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(57) 
A medical device such as an endoscope has an elongated 
?exible sheath. A ?rst sleeve has a passage there through 
Which snugly receives the sheath, the ?rst sheath being 
slideable from its proximal end to its distal end. The sleeve 
is a thin-Walled tube having a constant inner diameter so as 
to minimize the increase the outer dimension of the device 
at the portion upon Which the sleeve is positioned. The 
sleeve has a length of approximately one-half the length of 
the sheath and may have greater stiffness than the sheath. A 
second sleeve may be slideably mounted on the ?rst sleeve 
and has a snug ?t thereWith. The second sleeve is also a 
thin-Walled tube having a constant outer dimension. The 
second sleeve has a length of approximately one-half the 
length of the ?rst sleeve and may have greater stiffness than 
the ?rst sleeve. 
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METHOD FOR USING A VARIABLE STIFFNESS 
MEDICAL DEVICE 

RELATED APPLICATIONS 

[0001] This application is a continuation of application 
Ser. No. 09/663,017, ?led Sep. 15, 2000, Which claims the 
bene?t of Provisional Application Serial No. 60/156,053, 
?led Sep. 24, 1999, the entirety of all these applications are 
hereby incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to medical devices 
such as small diameter endoscopes, catheters, probes and/or 
other semi-rigid, semi-?exible instruments having an elon 
gated insertion tube Which is ?exible, and more particularly 
to such devices Which incorporate mechanisms for varying 
the stiffness of the device. 

[0004] 2. Description of Related Art 

[0005] It is usually necessary to provide some amount of 
initial rigidity/columnar strength upon the initial insertion of 
a device (such as endoscopes, catheter devices, or probes) in 
order for the device to pass through natural or manmade 
ori?ces and passages Without bending or buckling and enter 
the human body. Unfortunately, the initial rigidity of a 
device is usually too stiff to alloW for and provide for 
residual ?exibility Within the human body, Which includes 
many changes in direction. 

[0006] The residual ?exibility is necessary to ensure that 
the device does not puncture organs or vessels, and ensure 
that the device is able to folloW the anatomical passages 
Without causing injury to the passage. Furthermore, the 
introduction of ?exibility to a given probe enables the device 
to accommodate small amounts of compression, so as to 
traverse bends in the anatomy, Without inducing torsional/ 
tearing forces on the tissue. For example, driving a straight, 
relatively stiff rod thought a tortuous vessel Will induce 
tearing stresses on the vessel Where the vessel has a large 
degree of directional change. 

[0007] The present invention is particularly Well suited for 
use With an ultrasonic probe operating in a transverse mode 
of operation, as described in our co-pending application Ser. 
No. 09/618,352, Which Was ?led on Jul. 19, 2000 and is 
herein incorporated by reference in its entirety. In prior art 
devices, the application of ultrasonic energy has required 
that the inserted probe be relatively rigid. These relatively 
rigid probes Were required to transmit ultrasonic energy, and 
limited the ?exibility of the ultrasonic probe. Through the 
application of transverse ultrasonic energy, ?exible ultra 
sonic probes are able to be produced. The present invention 
is particularly Well-suited for use With these probes. 

[0008] Prior art medical devices currently available are 
usually either too ?exible or too stiff to easily manipulate 
Within the human body and provide the aforementioned 
needs and issues. In the construction of prior art medical 
devices, the ?exibility has been predetermined at the time of 
construction. The ?exibility cannot be adjusted to suit spe 
ci?c anatomical or user conditions encountered in various 
medical procedures. This predetermined ?exibility is based 
upon the diameter, Wall thickness and durometer of the 
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material used. Alternatively, Where alloWable, intricate 
steering and stiffening devices have been added to the 
instrument to in?uence the predetermined ?exibility. Some 
examples of these steering/stiffening devices are Wires 
embedded Within a catheter tube that alloW for directional 
changes to be caused by pulling/easing of the Wires, and then 
to stiffen the device by applying equal retraction on the Wires 
so as to cause compression on the column and inducing 
stiffness to it. 

