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ABSTRACT

"Transcatheter aortic valve replacement (TAVR) is regarded
as an alternative to balloon aortic valvuloplasty in patients
with severe aortic valve stenosis in cardiogenic shock. A low
implantation of transcatheter heart valve (T'HV) can result
in “supraskirt” paravalvular aortic regurgitation (PAR) and
prosthesis-patient mismatch (P-PM), causing a dilemma in
such a setting. A 64-year-old man presented to our emer-
gency department with severe aortic stenosis and acute heart
failure causing cardiogenic shock. An urgent transfemoral
TAVR was performed under general anesthesia in a hybrid
room. Predilatation was performed with a 22-mm compli-
ant balloon, and a 26-mm Venus A-Valve (Venus MedTech,
Hangzhou, China) was deployed. After valve implantation,
the hemodynamic conditions of the patient rapidly deterio-
rated; therefore, cardiopulmonary resuscitation and extra-
corporeal circulation support were initiated. Aortography
and transthoracic echocardiography (TEE) illustrated an
extremely low implantation of THV, with moderate to severe
supraskirt PAR and moderate P-PM. After evaluation of the
hemodynamic tolerability of PAR, a median sternotomy was
done, and surgery was performed. The patient died due to
severe sepsis and hyperkalemia 14 days after the procedure.
The management of urgent TAVR in cardiogenic shock
should be revised and reexamined. A widespread and practical
percutaneous technique to manage implant failure of THV is
required to avoid surgical bailout.

INTRODUCTION

"Transcatheter aortic valve replacement (TAVR) is regarded
as an alternative in patients with severe aortic valve stenosis in
cardiogenic shock [Fraccaro 2020]. The main technical limi-
tation of the many first-generation self-expandable devices,
including the Venus A-Valve device (Venus MedTech, Hang-

zhou, China), is the inability to recapture and reposition.
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Implant failure of THV in cardiogenic shock patients can
be life-threatening, given that it increases the intractability
of the patient’s hemodynamics. A case of emergent TAVR
resulting in an extremely low-placed Venus A-Valve is pre-
sented here with approval from our institutional review board
and informed consent.

CASE REPORT

A 64-year-old man with a history of hypertension, gastroin-
testinal bleeding, and chronic kidney disease presented to our
emergency department complaining of orthopnea and fatigue
with progressive aggravation in the last month. He had acute
upper gastrointestinal bleeding 1 month earlier and underwent
medical treatment. On physical examination, we documented a
midsystolic murmur along the upper right sternal border and
pansystolic murmur over the apex. He was in heart failure, with
coarse crackling and wheezing in both lungs. He had New York
Heart Association class IV symptoms with EuroSCORE 1I of
20%. He was lean: height 175 cm and weight 53 kg.

Transthoracic echocardiography (TEE) demonstrated
severe aortic stenosis and severe mitral regurgitation (MR)
with left ventricular ejection fraction of 46% (left ventricular
end-diastolic diameter, 58 mm; left ventricular end-systolic
diameter, 45 mm; aortic valve mean pressure gradient, 50
mmHg; aorticvalve V_ , 455cm/s; mitral valve regurgitation,
3+). The mitral valve showed poor coaptation of the leaflets.
Contrast-enhanced computed tomography—derived annular
area perimeter measurements were 428.9 mm’ and 74.8 mm,
respectively, mandating a 22-mm Venus balloon to predilate
and a 26-mm Venus A-Valve to implant.

The patient’s symptoms and frailty, the burden of comor-
bidities, and technical aspects were evaluated by a multidisci-
plinary heart team. The heart team decided to proceed with
urgent TAVR with a Venus A-Valve and reassess mitral regur-
gitation after TAVR. Preoperative management included
inotropic therapy, morphine injection, and blood transfu-
sion. The procedure was performed by a multidisciplinary
team including cardiologists, cardiac surgeons, perfusionist,
echocardiographer, and anesthesiologists in a hybrid operat-
ing room with wet-primed cardiopulmonary bypass circuits
on standby. General anesthesia was induced using midazolam
2 mg, sufentanil 20 pg, and etomidate 10 mg. Continuous
infusion of norepinephrine (0.03 pg/kg/min) and intravenous
fluid therapy (15 ml/kg/min) were commenced to restore
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hemodynamic stability, with systolic blood pressure in the
range of 90 to 120 mmHg.

