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(57) ABSTRACT 

A device for use in placing a non-sterile sensor probe such 
as an ultrasound scanning transducer in a desired position 
Within a patient. A?exible probe-receiving tube has a closed 
distal end so that a probe inserted Within the tube through an 
open end located outside the patient is isolated from contact 
With the interior of the patient’s body. The probe-receiving 
tube is attached to and extends alongside a chest drain tube 
Which supports the probe-receiving tube in a location proXi 
rnate an organ to be observed. An attached sterile sensor may 
be attached directly to an interior blood vessel, and sensors 
such as an ultrasonic sensor, a light emitting sensor, or a 
rnulti-function combination sensor may be used in the 
probe-receiving tube. 
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DEVICE FOR USE IN TEMPORARY INSERTION 
OF A SENSOR WITHIN A PATIENT’S BODY 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

[0001] The present invention relates to placement of sen 
sors Within a patient’s body, and in particular relates to 
facilitating repeated placement of a non-sterile sensor, such 
as an ultrasound transducer, precisely into a required loca 
tion in a patient’s body in a minimally invasive and sterile 
manner. 

[0002] It is frequently desirable to obtain 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 performance of a patient’s heart 
after cardiac surgery. In the time immediately after such 
surgery, patients frequently have signi?cant cardiac func 
tional problems, and visualiZation and examination of the 
heart by ultrasound echo imaging may be of critical value. 

[0003] Devices for use in placing and holding sensor 
probes such as ultrasound sensors are disclosed, for 
example, in LoWe, et al. US. Pat. Nos. 5,775,328 and 
6,231,514. 
[0004] In accordance With the present invention a probe 
receiving device includes collapsible probe-receiving tube 
that is supported by an elongate support member that is 
attached to and extends along at least a portion of the 
probe-receiving tube. A 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. A distal portion of the elongate 
support member is able to be manually formed into and 
remain in a desired con?guration, and thus may be useful to 
control the location of the probe enclosed Within the probe 
receiving tube attached to it. 

[0005] In a probe-receiving device Which is one embodi 
ment 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 
chest, With the proximal portion of the device being located 
externally of the patient’s abdomen and the distal portion of 
the device extending through an opening in the abdominal 
Wall and thence toWard the patient’s heart, so that the 
probe-receiving tube is available in a desired position during 
the period folloWing cardiac surgery When it is critical to 
evaluate the function of the heart. 

[0006] In one preferred embodiment of the invention the 
elongate support member has the form of a drain tube having 
a thin Wall containing an embedded supporting member. In 
one preferred embodiment of the invention such an embed 
ded supporting member may be a Wire in the form of a 
helical coil embedded in and extending along the drain tube 
Wall to de?ne and support its open tubular con?guration. 

[0007] The foregoing and other objectives, features, and 
advantages of the invention Will be more readily understood 
upon consideration of the folloWing detailed description of 
the invention, taken in conjunction With the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0008] FIG. 1 is a simpli?ed vieW of a patient’s torso, 
shoWing a device embodying the present invention in place. 
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[0009] FIG. 2 is a perspective vieW of a combined chest 
drain tube and probe-receiving tube according to the present 
invention. 

[0010] FIG. 3 is a sectional vieW of part of a distal end 
portion of the combined chest drain tube and probe-receiv 
ing tube shoWn in FIG. 2. 

[0011] FIG. 4 is a sectional side elevational vieW of the 
combined chest drain tube and probe-receiving tube shoWn 
in FIGS. 1-3, taken on line 4-4 of FIG. 2. 

[0012] FIG. 5 is a sectional vieW, taken along line 5-5 of 
FIG. 2. 

[0013] FIG. 6 is a sectional vieW taken along line 5-5 of 
FIG. 2, With the distal end portion of the probe-receiving 
tube in a collapsed condition. 

[0014] FIG. 7 is a simpli?ed vieW shoWing a short portion 
of the combined drain tube and probe-receiving tube shoWn 
in FIG. 1, shoWing a suture holding the distal end portion of 
the device in its required location inside a patient. 

[0015] FIG. 8 is an isometric vieW of a combined chest 
drain tube and probe-receiving tube Which is another 
embodiment of the present invention. 

[0016] FIG. 9 is a sectional vieW of a part of a distal end 
portion of the combined chest drain tube and probe-receiv 
ing tube shoWn in FIG. 8. 

[0017] FIG. 10 is a sectional vieW of the probe-receiving 
tube, taken along line 10-10 of FIG. 8. 

