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Global TAVR Opportunity Could Exceed $5B in 2021  

9

Observations
For Severe, Symptomatic AS Patients

• Age plays a significant role in the 
diagnosis and treatment of aortic 
stenosis

• Additional risk factors not captured 
in STS score become more important 
with patient age

• A safe interventional procedure has 
the potential to lift treatment rates in 
older age group

(1) Nkomo 2006, Iivanainen 1996, Aronow 1991, Bach 2007, Freed 2010, Iung 2007, Pellikka 2005, Brown 2008, Thourani 2015, internal estimates.

 -

 2,000

 4,000

 6,000

 8,000

 10,000

 12,000

 14,000

50 55 60 65 70 75 80 85 90 95 100

SAVR

TAVR

Untreated (estimated)

Age

Pa
tie

nt
s

2015 Severe Symptomatic 
AS Patients in the U.S.1

9/16/16



Avant le TAVI…

Mini-invasive 
Transradial Balloon 

Aortic Valvuloplasty: 
to SOFTLY and beyond

Simone Biscaglia
Medical Sciences Dpt, Ferrara University



Mini-invasive Transradial BAV

Radial 
Access

No PM

No access site
No PM

Complications

C Tumscitz, G Campo, M Tebaldi, F Gallo, L Pirani, S Biscaglia JACC CI 2017



Mini-invasive Transradial BAV

Radial 
Access

No PM

Early mobilization
Repeated

procedures
DH procedure?

C Tumscitz, G Campo, M Tebaldi, F Gallo, L Pirani, S Biscaglia JACC CI 2017



Mini-invasive Transradial BAV
6F sheath in right radial artery

Double radial 6F access

C Tumscitz, G Campo, M Tebaldi, F Gallo, L Pirani, S Biscaglia JACC CI 2017



Pigtail on the aortic valve plane

Mini-invasive Transradial BAV

AL1 or JR4 on the aortic valvular
plane (controlateral access)

Straight guidewire though the 
orifice

Second pigtail in left ventricle Superstiff shaping to avoid LV 
perforation

C Tumscitz, G Campo, M Tebaldi, F Gallo, L Pirani, S Biscaglia JACC CI 2017



C Tumscitz, G Campo, M Tebaldi, F Gallo, L Pirani, S Biscaglia JACC CI 2017

Mini-invasive Transradial BAV
Sheath exchange 6Fà9F

Subcutaneous needle positive lead Superstiff negative needle

Leads connection to temporary PM



What could be next?
Patient with BAV indication

1:1 randomization

Mini-invasive Transradial BAV Conventional Transfemoral BAV

• Primary Outcome: 1-month serious
adverse events rate

• Safety endpoint: Transradial balloon aortic
valvuloplasty major complications rate



INDICATIONS DE DEMAIN

Five-Year Outcomes From the All-Comers 
Nordic Aortic Valve Intervention Randomized 

Clinical Trial in Patients with Severe Aortic 
Valve Stenosis

H. Gustav Hørsted Thyregod, MD, PhD
Department of Cardiothoracic Surgery

Copenhagen University Hospital, Denmark

On behalf of the NOTION Investigators



Nordic Aortic Valve Intervention (NOTION) Trial

Objective: To compare TAVR vs. SAVR in patients ≥ 70 years eligible for surgery 
(all-comers population/consecutive recruitment)

Primary outcome: Composite rate of all-cause mortality, stroke or myocardial infarction
at 1 year (VARC II-defined)

Secondary 
outcomes:

Safety and efficacy (NYHA), echocardiographic outcomes (VARC II-
defined)

Design: Prospective, multicenter, non-blinded, randomized trial

Enrollment period: December 2009 - April 2013



Baseline Characteristics
Characteristic, % or mean � SD TAVR

n=145
SAVR
n=135 p-value

Age (yrs) 79.2 � 4.9 79.0 � 4.7 0.71
Male 53.8 52.6 0.84
STS score 2.9 � 1.6 3.1 � 1.7 0.30
STS score < 4% 83.4 80.0 0.46
Logistic EuroSCORE I 8.4 � 4.0 8.9 � 5.5 0.38
NYHA class III or IV 48.6 45.5 0.61



All-Cause Mortality, Stroke, or MI:
STS<4%



Aortic Valve Performance



Association of New Pacemaker with Mortality for TAVR



All-Cause Mortality at 30 Days
Edwards SAPIEN Valves (As Treated Patients) 

175 344 240 271 282 583 491 1072 947

SAPIEN SXT SAPIEN 3

PARTNER I and II Trials
Overall and TF Patients



Indications des valves mécaniques  ?