[0009] Furthermore, prior to the present invention the 
length of the ?exible portion of the device—along With the 
strength modulus of the materials used in the probe con 
struction determined the overall compression/de?ection fac 
tor on the probe and the subsequent ability of the device to 
boW and bend and particularly hoW much prior to eventual 
breakage. 
[0010] With reasons and necessity for a Wider degree of 
?exibility Within use in the human anatomy, it is desirable to 
provide a medical device Wherein the stiffness thereof can be 
varied through a relatively Wide range With a relatively 
simple and inexpensive construction. 

SUMMARY OF THE INVENTION 

[0011] Accordingly, an object of the invention is to pro 
vide a medical device With variable stiffness, so that the 
device provides suf?cient initial rigidity to alloW initial 
insertion into a body, yet provides suf?cient residual ?ex 
ibility to alloW manipulation Within the human body. An 
object of the invention is to provide a single-use product. In 
this aspect of the invention, the method of construction and 
design has been directed toWards those products Which are 
considered to be single patient contact. This provides a 
device Which does not require complicated methods of 
disassembly and cleaning procedures and processes prior to 
reuse of the device. 

[0012] Another object of the present invention is to pro 
vide a design With minimal incremental cost increases When 
compared to existing devices. This is important factor 
because of ?nancial constraints placed upon the medical 
markets and healthcare reimbursement. 

[0013] A further object of the invention is to eliminate the 
use and introduction of Wires and or other devices Within the 
lumen of the probe (if holloW) and eliminate any ?xation or 
similar attachments to the exterior of the probe. 

[0014] Another object of the invention is to minimiZe the 
siZe of the medical device. It is knoWn that any increase in 
outer dimension signi?cantly increases the circumference 
and hence contact With the human anatomy. Similarly, the 
portion of the medical device Which penetrates the human 
body should be minimiZed to ensure that the device is 
(Where appropriate) more comfortable, less traumatic and 
easily tolerated by a patient and/or ?ts Within the con?nes of 
existing medical instrumentation. 

[0015] For example, When inserting diagnostic instrumen 
tation into the cervix of a human uterus, the smallest outer 
dimension is desired in order to preclude the need for 
cervical dilation. Unfortunately, the small diameter devices 
required for such procedures must be relatively ?exible so as 
to preclude accidental puncture of the organ, as Well as to be 
able to be de?ected so as to reach anatomical landmarks. 
HoWever this ?exibility increases the degree of difficulty of 
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insertion of the device, as Well as subsequent manipulation. 
Thus, increasing the durometer, increasing Wall stiffness and 
or diameter With a result in the decrease in ?exibility may 
assist in the introduction of the probe, but can cause a risk 
of damage. 

[0016] Yet another object of the invention is to provide the 
ability to provide modi?cation to the location of the maxi 
mum point of ?exure along the probe. By having the ability 
to move or altering the location of the ?exure point, the 
probe is able to maximiZe its utility Within the human 
anatomy. 

[0017] Another object of the present invention is to pro 
vide a device capable of the delivery of an active ultrasonic 
probe—Where the thinner/softer Wires are required for the 
effective positioning and delivery into the human anatomy. 
As the Wires of an ultrasonic probe are made thinner and 
softer, the transmission of the ultrasonic energy may be 
reduced. The probe may, over the length of the active 
portion, start to exhibit undesired ?exural modes or, may 
incur losses due to contact With soft acoustically absorbing 
materials. 

[0018] A further object of the present invention is to 
provide the ability to modify the stiffness of an ultrasonic 
probe so as to alloW for the insertion/manipulation of that 
probe Within the con?nes of the human anatomy—While at 
the same time not reducing the stiffness such that it cannot/ 
Will not provide suf?cient poWer to destroy tissue. 