[0018] FIG. 11 is an isometric vieW of a portion of a 
probe-receiving tube and associated drain tubes, in another 
alternative embodiment of the device. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0019] Referring noW to the draWings Which form a part of 
the disclosure herein, a device 10 embodying the present 
invention is shoWn in place in a cardiac surgery patient 12, 
With the device 10 extending into the interior of the thoracic 
cavity of the patient 12 through a surgical opening 14 beloW 
the sternum, so that a sensor can later be positioned Within 
the device 10 in a desired location Within the thoracic cavity 
of the patient, in order to obtain, for example, an ultrasound 
image of the patient’s heart 16. 

[0020] As shoWn in greater detail in FIGS. 2, 3, and 4, the 
device 10 includes a chest drain tube 18, of a resiliently 
?exible silicone rubber material Which is clear and translu 
cent and suitable for biomedical applications. One satisfac 
tory material for the drain tube 18 has, for example, a Shore 
A hardness of 60:5 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 ?exible. 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 thickness 26, at one end of the oval cross 
section shape, may be about 2-5 mm. 
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[0021] A longitudinally extending Wire 29 is embedded in 
the Wall of the drain tube. The Wire 29 is of malleable metal, 
heavy enough to retain a desired adjusted con?guration such 
as an angular diversion from the normal axis of the drain 
tube once bent, as shoWn in broken line in FIG. 1, for 
example, so that the drain tube 18 Will support a sensor 
probe in a desired location Within a patient. The drain tube 
can thus be bent so that its distal end portion diverges by a 
desired angle from its original axial orientation. 

[0022] A proximal portion 28 of the chest drain tube 18 
normally remains outside the body of a patient 12, While the 
drain tube 18 extends through the surgical opening 14 With 
its distal end portion 30 in position in the pericardial 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 de?ned through 
the Wall of the distal end portion 30. 

[0023] Extending along and attached to the distal end 
portion 30 and an intermediate part 33 of the drain tube 18 
is a probe-receiving tube 36, for Which the chest drain tube 
18 acts as an elongate support member. The probe-receiving 
tube 36 is of a biologically compatible and ultrasound 
translucent material such as a silicone rubber similar to that 
of the chest drain tube 18, in a preferred embodiment of the 
invention. In an alternative preferred embodiment of the 
device 10, a probe-receiving tube 36 might be made of any 
material translucent With respect to a relevant frequency of 
light to alloW the use of light emitting sensors. In yet another 
separate preferred embodiment of the invention, a probe 
receiving tube may be made of any material permeable to 
both sound and light to alloW the use of sound and/or light 
emitting sensors. Such materials should not absorb or re?ect 
the relevant frequencies of sound or light, and may include 
various plastic resins or types of rubber. 

[0024] The probe-receiving tube 36 has a thin, ?exible 
Wall and is generally oval or circular in cross-section When 
extended, as shoWn in FIGS. 1-5. It has a closed distal end 
38 Which may be closed by a plug 39 ?xed in place by a 
suitable adhesive. The probe-receiving tube 36 has a Wall 
thickness 44 of about 0.76 mm and an inside diameter 46 of 
about 16 mm (48 French) to permit it to receive an available 
sensor probe such as an ultrasound probe used in transe 
sophageal examination. The siZe of the interior space 64 
de?ned Within the probe-receiving tube 36 is thus ample to 
admit an ultrasound probe 70 of the siZe and type Well 
knoWn for use transesophageally in adults, such as probes 
including a pieZoelectric transducer available from HeWlett 
Packard, Advanced Technology Laboratory, or Acuson. For 
example, a HeWlett-Packard Omni IITM model HP 21367A 
transducer probe Would be satisfactory. A transducer probe 
70 of smaller siZe, such as a Biplane TM pediatric transesoph 
ageal probe model HP 21366A or a MultiplaneTM pediatric 
transesophageal probe model HP 21381A, may be utiliZed if 
available. The Wall thickness 44 is thus small enough that the 
Wall is ?exible easily and alloWs the probe-receiving tube 36 
to open to receive a sensor probe or to conform easily to the 
shape of an object pressing against its outside surface. 

[0025] The probe-receiving tube 36 extends along and is 
securely adhered to the chest drain tube 18, in a narroW area 
50 extending along the medial portion of the drain tube 18, 
as shoWn best in FIGS. 5 and 6. If desired, for use in certain 
situations the distal portion 42 of the probe receiving tube 36 
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may be separable from the distal end portion 30 of the drain 
tube 18 over a Zone extending, for example, a distance of 
5-15 cm, and preferably about 10-12 cm from the distal end 
32 of the drain tube 18, in order to alloW some freedom of 
movement of the transducer 70 While the drain tube 18 is 
kept in place Where required. 

