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Preamble

In 2018, the publications on valvular heart disease (VHD) addressed
all topics—epidemiology, diagnosis, therapy, and predictors of
outcome—but were dominated by studies focusing on transcatheter
treatment. Regarding mitral regurgitation (MR) two pivotal studies
investigating transcatheter edge-to-edge repair for secondary MR as
well as early clinical experience with transcatheter mitral valve re-
placement (TMVR) were published. Regarding aortic stenosis (AS)
there is a clear trend towards the expansion of indications for trans-
catheter aortic valve implantation (TAVI) to intermediate and low-
risk groups, bicuspid aortic valve (BAV) and failed surgically implanted
bioprostheses. Tricuspid valve (TV) disease is a growing clinical prob-
lem associated with high morbidity and mortality. Isolated TV surgery
has a high risk and is currently performed in a minority of patients.
Novel therapies using the edge-to-edge approach or annuloplasty
are being investigated.

Aortic stenosis

Transcatheter aortic valve implantation is rapidly evolving, and im-
plantation numbers are steeply increasing. In Germany where all pro-
cedures are mandatorily registered in a quality control programme,
more than 15 000 TAVI procedures were performed in 2016. The
number more than tripled since 2011, while isolated surgical aortic
valve replacement (SAVR) remained relatively stable with approxi-
mately 10 000 per year being performed now much less frequently
than TAVI (Figure 1). Complication rates and mortality decreased
continuously with overall in-hospital mortality being in 2016 for the
first time similar for TAVI (2.6%) and SAVR (2.9%) despite the differ-
ent risk profile of both patient groups.1 Expanding adoption of TAVI
across the risk strata is widespread both in Europe and the USA.
Based on SURTAVI, Sapien3 Intermediate Risk and PARTNER 2A
the safety and efficacy was established for intermediate risk and fol-
lowing the NOTION study the concept showed promising results

for low-risk patients.2 Importantly, surgical risk scales used for both
approaches tend to overestimate mortality for TAVI patients in all
the risk strata even taking into consideration that low-risk patients
undergoing TAVI are younger than SAVR (Figure 2). The recent FDA-
approved low-risk TAVR trial prospectively studied the outcomes of
transfemoral TAVI in the low-risk group (STS-PROM <_3%) and com-
pared the results to historical controls from the Society of Thoracic
Surgeons (STS) database. No mortality and strokes at 30 days, low
risk of paravalvular regurgitation as well as permanent pacemaker im-
plantation (PPI) rates similar to SAVR were reported, however, frailty
was an exclusion criterium.3 A sub-analysis of the randomized con-
trolled SURTAVI trial evaluating patients with STS-PROM <3% sug-
gested that TAVI may achieve superior early clinical outcomes
compared with SAVR.4 These findings support the need for an ad-
equately powered randomized trial to compare TAVI with SAVR in
patients at low operative risk. Apparently, in such a population with
assumingly longer life expectancy, there is a clear need for data on
the long-term durability because no follow-up beyond 2 years has so
far been published for this population. Ongoing trials such as
PARTNER3, Evolut R Low Risk and NOTION 2 with follow-up of 5–
10 years will provide more data with this regard. Currently available
long-term durability data for transcatheter aortic valves although
promising are unfortunately limited by the poor survival of the high-
risk early populations. Eltchaninoff et al.5 reported an incidence of
structural valve deterioration of 3.2% and bioprosthetic valve failure
of 0.58% at 8 years using the new European consensus definition.
Holy et al.6 estimated from their series that the rate of bioprosthetic
valve failure at 8 years was 7.9% for the actuarial and 4.5% for the ac-
tual analysis. However, long-term durability will remain one of the
key concerns until we have more solid data.

One of the other concerns beyond durability is the need for PPI
which is in most reports higher with TAVI than with SAVR. A recent
systematic review demonstrated the highly variable risk of PPI (2.3–
36.1%) due to new onset conduction abnormalities after TAVI.7 The
risk tended to be lower after balloon-expandable than self-
expandable valves. Procedural factors, such as the depth of

The opinions expressed in this article are not necessarily those of the Editors of the European Heart Journal or of the European Society of Cardiology.

