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Summary: Background: The MIMICS-3D study aimed to assess the safety and effectiveness of the BioMimics 3D Vascular

Stent System for the treatment of symptomatic femoropopliteal artery disease in a real-world patient population. Patients

and methods: Consecutive participants who were scheduled for implantation of the BioMimics 3D stent were enrolled in the
prospective, observational, multicenter study. The primary effectiveness outcome was freedom from clinically driven target

lesion revascularization at 12 months and the primary safety outcome was a composite of major adverse events comprising

death, major target limb amputation, or clinically driven target lesion revascularization at 30 days. Outcomes through
24 months are reported. Results: A total of 507 patients (70±10 years, 65.5% male sex) were enrolled and treated with the

study stent. 24.0% had critical limb-threatening ischemia, lesion length was 127±92 mm, and 56.8% of lesions were totally

occluded. The Kaplan-Meier (KM) estimate of freedom from clinically driven target lesion revascularization at twelve-months
was 90.6% (95% CI: 87.9%–93.3%) and the 30-day primary safety outcome occurred in 1.2% (95% CI: 0.5%–2.7%) of

participants. At 24 months, clinical improvement was achieved in 86.6% and the KM estimate of freedom from clinically driven

target lesion revascularization was 82.8% (95% CI: 79.4%–86.4%). The KM estimate of freedom from loss of primary patency
according to PSVR >2.4 was 78.6% (95% CI: 74.7%–82.4%). Survival distribution functions regarding primary patency were

lower with long lesions (>150 mm; log-rank p<0.001) but did not differ significantly between participants with or without

critical limb-threatening ischemia (log-rank p=0.07). Conclusions: Endovascular treatment of atherosclerotic femoropopliteal
lesions with the BioMimics 3D Vascular Stent System is efficacious and safe in a real-world setting.

Keywords: endovascular therapy, femoropopliteal, patency, peripheral artery disease, swirling flow, self-expanding stent,
helical stent, superficial femoral artery, target lesion revascularization

Introduction

Endovascular techniques have developed to treat patients
with peripheral arterial disease (PAD), and there has been
considerable innovation focus on improving both treatment
success and durability. Stent-based therapy has been
shown to be superior to standard balloon angioplasty [1]
when treating disease affecting the superficial femoral
and popliteal arteries, and stents are used in nearly 50%
of interventions [2].

Although there is a trend for non-stent interventions to
“leave nothing behind”, stents are quite helpful particularly
concerning complex lesions including occlusions, calcifica-
tion, or dissections. Femoropopliteal artery disease is

common in patients with symptomatic PAD and those
affected by chronic limb threatening ischaemia (CLTI)
lesions are typically elderly with long, highly calcified dis-
ease. These lesion characteristics along with adverse flow
conditions result in high rates of restenosis and the need
for reintervention to maintain patency. That reintervention
adds further risk for the patient and is a financial burden for
health care systems. Modern generation non-drug eluting
and drug eluting nitinol stents for the treatment of femor-
opopliteal artery lesions have shown encouraging patency
rates and long-term freedom from restenosis rates in differ-
ent prospective trials [3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 15, 16].

The helical geometry of the BioMimics 3D stent (Veryan
Medical Ltd., Horsham, UK) is designed to render the
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curvature of the vessel helical to impart swirling flow and to
elevate wall shear stress which has been shown to prevent
intimal hyperplasia and restenosis [3]. Therefore, we aimed
to assess effectiveness and safety of the BioMimics 3D
stent in a real-world setting.

Patients and methods

Study design

The aim of the MIMICS-3D Registry is to assess the perfor-
mance of the BioMimics 3D Vascular Stent System in a
real world setting through 36 months. Outcomes through
24 months are reported in this article. It was designed as
a prospective, observational, multicenter study. From
September 2016 to June 2018, eligible patients with
symptomatic femoropopliteal artery disease who were
scheduled for treatment with BioMimics 3D were consecu-
tively enrolled. Patients’ written informed consent regard-
ing study participation was obtained prior to the index
procedure. Follow-up examinations were planned for
30 days, 12, 24, and 36 months from index procedure.
Adverse events were adjudicated by an independent Clini-
cal Events Committee. The study was approved by the
responsible ethics committee and the local ethics commit-
tees of all participating sites. It complies with the Declara-
tion of Helsinki and is registered with ClinicalTrials.gov
(Identifier: NCT02900924).

