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Symptomatic severe aortic stenosis occurs in 2–4% of people aged over 65 years, 
with calcific degeneration being the predominant etiology in the developed world. 
Surgical valve replacement has been and remains the gold-standard treatment 
modality, yet a significant number of high-risk individuals are denied or refuse this 
potentially life-saving treatment. Transcatheter aortic valve replacement has proven 
efficacy in this high-risk cohort. Current-generation transcatheter aortic valve 
replacement devices, however, have significant limitations. The Lotus transcatheter 
device represents an evolution of this technology that allows full resheathing, 
repositioning and retrieval, which together with features designed to minimize 
para-prosthetic regurgitation address a number of the limitations of first-generation 
devices.
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Background
Aortic stenosis due to calcific degeneration 
occurs with a prevalence of 2–4% among 
people over 65 years. While surgical aortic 
valve replacement remains the gold-standard 
treatment, a significant number of patients 
decline or are denied surgery due to actual 
or perceived risks [1]. Transcatheter aortic 
valve replacement (TAVR) is an accepted 
treatment alternative in appropriately 
selected high-risk patients [2] and nonsurgical 
candidates [3].

Second-generation TAVR devices have 
been developed with design features aimed 
to overcome some of the limitations observed 
with first-generation devices. The Lotus pros-
thesis utilizes a unique method of deploy-
ment, which together with other device 
features aims to improve procedural safety 
and efficacy. The device demonstrates early 
function following implantation, and is fully 
repositionable, resheathable and retrievable. 
The clinical efficacy and safety of the Lotus 
device has been assessed in the REPRISE 
clinical trial program.

Current devices & limitations
An increasing number of TAVR devices are 
entering trial and clinical practice. The major-
ity of worldwide experience, however, remains 
with the Sapien (Edwards Lifesciences, CA, 
USA) and CoreValve (Medtronic, MN, USA) 
devices. Both devices have proven efficacy 
and safety in high- and extreme-risk patients 
but a number of limitations remain [4].

Second-generation devices have been 
designed to overcome some of these limita-
tions. The Portico (St Jude Medical, MN, 
USA) and Direct Flow (Direct Flow Medi-
cal Inc., CA, USA) have received approval 
(CE mark) for clinical use in Europe while a 
number of others remain in trial phase.

Positioning
Achieving an optimal deployment posi-
tion is imperative, as it has been shown to 
correlate with outcomes such as degree of 
para-prosthetic aortic regurgitation (PAR) 
and pacing requirement. First-generation 
devices, however, are not truly repositionable 
or recapturable.
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Slight repositioning of the CoreValve is possible via 
indirect tension on the delivery catheter, although this 
increases the risk of inadvertent device migration or 
embolization. Once the balloon expandable, Sapien 
valve is deployed it cannot be further maneuvered per-
cutaneously. Accurate positioning is, therefore, reliant 
on initial placement and the use of rapid ventricular 
pacing during deployment to maximize device stability.

The Portico device is retrievable to the point of 
device functionality although it remains incompletely 
expanded in the outflow portion. The Direct Flow 
prosthesis can be fully expanded into its final posi-
tion prior to exchange of the pressurized saline for the 
permanent polymer. This affords the ability to assess 
the functioning device and reposition or remove the 
prosthesis if required.

Para-PAR
PAR following TAVR with current-generation devices 
correlates with morbidity and mortality [2]. PAR results 
from a number of factors. First, placement of circular 
TAVR devices within noncircular native annuli often 
results in residual paravalve interstices [5,6]. Further to 
this, the presence of eccentric or protuberant calcifica-
tion at the level of the annulus or sub-annular level can 
prohibit complete sealing.

Efforts to reduce PAR with first-generation devices 
focused on oversizing the prosthesis in order to create 
better apposition between valve frame and annulus cir-
cumferentially. This practice, however, may increase 
the risk of annular injury/rupture, the need for pacing, 
sinus obliteration and coronary occlusion [7,8]. Second-
generation devices utilize features such as sealing skirts 
or more precise placement to overcome PAR.