Résultats si on remplace le redux par 
TAVI « V in V » ?Brennan et al  Aortic Prostheses in an Elderly Cohort  1649

congestive heart failure, and endocarditis, our analyses focused on 
estimating the actual probability of the event (ie, the probability that 
it would occur before a patient died), whereas analyses of aortic valve 
repair or replacement focused on estimating the probability of valve 
failure in a death-free environment.20,21

The cumulative incidence of adverse events is reported at 12 years 
in the primary text of this article; however, the cumulative incidence 
for each end point is reported annually through 15 years of follow-
up in Table II in the online-only Data Supplement to facilitate com-
parisons with other available studies. HRs represent data from the full 
follow-up interval.

Analysis of Missing Data
Missing data in the baseline characteristics (used for adjusted analy-
ses) were handled by multiple imputations under the assumption of 
being missing at random. The multiple imputation procedure was per-
formed with R software (www.R-project.org) with the add-on library 
package Multivariate Imputation by Chained Equations (MICE). This 
package generates multiple imputations for incomplete multivariate 
data by Gibbs sampling.22 Imputation was performed separately for 
each calendar year with the covariates from the propensity model plus 
valve type and preoperative use of digitalis, diuretic, or β-blocker. 
Ten complete imputed data sets were created. The standard analyses, 
including the baseline characteristic summary statistics and the risk-
adjusted analyses (described in Statistical Analysis), were performed 
separately for each of the completed datasets. The 10 sets of results 
were then combined by the method proposed by Rubin.23

Subgroup Analyses
Prospectively derived subgroups were identified with STS data files 
and included age (65–69, 70–74, and 75–80 years), sex, preoperative 
left ventricular ejection fraction (<50% or ≥50%), and preoperative 
renal function. Consistent with STS ACSD data definitions, renal 
failure was defined as a serum creatinine level >2.0 mg/dL or need 
for dialysis. The inverse probability-weighting Cox model was 

applied within each stratum of these 4 prespecified groups to estimate 
stratum-specific treatment effects.

Results
Population Characteristics
The Medicare-linked study cohort (aged 65–80 years) 
included 39 199 patients who received biological (n=24 410) 
or mechanical (n=14 789) aortic valve prostheses from 605 
hospital centers (Figure 2), with a median age of 73 years and a 
mean follow-up of 12.6 years (maximum, 17 years; minimum, 
8 years). Bioprostheses were used with increasing frequency 
among progressively older patients, and a 20% absolute increase 
in the use of bioprostheses was observed across the spectrum of 
age from 1991 to 1999 (Figure 3). Compared with patients who 
received mechanical valves, those who received bioprosthetic 
valves were on average older (74 versus 71 years), with a higher 
prevalence of both heart failure (43.7% versus 39.9%) and 
significant coronary artery disease (70.1% versus 65.6%) but a 
similar prevalence of most other comorbidities (Table).

Intraoperative characteristics were similar for patients with 
bioprosthetic versus mechanical valves, with a similar pro-
portion of patients undergoing elective procedures (82.5% 
versus 82.8%) and a similar mean time on cardiopulmonary 
bypass (132.9 versus 132.3 minutes). Patients with biopros-
thetic valves were more likely to undergo concomitant coro-
nary artery bypass graft surgery (60.1% versus 55.2%) and 
slightly more likely to receive a larger prosthesis (>21 mm: 
58.8% versus 56.6%). After propensity weighting, patient and 
operative characteristics were well balanced across treatment 
groups (Table).

