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Abstract
Aims: Transcatheter aortic valve therapy has become an established procedure for patients at high risk for 
surgical valve replacement. The BIOVALVE-I study aims to assess the safety and performance of a novel 
self-expanding transcatheter heart valve.

Methods and results: In this prospective, single-centre, first-in-human study, 13 patients with severe aor-
tic stenosis suitable for transfemoral transcatheter aortic valve implantation were enrolled. Mean logistic 
EuroSCORE was 14.4±3.7% and mean STS PROM score was 4.3±1.6%. The primary endpoint, 30-day early 
safety composite per VARC-2, was observed in two patients (15.4%, one life-threatening bleeding and one 
valve-in-valve procedure). The implant was aborted in two patients due to unsuitable aortic anatomy. Overall, 
device success was obtained in nine patients (69.2%, two aborted implants, one valve-in-valve procedure 
and one patient with moderate aortic regurgitation). As determined by an independent core laboratory, all but 
one patient had less than moderate total aortic regurgitation at 30-day follow-up, mean aortic gradient was 
6.7±2.3 mmHg and effective orifice area 1.8±0.3 cm². Pacemakers were implanted in three patients (23.1%), 
and no death, stroke, myocardial infarction or acute kidney failure was observed.

Conclusions: In this first-in-human study, the feasibility of implantation of the BIOVALVE system and its 
re-sheathing functionality was demonstrated, and short-term safety data were encouraging. Larger studies are 
required to confirm the performance of the device.
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Abbreviations
ASA American Society of Anesthesiologists
AS aortic stenosis
EOA effective orifice area
LBBB left bundle branch block
NIHSS National Institute of Health Stroke Scale
NYHA New York Heart Association
STS PROM Society of Thoracic Surgeons Predicted Risk of 

Mortality
TAVI transcatheter aortic valve implantation
VARC Valve Academic Research Consortium

Introduction
Calcific aortic stenosis (AS) is the most frequent heart valve dis-
ease in Europe and North America. It increases with age and has 
a prevalence of 2-7% of the population beyond 65 years1. There is 
a consensus that early intervention should be performed in subjects 
with severe, symptomatic AS1. However, Iung et al2 demonstrated 
that surgery was denied, or patients were not referred for surgical 
assessment, in one third of elderly subjects with severe sympto-
matic AS. Transcatheter heart valve implantation (TAVI) has been 
developed as an alternative to surgical aortic valve replacement for 
this high-risk subject population.

The first human implant of a transcatheter heart valve was con-
ducted in 2002. In 2007 CE certification was obtained for the 
CoreValve (Medtronic, Minneapolis, MN, USA) and SAPIEN 
(Edwards Lifesciences, Irvine, CA, USA) transcatheter heart valves. 
Since then, TAVI has proven to be feasible and safe in several stud-
ies and registries and has become an established procedure3.

Meanwhile, several next-generation and novel TAVI devices have 
been tested in clinical studies and have gained CE mark approval4,5. 
The BIOVALVE transcatheter aortic valve system (Biotronik AG, 
Bülach, Switzerland) is a novel device designed to offer specific 
features such as (a) ability to re-sheath the valve, (b) stent design 
to allow an easier stent placement and a uniform radial force for 
the indicated annulus diameter range, (c) larger stent cell size in 
the outflow tract allowing unrestricted access to the coronary arter-
ies, and (d) ease of use in device handling and implantation with 
only one component on the handle to place, re-sheath and release 
the valve. The aim of the BIOVALVE-I first-in-human study is to 
assess the safety and performance of this novel transcatheter heart 
valve.

Methods
STUDY DESIGN AND POPULATION
BIOVALVE-I is a prospective, single-centre, first-in-human study 
to evaluate the safety and clinical performance of the BIOVALVE 
aortic bioprosthesis in subjects with severe symptomatic aortic 
valve stenosis, who are – as judged by the Heart Team – indicated 
for transfemoral transcatheter aortic valve implantation as sug-
gested by the European Society of Cardiology (ESC) guidelines1.

The study is registered at ClinicalTrials.gov (NCT02249000) 
where the full set of inclusion and exclusion criteria is available. 

