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Acute heart failure (AHF) represents a broad spectrum of disease states, resulting from the interaction between an acute precipitant and
a patient’s underlying cardiac substrate and comorbidities. Valvular heart disease (VHD) is frequently associated with AHFE. AHF may result
from several precipitants that add an acute haemodynamic stress superimposed on a chronic valvular lesion or may occur as a consequence
of a new significant valvular lesion. Regardless of the mechanism, clinical presentation may vary from acute decompensated heart failure
to cardiogenic shock. Assessing the severity of VHD as well as the correlation between VHD severity and symptoms may be difficult in
patients with AHF because of the rapid variation in loading conditions, concomitant destabilization of the associated comorbidities and the
presence of combined valvular lesions. Evidence-based interventions targeting VHD in settings of AHF have yet to be identified, as patients
with severe VHD are often excluded from randomized trials in AHF, so results from these trials do not generalize to those with VHD.
Furthermore, there are not rigorously conducted randomized controlled trials in the setting of VHD and AHF, most of the data coming
from observational studies. Thus, distinct to chronic settings, current guidelines are very elusive when patients with severe VHD present
with AHF, and a clear-cut strategy could not be yet defined. Given the paucity of evidence in this subset of AHF patients, the aim of this
scientific statement is to describe the epidemiology, pathophysiology, and overall treatment approach for patients with VHD who present
with AHF
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Assessing severity of acute heart failure (AHF) in parallel with evaluation of the aetiology, mechanism and severity of valvular heart disease (VHD).
Management follows Heart Team discussion to decide emergency/urgent/elective interventions or palliation. Three possible scenarios should be
considered. First, if there is no emergent indication to intervention, patients must receive medical therapy (MT). MT may be appropriate as bridge
to early in-hospital or elective intervention or as destination therapy if intervention is contraindicated because of the comorbidities. Second,
patients presenting with cardiogenic shock or AHF refractory to medical treatment require interventions on an urgent/emergency basis, when
VHD represents the main contributor to the immediate life-threatening haemodynamic deterioration. Third, early use of percutaneous mechanical
circulatory support (MCS) may help bridge patients to a decision of delayed VHD repair, left ventricular assist device (LVAD) and/or heart
transplantation (HTX). The second and third scenarios are more likely to be considered as patients with AHF and VHD may require emergent
surgery, especially in case of valve endocarditis or acute aortic regurgitation caused by aortic dissection or acute mitral regurgitation caused by
papillary muscle rupture. ACS, acute coronary syndrome; AF, atrial fibrillation; AMI, acute myocardial infarction; CIED, cardiac implantable electronic
device; PE, pulmonary embolism; RV, right ventricular. *¥AHF phenotypes: cardiogenic shock, acute pulmonary oedema, acute decompensated heart
failure; right heart failure. :
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Introduction

Defined according to guidelines as the new onset or worsening
of symptoms and signs of heart failure (HF) in the presence of
an underlying structural or functional cardiac dysfunction, one or
more precipitating factors can induce acute HF (AHF)." Valvular
heart disease (VHD) is one of the most common underlying
conditions associated with AHF2~'® AHF may result from the acute
haemodynamic stress superimposed on a chronic valvular lesion
or may occur because of a new significant valvular lesion. Patients
with VHD presenting with AHF may have significant comorbidities,
and it is often difficult to ascribe the contribution of VHD to
symptom severity. Assessing aetiology may not be immediately
available in critically ill patient and accurate valvular assessment can
be challenging with multiple VHD or in those with extreme loading
conditions. =14

There are no rigorously conducted randomized controlled trials
in the setting of VHD with AHF. Besides, patients with severe VHD
are often excluded from AHF randomized controlled trials and
this leads to lack of a clear-cut strategy.'>'® Hence, the current
European Society of Cardiology (ESC) and US guidelines emphasize
the need of an early referral of patients with HF and valvular
disease to a multidisciplinary Heart Team, including HF specialists,
for assessment and treatment planning.'>1¢ The guidelines also
recommend the Heart Team must individualize multidisciplinary
discussion to offer the best option for each particular case.’>1

It is therefore the aim of the present scientific statement to
focus on the epidemiology, pathophysiology, diagnostic work-up
and management of VHD with AHF.