Outcomes and definitions

The primary effectiveness endpoint was freedom from
clinically driven target lesion revascularization (CDTLR)
at 12 months. Revascularization was considered clinically
driven in patients with objective evidence of recurrent
symptoms associated with an angiographic determination
of�50%stenosis and new distal ischemic signs i.e: worsen-
ing ankle brachial index (ABI) or worsening Rutherford
Category associated with the index limb. The primary
safety endpoint was a composite of death, major target limb
amputation, or CDTLR through 30 days. Major amputation
was defined as above transmetatarsal amputation.

Secondary outcome measures were acute technical
success, defined as residual diameter stenosis �30% at
the end of the procedure and acute procedural success,
defined as 72-hour incidence of both acute technical
success and absence of severe adverse events including
death, stroke, myocardial infarction, acute limb ischemia,
treated segment thrombosis, or need for bypass graft or
emergency index limb vascular surgery. Other secondary
endpoints were death, major target limb amputation, and
CDTLR at 30 days, 12, 24, and 36 months, cumulative
incidence of primary patency at 12, 24, and 36 months,
assessed by duplex ultrasonography (peak systolic velocity
ratio [PSVR] �2.4), clinical improvement (reflected by
change in Rutherford category), hemodynamic improve-
ment expressed as change in ABI from baseline, and

incidence of stent fractures. Stent fractures were defined
as clear interruption of stent struts observed by biplanar
radiography and were assessed by the implanting
physician.

Study population

A real-world clinical population of patients �18 and
�85 years of age with symptomatic peripheral artery dis-
ease due to atherosclerotic femoropopliteal lesions sched-
uled for treatment with BioMimics 3D were eligible for
inclusion in the study. Major exclusion criteria were failure
to cross the lesion with a guidewire and/or balloon catheter
and insufficient dilation to allow passage of the study
device, intolerance to antiplatelet and/or anticoagulation
therapy, hypersensitivity to nickel-titanium, bleeding
diathesis, severe hypertension, renal failure, and pregnancy
or breastfeeding.

Study stent and stent implantation

The BioMimics 3D Vascular Stent System (BioMimics 3D)
(Veryan Medical Ltd., Horsham, UK) consists of a self-
expanding, laser-cut nitinol stent with 3D helical centerline
geometry and an over-the-wire stent delivery system
(Figures 1 and 2). Previous studies intended to gain regula-
tory approval in Europe, the US and Japan have shown good
safety and efficacy of BioMimics 3D albeit in a well-defined
cohort of patients. Details about the stent system have been
described elsewhere [3, 4, 5]. The helical centerline curva-
ture of the stent is stored within the shape memory of the
nitinol alloy during manufacture. The stent is designed to
impart a helical shape to vessel morphology which both
accommodates prevalent biomechanical stresses particu-
larly during hip and knee flexion and induces laminar
swirling flow which increases wall shear stress (WSS) on
the vessel wall.

The BioMimics 3D Vascular Stent System is CE marked
and has FDA approval and was intended to be used accord-
ing to the manufacturer’s instructions for use. The stent is
indicated for the treatment of the SFA and/or the proximal
popliteal artery. Vascular access, lesion preparation, post-
stenting treatment, and concomitant antiplatelet and
anticoagulant medication were conducted according to
centers’ standard of care.