Relevant medical inclusion criteria were NHYA Class ≥II, high sur-
gical risk: logistic EuroSCORE-I ≥20% (or EuroSCORE-II equiva-
lent) or Society of Thoracic Surgeons Predicted Risks of Mortality 
(STS PROM) score ≥10% or comorbidity judged by the Heart Team 
(consisting of at least one interventional cardiologist and one cardio-
vascular surgeon) to pose an absolute or relative contraindication for 
conventional aortic valve replacement, severe symptomatic calcific 
AS characterised by mean aortic gradient >40 mmHg or peak jet 
velocity >4.0 m/s or effective orifice area (EOA) of <1.0 cm2, and 
an annulus diameter by multislice computed tomography from 23 to 
26 mm for the size M (medium, 29 mm) prosthesis. Relevant medi-
cal exclusion criteria were congenital bicuspid or unicuspid valve, 
prosthetic mitral valve, extreme tortuosity of the aortic arch, tho-
racic or abdominal aortic aneurysm, presence of endovascular stent 
graft, left ventricular outflow tract obstruction such as hypertrophic 
obstructive cardiomyopathy or subject presenting with systolic ante-
rior motion of mitral valve leaflets, evidence of intracardiac mass, 
thrombus or vegetation, access vessel characteristics that would pre-
clude safe placement of an 18 Fr sheath, vessel characteristics that 
would preclude safe delivery of the BIOVALVE prosthesis to the 
ascending aorta, severe mitral regurgitation grade >3, severe mitral 
stenosis, severe left ventricular dysfunction with left ventricular 
ejection fraction <20%, planned percutaneous coronary interven-
tion during the same intervention, emergency surgery procedures 
within 30 days prior to the intervention, renal insufficiency (creati-
nine >2.5 mg/dl) or subject under dialysis and/or renal replacement 
therapy, evidence of acute myocardial infarction ≤30 days prior to 
procedure, ongoing sepsis or suspected active endocarditis.

The intervention should follow standard TAVI practice, and 
medical treatment was left to the discretion of the treating inves-
tigator. Clinical and echocardiographic follow-up has been sched-
uled at one, six and 12 months and annually thereafter up to five 
years, with telephone follow-up at three months. NIHSS (National 
Institute of Health Stroke Scale) assessment was required to detect 
potential neurological deficits.

The study is conducted according to the Declaration of Helsinki, 
ICH-GCP, and ISO 14155:2011, and approved by the respective insti-
tutional ethical committees. All patients provided written informed 
consent prior to any study procedure. Monitoring includes 100% 
source document verification. Echocardiographic analysis is per-
formed by an independent core laboratory (MedStar Cardiovascular 
Research Network, Washington Hospital Center, Washington, DC, 
USA), and the study is supervised by an independent data safety 
monitoring committee, consisting of a data safety monitoring board 
and a clinical events committee which will adjudicate all adverse 
events as well as VARC-1 and VARC-2 composites6,7.

STUDY DEVICE
The BIOVALVE system is intended to be implanted in patients with 
severe symptomatic calcified stenosis of the native aortic valve at 
high risk for surgical aortic valve replacement. It consists of three 
components, the prosthesis, the loading device and the delivery sys-
tem (Figure 1).
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The prosthetic valve is made from porcine pericardium and con-
sists of a skirt (constituting the sealing zone) and three leaflets 
sutured onto the stent frame in a trileaflet configuration. The pros-
thesis features a supra-annular valve design to allow a large effective 
orifice area. The expansion force of the prosthesis varies over the 
length of the stent and correlates with the length of the rhombi. The 
outflow has the longest cells, and has, therefore, the least amount of 
expansion force as it only orients the stent axially. The middle sec-
tion below the commissure has medium expansion force. The high-
est expansion force is where it is needed most, at the inflow end, 
where the stent struts appose to the vessel wall and, together with 
the attached tissue, provide adequate sealing. In brief, the high radial 
force at the inflow section in combination with the longitudinal flex-
ibility supports fast and correct anchoring of the prosthesis in the 
initial phase of the release, whereas the reduced resistance in the 
outflow section still provides some flexibility in the stent to follow 
the curvature of the ascending aorta. The wider outflow end of the 
stent is equipped with three eyelets arranged with a spacing of 120 
degrees. Eyelets firmly attach the prosthesis to the delivery system. 
The 18 Fr distal end of the delivery system is a moveable sheath that 
keeps the prosthesis in a crimped condition. A radiopaque marker 
ring is located close to the distal end of the capsule, and the catheter 
tip is radiopaque and atraumatic. The prosthesis is currently available 
in size M (medium, 29 mm) to accommodate annulus diameters of 
23 mm to 26 mm. Additional sizes are under development.