* Corresponding author. Tel: þ48604188669, Fax: þ48322523930, Email: wwojakowski@sum.edu.pl

Published on behalf of the European Society of Cardiology. All rights reserved. VC The Author(s) 2019. For permissions, please email: journals.permissions@oup.com.

European Heart Journal (2019) 00, 1–10 CURRENT OPINION
doi:10.1093/eurheartj/ehy893

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/advance-article-abstract/doi/10.1093/eurheartj/ehy893/5265301 by guest on 07 January 2019

mailto:
Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Underline

Default User
Underline

Default User
Underline

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight

Default User
Highlight



..

..

..

..

..

..

..

..

..

..

..

..implantation, predilatation, distribution of calcifications, and pre-
existing conduction abnormalities were important risk factors for
PPI. The possible long-term impact of even mild paravalvular leak
(PVL) and the necessity of access to coronary arteries in patients
with long life expectancy must also be considered.

Severe periprocedural complications of TAVI requiring emergent
cardiac surgery (mainly annular rupture, ventricular perforation, and
valve embolization) are rare but remain approximately 1%8 to 2%.9

Early mortality remains high in such cases. Nevertheless, given these
life-threatening complications, the 30-day survival rate exceeding
50% underlines the importance of an experienced and well-attuned
heart team providing immediate access to surgical bailout proce-
dures. One-year mortality remains high (78%). These numbers may
also indicate that on-site cardiac surgery alone is not sufficient and
the setup for emergency conversion requires further improvement.
Complication rates and early mortality decrease with increasing

Figure 2 Different performance of surgical risk scores in surgical aortic valve replacement and transcatheter aortic valve implantation patients
across the risk strata. Reprinted from Tarantini et al.2

Figure 1 Numbers of procedures (A) and in-hospital mortality (B) related to transvascular transcatheter aortic valve implantation, transapical
TAVI, and isolated surgical aortic valve replacement. Data from the German Institute for Quality Assurance and Transparency in Healthcare (IQTIG)
report. Reprinted with permission from Gaede et al.,1 combining Figures 1 and 3.
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Figure 3 The estimated number of transcatheter aortic valve implantation candidates in Europe under current indications (A) and projected num-
bers after accepting low-risk indication (B). Reprinted from Durko et al.11
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procedure volume. In an analysis of German national quality assur-
ance data, in-hospital mortality varied highly (0–16.7%) and was on
average markedly higher with 5.6 ± 5.0% in hospitals performing <50
transfemoral TAVIs annually compared with 2.4± 1.0% with rather
consistent results (range 0.5–3.7%) in hospitals with >_200 proce-
dures per year.10 These studies support the recommendation of per-
forming TAVI in heart valve centres with departments of cardiac
surgery on-site and sufficiently high volumes.8

Impact on the healthcare resources utilization is an important issue
given the epidemiology of AS and currently expanding indications for
TAVI. The estimated number of TAVI candidates in Europe under
current indications exceeds 114 000 per year and assuming low-risk
indication is accepted this number may increase to 177 00011

(Figure 3).
Aortic stenosis and coronary artery disease (CAD) have common

risk factors, and clinically overt CAD is present in approximately half
of the patients undergoing TAVI or SAVR. Coronary artery disease
impacts the outcomes of TAVI, but data are still lacking for recom-
mendations whether and when to perform percutaneous coronary
intervention—before, during, or after TAVI.12 The usefulness of inva-
sive physiological assessment of CAD significance in severe AS is also
unclear due to the hypertrophy, increased end-diastolic pressure and
impaired function of the microvasculature. However, recent data sug-
gest that both fractional flow reserve as well as an instantaneous
valve-free ratio (iFR) have good correlation with ischaemic burden in
SPECT and might be useful in clinical decision making about the
revascularization strategy before aortic valve intervention.13 In most
centres, the revascularization is limited to large proximal vessels, but
the completeness of revascularization can have a prognostic impact,
and use of the residual SYNTAX score could improve the risk
stratification.12,14

