1 Tracheostomy tube The present invention relates to a tracheostomy tube with a tracheostomy
cannula being provided at least in areas with a helical {einforcement and with at least one phonation
opening disposed in the tracheostomy cannula. Reinforced tracheostomy tubes have been produced
for quite some time. The tracheostomy cannula is commonly made of a PVC material being
correspondingly soft. The reinforcement acts as a support structure for the tracheostomy cannula and
protects the tracheostomy tube from buckling and bending. The tracheostomy tubes have drawbacks
in that tracheostomy patients usually cannot sPf@sikeg&tamgdubee to the tracheostomy, the respiratory
air no longer passes through the glottis but via the tracheostomy cannula past it. Meanwhile, there are
ways of also ErfalpliggpRhévehtior pelaise Who Haseessim dtenwitiaffixacteedieostcamptizbéeiral who

still possess gprreld Bnesanaliysat st equies teafasigeificant Rentianetthacyhaletbaibhaidiyerted

past the trac %%g%g% ganpula thra gﬂﬁu%ottis. This is done with a one-way valve that is mounted
externally to the tracheostomy tube. This valve allows the patient to inhale through the tube, but closes

when the patient wishes tq exhale. The expiratory air thus flows past the tracheasto annula over
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increased, whigh $§Mg§§}(@g@d}'r@cheostomy tubes have therefore been developed as an

alternative, which have a phonation opening on the greater curvature of the tracheostomy cannulae.
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Furthermore, several small phonation openings may be provided, w iR also mterr{jp?{he Wil of the
tracheostomPIEBHECULHA 1000 HASBROSISENINGS RS0EkReATKABINASSHRARS TR thERkSI gidlaifchida@omy

tubes. ThesehigiddhackipostoamytlihesrieddaaowbinfoiesnaentydecHuse reyitg spi«eolidpsecgie to
their high inhgrentrigidibe urbarmarcMelcAlysIafaree & Aok leKThIR LLaChE oS TN ADRR:y .

comprising phonation gr%%# S are known, in WhJﬁCh the Ir%%nforcement Is interrupted and the phonation
t
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phonation opeiingbs@HiatibsiCkiiRg. ardansiag-eaniehte PIVEMHRRIGHhe tube, but closes when the
patient wishes to exhale. The expiratory air thus flows past the tracheostomy cannula over the
glottis. The spacing between the outer surface of the tracheostomy tube and the inner lumen of
the trachea, however, is usually very small, so that the patient must exert a relatively high
amount of pressure to squeeze the exhaled air through the glottis for phonation. Breathing effort

is therefore increased, which is undesirable.

Tracheostomy tubes have therefore been developed as an alternative, which have a phonation
opening on the greater curvature of the tracheostomy cannulae. The phonation opening may
take the shape of a single large opening interrupting the wall of the tube. Furthermore, several
small phonation openings may be provided, which also interrupt the wall of the tracheostomy
tube. Until now, these openings have been known only in relatively rigid tracheostomy tubes.
These rigid tracheostomy tubes need no reinfoercement, because they do not collapse due to
their high inherent rigidity. Furthermore, helically reinforced highly flexible tracheostomy tubes
comprising phonation openings are known, in which the reinforcement is interrupted and the
phonation opening is arranged in this interruption between the two ends of the helical
reinforcement. The drawback here is that there is no stabilization of the tracheostomy tube

provided in the area of the phonation opening so that buckling or bending cannot be prevented.



It is therefore an objective of the present invention to provide a tracheostomy tube which prevents the
drawbacks of the above-mentioned prior art, and in pajticular enables stabilization of the tracheostomy
cannula in all essential areas. For this purpose, the invention provides that the pitch of the helical
reinforcement in the area of the at least one phonation opening is increased such that the at least one
phonation opening is fitted in-between two turns of the helical reinforcement. In this manner, the
tracheostomy cannula is therefore also supported by reinforcement in the area in which the phonation
opening is didpBstgratitsh taphiglive 1t Hackresstbryartinn R aividtus srehecsarhedstomiiitibe is
reached in thisemannee anwiusklisigrer dendingabia tasheosiamy: eanruls isnarestedi-Hiean be

provided in agfg@v&g%gm%g@m%teggg;ﬁg%,Igggpal reinforcement is fully embedded into the

