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A dilator for performing a percutaneous medical pro

cedure

The present invention relates to a dilator for

performing a percutaneous medical procedure, said di

lator comprising a proximal shaft portion near a

proximal end thereof and a distal portion having a

general tapering shape towards a distal end of said

dilator, said distal portion being adapted for dila-

tion of body tissue.

In critical care of a seriously ill or injured

patient, the first step is establishment of an ade

quate air passageway to maintain the ability of the

patient to breathe, or to perform resuscitation on a

patient unable to breathe. Endotracheal intubation

(placement of a tube through the nostrils or mouth

and into the trachea) is the preferred method, but it

is not always possible e.g. because of obstruction of

the nostrils and/or mouth or because of secretions.

The most direct way to provide an air passageway un

der these circumstances is to form an opening (stoma)

in the tracheal wall, and to keep the stoma open by

inserting a tracheal tube into it. Such tracheostomy

is a common procedure performed on critically ill

persons to facilitate long-term airway management. In

a surgical tracheostomy, one or more tracheal rings

are cut with a scalpel to provide an opening of suf¬

ficient size for the tracheal tube to be inserted.

This procedure often entails a high degree of surgi-

cal skill to perform, particularly since it is vital

to locate and avoid unintentional severing of the

blood vessels in the area. Further the cost is rela¬

tively high as it is necessary to carry out the pro-



cedure in an operating room. In recent years so-

called percutaneous tracheostomy procedure has found

widespread use, as it is a minimal invasive procedure

having fewer complications and resulting in a more

cosmetic scar compared to surgical procedures, and

further percutaneous tracheostomy can be performed as

a bedside procedure, obviating the need for an oper

ating room. In percutaneous tracheostomy only a small

opening is incised as an entrance, and thereafter the

opening is gradually enlarged with a dilator. By this

percutaneous tracheostomy a stoma between the tra

cheal rings can be formed, resulting in reduced blood

loss compared to the surgical tracheostomy in which

one or more tracheal rings are cut. Percutaneous tra-

cheostomies can be formed in various ways. One tech¬

nique involves the steps of inserting a hollow needle

through the skin into the trachea, inserting a

guidewire in the needle, withdrawing the needle over

the guidewire and then using one or more dilators

slid over the guidewire to expand the opening suffi¬

ciently to enable a tracheostomy tube to be inserted.

Where a series of several dilators is used these have

an increasing diameter so that the opening is gradu

ally expanded. As an alternative a single, more

steeply tapered dilator can be used, such as the

well-known Cook ® Ciaglia Blue Rhino™ dilator, which

is described in US Patent No. 6,637,435. This dilator

of the related art is a dilator for creating a tra

cheostomy in one pass . The dilator comprises a gener-

ally linear shaft extending from a proximal end and a

gradually and continuously curved distal portion with

continuously decreasing diameter (from about 38

French) to a distal tip portion of small diameter of



about 12 French at the distal end.

EP 1 415 679 Al discloses another tracheostomy

dilator moulded from a plastics material and formed

into an S-shape having a flexible, tapered distal end

for insertion into trachea.

DE 100 65 604 Al also relates to a tracheostomy

dilator comprising a shaft portion or hand grip and a

conical dilator portion.

The use of a single dilator is an advantage be-

cause it reduces the number of steps in the procedure

and the number of components. One drawback associated

with this technique is that it can require some force

to insert the dilator and this insertion requires a

certain degree of skill and care to avoid trauma to

the patient, such as collapse of trachea or damage to

the posterior tracheal wall, for which reason the

time of procedure is relatively long.

It is an object of the present invention to

provide a dilator, which can shorten time of proce-

dure .

To achieve this object, the dilator indicated

in the introduction is characterized in that a region

of an outer surface of said distal portion is pro¬

vided with a pattern of depressions having a depth in

the interval of 0.1 to 3 mm. It is found that by pro

viding such depressions, the force required to intro¬

duce the dilator is reduced compared to a conven¬

tional prior art dilator having a smooth outer sur¬

face. As the force required to introduce the dilator

is reduced, the risk of trauma is reduced and the re¬

quirement of care during the procedure is less

strict, meaning the procedure can be performed in

shorter time. Although values exceeding 3 mm may be



used, the wall thickness of the dilator will often be

limited, particularly if the dilator is hollow, and

this restricts the higher limit of the interval. A

value below 0.1 mm is generally too small to achieve

a measurable effect.