Transcatheter treatment of severe BAV stenosis is associated with
procedural challenges related to large volume and asymmetrically dis-
tributed calcifications, large aortic annulus, the presence of calcified
raphe, and coexisting aortopathy. Such anatomy increases the risk of
non-uniform valve expansion, under-expansion, aortic root injury,
and PVL. Despite that, given the high prevalence of BAV in the popu-
lation TAVI procedures are increasingly done in this population. Data
from the German TAVI registry including 1424 patients showed reas-
suring clinical outcomes with similar 30-day mortality as in TV. In
patients with BAV, there was, however, a higher rate of PVL while
pacemaker implantation was less frequent.15

Transcatheter valve-in-valve (ViV) implantation has become an
accepted alternative to redo surgery in patients with surgical biopros-
thetic valve failure and should be considered depending on surgical
risk, valve type and size (IIa, level of evidence C recommendation).16

The STS/ACC registry provided reassuring data on the safety of ViV.
Such patients should have a meticulous follow-up with echocardiog-
raphy because the post-procedural gradients are higher than for na-
tive valve TAVI (16 mmHg vs. 9 mmHg; P < 0.001). The follow-up in
this study was limited to 1 year.17 Coronary obstruction following
ViV procedures occurred in 2.3% patients enrolled in the Valve-in-
Valve International Data (VIVID) Registry and was more frequent in
stented bioprostheses with externally mounted leaflets and stentless
biological valves as well as in patients with a virtual transcatheter
valve to coronary ostium distance measured by computed tomog-
raphy below 4 mm.18 Delayed coronary obstruction is an infrequent

(0.22%) complication of TAVI (more often in ViV procedures and
with self-expanding valves) but related to a high risk of death and
myocardial infarction. ViV is challenging in small surgical prostheses
because of a high post-procedural gradient, and new concepts, such
as using the high-pressure inflation of non-compliant balloon and frac-
turing of the prosthetic valve ring are evaluated.19

The antithrombotic regimen after TAVI remains a matter of de-
bate and results of randomized controlled trials are still awaited. In
patients who required oral anticoagulation with vitamin K antagonists
(VKA) for atrial fibrillation, an observational study reported signifi-
cantly less major, and life-threatening bleeding complications on VKA
therapy only compared with those with additional single (SAPT) or
dual antiplatelet therapy (DAPT). This difference was not outweighed
by a reduction of embolic events thus favouring VKA monotherapy.20

In a propensity-matched analysis comparing SAPT and DAPT in 1210
patients, at 30 days, VARC mortality, major vascular complications,
and major bleedings were significantly lower in the SAPT group with-
out a difference in prosthetic heart valve dysfunction after TAVI with
a balloon-expandable valve favouring aspirin monotherapy when no
anticoagulation is indicated.21

Data from the FRANCE-TAVI registry, on the other hand, showed
that VKA are related to less bioprosthetic valve dysfunction in short-
term follow-up.22 More research is required to define the optimal
antithrombotic treatment after TAVI.

There are currently no convincing data that all patients with severe
AS who have normal left ventricular function and are asymptomatic
by history and during exercise testing may benefit from early valve re-
placement and current guidelines, therefore, recommend watchful
waiting for these patients unless they present with particular risk fac-
tors.16 Retrospective analyses reporting a benefit from early surgery
were mainly driven by the fact that a considerable number of patients
did not undergo surgery in the conservative group when developing
indications for intervention, mainly symptoms. This suggests that the
worse outcome in the conservative group was primarily due to non-
adherence to the guidelines. A retrospective cohort study including
300 patients with asymptomatic severe AS appears to support this
assumption.23 Nonadherent patients had significantly higher mortality
and rate of hospital admission for heart failure (HF), while they
underwent less frequently SAVR during follow-up. A recent analysis
of the Heart Valve Clinic International Database reported that in
asymptomatic patients with severe AS left ventricular (LV) ejection
fraction (LVEF) <60% and peak aortic jet velocity >5 m/s were asso-
ciated with increased all-cause and cardiovascular mortality suggest-
ing that this population may benefit from early valve replacement,24