tracheostomy cannula. The at least one phonation opening is therefore not crossed by the
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reinforcement is not'exposed, the surfaces o The tracﬁ(gostomy cannula are smoo ,%(t) that- ©
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is facilitated. thddrthiestadsatiageos smboditabniéangprevide that the helical reinforcement is formed
throughout. The reinforcement is therefore not interrupted in the area of the phonation opening. High
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for the phondtimhapeningasradlyanteyeotesly created so that unobstructed outflow of the exhaled air in

the direction of the glottis is enabled. Advantageously, multiple phonation openings can further be
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must be increased only to a small degree. Higher stability is achieved. aving several sma
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tracheostomyessitidantoSinedrheheaiisrfacititatechot exposed, the surfaces of the tracheostomy cannula

are smooth, so that discharging body fluids or particles at the reinforcement is prevented.
Cleaning the fracheostomy fube is facilitated.

A further advantageous embodiment can provide that the helical reinforcement is formed
throughout. The reinforcement is therefore not interrupted in the area of the phonation opening.
High stability is thus warranted.

it may also be provided that the tracheostomy cannula comprises a curve, so that the turns of
the helical reinforcement are compressed at the inner radius of the curve and are bent open at
the outer radius of the curve, and that the at least one phonation opening is arranged at the
outer radius of the curve. By bending up the reinforcement at the outer radius of the curve, room
for the phonation opening is advantageously created so that unobstructed outflow of the exhaled

air in the direction of the glottis is enabled,

Advantageously, multiple phonation openings can further be provided which are disposed
between the turns of the helical reinforcement. If several phonation openings are provided, then
the distance between the individual turns of the helical reinforcement must be increased only to
a small degree. Higher stability is achieved. By having several small openings being formed in
the tracheostomy cannula, the surface is smoother, insertion of the tracheostomy tube into the

trachea is facilitated.



3 Yet another embodiment may provide that the pitch of the helical reinforcement in the area in which
the at least one phonation opening is disposed, is aboyt six times the minimum pitch of the
reinforcement. It has been shown, that this achieves good stability of the tracheostomy tube at
simultaneously an advantageous size of the phonation openings. Yet another embodiment provides
that the total free area of all phonation openings be in a range from about 30 to 125 mmz2. This
ensures that sufficient air flows through the phonation opening in the direction of the glottis, so that
speaking is ptistRhRitABGedBeRUBRAYImEPEES fpbHasm My A aR helisak Bia&tcsRmhittiae govsd istability
of the tracheasiomyduigeaanche pistnaves ofidhiadengitpoidbeiapawih inassasednpitehmipite belical
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the total length of the tracheostomy cannula. It can also be provided that both ends of the
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tracheostomy cannula, respectively, are thereby softer, thus facilitating inserting the tracheostomy tube
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facilitates cleaning of the tracheostomy tube and thus extends the time that the tracheostomy tu
the patient. 115 be provided according to still another embodiment, that a cuff is attached to the end
of the tracheostomy cannula to be disposed in the trachea. In this manner, the end of the
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further illustrateein, rargSeiqil LSRRG AERWINGS1 dReY BEMAIRength of the tracheostomy cannula.

It can also be provided that both ends of the tracheostomy cannula are without reinforcement.
The ends of the tracheostomy tube or the tracheostomy cannula, respectively, are thereby
softer, thus facilitating inserting the tracheostomy tube into the trachea and fitting valves and

caps.

It can advantageously also be provided that an inner cannula comprising at least one phonation
opening being aligned with the at lsast one phonation opening of the tracheostorny cannula is
disposed in the tracheosiomy cannula. The inner cannula facilitales cleaning of the
tracheostomy tube and thus exiends the time that the tracheostomy tube is in the patient.

it can be provided according to still another embodiment, that a cuff is attached to the end of the
tracheostomy cannula to be disposed in the trachea. In this manner, the end of the
tracheostomy cannula is sealed off from the trachea, any reverse flow of body fluids into the

trachea is prevented and the desired speech function via the phonation openings is ensured.
The invention is further illustrated in more detail using the drawings. They show in:

Fig. 1 tracheostomy tube with reinforced tracheostomy cannula provided with phonation

openings,
Fig. 2 tracheostomy cannula with phonation openings in a stretched state,