According to an embodiment, the distance be

tween adjacent depressions is in the interval of 0.1

to 5 mm, which is found to provide good results.

The area of the depressions in relation to the

surface area influence the force necessary to urge

the dilator into a stoma, and according to an embodi

ment, the depressions constitute 1-98% of the surface

area in said region.

The depressions may be distributed only partly

around the distal portion, however according to an

embodiment depressions are distributed around the

distal portion along a substantial portion thereof,

such as at least 50% of the length of the distal por

tion, such as 80%, although acceptable results may be

achieved with less than 50%, such as 25%, particu

larly if the depressions are distributed at carefully

selected regions, such as at the widest dilation,

i.e. near the shaft portion.

According to an embodiment, the depressions are

distributed in a random pattern. Dependent on the

method of manufacture, a random pattern may be cost

saving .

In an alternative embodiment, the depressions

are distributed in a regular pattern. By carefully

distributing the depressions in a regular pattern,

favourable results may be achieved.

According to an embodiment, the depressions are

formed in the surface as indentations, grooves, fur-



rows, dimples, texture, grinding marks or the like.

This kind of depressions provides relatively smooth

depressions, so the risk of unintentional damage to

the tissue by the dilator is limited. It is generally

relatively easy to provide grinding marks in the sur

face, and hence grinding marks as depressions may be

cost effective regarding manufacture. However grind

ing marks are less appropriate than the other types

of depressions as grinding marks often will not have

the necessary depth.

The depressions may be distributed randomly on

the surface of the dilator. In case of grooves or

furrows, it may be advantageous that said grooves or

furrows are oriented in a direction along the dilator

from end to end.

Alternatively, said grooves or furrows may be

oriented in a circumferential direction of the dila¬

tor.

In yet another alternative embodiment, said

grooves or furrows are oriented along helical paths.

Hereby a certain degree of screw effect may be

achieved. This screw effect may be advantageous in

some procedures to facilitate insertion of the dila

tor.

In a further alternative embodiment, said

grooves or furrows are oriented along crossing heli

cal paths, an angle a between two crossing helical

paths being in the interval of 60-120°.

The dilator may be made of any suitable mate-

rial, such as a metal, but according to an embodi

ment, the dilator is manufactured from a polymer,

which is found to provide very cost-effective dila

tors. Hence the dilator may be disposable, eliminat-



ing the need for cleaning of the dilator and the risk

of cross-infection.

To further reduce the friction, and hence re

duce the force necessary to urge the dilator into a

stoma, the distal portion of the dilator may be pro

vided with a hydrophilic coating.

According to an embodiment, the dilator is a -

dapted to be advanced over a guidewire, to thereby

facilitate entry of the dilator, and reduce the risk

of damages to the patient.

Further providing the dilator with an inflat

able balloon at a distal portion of the dilator may

be advantageous. The balloon may be inflated to pro

vide an increased dilation, or to facilitate a care-

ful, controlled dilation.

An embodiment of the invention relates to a de¬

vice for forming an ostomy in a tracheal wall, said

device comprising a dilator according to any of the

claims above, wherein the device further comprises a

reinforced balloon catheter carried by said dilator,

the balloon catheter including an inflatable balloon

extending from the distal end of the dilator, said

dilator and balloon catheter being advanceable along

a guide wire percutaneously positionable across the

tracheal wall, said balloon being adapted to atrau¬

matically dilate a portion of the tracheal wall to

form an ostomy in the tracheal wall upon inflation of

the balloon. By this device the risk of injury to the

trachea and especially the posterior tracheal wall is

reduced.

Another aspect of the invention relates to a

method for making a dilator having a surface as out¬

lined above, comprising the steps of:



providing a dilator in a suitable bio

compatible material, such as a polymer, by either

pressure die-casting in a mould having a surface with

a pattern complementary to the pattern to be achieved

on the dilator, or by machining the smooth surface of

a dilator blank to provide a dilator having a pattern

of depressions on the outer surface thereof. It may

also be possible to produce the dilator by extrusion.