Figure 1. Risk-adjusted mortality and 
aortic valve reoperation after aortic 
valve replacement with mechanical 
vs biological prostheses. Beginning 
at the time of valve implantation, 
patients treated with biological aortic 
prostheses experienced a higher risk 
of valve reoperation than those treated 
with mechanical valves. Although the 
overall mortality rates were similar for 
patients with biological and mechanical 
prostheses, the relative risk of mortality 
for those given biological valves 
increased beyond 9 years compared 
with those given mechanical valves. AV 
indicates aortic valve; AVRR, aortic valve 
repair or replacement; Bio, bioprosthesis; 
and Mech, mechanical prosthesis.
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Traitement antithrombotique







Traitement an*thrombo*que après TAVI

Pas d’indication d’anticoagulation au long court
Indication d’anticoagulation (AC) au long court

par AVK  pendant les 3 premiers mois post implantation 
puis NOAC ou AVK

Double antiagrégation plaquettaire (AAP)
Aspirine 75 à 100mg/j + Clopidogrel 75mg/j

3 à 6 mois 

et/ou

Monothérapie AAP ( aspirine ou clopidrogrel) à vie
si risque hémorragique  important

HAS-BLED ≥ 3 

Coronaropathie associée avec
SCA ou pose de stent < 6 mois

OUI

Bithérapie:
AC+1 AAP
1 à 6 mois

Si NOAC : faible dose

Puis AC monothérapie
AVK ou NOAC

Si suspicion de thrombose de valve : 
↗ "# $%&" '()*+ ≥ 10 ''/$ (# +(#0*&# $%&" '()*+ ≥20mmHg

Introduire AVK 



A venir…



PIONEERING TRANSCATHETER VALVE THERAPY
OUR FUTURE

Pulmonary Aortic Mitral

Continued innovation with valves for specific disease states driven 
by patient anatomic and clinical needs

Medtronic Confidential   | Heart Valve Therapies Pipeline Update  | September 20173



EVOLUT PRO
ADVANCED SEALING WITH PROVEN PLATFORM PERFORMANCE

Self-Expanding Frame 
Pericardial Skirt

Supra-Annular Valve
Porcine Pericardial Tissue
Cell Size Enables Coronary Access

Evolut™ R Evolut™ PRO

Sealing can occur at multiple levels; 
including above and below calcification 
with a self-expanding frame

Skirt Height
13 mm

Pericardial Wrap 
Increases Surface Contact 

with Native Anatomy

Added Tissue Volume 
between the TAV & native 
anatomy to reduce gaps

Medtronic Confidential   | Heart Valve Therapies Pipeline Update  | September 2017



EVOLUT PRO PROVEN PLATFORM PERFORMANCE
CONTROL DURING DEPLOYMENT WITH

ABILITY TO RECAPTURE AND REPOSITION THE VALVE

Lowest Delivery Profile
16Fr-equivalent

Vessel Access ≥ 5.5 mm  (EvPRO 23, 26, 29)

Accurate Positioning
1:1 response provides immediate 

feedback between deployment knob 

and movement of the capsule

Recapture and Reposition
Provides option to recapture and 

reposition for accurate placement

Medtronic Confidential   | Heart Valve Therapies Pipeline Update  | September 2017



EVOLUT PRO
ADVANCED SEALING WITH PROVEN PLATFORM PERFORMANCE

Evolut PRO
Evolut PRO Paravalvular Regurgitation 

1 Year – 89% None/Trace PVL

Evolut PRO 30 Day

Mortality 1.7%

Stroke 1.7%

Pacemaker 10.0% Williams et al., ACC, 2018

Medtronic Confidential   | Heart Valve Therapies Pipeline Update  | September 2017



TAVI PIPELINE
CADENCE OF CONTINUOUS, MEANINGFUL INNOVATION

Evolut™ PRO
§ Advanced 

Sealing

EnVeo™ PRO
§ Seamless 

Tracking

34 PRO
§ PRO 

Performance: 
Large Valve

Next Gen 
Evolut™

§ Superior Ease of 
Use

§ Positioning 
Accuracy

§ Low Profile

Horizon
§ Transformative 

Aortic Platform

FDA & CE-Mark 
Approved

FDA Approved & 
CE-Mark pending

IN DEVELOPMENT IN 
DEVELOPMENT 

Investigational devices and not approved for sale

IN DEVELOPMENT 

21 Medtronic Confidential   | Heart Valve Therapies Pipeline Update  | September 2017



ENVEO PRO
IMPROVE THE EVOLUT PLATFORM EXPERIENCE

Investigational device and not approved for sale

SEAMLESS TRACKING
Especially in Tortuous Anatomies

22

SIMPLE LOADING
“Gator” System Prevents 
Misloads

ENHANCED PRODUCT 
IDENTIFICATION
Color Coded Packaging and Labeling

Medtronic Confidential   | Heart Valve Therapies Pipeline Update  | September 2017