Fig. 3 magnification of the trachecstomy cannula of Fig. 2 in the area of the phonation

openings,



Fig. 1 tracheostomy tube with reinforced tracheostomy cannula provided with phonation openings, Fig.
2 tracheostomy cannula with phonation openings in a&tretched state, 4 Fig. 4 tracheostomy cannula
in a bent state and Fig. 5 magnification of the curve of the tracheostomy cannula of Fig. 4. Fig.1 shows
a tracheostomy tube 1 according to the invention. The tracheostomy tube 1 comprises a tracheostomy
cannula 2, in which a reinforcement 3 is embedded. The reinforcement 3 is formed in a helical manner.
Metal wire can for instance be used as material for the reinforcement. There is no reinforcement
provided at thétrhdrEGSRFAT E SRR &2 ERBL 4 1RdeR@disposed in the trachea nor at the opposite end
7. The tracheostomy cannula 2 comprises a curve 9, which is designed such that the tracheostomy
tube's 1 end Bigoher@iissdanntine aavhehiantapkeepposites Pidfighé- tracheostomy tube 1 lock
with each other in an angle of approximately 80-100; preferably a right angle. In the tracheostomy
cannula 2, plidhatigrepenitieghdtareyfdnimed atdtredingep rétius \aintivm.clhge Bachhesfsinonatien 1
openings 10 gangisate thenwpllRidhe tracherstomy canala Zethadaiarcement0bdbe  The
racheostomy capula.2 s here tarmed sueh (et in hg arpa here dhe phonaion penings 10, are
disposed, the spacing between The turns of he Feintorcement 3 &t least correspond§s o the diameter of
a phonation gﬁéhwgiqu_rcement. There is no reinforcement provided at the tracheostomy cannula's 2 end 4

to be disposed in the trachea nor at the opposite end 7.

The tracheostomy cannula 2 comprises a curve 9, which is designed such that the tracheostomy
tube's 1 end 4 to be disposed in the trachea and the opposite end 7 of the tracheostomy tube 1
lock with each other in an angle of approximately 80°-100°; preferably a right angle. In the
tracheostomy cannula 2, phonation openings 10 are formed at the outer radius of the curve 9.
The phonation openings 10 penetrate the wall of the tracheostomy cannula 2. The reinforcement
3 of the tracheostomy cannula 2 is here formed such that, in the area where the phonation
openings 10 are disposed, the spacing between the turns of the reinforcement 3 at least

corresponds to the diameter of a phonation opening 10,

A cuff 5 is disposed at the tracheostomy tube's 1 end 4 to be disposed in the trachea. The cuff 5
is connected by means of a line (not shown) with a balloon 6. if the tracheostomy tube is in use
and disposed in the trachea of a patient, then the cuff 5 can be inflated by means of the external
balloon 6 and a sealing the end 4 of the tracheostomy tube 1 in the trachea can be achieved. At
the other end 7 of the tracheostomy tube 1, i.e. at the end which comes o lie at the neck of the
patient outside of the frachea, a holding plate 8 is attached. The tracheostomy tube can be
affixed to the neck of a patient by means of this holding plate 8. Straps are commonly used for
this. In addition, various valves or caps, respectively, can be mounted onto this second end of
the tracheostomy tube 1, for example, a speech valve, a cough lid, a cap, or a connector. An
inner cannula can be disposed in the interior of the tracheostomy cannula 2. in this manner,
cleanabilty of the fracheostomy tube 1 is facilitated since only the inner cannula needs to be
removed and cleaned or replaced, respectively. Usage time of a tracheostomy tube can thus be

extended.

Fig. 2 shows a tracheostomy cannula 2 in a stretched state, i.e. before it is brought into the bent
state desired for the tracheostomy tube 1. The fracheostomy cannula 2 comprises a plastic tube
11, in which reinforcement 3 is embedded. The reinforcement is helically shaped and preferably

made of metal wire. Usually these tracheostomy cannulae are produced by an immersion



