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Abstract

Objective. To evaluate the technical aspects of the MicroStent (Micro Medical Solutions), a novel device specifically designed for
the treatment of chronic limb-threatening ischemia (CLTI) below the knee (BTK) when used as primary treatment or as bailout in
patients enrolled in the HEAL study, a postmarket, multicenter, European all-comers observational study. Methods. All consecutive
patients enrolled were evaluated at follow-up visits at 30 days, 6 months, 12 months, and 24 months, including duplex ultrasound
evaluation of the target lesion. Evaluation included patient demographics, target-lesion characteristics, MicroStent implantation
details including primary and bailout usage, sizing, and pre- and postdilation strategies. Primary outcome measures were primary
patency at 6 months and freedom from major adverse limb event (MALE) and perioperative death (POD) at 30 days. Secondary
outcome measures were device and technical success, freedom from MALE and major amputation at 6, 12, and 24 months, free-
dom from clinically driven target-lesion revascularization (CD-TLR) at 6, 12, and 24 months, and wound healing status at 6, 12,
and 24 months. Results. A total of 77 patients were enrolled across 9 sites in 5 European countries, representing 78 lesions and
a total of 91 MicroStent devices. Patients treated had a median age of 76 years (range, 46-92). Rutherford category ranged from
3 to 6, with 9.1% category 3, 19.5% category 4, 68.8% category 5, and 2.6% category 6. Medical history included diabetes (75.3%),
history of coronary artery disease (29.9%), history of peripheral intervention (45.9%), and history of amputation (21.6%). Median
target-lesion length was 45 mm (range, 10-400); before treatment, 51.9% of target lesions were chronic total occlusions and
59.8% were moderate to severely calcified. MicroStents were implanted as the primary treatment in 52.2% of the target cases
and as bailout options in 47.8%. Overall primary patency (regardless of relationship to the MicroStent) was 71% at 6 months.
Device-related primary patency, where the MicroStent was implanted for primary treatment of the target lesion, was 96.9% at
6 months; device-related primary patency, where the MicroStent was implanted as bailout option after failed treatment of the
target lesion, was 100% at 6 months. Freedom from MALE and POD (regardless of relationship to the MicroStent) was 95.9% at
30 days and 90.0% at 6 months. Device success was 98.9% and technical success was 100%. The freedom from major amputation
at 30 days and 6 months were 97.3% and 94.9%, respectively. The freedom from major target-lesion reintervention at 30 days and
at 6 months were 98.6% and 96.5%, respectively. Conclusions. Preliminary results from the HEAL study suggest that patients
requiring treatment of PAD and CLT! in the lower limb, can be safely and effectively treated with the MicroStent when used as a

primary treatment or bailout option after a failed treatment of the target lesion. HEAL study enrollment and follow-up is ongoing.

J CRIT LIMB ISCHEM 2022;2(3):E74-E82.
Keywords: bare-metal stent, below the knee, chronic limb-threatening ischemia, chronic total occlusion, clinically driven target-lesion
revascularization, coronary artery disease, drug-eluting stent, major amputation, major target-lesion reintervention, percutaneous

transluminal angioplasty, peripheral arterial disease, perioperative death, target-lesion revascularization

E74 JOURNAL OF CRITICAL LIMB ISCHEMIA



MICROSTENT TREATMENT OF BTK-CLTI

The prevalence of peripheral arterial disease (PAD) has been

increasing in the developed world, with >6% of the population

65 years and older experiencing symptomatic PAD.! Symptoms

progress in severity from mild intermittent claudication to chronic

limb-threatening ischemia (CLTI), where CLTI is characterized

by chronic resting leg pain, impaired wound healing, and even-
tually, amputation. It is estimated that CLTI has an incidence

of approximately 50 to 100 per 100,000 people per year and is

associated with mortality rates as high as 20% within the first 12

months after onset.! Within 1 year of diagnosis of CLTI, 25% of
patients will require major amputation and most of the remaining
patients will have nonhealed wounds.? CLTI patients may have

disease in multiple levels and vessels, which requires multiple

procedures to improve blood flow to the lower extremities.? It is

not uncommon for a patient to have subsequent procedures over

the course of several weeks and months. Endovascular techniques

to treat claudication include balloon dilation (percutaneous

transluminal angioplasty [PTA]), stents, and atherectomy. These

techniques continue to evolve and now include covered stents,
drug-eluting stents, cutting balloons, and drug-coated balloons.
The technique chosen for endovascular treatment is related to

lesion characteristics (eg, anatomic location, lesion length, degree

of calcification) and operator experience.* PTA depends upon

mechanical dilation of the artery and is associated with plaque

fracture, intimal splitting, and localized medial dissection. Lo-
calized post-PTA dissection is a common and expected adverse