EnVeo PRO

EnVeo R



Bovine pericardium

Novel contoured frame 
geometry

Short valve height

23 mm 26 mm 29 mm

18 mm 21 mm 23 mm

Edwards CENTERA Transcatheter Heart Valve System 



Fully motorized delivery 
system for stable valve 

deployment

Repositionable and 
recapturable if needed

Fully pre-attached valve for rapid 
device preparation

14F sheath for all 
valve sizes

Edwards CENTERA Transcatheter Heart Valve System 

Valve Deployment

Valve Loading and 
Recapturing





Procedural Events
AT Population

Parameters
As Treated

(N=203) 
%

Recapturing and Repositioning (yes) 3.5
With Ventricular Injury 0

With Aortic Injury 0

Valve Embolization 0.5

Post-Dilatation 33.0

Required Intra-aortic Balloon Pump 0.5

Required Cardio-pulmonary Bypass 2.0

Technical Success 97.5

Device Success* 96.4

*VARC-2 Definition
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n=203

Primary Endpoint
O:E = 0.16

All-cause Mortality at 30 Days
AT Population

All-Cause Mortality

*KM (%) Estimate



Clinical Outcomes at 30 Days
AT Population

Safety Endpoints
As Treated

(N=203)
%

Mortality 1.0
Cardiovascular Mortality 1.0
Stroke 4.0
Disabling Stroke 2.5
Myocardial Infarction 1.5
Coronary Artery Obstruction Requiring Intervention 0.5
Major Vascular Complications 6.4
Life-Threatening or Disabling Bleeding 4.9
Acute Kidney Injury (Stage 2 or 3) 1.0
New Onset Atrial Fibrillation 8.0
New Permanent Pacemaker 4.9
THV-related Dysfunction Requiring a Repeat Procedure 0

*All Values are CEC adjudicated; KM (%) Estimate; 
According to VARC-2 Guidelines



Future Sapiens Edwards…

12F 
Système  de fermeture prémontré dans 

l’introducteur















Durabilité



Le tissu RESILIA est du tissu péricardique bovin transformé par un procédé 
innovant préservant son intégrité
• La technologie de préservation de l’intégrité incorpore deux nouvelles caractéristiques qui élimine la 

quasi-totalité des aldéhydes libres tout en protégeant et conservant le tissu. 

Technologie de préservation de l’intégrité

Aldéhydes libres Neutralisation: 
Bloque de façon permanente les 
aldéhydes libres 6

Glycérolisation:  Le 
glycérol remplace l’eau présente
dans le tissu permettant ainsi un 
stockage à sec.

Tissu glycerolisé Stockage à sec

1/20



Freedom from THV Degeneration (n=378)

42

Freedom from TAVI degeneration 
n=378
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the standard “Perclose” method where the sutures are deployed 
after rotation, we deployed the sutures after moving them medi-
ally and laterally (Figure 3), thereby placing the two ProGlide 
sutures parallel to the vessel on both sides of the puncture site 
before insertion of the implantation sheath. Using an ex vivo 
model (VIABAHN® endoprosthesis; Gore Medical, Flagstaff, 
AZ, USA), we implanted two ProGlide sutures using the parallel 
technique (Figure 4A), inserted a sheath (Figure 4B), pulled out 
the sheath (Figure 4C) and pushed down the knots of the placed 
ProGlide (Figure 4D, Figure 4E). This resulted in a parallel orien-
tation of the sutures, as shown in the view from the inner endo-
prosthesis (Figure 4F). In an ex vivo model we also compared both 
techniques. Orientation of both sutures after implantation using 
the parallel technique is shown in Figure 5A, using the standard 
technique in Figure 5B. After closure from the inside of the ex 

vivo graft, the parallel orientation of the sutures using the parallel 

suture technique (Figure 5C) can clearly be distinguished from 
the standard technique where the sutures are crossed (Figure 5D). 
Application of the sutures using the parallel technique in vivo is 
demonstated in a video where we also show the comparison with 
the ex vivo model using small inserts (Moving image 1). After 
valve implantation, the sheath is withdrawn while keeping the 
guidewire in place. The suture knots of both ProGlide devices are 
pushed down onto the vessel wall and tightened with the ProGlide 
knot pusher. Once there is satisfactory haemostasis the guide-
wire is withdrawn. If necessary, a third ProGlide suture is placed 
between the first two sutures. Access-site haemostasis and intact 
perfusion are confirmed by angiography.