[0026] A small tubular conduit 52 is de?ned Within and 
extends along the Wall of the probe-receiving tube 36 
betWeen the lumen of the probe-receiving tube 36 and the 
drain tube 18. The conduit 52 communicates With an exten 
sion tube 54 extending aWay from the proximal end 48 of the 
receiving probe tube 36. The extension tube 54 may be 
closed off tightly, by a plug 56 ?tting in an end coupling 58 
fastened to the extension tube 54. At the distal end 32 of the 
drain tube 18, a short portion of the small conduit 52 is 
opened, as by skiving, prior to inserting the end plug 39, to 
form an internal port 62, shoWn in FIG. 3, communicating 
With an interior space 64 Within the probe-receiving tube 36, 
so that a ?uid can be delivered to the interior space 64 as 
desired during the use of a sensor probe 70. 

[0027] As shoWn in FIG. 1, the extension tube 54 may be 
folded into the interior of the proximal end 48 of the 
probe-receiving tube and held in place closely alongside the 
drain tube 18 by a short sleeve 61 extending around the 
proximal end 48 of the probe-receiving tube 36, the exten 
sion tube 54, and its end coupling 58, to protect them and 
keep them from dangling into an interfering location prior to 
the need for their use. 

[0028] Preferably, at least the interior surface 63 of the 
probe-receiving tube 36, de?ning the interior space 64, is 
coated With a friction-inhibiting material Which is preferably 
hydrophilic and Which makes the interior surface very 
slippery When it is Wetted by Water or blood. This material 
resists adhesion and clotting of blood and is also used on the 
interior and exterior surfaces of the chest drain tube 18. A 
coating material suitable for this purpose is a polyvinyl 
pyrollidone-polyurethane interpolymer, as disclosed in 
Creasy et al. US. Pat. No. 4,642,267 for example, available 
from Hydromer, Inc., of Somerville, N]. 

[0029] As best seen in FIG. 3, a portion of the distal end 
portion 42 of the probe-receiving tube 36 may include or be 
made of a different material signi?cantly less conductive of 
ultrasound Waves, or of another type of signal energy to be 
used by a sensor to be placed Within the probe-receiving 
tube. Alternatively, a signal-blocking member 60, of a 
material through Which the chosen types of signal energy are 
not easily transmitted, such as barium sulfate-loaded sili 
cone or an air-?lled plastic foam, for example may be 
included betWeen the distal portion 30 of the drain tube and 
the distal end portion 40 of the probe-receiving tube 36. 

[0030] As shoWn in FIGS. 8, 9, and 10, a probe-receiving 
device 10‘ includes a drain tube 18‘ that is an alternative to 
the oval tube shoWn in FIGS. 1-5 and may be constructed as 
a generally circular cylindrical tube of material having a 
Wall thickness 65 that is thinner than the Wall thickness 26 
of the drain tube 18, shoWn in FIGS. 1-7, With the relatively 
thin material of the Wall of the drain tube 18‘ supported by 
an embedded supporting member 66 to retain the shape of 
the drain tube as desired. For example, the Wall thickness 65 
may be about 2 mm, When the Wall is of a resiliently ?exible 
silicon rubber material such as that described above With 
respect to the chest drain tube 18. 



US 2004/0064045 A1 

[0031] The drain tube 18‘ may have a diameter 22‘ of, for 
example, 18 mm. Preferably a supporting member 66 such 
as a helical Wire is embedded in the Wall to prevent the drain 
tube from collapsing. The Wire helix 66 surrounds and 
extends along the bore or lumen of the drain tube 18‘ to 
retain its patency, yet the Wire should be soft and malleable 
enough, at least in the distal end portion 30 of the drain tube, 
to permit the drain tube to be bent as desired to optimiZe its 
position in a patient’s body cavity. As in the device 10 
described above, a longitudinally extending support Wire 29‘ 
may also be embedded in the Wall of the drain tube alongside 
the helical support Wire 66. 

[0032] A probe-receiving tube 36‘ similar to the probe 
receiving tube 36 and including a small tubular conduit 52‘ 
is attached securely to the drain tube 18‘ securely, as by an 
adhesive attachment, as in the device 10. 

[0033] The longitudinally extending Wire 29‘ may be simi 
lar to the Wire 29 described above With respect to the device 
10 and serves, together With the helical embedded Wire 66, 
to retain the drain tube 18‘ in a desired, possibly adjusted, 
con?guration to ensure that the probe-receiving tube 36‘ 
remains in the desired location and orientation Within a 
patient’s body cavity While the proximal portion of the 
device 10‘ extends outWard from the surgical opening 14 in 
the patient’s body. 