Conduction disturbance
Reported rates of requirement for pacing following 
TAVR vary between studies and between device types. 
Contemporary pacing rates are generally declining 
although rates following CoreValve implantation are 
still reported at 10–25% [9–11] and following Sapien at 
4–8% [11–13]. The reduction in pacing requirement has 
been driven by improved device positioning, avoidance 
of excessive oversizing and higher operator thresholds 
for pacemaker implantation [9,10,14].

Stroke & transient ischemic attacks
The reported rates of new neurological events have 
declined [2,15]. This has been variably attributed to 
improved operator technique, selective avoidance of 
procedural steps (e.g., predilatation and postdilation) 
and lower profile devices [16].

Despite this, contemporary MRI studies have 
demonstrated very high rates of subclinical cerebral 

lesions [17,18]. Studies investigating the efficacy of 
embolic protection devices have likewise shown high 
rates of MRI detected lesions, although with a sugges-
tion that the volume of such lesions may be reduced 
[19]. This has not yet translated to a proven reduction 
in clinical neurological events.

With the advent of repositionable and resheath-
able devices concerns have/were raised that increased 
manipulation of the device in the annulus may result 
in higher rates of stroke. To date, this has not been 
demonstrated in reported clinical trials. It is possible 
that nontraumatic resheathing mechanisms may actu-
ally result in less debris embolization than gross trac-
tion, which is often applied to first-generation devices 
in an attempt to repositioning.

Lotus transcatheter valve design
The Lotus transcatheter prosthesis is a novel device 
with a number of features designed to improve ease of 
use, efficacy and safety (Figure 1).

Frame
The frame of the prosthesis is braided from a single 
nitinol wire, the ends of which are joined by a radio-
opaque, tantalum marker. The tantalum marker is 
positioned at the mid-frame height and acts as a fluo-
roscopic aid for accurate valve positioning. The orien-
tation of the tantalum marker also assists the opera-
tor in understanding delivery catheter orientation and 
thus allowing the operator to maneuver the catheter if 
necessary when dealing with tortuous anatomy.

Leaflets
Three bovine pericardial leaflets are hand-sewn onto 
the valve frame. The leaflets are positioned within the 
inflow portion of the frame to achieve a true annular 
position once deployed.

Adaptive seal
A blended polymer membrane surrounds the lower half 
of the Lotus device. As the device shortens and radially 
expands this membrane concertinas and occupies any 
small interstices that may remain between the annulus 
and the frame that could result in PAR.

Delivery catheter & premounted valve
The Lotus prosthesis is pre-mounted on the Convex 
Catheter™, which reduces device preparation time 
in the catheterization laboratory (Figure 2). The cath-
eter is preshaped and has a lubricious coating, which 
together allow steerable passage through peripheral 
tortuosity and across the aortic arch. The preshaped 
catheter also aids coaxial positioning of the device in 
the aortic flow plane. On unsheathing, the valve func-
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tions immediately, thus reducing the likelihood of 
hemodynamic instability. Rapid pacing is not required.

The 23-mm Lotus system is compatible with an 18-Fr 
proprietary femoral sheath while the 27-mm Lotus sys-
tem requires a 20-Fr proprietary femoral sheath. At 
present, due to the pre-shaped Convex Catheter, the 
device is only deployed from the femoral route.

Locking mechanism
The Lotus prosthesis is neither balloon nor self-
expanding but utilizes a unique controlled mechanical 
expansion mechanism. Counterclockwise rotation of 
the Lotus controller results in shortening of the pros-
thesis along three mandrels, which are spaced evenly 
around the frame. This brings the ventricular and 
aortic portions of the locking mechanism together. As 
the frame shortens from its constrained form to the 
final height of 19 mm, it radially expands to its final 
diameter of 23 or 27 mm (Figure 3).

The device is fully repositionable, resheathable and 
retrievable even from the fully expanded and locked 
position. This allows complete assessment of the 
expanded device by fluoroscopy, angiography and/or 
echocardiography prior to final release.