MANAGEMENT OF ANTICOAGULATION
During the procedure, patients were under full anticoagulation 
(ACT >250 s) with heparin. After the procedure and before sheath 

Figure 2. Vascular access puncture technique. Puncture and ProGlide should be placed at a 45° angle to the vessel wall : correct puncture 

(A), correct sheath insertion (B), flat-angle puncture (C) and high-angle puncture (D).

Figure 3. Vascular access ProGlide parallel suture technique. Placement of the ProGlide sutures was accomplished prior to insertion of the 

implantation sheath parallel to the vessel on either side of the arteriotomy. The first suture was placed medial (A) and the second suture lateral 

(B) to the puncture site without rotating the ProGlide device. After valve implantation, the sheath was withdrawn keeping the guidewire in 

place (C). The nodes of both ProGlide devices were pulled down onto the vessel wall and tightened using the pusher (D). After adequate 

haemostasis the guidewire was withdrawn (E).



CLINICAL RESEARCH Interventional Cardiology

Caval-Aortic Access to Allow
Transcatheter Aortic Valve Replacement
in Otherwise Ineligible Patients
Initial Human Experience

Adam B. Greenbaum, MD,* William W. O’Neill, MD,* Gaetano Paone, MD,y
Mayra E. Guerrero, MD,* Janet F. Wyman, DNP,* R. Lebron Cooper, MD,z Robert J. Lederman, MDx
Detroit, Michigan; and Bethesda, Maryland

Objectives This study describes the first use of caval-aortic access and closure to enable transcatheter aortic valve replacement
(TAVR) in patients who lacked other access options. Caval-aortic access refers to percutaneous entry into the
abdominal aorta from the femoral vein through the adjoining inferior vena cava.

Background TAVR is attractive in high-risk or inoperable patients with severe aortic stenosis. Available transcatheter valves
require large introducer sheaths, which are a risk for major vascular complications or preclude TAVR altogether.
Caval-aortic access has been successful in animals.

Methods We performed a single-center retrospective review of procedural and 30-day outcomes of prohibitive-risk patients
who underwent TAVR via caval-aortic access.

Results Between July 2013 and January 2014, 19 patients underwent TAVR via caval-aortic access; 79% were women.
Caval-aortic access and tract closure were successful in all 19 patients; TAVR was successful in 17 patients. Six
patients experienced modified VARC-2 major vascular complications, 2 (11%) of whom required intervention. Most
(79%) required blood transfusion. There were no deaths attributable to caval-aortic access. Throughout the 111
(range 39 to 229) days of follow up, there were no post-discharge complications related to tract creation or closure.
All patients had persistent aorto-caval flow immediately post-procedure. Of the 16 patients who underwent repeat
imaging after the first week, 15 (94%) had complete closure of the residual aorto-caval tract.

Conclusions Percutaneous transcaval venous access to the aorta allows TAVR in otherwise ineligible patients, and may offer a
new access strategy for other applications requiring large transcatheter implants. (J Am Coll Cardiol
2014;63:2795–804) ª 2014 by the American College of Cardiology Foundation

Transcatheter aortic valve replacement (TAVR) is an
effective treatment for patients with symptomatic severe
aortic stenosis and high or prohibitive surgical risk (1,2).
Commercially available transcatheter valves in the United
States currently require large 18- to 24-F inner diameter
sheaths. This precludes TAVR in as many as one-quarter of
patients, particularly women with smaller iliofemoral arteries
and those with peripheral artery disease (3,4). Large sheaths

can also cause major vascular complications, including
rupture, hemorrhage, and death (5,6). Hybrid surgical and
other alternative approaches are associated with significant
morbidity and mortality, and are contraindicated in many
due to unfavorable anatomy or comorbidity (7).

