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57) ABSTRACT 

A tube structure is disclosed, for use within living tis 
sue, incorporating a magnetic element whereby the 
location and length of the tube within tissue may be 
readily detected. In one disclosed form, the tube is 
seamless, flexible and is formed of non-fibrous imper 
forate material containing ferromagnetic material for 
magnetic detection. In the forms as disclosed, the fer 
romagnetic material comprises an integral metal strip, 
particulate or segments of material extending along 
the length of the tube. A separate grounding strip may 
also be included in a tube as disclosed, that is radio 
opaque for X-ray detection. The tube generally is ta 
pered to define a distal end. A magnetic detector for 
sensing the tube is also disclosed utilizing a movably 
supported gapped magnetic toroid. 

9 Claims, 8 Drawing Figures 
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1. 
MEDICO-SURGICALTUBE 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

The need frequently arises to place medico-surgical 
tubes, e.g., catheters, within various living-tissue 
spaces. In placing such tubes, it is sometimes critically 
important that the attending person have knowledge 
with respect to the precise location of the tube. In that 
regard, it previously has been proposed to provide 
tubes that are partially or completely X-ray opaque. In 
using such tubes, the precise position of a tube is indi 
cated by X-ray presentations. However, a basic diffi 
culty with such procedures and techniques resides in 
the complexity of the required equipment and a con 
cern regarding repeated or prolonged X-ray irradiation 
of living tissue. 
Generally, there is a substantial current trend toward 

increased activity by paramedical personnel in emer 
gency situations. The risks attendant such practice are 
related to the limitations of paramedical personnel and 
the fact that they often must work in locations where 
only simple and rudimentary equipment is available. 
One piece of equipment commonly provided for use by 
paramedical personnel is a medico-surgical tube. For 
example, such tubes are often necessary to restore res 
piration for one reason or another. These consider 
ations emphasize the need for a simple tube, the loca 
tion and length of which within living tissue can be 
readily determined, without irradiating the tissue or uti 
lizing other complex equipment. 
Another consideration regarding medico-surgical 

tubes relates to the electrical characteristics. There is 
concern both with regard to electrical leakage currents 
from associated equipment that might endanger a pa 
tient and static electricity that may produce a sufficient 
spark to ignite combustible substances, e.g., gas. Fatal 
arrhythmias can result from either form of electrical 
activity. Accordingly, a need exists for a medico 
surgical tube, the location of which is readily detect 
able as indicated above, and additionally which has cer 
tain electrical characteristics. Other desirable charac 
teristics for a medico-surgical tube include flexibility 
and transparency to permit observing the tube interior. 

In general, the present invention relates to a medico 
surgical tube system whereby the location of a tube 
within living tissue may be simply, accurately and easily 
determined. Specifically, the system includes a tube of 
flexible, transparent imperforate material carrying a 
strip of continuous or discretely placed segments of 
magnetic material for actuating a magnetic indicator. 
In the disclosed embodiments, a strip of magnetic ma 
terial is provided to extend along the length of the tube 
and comprises magnetizable material having a rema 
nent magnetic flux density that is relatively high and 
which is magnetized with a pattern so as to be readily 
detected outside the living tissue. The magnetizable 
material may be provided in a form to accomplish de 
sirable electrical characteristics or a separate conduc 
tive strip may be provided. The location of the tube is 
manifest by a movably mounted permanent magnet 
housed for convenient placement contiguous to the liv 
ing tissue. 

BRIEF DESCRIPTION OF THE DRAWING 
In the drawing, which constitutes a part of this speci 
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2 
fication, an exemplary embodiment demonstrating var 
ious objectives and features hereof is set forth as fol 
lows: 
FIG. 1 is a diagrammatic view illustrative of the use 

of a system constructed in accordance with the present 
invention; 
FIG. 2 is a plan view of one form of tube structure in 

accordance with the present invention; 
FIG. 3 is an enlarged sectional view taken along line 

3-3 of FIG. 2; 
FIG. 4 is a view similar to FIG. 3 illustrating an alter 

native tube construction; 
FIG. 5 is a view similar to FIG. 3 illustrating still an 

other alternative tube construction; 
FIG. 6 is a fragmentary view similar to FIG. 2 illus 

trating still a further alternative tube construction; 
FIG. 7 is a plan view of an indicator constructed in 

accordance with the present invention; and 
FIG. 8 is a central vertical sectional view taken 

through the indicator of FIG. 7. 
DESCRIPTION OF THE LLUSTRATIVE 

EMBODIMENT 

As required, a detailed illustrative embodiment, 
deemed to be the best form of the invention for that 
purpose, is disclosed herein. The embodiment exempli 
fies the invention which may be constructed in various 
other forms, some of which may be quite different from 
the disclosed illustrative embodiment. However, spe 
cific structural and functional details disclosed herein 
are representative and in that regard provide a basis for 
the claims herein which define the scope of the inven 
tion. 

