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ABSTRACT OF THE DISCLOSURE 

A catheter tube is connected with a manipulative han 
dle. The handle carries a ?exible guide tube which is in 
sertable in the catheter tube. A ‘bending element on the 
distal end of the guide tube is ?exed by a pull wire which 
may be tensioned by a lever on the handle to bend the 
tip of the catheter tube. Means are provided on the handle 
for rotating the catheter tube and guide tube and the 
catheter tube contains torsional reinforcement so that it 
will rotate uniformly throughout its length. 

This invention relates to improvements in a catheter. 
It is often necessary to control the direction of a catheter 

as it is inserted into a tube in the body. For example, it 
is desirable to use a catheter in diagnosing coronary ar 
teries by visualization with the use of a ?uoroscope. A 
catheter, which is made opaque to X-rays, is inserted in an 
incision at some convenient point in an artery, for instance 
in the patient’s arm, which will lead the catheter to the 
aorta. Then, as the end of the catheter approaches the 
coronary arteries which branch from the aorta, the catheter 
must be guided so that it will change its direction in order 
to enter the desired coronary artery as its progress is ob 
served in the ?uoroscope. For this purpose, means are 
provided in the present catheter for bending its distal 
end at an angle to its direction in the aorta. 

In addition to merely bending the end of the catheter 
tube, there exists the problem of orienting the bent end in 
the desired radial direction. Orienting the distal end of 
the catheter tube by twisting its proximal end requires a 
high degree of torsional rigidity in the tube. It cannot be 
done with facility if the catheter tube has an appreciable 
degree of torsional ?exibility. At the same time, the tube 
must be quite ?exible in bending in order to follow freely 
a curved path for some distance from the incision and 
then make a substantially right angle bend into a particu 
lar branch artery. A similar problem exists in guiding a 
catheter into various branch tubes and chambers of the 
body, other than blood vessels, for various purposes. The 
con?icting requirements of torsional rigidity and ?exibility 
in bending are not satis?ed ‘by conventional catheter tubes 
where one quality can be attained only at the sacri?ce of 
the other. 
The general object of the invention is, therefore, to pro 

vide an improved catheter for the purpose described. More 
speci?cally, the object is to provide a catheter having a 
high degree of torsional rigidity without sacri?ce of ?ex 
ibility in bending. Another object is to provide a new and 
improved means of reinforcement for a catheter tube 
which has torsional rigidity with ?exibility for bending. 
Another object is to provide an improved device for bend 
ing the end of a catheter tube. Still another object is to 
provide means for measuring blood pressure through a 
catheter tube and means for injecting and withdrawing 
?uids through the tube. 
The present catheter is made of ?exible plastic tubing 

having incorporated in the wall thereof a novel reinforce 
ment having the described characteristics. The con?icting 
requirements of torsional rigidity with ?exibility in bend 
ing are accomplished by a reinforcement of strands ar 
ranged in opposite spiral directions. In the present em 
bodiments the reinforcement comprises a tubular braid 
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ing of mono?lament material which is embedded in the 
wall of the tube but other arrangements of the spiral 
strands are possible. Such reinforcement causes the distal 
end of the tube to rotate strictly in conformity to the 
twisting motion imparted to the proximal end whereby 
when the distal end is bent it can be guided into a particu 
lar branch channel at an angle to the ‘direction of ap 
proach. A novel bending device is also provided employ 
ing a Bowden wire control manipulable from the proximal 
end of the catheter tube. In this way, by observing the 
catheter in a ?uoroscope, the distal end may be guided 
into a branching tube or chamber of the body in any di 
rection around the axis of the approach tube. 
The foregoing and other objects and advantages will 

become apparent and the invention will be better under 
stood from the- following detailed description of the pre 
ferred embodiment illustrated in the accompanying draw 
ings. Various changes may be made, however, in the de 
tails of construction and arrangement of parts and certain 
features may be used without others. All such modi?ca 
tions within the scope of the appended claims are in 
cluded in the invention. 