The BIOVALVE is designed for transfemoral access and implan-
tation is controlled through an ergonomic handle which provides 
direct response throughout the entire procedure. In the first step, the 
prosthesis is deployed up to the re-sheathing limit (approximately 
80% of full release) with a targeted implant depth of 6 mm below 
the annulus. At this point, sufficient valve function is given and 
positioning of the prosthesis can be calmly assessed. In case of sub-
optimal positioning, the prosthesis can be re-sheathed, repositioned 
and redeployed. Final release is initiated by pressing the safety but-
tons and releasing the prosthesis fully from the delivery system. 
The implantation of the BIOVALVE prosthesis and the re-sheathing 
mechanism are shown in Moving image 1 and Moving image 2.

ENDPOINTS AND DEFINITIONS
The primary endpoint is “early safety” at 30 days according to 
the Valve Academic Research Consortium-2 criteria (VARC-2)6, 
a composite of all-cause mortality, all stroke (disabling/non-disa-
bling), life-threatening bleeding, acute kidney injury stage 2 or 3 
(including renal replacement therapy), coronary artery obstruction 
requiring intervention, major vascular complication and valve-
related dysfunction requiring repeat procedure. Secondary end-
points at 30 days are “early safety” as per VARC-17, as well as 
life-threatening bleeding, acute kidney injury, coronary obstruction 
requiring intervention, major vascular complication, valve-related 
dysfunction requiring repeat procedure, periprocedural myocardial 
infarction, hospitalisation for valve-related symptoms or worsening 
of congestive heart failure as per VARC-2 criteria6.

In addition, NYHA Class III or IV, conduction disturbances and 
arrhythmias, device success per VARC-26, and echocardiographic 
parameters at discharge and 30 days (EOA, EOA Index, mean 
prosthetic valve gradient, prosthetic valve regurgitation) were 
evaluated. Severity of prosthetic valve regurgitation was graded 
on a seven-point scale (none, trace, mild, mild-moderate, moder-
ate, moderate to severe, severe) following a multi-window, multi-
parametric approach which included pressure half time, jet area 
ratio, jet diameter ratio, diastolic flow reversal and % of valve 
circumference8.

STATISTICAL ANALYSIS
Statistical analyses were performed based on available data for 
patients in whom the implant was attempted (intention-to-treat 
analysis). Patients not receiving a BIOVALVE were included in 
clinical, but excluded from echocardiographic follow-up.

Data are presented using descriptive statistical methods. For 
quantitative variables, mean values and standard deviation, as well 
as the 95% confidence interval (CI) for the mean, when relevant, 
are calculated. For qualitative variables, absolute and relative fre-
quencies are determined. A p-value of <0.05 was deemed to be sta-
tistically significant. All statistical analyses were carried out using 
SAS 9.3 (SAS Institute Inc., Cary, NC, USA).

Figure 1. BIOVALVE bioprosthesis system. A) BIOVALVE prosthesis; B) handle and tip of delivery system.
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Results
BASELINE CHARACTERISTICS
Baseline characteristics are detailed in Table 1. The mean age was 
83.3±6.3 years, all patients were in NYHA Class III and suffered 
from hypertension, and one quarter additionally suffered from cor-
onary artery disease, diabetes mellitus, and anaemia. The mean 
logistic EuroSCORE was 14.4±3.7% and the mean STS PROM 
score was 4.3±1.6%. The EOA was 0.7±0.2 cm², the mean gradient 
was 42.1±7.0 mmHg, and two patients (15.4%) had moderate total 
aortic regurgitation.