Referring initially to FIG. 1, a human subject S is sug 
gested along with indications of lungs L and air pas 
sages including a right bronchial tube 12, a left bron 
chial tube 14 and a trachea 16. Also, as indicated in 
FIG. 1, a medico-surgical tube T is shown passing 
through the trachea 16 and the right bronchial tube 12 
to enter the right lung L. The position of the tube T is 
indicated by an indicator I which is as illustrated in 
FIG. 1, located on the chest of the subject S. 

In considering an exemplary use of the present sys 
tem, the tube T is placed within the subject S for the ex 
traction of fluid from the lung cavity. It is to be recog 
nized that the tube hereof is also useful in other ways, 
e.g., vascular, gastrointestinal, genitourinary, and so 
on. It is apparent that the tube T may substantially 
close the receiving bronchial tube, e.g., bronchial tube 
12. Frequently, a subject S has lost the use of one lung 
as a result of the accumulation of fluid. Consequently, 
if the tube T (being placed for the purpose of removing 
the fluid) enters the bronchial tube of the single func 
tioning lung, the subject S may lose all breathing capac 
ity. 

In accordance with the system of the present inven 
tion, the position of the tube T is manifest by the indi 
cator I during the period of insertion. If the tube devi 
ates in an undesired direction, the fact is promptly 
manifest by the indicator I, permitting corrective action 
to be taken. Detailed consideration will now be given 
to the structure of the tube T as well as the indicator 
I, pursuant to presenting the basis for a complete un 
derstanding of the system. 
The tube T is a seamless, imperforate, elongated 

medico-surgical tube having a substantially uniform 
cross section except for a reducing taper at the distal 
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end 20 and a slight enlargement or flare at the opposed 
end 22. The taper at the distal end 20 is helpful in prob 
ing and additionally is cooperative in interconnecting 
a series of tubes. 
The tube is smooth at both the internal wall 24 (FIG. 

3) and the external wall, 26. Continuing to view the 
tube in cross section (FIG. 3) a radial segment com 
prises a strip 28 (FIG. 2) extending the full length of 
the elongated tube T and fully occupying a space be 
tween the internal wall 24 and the external wall 26. The 
non-strip portion 30 of the tube may be formed of clear 
or transparent plastic to afford a view of the tube con 
tents or may be radio opaque for X-ray detection. The 
Strip 28 may comprise similar plastic containing a con 
centration of ferromagnetic particles. For example, 
fine particles of magnetic material comprising approxi 
mately 80 percent nickel and 20 percent iron may be 
employed to provide a strip with retentive magnetic 
characteristics. Generally, if the strip 28 is to render 
the tube T conductive, the concentration of the parti 
cles should be relatively high. 

In reducing the tube T, extrusion techniques may be 
employed as to form vinyl plastic material. Such tech 
niques are well known in the plastics industry and are 
not deemed significant for disclosure herein. After for 
mation of the tube, the strip 28 is magnetized along the 
entire length of the tube T to attain a dominant mag 
netic pattern that has a uniform sense. For example, the 
magnetic pattern may be with the distal end 20 as the 
north pole of the magnet while the opposed end 22 is 
magnetized as the south pole. Of course, various mag 
netizing techniques may be employed to accomplish 
such a pattern, as for example, placing the ends of the 
tube T in alignment contiguous to the ends of a power 
ful electromagnet so that the strip 28 is an element in 
a single magnetic circuit and is subjected to consider 
able magnetic flux. 

In using the tube T after magnetization, it is signifi 
cant that the magnetic field provided by the strip 28 as 
well as the inherent magnetic material in the strip pro 
vide the basis for sensing the location of the tube T. 
The sensor or indicator I as disclosed herein includes 
a housing 40 (FIG. 6) that is pointed along one plane, 
however, otherwise is of parallelepiped configuration. 
The upper surface 42 of the housing 40 provides an in 
strument display for indicating alignment with or posi 
tion of the strip 28 in the tube T. As described, the 
housing 40 is tapered to a point 44 at the forward end. 
The upper surface 42 defines a window 46 through 
which a magnet 48 is exhibited. The magnet 48 carries 
a meter mark 50. Displacement of the meter mark 50 
from alignment with an index mark 52 indicates a posi 
tion of the tube T in the proximity of indicator I. 
The magnet 48 in the indicator I is in a toroid form 

