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My present invention relates generally to sur 
gical instruments and has particular reference to 
catheter-type instruments. 
By the term “catheter-type instruments,' as 

used herein and in the appended claims, I intend 
to refer to the Well-known kind of device which 
is inserted endwise into and through constricted 
body channels for diagnostic, therapeutic and 
allied purposes. Illustrative of such instruments 
are ureteral and urethral Catheters, bougies, 
filiforms, and the like. 
A conventional instrument of this type is of 

elongated character and has a uniform over-all 
flexibility coupled with sufficient rigidity to per 
mit its endwise advancement. This paradoxical 
requirement for both flexibility and rigidity has 
heretofore presented a peculiar problem to the 
manufacturer. For example, in the case of a 
ureteral catheter, it must be of sufficient flexibility 
to permit the tip of the instrument to advance 
harmlessly through the constricted ureteral canal 
and readily to follow the curvatures encountered, 
yet as the flexibility is increased by the manufac 
turer to meet this requirement, the body portion 
loses some of the rigidity necessary to enable the 
operator to effect the desired advancement by 
endwise pressure exerted upon the rear end of the 
instrument. Similarly, in the case of bougies 
or the like, it may under certain circumstances 
be desirable to increase the rigidity of the tip 
portion, yet the instrument as a whole may there 
by become too inflexible to follow an irregularly 
curved path with adequate ease. 
The principal object of my present invention 

is directed toward a solution of this problem, and 
my invention is predicated upon the discovery 
that a catheter-type instrument may be caused 
to embody different flexibilities along its longi 
tudinal axis without materially altering its basic 
structural nature or impairing the other inher 
ent qualities which it necessarily must poSSeSS. 
This desirable and advantageous result is 
achieved in an entirely practical and Conner 
cially-feasible manner. 
In accordance with one conventional manufac 

turing procedure, the construction of a catheter 
type instrument involves the formation of an 
initially limp fabric base of intertwined threads, 
this base being usually first impregnated with a 
flexible stiffening medium and then coated with 
a flexible warnish. In the practice of my present 
invention, this general procedure is adhered to, 
yet the body portion of the resultant instrument 
may be caused to embody a flexibility in the for 
ward or other section thereof which is to a pre 
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determined extent appreciably greater or less 
than the flexibility in an adjacent section. 
This new result, and its corresponding advan 

tages, may be accomplished in several ways, as 
illustratively exemplified in the following descrip 
tion and in the accompanying drawings in which: 

Figure 1 is a perspective view of a typical 
catheter-type instrument illustrating the fea 
tures of my present invention; 

Figure 2 is an enlarged fragmentary view of a 
portion of the instrument with the outer coating 
broken away to reveal the fabric base, illustrating 
the preferred structure; 

Figure 3 is a view similar to Figure 2 illustrat 
ing a modification; 

Figure 4 is a view similar to Figure 2 illustrat 
ing a furthermodification; and 

Figure 5 is a diagrammatic view illustrating 
the comparative characteristics, so far as flexi 
bility is concerned, of a conventional catheter 
type instrument and one which has been con 
structed in accordance with the present inven 
tion, 
The features of my present invention may best 

be described by brief preliminary reference to 
conventional practice. 
A fabric base is first Created. Usually, this 

base assumes the form of an elongated hollow 
tube, but under certain circumstances it need not 
have a longitudinal passageway extending 
through it. is formed of Wined 
threads of silk, cotton, or Synthetic fibre, and 

the threads are braided into the desired 
relationship. Any weaving or other procedure 
may be resorted to, however, if desired, although 
braiding machines have proven to be admirably 
suited to produce a tubular or elongated fabric 
base of the character required. This base is ini 
tially limp in character, and is customarly im 
pregnated with a flexible stiffening medium of 
suitable uomposition. Where the base is a tube, 
the impregnation is carried out while the tube 
is mourated upon a suitable rod Or mandrel. 
After wiping off any excess, the mandrel (if one 
has been used) is removed and the imp g 
medium is caused to harden or cure, either by air drying, or by subjection to a baking procedure or 
the like. The reinforced and strengthened 
fabric base is then subjected to a series of Opera 
tions during which a flexible tough varnish coat 
ing is applied to it, layer by layer, the successive 
coatings being cured by baking or analogous pro 
cedures. After the desired coating has been 
formed, it is burnished and the instrument is 
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subjected to such other finishing processes as may 
be deemed desirable, 
The forward tip of the instrument may be 

formed either prior to or after the initial im 
pregnation of the fabric base, depending upon 
the nature of the instrument, and the kind and 
shape of tip which it is intended to have. In the 
case of Catheters, the Several openings or eyes 
which characterize these instruments may be 
formed at or near the forward tip either during 
the braiding of the base or during a subsequent 
Stage of treatment. 
Depending upon the nature and size of the 

threads originally employed in forming the fab 
ric base, upon the dimensions of this base and 
upon the impregnating and coating media which 
are employed, the resultant instrument will have 
a size and flexibility of predetermined character. 
Heretofore, in an instrument in which the body 
portion is of substantially uniform diameter, the 
bendability and over-all semi-rigidity has been 
uniform throughout, being usually determined by 
a suitable compromise between the flexibility re 
quired for any given purpose and the stiffness 
called for by the Well-known method in which the 
instrument is to be employed. 

