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Sheath Device for Inserting a Catheter

The invention resides in the mechanical field and can

advantageously be used in medical engineering. t relates to a

sheath device for inserting a catheter into a patient's body, wherein

the sheath leads into the patient's body and a proximal end of the

sheath protrudes therefrom. The sheath provides a lumen, through

which a catheter can be inserted into the patient's body.

Such sheath devices are known in principle. They are used to insert

various catheters, for example in the minimally invasive medical

field. Such a sheath can, for example, be provided for inserting a

blood pump for cardiac support, such a unit comprising a distal

pump unit, a hollow catheter and a drive shaft which is guided

through the hollow catheter. In miniaturized form, such pumps are



often times designed so that they can be radially compressed and

inserted, in the compressed state, together with the catheter through

a blood vessel of the body. The pump can then be expanded at the

site of use, for example in a blood vessel or in a ventricle. In the

expanded state, with delivery elements activated, such a pump can

then attain the required pumping capacity.

In addition to such compressible heart pumps, other functional

elements are also conceivable, which are introduced into a cavity of

a body by means of a sheath according to the invention, such as

stents or milling heads for removing plaque from vessels.

Compared to a direct insertion, inserting such functional elements

and catheters by means of a sheath is considerably easier and also

associated with fewer medical risks.

The sheath itself can be inserted, for example into a vascular

system, using the known Seldinger Technique. For this purpose, first

an opening is introduced in a body vessel by means of a puncturing

needle, whereupon a guide wire is pushed in. A dilator is then

optionally introduced via the guide wire, and thereupon the sheath

itself is pushed in. The guide wire can then be removed, unless it is

required for further guide tasks, and other elements can be

introduced via the sheath.



A corresponding method is known from WO 02/43791 , for example.

According to this document, a heart pump is advanced along a

guide wire into the left ventricle of a patient and a pump unit is

advanced out of the sheath through the vascular system to the

ventricle.

A corresponding fluid pump, which is provided for high rotational

speeds so as to achieve a corresponding pumping capacity, in the

form of a blood pump is likewise known from WO 02/43791 A , but

also from EP 2 047 872. EP 2 047 872 A 1 describes a pump which

comprises a distal pump unit, to which a proximal shaft hollow

catheter adjoins. A drive shaft extending in the shaft catheter is

connected to a drive unit for driving the rotor of the pump.

Using a convenient sheath for inserting a catheter, notably

comprising a drive shaft, has the advantage that the catheter, and

more particularly a drive shaft, experiences less mechanical stress

during insertion. This is advantageous in particular with high

mechanical stresses to which a drive shaft is exposed when a blood

pump is operated.

For a convenient use of a corresponding sheath for inserting a

catheter, notably comprising a distal pump unit, it is desirable to be

able to advance the sheath, together with the hollow catheter, as

close as possible to the vicinity of the site of use and then remove

the shaft catheter or the pump from the sheath, so as to then be

able to retract the sheath at least a certain distance. The unit to be

introduced is thus moved the shortest possible distance in the



vascular system or corresponding cavities of the patient's body

outside a sheath, so that the strain on the vascular walls due to

insertion of the foreign object as well as the mechanical stress of the

unit to be inserted are substantially reduced.

On the other hand, such a procedure requires a corresponding

excess length of the sheath, which after being advanced and

subsequently retracted typically protrudes a certain distance from

the patient's body.

It is the object of the present invention to advantageously design a

corresponding sheath device so that it is particularly easy to handle.

The object is achieved by the features of the invention according to

claim , by a catheter system according to claim , and by

employing a method according to claim 12.

According to the invention, a sheath device for inserting a catheter

into a patient's body comprises a first sheath having a proximal end

and a distal end, wherein the distal end of the first sheath is

disposed inside the patient's body when the sheath is used as

intended, while the proximal end protrudes from the patient's body.

The first sheath additionally has a tubular section and a sheath

housing, which is disposed at the proximal end of the section and

comprises a receiving channel for a strand-shaped body, and more

particularly for a catheter.



Because the tubular section is detachably held in a clamping

element of the sheath housing in a non-positive manner, the sheath

device can first be pushed into the patient's body by a certain

distance so as to insert the catheter into the patient's body, the

catheter can then be extracted and the sheath device can be pulled

a certain distance out of the patient's body. The tubular section can

then be released from the clamping particularly easily, and it can be

shortened and re-clamped.

This makes it particularly easy to cut the sheath device to the

suitable size after use, so that it does not protrude from the patient's

body any further than necessary.

According to an advantageous embodiment of the invention, the

tubular section can be displaced into the sheath housing when the

clamping element is released. The tubular section can thus be

accommodated in the sheath housing, removed within the sheath

housing or removed through a proximal opening of the sheath

housing.

It seems to be particularly useful for the tubular section to lead into

the sheath housing in direct extension of the receiving channel for

the catheter. This design makes the insertion of a catheter into the

tubular section particularly simple, in that the catheter is first inserted

into the sheath housing, guided in the receiving channel thereof and

thus directed without effort to the mouth of the tubular section. It can

thus be assured that the insertion of the catheter into the proximal

end of the sheath device is simplified and can be reliably carried out.



This design also allows the proximal end of the tubular section of the

sheath to be easily pushed into the receiving channel inside the

sheath housing, so as to either be accommodated there or be

removed.