In the drawing: 
FIGURE 1 is an enlarged side view of a catheter tube 

containing the improved reinforcement; 
FIGURE 2 is a further enlarged fragmentary sectional 

view taken on the line 2—2 of FIGURE 1; 
FIGURE 3 is a similar view taken on the line 3—3 of 

FIGURE 1; 
FIGURE 4 is a fragmentary developed view of the rein 

forcement greatly enlarged; 
FIGURE 5 is an enlarged cross sectional view showing 

the molding operation in the manufacture of the catheter 
tube; 
FIGURE 6 is an enlarged fragmentary side view of a 

modi?cation with some of the outer plastic material bro 
ken away to show the reinforcement; 
FIGURE 7 is a vie-w of the bending device showing 

the parts in bent position in broken lines; 
FIGURE 8 is an enlarged longitudinal sectional view 

of the distal end of the bending device in FIGURE 7; 
FIGURE ‘9‘ is an enlarged view with parts in section 

showing the operation of the bending device in a catheter 
tube; 
FIGURE 10 is a view of the proximal end of the bend 

ing device with parts in ‘longitudinal section; 
FIGURE 11 is a greatly enlarged longitudinal sectional 

view of the removable catheter bending core in FIGURE 
10; 
FIGURE 12 is a view taken on the line 12——12 of 

FIGURE 11; and 
FIGURE 13 is a view at approximately natural size, 

showing manipulation of the catheter. 
In FIGURE 1 the catheter tube is designated generally 

by the numeral 10. On the proximal end of the tube is a 
conventional metal female connector ?tting 11 which, ac 
cording to standard practice, has a tapered bore for fric 
tional connection with a male ?tting on some instru 
mentality or ‘device which is used with the tube. The distal 
end portion preferably tapers beginning at a point 12 to 
make it more slender and ?exible and easier to introduce 
through restricted passageways and openings. The taper 
may terminate a short distance from the end. The tube 
has an end opening 13 and pairs of elongated side open 
ings on opposite sides of the tube at 90° to each other as 
indicated at 14 and 15. These openings communicate with 
the longitudinal passageway 16 which extends through 
out the length of the catheter tube. This tapered end por 
tion is designated at 17. 
The catheter tube is made of a suitable heat working 

plastic, such as silicone rubber or polyvinyl chloride, and 



3,416,531 
3 

incorporated in the wall of the tube is a spirally directed 
reinforcement to impart torsional rigidity without im 
pairing the ?exibility of the tube in bending. This rein 
forcement preferably comprises strands of a suitable 
mono?lament material such as metal wire, nylon or Tef 
lon. These strands are laid in opposite spiral directions and 
in the present embodiments are braided together. To 
avoid possible exposure of cut ends of the strands at the 
slender distal end of the tube, braiding is started in a ?rst 
cylindrical layer at the proximal end of the tube and con 
tinued to the distal end where it is doubled back upon it 
self to form a second layer which continues back to the 
proximal end. This results in a double layer of braiding 
having an underlying layer 21 and an overlying layer 22, 
as shown in FIGURE 4. In order to distinguish one layer 
from the other, the underlying layer 21 has been drawn 
with heavy lines and the overlying layer 22 drawn with 
light lines but it is to be understood that the strands in 
the top layer 22 are merely continuations of the strands 
21 of the bottom layer. 

In making the tube, a layer of plastic material 24 is 
applied around a smooth surfaced mandrel or core rod 25 
which has the diameter desired for the passageway 16. 
Then a circular braiding machine is employed to braid 
the strands around the plastic layer and under sufficient 
strand tension to cause the strands to become embedded 
in the plastic as the braiding takes place. Outstanding lugs 
on core rod 25 form the openings 14 and 15 at the distal 
end and, as the layer of braiding reaches these lugs, 
the braiding is stopped and the strands are crowded to 
gether to avoid the lugs, as shown in FIGURE 2, so that 
the strands will not cross these openings in the ?nished 
tube. At the distal end of the tube the braiding operation 

After completion of the braiding operation, the core 
member with its layer of plastic and two layers of rein 
forcement embedded therein is placed in a mold to cure 
or vulcanize the plastic and form a smooth surface on 
the exterior of the tube, completely covering the braid 
ing. This step of the process is illustrated in FIGURE 5 
where the lower mold member 30 has a semi-cylindrical 
cavity 31 and the upper mold member 32 has a semi 
cylindrical cavity 33 to receive the plastic covered core 
member 25. The connector ?tting 11 is assembled with 
the core member and plastic cover before the latter are 
placed in the mold and then when the plastic has been 
cured, the assembly is removed from the mold and the 
is reversed to proceed back toward the proximal end with 
the strands again under su?icient tension to embed them 
in the plastic layer and crowded around the core lugs 
which form side openings 14 and 15. In this way there 
are no out ends of strands at the distal end of the tube. 
core member withdrawn. 