PROCEDURAL CHARACTERISTICS
Details of the implantation of the first patient enrolled in BIOVALVE-I 
are provided in Figure 2 and of the last patient enrolled in Figure 3 and 
Moving image 2. In two patients the implant was aborted because 

Table 1. Demographics and baseline characteristics.

n=13

Age, years 83.3±6.3 [79.5,87.1]

Body mass index, kg/m² 26.1±4.6

Female 8 (61.5%)

Diabetes mellitus 3 (23.1%)

COPD 2 (15.4%)

Current anaemia 3 (23.1)

Renal insufficiency 13 (100.0%)

Stage 1 (GFR: >90 ml/min/1.73m²) 1 (7.7%)

Stage 2 (GFR: 60-89 ml/min/1.73m²) 8 (61.5%)

Stage 3 (GFR: 30-59 ml/min/1.73m²) 4 (30.8%)

Current cancer 2 (15.4%)

Hypertension 13 (100.0%)

Hyperlipidaemia 3 (23.1%)

Coronary artery disease 3 (23.1%)

Prior coronary artery bypass graft 1 (7.7%)

Carotid disease 1 (7.7%)

Peripheral artery disease 2 (15.4%)

Cerebrovascular event* 2 (15.4%)

Porcelain aorta 0 (0.0%)

Pacemaker implant 1 (7.7%)

Logistic EuroSCORE-I, % 14.4±3.7 [12.1,16.6]

STS PROM score, % 4.3±1.6 [3.3,5.2]

NYHA class III 13 (100.0%)

ASA classification 2 1 (7.7%)

3 10 (76.9%)

4 2 (15.4%)

NIHSS score 0 12 (92.3%)

1-4 1 (7.7%)

Data are displayed as mean±SD [95% CI] or n (%). *One stroke, one 
transient ischaemic attack. ASA: American Society of Anesthesiologists; 
COPD: chronic obstructive pulmonary disease; LCA: left coronary artery; 
NIHSS: National Institute of Health Stroke Scale; NYHA: New York 
Heart Association; RCA: right coronary artery; STS PROM: Society of 
Thoracic Surgeons Predicted Risk of Mortality

Figure 2. First patient implanted with the BIOVALVE. Echo 
measurements: severe aortic valve calcification (including left 
ventricular outflow tract) with severely reduced mobility, peak and 
mean aortic gradient 104.1 and 67.9 mmHg, effective orifice area 
(EOA) 0.44 cm². CT measurements: distance RCA/LCA ostia 
13.6/11.7 mm. Annulus min/max diameter 20.7/25.8 mm, annulus 
diameter (area/perimeter derived) 23.5/24.0 mm. 30-day echo data: 
peak and mean aortic gradient 21.0 and 10.5 mmHg, EOA 1.41 cm², 
aortic regurgitation 1+.

intraprocedurally the anatomy was deemed unsuitable for implantation 
of a self-expanding valve (horizontal aorta). Both patients received 
a 26 mm balloon-expandable valve and had an uneventful postoper-
ative course except for the occurrence of left bundle branch blocks 
(LBBB), which was observed in one patient on the day of procedure 
and in another one at day two. In 11 patients (84.6%), the BIOVALVE 
was implanted. Of these, one patient had severe aortic insufficiency 
which could not be resolved after two post-dilatations. This patient 
was then successfully treated with a valve-in-valve implantation using 
a 26 mm balloon-expandable valve with good haemodynamic results 
and an uneventful postoperative course. Overall, re-sheathing was 
performed in five patients (38.5%) (single re-sheathing in two, more 

Figure 3. Access to coronary arteries after implantation of the 
BIOVALVE prosthesis. A) Right coronary artery. B) Left coronary 
artery.
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than one re-sheathing in three patients). When implanted, the prosthe-
sis could be placed at the targeted implant depth in all patients. Device 
success according to VARC-2 criteria was achieved in nine out of 13 
patients (69.3%) (two patients with aborted implant in which a bal-
loon-expandable valve was deemed more appropriate, one patient 
with valve-in-valve implantation and one patient with moderate aortic 
regurgitation at 30 days). Further procedural details are depicted in 
Table 2 and Table 3.

30-DAY FOLLOW-UP
Clinical follow-up was performed in all patients and echocardio-
graphic follow-up in eight patients. After BIOVALVE implan-
tation, NYHA class had improved in seven out of nine patients, 
was unchanged in one and worsened in one (Figure 4). The latter 

Table 2. Procedure details.

n=13

General anaesthesia 13 (100.0%)

Predilatation 13 (100.0%)

Deployment under rapid pacing 11 (84.6%)

Pacing rate deployment, bpm 153.5±31.3

Post-dilatation* 9 (81.8%)

Post-dilatation balloon diameter, mm² 23.4±1.4

Prosthesis embolisation 0 (0.0%)

Free coronary flow* 11 (100.0%)

Data are displayed as mean±SD or n/total number of patients (%). 
*Based on 11 valves implanted.