outcome associated with the angioplasty mechanism. Following

PTA, many physicians place metal stents to maintain luminal

patency, which improves blood flow, or to bail out failed PTA due

to flow-limiting dissections, acute vessel recoil, and persistent

residual stenosis. Stents used in the lower leg are typically either

self-expanding nickel-titanium alloy (nitinol) or balloon-ex-
pandable systems. The safety and effectiveness of stents in the

vasculature is well established in both coronary and peripheral

vessels above the knee.>® Several studies have also evaluated the

utility of stents for use in infrapopliteal lesions,'*'2 but there is

still a lack of data regarding what kind of stent(s) should be used

and a treatment algorithm has not been established.

Methods

Study design. HEAL (An All-Comers Observational Study of the
MicroStent Peripheral Vascular Stent System in Subjects with
Peripheral Arterial Disease) is a single-arm, multicenter, observa-
tional, combined prospective and retrospective postmarket trial
of all consecutive patients treated with the MicroStent device
(Micro Medical Solutions). The study was approved by the local
Medical Ethical Committee of all participating centers. HEAL
study inclusion and exclusion criteria are minimal. Participating
subjects must be =18 years old and willing to sign a patient in-
formed consent form. All subjects with peripheral arterial lesions
previously treated or intended to be treated with the MicroStent
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per the manufacturer’s instructions for use (IFU) are eligible for

study participation. Exclusion criteria are (planned) pregnancy
during the study, life expectancy <1 year, known allergy to con-
comitant medication, contrast agents, antiplatelet, anticoagulant,
or thrombolytic medications, or enrollment in another study that
has not reached its primary endpoint at the time of enrollment.
Primary outcome measures of the HEAL study include primary pa-
tency at 6 months, defined as freedom from target-lesion occlusion
and clinically driven target-lesion revascularization (CD-TLR). A
distinction is made between device and non-device-related pri-
mary patency. Loss of device-related primary patency includes only
occlusions related to the MicroStent and CD-TLRs related to the

MicroStent, as determined by the investigator (compliance with

dual-antiplatelet therapy and inline occlusions to the target lesion

are considered when determining device relatedness). Clinically

driven is defined as reintervention due to complaints of leg pain/
worsening pain, a progressing nonhealing ulcer, or new ulcer forma-
tion with or without the presence of an abnormal noninvasive test.
Other primary outcomes are freedom from major adverse limb

event (MALE) and perioperative death (POD). Major adverse limb

events include above-ankle amputations, new bypass graft or graft
revision, and/or thrombectomy/thrombolysis involving the target

lesion. Perioperative death includes all-cause death within 30 days

of the index procedure. Secondary outcomes include device success,
defined as the operator’s assessment of successful MicroStent

deployment according to the IFU and technical success, defined as

attainment of <30% residual stenosis (by visual estimate) in the

treated lesion using only the study device according to the IFU (ie,
including predilation/postdilation). Other secondary outcomes were

freedom from MALE and major amputation, freedom from CD-TLR,
and wound healing status measured at 6, 12, and 24 months. Major
amputation was defined as amputation above the ankle (tibiotalar

joint) in the target limb. Freedom from CD-TLR was defined as free-
dom from any revascularization procedure with involvement of the

target lesion that is due to complaints of leg pain/worsening pain,
a progressing nonhealing ulcer, or new ulcer formation with or

without the presence of an abnormal noninvasive test. All data used

in the analysis are site reported. Data were 100% source verified by

the North American Science Associates (NAMSA). Statistics were

independently performed by NAMSA.

Data extraction. The HEAL study data cut is dated July 8th, 2022.
NAMSA prepared the validated tables and listings utilizing the
July 8th, 2022 data cut. HEAL study enrollment and follow-up
are ongoing. The HEAL study is registered at www.clinicaltrials.
gov (NCT04110327).

Statistical analysis. Statistical analyses were conducted us-
ing SAS, version 9.4 (SAS Institute). Categorical variables are
reported as counts and percentages on the available data, spec-
ified as denominator. Continuous variables are presented as
mean + standard deviation. The number of nonmissing values
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(N), median, and minimum-maximum are also presented. The
index procedure date corresponds to the reference date for any
analysis or reported events. For the time-to-event variables (eg,
primary patency), subjects with events occurring through the
upper limit of the visit window were considered failures; sub-
jects without events and having follow-up to at least the lower
limit of the visit window were considered event free. The lower
limits of the visit windows are 23 days, 150 days, 305 days, and
670 days for 30-day, 6-month, 12-month, and 24-month visits,
respectively. The upper limits of the visit windows correspond
to 37,210, 425, and 790 days for 30-day, 6-month, 12-month, and
24-month visits, respectively. Time-to-event variables were also
presented using Kaplan-Meier plots. The number of subjects at
risk (N) is labeled at the bottom of each graph.