REPRISE trials
The clinical efficacy and safety of the Lotus device is 
currently being investigated in the REPRISE clinical 
trial program [20].

REPRISE I
REPRISE I, a first-in-man feasibility trial, enrolled 
11 patients at three Australian centers. The primary 
end point was clinical procedural success at discharge 
or 7 days, defined as successful device implantation 
without in-hospital major cardiovascular or cere-
brovascular events using Valve Academic Research 
Consortium definitions [21].

Figure 1. The Lotus transcatheter prosthesis with its unique design features.
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The results of REPRISE I through 1-year postpro-
cedure were recently published [20]. All patients were 
female and received a 23-mm device. The mean Soci-
ety of Thoracic Surgeons score was 4.9 ± 2.5 and mean 
logistic EuroSCORE 9.5 ± 4.4. All patients were deemed 
to be high risk by institutional Heart Teams.

The primary end point was met in nine of 11 patients 
(81.8%) at discharge. One patient suffered a major 
stroke and one patient had a mean trans-prosthesis 
gradient of 22 mmHg, which while functioning nor-
mally with a valve area of 1.6 cm2 was above the speci-
fied Valve Academic Research Consortium threshold of 
20 mmHg for device success.

There were very low rates of PAR with only two cases 
deemed mild, one trivial and the remainder none. Four 
patients (36.4%) required implantation of a permanent 
pacemaker. There was a reduction in mean aortic gradi-

ent from 53.9 ± 20.9 to 13.7 ± 3.7 mmHg at discharge 
and an increase in aortic valve area from 0.68 ± 0.19 to 
1.53 ± 0.18 cm2.

All patients were alive at 12 months with no additional 
strokes. The observed changes in mean aortic gradient 
and aortic valve area at discharge were sustained.

REPRISE II & REPRISE II Extension
The REPRISE II CE mark trial enrolled 120 patients 
at Australian and European centers. It was a single-
arm study with similar inclusion criteria to REPRISE I 
but with the addition of a 27-mm device. The primary 
performance end point was mean aortic pressure gradi-
ent at 30 days and the primary safety end point was 
all-cause mortality at 30 days.

The primary end point results were presented at 
Transcatheter Cardiovascular Therapeutics 2013. More 

Figure 2. The premounted Lotus transcatheter aortic valve prosthesis. (A) The Lotus transcatheter prosthesis 
is premounted on the Convex Catheter™, saving device preparation time. (B) Controlled mechanical expansion 
is achieved by counterclockwise rotation of the Lotus controller. Clockwise rotation allows resheathing, 
repositioning or retrieval. The safety collar protects the release ring and prevents premature release.
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than half (56.7%) of participants were female. The 
mean Society of Thoracic Surgeons score was 7.1 ± 4.6 
and mean EuroSCORE II 6.9 ± 5.8. These risk scores 
are in keeping with those in the recently published Cor-
eValve IDE trial [22] and many contemporary registries. 
To ensure that subjects were at high surgical risk, how-
ever, a number of frailty indices including gait speed, 
handgrip strength, Charlson Index and Katz Index 
were collected.

The performance end point was met with a reduction 
in mean gradient from 46.4 ± 15.0 to 11.5 ± 5.2 mmHg 
(p < 0.001 compared with a performance goal of 
18.0 mmHg) and an increase in aortic valve area from 
0.7 ± 0.2 cm2 to 1.7 ± 0.4 cm2. There were five (4.2%) 
deaths at 30 days and two (1.7%) disabling strokes.

Permanent pacemaker implantation was required in 
34 patients (28.6%) with approximately half of these 

cases occurring in the setting of significant oversizing 
[23]. Of 103 echocardiograms performed at 30 days, 
96 were evaluable for PAR. None of the patients had 
severe PAR, 1% had moderate, 16% had mild, 5% 
had trivial and 78% had no PAR as adjudicated by an 
independent core laboratory.

