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1. Scope

1.1 This guide provides guidance for the design and devel-
opment of pre-test treatments, tests, and test endpoints to
measure stent securement of pre-mounted, unsheathed,
balloon-expandable stent delivery systems. This guide is in-
tended to aid investigators in the design, development, and in
vitro characterization of pre-mounted, unsheathed, balloon-
expandable stent delivery systems.

1.2 This guide covers the laboratory determination of the
shear force required to displace or dislodge a balloon-
expandable endovascular stent mounted on a delivery system.
The guide proposes a set of options to consider when testing
stent securement. The options cover pre-test treatments, pos-
sible stent securement tests, and relevant test endpoints. An
example test apparatus is given in 7.1.

1.3 This guide covers in vitro bench testing characterization
only. Measured levels of securement and product design/
process differentiation may be particularly influenced by selec-
tions of pre-test treatments, securement test type (for example,
stent gripping method), and test endpoint. In vivo characteris-
tics may also differ from in vitro results.

1.4 This guide does not cover all possible pre-test
treatments, stent securement tests, or test endpoints. It is
intended to provide a starting point from which to select and
investigate securement test options.

1.5 This guide does not specify a method for mounting the
stent onto the delivery system.

1.6 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. The values stated in
each system are not necessarily exact equivalents; therefore, to
ensure conformance with the standard, each system shall be
used independently of the other, and values from the two
systems shall not be combined.

1.7 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to use.

1.8 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.
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3. Terminology

3.1 Definitions:
3.1.1 balloon-expandable stent, n—a stent that is expanded

at the treatment site by a balloon catheter. The stent material is
plastically deformed by the balloon expansion such that the
stent remains expanded after deflation of the balloon.

3.1.2 crimp, v—to secure the stent on the delivery system by
radially compressing and plastically deforming the stent onto
the balloon.

3.1.3 delivery system, n—a system similar to a balloon
dilatation catheter that is used to deliver and deploy a stent at
the target site and then removed.

3.1.4 displacement force, critical distance peak, n—a stent
securement test endpoint characterizing the maximum force
required to displace the stent with respect to the balloon a
critical distance. This critical distance is the minimum of the
following two distances. The first is the distance at which the
undamaged stent could overhang the balloon body resulting in
a clinically significant, incomplete end deployment. The sec-
ond is the length (distance) of stent compression or buckling
that could result in a clinically significant incomplete deploy-
ment of the stent against the vessel walls. (See Fig. X2.1.)

3.1.5 displacement force, initial, n—a stent securement test
endpoint characterizing the initial force required to displace the
stent with respect to the balloon such that the displacement is
a non-recoverable movement (see 3.1.15). (See Fig. X2.1.)

3.1.6 displacement force, initial peak, n—a stent securement
test endpoint characterizing the first peak in force that occurs
during or after stent displacement with respect to the balloon.
(See Fig. X2.1.)

3.1.7 dislodgment force, peak, n—a stent securement test
endpoint characterizing the peak or maximum force required to
completely dislodge the stent from the delivery system balloon.
During a test, this force will occur after or coincide with the
initial displacement force. (See Fig. X2.1.)

3.1.8 end flaring, n—a distal or proximal outward conical
opening of the diameter of the stent on the balloon. End flaring
is a contributing factor to the probability that the stent may
become caught during withdrawal into a guide catheter while
tracking through a lesion.

3.1.9 failure mode effect analysis (FMEA), n—an analytical
approach to methodically determine and address all possible
product failure modes, their associated causes, and their
criticality. Used to evaluate designs, prioritize testing, and
track risk reducing improvements to the product.

3.1.10 gauge length, n—the initial unstressed length of
catheter tubing between the proximal end of the stent to the
grips which engage the catheter tubing.

3.1.11 grips, n—a means of applying force to the stent and
balloon catheter to displace or dislodge the stent relative to the
balloon. In particular, grips refer to the end of a device which

makes the contact with the stent. Typical grips used to apply
force to the stent include shims (as used in Figs. X2.5-X2.8);
tape which sticks to the stent but not the balloon; an iris which
can be narrowed down to allow the balloon to slip by but not
the stent; or nubs which contact the stent but not the balloon.

3.1.12 guide catheter, n—a tube designed to transport the
guide wire and the stent delivery system into the target vessel.

3.1.13 guide wire, n—a wire designed to aid in balloon,
ultrasound, atherectomy, or stent placement during endovascu-
lar procedures.

3.1.14 mandrel, n—a wire that may be used as an alternative
to the intended guide wire to provide support for the catheter
guide wire lumen for some test procedures.

3.1.15 non-recoverable movement, n—a displacement of the
stent relative to the balloon such that if the shearing force was
reduced to zero, the stent would remain displaced in the
direction of the shearing force relative to the initial placement
on the balloon. The force at which non-recoverable movement
begins is defined as the initial displacement force (see defini-
tion above).

3.1.16 pre-test treatment, n—a treatment of the stent deliv-
ery system prior to the evaluation of securement that simulates
preparatory, environmental, mechanical, or other conditions
that may be encountered prior to or during clinical use of the
device. Examples include subjecting the devices to elevated
shipping temperature/humidity, catheter preparation per use
instructions, pre-soaking, bending treatments, tracking treat-
ments (tracking fixture, see definition below), and tracking
through lesion treatments (lesion fixture, see definition below).

3.1.17 pre-test treatment tracking fixture, n—a pre-test treat-
ment fixture used to simulate an anatomical vasculature. Use of
the fixture with a guide catheter, a guide wire, and the
stent-balloon catheter delivery system is intended to simulate
the bending and frictional forces of tracking the device to the
lesion site that may be encountered in the clinical setting. See
the engineering diagrams in Appendix X2. Note that these
engineering diagrams simulate vessels with a moderately
difficult degree of coronary tortuousity but do not include
simulated lesions.

3.1.18 pre-test treatment lesion fixture, n—a pre-test treat-
ment fixture used to simulate an anatomical vasculature and
lesion. Use of the fixture with a guide catheter, a guide wire,
and the stent-balloon catheter delivery system is intended to
simulate the bending, frictional, and mechanical resistance
forces of tracking the device across the lesion site that may be
encountered in the clinical setting.

3.1.19 securement test, guide-type, n—a stent securement
test that is similar to the clinical scenario of pulling an
undeployed stent delivery system back into a guide catheter,
arterial sheath, or hemostasis valve. Examples include guides,
rings, or shims ideally designed to engage the stent end or body
but not the catheter balloon. The shim securement test, de-
scribed in Section 7, uses complementary thin, rigid plates with
rounded “V” notches that are sized to circumferentially engage
the stent end but not the catheter balloon. See the engineering
diagrams in Appendix X2.7 http://www.fda.gov/cdrh/maude.html.
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