but more data will be required for solid recommendations.
Recent guidelines modified the indications for surgery in asymp-

tomatic severe AS.16 A new recommendation was added that SAVR
should be considered when surgical risk is low, and patients present
with severe pulmonary hypertension. The negative impact of pul-
monary hypertension on long-term outcome was reported once
more in a study including more than 1000 patients with severe AS
supporting the guidelines.25

Current guidelines do also no longer include the recommendation
that surgery may be considered in asymptomatic patients with an in-
crease in mean gradient >20 mmHg on exercise.16 This was based on
pathophysiologic concerns and new studies questioning this recom-
mendation. Goublaire et al.26 did not find a difference in event-free
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survival between asymptomatic patients (no symptoms on exercise
testing) with or without stress-induced mean gradient increase >20
mmHg.

Untreated severe AS causes on the long-term progressive damage
to other heart structures. Genereux et al. accordingly classified five
stages of disease: no extravalvular cardiac damage (Stage 0), left ven-
tricular damage (Stage 1), left atrial or mitral valve damage (Stage 2),
pulmonary vasculature or TV damage (Stage 3), and right ventricular
damage (Stage 4). One-year mortality increased continuously from
4.4% (Stage 0) to 24.5% (Stage 4). The extent of cardiac damage was
independently associated with increased mortality after aortic valve
replacement (AVR).27 These data emphasize once more the import-
ance of timely intervention.

Development of myocardial fibrosis with eventual negative impact
on long-term outcome of AS has been a concern for a long time.
However, how to include this into management strategies remains
uncertain. Treibel et al. studied 133 patients with severe symptomatic
AS undergoing SAVR. Cardiac magnetic resonance (CMR) with late
gadolinium enhancement (LGE) and extracellular volume fraction
(ECV) quantification were performed as well as histological examina-
tions. Late gadolinium enhancement correlated with collagen volume
fraction but not ECV. Both, LGE and ECV correlated independently
with biomarkers. Extracellular volume fraction was also associated
with worse LV remodelling, LVEF, and functional capacity. Combining
both improved the identification of patients at risk.28 In 116 patients
with CMR repeated 1 year after AVR, focal fibrosis did not resolve
while diffuse fibrosis and myocardial cellular hypertrophy
regressed.29 In a study of 674 patients with severe symptomatic AS
undergoing SAVR or TAVI, LGE on CMR was independently associ-
ated with late mortality (two-fold higher).30 Although these studies
provide important new insight, whether we should screen asymp-
tomatic patients with severe AS for early signs of fibrosis to optimize
the timing of surgery can still not be answered from currently avail-
able data.

Patients with paradoxical low flow low gradient AS remain a chal-
lenging subgroup diagnostically as well as therapeutically. Many of
these patients do not only have AS but other causes of LV myocardial
damage, particularly arterial hypertension. Recent data suggest that
cardiac amyloidosis is another associated disease one should think of.
Castano et al. performed technetium-99m pyrophosphate cardiac
scintigraphy prospectively on patients who underwent TAVI to
screen for transthyretin cardiac amyloidosis (ATTR-A). Among 151
unselected patients 16% screened positive. These patients had
thicker ventricles and lower stroke volume, more severe diastolic
dysfunction, and lower ejection fraction.31 These findings gain even
more importance in the view of a recent randomized controlled trial
demonstrating that in patients with ATTR-A, tafamidis was associated
with reductions in all-cause mortality and cardiovascular-related hos-
pitalizations and reduced the decline in functional capacity and quality
of life as compared with placebo.32

