocar positioned within the interior of
the cannula, the trocar can be removed after the insertion and then the cannula
IS connected to a gas flow reversing element. The cannula 11 has a first
ventilation cannula channel (lumen) 12 for delivering oxygen and removing
respiratory gas, with an open end 13 and a connector end 14. Moreover, the
cannula 11 has a pressure measurement channel 15 which extends alongside
the first cannula channel 12 and which, near the cannula tip, has a
measurement opening 16 and, at the other end, has a measurement connector
plece 17. The connector end 14 of the first cannula channel 12 and the
measurement connector piece 17 can be connected and used in the same way
as In the catheter described in Figure 1. As has been described, not only is
oxygen injected into the lungs by jet ventilation with expiratory assistance,
respiratory air is also aspirated in alternation with the delivery. Evén In airways
that are completely obstructed in the head-neck area, this permits the use of
effective jet ventilation in the sense of transtracheal ventilation. To ensure that
no excessive pressure is built up in the lungs despite the obstructed airways, an
independent measurement channel in the cannula is particularly advantageous.
Once again, the measurement opening 16 of the pressure measurement
channel 15 of the cannula 11 should be arranged and designed such that, with
a high degree of safety against blockage of the pressure measurement channel

15, an Intermittent or as far as possible continuous measurement of the

pressure in the trachea is possible. In another preferred embodiment the
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measurement channel 15 is separate from the cannula at the moment of
piercing into the trachea and only after removal of the cannula is inserted via
the measurement connector piece 7 inside and through the ventilation channel
12. Once again, the measurement opening 16 of the pressure measurement
channel 15 of the cannula 11 should be arranged and designed such that, with
a high degree of safety against blockage of the pressure measurement channel
15, an intermittent or as far as possible continuous measurement of the
pressure In the trachea is possible.

Figure 5 shows a catheter 1 according to the invention with various peripheral
devices. First, it Is possible to insert a guide wire 18 into the ventilation channel
2 via the connector end 4 of the ventilation channel, in order to give the catheter
1 greater stiffness during positioning and to be able to move the open end 3 to a
desired location in the airways of a patient. This guide wire 18 can also be used
to push secretions or tissue out of the ventilation channel 2 in the case of
blockage. After the guide wire 18 has beeh removed, the connector end 4 can
be connected to a gas flow reversing element 19. In the simplest case, this gas
flow reversing element can operate according to the principle described in WO
2008/113752. However, it is also possible to use an automated gas flow
reversing element 19 in which valves 25 are controlled by a control processor
21 and ensure that oxygen or oxygen containing gas and respiratory gas is
alternately delivered through the ventilation channel and removed from the
ventilation channel.

Moreover, a pressure display device 20 is provided, to which the measurement
connector piece 7 of the catheter 1 can be connected. Alternatively, Figure 5
also indicates schematically that, instead of a pressure measurement channel
O, It Is also possible for an electronic pressure sensor 22 to be integrated with
signal lines 23 into the catheter 1, in particular for greater automation of the
system. In this case, the sensor signals of the electronic pressure sensor 22 are

fed to the control processor 21 for controlling the valves 25 in the gas flow
reversing element 19.

The present invention enhances patient safety during jet ventilation with
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expiratory assistance and opens new areas of use of this method for ventilation

via conduits of small cross section.

The catheter and/or cannula according to the present invention can
advantageously be used to ventilate patients having an inadequate respiratory
function on their own. In particular, the catheter and/or cannula according to the
present invention can be used to ventilate patients with partially or fully
obstructed, nearly complete or even completely blocked airways. With the
catheter and/or needle according to the present invention it is possible to
normoventilate these patients through a small lumen, in particular between 1.5
mm and 4.5 mm, preferably 3 mm or less, by jet ventilation with expiratory
assistance. ‘

Furthermore, it is advantageous to use a catheter and/or a cannula according to
the present invention with an expansion body located at or near the tip of the
catheter and/or cannula, which ensures in use inter alia a) that the usual airway
Is blocked (hereby smoke inhalation during laser resection and aspiration of
blood, possibly carcinogenic or viral material or cell debris is avoided for the
patient and environmental pollution with infection risk is excluded for medical
personnel); b) that the position of the catheter and/or needle according to the
present invention is fixed relative to the airway in lateral and/or radial position:
c) that the tissue of the airway is not harmed or wounded by the catheter and/or
needle. The expansion body comprises preferably an inflatable cuff. The
expansion body Is in use preferably expanded by insufflating an inert gas like in
particular nitrogen or one or more noble gases or a nonflammable liquid in
particular water or saline solution into the expansion body. The size and in

particular at least one diameter of the expansion body can be controlled by the

pressure of the gas or the liquid within the expansion body.

The method for jet ventilation of a patient with expiratory assistance can in
particular be used in case of one of the following indications:

a) tfranstracheal jet ventilation;

b) ventilation via small lumen catheters in case of obstructed, nearly complete

or even completely blocked airways due to pharyngeal, laryngeal, tracheal or
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bronchial tumor (e.g. carcinoma, submucosal edema, bleeding, emphysema);

c) one lung ventilation via small lumen catheters; and

d) diagnostic and/or therapeutic intervention in the airway limiting the size of the
artificial airway (e.g. endotracheal tube) that can be placed for maintaining
adequate ventilation of a patient.