Epidemiology

In hospitalized patients from the EURObservational Research Pro-
gramme (EORP) VHD Il survey,'” aortic stenosis (AS) was the
most common VHD (41.2%), followed by primary mitral regur-
gitation (MR) (13.8%) and secondary MR (7.8%). Multiple VHD
was reported in 26.5% patients. Isolated right-sided VHD was rare
(2.5%).

The prevalence of VHD in the setting of AHF has not been
clearly embodied. AHF clinical trials generally excluded patients
with moderate to severe VHD and in AHF registries (Table 1),
the VHD prevalence varied according to the methodology of the
registries.2”1°

Among AHF patients, VHD as primary cause of HF was more
common in HF with preserved ejection fraction (HFpEF) (20%), as
compared to HF with mildly reduced ejection fraction (14%) and
HF with reduced ejection fraction (HFrEF) (6.2%)."®

In the international REPORT-HF registry, VHD was considered
as a cause of AHF in 13% of patients (ranging from 7% in Asia
and North America to 18% in Western Europe), while in 20% of
AHF patients VHD was present as a comorbidity (ranging from

© 2023 European Society of Cardiology
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8% in Asia to 30% in Eastern Europe).'” Also, in-hospital VHD
interventions varied substantially by geographic region (7.9% in
Western Europe vs. 1.2% in South East Asia).2

In the ESC HF Long-Term Registry, VHD was reported
as the primary cause of AHF in 11.8% of patients, though
moderate/severe MR and tricuspid regurgitation (TR) were found
at echo in 45.9% and 35.4% of patients respectively,?’ suggesting
dynamic nature of functional regurgitations.

In terms of prognosis, severe AS was an independent predictor
of 1-year all-cause mortality.® Mild to moderate aortic regurgita-
tion (AR) was linked to all-cause mortality in patients with AHF
and preserved ejection fraction.?

Moderate/severe MR was associated with a composite of
all-cause mortality or HF readmissions in patients with both wors-
ening and de novo HF from BIOSTAT-CHF2 In the ARIC study,
moderate/severe MR was associated with 1-year all-cause mortal-
ity only in AHF patients with ejection fraction <50%.2* Of note,
residual functional MR at discharge was associated with prognosis
only in the group of AHF patients with high B-type natriuretic pep-
tide at discharge.?® Interestingly, in patients hospitalized for AHF,
dynamic MR (severe on hospital arrival and improved at discharge)
was linked to a worse composite outcome including death and HF
readmissions.?

In hospitalized AHF patients, moderate/severe TR prevented
successful decongestion,’ it was a strong predictor of HF read-
missions?’ and it was associated with mortality only in the subset
of patients with HFpEF?® or those with pulmonary hypertension
(PH).2?

Acute heart failure
pathophysiology

Primary severe VHD may represent an abnormal substrate or an
underlying cause of AHF. Valve lesions often progress gradually
over time but manifest clinically or become acutely worsened
during the haemodynamic stress from a superimposed precipitant
that may vary in severity and can interact additively (Figure 7).
Furthermore, alteration of the cardiovascular substrate during
HF progression may cause functional VHD, especially MR and
TR, and coexistence of these two may complicate the clinical
picture. In contrast to organic (primary) valve regurgitation, where
the valve apparatus is structurally normal, secondary MR and
TR develop by structural alterations of the ventricular or atrial
geometry. Secondary atrio-ventricular regurgitations may occur in
the full spectrum of left ventricular ejection fraction (LVEF) and are
dynamic lesions, changing severity with loading conditions.>*3'
Acute VHD may be responsible for AHF in cases of a new acute
valve dysfunction (e.g. papillary muscle rupture, aortic dissection)
or acute deterioration of a prior moderate VHD by endocardi-
tis, prosthetic valve thrombosis, and so forth (Figure 7). In addi-
tion, haemodynamic significance of even moderate VHD might be
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periodic consecutive
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22.6%