After exposure of the right femoral artery, systolic blood
pressure dropped to 60 mmHg gradually. Added doses of 0.1,
0.3, and 0.6 mg intravenous adrenaline failed to raise systolic
blood pressure above 40 mmHg. At this point, heparin was
administered intravenously to achieve an activated clotting
time >250 s. After crossing of the stenotic valve, an extra-
stiff guidewire (Lunderquist Cook Medical, Bloomington,
IN) was positioned into the left ventricle, and an emergent
balloon aortic valvuloplasty was performed with a 22-mm
Z-MED balloon (Braun Interventional Systems, Bethlehem,
PA). Instead of the expected hemodynamic recovery after pre-
dilatation, the patient developed shock and arrested despite
the cumulative doses of vasopressors used. Cardiopulmo-
nary resuscitation was started, and systolic blood pressure
remained <80 mmHg.

A 19-Fr-equivalent, 26-mm self-expanding Venus A-Valve
was implanted via the right femoral artery. Extracorporeal
circulation was established via femoral cannulation, and ade-
quate perfusion pressure was achieved. Aortography and TEE
showed an extremely low implantation (Figure 1) and mod-
erate to severe “supraskirt” PAR (Figures 2 and 3) [Pibarot
2015]. TEE in short-axis view showed a moderate to severe
PAR originating from the left and right coronary cusps and
moderate prosthetic aortic valve stenosis (aortic valve mean
pressure gradient, 29 mmHg; aortic valve V__ 339 cm/s).

After evaluating the hemodynamic tolerability of PAR,
moderate P-PM [Jilaihawi 2010], the initial severe mitral
regurgitation, and potential impaired mobility of the ante-
rior leaflet of the mitral valve due to the low deployment,
the heart team decided to proceed with aortic valve replace-
ment and mitral valve replacement rather than valve-in-valve
TAVR [Ussia 2011]. A median sternotomy was done, and the
Venus A-Valve was removed after infiltration with ice water
(Figure 4). A 25-mm St. Jude Medical mechanical mitral
prosthesis and a 19-mm St. Jude Medical Regent aortic pros-
thesis were implanted (St Jude Medical, St Paul, MN). The
cross-clamping time was 105 min, and the cardiopulmonary
bypass time was 245 min.

The patient was awake on day 1 after the procedure, and
tracheal intubation was removed on day 2. The patient under-
went continuous renal replacement therapy and early anti-
microbial therapy. A tracheotomy was performed on day 11
because of acute respiratory distress syndrome. The patient
went into cardiopulmonary arrest and died on day 14 from
severe sepsis and hyperkalemia.

Severe aortic valve stenosis and cardiogenic shock have a
poor prognosis, with high morbidity and mortality. Accord-
ing to guidelines, balloon aortic valvotomy may be considered
as a bridge to surgery or TAVR in hemodynamically unstable
patients [Baumgartner 2017]. Fraccaro et al [2020] reported
that TAVR may be a safer and more feasible option in car-
diogenic shock in midterm outcomes than balloon aortic
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Figure 1. Aortography demonstrated that the distal part of the frame
was 13 mm below the nadir of the noncoronary cusp (NCC) and 18
mm below the nadir of the left coronary cusp (LCC), whereas the new
bioprosthetic aortic annulus was in the height of 15 mm of the frame
(yellow line). The white line indicates the aortic annulus level. L indicates
left coronary cusp; N, noncoronary cusp; R, right coronary cusp.

valvotomy. Our case presents a trial-and-error procedure
as follows: (1) no hemodynamic improvement after balloon
aortic valvotomy; (2) TAVR but implant failure; and (3) sur-
gical aortic and mitral valve replacement with grim progno-
sis. With limited operator experience in TAVR and use of
the Venus A-Valve device, the outcomes of emergent TAVR
are supposed to be improved. TAVR is still regarded as an
appropriate treatment for inoperable patients with severe
aortic valve stenosis and cardiogenic shock, which was also
illustrated by Fraccaro et al [2020], with 94% device success
for emergent TAVR by transfemoral access. Even though evi-
dence is lacking to standardize the emergent TAVR proce-
dure, refinement of TAVR devices and increasing operator
experience may reduce TAVR procedural complications.
Unlike more common complications such as vascu-
lar complications, cerebrovascular events, and coronary
obstruction, THV malposition has been described rarely.
THYV malposition can be classified as THV embolization,
THV misplacement, and suboptimal deployment based on
the severity of migration (Table 1). THV embolization is
defined as severe migration of the THYV, resulting in com-
plete detachment from the aortic annulus and migration into
either the ascending aorta or the left ventricle outflow tract
(LVOT) [Ibebuogu 2015; Sarkar 2012; Tay 2011; Makkar
2013; Geisbusch 2010]. THV misplacement is defined as
moderate migration of the THV. The THV remains fixed
to the aortic annulus, but the misplacement of the THV
leads to related complications such as supraskirt PAR, P-PM,
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Figure 2. The long-axis view of TEE shows moderate to severe paravalvu-
lar regurgitation (white arrows; prosthesis marked with an asterisk) and
potential influence on the movement of the mitral anterior leaflet owing
to the low-placed flame. AML indicates anterior mitral leaflet; AO, aorta;
LA, left atrium; LV, left ventricle; PML, posterior mitral leaflet.