Statistical analysis
We report continuous variables as mean±SD and categori-
cal variables as absolute and relative frequencies. Primary
endpoints were analyzed using both the modified inten-
tion-to-treat (ITT) and the per protocol (PP) study popula-
tion. All other analyses referred to the ITT population.
Primary endpoints are presented as frequency and percent-
age. The corresponding 95% confidence interval (CI) was
calculated using the Agresti-Coull method. Kaplan-Meier
(KM) analysis was performed to assess cumulative
incidence of freedom from CDTLR, primary patency,
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amputation free survival, and freedom from death through-
out 24 months. Results are presented as parameter esti-
mates and their corresponding 95% CI survival curves
were compared using log-rank test. A 2-sided value of
p<0.05 was considered to indicate statistical significance.
We analyzed data by using RStudio Version 1.2.5042 and
SAS Version 9.4.

Results

Study population and treatment

A total of 507 consecutive patients with 518 femoropopli-
teal artery lesions were enrolled over 21 months at 23 sites
in Germany, Belgium, the Netherlands, and Sweden. All
participants underwent endovascular angioplasty and stent
implantation using the BioMimics 3D Vascular Stent
System. Twenty-four percent of participants had chronic
limb-threatening ischemia (CLTI), 37% were diabetics
and 38% current smokers (Table I). Almost all lesions were
femoropopliteal (91%), one third (38%) were moderate or
severely calcified (Grade 2 and 4 according to a peripheral
arterial calcium scoring system [PACSS] [6]), 57% were
totally occluded and 10% of disease was due to restenosis
after balloon angioplasty. The mean lesion length was
127±92 mm (Table II). Pre-dilation was conducted in 88%
of lesions. Concomitant drug-coated balloon angioplasty
was performed in 24% for lesion preparation and in 26%

for post-stenting treatment (Table III). A total of 398 partic-
ipants (79%) completed the 24-month follow-up.

Primary endpoints

Freedom fromCDTLR at 12months was achieved in 89.4%
(95% CI: 86.2%–92.0%) of the participants (Table IV). At
30 days after index procedure, major adverse events
occurred in 6 of 495 participants (1.2%). Two of them
underwent CDTLR, two needed major target limb amputa-
tion and two died due to myocardial infarction.

Secondary endpoints

Acute technical success was achieved in 99.0% of lesions,
and acute procedural success in 97.4% of participants. The
KM estimate of freedom from CDTLR was 82.8% (95%CI:
79.4%–86.4%) at 24 months. Through 24 months, CDTLR
for patients with either CLTI or claudication did not show
any statistically significant difference (log-rank p=0.1)
(Figure 3), although there is slight separation of the curves
through that period in favour of claudication.

The KM estimate of primary patency according to PSVR
>2.4 was 87.7% (95% CI: 84.6%–90.7%) and 78.6% (95%
CI: 74.7%–82.4%) at 12 and 24 months, respectively
(Figure 4). Primary patency was lower in long lesions com-
pared to lesions �150 mm (log-rank p<0.001). Although
there was no statistically significant difference between
patients suffering from CLTI rather than claudication (log
rank p=0.07) again there is slight separation of the curves

Figure 2. BioMmics 3D with computation fluid dynamics representa-
tion of swirling flow.

Figure 1. BioMimics 3D.

Table I. Baseline demographics and clinical characteristics

Age, y 70.1±10

Men 332/507 (65.5)

Diabetes mellitus 187/507 (36.9)

Insulin 82/507 (16.2)

Hypercholesterolemia/dyslipidemia 324/507 (63.9)

Hypertension 434/507 (85.6)

Smoking (current and former) 345/507 (68.0)

Current 191/507 (37.7)

Former 154/507 (30.4)

Previous myocardial infarction 56/507 (11.0)

Previous cerebrovascular accident
including stroke or TIA

57/507 (11.2)

Previous CABG 58/507 (11.4)

Renal disease 42/507 (8.3)

Dialysis 10/507 (2)

Rutherford category (missing data=3)

0 2/504 (0.4)

1 6/504 (1.2)

2 86/504 (17.1)

3 289/504 (57.3)

4 38/504 (7.5)

5 72/504 (14.3)

6 11/504 (2.2)

Notes. Continuous variables are presented as means±standard deviation
and categorical variables as counts/sample (percentage). CABG: coronary
artery bypass graft; TIA: transient ischemic attack.
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in favour of claudication out to 24 months. There was no
difference in patency when a paclitaxel DCB was used in
addition to the BioMimics 3D stent (Figure 5).