Conventional braiding machines lay pairs of strands 
spirally over two and under two crossing strands. This is 
objectionable for the present purpose because the stiffness 
of the strands causes them to bow outward and inward 
over and under the crossing strands to a braided thick 
ness considerably in excess of double strand thickness. 
In order to minimize the wall thickness of the tube for 
‘maximum ?exibility in bending, the braiding machine is 
modi?ed to lay single strands over and under single cross- 
ing strands. This results in a braided thickness for each 
layer of braiding exactly equal to twice the strand thick 
ness. Then on the return course of braiding the outer 
layer strands fall into mesh with the under layer strands so 
that the two layers of braiding have a combined thickness 
less than four times the strand thickness. 
When mono?larnent strands are used, the strands in one 

spiral direction are stressed in tension while the strands in 
the opposite spiral direction are stressed in compression, 
when the tube is twisted at its proximal end. Mono?la 
ment strands of wire, nylon or Te?on have strength in 
compression ‘as well as tension when con?ned by being 
embedded in the wall of the plastic tube. Some advantage 
over an unreinforced plastic tube is gained by using 
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strands of short ?bers spun together as in a textile thread 
but in such case the strands have no strength in compres 
sion and only the tension strands are effective to improve 
the torsional stiffness. Because of their spiral directions 
the reinforcing strands, even when ‘metal Wire is used, do 
not impair the ?exibility of the tube in bending. A suit 
able X-ray opaque material is incorporated in the plastic 
composition of the tube to provide as much opacity as 
possible. 
FIGURE 6 shows a modi?cation having additional rein 

forcement up to the point 12a ‘which corresponds to the 
point 12 in FIGURE 1 at the beginning of taper of the 
distal end. In this case before the two layers of braiding 
21 and 22 are applied as above described, a preliminary 
braiding operation is performed to apply a ?rst layer of 
braided strands 33 from the proximal end out to the point 
12a and then reversing back to apply an overlying layer 34 
which continues back to the proximal end of the tube. The 
extra reinforcement 33, 34 preferably underlies the layers 
21, 22 for exterior smoothness, and all four layers are 
completely embedded in the plastic so that all of the rein 
forcing strands are covered by the plastic material of the 
tube. The arrangement in FIGURE 6 provides still 
greater torsional rigidity throughout the main length of 
the catheter tube while leaving the tapered distal end 
portion slender to function as a pilot in guiding the tube 
through body channels. The four layers of braiding mesh 
together so that their combined thickness is substantially 
less than eight times the strand thickness. 
When the catheter tube is twisted, the spiral strands in 

one direction, those under tension, tend to contract in 
wardly and the spiral strands in the opposite direction, 
those under compression, tend to expand outwardly. The 
braiding interlocks the tension and compression strands 
so that there is no contraction or expansion in the tube. 
Other strand con?gurations may be ‘devised to neutralize 
the contraction and expansion tendencies of the tension 
and compression strands in order to achieve torsional ri 
gidity. Also, the reinforcing strands may be incorporated 
in the wall of the plastic tube by other methods of manu 
facture. 

In some cases it may be desired to terminate the strand 
reinforcement short of the tip in order to provide the 
greatest possible ?exibility in bending at the tip. For 
this purpose the end portion of the tube may be made 
of a softer plastic material, the main length of the tube 
being relatively stiffer for pushing the tube a considerable 
distance through an artery or vein. The two different 
plastics may be molded integrally or they may be molded 
separately and then welded together end to end. The taper 
need not extend to the tip end. For the present purpose 
the tip end is made straight for three-fourths of an inch 
and the tapered portion extends back another three 
fourths of an inch and the tapered portion extends back 
another three fourths of an inch. Such details will vary 
according to the purpose of the catheter and the tech 
niques employed in its use. 
An insertable bending device is ‘shown in FIGURES 7 

to 13. This device comprises a ?exible guide tube 40 for 
assuming the thrust reaction of a ?exible Bowden pull 
wire 41. Tube 40 is preferably formed by winding a tight 
coil of spring wire with the adjacent turns in contacting 
relation so that the tube will not compress longitudinally 
but is freely ?exible in bending. The distal end of guide 
tube 40 is seated in a bore 42 in a head block 43 as 
shown in FIGURE 8. The Bowden wire 41 slides freely 
through guide tube 40 and a guide bore 44 in the end of 
the block. The end of Bowden wire 41 is reversely bent 
to anchor it in a bore'45 in an end block 46. Surround 
ing the Bowden wire is a compression spring 47 having 
its ends abutting the two blocks to urge them away 
from each other. 
The blocks 43 and 46 are interconnected by a ?exible 