[0019] In accordance With these objects, a medical device 
such as an endoscope, catheter, or ultrasonic probe includes 
an insertion tube or trocar, Which is adapted to penetrate into 
the human body. A trocar is a surgical instrument that 
contains tWo parts: a trocar sheath and an obturator. The 
trocar sheath is an outer thin Walled tube that surrounds the 
obturator. The obturator contains a point or sharpened pro?le 
that is able to penetrate the human anatomy. 

[0020] For convenience, the present invention is described 
in conjunction With trocars. HoWever, trocars are merely 
used for illustration, and one skilled in the art Will recogniZe 
that any alternative vascular access devices and instruments 
for percutaneous introduction and access to the vasculature 
can be utiliZed as Well, and that the current invention is 
capable of application and utility to a Wide variety of 
surgical procedures. 

[0021] Once the trocar has been inserted Within the organ 
or body, the obturator is removed and the instrument to be 
inserted into the anatomy is slid Within the con?nes of the 
trocar inner Walls—and passed forWard. In traditional instru 
ments, at this point the predetermined ?exibility (or lack 
thereof) de?nes the use and utiliZation of the device. 

[0022] In the present invention, a tube or sleeve is 
designed to be received Within the trocar sleeve. The sleeve 
is siZed so that it ?ts over the outer diameter of the inserted 
?exible probe. The sleeve (or series of sleeves) are com 
prised of a thin Walled tube(s) having a substantially con 
stant diameter. The edges of the tubes are radiused or 
champhered so that they do not introduce sharp edges or 
obstruction points to tissue or surrounding materials as they 
are engaged and moved. The tube(s) can be constructed of 
any materials suitable to form a thin-Walled structure, such 
as polyamide, Te?on, or other polymers and materials. 
Preferably, the materials have suf?cient stiffness to maintain 
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their oWn respective column, and are able to increase the 
?exural rigidity of the probe to Which they have been applied 
to. 

[0023] The sleeve that is applied to the outer diameter of 
the probe may be tapered from one end to that of its 
maximum diameter, such that it provides a taper that is 
capable of functioning as the trocar sleeve With the inner 
probe functioning someWhat as the obturator—in this man 
ner the series of sleeves Would cause—When in proper 
orientation, a continual taper from the beginning of the shaft 
of sleeves to the end. 

[0024] A variation of the system Would be that Where a 
series of these outer tubes, and the tapers are able to be 
mated and joined such that the sum of the diameters and the 
tapers, produces a relatively more signi?cant diameter and 
taper. 

[0025] Irrespective of outer dimensional shapes, the stiff 
ening sleeve is designed to be placed around the outer 
diameter of the ?exible portion of the probe. The sleeve can 
then be advanced in a sliding fashion along the length of the 
?exible probe. 

[0026] The stiffening sleeve receives the inner ?exible 
probe, Which is slideable along the inner diameter of this 
tube. By advancing and/or moving the relationship of the 
outer stiffening sleeve to that of the inner probe, and by 
appropriate placement of the stiffening sleeve to that of the 
?exible column, the stiffness of the device may be varied 
through a Wide range. 

[0027] The length of the sleeve is approximately one-half 
the length of the ?exible portion of the medical device. The 
device can be con?gured With peel-aWay or removable 
segments, so that the length at the time of use may be varied. 
As the sleeve is moved from the proximal end of the ?exible 
portion toWard the distal end thereof, the sleeve stiffens the 
?exible portion, increasing the column strength of the ?ex 
ible portion. This prevents boWing and makes it easier to 
insert the ?exible portion into the human body. 

[0028] If the sleeve is stiffer than the insertion tube of the 
medical device, the compression factor of the ?exible por 
tion is thereby modi?ed to suit speci?c surgical needs and 
conditions of the patient. 