Device description. Micro Medical Solutions received CE mark
for the MicroStent Peripheral Vascular Stent System on Febru-
ary 13, 2017. The system is commercially available in regions of
Europe. The MicroStent (Figure 1and Figure 2) is intended for
permanent implantation and is comprised of a self-expanding
nitinol stent preloaded into a 3.2-Fr, .014", over-the-wire delivery
system. The device is intended to improve luminal diameter in
the treatment of ischemia in the lower leg with reference vessel
diameters (RVDs) from 2.0 mm to 4.5 mm. The MicroStent (40-
cm delivery system) and the MicroStent XL (120-cm delivery
system) is manufactured by Micro Medical Solutions. The stent is
formed from nitinol wires woven in a braided configuration. Upon
deployment, the stent achieves its predetermined diameter and
exerts a constant, gentle outward force to establish and maintain
the luminal diameter. The stent wires have a radiopaque platinum
core that provide improved visibility for the braided stent during
deployment and subsequent follow-up. The delivery system
includes a 3.2-Fr sheath catheter with a coaxial inner assembly
(stent stabilizer). A proximally located rotational hemostasis
valve on the sheath catheter provides hemostasis and a safety
lock to prevent premature deployment of the stent as well as a
means to irrigate the catheter. The stent stabilizer terminates
distally through the preloaded stent and out the distal end of
the sheath catheter. The distal portion of the sheath catheter
contains a radiopaque marker band. A second radiopaque marker
band located on the stabilizer marks the proximal portion of
the self-expanding stent when it is positioned within the space
between the stent stabilizer and the sheath catheter. The stent is
positioned at the target site using 2 radiopaque marker bands, 1
islocated distal to the stent and 1is located proximal to the stent;
and, the stent’s braided structure is also radiopaque.
MicroStent implantation best practices include proper lesion
characterization using standard techniques such as angiography
or intravascular ultrasound. As described in the IFU, the target
lesion should be predilated with 1 or more balloons (with increas-
ing outer diameter inflation) to achieve vessel diameter equal to
the diameter of the MicroStent, and with longer inflation times
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FIGURE 1. The MicroStent.

FIGURE 2. Delivery of the MicroStent is shown. (A) Pre-implantation.
(B) Post implantation.

recommended (~1-2 minutes). When selecting the MicroStent
size, the MicroStent:RVD ratio should match 1:1. For example,
if the proximal RVD is 3.5 mm, the distal RVD is 3.0 mm and
the average RVD is 3.25 mm, the 3.5-mm diameter MicroStent
should be selected (Figure 3). For example, if treating an 80-mm
lesion, the MicroStent size selected should fully cover 80 mm
plus approximately 5-10 mm of healthy intima proximal and
distal to the lesion per the stent dimensions table.

In order to achieve successful deployment of the MicroStent,
device deployment should be slow and steady to avoid elongation
and stacking, which can reduce the designed engineering proper-
ties of the MicroStent. For lesions requiring multiple MicroStents,
a~1 cm overlap is recommended. Deployment should always be
distal to proximal (anatomically) such that the proximal stent
(upstream) lays within the distal stent (downstream). After
completion of MicroStent deployment, postdilation is strongly
recommended. The labeled diameter of the balloon used should
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Proximal Distal Average Length
RVD RVD RVD g
3.5mm 3.0 mm 3.25mm 8cm

—

3.5x60 mm

In vivo stent dimensions.

2.5 mm Stent 3.0 mm Stent 3.5 mm Stent 4.0 mm Stent 3.5 mm Stent
L;l::,:id 2.0 mm 2.5mm 2.5mm 3.0mm 3.0mm 3.5mm 3.5mm 4.0 mm 4.0 mm 4.5 mm
Length Vessel Vessel Vessel Vessel Vessel Vessel Vessel Vessel Vessel Vessel
Diameter | Diameter | Diameter | Diameter | Diameter | Diameter | Diameter | Diameter | Diameter | Diameter
15 mm 21 mm 17 mm 23 mm 19 mm 25 mm 21 mm 27 mm 23 mm 30 mm 25 mm
25 mm 34 mm 29 mm 39 mm 33 mm 42 mm 35mm 45 mm 37 mm 48 mm 39 mm
40 mm 55 mm 47 mm 62 mm 51 mm 67 mm 56 mm 73 mm 61 mm 79 mm 67 mm
60 mm 82 mm 70 mm 93 mm 77 mm 101 mm @ 110 mm 92 mm 119 mm 100 mm

FIGURE 3. Device selection.