strut 50 at one side of the Bowden wire. This strut com 
prises a coil of spring wire similar to the guide tube 40. 
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The coil is incompressible in a longitudinal direction and 
its ends bear against the confronting faces of blocks 43 
and 46 to maintain a predetermined spacing of the blocks 
at their under sides as viewed in FIGURE 8. The coil 50 
is held in this position by a resilient center guide wire 51 
which passes through bores 52 in the two blocks and has 
opposite end portions 53 bent over the opposite ends of 
the blocks. Thus, the coil performs the function of a 
?exible strut While the center wire 51 supports the strut’ 
in position between the blocks at one side of the Bowden 
wire. The bending element comprising blocks 43 and 46 
and associated parts is designated in its entirety by nu 
meral 55. 
The Bowden wire 41 is tensioned by a manual actuating 

device 60 to bend the strut 50. One end of tensioning 
device 60 is equipped with a tapered male frictional con 
nector ?tting 61 which ?ts in the bore of female con 
nector ?tting 11 on the proximal end of the catheter tube 
in FIGURE 1. Thus, the bending element 55 and ?exible 
guide tube 40 with its Bowden wire 41 may be inserted 
through the passageway 16 of the catheter tube until the 
bending element 55 reaches the desired position near the 
end of the catheter tube, as shown in FIGURE 9. The 
head‘ block 43 and end block 46 are somewhat smaller 
than passageway 16 so that the passageway is not oc 
cluded by the bending element. Guide tube 40 is con 
siderably smaller than passageway 16. A 90° bend is 
shown in FIGURE 9. The element 55 is capable of pro 
ducing a 180° bend in the end of the catheter tube. The 
reinforcing strands 21, 22 are present in tube 10 in FIG 
URE 9 but are not shown. For the present purpose the 
bending element 55 is disposed in the cylindrical portion 
of tube 10 back of tapered portion 17 but for other pur 
poses the bending element may be located as close to 
the tip of the tube as desired. 
The body of actuating device 60 comprises a front 

tubular member 62 and a rear tubular member 63. These 
members contain a longitudinal bore 64 for the Bowden 
wire guide tube 40 as shown in FIGURE 10. The rear 
end of member 62 is ?anged at 65 for swivel connection 
to the front end of member 63 by means of a threaded 
union-type coupling 66. An annular recess in the for 
ward end of ‘member 63 contains an O-ring seal 67. When 
coupling 66 is tightened, the swivel joint is locked and 
made liquid-tight. 
The forward end of member 62 contains a side branch 

68 having a passageway 69 in communication with the 
passageway 64. This side branch is equipped with a fe 
male connector ?tting 11. Mounted on the forward end 
of member 62 is a swivel end member 70 which carries 
the previously mentioned male connector ?tting 61. This 
swivel joint is the same as the swivel joint just described 
between members 62 and 63 except that in this case union 
coupling 66a may be left su?iciently loose to permit free 
rotation of the end member by means of its knurled 
collar 71. When end member 70 is thus rotated, the fric 
tional connection between connector ?ttings 11 and 61 
causes catheter tube 10 to rotate and with it the guide 
tube 40, Bowden wire 41 and bending element 55. Guide 
tube 40 and Bowden wire 41 are relativey long and very 
slender whereby they have negligible torsional stiffness 
to resist such rotation. End member 70 has a longitudinal 
passageway 64a communicating with passageway 64 for 
guide tube 40. O-ring 67 seals the swivel joint and pro 
vides sufficient friction to hold the catheter tube in ad 
justed rotative position. , 
The rear end of body member 63 contains a bore 74 

at the end of passageway 64 to receive the inner end of 
catheter bending core 75. This core element has a cylin 
drical metal inner end 76 which ?ts the bore'74 and is 
sealed by O-ring 67. A ?ange 77 is retained against the 
end of member 63 by means of threaded and ?anged 
union coupling 66b. As shown in'FIGURE 11, the cylin 
drical portion 76 has a bore 78 to receive and seat the 
proximal end of guide tube 40 and in continuation of 

10 

v15 

20 

25 

35 

40 

50 

55 

60 

65 

70 

75 

6 
this bore is a smaller bore 79 for the Bowden wire 41. 
A larger bore ‘80 contains a pair of rubber discs 81 which 
are slightly larger than the bore 80 whereby the discs 
assume a cupped shape, making a tight seal against the 
wall of the bore. Bowden wire 41 is pierced through these 
discs to form a liquid-tight seal between the wire and 
the discs while at the same time permitting longitudinal 
movement of the wire. The sealing discs 81 are retained 
by an annularly grooved metal plug 82 which is secured 
by a crimped rearwardly extending cylindrical wall por 
tion 83 integral with cylindrical portion 76 and ?ange 77. 
The forward end of plug 82 and the inner end of bore 
80 are conical to maintain the cupped shape of discs 81 
whereby the discs form the equivalent of chevron-type 
sealing rings. 
A metal bottom 85 has a recessed forward and enclos 

