Office de la Propriete Canadian CA 2261347 C 2003/01/21

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 261 347
g'rn(c)iL%?r?(iesgaenada ﬁrgijgt?;%/aﬁ;da (12) BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de dépot PCT/PCT Filing Date: 1997/06/25 (51) Cl.Int.%/Int.CI.° AB1B 8/00
(87) Date publication PCT/PCT Publication Date: 199//12/31| (72) Inventeurs/Inventors:
21 . LOWE, ROBERT I., US:
(45) Date de deéelivrance/lssue Date: 2003/01/21 FURNARY . ANTHONY P. US
(85) Entrée phase nationale/National Entry: 1998/12/18 L
(73) Proprietaire/Owner:
(86) N demande PCT/PCT Application No.: US 199/7/011676 TOBO, LLC, US

(87) N® publication PCT/PCT Publication No.: 1997/049337 (74) Agent: OYEN WIGGS GREEN & MUTALA
(30) Priorité/Priority: 1996/06/26 (08/672,484) US

(54) Titre : DISPOSITIF UTILISE POUR L'INSERTION TEMPORAIRE D'UN DETECTEUR DANS LE CORPS D'UN
PATIENT

(54) Title: DEVICE FOR USE IN TEMPORARY INSERTION OF A SENSOR WITHIN A PATIENT'S BODY

(57) Abrége/Abstract:

This Invention Is a device for use In placing a non-sterile sensor probe such as an ultrasound scanning transducer (70) In a
desired position within a patient's body, with a probe receiving tube having a closed distal end (38) so that a probe Inserted
within the tube through an open proximal end (48) located outside the patient's body Is Isolated from contact with, or
contamination of, the interior of the patient's body. The probe receiving tube Is attached to and extends alongside an elongate
support member, which aids In placement of the probe recelving tube In a location proximate an organ to be observed by use of
a sensor probe In the probe receiving tube. The elongate support tube may be a chest drain tube (18).

SRR VNEEEN
R 5. sas ALy
O
A

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




f

' (54) Title: DEVICE FOR USE IN TEMPORARY INSERTION OF A SENSOR WITHIN A PATIENT’S BODY

|

CA 02261347 1998-12-18

PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(1) International Patent Classification © :

A61B 8/00 Al

(21) International Application Number: PCT/US97/11676 | (81) Designated States: AL, AM, AT, AU, AZ, BB, BG, BR, BY,

(22) International Filing Date: 25 June 1997 (25.06.97)

(30) Priority Data:
08/672,484 26 June 1996 (26.06.96) UsS

(71)(72) Applicants and Inventors: LOWE, Robert, I. [US/US];
450 S.W. B8th Avenue, Portland, OR 97225 (US).
FURNARY, Anthony, P. [US/US}; 7266 S.W. Eton Court,
Portland, OR 97225 (US).

(74) Agents: FABER, Robert, C. et al.; Ostrolenk, Faber, Gerb &
Soffen, LLP, 1180 Avenue of the Americas, New York, NY
10036 (US).

(57) Abstract

This invention is a device for use in placing a non-sterile sensor
position within a patient’s body, with a probe receiving tube having a ¢l

(11) Internationai Publication Number: WO 97/49337

Published |

(43) International Publication Date; 31 December 1997 (31.12.97)

CA, CH, CN, CZ, DE, DK, EE, ES, FI, GB, GE, HU.
IL, IS, JP, KE, KG, KP, KR, KZ, LK, LR, LS, LT, LU,
LV, MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO,
RU, SD, SE, SG, S, SK, TJ, TM, TR, TT, UA, UG, UZ.
VN, ARIPO patent (GH, KE, LS, MW, SD, SZ, UG, ZW),

Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ , TM), |

European patent (AT, BE, CH, DE, DK, ES, FI, FR, GB, |
GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ,
CF, CG, CI, CM, GA, GN, ML, MR, NE, SN, TD, TG).