Figure 3. The short-axis view of TEE shows supraskirt aortic regurgita-
tion originating from the left and right coronary cusps (white arrow). L
indicates left coronary cusp; LA, left atrium; N, noncoronary cusp; R,
right coronary cusp; RV, right ventricle.

THV-related mitral stenosis, or regurgitation [Grube 2007;
Piazza 2009; Ussia 2010; Balghith 2012; Harries 2015; Auer
2017; Franco 2012]. Suboptimal deployment is regarded as
mild malposition of the THYV, in which the patient remains
hemodynamically stable but the THV is not in the right
annular plane. Ibebuogu et al [2015] reviewed a group of 71
patients with THV embolization and revealed that in 90% of
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Figure 4. The 26# Venus A-Valve was removed after infiltration with
ice water.

cases, embolization occurred immediately after implantation.
The most common sites of embolization were the ascending
aorta (38%) and left ventricle (31%).

Transcatheter valve-in-valve technique has become an
established technique to treat acute THV failure [Makkar
2013]. The bailout of conversion to open-heart surgery has
been considered the last backup, although it is associated with
high mortality during hospitalization. Transcatheter manage-
ment of THV misplacement with a low deployment has been
reported by Ussia et al [2010]. This technique uses a goose-
neck catheter to snare hooks of the prosthesis and carefully
pull the valve. But a time-consuming technique seems riskier
and inoperable in a cardiogenic shock patient. Therefore, a
judicious procedure to prevent a low deployment is crucial. In
terms of operator technique: (1) an extremely slow release of
the Venus A-Valve is mandatory even in an emergent setting,
given that the device has a lack of 1:1 delivery and superradial
force increases the possibility of diving into the left ventricle
outflow tract; and (2) the “cusp-overlap technique” with en
face view of the noncoronary cusp ensures a higher deploy-
ment, which may decrease the possibility of diving [Tang
2018]. We suggest that the next-generation Venus A-Valve
device have the following advantages: (1) ability of recapture
and reposition; (2) a 1:1 delivery system; and (3) refinement of
its superradial force and rigid frame.

Although several bailouts after malpositioning of THV
have been reported, a widespread and practical percutaneous
technique to manage the implant failure of THV is required
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Table 1. Classification of THV Malposition*

Factor Embolization

Displacement Suboptimal Deployment

Severity of malposition Severe

Position of THVs Ascending aorta, left ventricle, abdominal

aorta

Complications Hemodynamic compromise, severe PAR,

coronary ischemia, stroke
Anatomic factors
Technical factors
Device factors

Bailouts Conversion to open-heart surgery; valve-

in-valve; retrieval of the partially deployed
THV

Discharge outcomes High mortality

Migrate to LVOT partially

Moderate PAR, THV-related MS or MR,
conduction disturbances, P-PM

Moderate Mild

Fixed to annulus mostly

Mild PAR

Inadequate visualization of anulus, lack of THV co-axiality, inadequate annular size assessment, horizontal aorta, asymmetric calcification
Operator experience, pacing error

Lack of repositionability, inability of recapture, lack of 1:1 delivery

Valve-in-valve; snaring None

Low mortality Satisfactory

*LVOT indicates left ventricle outflow tract; MR, mitral regurgitation; MS, mitral stenosis; PAR, paravalvular aortic regurgitation; P-PM, prosthesis-patient mis-

match; THYV, transcatheter heart valve.

with the following trackability: (1) the technique is practical,
with a short learning curve, because the incidence of implant
failure is low; (2) the technique has high reproducibility; and
(3) the technique is timesaving.

TAVR may be an option for patients at high surgical risk
with cardiogenic shock and severe aortic stenosis. Malpo-
sitioning of the Venus A-Valve bioprosthesis predicts para-
valvular aortic regurgitation and is associated with P-PM.
Malpositioning of the THV is an essential determinant of
morbidity and mortality after TAVR. A widespread and prac-
tical percutaneous technique to manage the implant failure of
THV is required to avoid surgical bailout.
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