Yet another aspect of the invention relates to

a percutaneous method of forming an ostomy in a tra¬

cheal wall employing a dilator comprising a proximal

shaft portion near a proximal end thereof and a dis¬

tal portion having a general tapering shape towards a

distal end of said dilator, said distal portion being

adapted for dilation of body tissue, a region of an

outer surface of said distal portion being provided

with a pattern of depressions, the method comprising

the steps of :

percutaneously inserting the tip of a guide

wire through the tracheal wall so that the guide wire

lies across the tracheal wall,

positioning the dilator over the guide wire,

advancing the dilator along the guide wire un¬

til the dilator lies across the tracheal wall.

By this method a fast and essentially atrau

matic dilation of an ostomy may be performed.

In the following the present invention will be

described in more detail, by way of example, with

reference to the accompanying drawing, in which:

Fig. 1 is a side view of a prior art dilator,

Fig. 2 is a side view of the dilator of Fig. 1

in position over a guidewire and extending through an

entrance to a trachea,



Fig. 3 is a photograph of four dilators a-d ac

cording to the invention,

Fig. 4 is a photographic enlargement of a sur

face portion of dilator b in Fig. 3 ,

Fig. 5 is a sketch of a partial cross-section

of a dilator according to the invention,

Fig. 6a is a photograph of a test set-up,

Fig. 6b is a close-up photograph of a part of

the set-up of Fig. 6a, and

Fig. 7 is a curve showing force versus dis

tance .

A prior art dilator 10 of US Patent No.

6,637,435 is illustrated in Fig. 1 . The dilator ac

cording to the present invention may be seen as a

further development of this prior art dilator, and

the following description of the prior art dilator is

valid for the dilator according to the invention as

well. The dilator 10 includes a shaft portion 12 ex

tending from a proximal end 14, and a curved tapered

distal portion 16 extending from shaft portion 12 to

a small tip portion 18 at distal end 20. A centre

line 99 extends through the dilator 10 from the

proximal end 14 to the distal end 20. Demarcation 22

denotes the location at which the outer diameter is

38 French (12.7 mm) . A central passageway 24 extends

completely there through from proximal end 14 to dis¬

tal end 20. A marking 26 is identified toward proxi¬

mal end 14 from demarcation 22 that indicates the

recommended depth of maximum insertion into the tho-

rax, and that is at that location at which the shaft

portion 12 and the curved tapered distal portion 16

meet .

Preferred dimensions of dilator 10 for use es-



pecially in tracheostomy procedures are: an overall

length of about 196 to 210 mm (7.75 to 8.25 in); a

length of about 110 mm (4.33 in) from distal end 18

to insertion depth marking 26 ; an inner diameter at

distal end 20 of about 2.79 mm (0.110 in) and that

extends the short length of flexible tip portion 18,

about 3.18 mm (0.125 in); an outer diameter at distal

end 18 of about 12 French or 4 mm (0.140 in); and an

outer diameter at proximal end 14 of about 50 French

or 16.5 mm (0.650 in), with an inner diameter of

about 12.0 mm (0.473 in) . The outer diameter at de

marcation 22, as mentioned above, is about 38 French

or 12.7 mm (0.491 in) and is located at about a dis

tance of 80 mm (3.150 in) from distal end 20; and the

inner diameter at demarcation 22 is about 7.72 mm

(0.304 in) .

The taper of the curved tapered distal portion

16 of the example described is about 0.056 mm per mm,

or 3.19°. The taper may be within a range of tapers

of between 1.7° and 10°. A very gradual taper such as

about l°00' may also, if desired, be used for the

shaft portion 12 for facilitating removal of the

moulded dilator from the moulding apparatus . Con

tinuation of the taper in the proximal direction from

curved tapered distal portion 16 also serves to per¬

mit, if necessary, further widening of the ostomy be

yond 38 French, such as to 40.5 French at the inser¬

tion limit 26.

The curvature of curved tapered distal portion

16 may be a series of curves of different radii, or a

complex curve, from distal end 20 at least to demar¬

cation 22 . The portion of dilator 10 between demarca

tion 22 and insertion limit 26 will extend, during



use of the dilator, between the outer skin of the pa

tient and the inside or anterior surface of the tra

chea of the patient. Also, the optimum curvature may¬

be within a range such that the outer surfaces are

within a zone of tolerance. While not susceptible of

a precise mathematic definition, it is preferred that

the curvature be adapted to the curvature of conven

tional curved tracheostomy tubes.