According to a further advantageous embodiment of the invention,

the clamping element comprises an elastically deformable clamping

ring, which surrounds the tubular section and can be pressed by a

manipulating element such that the ring radially clamps the tubular

section. Such a damping element has a particularly simple

mechanical design, is reliable, saves space and is easy to operate.

It effects a non-positive fixation of the tubular section, which can

also easily be released again.

To this end, the clamping ring may be radially deformable by axial

pressure action. The ring can be designed as an elastomeric ring for

this purpose, or as a slotted ring which is made of a plastic material

or a metal.

As an elastomeric ring, the clamping ring can be pressed flat, for

example by means of a pressure piece, wherein the ring expands

radially inward and outward, whereby the inside diameter of the ring

is decreased. If the clamping ring is a slotted plastic or metal ring, it

can be compressed radially inward, for example under the action of

a wedge-shaped body on the radial outside of the ring. For this

purpose, for example a ring having a wedge-shaped cross-section

can be used, which is moved axially relative to the tubular element.

The clamping ring can also have a conical cross-section. In a

preferred embodiment, it is a clamping ring which also assures a



fluid-tight connection between the sheath housing and the tubular

element, as can be implemented in form of the aforementioned

elastomeric ring, for example. However, the sealing action can also

be implemented by an additional sealing element, for example when

using a slotted plastic or metal ring.

The clamping element may comprise a screw element, for example

for axially pressing a clamping ring. The screw element can then be

used, for example, to press a pressure piece against the clamping

ring in the axial direction.

So as to facilitate the severability of portions of the tubular section

so as to shorten the same, the tubular section can advantageously

have at least one predetermined breaking point at least at the

proximal end, the predetermined breaking point being used to sever

a longitudinal section of the tubular section. n some regions, the

tubular section can comprise peripheral indents or perforations or

other weakened regions of the material in the circumferential

direction, for example, which can optionally also be predetermined

by a molecular structure.



The tubular section can likewise have one or more predetermined

breaking points or tear lines extending the axial direction, which are

known in so-called peel-away introducer sheaths in the case of

such tear lines, a sheath can be opened starting at one end by

pulling two or more casing parts apart and can be pulled off. For this

purpose, a tubular section can also comprise handling elements at

the proximal end, such as loops or tabs.

According to the invention, the sheath device can also comprise a

cutting element, by means of which a part of the tubular section can

be severed, or perforated, notched or scored for the purpose of

easier severing. For example, one or more blades can be inserted in

the sheath housing so that the tubular section is automatically

notched when it is pushed through the sheath housing. Such

notching can, for example, take place in the longitudinal direction of

the tubular section. It is also possible to provide a blade which,

during a rotation of the sheath housing relative to the tubular

section, creates a cut or a weakened region of the tubular section in

the circumferential direction.

Such blades can be produced from very hard material, such as a

ceramic material, for example, so that even tubular sections which

are reinforced, notably reinforced by a metal woven fabric, can be

cut. It is also possible to provide substantially needle-shaped blades,

which can cut both during a movement of the tubular section in the

axial direction and during a rotation in the circumferential direction.



According to a particularly advantageous embodiment of the

invention, the cutting element comprises at least one blade, which is

movably guided, notably in the sheath housing, and is notably

movably guided radially toward the catheter. Such a blade may be

actuated by means of a handle which is located on the outside of the

sheath housing, so that a cut for severing a portion of the tubular

section can be made using a simple manual movement when

pushing the tubular section out of the patient's body and displacing it

relative to the sheath housing.

In addition to a sheath device of the type described above, the

invention also relates to a catheter system comprising a catheter

and such a sheath device, wherein according to the invention the

sheath housing advantageously may comprise a further clamping

element on the proximal side of the clamping element, wherein the

further clamping element is provided so as to radially clamp the

catheter or so as to radially clamp a second sheath surrounding the

catheter and/or a functional element which is connected to the

catheter.

The corresponding further clamping element can, in principle,

likewise comprise a clamping ring and can, for example, have the

same design as the first clamping element so as to fix the tubular

section. However, the further clamping element can also have a

different design than the first clamping element and in general be

designed in accordance with one of the afore-described variants of a

clamping element.



The invention further relates to a method for inserting a catheter

comprising a functional element disposed at the end thereof into a

patient's body, wherein the catheter is inserted into the sheath

housing and the tubular section and thereupon is inserted in the

tubular section into the patient's, the tubular section is then pulled a

certain distance out of the patient's body in the proximal direction,

and the clamping elements is released and the tubular section is

moved into the sheath housing.

After being moved into the sheath housing and/or pushed through

the sheath housing, the tubular section can be shortened. Before or

after shortening, the tubular section can again be clamped by means

of the clamping element.

The shortening is advantageously carried out by tearing open the

tubular section in the longitudinal direction, notably starting from the

proximal end of the tubular section, and by then tearing it off.

The invention will be shown in drawings and described hereafter

based on an exemplary embodiment.

FIG. 1 is a schematic overview of a vascular system

comprising an inserted first sheath;



FIG. 2 is a detailed view of a section of FIG. 1;

FIG. 3 shows an embodiment of the invention comprising a

first sheath and a second sheath;

FIG. 4 shows an embodiment of a pump;

FIG. 5 shows a second sheath comprising a pump extracted

therefrom;

FIGS. 6, 7 show the pulling of a pump into a second sheath;

FIGS. 8 , 9 show the transfer of a pump from a second sheath into

a first sheath;

FIG. 10 is a longitudinal section through a sheath housing

comprising a tubular section;

FIG. 1 is a longitudinal section through a portion of a sheath

housing comprising a cutting element;

FIG. 12 is a longitudinal section through a sheath housing

comprising a clamping element for the tubular section

and a further clamping element; and

FIG. 13 is a longitudinal section through an alternative

clamping ring comprising a conical pressure piece.