The REPRISE II trial included an evaluation of the 
device by the implanting investigators. The investi-
gators considered the major advantages of the Lotus 
prosthesis, as demonstrated in the REPRISE trials, to 
be early valve function during the implantation pro-
cess and very low PAR rates. The investigators attrib-
uted the latter to the ability to accurately position and 
reposition the device as well as the influence of the 
adaptive seal.

The REPRISE II Extension study is ongoing with 
plans to extend the REPRISE II cohort by 130 patients.

Figure 3. During controlled mechanical expansion the Lotus device shortens from approximately 70 mm to its 
final height of 19 mm as it radially expands to it’s final diameter of 23 or 27 mm.
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REPRISE III
REPRISE III is a planned global randomized pivotal 
study that will compare the Lotus device to a con-
temporary competitor device. Enrollment is planned 
to commence in 2014, and will also include a 25-mm 
diameter valve.

Respond
The Lotus device obtained CE mark in October 2013 
and the first commercial device was implanted in 
November 2013. Real-world safety and efficacy data 
will be collected in the post-market RESPOND study, 
which will also include a 25-mm diameter valve and is 
expected to commence in 2014.

Procedural details
Preprocedural anatomical assessment is critical to effi-
cacious and safe valve deployment. Patients undergo 
echocardiographic, angiographic and multidetector 
computed tomographic assessment to determine ana-
tomical suitability while institutional Heart Teams and 
an independent clinical review committee adjudicate 
clinical suitability.

A description of the Lotus transcatheter valve system 
has previously been published [24]. The Lotus trans-
catheter device is deployed via the femoral access route. 
The 23-mm device is delivered via an 18-Fr proprietary 
Lotus introducer while the 27-mm device requires a 
20-Fr Lotus introducer.

In the REPRISE I and REPRISE II trials, an initial 
balloon valvuloplasty was performed, although this is 
not mandated in commercial use. The preshaped Con-
vex Catheter delivery system is used to steer through 
any peripheral tortuosity and across the aortic arch. At 
this point the catheter shape allows coaxial positioning 
of the device in the aortic flow plane. The prosthesis is 
gradually deployed by counterclockwise rotation of the 
Lotus controller. This results in shortening and radial 
expansion of the prosthesis. The mid-frame height tan-
talum marker is used to guide positioning during this 
deployment phase (Figure 4).

The unique locking mechanism of the Lotus device 
facilitates partial or complete resheathing and hence 
repositioning or retrieval. The prosthesis can, therefore, 
be assessed for anatomical and functional integrity while 
in the fully expanded position and any fine adjustments 

Figure 4. An example of the typical deployment steps as seen fluoroscopically. (A) The delivery catheter 
is positioned across the aortic valve following initial balloon valvuloplasty. (B) The device is unsheathed by 
counterclockwise rotation of the Lotus controller. (C) The device is unsheathed until the mid-frame Tantalum 
marker reaches the mid-leaflet position. (D) The locking posts on the inflow portion of the valve come together 
with the locking buckles on the outflow portion of the valve. Even in this locked position the valve is fully 
resheathable. (E) The valve is released from the delivery catheter. (F) The nose cone is recaptured and the delivery 
system removed.
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made prior to final release. If the position needs to be 
altered, simple clockwise rotation of the Lotus controller 
results in partial or full resheathing, at which point the 
position can be optimized or the device removed.

Alternative devices
The Lotus device enters the commercial market in 
Europe at a time when other second generation devices 
have also become available along with the existing first 
generation CoreValve and Sapien prostheses (Table 1).

How the Lotus device fits in contemporary 
practice
The Lotus 23- and 27-mm devices are currently CE 
mark-approved for use in Europe. The Lotus device is 
not approved for clinical use in the USA although the 
planned REPRISE III IDE trial will enroll at centers in 
the USA with the aim of obtaining US FDA approval.

Conclusion
The Lotus prosthesis is a second-generation fully 
resheathable, repositionable and retrievable TAVR 
device. Through the REPRISE suite of trials it has 
proven to have very high rates of device and procedural 
success with an excellent safety and efficacy profile. A 
modest pacing rate may be reduced with the advent of 
further device sizes negating the degree of oversizing. 
The near absence of significant PAR, in the reported 
trials to date, suggests that this previous Achilles heel of 
TAVR may have been overcome.