With international search report.

probe such as an ultrasound scanning transducer (70) in a desired
osed distal end (38) so that a probe inserted within the tube through

an open proximal end (48) located outside the patient’s body is isolated from contact with, or contamination of, the interior of the patient’s
body. The probe receiving tube is attached to and extends alongside an elongate support member, which aids in placement of the probe
receiving tube in a location proximate an organ to be observed by use of a sensor probe in the probe receiving tube. The elongate support

tube may be a chest drain tube (18).
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BACKGROUND OF THE INVENTION
The present invention relates to placement of
5 sensors within a patient’s body, and in particular
relates to facilitating repeated placement of a non-
sterile ultrasound transducer into a patient’s body in a
minimally invasive and sterile manner.
It 1s frequently desirable to obtain
10 information regarding the size, shape, and function of
internal body organs by the use of ultrasound echo

imaging. For example, it is desirable to evaluate the

In the time immediately after such surgery, patients

15 frequently have significant cardiac functional problems,
and visualization and examination of the heart by ultra-
sound echo imaging may be of critical value. Currently,
transthoracic and transesophageal echocardiography are
performed as manners of observing the heart. These are

20 not entirely desirable, however, as the second requlires
sedation and presents risks of trauma to the esophagus
and the images obtained by the first are of poor quality
after cardiac surgery.

Fonger et al. U.S. Patent No. 5,291,896

25 discloses a sterile cardiac probe inserted through an
open-ended lumen of a flexible chest drain tube having
one end extending into the thoracic cavity of a patient.
The probe is surgically fastened to the aorta or the

pulmonary artery of the patient in order Lo obtain infor-
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mation relating only to the volume of flow of blood
through such vessels.
Czar et al. U.S. Patent No. 5,205,292 discloses
a removable surgically implanted sterile transducer for
5 attachment to a blood vessel in order to evaluate the
volume of blood flow in the vessel.
Abrams et al. U.S. Patent No. 4,671,295

10 the patient’s trachea to transmit and receive ultrasound

acrta through the use of Doppler frequency differences.

Weber U.S. Patent No. 4,886,059 discloses an

endotracheal tube including a transducer assembly

15 disposed to transmit ultrasound waves in selected direc-
tions through the tracheal wall to collect Doppler data
for blood flow velocity calculation and to calculate the
diameter of the artery.

None of the devices disclosed in the patents

20 discussed above, however, provides for placement of a
non-sterile ultrasound transducer in a desired position
within a sterile body cavity of a patient quickly, easily
and repeatedly, nor does any of them provide a way of
obtaining scanned ultrasound two-dimensional echo images

25 of internal organs without having to transmit the ultra-
sound waves into the body from an external location.

What is desired, then, is a device and a method
for 1ts use in permitting a non-sterile sensor such as an
ultrasound scanning transducer to be introduced into a

30 body cavity of a patient quickly and easily in a sterile
fashion, and without performing additional surgical
procedures or sedation as part of the introduction of the

Lransducer. It is also desired to provide for removal




10

15

20

25

30

CA 02261347 1998-12-18

- WO 97/49337 | PCT/US97/11676

and later temporary reintroduction of a non-sterile

sensor without further surgical procedures or sedation.

SUMMARY OF THE INVENTION

The present invention provides an answer to the
need explained above by providing a sterile probe-receiv-
ing tube which makes available a sterilely protected non-
sterile space within a patient’s body where a sensor
probe may be inserted when necessary, either to be left
in place or removed and reinserted later, as necessary.

In accordance with the invention such a
probe-receiving tube is supported by an elongate support
member, which may have other supportive functions,
attached to and extending along at least a distal portion
of the probe-receiving tube, and 3 proximal portion of
the probe-receiving tube is available outside the
patient’s body as an entrance through which to insert a
non-sterile probe into the interior of the patient’s
body. 1In one embodiment of the invention a proximal
portion of the elongate support member is avallable
outside the patient’s body for use if necessary to adjust
the location of the probe enclosed within the
probe-receiving tube attached to it.