The method for jet ventilation of a patient with expiratory assistance can in
particular be used in case of the following medical conditions: '

a) pharyngeal, laryngeal, tracheal, bronchial airway obstruction limiting passive
backflow from the lungs;

b) pharyngeal, laryngeal, tracheal, bronchial airway obstruction limiting the size
of an artificial airway (e.g. endotracheal tube) that can be placed for maintaining
adequate ventilation;

c) pharyngeal, laryngeal, tracheal, bronchial airway obstruction limiting the size
of the artificial airway (e.g., endotracheal tube) that can be placed for
maintaining adequate ventilation during diagnostic and/or therapeutic
interventions in the airway;

d) "cannot ventilate, cannot intubate" situation; and

e) support of cardiocirculatory resuscitation by alternately creating negative and
positive intrathoracic pressure.

The term “normoventilation” is understood as (in combination With sufficient
oxygenation) adequate removal of carbon dioxide accumulated by aerobic
metabolism (with an alveolar ventilation rate that produces an alveolar carbon
dioxide pressure of about 40 mm Hg at any metabolic rate).

The catheter and/or cannula according to the present invention is preferably
made of a non combustible material or a material of low flammability and/or a
material being resistant against laser beams, in particular of laser beams
usually used in medical applications.

The ventilation method is preferably a manual ventilation method in which the
flow of the respiratory gas to and from the patients airways are controlled

manually, 1. e. without the help of an automated gas flow reversing element. In

this case the direction of the flow is controlled manually by an operator. Any
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type of gas flow reversing element can be used with the catheter and/or cannula

according to the present invention. Preferred is the use of a gas flow reversing
element according to WO 2008/113752 A2, in particular regarding the way the
gas flow reversing element is formed or shaped.

Furthermore, a method for jet ventilation of a patient with expiratory assistance
by means of a catheter and/or a needle according to the present invention is
proposed in which the pressure of the respiratory gas in the airway and/or in the
lung of the patient Is controlled whereas the pressure is In particular used to
control the volume flow of the respiratory gas to and from the airways of the
patient.

While certain exemplary embodiments have been described and shown In the
accompanying drawings, It is to be understood that such embodiments are
merely illustrative of and not restrictive on the broad invention, and that this
invention not be limited to the specific constructions and arrangements shown
and described, since various other changes, combinations, omissions,
modifications and substitutions, in addition to those set forth in the above
paragraphs, are possible. Those skilled in the art will appreciate that various
adaptations and modifications of the just described embodiments can be
configured without departing from the scope and spirit of the invention.
Therefore, it is to be understood that, within the scope of the appended claims,

the invention may be practiced other than as specifically described herein.
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CLAIMS

1. A catheter structured to be connected to a gas flow reversing element for
ventilating a patient, the catheter comprising:

an elongate member defining a ventilation channel therein structured for
alternately delivering oxygen or oxygen containing gas to and removing respiratory
gas from the patient's airways, wherein said ventilation channel defines an open
end and a connector end for connecting to the gas flow reversing element;

at least one expansion body positioned on the outside of said elongate
member in the area of said open end of said elongate member, wherein said at
least one expansion body is structured to be increased and reduced in size by
delivering and removing a fluid, respectively; and

wherein said elongate member is flexible, has an external diameter of no
more than 6 mm, and has a length of between 20 cm and 60 cm, so that said
elongate member can be pushed through the mouth or nose into the trachea and
as far as the bronchial system of the left or right lung of the patient, and so that
the patient can be normoventilated via the catheter only, said elongate member
structured to remove respiratory gas from the patients' airways at a rate sufficient
to produce an alveolar carbon dioxide pressure of 40 mm Hg, wherein the catheter
is structured to provide a flow rate of inspirated and aspirated gas of 12 liters per

minute to 20 liters per minute.

2. A catheter according to claim 1, wherein said elongate member has an

external diameter of 1.5 t0 4.5 mm.

3. A catheter according to claim 1 or 2, further comprising a pressure sensor

for measuring the pressure near said open end of said ventilation channel,
wherein said pressure sensor comprises at least one electronic pressure sensor

with signal lines integrated within said elongate member of the catheter.
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4. A catheter according to claim 3, wherein said elongate member further
defines a pressure measurement channel therein, saild pressure measurement
channel defining an open measurement end near said open end of said ventilation
channel and a second connector end, wherein said pressure sensor comprises a
measurement connector piece and a pressure display device, said measurement
connector piece being operably connected to said second connector end and said
pressure display device to measure the pressure within said pressure

measurement channel.

5. A catheter according to any one of claims 1 to 4, wherein said elongate
member, at least in the area of said open end of said elongate member, has a
needle-like shape, being structured in particular for piercing the trachea and for

performing transtracheal ventilation of a patient.

6. A catheter according 1o any one of claims 1 to 5, further comprising a
supply channel defined within or on said elongate member, said supply channel

being fluidically connected to said expansion body.

7. A catheter according to any one of claims 1 to 6, wherein said expansion
body comprises at least one stabilizing structure that provides a minimum volume
to said expansion body in the condition of reduced size and maintains at least the
minimum volume of said expansion body relative to an external overpressure or
underpressure of at least 10 mbar.

8. A catheter according to any one of claims 1 to 7, wherein at least a portion

of the outer surface of said elongate member is made of a noncombustibie,

nonflammable and/or laser-resistant material.

9. A catheter according to any one of claims 1 to 8, wherein at least a portion
of the outer surface of said elongate member is coated with a noncombustible,

nonflammable and/or laser-resistant material.
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10. A catheter according to any one of claims 1 to 9, wherein said expansion
body is structured for sealing off the trachea or a bronchus of a patient to separate

the airways downstream and upstream of said expansion body.

11. A catheter according to any one of claims 1 to 10, wherein said ventilation

channel is configured to allow flow in both directions.

12. A catheter according to any one of claims 1 to 11, wherein said catheter Is
flexible, wherein said ventilation channel is structured so that the cross-sectional
are of the ventilation channel remains unchanged in the event of pressure and

underpressure.
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