NYHA Class IV
NYHA Class III
NYHA Class II
NYHA Class I

100

80

60

40

20

0
Baseline 30 days

%

Figure 4. NYHA classification at baseline and 30 days. NYHA class 
improved in seven patients, remained unchanged in one and 
worsened in one patient with tachycardia-induced dyspnoea.

Table 3. Baseline and operative characteristics.

Patient #

Baseline No. of re-sheathings

Procedure/Discharge

Com
m

ents

EOA, cm
²

M
ean gradient, 

m
m

Hg

Annulus diam
eter 

by CT, m
m

M
in. annulus 

diam
eter by CT, m

m

M
ax. annulus 

diam
eter by CT, m

m

Aortic cusp 
calcification by CT

LVOT calcification 
by CT

Intended location

Post-dilatation

EOA, cm
²

EOA Index, cm
2/m

2

M
ean gradient, 

m
m

Hg

Peak velocity, 
m

/sec

Total aortic 
regurgitation

1 0.44 67.9 24.0 20.7 25.8 Moderate Severe 0 Yes Yes 1.47 0.9 4.7 1.73 Mild –

2 0.49 79.1 23.3 22.4 24.3 Severe None 1 Yes Yes 1.90 1.3 7.7 1.88 Mild-moderate –

3 0.60 56.5 24.7 22.3 27.1 Moderate None 2 – – – – – – – No implant

4 0.68 25.5 24.3 22.5 26.1 Moderate Mild 0 Yes Yes 1.86 1.0 6.6 1.65 Moderate –

5 0.77 21.7 26.0 24.8 27.1 Moderate None 2 Yes Yes 2.27 1.3 3.6 1.28 Trace –

6 0.81 34.9 24.1 19.4 27.5 Moderate None 0 Yes Yes 1.92 1.1 7.8 1.96 Mild –

7 0.62 36.7 23.0 20.5 26.0 Severe None 0 Yes Yes 1.88 1.2 3.5 1.40 Moderate –

8 1.01 36.8 23.7 21.3 25.4 Severe None 1 Yes No NAV NAV NAV NAV NAV –

9 0.68 24.4 25.2 22.6 27.0 Moderate None 0 Yes No 1.74 NAV 9.4 2.09 Trace –

10 0.58 45.3 23.2 19.3 25.7 Severe None 0 Yes Yes 1.68 NAV 5.5 1.53 Moderate –

11 0.69 32.2 24.8 22.0 28.8 Mild None 2 – – – – – – – No implant

12 NAV 40.8 24.4 21.5 26.7 Severe None 0 Yes Yes – – – – – Valve-in-valve

13 NAV NAV 25.3 23.9 26.2 Severe None 0 Yes Yes 2.01 NAV NAV NAV NAV –

CT data were assessed by 3mensio software. Echocardiographic data were assessed by an independent echo core laboratory. If procedural data were not available, discharge dates were used. 
CT: computed tomography; EOA: effective orifice area; LVOT: left ventricular outflow tract; NAV: not available yet

patient was hospitalised for recurrent dyspnoea. The echocardio-
graphic assessment showed good results of the implanted valve. 
Most likely, the dyspnoea was tachycardia-induced with pre-
existing atrial fibrillation. The NIHSS score was assessed in nine 
patients and remained unchanged compared to baseline (only one 
patient with a score above 0). The mean EOA improved from 
0.6±0.3 cm² to 1.8±0.3 cm², p<0.001, and the mean aortic gradi-
ent from 42.1±17.0 mmHg to 6.7±2.3 mmHg, p<0.001 (Table 4, 
Figure 5). One patient had a moderate paravalvular leak at 30 days 
and no central leakage was observed.

