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Abstract

Severe aortic regurgitation (AR) is a rare but significant complication of ventricular assist device therapy. Experience with
transcatheter aortic valve replacement (TAVR) in this setting of patients is very limited, while the scarcely reported cases
exclusively refer to TAVR under continuous-flow left ventricular assist devices. Here, we present the first successful TAVR while
running a pulsatile-flow biventricular assist device (PF-BiVAD). Clinical data were collected based on the patient’s electronic
medical records after the patient’s consent was obtained. We describe the case of a 57-year-old man in whom a PF-BiVAD
(EXCOR, Berlin Heart, Berlin, Germany) had been initially inserted after fulminant myocarditis with subsequent severe dilated
cardiomyopathy as bridge-to-transplantation therapy. Over the following 2 years, the patient developed severe de novo AR
under PF-BiVAD therapy. This, along with progressive cardiac decompensation, led to the decision for TAVR by our heart team
as a minimal invasive approach for severe AR. TAVR using two Edwards SAPIEN 3 bioprostheses as a valve-in-valve procedure
resulted in a significant reduction of AR from severe to mild, with trace paravalvular leakage and without significant pressure
gradients. The patient underwent total orthotopic heart transplantation afterwards. This is the first report of successful TAVR
in a patient with severe de novo AR while running a PF-BiVAD.
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Introduction

Over the last decade, catheter-based technologies have been
developed as an alternative to established surgical tech-
niques for the treatment of cardiovascular diseases. For
example, transcatheter aortic valve replacement (TAVR) has
become a standard therapy in patients with symptomatic
severe aortic stenosis at high or prohibitive surgical risk and
as an alternative in patients with intermediate surgical risk.1,2

In parallel, there has been significant improvement in cardiac
surgery techniques and therapy options. For instance, ventric-
ular assist devices (VADs) are of increasing importance in the
treatment of end-stage congestive heart failure.3 Currently,

continuous-flow VADs (CF-VADs) represent the most fre-
quently used devices, opposing to first-generation pulsatile-
flow VADs (PF-VADs).4–6 Compared with PF-VADs, CF-VADs
feature improved reliability, durability, and survival, but the
diminished pulsatility is considered to be responsible for some
complications: gastrointestinal bleeding, pump thrombosis,
and aortic regurgitation (AR).5,7 However, AR is also seen in
patients implanted with pulsatile-flow biventricular assist
devices (PF-BiVADs), which are used in selected patients with
severe biventricular heart failure as bridge-to-transplantation
strategy.8

Aortic regurgitation in patients with VADs represents a
medical challenge, and to date, there are no consensual
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recommendations regarding treatment strategies of VAD-
associated AR, varying from medical therapy, and optimizing
VAD-pump speed, to minimal invasive and surgical treatment
options.9 Moreover, most patients with VAD and progressive
AR present several co-morbidities and are demanding to
(re-)operate, posing them to high or prohibitive surgical risk.
Considering this, percutaneous methods of intervention
including TAVR and occlude devices have emerged as alternative
treatment strategies in patients with VADs.10,11 However, there
is a very scarce experience of TAVR in this setting of patients,
mainly focused on CF-VAD technology.10,11 Here, we report for
the first time the treatment of severe AR in a patient with a
PF-BiVAD by performing TAVR using two Edwards SAPIEN 3
(Edwards Lifesciences, Irvine, California, USA) bioprostheses as
a valve-in-valve procedure.

Case report

A 57-year-old male patient with a PF-BiVAD (EXCOR, Berlin
Heart) was readmitted at our institution via our VAD outpa-
tient clinic with signs of progressive cardiac decompensation,
including increasing exertional dyspnoea, peripheral oedema,
and ascites during the past few weeks. Two years earlier, an
extracorporeal membrane oxygenation had been performed

as ultima ratio, as incipient multiple organ failure subjacent
to severe dilated cardiomyopathy after fulminant myocarditis
had taken place. Extracorporeal membrane oxygenation
could be successfully explanted after 2 weeks, and a PF-
BiVAD as a bridge-to-transplant therapy had been inserted,
as severe biventricular heart failure remained. Moreover, a
permanent pacemaker had been implanted after third-grade
atrioventricular block. Afterwards, the patient was placed on
the Eurotransplant heart transplantation waiting list and
could be discharged in a clinical stable condition. He was
followed up by regular visits in our VAD outpatient clinic.