ing plug 82 and an annular rim 86 adapted to seat against 
?ange 77 . Extending through the button is a longitudinal 
passageway 87 for the Bowden wire and the reduced outer 
end of the button is provided with ‘a diametral slit 88 
which intersects the outer end of passageway 87. The but 
ton also has an annular groove 89 for actuation by the 
palm lever 90 in FIGURE 10. In assembling the bending 
device, the bending element 55 is disposed in straight 
condition as shown in FIGURE 8 and the proximal end 
of the Bowden wire 41 is bent radially through slit 88, 
360° around the small rear end of button 85 and then 
again diametrally through slit 88, and then the walls of 
the slot are pinched together to clamp and securely 
anchor the Bowden wire. Guide tube 40 is of a length 
that will place bending element 55 as close to the end of 
the catheter tube as desired. 
Palm lever 90 has a forked end 91 engaging annular 

groove 89 to tension the Bowden Wire. Palm lever 90 is 
an L-shaped or bell crank lever which is pivotally mounted 
at its angle point on a pin 92 at the rear end of a support 
ing arm 93. A leaf spring 94 in the angle between the two 
arms urges the palm lever outward to hold button 85 
normally seated against ?ange 77. The forward end of 
arm 93 is pivotally mounted at 95 on tubular member 63. 
This arm is equipped with a coil spring 96 urging the ‘arm 
toward the member 63 and has a foot 97 to bear against 
member 63. A headed screw 98 extends through an open— 
ing 99 adjacent the forked end of palm level 90 and is 
threaded through stop foot 97 to provide an adjustable 
stop for limiting the squeezing movement of palm lever 
90 in pulling the Bowden wire rearward. 
By lifting supporting arm 93 the forked end 91 of the 

palm lever is disengaged from button 85 and by unscrew 
ing coupling 6617, the core element 75, guide tube 40 and 
bending element 55 may be withdrawn from the rear end 
of the handle body. 
From the foregoing description it will be apparent 

that the manipulation of the catheter banding device in 
volves two different movements which must be coordi 
nated in order to guide the tip of the catheter into a 
branch artery or ‘other lateral passageway or ‘opening. 
These two movements comprise the bending action as 
shown in FIGURE 9 and the rotation of the bent end of 
the catheter tube to the proper direction. FIGURE 13 
illustrates how the bending ‘device provides for coordina 
tion of these two movements by a simple manipulation 
of one hand. Palm or squeezing pressure on lever 90 con 
trols the degree of bending while the thumb and index 
?nger rotate collar 71 to control the direction of bending. 
The frictional engagement of bending element 55 with 

the inside of the catheter tube causes the bending element 
to rotate with the tube when collar 71 is rotated. Prefer 
ably, the rotative adjustment is performed ?rst while there 
is but little palm pressure on lever 90. Then, when bend 
ing element 55 has been oriented in the proper direction 
to enter the desired ibranch artery, its bending angle may 
be increased by additional palm pressure on lever 90 as 
the catheter is pushed forward through the ‘aorta. Also, 
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small changes in orientation of the bending element may 
be accomplished during any degree of bending by twist 
ing the wrist to rotate the whole actuating device 60 as 
a unit. Stop screw 93 may be adjusted before insertion 
of the catheter into the artery, to allow the maximum de 
sired bending angle so that excessive palm pressure during 
manipulation will not bend the catheter too much. 
When the tip of the catheter has ‘been inserted into the 

desired coronary artery or other branch passage, the en 
tire bending device may be removed, if desired. However, 
the present bending device is specially constructed so that 
the usual functions of a catheter tube may be carried out 
without removing the bending device. This is the purpose 
of branch tube 68. 
The exploded portion of FIGURE 13 shows a tree of 

three-way valves for connection with branch tube 68. 
These valves 110, 111 and 112 each have one male con 
nector ?tting 61 and two female connector ?ttings 11 
whereby they may be connected together in series to pro 
vide branch circuits for various purposes. Each valve has 
an operating lever 113 which is rotatable to different posi 
tions. It is understood that the male connector 61 of valve 
110 is inserted in female connector 11 of branch tube 68. 
Thus, the upright connector 11 on valve 110 may lead 
to a pressure measuring instrument, the upright connector 
11 on valve 111 may lead to an elevated source of glucose 
solution, the upright connector on valve 112 may be con 
nected with syringe 115 and the end connector '71 on valve 
112 may lead to an elevated source of X-ray opaque ?uid. 
At any time while the catheter is [being used for moni 

toring pressure readings, the operator can selectively draw 
either glucose of X-ray opaque material into the syringe. 
Then by rearranging the valve positions, the material in 
the syringe may be ejected into the catheter under pres 
sure. Following ejection of material through the catheter, 
the operator can return to pressure monitoring by re-posi 
tioning the ?rst valve. These operations may all be per 
formed while the bending element 55 is in the catheter 
tube or the bending element may be removed, as desired. 
It is therefore clear that the tube per se may be attached 
to a variety of instrumentalities. 
The swivel joint between handle body members 62 and 

63 permits the valve tree to be turned to a convenient 
position and then the joint may be clamped rigid by 
coupling 66. 