Aortic regurgitation

The prevalence of aortic regurgitation (AR) is approximately 2% in
patients over 70 years and increases with age. According to current
guidelines, aortic valve surgery is indicated in severe AR if patients are

symptomatic, or asymptomatic patients present with reduced LVEF
and/or marked dilatation of the LV or with aortic aneurysm.16 In
patients with high/prohibitive surgical risk transcatheter intervention
remains an option, however, due to the lack of calcifications and to
dilatation of the annulus the procedural challenges make acute TAVI
results less predictable and associated with higher rates of PVL and
prosthesis embolization. Recent data suggest that TAVI using new-
generation devices (both balloon- and self-expandable) is feasible in
selected high surgical risk patients with pure AR. A multicentre regis-
try including 331 patients showed improved device success rate, less
post-procedural AR with new generation valves. Post-procedural AR
was a strong predictor of mortality.33

Mitral regurgitation

The burden of MR is increasing with age. The data on the frequency
of MR vs. AS is varying between registries. In a population-based
study from the US prevalence of MR was higher than of AS,34 but the
European registries EORP VHD I (2003) and VHD II (2018) demon-
strated that MR was the second most frequent VHD after the AS
(Iung et al. Late-breaking science session at ESC Congress 2018). In a
community cohort study, isolated MR was common and associated
with excess mortality and frequent HF post-diagnosis in all patient
subsets, even in those with normal LVEF and low comorbidity.
Despite these poor outcomes, only a small minority of affected
patients underwent mitral surgery (29% for primary and 5% for sec-
ondary MR) even in a community with all means of diagnosis and
treatment readily available and accessible.35 This suggests that in a
wider population there might be a substantial unmet need for treat-
ment for this disorder. Educational needs and application of guide-
lines in the management of patients with MR were addressed in a
European mixed-methods study. Based on an online survey including
115 primary care physicians and 439 cardiologists and cardiac sur-
geons from seven European countries, systematic auscultation was
dramatically underused for the early detection of MR. Surgical ther-
apy was underused and medical therapy overused in primary MR,
while optimization of medical therapy was frequently not advised in
secondary MR. Indications for interventions were appropriate in
most patients with primary MR but were unexpectedly frequent for
secondary MR. These gaps identify important targets for future edu-
cational programmes.36

Secondary (functional) MR was reported to be associated with
adverse prognosis (47% mortality over 5 years) in patients with HF
and to be a predictor of long-term mortality after adjustment for
clinical [hazard ratio (HR) 1.61, 95% confidence interval (CI) 1.22–
2.12; P = 0.001], echocardiographic variables (HR 1.38, 95% CI
1.03–1.84; P = 0.03), optimal medical therapy (OMT) and neuro-
humoral activation. This was most evident in patients with New
York Heart Association (NYHA) II and III, moderately reduced
LVEF, and elevated NT-pro BNP. These findings suggest that re-
pair of MR might be more effective in patients in whom the valve
incompetence has the highest impact on the prognosis and is the
main factor associated with the progression of the disease.37 On
the other hand, there is a paucity of data on the long-term effect of
surgical mitral valve repair on the clinical outcomes of secondary
MR. The widespread use of transcatheter edge-to-edge repair
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using the MitraClip (Abbott) system in patients with secondary
MR was based on registry data showing favourable safety and clin-
ical outcomes regarding MR reduction, and suggesting symptomat-
ic improvement and ventricular remodelling. The efficacy was,
however, lower for secondary than for primary MR and the pre-
dictors of adverse outcomes were device failure, low LVEF, and
tricuspid regurgitation.38,39 There has been agreed that the defin-
ite role of transcatheter repair of secondary MR in clinical practice
can only be elucidated in randomized clinical trials, and two of
these were now recently published presenting divergent results.