In a device which is one embodiment of the
invention the elongate support member is in the form of a
chest drain tube placed within the thoracic cavity of a

cardiac surgery patient prior to closing the patient’s

heart, so that the probe-receiving tube is availilable in a

desired position to provide an ultrasound two-dimensional
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echo i1mage of the patient’s heart or continuous-wave
pulse gated, and color flow Doppler ultrasound data
during the post-surgery period when it is critical to
evaluate the function of the heart.

In a preferred embodiment of the invention a
condult may be provided through which to introduce an
acoustic coupling medium into the distal portion of the
probe-receiving tube to enable such an ultrasound trans-
ducer probe to provide a desired 1mage efficiently.
Since the distal end of the probe-receiving tube of a
device according to the invention is closed, the internal
space within the probe-receiving tube is isolated from
the interior of the patient’s body cavity, and intro-

duction of a non-sterile sensor probe or of material

respect to the patient’s body without constricting the
probe-receiving tube.

In accordance with the method of the invention
& sensor probe can be placed quickly and easlly in a
desired location within a patient’s body by inserting it
into the patient’s body through the probe-receiving tube
at any time after the probe-receiving tube, supported by
the elongate supporting member, has been installed.

Thus, according to the method of the invention,
a non-sterile ultrasound probe may be inserted through

the probe-receiving tube into a position proximate an
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ultrasound image of the heart at a time subsequent to the
completion of cardiac surgery.

The foregoing and other objectives, features,
and advantages of the invention will be more readily

the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
= o s sy UF d8n DRAWINGS

FIG. 1 1s a simplified view of 3 patient’s
Lorso, showing a device embodying the present invention
in place.

FIG. 2 1s a perspective view of a combined
chest drain tube and probe-receiving tube according to

the present invention.

FIG. 3 1s a sectional view of part of a distal
end portion of the combined chest drain tube and probe-
receliving tube shown in FIG. 2.

FIG. 4 1s a side elevational view of the
combined chest drain tube and probe-receiving tube shown
in FIGS. 1-3, with the probe-receiving tube shown in

sectional view.

FIG. 5 1s a sectional view, taken along line
5-5 of FIG. 2.

FIG. 6 1s a sectional view taken along line 5-5
of FIG. 2, with the distal end portion of the probe-
recelving tube in a collapsed condition.

FIG. 7 1s a simplified view showing a short
portion of the combined drain tube and prope-receiving
Cube shown in FIG. 1, with the combined tubes extending
through the abdominal wall of a patient, and showing a

suture holding the drain tube in its required location.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring now to the drawings which form a part
of the disclosure herein, an access-providing device 10
embodying the present invention is shown in place in a
5 cardiac surgery patient 12, with the device extending
into the interior of the thoracic cavity of the patient
12 through a surgical opening 14 beneath the sternum, so
that a sensor can later be positioned within the device
10 1n a desired location within the thoracic cavity of
10 the patient, in order to obtain, for example, an
ultrasound image of the patient’s heart 16.
As shown 1in greater detail in FIGS. 2, 3, and
4, the device 10 includes a chest drain tube 18, pref-
erably of a type manufactured by Axiom Medical, Inc., of
15 Rancho Dominguez, California. Such a chest drain tube 18
1s of a resiliently flexible silicone rubber material
which is clear and translucent and suitable for biomed-
lcal applications. One satisfactory material for the
drain tube 18 has, for example, a Shore A hardness of &0
20 +5 durometer, at least 1100 psi tensile strength, at
least 600% elongation, and tear-resistance of at least
130 pounds per inch. These characteristics are not
critical, but what is necessary is for the drain tube 18
to be suitable for biomedical use and to be somewhat
25 flexible. The chest drain tube 18 shown herein as an
example has a length 20 of about 445 mm and is oval in
cross-section, having a width 22 of about 1.8 cm and a
height 24 of about 9 mm, but these dimensions are not
critical to the present invention. A maximum wall thick-
30 ness 26, at one end of the oval cross-section shape, may

be about 2.5 mm.

A proximal portion 28 of the chest drain tube

18 normally remains outside the body of a patient, while
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cardial space to remove blood following open heart
surgery. The blood can enter into the lumen of the chest
drain tube through the open distal end 32 and several
openings 34 defined through the wall of the distal end
portion 30.