[0034] As shoWn in FIG. 11, a probe-receiving tube 80, 
Which is itself constructed similar to the probe-receiving 
tube 36, has a pair of drain tubes 82 and 84 arranged along 
opposite sides of the probe-receiving tube 80. A tubular 
conduit 86, similar to the tubular conduit 52 in the device 10, 
extends along the probe-receiving tube 80 to a plug 88, 
similar to the end plug 39, at the distal end of the probe 
receiving tube 80. The drain tubes 82 and 84 may be 
interconnected With each other in a Y-junction 85 leading 
into a single drain outlet tube near the proximal end 92 of the 
probe-receiving tube 80. As in the probe-receiving device 
10, an extension tube 94 extends from the conduit 86 and 
may have a ?tting to receive a plug or to receive a ?uid to 
be carried to the interior of the distal end portion of the 
probe-receiving tube 80. 

[0035] Each of the drain tubes 82 and 84 preferably 
includes a malleable Wire to permit it to be bent into an 
angular diversion in a desired direction to receive and drain 
?uids from the interior of a patient’s body cavity, While the 
device 78 remains in place, as shoWn in broken line in FIG. 
11, for example. Attachment tabs 96 and 98 may be provided 
on the drain tubes 82 and 84 near the junction 85 to receive 
sutures to hold the device 78 attached to a patient’s body in 
a required location. The drain tubes 82 and 84 may be 
securely attached along respective sides of the probe-receiv 
ing tube 80 over most of the length of the probe-receiving 
tube 80, but their distal end portions 100, 102 are separate 
or may be easily separated from the distal end portion 104 
of the probe-receiving tube 80 to permit each drain tube to 
be placed, if required, at a location spaced apart from the 
location Where the probe-receiving tube 84 is to be held. 

[0036] Referring once more to FIG. 1, the probe-receiving 
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 the attached distal end 
portion 42 of the probe-receiving tube, through the surgical 
opening 14 and into the pericardial space Within the patient 

Apr. 1, 2004 

12. One or more sutures 68 through one or both of a pair of 
tabs 96 or other such securing device are used to fasten the 
device 10 in place on the exterior of the patient’s abdomen, 
With the distal portion 42 of the probe-receiving tube 36 
preferably resting against the right ventricle of the patient’s 
heart 16. 

[0037] Preferably, the usual placement of the chest drain 
tube 18, extending into the body cavity of the patient 12 
through the left rectus muscle and fascia in an orientation 
slightly divergent from vertical, brings the probe-receiving 
tube 36 into contact With the anterior surface of the epicar 
dium of the right ventricle of the patient’s heart 16. The 
position of the probe-receiving device 10 can be adjusted by 
the surgeon during surgery, before closure of the chest, and 
a suture 75 may be placed through the Wall of the drain tube 
18 tissue in the vicinity of the location Where it is desired to 
use the transducer 70, to keep the distal portion of the 
probe-receiving device 10 in the proper location and to 
permit repeated insertion and removal of the transducer 70 
through the probe-receiving tube 36 so long as the probe 
receiving device 10 is left in the patient. 

[0038] The openings 34 are thus left available, unob 
structed, 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 transducer probe 70, other types of ultrasonic 
sensors, a light emitting sensor, or a multi-function combi 
nation sensor. The appropriate sensor probe 70 can be 
inserted and pushed to the distal end portion 42 of the 
probe-receiving tube 36 through the open proximal end 48, 
supported by an encapsulated cable 72 of conventional form. 
The cable 72 is preferably of a type Which is able to reorient 
the transducer probe 70 controllably to transmit ultrasound 
vibrations in various required 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 trans 
ducer probe 70 may be rotated Within the probe-receiving 
tube, about the longitudinal axis 74 of the cable 72, to obtain 
an ultra-sound image in a desired direction. 

[0039] 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 extension tube 54 through 
the end coupling 58, to displace air surrounding the trans 
ducer probe 70 Within the interior space 64. 

[0040] When the probe 70 and its cable 72 are not located 
Within the interior space 64, the distal portion 48 of the 
probe-receiving tube 36 is free to collapse under the forces 
of its oWn elasticity and the pressures encountered Within the 
body cavity Where the probe-receiving tube is located, to the 
con?guration shoWn in FIG. 6. 