FIG. 1 shows a schematic human vascular system . One of the

femoral arteries 2 is located in the groin region and is connected to

the aortic arch 3 via an aorta and then leads into the ventricle 4 . An

introducer sheath 0 is first inserted into the femoral artery 2, for

example using the Seldinger Technique. The femoral artery, or any

blood vessel, is punctured for this purpose, for example using a

steel cannula having a cutting tip. A guide wire 2 is pushed through

the steel cannula, which is inserted into the puncture site, and

inserted into the left ventricle 4 retrogradely via the aortic arch 3.

After the puncturing cannula is removed, the first sheath 10, which is

designed as an introducer sheath and comprises a tubular section

11 and optionally a dilator, which is not shown here, is threaded on

the guide wire and inserted into the vascular system through the

punctured site, wherein the sheath is inserted a short distance into

the lumen of the vascular system or even to the site of use of an

element to be inserted. Thereafter, a fluid pump is inserted into the

vascular system through the introducer sheath 10.

The tubular section 1 of the first sheath 0 is inserted into the

artery such that the proximal end of the first sheath 10 is located

outside the femoral artery and can thus be used for inserting a

pump, for example. It is thus possible to thread the pump on the

guide wire 12 so as to guide the pump into the left ventricle by

means of the guide wire.



It is also possible to guide the tubular section 1 of the first sheath

0 through the guide wire into the left ventricle and to then remove

the guide wire 12 from the first sheath. A pump unit that may be

present is then guided through the first sheath volume into the

vicinity of or into the left ventricle 4.

In the present example, the method is only illustrated based on the

insertion of a pump into the left ventricle so as support a cardiac

function. However, it is easy to see for a person skilled in the art that

the pump, or another functional element, can also be disposed and

introduced in other regions of the endogenous vascular system.

FIG. 2 shows the region of FIG. 1 in which the first sheath 10 is

guided from outside through the endogenous tissue into the lumen

LG of the femoral artery 2 . The first sheath comprises a tubular

section 11, which is connected to a sheath housing 3 at the

proximal end. The tubular section 11 defines a lumen , which has

an inside diameter d . This inside diameter widens toward the

proximal end of the tubular section 1 in a trumpet-like shape in the

region 14.

The sheath housing 3 contains a haemostatic valve, which is

known from the prior art. This valve prevents fluid present in the

lumen LG from exiting to the outside through the lumen l .

In the illustration of FIG. 3, the first sheath 0 of FIG. 2 is coupled to

a second sheath 20. Only a tubular section 2 1, which defines a

lumen L2 having an inside diameter d2 , is shown of the second



sheath 20. The outside diameter of the distal end of the second

sheath 20 is such that it can be inserted into the sheath housing 3.

However, the inside diameter d2i is larger than the inside diameter

dn.

A pump, which is not shown and present in the lumen l_2, can now

be transferred into the first sheath lumen L from the second sheath

lumen L2 by pressing. The pump is then transported through the first

sheath lumen l_ to the site in the vascular system where the pump

is intended to effect the action thereof. The pump can either be

guided on a guide wire for this purpose, or it can be introduced

without guide wire through the first sheath lumen. The first sheath

can be advanced distaliy to the site of use of the pump before the

pump is pushed out, so as to protect the pump and the vascular

walls as well as the shaft catheter.

A possible embodiment of a pump 30 will be described in more

detail based on FIG. 4 . The pump 30 comprises a distal pump unit

3 1 and a shaft catheter 32, which adjoins the proximal end of the

distal pump unit 3 1. At the proximal end, which is not shown, the

shaft catheter 32 comprises a coupling for coupling the shaft

catheter 32 to a drive element. The drive element can be disposed

outside the patient's body and causes a flexible shaft extending in

the shaft catheter 32 to rotate, which in turn drives the distal pump

unit 3 1.



The distal pump unit comprises a pump housing 33, which is

produced from intersecting nitinol struts. Portions of the nitinol

housing are provided with a coating 34, which extends distally and

proximally of a rotor 35 disposed in the housing 33. The rotor is

connected to the shaft 36 extending through the shaft catheter 32

and thus caused to rotate. The housing and the rotor can be

compressed, which is to say the pump is a se!f-decompressible

pump. The pump deploys after the distal pump unit is pushed out at

the distal end of a sheath. So as to compress the pump in

preparation for the implantation, the distal pump unit is pulled into

the distal end of a sheath lumen of a second sheath. The inside

diameter of the sheath lumen is at least greater than the outside

diameter of the shaft catheter.

The rotor may be displaceable relative to the pump housing in the

axial direction, notably by means of an axial displacement of the

drive shaft. However, the rotor may also be fixed in the axial

direction relative to the pump housing.

The pump optionally comprises an outflow hose 37, which defines a

flow duct for the pumped fluid located proximally of the rotor 35.

Discharge openings, which are not shown in detail, are located at

the proximal end of the outflow hose 37.

The pump can, of course, also be switched from pumping operation

to suction operation, so that the pump no longer conducts fluid from

the distal end to the proximal end, but vice versa.



A detailed description of a further suitable pump can be found in

document EP 2 047 872 A , for example.