Caval-aortic access entails delivering large vascular sheaths
into the abdominal aorta via the femoral vein through the
inferior vena cava (IVC). It has been demonstrated in

From the *Institute for Structural Heart Disease, Division of Cardiology, Henry Ford
Health System, Detroit, Michigan; yDivision of Cardiac Surgery, Henry Ford Health
System, Detroit, Michigan; zDepartment of Anesthesiology, Henry Ford Health
System, Detroit, Michigan; and the xCardiovascular and Pulmonary Branch, Division
of Intramural Research, National Heart, Lung, and Blood Institute, Bethesda,
Maryland. Drs. Greenbaum, O’Neil, Paone, Guerrero, Wyman, and Cooper were
supported by the Institute for Structural Heart Disease, Division of Cardiology,
Henry Ford Health System. Dr. Lederman was supported by the Division of
Intramural Research (Z01-HL006040), National Heart, Lung, and Blood Institute,
National Institutes of Health. Drs. Greenbaum and Lederman are inventors on patent
applications for devices for caval-aortic access; these patent applications have been
assigned to their employers, Henry Ford Hospital and the National Institutes of Health,

respectively. Drs. Greenbaum and O’Neil were funded intramurally by the Center for
Structural Heart Disease, Henry Ford Hospital, Detroit, Michigan. Dr. Lederman was
funded by the Division of Intramural Research, National Heart, Lung, and Blood
Institute, National Institutes of Health, Bethesda, Maryland. Dr. Greenbaum has been
a proctor for SentreHeart. Dr. O’Neill has been a consultant forMedtronic and Edwards
Lifesciences; he owns equity in SyntheonCardiology andAegisCardiology; and he is also
the owner of Accumed Systems. Dr. Cooper has received a grant from PharMEDium
LLC; is a co-owner, co-founder, board member, and stockholder of Board Stiff Inc.,
and has received profits from Board Stiff Inc. All other authors have reported that they
have no relationships relevant to the contents of this paper to disclose.
Manuscript received November 27, 2013; revised manuscript received March 26,

2014, accepted April 3, 2014.

Journal of the American College of Cardiology Vol. 63, No. 25, 2014
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pigs (8). The caval-aortic tract
can be closed using nitinol
occluder devices, and counterin-
tuitively, is well tolerated even
when not repaired. We describe
the first use of this technique in
humans undergoing TAVR who
were believed not to have other
access options.

Methods

Case selection. Patients were
selected from the high-risk

structural heart disease program at Henry Ford Hospital,
Detroit, Michigan. All had severe symptomatic aortic
valvular heart disease deemed to be high or prohibitive
surgical risk. The multidisciplinary team of surgeons, car-
diologists, and anesthesiologists concurred these patients
would likely benefit from TAVR, but were not suitable for
femoral arterial or transapical delivery of the transcatheter
valve. For the first 11 patients, transaortic surgical access was
not an option at our institution; subsequent patients were
also deemed ineligible for transaortic delivery (severe lung
disease and morbid obesity, n ¼ 2; porcelain aorta, n ¼ 2;
frailty and poor rehabilitation potential, n ¼ 3; previous
chest irradiation, n ¼ 1). All underwent TAVR under
general anesthesia using Sapien transcatheter heart valves
(Edwards Lifesciences, Irvine, California). Patients con-
sented to clinical treatment despite explicitly high risk. The
institutional review board of Henry Ford Hospital approved
this analysis and report.
Caval-aortic access technique during TAVR. Contrast-
enhanced computed tomography (CT) was used to select a
caval-aortic crossing trajectory with the least-calcified aortic
wall and no interposed structures, to determine suitable
angiographic projection angles and fluoroscopic landmarks
in relation to lumbar vertebrae. After simultaneous aortog-
raphy and venography, and heparin administration, a
gooseneck snare was positioned to “receive” a crossing
guidewire in orthogonal fluoroscopic projections (Fig. 1).
A coaxial crossing system (Fig. 2) consisting of a stiff
0.014-inch guidewire (Asahi ConfianzaPro12, Abbott
Vascular, Santa Clara, California) inside a 0.035-inch wire
convertor (Piggyback, Vascular Solutions, Minneapolis,
Minnesota) inside a support catheter (Navicross, Terumo,
Somerset, New Jersey) was inserted into a guiding catheter
(RDC or RDC1) selected on the basis of caval diameter.
The crossing system was directed from the cava towards the
aortic snare, which served as a target. The proximal guide-
wire end was connected to a unipolar electrosurgery pencil
(Valleylab, Covidien, Mansfield, Massachusetts) using for-
ceps, and the patient was connected to a ground pad. The
distal crossing tip of the guidewire was extended 2 to 5 mm
beyond the wire convertor and energized in “cutting mode”
at 50 to 70 W to vaporize target tissue during 2- to 3-s