At 24 months, clinical improvement by at least one
Rutherford category was observed in 86.6% of the partici-
pants and ankle-brachial index improved from 0.6±0.3 at
baseline to 0.9±0.2 (n=304). KM estimates of freedom
from major target limb amputation was 98.5% (95% CI:
97.3%–99.6%) and freedom from death was 89.4% (95%
CI: 86.6%–92.2%).

Stent fracture analysis was performed in case of target
lesion revascularization. Out of 674 stents implanted there
were 3 confirmed stent fractures classified as multiple,
single strut fractures without complete transection or dis-
placement of the stent. For one of the confirmed stent frac-
tures, the strut factures were co-located with a focal
aneurysm. However, none of them was identified to be
related to a deficiency in the device. Serious adverse events
through 24months are displayed in (Electronic Supplemen-
tary Material [ESM] 1).

Discussion

The results of this MIMICS-3D Registry show a KM esti-
mate of freedom from loss of primary patency at 12 and
24 months of 87.7% and 78.6% respectively.

The BioMimics 3D Vascular Stent System, designed to
treat symptomatic PAD affecting the femoropopliteal seg-
ment, has a unique helical centerline that is intended to
impart a helical shape to the artery for inducing swirling
flow and so increasing wall shear stress. High wall shear
has been shown to be associated with a low prevalence of
atherosclerosis and a reduced risk of restenosis [17, 18,
19, 20]. The biological mechanisms are complex but
swirling flow, and the resultant elevated wall shear stress
affects all the pathways (thrombosis, inflammation, reen-
dothelialization, altered smooth muscle cells) that result
in neointimal hyperplasia [21]. The device has previously
been shown in the MIMICS-RCT randomised trial to per-
form better than a straight stent. The MIMICS-2 IDE study
recruited 271 subjects from 43 investigational sites across
3 continents and confirmed good outcomes at 12 and
24 months with a Kaplan-Meier freedom from loss of
primary patency of 83.1% and 69.6%, and freedom from
clinically driven target lesion revascularization of 88.7%
and 84.2% respectively. These 2 studies were performed
in cohorts of predominantly claudicants with mean lesion
lengths of 65.8 and 81.2mm. This prospective, multicenter
observational registry evaluated effectiveness and safety of
the BioMimics 3D stent system in a real-world setting,
designed to include patients with CLTI and longer, more
challenging lesions.

The MIMICS-3D registry recruited 507 patients from
23 sites and the treatment of these patients was representa-
tive of typical interventional practices: the mean age was
70.1 yrs; 24% of patients had CLTI, 36.9% of whom

Table II. Baseline lesion characteristics

Number of lesions N=518

Proximal lesion boundary

Iliac artery 5/518 (1.0)

Common femoral artery 2/518 (0.4)

Ostial SFA 43/518 (8.3)

Proximal SFA 95/518 (18.3)

Mid SFA 169/518 (32.6)

Distal SFA 159/518 (30.7)

Popliteal artery 44/518 (8.5)

Lesion length, mm 127±92

Calcificationa (missing data=2)

Grade 0 91/516 (17.6)

Grade 1 152/516 (29.5)

Grade 2 125/516 (2.4)

Grade 3 76/516 (14.7)

Grade 4 72/516 (14.0)

Diameter stenosis, % 94.6±8.0

Total occlusion 294/518 (56.8%)

Target lesion type

De novo 467/518 (90.2%)

Restenoticb 51/518 (9.8%)

Number of patent runoff vessels

0 22/507 (4.3)

1 107/507 (21.1)

2 169/507 (33.3)

3 209/507 (41.2)

Notes. Continuous variables are presented as means±standard deviation
and categorical variables as counts/sample (percentage). aAccording to
peripheral arterial calcium scoring system (PACSS). bRestenosis after
preceding balloon angioplasty. SFA: superficial femoral artery.