FIGURE 4. Balloon dilation. Place balloon marker band just outside of stent
ends to fully dilate. The red arrow (left panel) demonstrates incorrect
placement; green arrow (right panel) demonstrates correct placement.

not exceed the diameter of the MicroStent. The operator should
ensure that distal and proximal ends of the stent are adequately
dilated. The balloon should extend just outside of the stent end
to ensure full dilation (Figure 4).

Postprocedural dual-antiplatelet therapy should be given per
industry best practices after endovascular revascularization for
lower-extremity PAD. In summary, appropriate lesion character-
ization, vessel preparation, MicroStent size selection, and DAPT
are critical for optimal outcomes.

Results

Patient characteristics and lesion characteristics are detailed
in Table1land Table 2. A total of 77 patients were enrolled across
9 sites in 5 European countries representing 78 lesions and a total
of 91 MicroStent devices. Patients treated had a median age of
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76 years (range, 46-92) and 81.8% were male. The median body
mass index was 25.5 kg/m? (range, 2.2-38.3). The Rutherford
category ranged from 3 to 6. The majority of patients presented
with Rutherford category 5 (68.8%) followed by Rutherford
4 (19.5%), Rutherford 3 (9.1%), and Rutherford 6 (2.6%). The
majority of patients suffered from diabetes (75.3%), history of
coronary artery disease (29.9%), history of peripheral interven-
tion (45.9%), and history of amputation (21.6%). Slightly more
than 39.0% were former smokers, 13.0% were current smokers,
and 48.1% were nonsmokers. The median target-lesion length
was 45 mm (range, 10-400 mm) and 51.9% were chronic total
occlusions. The majority of lesions were located in the anterior
tibial artery (38.5%), followed by tibial-peroneal trunk (28.2%),
posterior tibial artery (17.9%), peroneal artery (9.0%), popliteal
artery (2.6%), superficial femoral artery (1.3%), common plantar
artery (1.3%), and distal popliteal artery/proximal anterior tibial
artery (1.3%). Calcified lesions were found in 40.3% of patients;
19.5% of them were severely calcified. In 85.9%, de novo lesions
were treated (restenotic lesions, 14.1%). The rate of adjunctive
therapies used during target-lesion treatment (Table 3) was
14.1%, with drug-coated balloons used in 45.5% of cases, followed
by specialty balloon (eg, scoring, cryotherapy) used in 45.5% of
cases and drug-eluting stents used in 9.1% of cases. Out of 77
patients treated with the MicroStent, 84.4% were implanted
with 1 stent, followed by 13.0% implanted with 2 stents, and 2.6%
implanted with 3 stents. A total of 52.2% of MicroStents were
implanted for primary treatment of the target lesion and 47.8%
were implanted as bailout options after failed treatment. The
majority of the reasons for bailout were flow-limiting dissection
(grade C or higher) or vessel perforation (59.5%), followed by
persistent residual stenosis >30% (21.4%), and acute vessel recoil
or other negative occlusive complications (19.0%); the reason was
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TABLE 1. Patient characteristics. TABLE 2. Lesions characteristics.

Characteristics Patients Characteristics Lesions
Age (years) Target-limb side (subject level)

Number of patients 77 Left 34/77 (44.2%)

Mean  standard deviation 74.4+9.0 Right 43/77 (55.8%)

Median 76.0 Target-limb vessel

Min-max 46.0-920 Anterior tibial 30/78 (38.5%)
o Peroneal 7/78 (9.0%)

A 14/77 (18.2%) Posterior tibial 14/78 (17.9%)

emale 2%
Tibial-peroneal trunk 22/78 (28.2%)

Male 63/77 (81.8%)

Other 5/78 (6.4%)
Body mass index (kg/m?)
Popliteal 2/78 (2.6%)

Number of patients 74 )

Superficial femoral artery 1/78 (1.3%)
iati 259+47

Mean = standard deviation Common plantar artery 1/78 (1.3%)

s 255 Distal popliteal artery/proximal anterior tibial artery 1/78 (1.3%)

Min-max 2.2-38.3 Type of lesioh
History of smoking De novo 85.9% (67/78)

Current smoker 10/77 (13.0%) Restenotic 14.1% (11/78)

Former smoker 30/77(39.0%) Number of lesions treated (subject level)

Nonsmoker 37/77 (48.1%) 1 76/77 (98.7%)
Diabetes mellitus 58/77 (75.3%) 2 1/77 (1.3%)
History of coronary artery disease 23/77 (29.9%) Target-lesion reference vessel diameter
History of peripheral intervention 34/74 (45.9%) Number of lesions () 78
History of amputation 16/74 (21.6%) Mean # standard deviation (mm) 32+05
Rutherford category stz ) -