The curved distal portion 16 constitutes a

gradual transition from a very flexible short tip

portion 18 at distal end 20, to a more rigid shaft 12

at insertion limit 26, thus having increasing rigid¬

ity in the direction extending away from distal end

20. Such flexibility transition may be generated such

as providing a very small wall thickness at distal

end 18 (e.g., 0.381 mm or 0.015 in) and greater wall

thickness along shaft 12 of about 2.49 mm (0.098 in).

Shaft 12 may also have a gradual taper, if desired.

Dilator 10 may be made from polyurethane and be of

softer durometer than prior art dilators, such as a

durometer of about 43 Shore D hardness. Fabrication

may be accomplished such as by moulding the dilator

initially in a linear tapered shape with appropriate

wall thicknesses, and then inserting through the cen-

tral passageway a rigid forming wire of stainless

steel having an appropriate curved shape to elasti-

cally deform the dilator from its initial linear

shape to generate the desired curve of the intermedi¬

ate portion, and then post-curing the dilator at ele-

vated temperatures with the forming wire in place,

after which the dilator retains an appropriately

curved shape. Sharp edges at the proximal end may be

removed by abrasion, and the edges of the tip at dis-



tal end 20 may be rounded by careful application of

localized heating and pressure to remove sharp edges.

Dilator 10 may have a hydrophilic coating along

curved tapered end portion 16 such as PHOTO-LINK

coating material commercially available from SurMod-

ics, Inc., Eden Prairie, Minn. The material is a liq¬

uid mixture of PV05 Photo-Polyvinylpyrrolidone co

polymer, PA05 Photo-Polyacrylamide copolymer, 2 -

propanol and distilled water. Upon the intermediate

and distal end portions of the dilator being dipped

into a bath of the mixture, with the distal end being

occluded to isolate the interior surfaces, the coat¬

ing on the dilator is cured by ultraviolet light at

150 wpi . Dilator 10 is preferably of radiopaque mate-

rial, and it may be blue in colour to minimize glare

when viewed by an endotracheal bronchoscope that is

in position in the patient above the tracheal ring 46

to view the procedure within the trachea from above

the tracheal entrance.

Fig. 2 illustrates the use of dilator 10 posi¬

tioned on and along a guidewire 40 that extends

through incision 42 of a patient and in tracheal en

trance 44 between adjacent tracheal rings 46, 48, to

introduce a tracheostomy tube (not shown) into tra-

chea 50. Guidewire 40 includes a flexible J -shaped

tip 52 and a guiding catheter 54 of 8.0 French over

much of the guidewire. Guiding catheter 54 preferably

includes an annular protrusion 56 there around to act

as a stop for the distal end 20 of dilator 10. DiIa-

tor 10 is inserted over guidewire 40 until distal end

20 abuts annular protrusion 56. As can be seen in

Fig. 2 , the guidewire 40 is directed downwards into

the trachea to avoid that the dilator 10 abuts the



posterior tracheal wall to avoid injury therof.

With the curved tapered distal portion 16 hy-

drated such as by being dipped into sterile saline or

water to hydrate and thus activate the hydrophilic

coating thereon, dilator 10 is moved along guiding

catheter 54 and the distal tip portion of dilator 10

is inserted into tracheal entrance opening. The as

sembly is then gently urged repeatedly into and par

tially withdrawn from the tracheal entrance opening

44 and prying apart tracheal rings 46, 48 in an it¬

erative procedure, increasing the insertion depth

gradually each time until tracheal entrance opening

44 has been made sufficiently wide to enable a tra¬

cheostomy tube of appropriate size to be inserted

there through. Once hydrated by being immersed into

sterile saline or water, the outer surface of curved

tapered distal portion is made slippery without the

use of lubricating jelly, with a lowered coefficient

of friction to minimize trauma to the patient. Mark-

ing 26 indicates the safety limit of insertion of the

dilator into the patient's incision 42.

Dilator 10 is then removed from guidewire 40,

and a loading dilator (not shown) of appropriate size

is placed thereon, with the tracheostomy tube already

placed on the loading dilator, extending through the

widened tracheal entrance opening.