In accordance with my invention, the essen 
tial nature of the manufacturing process remains 
unchanged, yet varying degrees of flexibility may 
be imparted to the resultant instrument along its 
longitudinal axis. This result may be achieved in 
various Ways, and for illustrative purposes, I 
have chosen to describe and illustrate the man 
ner in which a catheter may be caused to have 
an appreciably increased flexibility in its forward 
region adjacent to the tip, as compared with the 
flexibility and rigidity of the remaining main por 
tion thereof. 
Thus, in Figure 1, I have illustrated a catheter 

0 in which the region forwardly of the dot-and 
dash line A has been caused to embody a greater 
flexibility than the remaining main portion of 
the catheter. 
The preferred procedure is illustrated in Fig 

lure 2 in which I have illustrated the structure, on 
an exaggereated Scale, in the vicinity of the dot 
and-dash line A. It involves a slight modifica 
tion in the process of impregnating the fabric 
base tube it with a flexible stiffening medium. 
Instead of impregnating the entire tube in one : 
step, I first impregnate one selected section 
thereof, permitting or causing the medium to be 
cured, after Which another selected section is 
Similarly impregnated, the two impregnating 
media, being of suitably cities 
tions so that after curing, one of them has a flex ibility appreciably different from that of the 
other. Warnishes and impregnating media having 
varying degrees of flexibility are well known per 
se, and I therefore deem it unnecessary to set 
forth Specific formulae, since those skilled in the 
art will readily know how to select or proportion 
ingredients in Order to produce a greater flexi 
bility in one case than in the other. The impreg 
nating medium may be, for example, of the gen 
eral type in which a suitable carrier such as tung 
oil is associated with a resin or resins of p5ly merizable type, together with -a-plasticizer or 
:Other Customary ingredients. i.here are numer 
ous resins which can be employed, and among 
them are, for example, resins of the phenolic 
type. The plasticizer used may be any of the 
usual ones, such as casto dibutyl phthalate, 
tricresyl-phosphate. e. 

In as stractice, assuming that the fabric 
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4. 
tube is to be employed in the manufacture of the 
catheter O shown in Figure 1 in which the for 
ward region is to embody greater flexibility than 
the remainder, the tube may be mounted on a 
suitable rod or mandrel (not shown) either before 
or after the forward tip is formed, and may then 
be dipped vertically into the first impregnating 
medium, up to the approximate line A where the 
greater flexibility is to stop. The excess is then 
wiped off and the partially impregnated tube may 
be placed in a suitable oven to bring about a cur 
ing of the impregnating medium. The entire 
tube may then be immersed bodily into a bath 
of the second impregnating medium whereby the 
balance of the tube becomes impregnated, and 
after wiping off any excess from the outside Sur 
face, the rod or mandrel is withdrawn and the 
tube is placed in a suitable oven to bring about 
the desired curing. Subsequently, the tube is 
handled in the usual fashion to form on it the 
outer coating 2 of flexible warnish, which may 
be composed, for example, of a tung oil base, a 
phenolic resin, and a suitable plasticizer. 

In preparing the two impregnating media re 
ferred to in the preceding paragraph, "the One 
which is to have the greater flexibility will con 
tain more...of the plasticizing ingredient, while 
the otheroie-will contain relatively less plas 
ticizer. 
One of the advantages of this procedure lies in 

the fact that the initial partial dipping of the 
tube is accompanied by a capillary action which 
introduces the first impregnating medium in 
gradually-diminishing amounts into the region 
rearwardly of the line A, whereby the finished 
product is devoid of any undesirable clean-cut 
line of demarkation between the region of greater 
flexibility and the remaining portion of the in 
strument. 

In Figure 3 I have illustrated another means 
whereby the desired effect may be achieved. In 
this case, the fabric base tube 3 is so braided or 
otherwise formed that the threads in the region 
rearwardly of the line A1 are more closely inter 
twined than in the region forwardly of this line 
whereby the flexibility of one region is different 
from the other. Where the tube is formed by 
means of a braiding machine, this result can be 
brought about by adjustments of the braiding 
machine during the course of its operation. 
The base thus formed need not necessarily be 

Subjected to two successive preliminary impregna 
tions, and the Ordinary manufacturing procedure 
may be followed to impregnate the base with a 
flexible stiffening medium, and ultimately to form 
On it the Outer coating 4 of flexible warnish. The 
stiffening medium and the varnish may each be 
of the same general composition hereinbefore re 
ferred to. It will be understood, however, that 
the two-stage impregnation described in con 
nection with Figure 2 may be combined, if de 
sired, with the modification of the base tube it 
Self as illustrated and described in connection 
With Figure 3. 

