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Annotation: The present work is dedicated to the design and manufacturing of stents by means of Laser Milling.
The key issue is the improvement of the usability of stents with the following approaches: to increase width and to
decrease thickness of stent walls in order to lower the pressure on the walls of blood vessels; - to deposit metal
coatings on stent walls to increase corrosion resistance of stents and to increase the area of “useful” surface of
stents by forming extra grooves (“pockets”) that could be used for drugs application on stent walls making stent
active surface in terms of drug delivery.

Technological processes of stent manufacturing were verified experimentally. We used medical needle (wall
thickness — 200 microns, inner diameter — 0,8 mm). As a result, 2 mm long stents with wall thickness ranging from
80 microns to 200 microns were manufactured. These stents were implanted into the body of laboratory rat and
were inflated to ensure normal blood flow.

Inner protection screen was used (copper rod that was placed inside the tube workpiece and noticed that there was
a transfer of screen material (Ti and Cu) on the inner walls of stent.
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The application of industrial laser systems with short and ultrashort pulses in laser material
processing solved numerous problems in technological processes (presence of heat-affected
zone, thermal and mechanical deformations of the workpiece, limitations in the materials
selection etc). Although, some problems related to micro processing remained unsolved and still
require further investigations [1].

For instance, laser processing is the most popular process at manufacturing of metal
medical implants (stents). These cylindrical, thin-walled and mesh-like structures are capable of
changing their diameter and withstand certain loads when implanted into the blood vessels. It is
worth to mention that the width of a single string is 80 — 100 micron and its thickness is 100 —
200 microns.

There are two major drawbacks that limit the usability of stents:

- blood vessel damage during the stent inflation;

- stent absorption by the walls of blood vessel.

Nowadays, they are solved by covering stent’s walls with a thin layer of drugs (one or two
microns) with preliminary electro-chemical polishing (the thickness of the removed material is 1
to 10 microns). In some cases, the uneven step between stent’s strings is applied or the specific-
purpose Ni-based materials are used. But these techniques do not solve main problems:

- relatively small effective area of stent surface;

- high pressure on the walls of blood vessels;

- and limited volume of drugs that cover stent.

The best solution to these problems is to increase the effective area of stent walls (thus it is
possible to reduce walls pressure and increase the drug-containing areas of the stent) and to
generate gradient layers on stent walls with materials that are bio-neutral and clearly visible in
X-rays [2-4].

It was established in this research that apart from the direct laser cutting of stents (that has
the smallest travel path of working units) it is possible to apply the technology of laser milling.
In this case, the processing time increases significantly but it could be neglected by taking into
account numerous benefits that this technology brings:

- control over the thickness of the separate string;
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- generation of a microrelief on the stent walls that will be capable to hold greater volume
of drugs and will increase the effective area of stent walls (Fig.1).

Fig. 1. Technological schemes of stent’s manufacturing, where: a) direct laser cutting; b) direct laser cutting
with additional beam scanning; c¢) laser milling with beam scanning; d) laser milling with mutual movement
off laser beam and workpiece

Experiment planning technique was used for the investigation of the outcome and
performance of each technological process. Stainless steel 316L tubes with the diameter ranging
from 1.8 to 4 mm were used in experiments. It was established that the following factors
significantly influence the productivity and quality of laser processing: workpiece travel speed,
focal distance of the optical system, laser beam pulse frequency, defocusing of laser beam,
protective gas pressure.

In all cases the height of microrelief was no greater than 3 microns and the depth of heat-
affected zone was in the range from 3 to 8 microns. Further final polishing evens the stent
surface.

It was established that there is no need to minimize the thickness of the cut kerf at stents
manufacturing by means of laser cutting. Cut-out fragments stuck and damage the “processed”
parts of the stent (Fig.2).

Fig. 2. Schemes of direct laser cutting of stents, where: a) kerf width — 30 microns; b) cut-out fragment leaves
processing zone (kerf — 30 microns); a) kerf width — 15 microns; b) cut-out fragment is blocked in the
processing zone (kerf — 15 microns); e¢) manufactured stent with stuck parts (kerf width — 15 microns); f) —
ready-to-use manufactured stent (kerf width — 30 microns)

Stents manufactured by direct laser cutting perform well in blood vessels but tend to be
covered by blood vessel tissues in a relatively short time and can hold little volume of drugs. All
these drawbacks could be eliminated with help of laser milling technique [5-6].

It is possible to remove material layer by layer with step up to 5 microns and create
“complex” microrelief with “pockets” that are 10 microns deep, could have a diameter ranging
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from 5 to 15 microns and can hold significantly greater volume of drugs that prevent the stent’s
absorption. Moreover, it is possible to minimize the thickness of stent’s strings and to maximize
the width of stent’s strings keeping the stent’s flexibility unchanged. All these measures prevent
stent from the absorption by the blood vessel tissues (Fig.3).

Fig. 3. Intermediate stages of stent’s manufacturing by means of laser milling technique, where: a) stent’s
pattern generation with layer by layer milling; b) simultaneous “pocket” generation on stent’s strings at laser
milling

If a protective screen is used (metal rod installed within the tube workpiece its surface
vaporizes under the influence of focused laser beam and deposits on the inner walls of the
workpiece from plasma plume (Fig.4).