Future perspective
TAVR is currently limited to treatment of high and 
extreme surgical risk populations. The extrapola-
tion of current generation TAVR devices to lower 
risk cohorts has been limited by modest yet signifi-
cant complication rates. The Lotus valve represents 
a next-generation device that may overcome some of 
these obstacles through its ability to be fully reposi-
tioned and retrieved in order to achieve ideal posi-
tioning and to allow function interrogation prior to 
release. This together with design features such as 
the adaptive seal, which has proven in the REPRISE 
suit of trials to contribute to very low rates of signifi-
cant PAR, may result in improved outcomes and the 
extrapolation of TAVR into a broader population.
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Table 1. Comparison of Lotus with US FDA/CE mark transcatheter aortic valve replacement devices.

Approval Frame Leaflets Sheath 
size (Fr)

Prosthesis 
size (mm)

Annulus 
size (mm)

Mechanism of 
deployment

Access site Ref.

Medtronic 
CoreValve

US FDA
CE mark

Nitinol Porcine 
Pericardium

18 23
26
29
31

18–20
20–23
23–27
26–29

Self-expanding Femoral
Subclavian
Direct aortic

[25]

Edwards 
Sapien XT

FDA
CE mark

CoCr Bovine 
Pericardium

16†

18†

20†

23
26
29

18–22
21–25
24–27

Balloon expandable Femoral
Apical
Direct aortic

[26]

Direct Flow 
Medical Inc. 
TAV System

CE mark Dacron 
Polymer

Bovine 
Pericardium

18 25
27
29

21–24
24–26
26–28

Pressurized 
inflation of inflow 
and outflow rings

Femoral [27]

St Jude 
Medical 
Portico

CE mark Nitinol Bovine 
Pericardium

18 23
25

19–21
21–23

Self-expanding Femoral [28]

Boston 
Scientific 
LOTUS

CE mark Nitinol Bovine 
Pericardium

18
20

23
25‡

27

19–23
23–27

Mechanically 
expanded

Femoral [20]

†

‡
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Executive summary

Background
Transcatheter aortic valve replacement (TAVR) is an acceptable treatment modality in high- and extreme-risk 
patients.
The Lotus TAVR prosthesis is a new-generation device that has CE mark in Europe.

Current devices & limitations
First-generation devices have modest yet significant complication rates.
Para-prosthetic regurgitation is associated with increased morbidity and mortality.
Pacing requirement varies between 3 and approximately 25% in contemporary studies.
Stroke rates are declining and to date have not been shown to be significantly higher with repositionable 
devices.

Lotus transcatheter valve design
The first fully resheathable, repositionable and retrievable TAVR prosthesis.
Utilizes a unique mechanical expansion and locking mechanism.
Nitinol frame and bovine pericardial leaflets.
Adaptive seal surrounds the inflow portion of the valve frame and is designed to reduce para-prosthetic aortic 
regurgitation.

Clinical efficacy
The REPRISE suite of trials have shown high procedural and device success.
Near absence of significant para-prosthetic aortic regurgitation.

Procedural details
The 23-mm device is delivered through an 18-Fr sheath and the 27-mm device through a 20-Fr sheath.
A 25-mm device is planned for release in the second quarter of 2014.
The device is currently only indicated for transfemoral delivery.

Alternative devices
The Medtronic CoreValve Revalving System, Edwards Sapien, Direct Flow Medical and St Jude Medical Portico 
TAVR devices have obtained CE Mark approval in Europe.
The Edwards Sapien and Medtronic CoreValve devices have US FDA approval.

Conclusion
The Lotus prosthesis is a fully resheathable, repositionable and retrievable TAVR device.
The Lotus has demonstrated excellent efficacy and safety in the REPRISE suite of trials.
Modest pacing rates may be reduced as more device sizes become available, reducing the degree of oversizing.
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