A cuff 5 is disposed at the tracheostomy tube's 1 end 4 to be disposed in the trachea. The cuffs is
connected by means of a line (not shown) with a ballogn 6. If the tracheostomy tube is in use and
disposed in the trachea of a patient, then the cuff 5 can be inflated by means of the external balloon 6
and a sealing the end 4 of the tracheostomy tube 1 in the trachea can be achieved. At the other end 7
of the tracheostomy tube 1, i.e. at the end which comes to lie at the neck of the patient outside of the
trachea, a holding plate 8 is attached. The tracheostomy tube can be affixed to the neck of a patient by
means of thlﬁﬁmﬁzﬂ‘ﬂ‘&?@éoﬁtﬁaﬁg%@%fﬁ%mw Feddretieed heeied nod/dnsinn vaf\ies Bricaps,
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tracheostomy cannula 2. In this manner, cleanability of the tracheostomy tube 1 is facilitated since only
the inner carRUEPREEAS 1B PRUVSE Y diRaHE %8%&?&&% Fell5Ed X{EP(/JH} VURBBR IRt B e
tracheostomyragheosigmymaomdeektended. Fig. 2 shows a tracheostomy cannula 2 in a stretched state,
i.e. before it is brought into the bent state desired for the tracheostomy tube 1. The tracheostomy
cannula 2 conmprisedcecplesiicitisodediynad wehichfoeirdo rwatinent 8y saeinbeddsd. ERanoaméongdiorent is
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the area of th& HREIHIRSH SR E D PRASKREIRPIR PRV S &Bitd it & Biheicareadoftierhelical
reinforcementBfoarebent achpmgddd it Wweatdeatse. be conceivable, however, that variations in the pitch
of the helical reinforcement are provided in these areas. In the example illustrated, the pitch 52 of the
helical reinforeeraerkd i thespseal ahéhetghdnatiore dprringiddi:aboLs BixHinaes thieHitshoStohthe
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helical reinforcement 3 is increased equals about 14 to 18% of the total length 1
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also designed to be formed continuously. This achieves increased stability of the tracheostomy
cannula 2 alsugirsthieaseanbheifpiktbnS2 tetheeheliche teinfersemgnizdrsiaesignedistehpiabthe
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openings dogstethecnims.iolasee anshéhalisuffisianickneriotat HeaREteo that it corresponds at
least to the diameter D of a phonation opening 10. The diameter D of a phonation opening 10 is
in a range from about 2 {0 4 mm depending on the size of the tracheostomy tube 1. In the case
illustrated, ten phonation openings are provided. This ensures that the diameter of the individual

phonation openings does not become too large and that sufficient free total area of the



6 phonation openings is still available. The total free area of all phonation openings 10 presently lies in
a range from about 30 to 125 mm2 depending on the size of the tracheostomy tube 1. Fig. 4 shows the
tracheostomy cannula 2 in a curved state. The holding plate and possibly mounted caps or valves are
not shown. The tracheostomy cannula 2 comprises a plastic tube in which helical reinforcement 3 is
completely embedded. The tracheostomy cannula 2 thus has smooth surfaces, so that accumulation
of particles and fluids is reduced. At the tracheostomy tube's 1 end 7, which during use is disposed at
the neck of tREPAtiERCRRRISEISGHe e iRvnTivhickidres Arre RPN RN NAHE) ABEIRBWH WRERPIRY cuff 5
- and enables iinfl&tingathe: cofhfasaeating 1 Jince thepwiniay cententid: of the ittatbeastoymybeannula 2 is
formed helically, the reinforcement 3 in the area of the curve 9 of the tracheostomy cannula 2 is

compressed figthe $R6RE aditadrestrgasmiliabiie ulrvsadiug. Thaphaoationapentngsstiiare
disposed in tﬁﬁﬁ?rﬁ%é _8%@%;%59&3@% 1R RRoY. FRECALINGLORAR (e tGnorcement 3, there [gaufficient
space for the phonation openings 10. There IS no reinforcement prowged at the tracheostomy
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again shows that the pitch o ical reinforcement 3 IS er In the areas betore and behind the

phonation op@HittSth&ly iFPIRRINS ARG SRIBIRLERIASShEnthgEe 19 sufficient space for the phonation

openings 10.

There is no reinforcement provided at the fracheostomy cannula’s 2 end 4 to be disposed in the
trachea nor at the opposite end 7. Therefore, the tracheostomy cannula 2 is softer in this area.
This enables easier attachment of the valves or caps and prevents injuries during insertion of the

tracheostomy tube 1 into the trachea of a patient.

Fig. 5 illustrates in magnification the area of the curve 9 of the tracheostomy cannula 2 of Fig. 4.
In this area, the helical reinforcement 3 has the increased pitch S2, so that the phonation
openings 10 can be disposed between the individual turns of the helical reinforcement 3. The
phonation openings 10 are located at the outer radius Ra of the curve 9. By means of the curve
9, the turns of the helical reinforcement 3 are additionally spread open, so that sufficient space
for the phonation openings 10 is created. Fig. 5 again shows that the pitch of the helical
reinforcement 3 is smaller in the areas before and behind the phonation openings than in the
area of the phonation openings 10.