The function of the system shall now be described based on FIGS. 5

to 9.

FIG. 5 shows a pump 30', which substantially corresponds to the

pump 30 of FIG. 4 . To simplify matters, details of the pump are not

shown. Only the bellied housing and the "pigtail" located distal of the

bellied housing are shown, the pigtail preventing the heart pump

from being suctioned against the cardiac wall. The shaft catheter 32'

runs proximal of the distal pump unit 31'. A second sheath 20' is

provided, which encloses a region 38' of the shaft catheter 32' and

comprises a lumen l_2, the inside diameter of which is smaller

than the diameter of the distal pump unit 31' when it is deployed.

The pump 30' shown in FIG. 5 is a compressible pump, which is to

say the distal pump unit 31', which comprises the pump housing and

the rotor located therein, among other things, is designed such that

it can be compressed, which is to say that the diameter thereof can

be decreased. After a quality inspector or a physician, for example,

has confirmed the correct function of the pump 30', such as by

observing the rotational movement of the rotor unit located in the

distal pump unit 31' during a test run, the distal pump unit 31' is

pulled into the lumen L2 of the second sheath 20' by pulling the shaft

catheter 32' in the proximal direction. By pulling the pump into the

second sheath 20', bending or damage of the shaft catheter or of the

shaft extending therein is prevented. The pump 30' shown in FIG. 5



and the second sheath 20' enclosing the region 38' of the shaft

catheter 32' form a system 200 which allows the function of the

pump 30' to be tested in due time before surgery and the pump to be

compressed by pulling the distal pump unit 31' into the distal end of

the second sheath 20', and thus prevent damage to the shaft.

Although the system can be implemented both with actively

decompressible pumps and with seif-decompressible pumps, it is

particularly suitable for self-decompressible pumps, which is to say

pumps in which the distal pump unit automatically restores the

original size outside the sheath.

FIG. 6 shows an intermediate step when pulling the distal pump unit

30' into the lumen of the second sheath 20'. It is apparent that the

distal pump unit 30' can be compressed and reduced to a smaller

diameter, so that the distal pump unit 30' can be accommodated in

the lumen of the second sheath 20'.

FIG. 6 further shows a coupling 39' adjoining the shaft catheter 32',

the coupling allowing the shaft extending in the shaft catheter to be

coupled to a drive unit. Because the coupling 39' often times has a

larger outside diameter than the inside diameter of the lumen , the

second sheath 20' is usually added from the proximal end of the

shaft catheter 32' in the distal direction before the coupling 39' is

mounted, so that the pump is shipped as a system 200, which is to

say the pump comprising the second sheath 20' located proximal of

the distal pump unit 31' and the sub-assembled coupling 39'. FIG. 6

also shows a slightly trumpet-shaped expansion of the distal end of

the second sheath 20'. The trumpet-shaped expansion 24' makes it



easier for the distal pump unit 31' to be pulled into the lumen 2 of

the second sheath 20'.

In FIG. 7 finally the distal pump unit 31' is located entirely in the

lumen l 2 of the second sheath 20". The second sheath 20"

comprises two sub-assembled grip units 22", which allow better

holding or removal of the second sheath 20" when pulling the distal

pump unit 31' into the lumen L2, or subsequent tearing. If a "pigtail"

is present, the same is advantageously likewise pulled into the

lumen L2, so that the distal pump unit 31', together with the

components of the pump located distal of the distal pump unit 31',

are present in the lumen L2.

It is apparent from FIG. 8 how the system 200 comprising the pump

30' and second sheath 20" is combined in an operative connection

with the first sheath 10 to form a system 100. First, the distal end of

the second sheath 20" is inserted into the sheath housing of the first

sheath 10. As soon as the distal tip of the second sheath 20" is

seated against the mouth of the tubular section of the first sheath

10, the pump is transferred from the second sheath 20' into the first

sheath 0' by pushing the pump in the distal direction, the pushing

taking place by pushing of the shaft catheter 32'. The diameter of the

distal pump unit 31' is thus reduced further to the inside diameter d

of the lumen L-i.



FIG. 9 shows the subsequent step, in which the distal pump unit 31'

is located entirely in the lumen of the first sheath 10. The fact that

the distal pump unit 31' is located entirely in the lumen l of the first

sheath 10 can be indicated, for example, by using a colored marking

50 which is applied to the outside of the shaft catheter 32'.

The second sheath 20", which is designed as a "peel-away" sheath,

is then removed from the shaft catheter 32' by tearing open the peel-

away sheath from the proximal end to the distal end and pulling it off

the shaft catheter 32'. The directed tearing open from the proximal

end to the distal end can be supported by notches A, however it is

primarily based on the orientation of the molecule chains of the

plastic material that is used from the proximal direction in the distal

direction.

After the peel-away sheath has been removed, the pump 30' is

guided further inside the lumen L of the first sheath 0 to the

desired location.

The first sheath can optionally be advanced to the immediate vicinity

of the site of use before or after the pump has been inserted using

the distal sheath mouth. The first sheath has the required length to

do so.

A reinforcement of the second sheath 20" is not required, in

particular when pulling the distal pump unit 31' into the distal end of

the second sheath lumen L2, because the risk of the shaft kinking



during a pulling motion is significantly reduced.

When the pump is transferred from the second sheath to the first

sheath, as shown based on FIGS. 7 to 9, the second sheath may

comprise a reinforcing structure in form of an introduced wire, or the

tubular section 21" of the sheath 20" is not produced from a flexible

plastic material, but from a non-deformable plastic material or metal.