bursts. After the first 9 patients, we amputated the distal
1 cm of the guidewire to ease crossing. The snare confirmed
intraluminal wire position and provided countertraction to
advance the crossing system into the aorta (Online Video 1).
The crossing devices were replaced with a rigid guidewire
(0.035-inch Lunderquist, Cook, Bloomington, Indiana).
The appropriate sized 35-cm-long Edwards TAVR intro-
ducer sheath (Retroflex 3 models 9120S23 [22-F] or
9120S26 [24-F]) was delivered from the femoral vein into
the IVC, through the caval-aortic tract and into the
abdominal aorta in a single step without progressive dilation.
Aortography was performed immediately after sheath
placement to assure hemostasis. TAVR was then performed
in the usual manner.

After TAVR, the tract was closed with a nitinol occluder
device marketed to close ductus arteriosus (Amplatzer Duct
Occluder [ADO], St. Jude Medical, St. Paul, Minnesota) or
intracardiac defects (Amplatzer muscular VSD occluder
[MVSDO]) using the accompanying delivery system inside
the TAVR sheath. Devices were selected to approach or
exceed the outer diameter of the sheath (8.2 and 9.3 mm for
Edwards 22-F and 24-F sheaths, respectively) and the dis-
tance between the aorta and cava. The occluders were
deployed by exposing the distal disk in the aorta, retracting
to appose the aortic wall, and then deploying the proximal

Figure 1 Schematic Depiction of Caval-Aortic Access

(A) A catheter directs a transfemoral vein guidewire from the inferior vena cava
towards a snare target positioned in the adjoining abdominal aorta. (B) A catheter
is advanced over the guidewire into the aorta and used to introduce a more rigid
guidewire. (C) The valve introducer sheath is advanced from the vena cava into the
aorta. (D) After completion of transcatheter aortic valve replacement, the aorto-
caval access tract is closed with a nitinol occluder.

Abbreviations
and Acronyms

ADO = Amplatzer duct

occluder

AVR = aortic valve

replacement

CT = computed tomography

IVC = inferior vena cava

MVSDO = Amplatzer

muscular ventricular septal

defect occluder

TAVR = transcatheter aortic

valve replacement

Greenbaum et al. JACC Vol. 63, No. 25, 2014
Caval-Aortic Access: First Human Experience July 1, 2014:2795–804
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the paucity of therapeutic options available to these patients.
We expect bleeding risk to be reduced by purpose-built
crossing and closure devices.

The rationale for caval-aortic access is that iliofemoral
veins are larger and more compliant than corresponding
arteries, the IVC is close to the abdominal aorta usually
without interposed structures, and traumatic or aneu-
rysmal aorto-caval fistulas do not necessarily cause im-
mediate hemodynamic compromise (8). We speculate that
a patent caval fenestration allows immediate decompres-
sion of aortic hemorrhage because of the relatively higher
pressure of the retroperitoneal interstitial space. The ret-
roperitoneum behaves as a relatively confined space that
retains insufflation gas or saline during laparoscopic pro-
cedure, which is pressurized at 5 to 13 mm Hg after 1 liter
of fluid infusion in cadavers (11,12). In animals, inten-
tional failure to close the aorto-caval fistula was well
tolerated, and free of retroperitoneal bleeding (8). Con-
sistent with these considerations, our first patient became
hypotensive when we inadvertently withdrew the sheath
tip just outside the aorta, yet still occluded the cava.
The pressure returned to normal immediately after we
withdrew the sheath farther to allow blood to re-enter
the IVC. Five other patients tolerated 5- to 7-min

intervals between removal and replacement of the closure
device when there was an unconstrained aorto-caval
fistula, which is in sharp contrast to the immediate he-
modynamic collapse typically seen shortly after iliac artery
perforation.

We found the overall procedural time related to caval
aortic access and repair to be similar to that typically required
for standard femoral artery access for TAVR, including pre-
placement of vascular sutures, crossover protection, and
balloon inflation during vascular hemostasis. In addition,
there appeared to be a “learning curve” of fewer puncture
attempts and shorter crossing and closing times as we
accrued experience (Table 2).