0 - asymptomatic 0/77.(0.0%) Min-max (mm) 2.0-45

Target-lesion percent diameter stenosis
1 - mild claudication 0/77 (0.0%) g P
Number of lesions (n) 77

2 - moderate claudication 0/77(0.0%)

Mean = standard deviation (%) 92.0 +10.6

3 - severe claudication 7/77 (9.1%)

Median (%) 100
4 - rest pain 15/77 (19.5%)
Min-max (%) 50.0-100.0
=1 i i 53/77 (68.8%
ischemic ulceration ( ) Target-lesion total occlusions 40/77 (51.9%)
0,
6 = el g 277 2455) Target-lesion length
Data presented as mean, median, min-max, or n/N (%). Number of lesions (n) 77
Mean + standard deviation (cm) 10.0 £ 10.8
T . s . . Medi 4.5
not indicated in 0.2%. Predilation was performed in all patients CLlEm(En)
prior to deployment of the MicroStent, while postdilation was Min-max (cm) 1.0-40.0
performed in 88.9% of implanted MicroStents. Calcification
Primary outcomes included primary patency and freedom from None 6/77 (7.8%)
POP and MALE. Primary patency (regardless fJf relationship to the ild 25/77 (32.5%)
MicroStent), defined as freedom from occlusion and CD-TLR, was y .
71% at 6 months as determined by Kaplan-Meier method (Figure 5). Moderate T 02
The freedom from POD and MALE (regardless of relationship to Severe 15/77 (19.5%)

the MicroStent) was 95.9% at 30 days and 90.0% at 6 months. The
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TABLE 3. Adjunctive therapies.

Therapies Patients
(n=78)
Adjunctive therapies used during 11/78 (14.1%)
target-lesion treatment
Drug-coated balloon 5/11 (45.5%)
Specialty balloon 5/11 (45.5%)
(eg, scoring, cryotherapy)
Bare-metal stent 0/11(0.0%)
Drug-eluting stent 1/11(9.1%)
Atherectomy 1/11(9.1%)
Thrombolysis/thrombectomy 0/11(0.0%)
Other 0/11(0.0%)
Data presented as n/N (%).
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FIGURE 5. Freedom from primary patency failure (regardless of relationship
to the MicroStent).

rate of freedom from major amputation was 97.3% at 30 days and
the rate of freedom from major target-lesion reintervention was
98.6% at 30 days. The freedom from major amputations was 94.9%
at 6 months and freedom from major target-lesion reintervention
was 96.5% at 6 months. The device-related primary patency, where
the MicroStent was implanted for primary treatment of the target
lesion, was 96.9% at 6 months and 96% at 12 months by Kaplan-Meier
method (Figure 6). The device-related primary patency, where
the MicroStent was implanted as a bailout option after a failed
treatment of the target lesion, was 100% at 6 months and 100%
by Kaplan-Meier method (Figure 7). Device-related primary
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FIGURE 6. Freedom from device-related primary patency failure (where
the MicroStent was implanted as bailout option after a failed treatment
of the target lesion).
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FIGURE 7. Freedom from device-related primary patency failure (when the
MicroStent is implanted for primary treatment of target lesion).

patency was defined as only occlusions related to the MicroStent
and only CD-TLR related to the MicroStent, as determined by the

investigator (compliance with dual-antiplatelet therapy and inline

occlusions to the target lesion were considered when determining
device relatedness). The study outcomes included device success

(98.9%) and technical success (100%). No evidence of stent frac-
tures was noted in these patients and there were no unexpected

device-related events reported.
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Discussion

The HEAL study is an ongoing, multicenter, postmarket European
trial. It includes patients in a real-world setting who had stenting
of the lower limb with CE-marked, commercially available sizes of
the MicroStent for treatment of severe claudication or CLTI. This
manuscript reports on the technical aspects of the MicroStent
device and includes case examples and a limited interim dataset
of patients with primary and secondary outcomes at 6 months.
So far, the HEAL study cohort consists of a true representation
of patients encountered in the everyday CLTI practice. Patients
have significant comorbidities (including coronary artery disease,
diabetes, history of peripheral intervention, history of amputation,
history of cigarette smoking), heavily calcified lesions, and a high
rate of chronic total occlusions. Importantly, the vast majority of
this patient population are real CLTI patients (71.4% were Ruther-
ford Category =5 at baseline, with 70% nonhealing ulcers and 20%
rest pain patients. Only a small minority are severe claudicants.
Unlike other vascular stent procedures, CLTI patients may have
multilevel disease and vessels that require multiple procedures to
improve blood flow to the lower extremities."” Revascularization
remains the cornerstone of therapy for CLTI and is recommended
by the professional guidelines." To date, plain old balloon angio-
plasty (POBA) is still an important treatment method in CLTI.
However, POBA is limited by the occurrence of recoil and severe
flow-limiting dissections.’>" Stenting—more specifically, the use
of drug-eluting balloon-expandable
stents—is feasible in short lesions, but
islimited by the need to use multiple
stents to achieve full lesion coverage
and dissection repair. Thus, there is
the need for other treatment options,
such as longer devices that do not