MITRA-FR enrolled 304 patients with HF, severe secondary MR,
and reduced LVEF (15–40%) who were on OMT and cardiac
resynchronization therapy (CRT) as indicated.40 They were random-
ly assigned 1:1 to additional MitraClip therapy or continued OMT
alone. The procedure was performed with a low complication rate
and high effectiveness. At discharge, 91.9% had MR <_2þ.
Nevertheless, there was no difference for the primary endpoint—
death or unplanned re-hospitalization for HF at 12 months (54.6% vs.
51.3% for interventional and conservative treatment, respectively;
death, 24.3% vs. 22.4%; re-hospitalization, 48.7% vs. 47.4%). NYHA
class improved in both groups and was similar at 12 months. The
study has the strength of a randomized trial with 99% follow-up
regarding the primary endpoint and that it is an industry independent
academic trial. The weakness is that a significant amount of follow-up
data on echocardiographic outcome and functional status at
12 months were missing. The subgroup analyses in this trial showed
consistently no effect of this therapy across pre-specified subgroups.

The Cardiovascular Outcomes Assessment of the MitraClip
Percutaneous Therapy for Heart Failure Patients with Functional
Mitral Regurgitation (COAPT) study enrolled 614 patients with is-
chaemic (60, 7%) and non-ischaemic (39, 3%) HF and moderate-
severe or severe secondary MR and were symptomatic (NYHA
Class II–IV) despite maximally tolerated doses of OMT and CRT (36,
5%) as indicated by guidelines.41 Patients were randomly assigned to

the MitraClip procedure (n = 302) or OMT alone (n = 312). It
showed a significant reduction of the primary endpoint of rehospitali-
zation due to HF at 2 years (35.8% vs. 67.9%, HR 0.53; 95% CI 0.40–
0.70, P < 0.001) with the number needed to treat to prevent one hos-
pitalization of 3.1. There was also a significant reduction of all-cause
mortality at 2 years, (29.1% vs. 46.1%, HR 0.62; 95% CI 0.46–0.82,
P < 0.001) and improvement of the quality of life, functional capacity,
improvement of MR, and reduction of LVEDV (prespecified second-
ary endpoints).

There were differences between the MITRA-FR and COAPT with
regard to the sample size (304 vs. 614 patients) and duration of
follow-up for primary Endpoint evaluation (12 months vs.
24 months). The primary endpoint in COAPT was all hospitalizations
for HF (including recurrent events) and in MITRA.FR composite of
death from any cause or unplanned hospitalization for HF. Regarding
inclusion criteria, the definition of MR differed (effective regurgitant
orifice area >_20 mm2 and/or regurgitant volume >30 mL vs.
>_30 mm2 and >45 mL), as well as of LVEF (15–40% vs. 20–50%) and
LV size. This resulted in on average larger ventricles (mean end-
diastolic volume 135 mL/m2 vs. 101 mL/m2) and less severe MR (ef-
fective regurgitant orifice area 31± 10 vs. 41± 15 mm2) while LVEF
was similar (33 ± 7% vs. 31 ± 7%). Although the technical success rate
in MITRA-FR was good compared with previous observational stud-
ies, it tended to be even higher in the COAPT study. Also, the enrol-
ment strategy was different with central eligibility committee
evaluating current treatment in every patient in the COAPT and
more inclusive, real-life approach in MITRA-FR trial which could re-
sult in the observed improvement in the control arm in the latter
study. Although these differences may have influenced outcomes, it
remains unclear how the results of the two trials could differ so fun-
damentally (Take home figure). More studies will be required to re-
solve this controversy and identify the patient characteristics that
make a benefit from valve repair in secondary MR likely. The ongoing
RESHAPE-HF2 (NCT02444338) and Matterhorn (NCT02371512)

Take home figure Comparison of primary endpoint outcomes in COAPT (A) and MITRA.FR (B) trials. Reprinted with permission from Stone
et al.41 and Obadia et al.40
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trials will likely help clarify the role of this technology in secondary
MR.