One patient had non-antibody mediated, severe asymp-
tomatic thrombocytopenia (nadir platelet count of 24,000
cells/ml) that resolved at approximately the same time the
caval-aortic tract was found to be closed, and 8 others
experienced >50% decreases in platelet counts without ev-
idence of other hemolysis. Isolated and profound platelet
consumption have been described after device closure of
ductus arteriosus; these were attributed to mechanical
platelet injury. The thrombocytopenia seen in this series may
reflect platelet consumption from bleeding or from residual
aorto-caval shunting (13,14).

Figure 5 Planning and Technique of Caval-Aortic Access

Caval-aortic access for transcatheter aortic valve replacement (TAVR) in Patient 1. (A) Aortography shows severe regurgitation of a bioprosthetic aortic valve causing left
ventricular dilation and intractable heart failure. (B) Simultaneous caval and aortic angiograms. (C) A guidewire is directed from the cava and energized to cross into a pre-
positioned aortic snare. (D) An 8.2-mm diameter sheath is advanced along this guidewire tract from the femoral vein and cava into the aorta. (E) TAVR is performed using a
23-mm balloon-expandable valve. (F) The caval-aortic tract is closed with a nitinol duct occluder (arrow). Completion aortography shows mild residual aorto-caval shunt across
the access tract but no contrast extravasation. (G, H) A contrast-enhanced CT performed 42 days later shows complete occlusion of the tract (Online Video 1).
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Valve in Valve



§ Marqueurs de tailles visibles par 
fluoroscopie

disponible uniquement dans les tailles de 19 à 25 mm

Technologie VFit* - intègre deux nouvelles caractéristiques conçues pour de 
futures potentielles procedures de “valve in valve”1

* Se référer à la notice d'utilisation concernant les mises en garde relatives à la technologie VFit. 
1/20

Aucune donnée clinique existante ne permet d'établir la sécurité et l'efficacité du modèle 11500A dans le cadre des procédures "valve-in-valve"



Technologie VFit* - intègre deux nouvelles caractéristiques conçues pour de futures 
potentielles procédures de “valve in valve”1

Zone d’expansion

Ruban en polyester
Eléments perforés au
niveau des trois commissures

*Se référer à la notice d'utilisation concernant les mises en garde relatives à la technologie VFit. Aucune donnée clinique existante ne permet d'établir la sécurité et l'efficacité du modèle 11500A dans 
le cadre des procédures "valve-in-valve". La technologie VFit est disponible dans les tailles de 19 à 25mm. 

§ Zone d’expansion
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Mitrale



Conformable Outer Stent  engages the annulus providing fixation & sealing while 

isolating the inner stent from the dynamic anatomy

30

MEDTRONIC INTREPID™ TMVR
DUAL STENT DESIGN

CAUTION: INVESTIGATIONAL DEVICE. LIMITED BY FEDERAL LAW (USA) TO INVESTIGATIONAL USE. 

Medtronic Confidential   | Heart Valve Therapies Pipeline Update  | September 2017



§ Hydraulic mechanism 
provides for controlled 
deployment

§ No need for rotational 
alignment

§ No need to search for 
leaflets

§ Accommodates tilt & 
lateral misalignment 

Advance across 
mitral valve Deploy brim Retract to 

desired position
Expand 

fixation ring Release

1 2 3 4 5

MEDTRONIC INTREPID TMVR
CONTROLLED DEPLOYMENT
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CAUTION: INVESTIGATIONAL DEVICE. LIMITED BY FEDERAL LAW (USA) TO INVESTIGATIONAL USE. 

Medtronic Confidential   | Heart Valve Therapies Pipeline Update  | September 2017



Combined CardiAQ-Edwards Platform Can Drive 
Leadership
� Focus on building clinical experience in TMVR
� CardiAQ platform complements the FORTIS program
– One valve, multiple delivery systems
– Unique anchoring mechanism

� Early patient experience is encouraging; more study needed
� Planned clinical timelines:
– U.S. EFS underway; CE Mark trial to begin soon*

� Near-term product additions:
– Lower valve profile, additional valve sizes, delivery system 

improvements, Edwards tissue

19

The CardiAQ-Edwards valve is not available for sale. *Guidance as of July 26, 2016 
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Merci pour votre attention