Table III. Procedure characteristics

Lesion preparation

Pre-dilation (standard PTA balloon) 454/518 (87.6)

DCB 122/518 (23.6)

Cutting balloon 16/518 (3.1)

BMS 7/518 (1.4)

Thrombectomy 37/518 (7.1)

Atherectomy 39/518 (7.5)

Number of stents (BioMimics 3D) deployed

1 396/518 (76.4)

2 95/518 (18.3)

3 20/518 (3.9)

4 7/518 (1.4)

Stented length, mm 130.8±79.2

Post treatment after stent placement

Post-dilation (standard PTA balloon) 353/518 (68.1)

DCB 137/518 (26.4)

BMS 9/518 (1.7)

DES 2/518 (0.4)

Covered stent 5/518 (1.0)

Thrombectomy 3/518 (0.6)

Notes. Continuous data are presented as means±standard deviation and
categorical variables as counts/sample (percentage). BMS: bare metal
stent; DCB: drug-coated balloon; DES: drug-eluting stent.
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suffered from diabetes; the mean lesion length was
127±92 mm, 56.8% of which were total occlusions. Despite
the considerable comorbidity and technical challenges,
the high acute technical and procedural success rates,
and 30-day freedom fromMAE (composite of death, major
target limb amputation, or CDTLR) of 98.8%, reinforce the
procedural benefits of the device.

There is a now an extensive published literature on the
use of stents in the femoropopliteal segment, a review of
which lies outside the remit of this article. However, since
2010 there have been three meta-analyses from which a
comparison can be drawn between the performance of
the helical BioMimics 3D stent and that of other bare metal
nitinol stents with straight centerlines. The authors are not
aware of any other high-quality studies subsequent to these
publications that might substantially change the basis for
comparison. Acin et al. investigated the outcome of bare
metal nitinol stents by reviewing 4 high quality randomized

trials that fulfilled their criteria. From their data the
12-month patency was 73% and TLR rate was 17% [22].
Rocha-Singh et al. undertook a patient level meta-analysis

Table IV. Primary endpoints

Effectiveness ITT PP

Freedom from CDTLR at 12 months 89.4% (396/443) 90.6% (367/405)
95% CI: 86.2%–92.0% 95% CI: 87.4%–93.1%)

Safety

Composite of MAEa at 30 days 1.2% (6/495) 1.1% (5/452)
95% CI: 0.5%–2.7% 95% CI: 0.4%–2.6%

Death 0.4% (2/494) 0.4% (2/451)

95% CI: 0.01%–1.6% 95% CI: 0.01%–1.7%

Major amputation (index limb) 0.4% (2/494) 0.4% (2/451)
95% CI: 0.01%–1.6% 95% CI: 0.01%–1.7%

CDTLR 0.4% (2/493) 0.2 (1/450)

95% CI: 0.01%–1.6% 95% CI: �0.09%–1.4%

Notes. aComposite of all-cause death, major target limb amputation, and clinically driven target lesion revascularization. CDTLR: clinically driven target
lesion revascularization; ITT: intention-to-treat study population; MAE: major adverse event; PP: per protocol study population.

Figure 3. Participant flow.

Figure 4. Kaplan-Meier survival curves for freedom from clinically
driven target lesion revascularization through 24 months after
BioMimics 3D stent placement shown for the total study cohort (A)
and for the comparison between participants with intermittent
claudication or chronic limb-threatening ischemia (B). CI: intermittent
claudication; CLTI: chronic limb-threatening ischemia.
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of 999 subjects undergoing primary nitinol stent implanta-
tion from 6 large prospective investigations using devices
approved by the FDA [23]. The mean age was 67.7 years
and subjects were claudicants (mean Rutherford Clinical
category 2.7, range: 2.6–2.8). A mean lesion length of
83.8mm was treated resulting in a 12-month primary
patency of 69.8% and TLR rate of 9.2–19.7%. The subject’s
initial ABI and lesion length predicted both patency and
TLR. These outcomes are comparable to the data from
the MIMICS-2 IDE study and are impressive when com-
pared to those for straight nitinol stents, particularly since
the subjects were elderly, nearly a quarter had CLTI and
the lesions were long. The 12- and 24-month KM freedom
from CDTLR rates of 90.6% and 82.8% are similarly
impressive when compared to results for straight nitinol
stents and suggest that there is a clinical benefit to the
use of a stent with a helical centerline to generate swirling
flow. It is generally appreciated that revascularisation is
less durable and requires more re-intervention in patients
suffering from CLTI rather than claudication. The data
from this study show minimal difference in outcome
between the two groups.