(defining a non-magnetic gap 54) and is concentrically 
supported by a coil spring 56 the center of which is af 
fixed to a lateral post 58 that is anchored in the housing 
40. When the indicator I is independent of substantial 
magnetic fields (or magnetic medium) the gap 54 is 
held in a quiescent position substantially as indicated in 
FIG. 7, resulting in the meter mark 50 (FIG. 6) being 
aligned with the index mark 52. 

in using the indicator I, the bottom surface 60 is usu 
ally separated from the strip 28 by a section of living 
tissue 61. However, upon the flux field of the strip 28 
encountering the flux field of the magnet 48, the latter 
is displaced counterclockwise (as indicated by the 
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4. 
arrow 63) toward a position in which the strip 28 would 
close the non-magnetic gap 54. With such displace 
ment, the meter mark 50 (FIG. 6) is moved forward 
from the index mark 52 indicating that the strip 28 
(and accordingly the tube T) has been sensed. It may, 
therefore, be seen that the indicator I may be variously 
moved over the subject S (FIG. 1) to follow or indicate 
the position of a tube T. 
As suggested above, the T may take various forms 

other than with the strip 28 of magnetic substance. In 
one alternative construction (FIG. 4) the tube may be 
a clear, somewhat cylindrical elongated body 65 into 
which a thin wire 66 of magnetic material is embedded. 
Additionally, a segmental strip 68 of conductive mate 
rial, e.g., carbon, extends the full length of the tube T. 
In such a structure, the transparent body 65 affords a 
view of the interior of the tube. The wire 66 is magne 
tized as described, along a single polarity orientation 
for effective sensing. Thus, the desired electrical char 
acteristic for the tube is provided by the strip 68 which 
extends completely through the tube and along its en 
tire length. 
With regard to small tubes, it may be desirable to 

provide a somewhat-uniform extrusion of plastic con 
taining a dispersion of magnetic material. A form of 
such a tube is depicted in FIG. 5 and essentially consists 
of a homogeneous mixture of particle magnetic mate 
rial in a carrier, as for example, of plastic, 
As still another alternative, the tube may be as illus 

trated in FIG. 2; however, altered by the magnetic strip 
being in the form of slugs or segments 71 (FIG. 6). Spe 
cifically, the segments 71 are spaced apart by a prede 
termined distance D so as to provide another source of 
information in the use of a magnetic detector. Of 
course, the length of the segments 71 is also predeter 
mined. 
Of course, other forms of tubes may be employed in 

accordance with the teachings hereof to accomplish an 
effective structure for use within living tissue and which 
may be simply and easily located to define both posi 
tion and path. Consequently, the scope hereof shall not 
be determined with limitations relating to the embodi 
ment set forth herein, rather, however, shall be defined 
by the claims as set forth below. 
What is claimed is: 
1. An externally detectable tube structure for use 

within living tissue, as to establish an access passage 
comprising: 
a seamless elongated tube comprising an integral wall 
of flexible non-fibrous imperforate material for in 
sertion into living tissue; and 

a quantity of ferromagnetic material disposed within 
said wall along a substantial length of said tube for 
magnetic detection at an external location in rela 
tion to said living tissue, said material being flexible 
in said tube, to accommodate flexibility of said 
tube. 

2. A tube structure according to claim 1 wherein said 
ferromagnetic material is magnetized by domains of a 
dominant sense of magnetism along the entire substan 
tial length thereof and aligned with said elongated tube. 

3. A tube structure according to claim 1 wherein said 
ferromagnetic material comprises a continuous strip 
that extends substantially the full length of said tube. 

4. A tube structure according to ciaim 3 wherein said 
ferromagnetic material is magnetized by domains of a 
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dominant sense of magnetism and wherein said domi 
nant sense of magnetism aligns to the elongate tube. 

5. A tube structure according to claim 1 wherein said 
ferromagnetic material comprises separate spaced 
apart segments of particulate material defining a strip. 

6. A tube structure according to claim 5 wherein said 
tube material is transparent and said ferromagnetic ma 
terial is confined to a defined radial segment in the wall 
of said tube. 

7. A tube structure according to claim wherein said 
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6 
ferromagnetic material comprises an integral wire ex 
tending along the elongated dimension of said tube. 

8. A tube structure according to claim 1 wherein said 
tube material is transparent and further includes an 
electrically conductive strip extending substantially the 
full length of said tube and from the interior to the exte 
rior of the wall of said tube. 

9. A tube structure according to claim 1 wherein one 
end of said tube is of reduced cross section to define a 
distal end. 
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