On the present admission, evaluation of PF-BiVAD showed
a completely satisfactory function. However, echocardiogra-
phy showed a new finding of severe central aortic valve re-
gurgitation (Figure 1), as well as severe eccentric mitral
regurgitation. Colour Doppler regurgitation jet of the aortic
valve showed a width of 75%; Doppler vena contracta was
0.7 mm wide. Pressure gradients of the aortic valve were nor-
mal (peak pressure gradient of 3 mmHg and mean pressure
gradient of 1 mmHg). Morphologic evaluation of the native
tricuspid aortic valve did not reveal signs of calcification, fu-
sion, or degeneration that could explain the incomplete valve
coaptation and resulting incompetence so that alteration of
the pressure‐volume loop with increased transvalvular
pressure after PF-BiVAD may explain the development of

Figure 1 Transoesophageal echocardiography displaying severe aortic regurgitation: (A) three-chamber view and (B) axial view.

Figure 2 Absent calcification of the aortic annulus. Visualized with multidetector computed tomography: (A) coronary view with contrast medium; (B)
coronary view without contrast medium; and (C) axial view.
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AR (Figures 1 and 2). Laboratory exams showed increased bil-
irubin (2.9 mg/dL) and serum creatinine (2.3 mg/dL) as well
as an increase in N-terminal pro brain natriuretic peptide
(8564 ng/L), documenting early end organ failure and cardiac
decompensation. Inflammatory markers were only slightly
increased, and urine analysis, blood cultures, and computed
tomography of thorax and abdomen did not reveal a focus
of infection.

Because of a progressive clinical deterioration, the case
was discussed in the interdisciplinary heart failure board,
and TAVR as emergency treatment strategy for the severe
AR was favoured by the heart team. As TAVR was described
before in CF-VAD patients even without aortic valve calcifica-
tion,12 absent calcification of the aortic root in the present
patient (Figure 2) was not seen as contraindication for TAVR.
Planning access and valve selection for the TAVR procedure
relied on the measurements of aortic annulus, aortic root,
and iliofemoral anatomy based on computed tomography im-
aging. Assessment of cross-sectional area was based on the
measurements derived from the short-axis plane through
the nadir of each coronary cusp, whereas aortic annular area
was 621 mm2, and aortic annular perimeter was 102 mm.
Area-derived and perimeter-derived aortic annulus diameters
were both 28 mm. Analyses of aortic valvular structures were
based on systolic images (40% of the cardiac cycle). Minimum
access vessel diameter was 6.7 mm. There was no significant
calcification or tortuosity of the iliofemoral vessels.

Considering the absence of valve and aortic root calcification,
we favoured the SAPIEN 3 valve over a self-expandable valve
such as Evolut R, aiming at enhanced valve anchoring and at
the lowest paravalvular leakage (PVL) possible, subjacent to
the balloon-expandable nature of deployment. Both
JenaValve and Symetis Acurate TA are approved for the
treatment of severe AR, contrasting with the off-label use
of SAPIEN 3. However, at the time of implantation, we had
limited experience with both bioprostheses in our centre
and aimed to avoid a transapical access, which was
considered to be of significant higher risk regarding prior
PF-BiVAD implantation.

The procedure was performed under conscious sedation
and local anaesthesia using two Edwards SAPIEN 3 29 mm
bioprostheses sequentially (Figure 3). After vascular punc-
ture and access site pre-closure using the ProGlide system
(Abbott Vascular, Lake Bluff, Illinois, USA), a 16 F sheath
was placed into the right femoral artery, followed by posi-
tioning of a Safari guidewire (Boston Scientific,
Marlborough, Massachusetts, USA) in a midventricular posi-
tion. Predilation with a 25 mm balloon was performed for
sizing purposes, resulting in the choice of a 29 mm valve
prosthesis size. Haemodynamic assessment after valve de-
ployment showed a moderate PVL, possibly due to the pos-
itive transvalvular pressure associated with the PF-BiVAD
leading to the slight movement and suction of the
bioprosthesis towards the left ventricular outflow tract.