[0029] The use of a thin-Walled sleeve of substantially 
constant outer dimension or tapered as previously mentioned 
minimiZes the increase in outer dimension of the device in 
the area Where the sleeve is positioned. HoWever, a variable 
taper in the sleeve can also be provided, Where the thickest 
portion of the Wall is in the area of maximum force appli 
cation. This is generally the area near the insertion point, 
Where the loads are maximum, and thereafter the outer 
dimension of the sheath may be reduced. 

[0030] A second sleeve may be slideably mounted on the 
?rst sleeve and snugly receives the ?rst sleeve. The second 
sleeve has a length of about one-half the length of the ?rst 
sleeve and further may have stiffness greater than that of the 
?rst sleeve. The second sleeve is slideable along the entire 
length of the ?rst sleeve and thereby provides a means for 
further adjusting the stiffness of the medical device. The tWo 
sleeves may be independently adjusted relative to one 
another Whereby the stiffness of the device can be adjusted 
in relatively small increments of stiffness. 
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[0031] Since both of the sleeves are thin-Walled tubes With 
constant outer dimensions, the increase in outer dimension 
of the device When tWo sleeves are employed is minimal. 

[0032] The ?rst sleeve may be normally positioned on the 
insertion tube at the proximal end thereof. When it is desired 
to conduct a medical procedure Within a human uterus,, the 
sleeve surrounding the tube may be slid from the proximal 
end of the tube to a position near the distal end of the tube, 
Whereupon the distal end of the tube is inserted into the 
cervical canal. The sleeve provides the requisite column 
strength to the device preventing bending of the tube upon 
insertion at maximum force or load, but, once WithdraWn, 
alloWing the tube to folloW the anatomical curves of the 
cervix. The device permits the use of smaller medical 
devices, Which are less invasive, While being more comfort 
able, less traumatic and more easily tolerated. 

[0033] Additionally, the device could be made as an 
attachment piece that gets added to ?exible products. For 
example, the device could be made of a shrink tube-type 
material that has a lubricant coating on the interior. The tube 
is applied to the ?exible device and shrunk onto the ?exible 
device using heat or a hot air gun. The tube Would shrink to 
?t the ?exible device, yet still be slideable enough to still 
move. As a result, custom-?t products could be manufac 
tured. 

[0034] As the tube that is placed over the inner tube to 
induce stiffness, it may be conceived as a means and method 
to merely reduce the length of the ?exible portion of the 
probe thereby inducing column stiffness. 

[0035] As shoWn in FIG. 4 in the use With ultrasonic 
probes, especially those Working in the transverse mode— 
signi?cantly tight tubes circumferential to the probe may 
have a tendency to dampen the ultrasonic vibration of the 
probe, as the forces and, amplitude of the probe are trans 
ferred to the tube. In a preferred embodiment of the interior 
of the tube 20, internal ridges 55 are introduced (spaced in 
accordance With the nodal 53 and antinodal 51 spacing in 
accord With the frequency of the probe). As a result of these 
internal notches 55/spacing—While columnar contact and 
rigidity is maintained by the use of the external tube 20—the 
internal contact is minimiZed and does not result in losses to 
the probe. 

[0036] The slideable members may also be devised such 
that they are not uniform in structural rigidity—i.e. the tubes 
do not need to be uniform in their inherent rigidity. Rather 
than the tubes being concentric (circular) the tube might be 
softer in one side of the tube and stiffer on the other. In this 
fashion, the ability to adjust the de?ection and rigidity of the 
product is affected not only by the forWard motion of the 
sliding sheath, but also by the orientation of the tube as it 
relates to the inner tube. By moving the outer sheath forWard 
& backWard as Well as tWisting the probe to direct the 
stiffness of the tube —increased decreased stiffness can be 
modi?ed With greater precision. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] FIG. 1 is an elevation of a conventional endo 
scope; 

[0038] FIG. 2 is an exploded vieW shoWing a pair of 
sleeves for use With the endoscope shoWn in FIG. 1; 
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[0039] FIG. 3 is an elevation shoWing the sleeves of FIG. 
2 mounted in operative position on the endoscope; and 

[0040] FIG. 4 is a fragmentary cross sectional vieW of a 
portion of FIG. 3. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0041] Referring noW to the draWings Wherein like refer 
ence characters designate corresponding parts throughout 
the several vieWs, there is shoWn in FIG. 1 a conventional 
endoscope including a conventional body 10 having a ?ex 
ible insertion tube 12 of circular cross section extending 
there from and containing the usual channels and optical 
?bers therein. The insertion tube includes a proximal and 14 
and a distal end 16. 