Another option for stabilizing the pump and the second sheath is

that of holding the second sheath 20" by way of a supporting

element 40 in form of a stable outer sleeve when advancing the

pump 30' in the distal direction, which is to say in particular when

transferring the pump 30' from the second sheath into the first

sheath.

Hereafter, another possible variant of a method for inserting a pump

into a left ventricle shall be described. As a preparatory measure,

the pump is first filled with a sterile physiological salt solution and is

thus completely freed from air. Then, the peel-away sheath located

proximal of the distal pump unit is advanced to a potentially present

outflow hose. The diameter of the peel-away sheath is 10 Fr, for

example. After the peel-away sheath has been advanced to the

outflow hose, the peel-away hose is surrounded by a sleeve-shaped

element so as to hold the second sheath. The distal pump unit is

then pulled into the peel-away sheath, optionally by performing a

slight rotational movement, by performing a pulling motion in the

proximal direction on the shaft catheter. The pump is advanced into

the second sheath so far that a potentially present pigtail is likewise

secured in the peel-away sheath. These steps make it possible to



examine the functional capability of the pump even before surgery

and to insert the pump only then into a sheath, without having to act

under time pressure. For example, it is only then that the vascular

system is punctured so as to insert the first sheath. However, so as

to save time, it is thus also possible for an assistant to prepare the

pump, while the user already carries out the puncturing.

After a 9 Fr introducer sheath, for example, has been introduced into

the left ventricle, a potentially present dilator is pulled out of the

introducer sheath and removed therefrom.

The pump, which is held in the peel-away sheath and which initially

is, for example, enveloped by the sleeve so as to hold the second

sheath, is then pushed into the sheath housing until the tip of the

peel-away sheath strikes against a mechanical stop. The pump is

then transferred from the peel-away sheath into the tubular section

by pushing the shaft catheter. As soon as the distal pump unit has

been completely transferred into the introducer sheath, as can be

verified based on an optical marking on the catheter shaft, for

example, the peel-away sheath can be torn open and pulled off the

shaft catheter. The pump is then advanced inside the first sheath

into the left ventricle. The first sheath is subsequently pulled back

out of the left ventricle, to the point where the descending aorta

begins.



The positioning of the distal pump unit in the left ventricle can be

controlled by way of radioscopy, for example. For this purpose, an

X-ray visible marking is located on the pump housing or in the

vicinity thereof, for example on the catheter, or the pump housing

itself is visible to X-rays. The discharge region of the pump, which is

to say the discharge openings of an outflow hose, should likewise be

located in the region of the ascending aorta. This can also be

checked using an X-ray visible marking. A potentially present pigtail

catheter tip should make contact with the tip of the left ventricle.

So as to remove the pump from the ventricle, the pump is retracted

into the introducer sheath by means of a pulling force that is applied

to the shaft catheter and is removed from the arterial vascular

system in the compressed state. If the first sheath has already been

shortened, the pump can also first be retracted a certain distance

into the shaft catheter so as to compress the pump. For this

purpose, the shaft catheter may comprise a pull-in funnel into which

the pump can be pulled by pulling on the drive shaft. The first sheath

and further remaining components are then removed from the

vascular system.

The invention provides a particular advantage when a long sheath is

used during the implantation and explanation of the pump. The long

sheath is not only used, as is customary in the prior art, to insert the

pump into an endogenous lumen, but also to guide the pump

through the sheath lumen into the vicinity of the site of action. To

this end it is advantageous in the medical field if the sheath has a



length between 40 and 1 0 cm. The length is determined by the

later site of action of the pump and the patient's physique.

If the pump is pulled out of the endogenous lumen together with the

long sheath, bleeding of the femoral artery is stopped by means of a

pressure dressing. As an alternative, the pump can be pulled out of

the sheath lumen of the long sheath. A further guide wire can then

be placed through the lumen of the sheath, and an element for

closing the puncture can be guided via this guide wire after the

sheath has been removed. This allows improved stemming of the

bleeding to be achieved.

FIGS. 0 to 13 show in particular an embodiment of the first sheath

according to the invention, comprising one or more clamping

elements for fixing a tubular section 4 1 in a sheath housing 43.

FIG. 10 shows a longitudinal section of a sheath housing 43, which

substantially has the shape of a cylindrical sleeve which is closed at

least at the distal end 44 facing the patient's body by a pressure

screw 45. The sheath housing 43 has a continuous receiving

channel 46 for a tubular section 4 1 of the first sheath. In the

illustration of FIG. 10, coming from the patient's body, the tubular

section 4 1 is shown continuously up to the flushing space 47 of the

receiving channel 46, and then in dotted form in the proximal

direction. This indicates that the tubular section 4 1 can be axially

displaced relative to the sheath housing 43 inside the receiving

channel 46 or, in other words, the sheath housing 43 can be

displaced on the tubular section 4 1.



So as to insert a functional element, for example a pump, into the

first sheath, the tubular section 4 is usually pulled out of the sheath

housing 43 in the distal direction so far, or it is positioned during

production of the first sheath, so that it ends approximately at the

level of the first stop piece 48. A second sheath comprising a

retracted pump, as described above, can be advanced up to this

point, so as to then move the pump from the second sheath into the

first sheath.

The first clamping element comprises elements such as the first

pressure screw 45, a first clamping ring 50 made of an elastomeric

material, and the first stop piece 48.