Figure 3 Transfemoral aortic valve replacement under a pulsatile-flow biventricular assist device: (A) predilation with a 25 mm balloon for sizing pur-
poses; (B) 29 mm Edwards SAPIEN 3 prosthesis positioning; (C) valve deployment of first 29 mm Edwards SAPIEN 3; (D) angiography to evaluate for
paravalvular leakage; (E) deployment of the second 29 mm Edwards SAPIEN 3; and (F) final angiography. LV, left ventricular cannula of the pulsa-
tile-flow biventricular assist device.
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Therefore, we decided for a valve-in-valve strategy, and a
second 29 mm SAPIEN 3 was implanted. During the second
valve deployment, the first prosthesis moved to a higher po-
sition towards the aortic root. A second angiographic as-
sessment showed a satisfying reduction of AR.

Post-operative course was uneventful; no major vascular
or bleeding complications, acute kidney injury, or thrombo-
embolic events were registered. Heart failure symptoms
receded shortly after the procedure. Echocardiography re-
vealed a significant reduction of central AR from grade 3
to 1, with trace PVL. Edwards SAPIEN 3 bioprotheses were
in correct position (Figure 4). Moreover, no significant pres-
sure gradients over the mitral valve could be depicted,
there was no significant restriction of valve leaflet move-
ment, and there was even an improvement from severe
to mild mitral regurgitation. Step-down to a general ward
took place 2 days after TAVR, but the patient was further
hospitalized for high-urgency listing for heart transplanta-
tion. Finally, the patient underwent a total orthotopic heart
transplantation approximately 7 months after TAVR, had an
uneventful post-transplant course, and currently has a good
capacity in daily life.

Discussion

To our knowledge, this is the first report of TAVR in a patient
with de novo severe central AR under PF-BiVAD implantation.
AR development under VAD therapy has been well described,
caused by disarrangement of the pressure‐volume loop with
a positive transvalvular pressure and decreased aortic valve
opening.7,9 There is a paucity of experience with minimal in-
vasive approaches for AR in patients with VADs, specifically
CF-VADs. Knowing this, as well as that CF-VADs are a more
frequently used VAD technology, and that de novo progres-
sive AR is more pronounced in recipients of CF-VADs com-
pared with PF-VADs,5 underlines the relevance and

uniqueness of the herewith presented TAVR experience while
running a PF-BiVAD.

Recently, a meta-analysis described the experience of TAVR
or occluder devices in only 29 patients with AR after CF-VAD
insertion, whereby TAVR was performed in only 27.6% of
these patients. Experience with Edwards SAPIEN 3, Medtronic
CoreValve, Medtronic Evolut R, and Medtronic Melody has
been described.10 A major advantage of TAVR compared with
occluder devices is that patients are not fully dependent on
the VAD, as it does not completely unload the left ventricle
by occluding either the aortic valve or left ventricular outflow
tract. Nevertheless, challenges of TAVR include PVL, difficult
valve housing due to absent annular calcification and con-
tinuous or pulsatile suction from CF-VAD or PF-VAD, respec-
tively, higher costs compared with intervention via occlude
devices, and limitation of available sizes.

The implantation presented here was challenging due to a
lack of calcification, with difficult anchoring of the prosthesis
and a movement of the prosthesis towards the ventricle
during balloon expansion. To evaluate procedural stability
of the non-calcified annulus, we pre-dilated with a 25 mm
balloon, and implantation of the second valve further con-
tributed to overcome this limitation. A short interruption of
the pump could have been helpful and should be advised
for future attempts. Others used an oversized balloon after
implantation of a self-expandable transcatheter aortic valve
prosthesis (Medtronic Evolut R 29 mm) to optimize anchoring
in a non-calcified valve in the setting of an CF-VAD.12 In our
patient, we did use an appropriate prosthesis [annulus
28 mm, valve prosthesis (Edwards SAPIEN 3 29 mm)] and
observed only a trace of PVL.

Here, we demonstrate that TAVR using two Edwards
SAPIEN 3 bioprostheses as a valve-in-valve procedure in the
setting of severe AR while running a PF-BiVAD is feasible,
when adequate preoperative imaging and a tailored interven-
tional strategy are adopted. As we have a 7 month follow-up
of the patient until heart transplantation, we can conclude

Figure 4 Transoesophageal echocardiography after transfemoral aortic valve replacement documents correct position of the bioprostheses: (A) three-
chamber view and (B) axial view.
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that this is a treatment option at least as a bridge-to-
transplantation strategy.