At Admission

restrict vessel-wall compliance and
flexibility, as much as the traditional
balloon-expandable devices do. The
MicroStent design minimizes chronic
outward force, maximizes radial
resistive force (crush resistance),
and is highly flexible, allowing for
conformity in tortuous anatomy and
minimizing flow disturbances. The
ability to implant 1 or more overlap-
ping MicroStents allows the treat-
ment of small to very long lesions.
In addition, there is evolving value
of the utilization of lower compat-
ibility profile devices. With its 3-Fr
profile, the MicroStent is the only
available stent to date that meets

At 24 Months

MANZI, ET AL.

significant advantage and an edge to lead the ongoing struggle in
treating CLTI. Current results show that the MicroStent is a safe
and feasible treatment option for challenging BTK disease. Of
interest, the 6-month results also indicate that there is minimal
difference in outcomes when the MicroStent is implanted for
primary treatment or is used in a bailout setting. In addition, there
are 2 approaches observed when the MicroStent is implanted for
bailout. The first approach entails a partial coverage of the lesion
(only in areas of dissection/perforation, acute vessel recoil, or
persistent residual stenosis of >30%); the other approach is full
coverage of the entire lesion. A subanalysis of these 2 approaches
is planned once additional patients have been enrolled and more
follow-up data are available. The HEAL study is a first-of-its-kind
study that utilizes a nitinol stent specifically developed for low-
er-limb treatment. For patients currently undergoing endovascular
intervention in Europe, there is no other approved nitinol stent that
is specifically designed for the lower limb. The goal of the HEAL
study is to continue enrollment and collect long-term follow-up
data to conduct further analyses and to keep looking at real-world
MicroStent outcomes as well as potential comparisons with other
treatment modalities. To demonstrate daily practice, 2 case exam-
ples are provided (1 bailout [Figure 8] and 1 primary treatment
[Figure 9]). Both cases show excellent results through 24 months.

Bailout case example. The patient is an 87-year-old male with a
body mass index of 27.78 kg/m? Medical history included type

Post MicroStent Implgnt Post MicroStent Implant

e |

Post MicroStent Implant

Post MicroStent Implant

7 \/
R,

the definition of “micro delivery

device.” This provides operators a  FIGURE 8. Bailout case example.
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11 diabetes, hypertension, cardiac disease (amyloidosis), acute
limb ischemia, BHP, chronic renal failure, and limb neurovas-
culopathy. Prior target-limb reinterventions included: (1) PTA
and bare-metal stenting of the popliteal; and (2) PTA of the
anterior tibial artery (middle) and previous amputations of 2
digits. The patient was classified as Rutherford V at admission
with 0-vessel runoff and a 4-cm right-limb tibial-peroneal
trunk/peroneal lesion, which was 100% occluded with moderate
calcification. The patient was implanted with a 3.5-mm x 60-mm
MicroStent as a bailout due to dissection post angioplasty. At
12-month and 24-month follow-up, the patient was classified
as Rutherford 0. At the 24-month duplex ultrasound, the Mi-
croStent was patent, no stent fractures were visible by x-ray,
and the patient had biphasic flow of 60 cm/s. No target-lesion
reinterventions have occurred.

Primary case example. The patient is a 59-year-old male with
a body mass index of 27 kg/m? and type II diabetes. He was a
former smoker with history of atrial fibrillation, dyslipidemia,
and peripheral arterial disease. He was classified as Rutherford
V at admission. At the time of the index procedure, the popliteal
artery was treated with PTA; nontarget lesions (tibial-peroneal
trunk, posterior tibial, lateral plantar) were also treated with PTA.
The 4-cm target lesion in the right proximal anterior tibial artery
was 80% occluded (moderate calcification) and implanted with
a 3.0-mm x 60-mm MicroStent as a primary treatment. At final
angiography, there was 10% residual stenosis. The patienthad a
preplanned amputation of the right third digit prior to the 30-
day follow-up. At 6-month, 12-month, and 24-month follow-up
visits, the patient was Rutherford 0. At the 24-month follow-up
visit, the MicroStent was patent by duplex ultrasound, no stent
fractures were seen by x-ray, and the patient had biphasic flow
of 60 cm/s. No target-lesion reinterventions have occurred.