[0042] The solid line position shoWn in FIG. 1 illustrates 
the normal orientation of the insertion tube 12 With respect 
to the body 10. The dotted line position shoWn in FIG. 1 
illustrates the manner in Which the tube is adapted to bend 
When it is inserted into the human body. The tube may be 
formed of a curable organic polymer such as polyamide. 

[0043] Referring to FIG. 2, a ?rst thin-Walled sleeve 20 
and second thin-Walled sleeve 22 of substantially constant 
outer diameter and having circular cross sections are pro 
vided for varying the stiffness of the device. The ?rst and 
second sleeves may be formed of the same material as the 
insertion tube, or they may be formed of a material having 
greater stiffness than the tube if desired. Only the ?rst sleeve 
20 may be used in combination With the insertion tube 12, 
or both sleeves may be employed as explained beloW. 

[0044] The ?rst sleeve 20 has a passage 24 formed there 
through of circular cross-section the diameter of Which is 
such that the ?rst sleeve 20 can be mounted on the outer 
surface of the insertion tube 12 so that the outer surface of 
the tube is snugly received Within the passage 24, but the 
sleeve is adapted to slide along the tube. Only the ?rst sleeve 
20 may be mounted on the insertion tube 12 to vary the 
stiffness of the device, or both the ?rst and second sleeves 
20 and 22 may be mounted on the tube to provide a ?ner 
adjustment of stiffness if so desired. 

[0045] The second sleeve 22 has a passage 26 formed 
there through of circular cross-section. The diameter of the 
passage 26 is such that the second sleeve 22 can be mounted 
on the ?rst sleeve 20 so that the outer surface of the ?rst 
sleeve 20 is snugly received Within the passage 26 in the 
second sleeve, but the second sleeve 22 is adapted to slide 
along the ?rst sleeve 20. 

[0046] Referring to FIG. 3, the ?rst sleeve 20 is shoWn in 
operative position surrounding the insertion tube 12; and the 
second sleeve 22 is shoWn in operative position surrounding 
the ?rst sleeve 20. The length of the ?rst sleeve 20 is 
approximately one-half the length of the insertion tube 12, 
While the length of the second sleeve 22 is approximately 
one-half the length of the ?rst sleeve 20. 

[0047] The ?rst sleeve 20 is slideable over the entire 
distance betWeen the proximal and distal portions of the 
insertion tube 12. The second sleeve 22 is slideable over the 
entire length of the ?rst sleeve 20. The tWo sleeves may be 
independently adjusted relative to one another so that the 
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stiffness of the device can be adjusted over a Wide range in 
relatively small increments of stiffness. 

[0048] As seen in FIG. 3, the ?rst and second sleeves 20 
and 22 have been moved to the right as far as they Will go, 
and the addition of the tWo sleeves has reduced the ?exibility 
of the insertion tube 12 as indicated by the broken lines. It 
is apparent that by sliding the ?rst and second sleeves 20 and 
22 to the left as seen in FIG. 3 toWard the distal end 16 of 
the tube, the stiffness of the device may be increased, 
particularly at the distal end of the insertion tube. 

[0049] The invention has been described With reference to 
a preferred embodiment. Obviously, various modi?cations, 
alterations and other embodiments Will occur to others upon 
reading and understanding this speci?cation. It is our inten 
tion on to include all such modi?cations, alterations come 
Within the scope thereof. Any modi?cations or variations 
Which fall Within the purvieW of this description are 
intended to be included as part of the invention. It is 
understood that the description herein is intended to be 
illustrative only and is not intended to be limitative. Rather, 
the scope of the invention described herein is limited only by 
the claims. 

