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FLEXIBILITY OF GUIDEWIRES

Abstract: The guidewire is a flexible medical device, whillbserves the navigation and
positioning of devices for angiography and angisgyaln our study we present a method for
the determination of guidewires' bending stiffnassl flexibility (reciprocal of the bending
stiffness) improved by our research group. Witls tihiethod the flexibility can be detachedly
defined, it is quantitative and by this new tecluiglifferent guidewires can be compared.
We characterized the bending stiffness, which vdhes not change at the first 15 mm of the
guidewires’ distal end (this part is inserted ittte patient). The deflection of guidewires was
performed by a tensile test machine. We examinezktguidewires. As for the reliability of
our method, we drew conclusions from the coeffitseof variation. Our three coefficients
were between 0.8-0.13 so our methodology is rddialtl is suitable for the objective
determination and comparative analysis of the fidiky of guidewires.

1. Introduction

The guidewire is a relevant part of the intervemtil is a flexible device, onto which the
catheter or the dilator is lead, helping their adirction and emplacement into the blood
vessels. The guidewire reaches and traverses &moss$, and delivers the intervention
devices to the desired location [1, 2]. The distad enters the patient; the proximal end stays
outside. The end of the distal part is the so-ddiie[1].

The intervention occurs through the femoral arteryas an alternative through the radial
artery, the brachial artery or travelling throude taxillary artery. The guidewire has to go
traverse a tortuous vessel part till the stendigl]. During this way several problems might
appear, e.g. difficult removal, breakage of thee(d), device or device fragments can remain,
tip breakage can occur and the positioning can hisdlifficult [5]. The origin of these
problems can be the flexibility, stiffness and kimk resistance. The distal end of the
guidewire reaches the stenosis traversing thedostwessels, this is why this part has to be
resistant against kinking, bending and knockin@].6-

In our previous work we determined the kinking semice of guidewires [9]; this time we
present a measuring technique for the flexibilityalgsis of guidewires. We used the
experiences from our earlier experiments on fldxybanalysis of stents [10].
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The equipment for flexibility analysis applied inet standards can be seen in Fig. 1a. After
the tests there should be no defects or damaddevisither at the distal end, or at the other
parts of the guidewire, furthermore in case of edaguidewires, flaking should not be
occurred on the coating [1]. If we want to comp#exibility, it is necessary to have an
objective measurement technique but this analyges@ subjective result.

Based on the FDA Guidance the tip flexibility cam deescribed with the force which is
needed for the deflection of 45° and 90° of the%ipl0, 20 mm from the tip [11]. J. Schréder
applied a similar method for the determinationhd stiffness of the guidewire. He examined
the deflection force for the 45° with spring balen60 mm from the fixation (Fig. 1b) [12].
The disadvantage of these two methods is thatdiue fnecessary for the deflection changes
along the guidewire.

Guidewire
Guidewire
Spring
balance
a) Rigid cylindrical formers b)

Fig. 1. a) Flexibility analysis based on the IS@1Q standards [1] and b) stiffness analysis on tfeha
of J. Schroder [12]

It can be seen that the standard for the determmmatf the flexibility of the guidewire
does not contain an objective measuring method lwlsidndependent from the measuring
distance between the tip and the grip. To compenbas lack we created our measurement
technique in which we defined the bending stiffnekshe distal end of the guidewire. This
value is independent from the distance from theotighe first 20 mm of the distal end. We
described the flexibility of the guidewire with shvalue. In our measurement technique we
applied the FDA Guidance and J. Schrdoders’ method the easy and practical
implementation.

2. Our bending stiffness measurement method

The principle of the method can be seen in thergi@a. We gripped the guidewire into
the lower jaw of the tensile-testing machine, tapproaching the upper jaw to the lower one
with constant speed we buckled the guidewire vhth giolymer sheet gripped into the upper
jaw. The bending speed was adjusted to 10 mm/nhie. distance (L) between the grip and
the load point was 5 mm every time. Our measuresnamre performed by Zwick 5000
universal tensile test machine.

From the standard force — deflection pairs we @efithe bending stiffness (IE) with the
undermentioned formula:
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R,
IE = 3 [Nmm?] Q)

, Where ‘F’ is the standard force, ‘L’ is the dista between the grip and the load point and ‘f’
is the rate of the deflection.

For all measurements three standard force — defteqiairs were chosen from the
standard force-deflection curve’s rising part whiglappears as linear part of it (Fig. 2b). The

determined average of the bending stiffness isbdrding stiffness for the given gripping
point.

(N)

\Standard force
-~ ~

a) b)

Deflection (mm)
Fig. 2. a) Schematic figure of the bending stiféna@salysis
(F: Standard force (N), L: distance between the gmd the load point (mm), f: rate of the defleatio
(mm)) b) Standard force-deflection curve, at tis&ng, linear part (dashed lines)

The measurement was carried out on three guidewilee stereomicroscope pictures of
the distal end of the examined guidewires can lee ge Figure 4. The ability for support of
the guidewire marked with 1 is moderate based enntanufacturer's description, however
the ability for support is light for the guidewiresarked with 2 and 3. The distal end of the

guidewires marked with 1 and 2 is straight, butdistal end of the guidewire marked with 3
was J Tip (Fig. 4).

Fig. 4. The first 20 mm of the distal ends of tk@nained guidewires, stereomicroscopic photo
a) straight, moderate guidewire b) straight, lightidewire ¢) J Tip, light guidewire

For the straight guidewires with distal end (sarmple 1-2) we adjusted the distance for
5 mm between the grip and the tip. For the J Tiglewire with distal end the measured
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a distance of 5 and 10 mm was determined from thet of the fracture of the J, so the
distance altered to 8.3 and 13.3 between the gdglze tip.