The pressure screw is screwed to the sheath housing by means of

an external thread in an overlapping region with the distal end 44 of

the sheath housing 43. Manually rotating the pressure screw 45 thus

brings about a movement of the pressure screw in the axial

direction, which results in axial compression or expansion of the

clamping ring 50. During an axial compression, the clamping ring 50

tends to give way radially inward and outward so as to maintain the

volume thereof and thus clamps the tubular section 1, because it

experiences resistance at the proximal side by the first stop piece

48.



The tubular section 4 1 is thus axially fixed relative to the sheath

housing 43. This fixation can easily be released by loosening the

pressure screw 45, so that the tubular section 4 1 is then easy to

axially displace in the sheath housing 43. To this end, when it is

relaxed, the clamping ring can have an inside diameter that equal to

or larger than the diameter of the first sheath.

So if the tubular section 4 is first pushed as far as possible into the

patient's body to allow insertion of the pump, protected by the

sheath, to the site of use, for example a ventricle, the tubular section

4 1 is pulled out after the pump has been removed and the sheath as

a whole protrudes relatively little from the patient's body. The

clamping element 48, 45, 50 can then be released and the sheath

housing 43 can be pushed closer to the patient's body on the tubular

section 4 . The tubular section 4 1 then extends completely through

the sheath housing 43 and optionally protrudes from the same in the

proximal direction. Using means which will be described in more

detail hereafter, the tubular section 4 1 can then be severed in some

regions so as to remove the excess length.

A so-called combined haemostatic valve, which is composed of a

dome valve 5 1 and a valve plate 52, is provided inside the sheath

housing 43 to provide better sealing action. The valve plate closes

the sheath housing 43 if at this point neither the tubular section 4 1

nor a shaft catheter extends through the receiving channel 46, while

the dome valve 5 1 is optimized so as to provide tight sealing around

a strand-shaped body, for example the tubular section or a catheter.



A further pressure screw 54 is provided at the proximal end 53 of the

sheath housing 43, the pressure screw basically functioning in the

same manner as the first pressure screw 45 and effecting the

compression of a second clamping ring 56 relative to a second

mechanical stop 57 via a pressure piece 55. A special feature that

should be mentioned here is that the distal end of the second

clamping ring 56 has a conical shape, which favors a deformation

radially inward when exerting an axial pressure by way of the

pressure screw 54. The second stop 57 has a conical design in the

opposite direction. However, it is also possible at this point to use a

non-conical clamping ring 56, and instead one which has a

rectangular or round cross-section.

It is then possible to additionally dispose one or more further valves

in the flushing space between the clamping element 48, 45, 50 and

the flushing inlet 58, whereby it is assured that a fluid-tight

connection exists between the tubular section 4 1 and the sheath

housing 43, even if the clamping element 48, 45, 50 is released.

FIG. 0 schematically indicates a flushing element 58, which allows

the flushing space 47 to be flushed with a liquid that prevents

microbes from penetrating into the patient's body through the first

sheath. This flushing is particularly effective if the tubular section 4 1

ends in the flushing space 47 or on the distal side thereof, so that

the flushing liquid can reach both the outside and the inside of the

tubular section 4 1.



FIG. 11 shows, by way of example, the arrangement and operating

principle of a cutting element according to the invention.

If no precut predetermined breaking points, or no predetermined

breaking points that are predefined in another manner, for example

by a predetermined molecule structure or regional weakening of the

wall thickness of the tubular section 2 1, are provided, these can be

introduced in a suitable manner when using the first sheath by way

of a cutting element. In the region of the flushing space 47 of the

sheath housing 43 in FIG. 11, a cutting element comprising blades

59, 60 is provided, which cuts the tubular section in the

circumferential section, for example during a rotation of the sheath

housing relative to the tubular section. It is also possible to introduce

cuts in the axia! direction.

For this purpose, the blades 59, 60 can also be disposed such that

they cut in the longitudinal direction during a movement of the

tubular section 4 1 in the axial direction, as indicated by the arrow 6 1.

It is possible to provide blades both for cutting in the circumferential

direction and for cutting in the longitudinal direction.

FIG. 1 also shows that the blades 59, 60 can be moved radially

toward the tubular section 4 1 by actuation from outside the sheath

housing 43. There, a guide extending in the radial direction for one

or more blade holders, a corresponding seal and a suspension can

be provided, so that microbes are prevented from penetrating via

this displacement element for the blades and the blades, when not

actuated, radially have a distance from the tubular section 4 1. After



use of the first sheath, it is then possible to manually apply pressure

to the blades and the portion of the tubular section 4 1 that is not

required can be cut off. A stop, which is not shown here, prevents

the cutting depth from exceeding a critical dimension and causing

damage to a catheter which may be present inside the sheath.

The blades shown can also form a cutting element for a second

sheath.

FIG. 12 shows an advantageous use of the second clamping

element on the proximal side of the sheath housing 43 after the

tubular section 4 1 has been shortened, and a shaft catheter 6 1

leads out of the proximal end of the tubular section 4 and then on

to a coupling element, which is not shown, for a drivable shaft of a

pump and out of the sheath housing 43. The shaft catheter is sealed

in the aforementioned dome sea! 5 1, and the clamping element,

together with the elements of the second pressure screw 54 and of

the second clamping ring 56, which is axial!y compressed by the

pressure piece 55 relative to the second stop 57, gives way radially

inward far enough for the shaft catheter 6 1, which has a

substantially smaller outside diameter than the tubular section 4 1 or

a second sheath, to be clamped and in particular to be additionally

sealed. Both the tubular section 4 1 and the shaft catheter 6 1

protruding therefrom can thus be fixed in the sheath housing 43.