Conflict of interest

R.B. is an investigator in the ADVANCE II and SIMPLIFY trials.
R.B. and P.W.R. received speaker honoraria from Abbott

Vascular. A.R. and B.S. received travel grants (for interna-
tional conferences) and consultancy fees from Berlin Heart.
The other authors report no conflict of interest.

Funding

None.

References

1. Nishimura RA, Otto CM, Bonow RO,
Carabello BA, Erwin JP 3rd, Fleisher
LA, Jneid H, Mack MJ, McLeod CJ,
O’Gara PT, Rigolin VH, Sundt TM 3rd,
Thompson A. 2017 AHA/ACC focused up-
date of the 2014 AHA/ACC guideline for
the management of patients with valvular
heart disease: a report of the American
College of Cardiology/American Heart As-
sociation Task Force on Clinical Practice
Guidelines. J Am Coll Cardiol 2017; 70:
252–289.

2. Baumgartner H, Falk V, Bax JJ, De Bonis
M, Hamm C, Holm PJ, Iung B,
Lancellotti P, Lansac E, Rodriguez
Munoz D, Rosenhek R, Sjogren J, Tornos
Mas P, Vahanian A, Walther T, Wendler
O, Windecker S, Zamorano JL, Group
ESCSD. 2017 ESC/EACTS guidelines
for the management of valvular heart
disease. Eur Heart J 2017; 38:
2739–2791.

3. Mehra MR, Naka Y, Salerno C. Left ven-
tricular assist devices for advanced heart
failure. N Engl J Med 2017; 376:
1894–1895.

4. Kirklin JK, Pagani FD, Kormos RL,
Stevenson LW, Blume ED, Myers SL,
Miller MA, Baldwin JT, Young JB, Naftel

DC. Eighth annual INTERMACS report:
special focus on framing the impact of
adverse events. J Heart Lung Transplant
2017; 36: 1080–1086.

5. Cheng A, Williamitis CA, Slaughter MS.
Comparison of continuous-flow and
pulsatile-flow left ventricular assist
devices: is there an advantage to
pulsatility? Annals of cardiothoracic sur-
gery 2014; 3: 573–581.

6. Rajagopal K, Daneshmand MA, Patel CB,
Ganapathi AM, Schechter MA, Rogers
JG, Milano CA. Natural history and clin-
ical effect of aortic valve regurgitation
after left ventricular assist device
implantation. J Thorac Cardiovasc Surg
2013; 145: 1373–1379.

7. Karmonik C, Partovi S, Schmack B,
Weymann A, Loebe M, Noon GP, Piontek
P, Karck M, Lumsden AB, Ruhparwar A.
Comparison of hemodynamics in the as-
cending aorta between pulsatile and
continuous flow left ventricular assist
devices using computational fluid dy-
namics based on computed tomography
images. Artif Organs 2014; 38: 142–148.

8. Schmack B, Weymann A, Ruschitzka F,
Autschbach R, Raake PW, Jurrmann N,
Menon AK, Karck M, Wilhelm MJ,

Ruhparwar A. Successful support of
biventricular heart failure patients by
new EXCOR((R)) adult pumps with
bileaflet valves: a prospective study. Clin
Res Cardiol: 2018; 107: 413–420.

9. Wang TS, Hernandez AF, Felker GM,
Milano CA, Rogers JG, Patel CB. Valvular
heart disease in patients supported with
left ventricular assist devices. Circ Heart
Fail 2014; 7: 215–222.

10. Phan K, Haswell JM, Xu J, Assem Y, Mick
SL, Kapadia SR, Cheung A, Ling FS, Yan
TD, Tchantchaleishvili V. Percutaneous
transcatheter interventions for aortic
insufficiency in continuous-flow left
ventricular assist device patients: a sys-
tematic review and meta-analysis.
ASAIO J 2017; 63:117–122.

11. Kalathiya RJ, Grinstein J, Uriel N, Shah
AP. Percutaneous transcatheter thera-
pies for the management of left ventric-
ular assist device complications.
J Invasive Cardiol 2017; 29: 151–162.

12. D’Ancona G, Pasic M, Buz S, Drews T,
Dreysse S, Hetzer R, Unbehaun A. TAVI
for pure aortic valve insufficiency in a
patient with a left ventricular assist de-
vice. Ann Thorac Surg 2012; 93:
e89–e91.

TAVR in a patient with BiVAD 221

ESC Heart Failure 2019; 6: 217–221
DOI: 10.1002/ehf2.12384