Angio Pre MicroStent Angio Post MicroStent
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Study limitations. Study limitations include the absence of a
comparison group of patients treated contemporaneously with
similar disease severity.

Conclusion

Preliminary results from the HEAL study suggest that pa-
tients requiring treatment of peripheral artery disease and CLTI
in the lower limb can be safely and effectively treated with the
MicroStent when used as a primary treatment or bailout option
after a failed treatment.

Acknowledgments. The authors would like to thank the partici-
pants for their involvement in this study. The authors also recog-
nize the sub-investigators, research teams, and institutions that

enrolled participants in the study and conducted follow-up visits.
The authors thank Jean-Luc Baeriswyl, PhD, Sr Biostatistician at

NAMSA, for statistical analysis and assistance with questions

related to the validated tables and listings. The authors thank

Amanda Panos, Vice President of Clinical Affairs and Esmeralda

Sanjust di Teulada, Sr Director of Clinical & Scientific Affairs of
Micro Medical Solutions for medical writing assistance in accor-
dance with Good Publication Practice guidelines. The authors

also thank Dr Kenneth Ouriel for his review and contribution

to the publication.

References

1. Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Harris KA, Fowkes FG; TASC Il
Working Group. Inter-society consensus for the management of peripheral arterial
disease (TASC I1). ] Vasc Surg. 2007;45(1):S5A-S67A. doi:10.1016/j.jvs.2006.12.037

2. Allie DE, Hebert CJ, Lirtzman MD, et al. Critical limb ischemia: a global epidemic.
A critical analysis of current treatment unmasks the clinical and economic costs
of CLI. Eurolntervention. 2005;1(1):75-84.

Angio Post MicroStent At 24 Months

At 1 Month

FIGURE 9. Primary case example.

VOL.2-N¢3 SEPTEMBER 2022

E81



MICROSTENT TREATMENT OF BTK-CLTI

10.

11

12.

13.

Bosiers M, Scheinert D, Hendriks JMH, et al. Results from the tack optimized balloon
angioplasty (TOBA) study demonstrate the benefits of minimal metal implants for
dissection repair after angioplasty. ] Vasc Surg. 2016;64(1):109-116. doi:10.1016/j.
jvs.2016.02.043

Gerhard-Herman MD, Gornik HL, Barrett C, et al. 2016 AHA/ACC Guideline on the
management of patients with lower extremity peripheral artery disease: executive
summary: a report of the American College of Cardiology/American Heart Associ-
ation task force on clinical practice guidelines. Circulation. 2017;135(12):e686-e725.
doi:10.1161/CIR.0000000000000470

Nordmann AJ, Briel M, Bucher HC. Mortality in randomized controlled trials compar-
ing drug-eluting vs. bare metal stents in coronary artery disease: a meta-analysis.
Eur Heart J. 2006;27(23):2784-2814. d0i:10.1093/eurheartj/ehl282

Laird JR, Katzen BT, Scheinert D, et al. Nitinol stent implantation versus balloon
angioplasty for lesions in the superficial femoral artery and proximal popliteal
artery: twelve-month results from the RESILIENT randomized trial. Circ Cardiovasc
Interv. 2010;3(3):267-276. doi:10.1161/CIRCINTERVENTIONS.109.903468

Matsumura JS, Yamanouchi D, Goldstein JA, et al. The United States study for
evaluating endovascular treatments of lesions in the superficial femoral artery
and proximal popliteal by using the Protégé Everflex nitinol stent system Il (DU-
RABILITY II). ] Vasc Surg. 2013;58(1):73-83.e1. doi:10.1016/}.jvs.2012.12.066

Laird JR, Jain A, Zeller T, et al. Nitinol stent implantation in the superficial fem-
oral artery and proximal popliteal artery. | Endovasc Ther. 2014;21(2):202-212.
doi:10.1583/13-4548R.1

Garcia L, Jaff MR, Metzger C, et al. Wire-interwoven nitinol stent outcome in
the superficial femoral and proximal popliteal arteries. Circ Cardiovasc Interv.
2015;8(5):e000937. doi:10.1161/CIRCINTERVENTIONS.113.000937

Schulte KL, Pilger E, Schellong S, et al. Primary self-expanding nitinol stenting vs
balloon angioplasty with optional bailout stenting for the treatment of infrapop-
liteal artery disease in patients with severe intermittent claudication or critical
limb ischemia (EXPAND study). J Endovasc Ther. 2015;22(5):690-697. Epub 2015
Aug 5. doi:10.1177/1526602815598955