Although the catheter has been described in connection 
with coronary artery diagnosis, it is to be understood that 
no limitation on its use is intended. The principles of the 
invention are applicable to catheters for all purposes. 
As mentioned hereinabove, other strand con?gurations 

and other means may be employed to neutralize the con 
traction and expansion tendencies of the tension and com 
pression strands and the reinforcing strands may be in 
corporated in the wall of the plastic tube by other methods 
of manufacture. Polyvinyl chloride, for example, has the 
advantage of a wide range of degrees of ?exibility. It is 
available in a hard grade which is suitable to act as a 
binder spiral layers of wire whereby the braiding opera 
tion may be eliminated. 

In such a process of manufacture, a very thin tube of 
plastic is ?rst passed over the mandrel. A layer of multiple 
strands is then wound in one spiral direction and reversed 
back toward the starting end so as to cross the turns of 
the under layer of strands. Finally, a heavier tube of 
plastic is shrunk over the windings to embed the strands 
and then the assemblage is molded in a die as illustrated 
and described herein. This leaves all the strand ends at 
the proximal end of the tube with the turns in one layer 
being disposed in an opposite spiral direction to the turns 
of the other layer. The two layers of reinforcing strands 
are effectively interlocked by the plastic so that the coils 
of one layer cannot contract or expand relative to the coils 
of the other layer when the tube is twisted. In this way 
torsional rigidity is achieved without a braided interlock. 
It is, of course, understood that the hard plastic employed 
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is not of such hardness as to impair the desired ?exibility 
in bending but merely of su?‘icient hardness to provide an 
effective interlock between the inner and couter courses 
of the reinforcing strands. 

Having now described my invention and in what man 
ner the same may be used, what ‘I claim as new and desire 
to protect by Letters Patent is: 

1. A manipulative catheter comprising a tube of 
?exible plastic material having a distal end adapted for 
insertion into a body passage of a patient and a proximal 
end adapted to remain outside said body passage, said 
tube being adapted to be pushed through said body 
passage, and torsional rigidifying means incorporated in 
said tube so that said distal end may be rotated to a pre 
determined orientation in said body passage by twisting 
said proximal end, said rigidifying means comprising 
strands of tension material disposed in the wall of said 
tube in opposite spiral directions so as to impart torsional 
rigidity without appreciably increasing the resistance of 
the tube to bending whereby the tube will freely follow 
curves in said body passage, said strands being disposed 
in two layers with all the strand ends being at said 
proximal end of the tube which remains outside the body 
passage, the underlying layer being doubled back upon 
itself at the distal end portion of the tube to form an 
overlying layer continuing from the underlying layer with 
out any strand ends at said distal end of the tube. 

2. A catheter as de?ned in claim 1, said strands in 
opposite directions being braided together. 

3. A catheter as de?ned in claim 2, said strands in 
opposite directions each being braided over one and under 
one to minimize the thickness of the braided layer. 

4. A catheter as de?ned in claim 1, said strands com 
prising a mono?lament material having strength in 
compression as well as tension. 

5. A catheter as de?ned in claim 1, including a second 
double layer of strands extending to a point more remote 
from said distal end than said ?rst double layer and 
doubled back so that all its strand ends are at said 
proximal end of the tube, whereby the distal end portion 
of the tube is reinforced by a double layer of said strands 
and the rest of the length of the tube is reinforced by two 
double layers of said strands, said distal end portion 
of the tube tapering in thickness. 

6. A catheter as de?ned in claim 1, said two layers of 
spiral strands comprising a continuous winding extend 
ing in a direction away from said proximal end of the 
tube and then back on itself to said proximal end. 

7. In a catheter tube as de?ned in claim 1, means for 
bending the distal end of the tube, and means at the 
proximal end of the tube for actuating said bending 
means, said bending means being insertable in and 
removable from said tube. 

8. A catheter as de?ned in claim 1 including a rotat 
able connection between said body member and said body 
member connector ?tting whereby said catheter tube may 
be rotated relative to said body member. 

