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FLEXIBILITY OF DIAGNOSTIC CATHETERS

L. Pelyhe®, A. Kertész? , E. Bograr 3

Summary: The diagnostic catheter is an intravascular catheter, which is usually used to
inject the contrast media and/or fluids to the body. The cardiovascuktesy contains
tight angulations in the tortuous vessels which can cause device failureislsttidy the
flexibility of one diagnostic catheter was investigated according to the Foddang Ad-
ministration’s recommendation. The catheter was bended around Igegawith different
radius. The radius decreased from 10 mm to 2.5 mm in 0.5 increments.déhgepoints
were selected on the diagnostic catheter: from 120 mm to 280 mm with 20 memarus.

The catheter was measured on all bending points. We concluded thadretiae diameter
decrease and the deflection there is a linear dependency and they apeimitkent from the
placement of the measurement point (so from the distance measureth&dip).

Keywords: diagnostic catheter, flexibility, susceptibility to bend

1 Introduction

Intravascular catheters are either single or multilumen tubular devices wigichteoduced partially or im-
planted completely to the cardiovascular system for diagnostic or therapeasion. One of the species of
these catheters is called diagnostic (or also known as angiographic cathigieh is used for introducing
the contrast media and/or fluid but can also be used for measuring mEetsking blood sample, cross-
sectional imaging of the lumen arteries wall or evaluation of different pteseof the artery wall and/or the
atherosclerotic plack [1, 2, 3, 4, 5].

During their usage in the tortuous vessel they go through narrow segarahthis can cause the failure
of the devices [6]. Between 1983 and 2012 fifteen diagnostic cathééuse was published. These failures
were fracture, kinking and knotting [7].

For the testing of the flexibility and kinking of the catheters the Food and DidmgiAistration (FDA)
suggested to do such an analysis by which it is possible to prove that khanugnatomically relevant radius
the catheter does not kink. One way for this can be that we bend the cath&iggauges with smaller and
smaller radius till the catheter kinks or the lumen collapses [6]. This method lisipeth by Macha D.B. et
al. [8] and by a Premarket Notification (510k) [9].
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In the Premarket Notification (510k) diagnostic analysis of catheterslibgrand kinking were reported,
10, 40, 120 and 250 mm from the distal tip (it introduced to the patient [1{¥[8le Macha D.B. et al. made
the test on three analysis point [8]. However, the flexibility of the cathetehtncizange along itself [10].

Our aim was to determine the flexibility of the diagnostic catheter and study hoflesilgility changes
along the catheters by a testing method recommended by FDA. In our studgsenpthe first step of this
measurement series where a diagnostic catheter was analyzed. We deddfmaibending points, the diam-
eter decrease and the deflection on the bending points, finally theirsddemenon the distance from the tip,
and theirs correlation.

2 Materials and methods

Measurements were done on a FR6-type diagnostic catheter with an initiateiavh®.67 mm (Fig. 1). The
bending points were placed 120-280 mm from the distal peak, with spA@8srom; thus on one catheter
there were 9 bending points placed. Bending points were choosen thisoivnat the distal end (it can have
several types of shape for the catheters) has an influence on therereasts.

x: bending point

Figure 2: Measure of deflection Figure 3: a) The gauges and b) titirgeprocess

First the diameter and the deflection of the diagnostic catheter was meastiredanding point which
was at the closest part to the tip (120 mm from it). These values were eoedids references. For the
measurement of the diameter micrometer (Mitui@)aand caliper (Workzon®) were used. The deflection
was measured by goniometer as shown on Figure 2. The bending wiasl cart with gauges (Fig. 3a). 16
gauges were applied for the tests from which the greatest radius was 1thenamallest 2.5 mm and their
radius decreased from the greatest to the smallest by 0.5 mm.

After assigning the reference values the bending point was placed engatlge and the catheter was
bended onto the gauge with the greater diameter (Fig. 3b), then it was heddsiartte state during 5 seconds.
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The bending was helped by hand making sure that the catheter is still in taittathe rim of the gauge, lie
on it. This process required increasing force because of the raditsagdng, but it was not measured in this
study; it did not address the recommendation of the FDA. In this case onlyetieviour of the diagnostic
catheter was investigated. After 5 seconds the catheter were releasdd diameter and deflection were
measured on the bending point. The bending was carried out for alegdfrgm the greatest to the smallest
diameter) measuring everywhere the diameter and the stoop after the beRukingending was carried out
for all bending point gradually away from the tip.

From the measured values the diameter decrease (mm and %) and the defflegfiee) were determined

caused by the gauge with the given diameter. For the evaluation of the i®stikic methods were applied
(average, deviation, correlation).

3 Results and Discussions

The catheter's diameter decreased at each bending point while its leaciegsad by the decrease of the
bending radius. In Fig. 4 the diameter decrease can be seen dependahtybending radius from 120, 160,
200, 240, and 280 mm from the tip. In Fig. 5 at the same points the causdohp@an be seen dependently
on the bending radius. The curves follow each other randomly, indepdgdrom the distance measured

from the tip. Thus it can be concluded that the diameter decrease andflbaide are both independent
from the distance measured from the peak.
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Figure 4: The diameter decrease at the given radius

Due to the independent of distance the values of the 9 bending points vezegjad, and their relation-
ship were investigated. The average deflection changed linearly dagesmdthe bending radius (Fig. 5),
furthermore linear correlation was between the average diameter dearehthe average deflection (Fig. 6).

4 Conclusions

By the flexibility measurement method recommended by the FDA it the presektitias been concluded

that the flexibility of the catheter at the section of 120-280 mm of the cathetaréithe values express the
distance measured from the tip) was independent from the distanceegrfudte linear correlation can be
observed between the diameter decrease and the deflection; they penelelet from each other.

In the near future examination will be carried out on further samples ¥imgmore detailed results.
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Figure 5: The caused deflection at the given Fégure 6: Correlation between the average diameter de-
dius crease and the deflection
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