Half the subjects in this study had adjunctive treatment
with a paclitaxel drug coated balloon (DCB) in addition to

the stent. There was no advantage in terms of patency or
CDTLR conferred by the DCB. The reason for this is
unclear at this stage and cannot be answered by this trial.
However, given that swirling flow and increased wall shear
stress affect all aspects of the biological response that
results in neointimal hyperplasia, including an effect upon
the vascular smooth muscle cells, one could assume that
paclitaxel offers no incremental contribution to the process
[21]. Such a finding that a DCB adds no further benefit
would have potentially important cost considerations.

Contemporary stents intended for use within the femor-
opopliteal segment have reported fractures rates of 0% [7],
0.4% [8], 0.5% [9], 2.0% [10], 3.1% [11]. The BioMimics
3D stent’s ability to shorten with the vessel during hip
and knee flexion is intended to prevent kinking and fatigue
fractures that can affect straight stents unable to shorten
within the stented vessel. In this study, only 3 fractures
were identified, however none of them was identified to
be related to a deficiency in the device, and only lesions
which needed revascularization were examined. No stent
fractures had been observed through 24months in the ear-
lier MIMICS-RCT [4] and MIMICS-2 studies [5]. In previ-
ous studies of other femoropopliteal stents, fracture rate
increased with stented length and was associated with

Figure 5. Kaplan-Meier survival curves for primary patency through two years after BioMimics 3D stent placement (A) showing comparisons of
intermittent claudication versus chronic limb-threatening ischemia (B), lesion length of >150 mm versus �150 mm (C), and concomitant use
versus non-use of drug-coated balloons (D). DCB: drug-coated balloon; CI: intermittent claudication; CLTI: chronic limb-threatening ischemia.
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involvement of the distal superficial femoral artery [12].
Overall, patients may benefit from novel stent designs with
increased flexibility along with sufficient radial force.
Scheinert et al. found significantly lower Kaplan-Meier esti-
mates of 12-month primary patency in patients with stent
fractures [12, 13, 14]. This was not confirmed by Davaine
et al. [13] and Iida et al. reported that the effect of stent
fractures on patency only persists over the first two years
[14]. Whilst the overall effect of differing grades of fracture
remains unclear, it is the authors’ belief that high grade
fractures are likely to confer adverse outcomes upon the
patient and stent selection should be undertaken to miti-
gate this risk.

Limitations

Comparison of results with other studies should be con-
ducted cautiously because of differences in participant,
lesion, and procedure characteristics. In this study there
were no restrictions on concomitant pre- and post-stenting
treatment and the implications of such variables cannot be
clearly delineated. Validity of 24-month results is limited
due to considerable loss of follow-up. Follow up was con-
ducted according to centers’ standard without adjudication
by core laboratory but all primary endpoint-determining
events were subjected to clinical event committee
adjudication.

Conclusions

The MIMICS-3D study confirms that a clinically-represen-
tative, real world patient population suffering from symp-
tomatic disease of the femoropopliteal segment can be
safely and effectively treated with the BioMimics 3D stent
system.

Electronic supplementary material

The electronic supplementary material (ESM) is available
with the online version of the article at https://doi.org/
10.1024/0301-1526/a000980
ESM 1. Device or procedure related serious adverse events
at 24 months (Table)
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