The VARC-2 early safety composite was observed in two 
patients (15.4%) (one life-threatening bleeding and one valve-in-
valve procedure). No death, stroke, myocardial infarction, major 
vascular complication, coronary obstruction requiring intervention, 
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Table 5. Clinical outcomes at 30 days. 

n=13
Early safety events VARC-2* 2 (15.4%)

Early safety events VARC-1¶ 2 (15.4%)

Death 0 (0.0%)

Stroke, minor and major 0 (0.0%)

Transient ischaemic attack 0 (0.0%)

Myocardial infarction 0 (0.0%)

Acute kidney injury 0 (0.0%)

Coronary obstruction requiring interv. 0 (0.0%)

Major vascular complication 0 (0.0%)

Life-threatening bleeding 1 (7.7%)

Hospitalisation for valve-related symptoms or 
congestive heart failure 1 (7.7%)

Valve-related dysfunction requiring repeat procedure 1 (7.7%)

Pacemaker implant 3 (23.1%)

Data are displayed as n (%). *VARC-2: composite of all-cause mortality, 
all stroke (disabling and non-disabling), life-threatening bleeding, acute 
kidney injury stage 2 or 3 (including renal replacement therapy), 
coronary obstruction requiring intervention, major vascular complication, 
valve-related dysfunction requiring repeat procedure. 
¶VARC-1: composite of all-cause mortality, major stroke, life-threatening 
bleeding, acute kidney injury stage 3, periprocedural myocardial 
infarction, major vascular complications and repeat procedure for 
valve-related dysfunction. VARC: Valve Academic Research Consortium

acute kidney injury, prosthetic valve endocarditis, or prosthetic 
valve thrombosis occurred. However, there was one life-threaten-
ing bleeding and one hospitalisation for congestive heart failure 
(Table 5). Five patients (38.5%) experienced an LBBB, and three 
(23.1%) pacemakers were implanted, one due to an AV block III 
after predilatation but before valve implantation, one due to an AV 
block III after post-dilatation, and one due to an LBBB and AV 
block I one day post intervention.

Discussion
The BIOVALVE-I study provided proof of concept and showed that 
transcatheter aortic heart valve implantation using the BIOVALVE 
system is feasible and safe.
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■ 0
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Figure 5. Echocardiographic parameters from baseline to 30 days. A) Mean gradient and EOA. B) Total aortic regurgitation according to 
4-point scale. EOA: effective orifice area

Table 4. Echocardiographic parameters per core laboratory 
assessment. 

Baseline 
n=13

Discharge 
n=10

30-day 
n=8

Effective orifice area, cm² 0.6±0.2 1.9±0.3 1.8±0.3

Effective orifice area index, cm²/m² 0.4±0.1 1.1±0.2 1.1±0.2

Peak aortic gradient, mmHg 63.6±22.6 12.1±4.9 12.8±5.0

Mean aortic gradient, mmHg 42.1±17.0 6.6±2.6 6.7±2.3

LVEF, % 56.0±9.5 64.9±5.4 58.1±10.5

Total AR* None (0) 0 (0.0%) 0 (0.0%) 1 (12.5%)

Trivial/Trace (0) 1 (8.3%) 2 (20.0%) 0 (0.0%)

Mild (1+) 8 (66.7%) 3 (30.0%) 4 (50.0%)

Mild to moderate (1+) 1 (8.3%) 2 (20.0%) 2 (25.0%)

Moderate (2+) 2 (16.7%) 2 (20.0%) 1 (12.5%)

Moderate to severe (3+) 0 (0.0%) 1 (10.0%) 0 (0.0%)

Severe (4+) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Paravalvular AR NA

None (0) 0 (0.0%) 1 (12.5%)

Trivial/Trace (0) 2 (20.0%) 0 (0.0%)

Mild (1+) 3 (30.0%) 4 (50.0%)

Mild to moderate (1+) 2 (20.0%) 2 (25.0%)

Moderate (2+) 2 (20.0%) 1 (12.5%)

Moderate to severe (3+) 1 (10.0%) 0 (0.0%)

Severe (4+) 0 (0.0%) 0 (0.0%)

Data are displayed as mean±SD or n (%). *Data of one patient not evaluable for total 
aortic regurgitation at baseline. AR: aortic regurgitation

While the mean logistic EuroSCORE of 14.4±3.7% and the 
mean STS PROM score of 4.3±1.6% are rather indicative for an 
intermediate to high-risk population, based on comorbidities the 
Heart Team judged each patient as high risk. The average age was 
83.3±6.3 years, all patients were in NYHA Class III, all but one 
patient had chronic kidney disease stage 2 or 3, and three quar-
ters of patients were classified in ASA class 3 (severe systemic 
disease).