Four dilators according to the present inven¬

tion can be seen in Fig. 3 . As can be seen, the gen¬

eral outline of the dilators is similar to the prior

art dilator 10 in Fig. 1 and 2 . The dilators 100 com

prise a proximal shaft portion 112 near a proximal

end 114 of the dilator. The dilators 100 further com

prise a tapered and curved distal portion 116 extend-



ing from a position at or near a distal end 120. A

region of an outer surface of the distal portion 116

is provided with depressions, such as illustrated in

Fig. 3a-d. In Fig. 3a, the depressions are grinding

marks 201, in Fig. 3b dimples 203, in Fig. 3c grooves

202, and in Fig. 3d furrows 204. The pattern of de¬

pressions may be provided as any regular or irregular

distribution of depressions on the surface. The de

pressions may be provided by machining, or by provid-

ing a suitable mould having a non-smooth, e.g. tex

tured, surface in case of a moulded dilator. The pat¬

tern of depressions is an important difference to the

prior art as illustrated in Fig. 1 and 2 , as the

outer surface of the distal portion 16 of the prior

art dilator 10 described above is smooth. In the em¬

bodiment shown, the dilators 100 have a smooth region

300 at the proximal end 120 thereof, mainly because

the wall thickness is relatively small at this part

of the dilator. Further the dilation performed by the

dilator at this region is limited. As can be seen,

the furrows 204 of dilator 100 in Fig. 3d are helical

or twisted, whereby a screw effect can be achieved,

which may facilitate in the insertion and dilation.

Each furrow 204 may extend continuously from the dis-

tal end 120 to the proximal shaft portion 112, or al¬

ternatively or supplementary the furrows 204 may be

discontinued to extend for only a limited part of the

total distance from the distal end 120 to the proxi¬

mal shaft portion 112. Similarly the grooves 202 of

the dilator of Fig. 3c may extend continuously from

the distal end 120 to the proximal shaft portion 112,

or alternatively or supplementary the grooves 202 may

be discontinued to extend for only a limited part of



the total distance from the distal end 120 to the

proximal shaft portion 112.

An enlarged photograph of a portion of the sur¬

face of the dilator 100 in Fig. 3b can be seen in

Fig. 4 . As can be seen the surface of the dilator 100

is provided with randomly distributed depressions in

the form of pitting or dimples 203.

A simplified sketch of a partial cross-section

of the dilator 100 of Fig. 4 can be seen in Fig. 5 ,

which is solely for illustration of the principle of

the depressions of the surface of the dilator 100.

The dimples 203 provide a depression or relief area

at a second distance D2 from a centre line 199

through the dilator from a proximal end 114 to a dis-

tal end 120. On the other hand, the unpitted part of

the outer surface 210 provides a projection or con

tact area at a first distance Dl. The difference be

tween Dl and D2 may be denoted the depth of the de

pressions and is a measure of the surface irregular-

ity or roughness, and is found to influence the force

necessary to urge a dilator into trachea of a pa

tient. In Fig. 5 , a central passageway 124 extending

through the dilator can also be seen. This passageway

124 can be used for the dilator 100 to be slid along

a guidewire, similar to the illustration in Fig. 2 .

A test set-up 400 for measuring the force nec

essary to urge a dilator 100 into a narrow opening in

a yielding channel can be seen in Fig. 6a. In the

test, the dilator 100 was straightened out and

mounted in a holder 401. The dilator 100 was then

urged into a channel of a simulator part 402, which

can be seen in more detail in Fig. 6b, which is a top

view of the simulator part 402 seen from the side in



Fig. 6a. The simulator part 402 is a simulation of

the trachea wall. Inside the simulator part 402 three

inflatable balloon members 403 are arranged. When the

balloon members 403 are inflated as illustrated in

Fig. 6b, they fill the channel in the simulator part

402 leaving only a narrow opening 404 between the

balloon members 403.

The force required to urge the different dila¬

tors 100 into the simulator part 402 was recorded and

the resulting graphs can be seen in Fig. 7 . The tem

perature at the test was 23.8°C, the humidity 24.2%,

and the speed was 254 mm/minute. As can be seen the

maximum force necessary to press the standard prior

art dilator having a smooth surface into the simula-

tor is significantly higher than the maximum force

necessary with dilators having a surface provided

with dimples or furrows . The maximum force required

is reduced by approximately 10% by the dilator having

dimples, whereas a reduction of approximately 23% is

achieved by the dilator having furrows in the sur¬

face .

