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Abstract

A 69-year-old male underwent concomitant left ventricular assist device (LVAD) implantation and aortic valve repair procedure
for moderate aortic insufficiency (AI). Due to recurrence of symptomatic heart failure and post-repair AI deterioration from
trivial to moderate-to-severe insufficiency 2 months later, transcatheter aortic valve implantation (TAVI) was arranged. During
TAVI, intraoperative extracorporeal membrane oxygenation was used to maintain stable haemodynamics and to ensure a safe
environment for prosthesis deployment. Postoperative 5 month follow-up revealed no AI and no paravalvular leakage.
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Introduction

Currently, transcatheter aortic valve implantation (TAVI)
devices are designed and indicated for aortic stenosis.
Non-conventional use of TAVI for managing aortic
insufficiency (AI) in left ventricular assist device (LVAD)-
supported patients is a technically challenging procedure.1,2

Patients on LVAD support are usually young and have
insufficient aortic valve complex calcification for prosthesis
anchoring. The dilated aortic root in AI may aggravate this
problem and increase the risk of paravalvular regurgitation.3

Suction from the in situ LVAD pump may disturb
prosthesis deployment and increase the risk of prosthesis
migration.3

In this case report, TAVI was successfully performed in a
patient who had deteriorated AI 2 months after undergoing
concomitant LVAD implantation and aortic valve repair
procedure. Herein, we demonstrate in detail how
extracorporeal membrane oxygenation (ECMO) was used to
maintain stable haemodynamics during TAVI and to ensure
a safe environment for prosthesis deployment.

Case report

A 69-year-old male (body surface area: 1.5 m2) with history of
ischaemic heart disease and congestive heart failure was
admitted due to severe pulmonary oedema. He was mechan-
ically ventilated, and an intra-aortic balloon pump (IABP) was
inserted. LVAD was deemed appropriate due to the patient’s
end-stage heart failure (NYHA class IV, INTERMACS scale 1–2,
LVEF/RVEF: 18%/58%). Intraoperative transesophageal echo-
cardiography (TEE) showed pure, non-calcified moderate AI,
and repair of aortic valve by pledgeted 4-0 prolene stitches
(modified Park’s stitch) was performed concomitantly with
LVAD implantation (HeartMate III, Abbott Vascular, Inc.,
USA). LVAD was smoothly implanted, and postoperative
echocardiography showed trivial AI.

Two months later, the patient was admitted again for
pulmonary oedema. Transthoracic echocardiography showed
an enlarged left ventricle and moderate AI despite intact
stitches on the repaired aortic valve and no valve laceration
(Figure 1 and Supporting Information, Video S1). Computed
tomography (CT) revealed downward sinus of Valsalva of

CASE REPORT

© 2021 The Authors. ESC Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

ESC HEART FAILURE
ESC Heart Failure 2021; 8: 3418–3421
Published online 3 June 2021 in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/ehf2.13426

https://orcid.org/0000-0002-0393-4496
mailto:shchang@vghtpe.gov.tw
http://creativecommons.org/licenses/by-nc-nd/4.0/


non-coronary cusp and a fissure between left and right coro-
nary cusps, which remained open during diastole (Supporting
Information, Video S2). Despite the optimization of LVAD set-
tings and maximal intensification of medical therapy, AI had
deteriorated to moderate-to-severe insufficiency. Due to his
co-morbidities and high risk of surgical valve replacement,
the decision was made to perform TAVI. Prior to TAVI, the
speed and flow of LVAD was set at 4200 revolutions per
minute (rpm) and 2.8 L/min, respectively.

Three and half months later, the patient was prepared
and monitored in a standard manner under general
anaesthesia. After administration of heparin 3000 U, the
IABP in left femoral artery was replaced by venoarterial
ECMO. The TAVI device was inserted through right femoral
artery, and a pigtail catheter (5 Fr) was inserted via right
brachial artery. Heparin 12 000 U was administered to
achieve full heparinization and activated clotting time was
kept above 400 s throughout the procedure. The ECMO
pump (RotaFlow, Maquet, Germany) was turned on and flow
was set at 1.7 L/min, and the flow and speed of LVAD were
tapered down from 2.8 to 1.7 L/min and from 4200 to
3200 rpm, respectively. Confida® guidewire (Medtronic,
USA) was smoothly inserted into the left ventricle. Because
the aortic valve was previously repaired, we presumed that
the self-expandable prosthesis might not be able to fully
expand. Pre-dilatation with a 20 mm/4 cm balloon was
performed under rapid pacing of 180 b.p.m. without fully
opening the aortic valve (Figure 2A). Pre-dilatation was
performed again with a 22 mm/4 cm balloon, and the aortic
valve was fully opened (Figure 2B). During pre-dilatation,
ECMO flow was reduced to 1.2 L/min, and LVAD speed
was slowed to 3000 rpm.