Extending along and attached to the distal end
portion 30 and a part of the proximal portion 28 is a
probe-receiving tube 36, for which the chest drain tube

18 acts as an elongate support member. The probe-

similar to that of the chest drain tube 18, 1n a pre-
ferred embodiment of the invention. The probe-receiving
tube 36 has a thin, flexible wall and is generally oval
Oor circular in cross-section, as may be seen best in FIG.
5. It has a closed distal end 38 which may be generally
hemispherical, and which extends beyond the open distal
end 32 of the drain tube 18 by a distance 40 of at least
about 5 mm and preferably about 5 mm. A distal portion
42 and the closed distal end 38 of the probe-receiving
tube 36 have a wall thickness 44 of about 0.4 mm and an
lnside diameter 46 of about 16 mm (36 French). The wall
thickness 44 is small enough that it allows the distal
portion 42 of the probe-receiving tube 36 to collapse
easlily or to conform easily to the shape of an object
pressing against its outside surface. As may be seen
most clearly in FIG. 4, a proximal portion 48 of the
probe-receiving tube 36 has a length 51 of about 28 cm

and has a greater wall thickness 50, for exampie 1.2 mm
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The distal portion 42 has a length 53 of about
24 cm, for example. The distal portion 42 and a part of
the proximal portion 48 of the probe-receiving tube 36
extend along and are securely adhered to the chest drain
5 tube 18, as shown best in FIGS. 4, 5 and 6.
A small tubular conduit 52 is defined within
the wall of the chest drain tube 18 and communicates with
a branch tube 54 extending away from the proximal portion
28. The branch tube 54 may be closed off tightly, as by
10 a plug 56 fitting in an end coupling 58 which may be
formed as an integral part of the branch tube 54. Near
the distal end 32 of the drain tube 18, an
interconnecting portion 60 of the small conduit 52
extends circumferentially of the drain tube 18 within its
15 wall to an internal port 62, shown in FIGS. 3, 5 and 6,
opening into the interior sgspace 64 within the

probe-receiving tube 36.
Preferably, the interior surface 63 of the

probe-receiving tube 36, defining an interior space 64,

20 1s coated with a friction-inhibiting material which makes
the interior surface very slippery when it is wetted by
water or blood. This material resists adhesion and clot-
ting of blood and is also used on the interior and exte-
rior surfaces of the chest drain tube 18. A coating

25 material suitable for this purpose is a polyvinyl-
pyrollidone-polyurethane interpolymer, as disclosed in
Micklus et al. U.S. Patent No. 4,100,309, for example,
avallable from Axiom Medical, Inc. of Rancho Dominguez,
California under the trademark Clot-Stop.

30 The proximal end part 65 of the proximal
portion 28 of the chest tube 18, extending proximally
from the point of insertion of the branch tube 54, does

not include a lumen corresponding to small conduit 52.
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The proximal end part 65 may be formed as a separate
piece of similar tubing without such a small lumen,
joined to the portion of the chest drain tube 18 which
does 1include the small conduit 52, so that there is no

open end of the small conduit 52 exposed to possible
contamination.

As shown in FIGS. 4 and 7, a transversely-
extending fastener passageway 66 is defined between the
Chest drain tube 18 and the probe-receiving tube 36, to
permit a suture 68, or a similar fastener, to encircle
the chest drain tube 18 to fasten it in place where it
eXtends through the surgical opening 14, as shown in FIG.
7, without constricting the probe-receiving tube 36.