Although the examples given relates to depres¬

sions of relatively limited dimensions, it will be

evident to the skilled person that protrusions, such

as fins, corresponding to depressions of relatively

large dimensions, will also be a possibility.

Although the present invention is described in

relation to a dilator for tracheostomy, it is also

beneficial in relation to other dilators, such as

cervical dilators as will be appreciated by the

skilled person. The dilator may also be used for pro¬

viding access through the chest of a patient for ex¬

ample at the ribs, e.g. for access directly to the



lungs for connection to a respirator or for drainage

of fluid in the lungs.



P A T E N T C L A I M S

1 . A dilator for performing a percutaneous

medical procedure, said dilator comprising a proximal

shaft portion near a proximal end thereof and a dis-

tal portion having a general tapering shape towards a

distal end of said dilator, said distal portion being

adapted for dilation of body tissue, c h a r a c ¬

t e r i z e d in that a region of an outer surface

of said distal portion is provided with a pattern of

depressions having a depth in the interval of 0.1 to

3 mm.

2 . A dilator according to claim 1 , wherein a

distance between adjacent depressions is in the in¬

terval of 0.1 to 5 mm.

3 . A dilator according to claim 1 or 2, wherein

the depressions constitute 1-98% of the surface area

in said region.

4 . A dilator according to any of the claims

above, wherein depressions are distributed around the

distal portion along a substantial portion thereof,

such as at least 50% of the length of the distal por¬

tion, such as 80%.

5. A dilator according to any of the claims

above, wherein the depressions are distributed in a

random pattern.

6 . A dilator according to any of the claims 1 -

4 , wherein the depressions are distributed in a regu

lar pattern.

7. A dilator according to any of the claims

above, wherein depressions are formed in the surface

as indentations, grooves, furrows, dimples, texture

or grinding marks .

8 . A dilator according to claim 7 , wherein said



grooves or furrows are oriented in a direction along

the dilator from end to end.

9 . A dilator according to claim 7 , wherein said

grooves or furrows are oriented in a circumferential

direction of the dilator.

10. A dilator according to claim 7 , wherein

said grooves or furrows are oriented along helical

paths .

11. A dilator according to claim 10, wherein

said grooves or furrows are oriented along crossing

helical paths, an angle ( ) between two crossing

helical paths being in the interval of 60-120°.

12 . A dilator according to any of the claims

above, wherein said dilator is manufactured from a

polymer.

13 . A dilator according to any of the claims

above, wherein said distal portion is provided with a

hydrophilic coating.

14 . A dilator according to any of the claims

above, said dilator being adapted to be advanced

along a guidewire .

15 . A dilator according to any of the claims

above, said dilator further being provided with an

inflatable balloon at a distal portion of the dila-

tor.

16 . A device for forming an ostomy in a tra

cheal wall, said device comprising a dilator accord¬

ing to any of the claims above, wherein the device

further comprises a reinforced balloon catheter car-

ried by said dilator, the balloon catheter including

an inflatable balloon extending from the distal end

of the dilator, said dilator and balloon catheter be¬

ing advanceable along a guide wire percutaneously



positionable across the tracheal wall, said balloon

being adapted to atraumatically dilate a portion of

the tracheal wall to form an ostomy in the tracheal

wall upon inflation of the balloon.

17 . A method for making a dilator having a sur¬

face as defined in claim 1 , comprising the steps of:

providing a dilator in a suitable bio

compatible material, such as a polymer, by either

pressure die-casting in a mould having a surface with

a pattern complementary to the pattern to be achieved

on the dilator, or by machining the smooth surface of

a dilator blank to provide a dilator having a pattern

of depressions on the outer surface thereof.

18. A percutaneous method of forming an ostomy

in a tracheal wall employing a dilator comprising a

proximal shaft portion near a proximal end thereof

and a distal portion having a general tapering shape

towards a distal end of said dilator, said distal

portion being adapted for dilation of body tissue, a

region of an outer surface of said distal portion be

ing provided with a pattern of depressions, the

method comprising the steps of:

percutaneously inserting the tip of a guide

wire through the tracheal wall so that the guide wire

lies across the tracheal wall,

positioning the dilator over the guide wire,

advancing the dilator along the guide wire un¬

til the dilator lies across the tracheal wall.
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