9. A device for bending a catheter tube comprising a 
?exible guide tube having an opening in its distal end 
portion, a Bowden pull wire slidable in said guide tube, 
said wire having a distal end portion emergent from said 
opening in said guide tube, means forming a ?exible 
strut extending beyond said opening and having an outer 
end connected with the distal extremity of said wire, said 
strut means having an opposite end adjacent said opening 
arranged to react against said guide tube when said wire 
is tensioned causing said strut means to bend, means on 
the other end of said guide tube for tensioning said wire 
to bend said strut, and a compression spring coiled around 
said emergent portion of said wire between said opening 
and said extremity connection to straighten said strut 
when said wire is relaxed. 

10. A device for bending a catheter tube comprising a 
?exible guide tube, a head block on one end of said guide 
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tube, a Bowden wire having free sliding movement through 
said guide tube and head block, an end block connected 
with one end of said Bowden wire in spaced relation in 
said head block, a ?exible strut extending between said 
blocks at one side of said Bowden wire for maintaining 
said spaced relation of said blocks, means on the other 
end of said guide tube for tensioning said Bowden wire to 
bend said strut, and a compression spring coiled around 
said Bowden wire and abutting said blocks at its opposite 
ends to straighten said street when said Bowden wire is 
relaxed. 

11. A device as de?ned in claim 10, said head block 
having a bore with an end wall to seat said one end of said 
guide tube, and a bore in said end block arranged to 
anchor said one end of said Bowden wire. 

12. A device as de?ned in claim 10, said strut com 
prising a cylindrical coil of Wire abutting said blocks at 
its opposite ends, the turns of said wire being in contact 
with each other so that the coil is longitudinally in 
compressible, and a guide Wire within said coil anchored 
at its ends in said blocks. 

13. A catheter comprising a molded tube of plastic 
material, a torsional rigidifying reinforcement molded in 
the wall of the tube comprising at least one pair of layers 
of spiral strands of mono?lament material, and a device 
for bending the distal end of the tube comprising a flexible 
guide tube within said catheter tube, a head block on the 
distal end of said guide tube, a Bowden wire having free 
sliding movement through said guide tube and head block, 
an end block connected with the distal end of said Bowden 
wire in spaced relation to said head block, a ?exible strut 
extending between said blocks at one side of said Bowden 
wire for maintaining said space relation of said blocks, 
means on the proximal end of said guide tube for tension 
ing said Bowden Wire to bend said strut whereby said 
catheter tube is bent, and a compression spring coiled 
around said Bowden wire and abutting said blocks at its 
opposite ends to straighten said strut when said Bowden 
wire is relaxed. 

14. A catheter comprising a freely ?exible and sub 
stantially limp tube having a connector ?tting on its prox 
imal end, a bending device for said tube comprising a 
body member having a connector ?tting for connection 
with said tube ?tting, a freely ?exible and substantially 
limp guide tube projecting out of said body member ?t-_ 
ting removably received in said catheter tube, a bending 
element on the distal end of said guide tube for bending 
the distal end of said catheter tube, and means on said 
body member operable through said guide tube for ?ex 
ing said bending element. 

15. A catheter as de?ned in claim 14 including a 
passageway in said body member containing a proximal 
end portion of said guide tube and communicating with 
said ?rst tube, a branch tube connection on said body 
member communicating with said passageway, and means 
for closing said passageway on the proximal side of said 
branch tube connection. 

16. A catheter as de?ned in claim 14 including means 
on said body member for rotating one of said tubes rela 
tive to said body member. 

17. A catheter as de?ned in claim 16, said rotatable 
tube including reinforcement means to impart torsional 
rigidity to the tube. 

18. A catheter handle and bending device comprising 
an elongated body having a longitudinal passageway there 
in, a connector ?tting for a catheter tube on the distal 
end of said body in communication with said passageway, 
a ?exible guide tube extending out of said passageway 
and ?tting for insertion in and removal from the catheter 
tube, a bending element on the distal end of said guide 
tube for bending the distal end of said catheter tube, a 
pull wire in said guide tube for ?exing said bending ele 
ment, means in said body for seating the proximal end of 
said guide tube, an operating lever mounted on said body, 
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means for detachably connecting said lever with said pull 
wire, means on said body for rotating one of said tubes 
relative to said body, a branch tube connection on said 
body communicating with said passageway, and means 
on the proximal side of said branch tube connection for 
closing said passageway. 

19. A device as de?ned in claim 18, said means for 
detachably connecting said lever with said pull wire com 
prising a slidable member extending from the proximal 
end of said body, and means on said member for anchor 
ing the proximal end of said pull Wire, said lever engag 
ing and moving said member to tension said pull wire. 