What is claimed is: 
1. Amethod of moving an ultrasonic medical device along 

an anatomical passage Within a body comprising: 

extending an elongated ?exible ultrasonic probe of the 
ultrasonic medical device through a passage of a 
sleeve; and 

positioning the sleeve along a portion of a length of the 
elongated ?exible ultrasonic probe to alloW the stiffness 
of the ultrasonic medical device to be varied and 
maintain sufficient residual ?exibility for manipulation 
Within the anatomical passage of the body. 

2. The method of claim 1 further comprising providing the 
sleeve having a thin Walled tube With a substantially con 
stant outer diameter to minimiZe an outer diameter of the 
ultrasonic medical device. 

3. The method of claim 1 further comprising moving the 
sleeve along the elongated ?exible ultrasonic probe to move 
a location of maximum ?exure of the elongated ?exible 
ultrasonic probe. 

4. The method of claim 1 further comprising forming the 
sleeve of a ?exible material. 

5. The method of claim 1 further comprising varying the 
taper along a portion of the length of the sleeve. 

6. The method of claim 1 further comprising varying the 
rigidity along a portion of the length of the sleeve. 

7. The method of claim 1 further comprising using the 
ultrasonic medical device for a single use on a single patient. 

8. The method of claim 1 further comprising providing the 
sleeve having an at least one notch on an inner surface of the 
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sleeve corresponding to a location of a node of the elongated 
?exible ultrasonic probe so the sleeve does not dampen the 
motion of the elongated ?exible ultrasonic probe. 

9. The method of claim 1 further comprising heat shrink 
ing the sleeve onto the elongated ?exible ultrasonic probe. 

10. The method of claim 1 further comprising providing 
the sleeve having a ?rst side softer than a second side. 

11. The method of claim 1 further comprising forming the 
sleeve of a material having a stiffness to maintain its oWn 
column. 

12. A method of varying a stiffness of an ultrasonic 
medical device comprising: 

extending an ultrasonic probe of the ultrasonic medical 
device through a passage of a ?rst sleeve; 

positioning the ?rst sleeve along a length of the ultrasonic 
probe; 

extending the ultrasonic probe and the ?rst sleeve through 
a passage of a second sleeve; and 

positioning the second sleeve relative to the ?rst sleeve, 

Wherein the ?rst sleeve and the second sleeve vary the 
stiffness of the ultrasonic medical device While main 
taining suf?cient residual ?exibility of the ultrasonic 
medical device. 

13. The method of claim 12 further comprising heat 
shrinking the second sleeve onto the ?rst sleeve. 

14. The method of claim 12 further comprising forming 
the ?rst sleeve and the second sleeve of a ?exible material. 

15. The method of claim 12 further comprising providing 
the ?rst sleeve and the second sleeve each having a thin 
Walled tube having a substantially constant outer diameter to 
minimiZe an outer diameter of the ultrasonic medical device. 

16. The method of claim 12 further comprising adjusting 
a location of maximum ?exure along the ultrasonic probe by 
moving the ?rst sleeve and the second sleeve along the 
length of the ultrasonic probe. 

17. The method of claim 12 further comprising providing 
the ?rst sleeve and the second sleeve having an at least one 
notch on an inner surface of the ?rst sleeve and the second 
sleeve corresponding to a location of a node of the ultrasonic 
probe so the ?rst sleeve and the second sleeve do not 
dampen the motion of the ultrasonic probe. 

18. The method of claim 12 further comprising forming 
the ?rst sleeve and the second sleeve of a material having a 
stiffness to maintain their oWn column. 

19. The method of claim 12 further comprising forming 
the ?rst sleeve and the second sleeve of the same material. 

20. The method of claim 12 further comprising forming 
the ?rst sleeve and the second sleeve of different materials. 