Rand T, Lammer J, Rabbia C, et al. Percutaneous transluminal angioplasty versus
turbostatic carbon-coated stents in infrapopliteal arteries: InPeria Il trial. Radiology.
2011;261(2):634-642. doi:10.1148/radiol.11101357

Scheinert D, Katsanos K, Zeller T, et al. A prospective randomized multicenter
comparison of balloon angioplasty and infrapopliteal stenting with the sirolim-
us-eluting stent in patients with ischemic peripheral arterial disease: 1-year results
from the ACHILLES trial. J Am Coll Cardiol. 2012;60(22):2290-2295. doi:10.1016/j.
jacc.2012.08.989

Hirsch AT, Haskal ZJ, Hertzer NR, et al. ACC/AHA 2005 guidelines for the manage-
ment of patients with peripheral arterial disease (lower extremity, renal, mesen-
teric, and abdominal aortic): executive summary a collaborative report from the
American Association for Vascular Surgery/Society for Vascular Surgery, Society
for Cardiovascular Angiography and Interventions, Society for Vascular Medicine
and Biology, Society of Interventional Radiology, and the ACC/AHA Task Force on
Practice Guidelines (Writing Committee to Develop Guidelines for the Management
of Patients With Peripheral Arterial Disease) endorsed by the American Association
of Cardiovascular and Pulmonary Rehabilitation; National Heart, Lung, and Blood
Institute; Society for Vascular Nursing; TransAtlantic Inter-Society Consensus; and
Vascular Disease Foundation. ] Am Coll Cardiol. 2006;47(6):1239-312. doi:10.1016/].
jacc.2005.10.009

E82

14.

15.

16.

17.

MANZI, ET AL.

Norgren L, Hiatt WR, Dormandy JA, et al. Inter-society consensus for the management
of peripheral arterial disease (TASC Il). Eur | Vasc Endovasc Surg. 2007;33(Suppl 1):S1-S75.
Epub 2006 Nov 29. doi:10.1016/j.jvs.2006.09.024

Baumann F, Fust J, Engelberger RP et al. Early recoil after balloon angioplasty of tibial ar-
tery obstructions in patients with critical limb ischemia. | Endovasc Ther. 2014;21(1):44-
51. doi:10.1583/13-4486MR.1

Shammas NW, Shammas W, Jones-Miller S, et al. Optimal vessel sizing and un-
derstanding dissections in infrapopliteal interventions: data from the iDissection
below the knee study. ] Endovasc Ther. 2020;27(4):575-580. Epub 2020 May 18.
doi:10.1177/1526602820924815

Fanelli F, Cannavale A, Corona M, et al. The “DEBELLUM”—lower limb multilevel
treatment with drug eluting balloon—randomized trial: 1-year results. | Cardiovasc
Surg (Torino). 2014;55(2):207-216.

From 'Policlinico Abano Terme, Padova, Italy; !Onze Lieve Vrouwziekenhuis (OLV), Aalst,
Belgium; *Karolinen Hospital, Arnsberg, Germany; “Ziekenhuis Oost-Limburg (ZOL), Genk,
Belgium; °St Antonius Hospital, Nieuwegein, Netherlands; ®University Hospital, Leipzig,
Germany; "University Hospital LKH, Graz, Austria; éMaria Cecilia Hospital, Cotignola, Italy;
and °A.Z. St Blasius, Dendermonde, Belgium. Note: During the study enrollment period, Dr
Mariano Palena’s affiliation was Maria Cecilia Hospital, Catignona, Italy; however, he recently
joined Dr Manzi at the Policlinico Abano Terme in Padova, Italy.

Disclosure: The authors have completed and returned the ICMJE Form for Disclosure of Potential
Conflicts of Interest. Dr Deloose reports consulting fees and payment or honoraria for lectures,
presentations, speakers bureaus, manuscript writing, or educational events from Boston
Scientific, Ivascular, Cardionovum, and Biotronik. Dr Manzi reports stock or stock options
in Micro Medical Solutions. Dr Schmidt reports grant support to their institution by Abbott,
Acotec, BD, Boston Scientific, Concept Medical, Medtronic, and Reva Medical; consulting fees
from Abbott, BD, and Upstream Peripheral; lecture fees from Abbott, BD, Boston Scientific,
and Philips; stock or stock options (no payment) in Micro Medical Solutions, Reflow Medical,
and Upstream Peripheral; Scientific Advisory Board for Micro Medical Solutions. The remaining
authors report no conflicts of interest regarding the content herein.

The authors report that patient consent was provided for publication of the images used herein.
Manuscript accepted September 19, 2022.

Address for correspondence: Dr Marco Manzi, Policlinico Abano Terme, Padova, Italy. Email:
marcodocmanzi@gmail.com

JOURNAL OF CRITICAL LIMB ISCHEMIA