After pre-dilatation, the self-expandable prosthesis
(29 mm, Evolut R, Medtronic, USA) was deployed 4 mm
beneath the annulus under controlled pacing of 140 b.p.m.
(Figure 3). The size of prosthesis was determined according
to preoperative CT evaluation (aortic annulus diameter
24.5 mm, annulus perimeter 77.1 mm). During prosthesis

deployment, the LVAD was paused, and ECMO flow was
reduced to 0.8 L/min.

After prosthesis deployment, ECMO flow was gradually in-
creased to 1.5 L/min followed by 10 min of observation.
Then, we proceeded the LVAD, slowly increased the LVAD
speed to 4200 rpm, and turned off the ECMO pump. The
ECMO catheters were clamped, disconnected from the ECMO
pump, and infused with diluted heparin solution but were
not removed from the patient. The arterial and venous ECMO
circuits were connected to generate auto-circulation in order
to place the ECMO pump on standby.

Subsequent TEE revealed that the prosthesis had migrated
toward the left ventricle by 1 mm. The patient was observed
for an additional 20 min after which both aortography and
TEE showed only trivial AI without paravalvular leakage and
unchanged depth of prosthesis (Video S3). All ECMO and TAVI
catheters were then removed and closed with Proglide®
(Abbott Vascular, USA). The patient was transferred to the in-
tensive care unit (ICU) under support of LVAD and mechanical
ventilation.

The patient recovered well and was discharged on postop-
erative day 17 in stable condition. At discharge, LVAD speed
was set at 4200 rpm, and flow was set at 3.0 L/min. At the
postoperative 5 month follow-up, echocardiography showed
no AI, no paravalvular leakage, decreased left ventricular size,
and improved left ventricular function.

Discussion

To the best of our knowledge, this is the first report of
an Asian patient successfully undergoing TAVI for LVAD-
associated AI. We implemented several strategies to ensure
the success of the TAVI procedure. Firstly, the prosthesis
was deployed 4 mm beneath the aortic annulus. Secondly,
the prosthesis was deployed under controlled pacing of
140 b.p.m.. Thirdly, LVAD was paused, and ECMO flow was

Figure 1 Transthoracic echocardiography showed moderate AI (A), but the stitches on the repaired aortic valve were intact and no valve laceration (B).
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tapered down to 0.8 L/min during the prosthesis deployment.
Fourthly, after prosthesis deployment, we increased the LVAD
speed very slowly to prevent significant hemodynamic
changes and to allow the self-expandable Nitinol frame to
settle. At least 60 min elapsed between deployment comple-
tion and initiation of removal ECMO catheters.4,5 Fifthly, the
ECMO catheters were left in place until the patient was trans-
ferred to the ICU so that if the prosthesis was to suddenly mi-
grate toward the left ventricle, the catheters could be
connected to heart–lung machine for immediate open heart
surgery.6 Sixthly, the sutured pledgets might have adhered
to valvular tissue, which would help anchor the prosthesis.
Seventhly, because the pledgets could dislocate during
pre-dilatation or deployment resulting in embolization of
pledgets to carotid or coronary arteries,7 LVAD was

optimized, and medical therapy was administered for one
and a half months prior to TAVI to maximize pledget
adhesion, rather than performing the procedure as soon as
LVAD-associated AI presented.

At the time that this patient with heart failure and
moderate AI status post concomitant LVAD implantation
and aortic valve repair procedure presented, the pledgeted
stitches were intact without valve laceration. However, CT
and echocardiography images showed downward sinus of
Valsalva of non-coronary cusp contributing to de novo AI
(Supporting Information, Videos S1 and S2). The geometric
change in non-coronary cusp might explain the rapid devel-
opment of AI following successful aortic valve repair.

In conclusion, TAVI is a feasible option for managing AI in
patients supported with LVAD. As LVAD-supported patients
have higher risk of prosthesis migration toward the left
ventricle, intraoperative ECMO assistance could be used to
ensure a safer environment for prosthesis deployment and
to maintain hemodynamic stability during TAVI.
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Figure 3 The self-expandable prosthesis was deployed 4 mm beneath
the annulus.

Figure 2 Aortography showed that the aortic valve was not fully opened by the 1st pre-dilatation with a 20 mm/4 cm balloon (A) but finally full
opened by the 2nd pre-dilatation with a 22 mm/4 cm balloon (B).
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Supporting information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Video S1. Transthoracic echocardiography showed moderate
AI, but the stitches on the repaired aortic valve were intact
and no valve laceration.

Video S2A. Pre-TAVI CT (A) and three-dimensional reconstructed CT
(B,C) revealed downward sinus of Valsalva of non-coronary cusp and
a fissure between left and right coronary cusps, which remained open
during diastole.
Video S2B. Aortography showed trivial AI without paravalvular
leakage.
Video S2C. Supporting information.
Video S3. Supporting information.
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