1

Fig. 4. Technological schemes of stent’s manufacturing by means of focused laser beam without the protective
screen (a), with metal rod used as a protective screen (b) and with cooling liquid used as a protective screen
(c), where: 1 — laser beam, 2 — laser beam processing zone, 3 — laser beam that passes through the processing

zone, 4 — reflected laser beam, 5 — workpiece, 6 — heat affected zone, 7 — metal rod, 8 — cooling liquid.

Two different protective screens were used — copper and titanium rods with the diameter
of 1 mm. Deposition of these materials on the surface of the workpiece was detected (Fig.5).
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Fig. 4. General view of the inner surface of the stent with distribution of chemical elements (Titanium was
used as a protective screen.
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It means that if noble and bio-neutral materials are used as a protective screen it is possible
to cover the inner walls of the stent with a thin layers that would prolong stent’s lifetime. The
penetration depth of the deposited layer is up to 10 microns. What is more, when the tantalum is
used as a protective screen, it is possible to create a coating that would be non-transparent for the
X-rays thus making the stent’s location traceable.

Therefore, the micromachining of stents could be done both by direct laser cutting and laser
milling. The latter one opens new prospects for the development of unique stent designs. The use
of noble materials as protective screens at laser processing brings new opportunities for the
formation of coatings with pre-defined properties.

IIuTanus siKOCTi Ta NpaNe3AaTHOCTI NPH JIa3epHOMY BUPOOHHUTBI MeIMYHHUX iMILIAHTIB

. Crenypa O.M; Anskin M.L; XKyk P.O.; Hunii 3anr

Anomayin: Ilosea npoMUCIOUX NA3EPHUX CUCMEM, AKI 2eHepYIOmb Ja3epHi IMRYIbCU 3  HAOKOPOMKOIO
npomsicHicmio y yaci (niko ma gemnmo nazepu) 00360una 3HAMU O6aeamo npobrem, AKi 61ACMUGL Ia3epHill
MiKpoO6pobyi (6ecmu 0bpobKy npakmuuno 6yOb-aKux mamepianie b6e3 30H mepmivHo20 8naugy ma oegopmayii
00pobnenux 6upobis). Ilpome icnytomv neeHi npobiemu, SUPIUEHHS AKUX NOMPeOYIOMb NOOANLULUX PEMeNbHUX
odocnidncens.

Posensinemo O0eski 3 HUX HA NPUKIAOT MeOUYHUX eHOONPOmesis, sAKi 6ueomosnenni 3 memanesux mamepianie. Ak
8I00MO, CmeHm - ye «CimKo» nodibna memanesa YuniHOPUYHA KOHCMPYKYiA, AKA 30amua 3MiHio8amu ceiti diamemp
i npu yvomy eumpumysamu neeni Haganmaicenns. Bapmo saznavumu, wo wupuna oxpemoi numku ckiaoae 80-
100mxm, moswuna 100-200mxkm a omdsce 3acmocysanHs aazepié 0N iX 8UCOMOGIEHHS € MAUdce CIMAHOAPNHON
npoyeoypoio.

Byno ecmanoeneno, wjo nicia 6cmasneHHs cmeHma 6i06Y8aAcmbCa 11020 «NO2NUHAHHAY apMEPIE0 a MaKodlic
MOCTUGE NOUWKOOIICEHHs. apmepii cmeHmom nio 4ac 1020 po3kpummsi . J{ia upiuieHHs daHux npobrem 8 Oanuil 4ac
Ha NOBEPXHIO eHOONPOMe3a HAHOCUMbCS WAD NKAPCLKUX 3ac00i6 (MOBWUHA 0eKINbKA MKM), RPUHOMY NOnepeoHbo
noGepxHs cmeHma pemenbHo 0OpOONAEMbCS 3a OONOMO0I0 eNeKMPOXIMIYHO20 NONIPYSaHHS (3HIMAEMUTI NPUNYCK -
1-10mKm) 0o O3epranvhoeo 6aucky. Kpim mozo, cmeopioiomvcsi cmenmu 3 HepiGHOMIPDHUM KPOKOM HUMOK,
3miHOIOMbCA Mamepianu (0cobaueo mi, axi micmams Ni). IIpome, 0ani memoou ne 003601510Mb GUPIUUMU 20106HY
npoonemy cmeHmy8aHHs — Maly «HIOWy» HUMOK [ GIONOBIOHO 3MEHWUMU iX MUCK HA CMIHKU CYOUHU MA MAny
KIIbKICMb MIKAPCOKUX 3aC00i8, AKY MICMums nogepxHs eHoonpomesa.

B aimepamypi nosuicmio eiocymui 0ami npo 63aemooiio cucmemu 1a3epHuti NPOMiHb — 3a20MOBKA — OONOMINCHI
cucmemu npu 006podyi MOHKOCMIHHUX YUNTHOPYHUX KOHCMPYKYill. Bupiwennio exasanux npobnem i npucesyiena
dana poboma.
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