In two patients it was recognised during the procedure that the 
implantation of a self-expanding valve might not lead to an opti-
mal result. Both patients had a horizontal aorta (one with addition-
ally short aorta ascendens and narrow aortic arch). Despite several 
implantation attempts, the stent could not be anchored in a coaxial 
position in relation to the horizontal aortic anatomy due to intense 
flaring of the inflow portion of the frame. Since complete re-sheathing 
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allows for safe and easy removal, it was decided to treat the patient 
with a balloon-expandable valve instead. The BIOVALVE was 
successfully retrieved in both cases without any complications, 
and both patients were treated with a balloon-expandable valve.

Overall, re-sheathing was performed in five patients and facili-
tated repositioning and placement of the prosthesis. Notably, since 
BIOVALVE-I is a first-in-human experience, it was tempting to use 
the re-sheathing function to ensure an optimal position. Thereby, the 
number of patients with re-sheathing is within the range reported 
for other first-in-human series such as that of Willson et al10 with 
re-sheathing being done in four out of 10 patients. In our series, 
re-sheathing and repositioning did not lead to stroke or any other 
embolic complication. Also, for this phase of the trial, it was rec-
ommended to use fast pacing to place the prosthesis. In two patients 
the implantation was performed without fast pacing, showing that 
this is a feasible option.

Post-dilatation was performed in nine cases in an attempt to opti-
mise the outcome, and provided improvement in aortic valve com-
petency in all but two cases. In one patient, intraoperative severe 
paravalvular aortic regurgitation could not be resolved after post-
dilatation. The underlying cause could not be fully explained. The 
prosthesis was placed at the intended position but potentially heavy 
eccentric calcification in combination with an oval annulus might 
have influenced the outcome. The patient was successfully treated 
with a 26 mm balloon-expandable valve within the BIOVALVE 
with good haemodynamic results and an uneventful follow-up.

30-DAY FOLLOW-UP
Echocardiographic parameters showed a large EOA of 1.8±0.3 cm², 
an EOA Index of 1.1±0.2 cm²/m², and a low mean gradient of 
6.7±2.3 mmHg. Moderate paravalvular leak at 30 days was observed 
in one patient. While the rate of moderate regurgitation is within the 
range of the CoreValve prosthesis9-12, it is scientifically proven that 
any moderate paravalvular leak should be avoided12,13. Hereby, it 
is worth mentioning that we observed an improvement of regurgi-
tation from discharge to 30 days in three patients which could be 
explained by the mechanical properties of the nitinol stent.

Three pacemakers were implanted (23.1%), including one due to 
an AV block which occurred before valve placement. While a lower 
rate of pacemakers and LBBB would have been desirable, the val-
ues are still within the range of self-expanding prostheses11,12,14,15. 
It remains to be seen if the implant depth influences the rate of 
conduction disturbances leading to pacemaker implantation as 
observed in other series9,12,14,15.

To summarise, an inherent limitation for a first-in-human study 
is the small sample size, which allows determination of feasibility 
and assessment of safety, but hampers comparison with outcomes 
from other studies. So far, limited conclusions on the performance 
of the device and on the specific claims of the device can be drawn. 
Certainly, re-sheathing has proven to be functional. The device is 
easy to handle and valve implantation provides a good level of con-
trol, but it does not seem suitable for all aortic anatomies. While 
the rate of paravalvular leakage is slightly higher than expected and 

requires further investigation in a larger patient population, it is, as 
detailed above, still within the range of other self-expanding valves.

Nevertheless, it is encouraging that: (a) no death and no stroke 
occurred; (b) the values and complication rates are within the range 
or even lower than the pooled estimates of VARC-related event 
rates established by Genereux et al16, as well as those of other pub-
lished studies with self-expanding valves9-12; (c) no vascular com-
plication occurred despite the use of an 18 Fr sheath; and (d) no 
acute kidney injury occurred despite the high incidence of renal 
insufficiency at baseline.

Conclusion
In this first-in-human study, the feasibility and safety of the 
BIOVALVE system could be demonstrated. Valve implantation 
provides a good level of control including loading and re-sheathing 
functionality. Low complication rates at 30 days were observed. 
Assessments in a larger patient population with longer follow-up 
will be needed to demonstrate further the usefulness and perfor-
mance of the device.

Impact on daily practice
The BIOVALVE-I study presents the safety and performance 
outcomes of a novel self-expanding transcatheter aortic heart 
valve with special features such as ease of use and re-sheathing 
functionality. Proof of concept has been provided with low com-
plication rates at 30-day follow-up.
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