In contrast to edge-to-edge repair, direct annuloplasty systems aim
to achieve surgical-like results in the secondary MR by reducing the
dilatation of the mitral annulus and correct the malcoaptation of the
leaflets using undersized adjustable rings implanted by the transseptal
catheter-based approach. A recent study by Messika-Zeitoun et al.
investigated the safety and efficacy of the CardiobandTM Mitral Valve
Reconstruction System (Edwards Lifesciences) in patients with HF
(majority NYHA III-IV) and secondary MR. The technical success rate
was 97% and in 52/60 patients a significant reduction of annulus diam-
eter and MR severity (66% mild or less in-hospital and 61% at 1 year).
The recurrence rate was 22% in 1 year. Importantly periprocedural
complications (tamponade, VF, stroke, and MI) and anchor detach-
ments were noted in the first cohort treated patients. This technol-
ogy alone or in combination with edge-to-edge repair seems
effective however the long-term clinical outcomes require further
studies.42

Persistent reduction of MR probably requires not only the inter-
vention targeting the leaflets or annulus alone but either combination
of both approaches or ultimately implantation of the TMVR. The
early experience was hampered with valve thrombosis and regurgita-
tion, but the improvement of the design and preprocedural planning
allowed better outcomes. As reported by Bapat et al. Transcatheter
mitral valve replacement with self-expandable transapical valve
[Intrepid, Medtronic] with bovine pericardial leaflets in 50 patients
with high or extreme operative risk proved feasible and effective in
providing symptomatic relief. It was also safe with no periprocedural
strokes or reinterventions.43 The ongoing APOLLO trial which is
planned to include transseptal TMVR will provide important data for
this technology. A transseptal approach mitigating the use of high-
profile transapical catheters is likely to improve the safety.

In severe primary MR, management of asymptomatic patients with
preserved LV and no atrial fibrillation or pulmonary hypertension
remains a matter of debate. Zilberszac et al. prospectively followed
280 such patients with a watchful waiting strategy for a median of
8 years. Compared with the age- and a gender-matched general
population expected cumulative survival and early survival rates were
even better in the study population. One-third was still event-free
after 10 years.44 These data support watchful waiting. However, it
has to be emphasized that these patients had regular follow-up visits
every 6 months in an expert centre and the results may only be
expected in such a setting.

Mitral stenosis

The concept of implantation of balloon-expandable valves (Sapien,
Edwards) in high/prohibitive risk patients with severe mitral annular
calcification (MAC) was based on case series and registries. Guerrero
et al. reported 1-year follow-up of 105 patients enrolled in multi-
centre TMVR in MAC Global Registry. Although the technical suc-
cess rate was high and lead to significant symptomatic improvement,
there was substantial mortality related to haemodynamically signifi-
cant LVOT obstruction in 11.2% of patients such an approach need
to be further evaluated and rigorous preprocedural planning is
crucial.45

Tricuspid regurgitation

Tricuspid regurgitation is a significant clinical problem affecting in
Europe approximately 300 000 patients yearly.46 There is a growing
recognition of this disease and novel therapeutic options. Fast pro-
gression of tricuspid regurgitation (TR) has an adverse impact on sur-
vival, and key risk factors for fast TR progression have been identified
(Figure 4).47 It is accepted that TV (TR) repair during left-sided valve
intervention is beneficial in terms of reduced mortality, however,
increasing number of patients with MR deemed inoperable have also
TR. In such cases, transcatheter repair on MV does not address the
TV pathology and is ineffective in abating the symptoms of right HF.
The concept of simultaneous or staged transcatheter TV repair using
the MitraClip has been proven feasible and safe, however technically
challenging. This approach requires careful preprocedural planning
with angio-CT and expert TOE guidance during the procedure.48

Other transcatheter devices, such as PASCAL (edge-to-edge repair
system), Cardioband (direct annuloplasty), or caval approach (one or
two TAVI devices implanted within the stents in caval veins) have
been recently tested with promising early results (reduction of TR se-
verity, improved symptoms) in selected high risk patients.49–51 The
majority of patients are treated on a compassionate basis and have
multiple comorbidities, and the impact of TR repair requires further
evaluation. The TriValve (Transcatheter Tricuspid Valve Therapies)
registry evaluated 106 high-risk patients treated with multiple trans-
catheter devices and showed safety, moderate (62%) procedural suc-
cess and reduction of HF symptoms.52