20. A device as de?ned in claim 18, said elongated 
body comprising a proximal end member and a distal 
end member, said operating lever being on said proximal 
end member and said branch tube being on said distal 
end member, and means connecting said members to 
gether end to end with said operating lever and branch 
tube turned in different directions about the axis of said 
longitudinal passageway in adjustable relation. 

21. A device for guiding a catheter into a branch tube 
at an angle from the direction of approach comprising 
an elongated handle body having a longitudinal passage 
way therein, a ?exible guide tube extending out of said 
passageway for insertion in and removal from a catheter 
tube, said guide tube comprising a tight coil of Wire hav 
ing adjacent turns in contacting relation, a bending ele 
ment on the distal end of said guide tube, a pull wire slid 
able in said guide tube for ?exing said bending element, 
means in said body for seating the proximal end of said 
guide tube, an operating lever mounted on said body for 
tensioning said pull wire, and means providing detach 
able connection between said pull wire and operating 
lever, said guide tube and pull wire being removable 
from said handle body. 

22. A manipulative catheter apparatus comprising a 
catheter tube having a central passage, said catheter tube 
having in the walls thereof a plurality of spirally disposed 
courses of metal wire, said wires terminating at the 
proximal end thereof, said walls comprising ?exible plas 
tic material to prevent ?uid passage therethrough, a 
?exible guide tube held lightly within said passage com 
prising a tightly wound helical coil of metal wire extend 
ing from the proximal end of said passage through a 
major portion of the length thereof, a cantilever spring 
attached to the distal end of said guide tube and eccentric 
thereto, said spring extending loosely through a minor 

' length of said passage, a pull wire within said guide tube 
attached at its distal end to the distal end of said spring, 
a lever-equipped handle mechanism rotatably attached 
to the proximal end of the catheter tube, said guide tube 
abutting said handle mechanism, said pull wire being at 
tached at its proximal end to the lever of said handle, the 
combination of which to provide a torsionally stable 
catheter whereby the bendable distal tip may be manipu 
lated into difficult positions. 

23. A manipulative catheter apparatus comprising a 
catheter tube having a central passage, said catheter tube 
having in the walls thereof a plurality of spirally disposed 
courses of metal wire, said wires terminating at the 
proximal end thereof, said walls comprising ?exible plas 
tic material to prevent ?uid leakage therethrough, a ?exi 
ble guide tube held lightly within the passage comprising 
a tightly wound helical coil of metal wire extending from 
the proximal end of said passage through a major por 
tion of the length hereof, a helical compression spring of 
metal wire distal to said guide tube loosely held in said 
passage abutting and in axial alignment with said guide 
tube extending through a minor length of said passage, a 
cantilever spring attached to both ends of said compres 
sion spring, a pull wire within said guide tube and com 
pression spring extending the full length of both, the 
distal end of said pull wire being attached to the distal 
end of said cantilever spring, a lever-equipped handle 
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mechanism rotatably attached to the proximal end of 
the catheter tube, said guide tube abutting said handle 
mechanism, said pull wire being attached at its proximal 
end to the lever of said handle, the combination of which 
to provide a torsionally stable catheter whereby the bend 
able distal tip may be manipulated into di?icult positions. 

24. A manipulative catheter for exploring blood ves 
sels comprising: a tube of ?exible material having a cen 
tral passageway and having a distal end for insertion into 
a tortuous passage in the body of a patient, said distal 
end having radial openings from said passage through 
the tube wall and a proximal end adapted to ‘remain ‘out 
side said passage; means embedded in the wall of said 
tube resistant to torsional de?ection of said tube about 
its longitudinal medial line; a connector secured to said 
proximal end and adapted to attach said proximal end to 
a variety of instrumentalities each adapted to operate 
through said central passage, said connector, when so 
attached being freely rotatable relative to said instrumen 
talities and when thus rotated acting to rotate both ends 
and all porions of said tube about said medial line, said 
reinforcing means being so designed that said tube is 
freely bendable transverse to said medial line. 

25. A catheter handle for manipulating a catheter 
having a bending element in its tip, comprising an elon 
gated body having a longitudinal bore therethrough, a 
catheter connector ?tting swivel mounted on the for 
ward end of said body in communication with said bore 
for rotating the catheter, an operating lever mounted on 
said body, a pull wire for ?exing said bending element 
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extending through said connector ?tting and said bore 
and connected with said operating lever, a seal for said 
pull wire in said bore, a branch tube on said body com— 
municating with said bore between said connector ?tting 
and said seal, a thrust tube adapted for insertion in the 
catheter surrounding said pull wire and arranged to as 
sume the thrust reaction of said pull wire on said bend 
ing element, and means in said bore to assume the thrust 
reaction of said tube. 
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