Claims 1. Tracheostomy tube (1) with a tracheostomy cannula (2) being provided at least in areas
with helical reinforcement (3) and with at least one phgnation opening (10) disposed in said
tracheostomy cannula (2), characterized in that the pitch (S2) of said helical reinforcement (3) in the
area of the at least one phonation opening (10) is increased such that the at least one phonation
opening (10) is fitted between two turns of said helical reinforcement (3). 2. Tracheostomy tube
according to claim 1, characterized in that said helical reinforcement (3) is fully embedded in said
tracheostomy cannula (2). 3. Tracheostomy tube aE&®fing to claim 1 or 2, characterized in that said
helical reinforcement (3) is formed continuously. 4. Tracheostomy tube according to one of the claims
1 to 3, charadterizebrashtratenidtuketic odtomyahensiam2 yeomisrice Seinournyi(ey st iast ihewrrhs of

said helical ripfarermeniri3)ameepoMprassatakingdsnale sz (B Qfaild cyveaidfdadawigent

open at the quter radius (Ra) of said curve, and that said at least.one phonation opening. (1
anosed ot SRS AN T2 B IRE IR EADE RS SRR ARAORIRILAEN By
claims 1 to 4"chgratde M2 deeiR tiRashRNBMBOPRtATaBRTBEdANgE MuFaaed prnider!, hriness 8f%osed
between saicbhoraticof gaidifeficlisditdo teawwenttéa) tubhs Tfactie bslioanyeitfbe asearding to one of the
claims 1 to 5, characterized in that the pitch (S2) of said helical reinforcement (3) in the area in which
the at least ome phanafiensapeningdd Oxisalisnesed igahout, SixHinesie miniminam piekl ($icdl

Tracheoston}géalflgge?;qur‘giﬂg ﬁﬁf@ﬁb%fdﬁ%% ﬁl%‘mﬂa 59e§s&%@8ﬁ%ﬂée@)i.n that the total free area of all

phonation openings (10) is’in a range from about 30 to 125 mm2.

3. Tracheostomy tube according to claim 1 or 2, characterized in that said helical

reinforcement (3} is formed continuously.

4, Tracheostomy tube according to one of the claims 1 to 3, characterized in that said
tracheostomy cannula (2) comprises a curve (9) so that the turns of said helical reinforcement
(3) are compressed at the inner radius (Ri) of said curve (9) and are bent open at the cuter
radius (Ra) of said curve, and that said at least one phonation opening {(10) is disposed at said
outer radius (Ra) of said curve {9).

5. Tracheostomy tube according to one of the claims 1 to 4, characterized in that multiple
phonation openings (10} are provided, which are disposed between said turns of said helical

reinforcement (3).

6. Tracheostomy tube according to one of the claims 1 to 5, characterized in that the pitch
{52) of said helical reinforcement {3} in the area in which the at least one phonation opening (10)

is disposed is about six times the minimum pitch (S1).

7. Tracheostomy tube according o one of the claims 1 to 6, characterized in that the total

free area of all phonation openings (10} is in a range from about 30 fo 125 mm?.

8. Tracheosiomy fube according to one of the claims 1 to 7, characterized in that the
length (L1) of said area with increased pitch (82) of said helical reinforcement (3} in which said
at least one phonation opening (10) is disposed, is approximately 14 to 18% of the total length

{(Lges) Of said tracheostomy cannula (2).

9. Tracheostomy tube according to one of the claims 1 to 8, characterized in that both

ends {4, 7) of the trachecstomy cannula {2) are without reinforcement.



8. Tracheostomy tube according to one of the claims 1 to 7, characterized in that the length (L1) of
said area with increased pitch (52) of said helical reinfgrcement (3) in which said at least one
phonation opening (10) is disposed, is approximately 14 to 18% of the total length (Lges) of said
tracheostomy cannula (2). 9. Tracheostomy tube according to one of the claims 1 to 8, characterized
in that both ends (4, 7) of the tracheostomy cannula (2) are without reinforcement. 8 10.
Tracheostomy tube according to one of the claims 1 to 9, characterized in that an inner cannula
comprising af feast GRS BRONEH P FERFYMDE T LRGNEF RiTS shit Araby@ctE phih iR AbBBRINg
(10) of said trachelestomyrisamgnalalé2y! isrdispuseton sawitrachebstalignednvitiasé®). al least one
TracheostompiRg.ACGURING tpRe gfithe-claiRkhiocdthGhaacierigsshirdhat asuifaneinaiiached

to said trach%ggg%g)(ﬁannula's (2) end (4) to be disposed in the trachea.

11. Tracheostomy tube according to one of the claims 1 to 10, characterized in that a cuff

(6) is attached to said tracheostomy cannula’s (2} end (4) to be disposed in the trachea.