For all three guidewires we determined the stanftang — deflection curve and from that
we determined the bending stiffness for both ofrthep. We calculated the coefficient of
variation (CV) based on the average and deviatialues of the bending stiffness of
guidewires.

The rate of the coefficient of variation pointsthe fact that our method is reliable: the
smaller the coefficient of variation is, the moediable our method is. In the literature the
acceptable level is not categorized in a standag but on the basis of the data, smaller
values than 0.2 refer to a sufficient reliability.

3. Bending stiffness and the flexibility of the examiad guidewires

As for the guidewire marked with 1 the determin&ghdard force-deflection curves can
be seen in the Figure 5. The curve, what corresptmthe distance between the grip of 5 mm
and the tip, is lighter. As for the distance ofriah, is darker.

Table 1 contains the bending stiffness values atied from the linear part of the curve. It
can be seen that the bending stiffness are simil#éine two gripping points, so the bending
stiffnress of the distal end can be well describeg their average, which is
0.553+0.043 Nmrh Its coefficient of variation is 0.08 (Table 1).hd flexibility is
1.817+0.151 Nmm™,

For the guidewire marked by 2 the standard forogeflection curves can be seen in
Figure 6. The average of the bending stiffness fbe two gripping points is
0.234+0.024 Nmr) the coefficient of variation is 0.1 (Table nr.. IThe flexibility is
4.308+0.224 Nmm®“,

The curves for the guidewire marked by 3 can ba seé&igure 7. The bending stiffness
of this guidewire is 0.167+0.022 Nninthe coefficient of variation is 0.13 (Table 1heT
flexibility is 6.081+0.462 Nmm.
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Fig. 5. Standard force — deflection curves of gl moderate guidewire with distal end at différen
grip-tip distances
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Fig. 6. Standard force — deflection curves of gfihdj light guidewire with distal end at differemipg
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Fig. 7. Standard force — deflection curves of J, Tight guidewire with distal end at different grijp
distances

Tab. 1. Bending stiffness values calculated frandard force — deflection pairs

Guidewire ggfa::ge Strain Stg)r;g:rd IE , Average2 IE D'St?EIend Coefficient
mm) | MM |y |(NmmY ] (Nmm?) (Nmm?) | Of variation

0.284 0.004 0.603
10 0.352 0.005 0.606|0.586+0.033
Straight 0.512 0.007 0.548
Moderate 0.235 0.003 0.542
5 0.338 0.004 0.513/0.520+0.019
0.387 0.005 0.506
0.488 0.003 0.271
10 0.765 0.004 0.233]/0.243+0.025%
Straight 0.989 0.005 0.224
Light 0.444 0.003 0.245
5 0.574 0.003 0.233/0.226+0.024
0.891 0.004 0.199

0.553+0.043 0.08

0.234+0.024 0.10
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0.550| 0.003 0.201
~10 | 0.924| 0.004 0.171/0.176+0.023
JTip 1.337 0.005 0.155
Light 0.470| 0.002 0.181
~5 0.844| 0.003 0.156|0.158+0.022
1.415| 0.004 0.138

0.167+0.022 0.13

4. Conclusion

The bending stiffness and flexibility measurememthod worked out by us is reliable,
since the coefficient of variation is smaller tiag in for all three guidewires.

Our method can be applied for determining the benditiffness and the flexibility of
straight and J Tip guidewires with distal end sinice measured values of coefficient of
variation is small in both cases.

Among the examined guidewires there were samplés mbderate support as well as
light support. From our results it can be seen thatstiffness of guidewires with moderate
support is bigger (smaller flexibility) than theffstess of the light support guidewires.

From the results it can be seen that our methaditable for objective determination of
flexibility of guidewires

References

1. I1SO, Sterile single-use intravascular cathetemdhicers, 1ISO 11070:1998, International
Organization for Standardization.

2. Walker C.: Guidewire Selection for Peripheral Vdacunterventions. “Endovascular
Today” 2013, Vol. 5, pp. 80 — 83.

3. Morgan R.A., Walser E.: Handbook of Angioplasty adtknting Procedures, London:
Springer-Verlag, 2010.

4. Kern M.J.: The Interventional Cardiac CathetermatHandbook, Philadelphia: Elsevier
Health Sciences, 2012.

5. DrugCite 2013, Most common guide wire reports t@ tRDA. Available from:
<http://www.drugcite.com/?q=GUIDE+WIRE&a=&s=> [180Member 2013].

6. ScholarlyBrief: Sinusitis: New Insights for the Hibaare Professional: 2013 Edition,
Atlanta: ScholarlyEditions, 2013.

7. Mullins C.E.: Cardiac Catheterization in Congenitidart Disease: Pediatric and Adult.
Chichester: John Wiley & Sons, 2008.

8. Lanzer P.Catheter-Based Cardiovascular InterventioAsKnowledge-Based Approach.
Berlin: Springer-Verlag, 2012.

9. Pelyhe L., et al.: Kinking resistance of guidewirdaterials Science Forum” 2013, Vol.
729, pp. 476 — 481.

10.Szabadits P., et al.: Examination method of uncdod@®ronary Stents. “Periodica
Polytechnica — Mechanical Engineering” 2010, Vdl, pp. 77 — 82.

11.FDA Guidelines: Coronary and Cerebrovascular Guice@uidance, January 1995.

12.Schroder J.: The mechanical properties of guidewifart I: Stiffness and Torsional
Strength. “Cardiovasc Intervent Radiol.” 1993, Vi, pp. 43 — 46.