Referring once more to FIC. l, the access-
providing device 10 may be used for a patient whose chest
has been opened for cardiac surgery, by inserting the
distal end part 30 of the drain tube 18, together with

tube, through the surgical opening 14 and into the
pericardial space within the patient 12. A suture 68 is
used to fasten the device 10 in place with the proximal
portion 48 of the probe-receiving tube 36 preterably
resting against the right ventricle of the patient’s
heart 16. The openings 34 are thus left available,
unobstructed, to provide the required drainage of the
pericardial space once the patient’s chest has been
closed in completion of Surgery. The probe-receiving
tube 36 is thus kept properly located and available to
receive a probe such as a steerable ultrasound Lransducer
probe 70 which can be inserted into the distal end 43 of
the probe-receiving tube 36, supported by an encapsulated
cable 72 of conventional form. The size of the interior

space 64 defined within the probe-receiving tube 36 is
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ample to admit an ultrasound probe 70 of the size and
type well known for use Cransesophageally in adults, such
as a plezoelectric transducer available from Hewlett -
Packard, Advanced Technology Laboratory, or Accuson. A
transducer probe 70 of smaller size may be utilized if
available. The transducer cable 72 is preferably of a
type which is controllably bendable and allows the trans-
ducer probe 70 to be reoriented to transmit ultrasound
vibrations in various directions as illustrated by the
position of the transducer probe 70 shown in broken line
in FIG. 3. Additionally, the cable 72 and the ultrasound
transducer probe 70 may be rotated about the longitudinal
axis 74 of the cable 72, to obtain an ultrasound image in
a desired direction. The distal end portion 38 of the
probe-receiving tube 36, extending beyond the distal end
32 of the drain tube 18, permits unobstructed trans-
missilon and reception of the ultrasound waves by the
transducer probe 70 in any direction relative to the axis
74 .

Preferably, the usual placement of the chest
drain tube 18, extending into the body cavity of the

an orientation slightly divergent from vertical, brings
the probe-receiving tube 36 into contact with the
anterior surface of the epicardium of the right ventricle
Of the patient’s heart 16. The position of the access-
providing device 10 can be adjusted by the surgeon during
surgery, before closure of the chest, and the suture €8
can be used to keep the entire device 10 in the proper
location, to permit repeated insertion and removal of the
transducer 70 through the probe-receiving tube 36 so long

as the device 10 is left in place.
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To assure good acoustic coupling, particularly
where the transducer 70 may not be in intimate contact
with the interior surface 63 of the probe-receiving tube
36, a quantity of a liquid acoustic coupling medium, such
as water, may be introduced into the branch tube 54
through the end coupling 58 to displace air surrounding
the transducer probe 70 within the lnterior space 64.

The greater wall thickness 50 in the proximal
portion 48 of the probe-receiving tube 36 provides addi-
tional ability to resist collapsing during insertion of a
probe such as an ultrasound transducer. This facilitates
pushing the probe 70 and its cable 72 into the proper
position within the probe-receiving tube 36, without
wrinkling the part of the proximal portion 48 that is
unattached to the drain tube 18. The porticon of the
probe-receiving tube 36 which is securely attached along-
side the drain tube 18 is less likely to wrinkle and
impede insertion of the probe transducer 70, particularly
1f the interior surface of the probe-receiving tube 36 is
coated with the previously-described friction-reducing
coating and has been wetted as by insertion of fluid
through the branch tube 54 and the small conduit 52.
Since the interior space 64 within the probe-receiving
tube 36 is entirely isolated from possible contact with
the interior of the body of the patient 12, it need not

be sterile, and it is possible to insert the ultrasound

observation of the function of the patient’s heart

following surgery. Therefore, it is not absolutely

necessary to keep the proximal end 49 closed and clean.
When the probe 70 and its cable 72 are not

located within the interior space 64, the distal portion

AR A
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48 of the probe-receiving tube 36 is free to collapse
under the pressures encountered within the body cavity
where the probe-receiving tube is located, as shown in
FIG. 6. At the same time, the greater wall thickness 50
5 keeps the proximal portion of the probe-receiving tube 36
open to receive a transducer probe 70 and cable 72.
When the drain tube and the probe-receiving

tube are no longer needed the suture 68 may be removed

releasing the device 10 to be withdrawn, and the opening
10 14 can be closed.