The second clamping element is likewise suitable for fixing the

second sheath with the second clamping ring 56, when inserting a

second sheath into the sheath housing 43, such that the second

sheath is sufficiently fixed relative to the sheath housing 43, and



notably relative to the tubular section 4 1, so as to allow the shaft

catheter 6 1 to be pushed through.

The first and second clamping rings 50, 56 can be produced from an

elastomer, for example a rubber or a silicone elastomer, and can

thus be fully elastic, but be deformable without being able to

compress the volume. At this point, using an elastic foamed material

in which some of the volume can be compressed is also

conceivable.

FIG. 13 is a schematic view of another type of a clamping ring 62,

which can be produced from a plastic material or a metal, for

example, and in particular can be slotted and thus be radially

compressible. The slotted clamping ring 62 has a conical outside

contour, against which the conical contour of a pressure piece 63

pushes so as to radially compress the clamping ring as soon as an

axial pressure force is exerted on the pressure piece 63 in the

direction of the arrow 65, for example by a pressure screw shown

above. The slotted clamping ring 62 is axially fixed by the stop piece

64.



A first concept of the invention relates to a sheath device for inserting a

catheter into a lumen, in particular of a patient's body, comprising a first

sheath {10, 11, 13, 21, 21", 21", 41, 43) having a proximal end and a distal

end, which is located in particular on the patient body side, wherein the first

sheath comprises a sheath housing (13, 43) having a receiving channel,

which hereafter is referred to as the first receiving channel, and a further

receiving channel for receiving a tubular section, which extends distally

from the sheath housing and which in particular runs coaxially relative to

the first receiving channel and in which the tubular section can be axially

displaced and fixed.

The first and the further receiving channels are located in particular

coaxially relative to each other and axially behind each other, and the

tubular section can also extend through both receiving channels.

A second concept of the invention relates to a sheath device according to

the first concept, wherein the diameter of the first receiving channel differs

from the diameter of the further receiving channel.

The diameter of the first receiving channel can be smaller or larger than the

diameter of the further receiving channel. However, it is also conceivable

for the diameter of the first receiving channel to substantially correspond to

the diameter of the further receiving channel.

According to a third concept of the invention, a clamping element (54, 54',

55, 56, 56', 57, 57') for fixing a strand-shaped body in the first receiving

channel and/or for fixing a tubular section (1 , 2 1, 21', 21", 41) in the

further receiving channel by way of clamping can be provided in the first

receiving channel (46) and/or in the further receiving channel according to

the first concept or the second concept of the invention.



At least one of the clamping elements {54, 54', 55, 56, 56', 57, 57') can, for

example, be designed such that it selectively allows clamping of a strand-

shaped body having a first diameter or of a strand-shaped body having a

second diameter, wherein the first diameter is different from the second

diameter.

For this purpose, for example, a clamping mechanism comprising a

clamping screw can be provided, which has several preferred clamping

positions. These can, for example, be implemented by various positions of

the clamping screw.

According to a fourth concept of the invention, which relates to a sheath

device according to the first, second or third concept, additionally a radial

expansion of the first or further receiving channel containing a flushing

element can be provided in the sheath housing {13, 43) in the region of the

first receiving channel and/or the further receiving channel.

The flushing element can, for example, comprise one or more radial

fluid connections for supplying and removing a fluid.

In the region of the radial expansion, for example at one of the axial ends

thereof, additionally a valve can be provided for closing off the radial

expansion in a fluid-tight manner.

The valve may comprise a valve plate and/or a dome valve.

A fifth concept of the invention relates to a sheath device according to the

first or any one of the subsequent concepts (2 to 4) of the invention,

wherein a cutting device comprising at least one blade is provided, which

has at least one possible position, in which it radially protrudes into the first

receiving channel or into the further receiving channel or into the expanded

region, and more particularly into the flushing space.



For example, at least one blade that cuts in the circumferential direction of

a receiving channel or a blade that cuts in the axial direction may be

provided for this purpose. The respective blade(s) can each be

displaceable in the radial direction with respect to the receiving channel or

the expanded region between at least one cutting position and a non-

cutting position, in particular a position that does not protrude into a

receiving channel. The displacement can take place against the

counterforce of a spring, which cooperates with the knife or a knife holder.

In addition, a fluid-tight guide channel can be provided for each of the

knives.

A sixth concept of the invention relates to a sheath device according to the

first or any one of the subsequent concepts (2 to 5} of the invention,

comprising a tubular section that is located in the further receiving channel.

A seventh concept of the invention relates to a catheter device comprising

a sheath device according to any one of the preceding concepts and

comprising a catheter, which extends through the receiving channel on the

inside and together with a second sleeve-shaped sheath, wherein the

second sheath is fixed in the first receiving channel, in particular in a

clamping element (54, 54', 55, 56, 56', 57, 57') of the first receiving

channel.

An eighth concept of the invention relates to a method for inserting a

catheter (32, 66) into a patient's body by means of a sheath device

according to any one of the preceding concepts of the invention and by

means of a second sheath (20, 20', 20", 20'"), wherein first the second

sheath, together with the catheter, is inserted into the first sheath (10, ,

13, 21, 21', 21", 41', 43), and more particularly up to the end of the tubular

section and abutting the same, the second sheath is then fixed by means of



a clamping element (54, 54', 55, 56, 56', 57, 57'), and thereafter the

catheter is transferred from the second sheath into the first sheath.