In Figure 4, I have illustrated another illus 
trative procedure in which the base tube is 
formed of two separate portions 5 and 6 ar 
ranged in Overlapping nested relationship. These 
politions may be formed of different materials or 
may be composed of threads of the same mate 
rial but having different calibres. Or, if desired, 
both the material of the threads, and their cali 
bres may be different. In any case, the portion 
5 is caused to embody an inherent structure 

which is suitably different from the portion 6 
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so that after impregnation and curing, these two 
portions will exhibit appreciably different flexi 
bilities. 

In the creation of an instrument as shown in 
Figure 4, the overlapping of the portions 5 and 
6 is brought about in the region of the line A2 

in Such a manner that the forward Section of the 
resultant instrument will be of appreciably 
greater flexibility than the remaining portion. 

In practice, the separate portions of the base 
tube may be brought into vine overlapping rela 
tionship shown during the course of the braiding 
procedure, This composite base tube may then 
be subjected to the usual steps of impregnation 
and coating to form the flexible warnish coating 

7 (which may be of the same general composi 
tion hereinbefore referred to), and in the fin 
ished instrument it will be found that the ex 
terior Surface of this coating is entirely Smooth 
and uniform despite the overlap in the interior, 
which is shown on an exaggerated Scale in 
Figure 4. 
Obviously, if desired, one or the other of the 

portions 5 and f 6 may be more loosely or more 
closely intertwined, to enhance the differences in 
flexibility which are to be achieved; and the pro 
cedure described in connection. With Figure 2 may 
be combined with this Overlapping base tube 
structure if the results to be achieved justify a 
two-stage impregnation. 
Another way of accomplishing the desired re 

Sult lies in curing the warnish coating to a greater 
extent in one section than in another. For ex 
ample, in producing a catheter having the char 
acteristics shown in Figure 1, the normal and 
conventional procedure may be followed through 
out, and the rearward part of the instrument 
may then be subjected to an additional baking 
or curing whereby a greater rigidity is imparted 
to it. In practice, this may be accomplished by 
dipping the forward region in a suitable oil or 
other liquid while the entire instrument is sub 
jected to a baking temperature. 

Usually, the coating is of resinous character, 
adequate to produce a tough flexible film having 
a smooth glossy surface and resistant to water, 
body fluids generally, and standard types of 
sterilization. 
The basic difference between the instrument of 

Figure 1 and the Ordinary type of instrument is 
indicated diagrammatically in Figure 5. If the 
ordinary catheter 8 is pressed endwise against 
an abutment wall 9, by pressure exerted in the 
direction indicated by the arrow 20, it will buckle 
throughout its length. On the other hand, if 
the instrument O of Figure 1 is similarly pressed 
against an abutment 9 by a similar preSSure ex 
erted along the direction of the arrow 2, it will 
buckle in the forward region of greater flexibility, 
but not otherwise. Accordingly, when the in 
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6 
strument O is inserted into and advanced 
through One of the ureters Or through any other 
similar constricted body canal, it will feel its 
way more easily past the curvatures encountered, 
and this makes the operation safer and simpler. 
While I have illustrated a catheter, it Will be 

understood that the invention is equally appli 
cable to any catheter-type instrument, whether, 
hollow or not; and while I have chosen to illus 
trate the manner in which the forward region 
of the instrument may be made more flexible 
than the balance, it will be understood that other 
relative flexibilities may be produced, depending 
upon particular requirementS. 

in general it will be understood that the de 
tails herein described and illustrated to explain 
the general nature and objective of the inven 
tion may readily be modified by those skilled in 
the art without departing from the spirit and 
scope of the invention as expressed in the ap 
pended claims. 

Having thus described my invention and illus 
trated its use, what I claim as new and desire to 
secure by Letters Patent is: 

l. In an elongated flexible catheter-type in 
strument, an initially limp fabric base impreg 
nated with a flexible Stiffening medium, said 
medium in one region of Said base being of ap 
preciably greater flexibility than in a longitudi 
nally-adjacent region thereof, the fiexibilities of 
the corresponding sections of the instrument be 
ing correspondingly affected. 

2. In an elongated flexible catheter-type in 
strument, an initially limp fabric base impreg 
nated with a flexible stiffening medium, said 
medium in the forward region of said base be 
ing of appreciably greater flexibility than in the 
adjacent rearward region, the flexibilities of the 
corresponding sections of the instrument being 
correspondingly affected. 

LOUIS H. KRIPPENDORF. 
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