[0041] While the invention has been described above in 
connection With preferred embodiments, it Will be under 
stood that the probe-receiving tube 36 of the invention may 
be unsupported or may be supported by an elongate support 
member of a different construction and can he utiliZed for 
repeated temporary insertion and removal of a medical 
sensor such as an ultrasound transducer probe in different 
internal cavities of the body of a patient 12 either brie?y or 
over an extended time of as much as several days. The 
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probe-receiving tube of the invention thus can be used in 
order to scan organs Within the patient’s body With ultra 
sound or provide ultrasound transmissions for purposes of 
obtaining Doppler measurements, either through an opening 
such as the surgical opening 14, or through a natural ori?ce 
of the patient’s body, such as the trachea, urethra and 
bladder, or rectum, so that ultrasound Wave or other signal 
propagation to and from the organ is more direct than When 
transmitted through the patient’s skin and layers of external 
tissue or bones. 

[0042] The terms and expressions Which have been 
employed in the foregoing speci?cation are used therein as 
terms of description and not of limitation, and there is not 
intention, in the use of such terms and expressions, of 
excluding equivalents of the features shoWn and described 
or portions thereof, it being recogniZed that the scope of the 
invention is de?ned and limited only by the claims Which 
folloW. 

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, at least said distal end 
portion being manually deformable to be given and to 
retain a desired revised shape; and 

(b) a thin-Walled probe-receiving tube of ?exible material 
attached to and extending along said distal end portion 
of said support member, said tube having a closed distal 
end de?ning an interior space Within said tube. 

2. The device of claim 1 Wherein said probe-receiving 
tube includes a coating of a friction-inhibiting material on an 
inner surface. 

3. The device of claim 1 Wherein said distal end portion 
of said support member is detachable from said probe 
receiving tube in a Zone extending along said tube for a 
predetermined distance from said closed distal end of said 
probe-receiving tube. 

4. The device of claim 1 Wherein said revised shape 
includes an angular diversion from an original axial direc 
tion of said support member. 

5. The device of any of claims 1, 2, 3, or 4, Wherein said 
elongate support member is a chest drain tube. 

6. The device of claim 5 including a plurality of said drain 
tubes each including a respective distal portion that is 
separately detachable from said probe-receiving tube and 
deformable to be given and to retain a respective revised 
shape. 

7. 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, an intermediate portion, and a proximal por 
tion; and 

(b) a thin-Walled probe-receiving tube of ?exible material 
attached to and extending closely alongside said inter 
mediate portion of said support member, said tube 
having a closed distal end de?ning an interior space 
Within said tube, said closed distal end and an adjacent 
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distal end portion of said probe-receiving tube being 
detached and free from said support member. 

8. The device of claim 7 Wherein said closed distal end 
and said adjacent distal end portion of said probe-receiving 
tube have a combined length in the range of 5 to 15 cm. 

9. 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 ?exible material 
integral With and extending closely alongside said 
distal end portion of said support member, said thin 
Walled probe-receiving tube having a closed distal end 
de?ning an interior space Within said tube and said 
elongate support member being a drain tube including 
an opening for draining material from said location 
Within said patient’s body, said drain tube having a thin 
Wall Which is substantially more dif?cult to collapse 
than said thin-Walled probe-receiving tube. 

10. The device of claim 9 Wherein said Wall of said drain 
tube is of generally circular cross-sectional shape and is of 
?exible material and has a reinforcing structure embedded 
therein. 

11. The device of claim 10 Wherein said embedded 
reinforcing structure is a Wire in the form of a helix 
extending along and surrounding an interior lumen of said 
drain tube. 

12. The device of claim 11 Wherein said Wire is of 
malleable metal. 

13. The device of claim 10 including a malleable Wire 
extending longitudinally of said drain tube and embedded in 
said Wall thereof. 

14. 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 probe-receiving tube having a thin Wall of ?exible 
material, said probe-receiving tube extending closely 
alongside and being securely attached to said distal end 
portion of said support member, said probe-receiving 
tube having a closed distal end de?ning an interior 
space Within said probe-receiving tube, and said device 
including a portion adjacent said closed distal end of 
said probe-receiving tube that is relatively opaque to 
ultrasound Waves. 

15. The device of claim 14 Wherein said support member 
is a drain tube including a plurality of distal end portions, 
each de?ning a respective lumen and said respective lumens 
communicating With each other. 

16. The device of claim 15 Wherein at least one of said 
plurality of distal end portions of said drain tube includes a 
formable support member holding said at least one of said 
distal end portions in a desired con?guration. 

17. The device of claim 16 Wherein said distal end 
portions of said drain tube converge and join each other in 
a single proximal drain tube outlet portion. 

* * * * * 