A ninth concept of the invention relates to a method according to the ninth

concept, wherein the second sheath (20, 20', 20", 20"') is removed, in

particular by tearing it open or off, after the catheter has been inserted into

the first sheath.

A tenth concept of the invention relates to a method according to the eighth

or ninth concept, wherein the catheter is fixed in a clamping element (54,

54', 55, 56, 56', 57, 57') after the second sheath (20, 20', 20", 20'") has

been removed.

An eleventh concept of the invention relates to a method for inserting a

catheter into a patient's body by means of a sheath device according to any

one of the preceding concepts of the invention, wherein a tubular section

( , 21, 21', 21", 41) is introduced into the sheath housing (13, 43) and

likewise is introduced into a lumen of a patient's body, wherein then a a

functional element is introduced into the lumen of the patient's body

through the sheath device, wherein then the tubular section is pulled at

least a certain distance out of the lumen of the patient's body, wherein the

sheath housing is displaced in the distal direction relative to the tubular

section, and wherein then the tubular section is fixed on the sheath housing

by means of a clamping element and/or is cut off inside the sheath housing.
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Claims

. A sheath device for inserting a catheter in a patient's body,

comprising a first sheath (10, 1, 13, 2 1, 21', 21", 4 1, 43)

having a proximal end and a distal end, wherein when used

as intended the distal end of the first sheath is provided for

arrangement in the patient's body and the proximal end of the

first sheath is provided for arrangement outside the patient's

body, and wherein the first sheath comprises a tubular

section ( , 2 1, 21', 21", 41) and a sheath housing (13, 43),

which is disposed at the proximal end of the section and

comprises a receiving channel (46) for a strand-shaped body,

in particular for a catheter, and wherein the tubular section

( 11, 2 1, 21', 21", 41) is detachably held in a clamping element

(45, 48, 50, 62, 63, 64) of the sheath housing in a non-

positive manner.

2 . The sheath device according to claim , characterized in that

the tubular section ( 1, 2 1, 21', 21", 41) can be displaced into

the sheath housing when the clamping element (45, 48, 50,

62, 63, 64) is released.

3. The sheath device according to claim 1 or 2, characterized in

that the tubular section ( 1 1, 2 1, 21', 21", 41) leads into the



sheath housing in direct extension of the receiving channel

(46).

4 . The sheath device according to claim 1, 2 , or 3, characterized

in that the clamping element comprises an elastically

deformabie clamping ring (50, 62), which surrounds the

tubular section ( 11, 2 1, 21', 21", 41) and can be pressed by a

manipulating element such that the ring radially clamps the

tubular section.

5 . The sheath device according to claim 4, characterized in that

the clamping ring (50, 62) can be radially deformed by axial

pressure action.

6. The sheath device according to claim , 2, 3, 4 or 5 ,

characterized in that the clamping ring (50) is produced from

an elastomer or from a slotted ring (62) made of plastic

material or metal.

7 . The sheath device according to claim 4 or any one that

follows, characterized in that the clamping element comprises

a screw element (43, 45) for axially pressing a clamping ring

(50, 62).

8 . The sheath device according to claim 1 or any one that

follows, characterized in that the tubular section ( 1 1, 2 1, 21',

21", 41) has at least one predetermined breaking point at

least at the proximal end, the predetermined breaking point

being used to sever a longitudinal section of the tubular



section.

9. The sheath device according to claim 1 or any one that

follows, characterized in that the sheath housing {13, 43)

comprises a cutting element (59, 60) by means of which a

portion of the tubular section ( 1 , 2 1, 2 ' , 2 1" , 4 ) can be

severed, or perforated, notched or scored for the purpose of

easier severing.

10. The sheath device according to claim 9 , characterized in that

the cutting element comprises at least one blade (59, 60),

which is movably guided, notably in the sheath housing ( 3,

43), and is notably movably guided radially toward the

catheter.

11. A catheter system comprising a catheter and a sheath device

according to claim 1 or any one that follows, characterized in

that the sheath housing (13, 43) comprises a further clamping

element (54, 55, 56, 57) on the proximal side of the clamping

element (45, 48, 50, 62, 63, 64), wherein the further clamping

element is provided so as to radially clamp the catheter (66)

or to radially clamp a second sheath surrounding the catheter

and/or a functional element connected to the catheter.

12. A method for inserting a catheter comprising a functional

element disposed at the end thereof into a patient's body,

characterized in that the catheter is inserted into the sheath

housing ( 3, 43) and the tubular section ( 1 1, 2 1, 21', 21", 41)

and thereupon is inserted in the tubular section into the



patient's, the tubular section is then pulled a certain distance

out of the patient's body in the proximal direction, and the

clamping element (45, 48, 50, 62, 63, 64) is released and the

tubular section is moved into the sheath housing.

13. The method according to claim , characterized in that the

tubular section ( 11, 2 1, 21", 21", 41) is shortened after being

pulled into the sheath housing ( 3 , 43) and then re-clamped.

14. The method according to claim 13, characterized in that the

shortening is carried out by tearing open the tubular section

( 1 1, 2 1, 21', 21", 41) in the longitudinal direction, and by then

tearing it off.
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