While the invention has been described above in
connection with one preferred embodiment, it will be
understood that the probe-receiving tube 36 of the inven-
tion may be unsupported or supported by an elongate

15 support‘member Oof a different construction and can be
utilized for repeated temporary insertion and removal of
a medical sensor such as an ultrasound transducer probe
1n different internal cavities of the body of a patient
12 either briefly or over an extended time of as much as

20 several days. The probe-receiving tube of the invention
thus can be used in order to scan organs within the
patient’s body with ultrasound or provide ultrasound
transmissions for purposes of obtaining Doppler measure-
ments, either through an opening such as the surgical

25 opening 14, or through a natural orifice of the patient’s
body, such as the trachea, urethra and bladder, or
rectum, so that ultrasound wave propagation to and from
the organ is more direct than when transmitted through
the patient’s skin and layers of external tissue or

30 bones.

The terms and expressions which have been
employed in the foregoing specification are used therein

as terms of description and not of limitation, and there
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18 no intention, in the use of such terms and expres-
sions, of excluding equivalents of the features shown and
described or portions thereof, it being recognized that
the scope of the invention is defined and limited only by
the claims which follow.
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1. A device for use in a medical procedure for

placing a sensor probe temporarily in a desired
location within a patient’s body, comprising:
(a) an elongate support member having a distal
end portion and a proximal portion; and
(b) a thin-walled probe-receiving tube of
flexible material securely attached to and
extending closely alongside said distal
end portion of said support member, said
tube having a closed distal end defining
an interior space within said tube and
having a distal end portion thereof that

1s easlily collapsible.

The device of claim 1 including a fluid conduit
extending along said support member toward said
distal end thereof and communicating, at a
location proximate said distal end, with said
interior space within said probe-receiving

tube.

The device of claim 2 wherein saild elongate
support member is a drain tube having a wall
thicker than a wall of said distal end of said
probe-receiving tube and wherein said fluid
conduit includes a lumen defined i1n said wall

of said drain tube.

The device of claim 3 wherein said conduilt

includes a branch tube communicating with said
lumen in said proximal portion of said support
member, said branch tube having a proximal end
and a selectively openable closure associated

with said proximal end.
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The device of claim 1 wherein said elongate
support member is a drain tube including an
opening for draining material from said
location within said patient’s body and wherein
said probe-receiving tube includes a proximal
portion at least part of which is unattached to
said proximal portion of saild elongate support
member, said proximal portion of said
probe-receiving tube having a wall which 1s
thicker and substantially more difficult to

collapse than said thin-walled distal portion.

The device of claim 1 wherein at least said
distal portion of said probe-receiving tube 1is
of material substantially transparent to

ultrasound waves.

The device of claim 1 wherein said probe-

receiving tube has an open proximal end.

The device of claim 2 wherein said distal end
of said probe-receiving tube extends beyond
said distal end portion of said elongate

support member at least about 0.25 inch.

The device of claim 1 including structure
defining a fastener passageway extending
transversely of said device and located between
said elongate support member and said probe-
receiving tube in a location suitable for
receiving a suture to attach said support
member and said probe-receiving tube to said

patient.

The device of claim 1 wherein said elongate

support element is a drain tube for draining
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material from said patient’s body and 1is of

stiff, but resiliently flexible material.

The device of claim 1 wherein said
probe-receilving tube includes a friction-
inhibiting coating of material on its interior

surface.

The device of claim 1 wherein said elongate
support member 1s a chest drain tube for

draining material from said patient’s chest.

The device of claim 12 wherein said chest drain
tube 1s of non-circular cross-section shape and

of thick-walled construction.

The device of claim 1 wherein said probe-
recelving tube 1s constructed integrally with

sald distal end portion of said support member.

A device for use in a medical procedure for
placing a sensor probe temporarily in a desired
location within a patient’s body, comprising a
thin-walled elongate probe-receiving tube of
flexible biologically compatible material, said
tube having an internal size large enough to
accept an ultrasound scanning probe, said tube
having a closed distal end and having a distal
end portion that has a first wall thickness and
1s flexibly collapsible, and said tube also
lncluding a proximal portion having a second
wall thickness that is greater than said first
wall thickness so as to resist collapse and
facilitate introduction of a sensor probe into

sald probe-receiving tube.
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