Not only secondary TR coexisting with the disease of other valves
remains a significant clinical problem, but also isolated TV disease
which confers an increased risk of mortality and shows increasing
prevalence. Isolated TV surgery is associated with a high periopera-
tive risk (in-hospital mortality of 8.8%) and does not diminish over
time despite the growing number of surgical procedures.53 Similarly
to MV interventions, the key step is patient selection. At the current
stage, the most appropriate would be high surgical risk patients with-
out right ventricular failure and pulmonary hypertension. Finally, it
has to be emphasized that for secondary TR similar to secondary MR,
only its association with worse outcome has been demonstrated
while it remains uncertain whether its reduction by intervention can
improve outcome.

Non-valve specific issues

Paravalvular regurgitation (PVL) is an uncommon complication of
surgical valve replacement requiring repair in 2–5% of cases.
Repeated surgery is associated with significant risk. Transcatheter
closure is a valid treatment option after exclusion of active endocar-
ditis in patients with acceptable anatomy. However, data on the peri-
procedural and long-term outcomes were based on the registries
using heterogenous definitions.16 Recently, the PVL Academic
Research Consortium set standards for the assessment of disease se-
verity, data collection, and updated endpoint definitions.54

Diagnosis of prosthetic valve endocarditis (PVE) remains challeng-
ing. A multicentre study including 160 patients with suspicion of PVE
confirmed the diagnostic value of visual and quantitative assessment
of FDG PET/CT in this setting and highlights the importance of early
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..implementation in the diagnostic work-up to prevent confounding
effects of low inflammatory activity due to prolonged antibiotic ther-
apy. Recent valve implantation was not a significant predictor of false
positive interpretations, but surgical adhesives used during implant-
ation were.55,56

The incidence of infectious endocarditis (IE) in the UK is esti-
mated to be 36.2/million/year. The risk factors of mortality in IE
patients are the previous history of IE, prosthetic valve, and his-
tory of valve repair.57 Recent data from the Danish nationwide
registries allowed improved identification of IE risk factors in mod-
erate and high-risk populations in comparison to the general
population. There was a stepwise increase of IE risk in these popu-
lations. The risk factors for IE in moderate risk group were VHD,
an implantable device, hypertrophic cardiomyopathy and the risk
of IE was higher than the general population but lower than in
high-risk group.58,59

In a randomized, noninferiority, multicentre trial, 400 adults in sta-
ble condition who had endocarditis on the left side of the heart
caused by Streptococcus, Enterococcus faecalis, Staphylococcus aureus, or
coagulase-negative Staphylococci treated for at least 10 days with
intravenous antibiotics were assigned to either continued intraven-
ous or to switch to oral treatment. The primary composite outcome
of all-cause mortality, unplanned surgery, embolic events, or relapse
of bacteraemia occurred in 12.1% vs. 9.0% confirming noninferiority
of switching to oral treatment. These findings could have major im-
pact on clinical practice.60

Pulmonary hypertension (PH) may persist after correction of
VHD. It is then associated with increased morbidity and mortality.
Whether targeted PH treatment is effective in this setting remains
uncertain. In a multicentric, randomized, placebo-controlled trial
including 200 patients with successful valve replacement or repair
procedure at least 1 year before inclusion, a mean pulmonary artery
pressure still >_30 mmHg

(57% with a resistance >3 Wood Units, i.e. combined post and
pre-capillary PH) were assigned to sildenafil 40 mg three times daily
or placebo for 6 months. The primary endpoint was a composite clin-
ical score combining death, hospital admission for HF, change in func-
tional class, and patient global self-assessment. Patients on sildenafil
had a significantly worse outcome indicating that this treatment can-
not be recommended for this patient group.61

Perspectives

There is a growing awareness of the burden of VHD worldwide, and
the adoption of minimally invasive treatment options will be expand-
ing thanks to new device technologies and progress of imaging. Mitral
and TV interventions are gaining momentum in high risk and inoper-
able patients but will need to overcome more technical challenges
than aortic valve interventions due to the more complex and variable
anatomy.
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