all-consecutive

35.8%

20 pts/site

34.4%

frame of enrolment
VHD as underlying

11.3%

cause

52.5% moderate to

44.3% moderate to 23.8% severe mitral

Echocardiography

severe MR
36.3% moderate to

valve disease

severe MR
29.9% moderate to

19.8% severe aortic

severe TR

valve disease

severe TR

AHEAD, Acute Heart Failure Database; EAHFE, Epidemiology of Acute Heart Failure in Emergency Departments; EHFS II, European Heart Failure Survey Il; ESC-HFA EORP HF LT, European Society of Cardiology Heart Failure

Association EURObservational Research Programme Heart Failure Long-Term Registry; MR, mitral regurgitation; OFICA, French Observational Survey on Acute Heart Failure; REPORT-HF, International REgistry to assess medical

Practice with |Ongitudinal obseRvation for Treatment of Heart Failure; RO-AHFS, Romanian Acute Heart Failure Syndromes; TR, tricuspid regurgitation; VHD, valvular heart disease.

aggravated by the coexistence of diverse precipitants such as acute
coronary syndrome, hypertension, arrhythmia, fluid overload, or
worsening renal function (Figure 7).

Pulmonary hypertension

Pulmonary hypertension is frequently a consequence of left-sided
VHD and contributes to, or aggravates, secondary TR.32735

In left-sided VHD, left ventricular pressure and/or volume over-
load induces left atrial pressure overload and a passive backward
rise of pulmonary venous pressure. This sudden increase in pul-
monary venous pressure causes alveolar-capillary membrane dis-
ruption producing reversible acute alveolar oedema, while chronic
adaptation, including left atrial dilatation and alveolar capillary
remodelling with collagen deposition, is a partially irreversible pro-
cess.?*3* PH induces right ventricular pressure overload causing
right ventricular hypertrophy and dilatation and consequently annu-
lus dilatation with secondary TR that further deteriorates right
ventricular function.

Pulmonary hypertension due to left heart disease, including
VHD, represents group 2 PH defined by an mean pulmonary
artery pressure >20mmHg and a pulmonary capillary wedge
pressure >15mmHg. Within this haemodynamic condition of
post-capillary PH, isolated PH is defined by pulmonary vascular
resistance (PVR) <2 Wood units (WU) and combined PH by PVR
>2 WU.?® Severe PH is defined as >5 WU.?® In patients with
VHD undergoing intervention, increased PVR, particularly if >5
WU, is associated with an increased disease burden and a worse
outcome.?®* Furthermore, regression of PH after correction of
VHD is frequently incomplete and persistent PH is associated with
adverse outcomes.>

The prevalence of PH increases with severity of left-sided VHD?’
and severity of symptoms.3*3® In mitral stenosis (MS), PH is
linked to symptom severity and valve area and is associated with
long-term prognosis.*

The prevalence of PH in primary MR may vary according to
clinical severity and reaches 64% for patients with New York Heart
Association (NYHA) class 1I/IV.3441 Early surgical treatment is
advisable in these patients, since pre-existing PH is associated
with post-operative left ventricular systolic decline and an almost
two-fold increase in post-operative mortality,>163%42

In AS, PH prevalence ranges from 6% to 30%.** The mechanism
of PH in AS is controversial and attributed more to the left
ventricular diastolic dysfunction and less to AS severity itself. The
reversibility of PH post-operatively correlates with improvement
of diastolic function and was linked to better outcomes.*#5

In severe AR, the prevalence of PH is between 30% and 37% and
represents a predictor of worse prognosis post-intervention.*

Investigations and in-hospital
monitoring for valvular heart
disease

As many of these patients with VHD and atrial fibrillation undergo
urgent surgical or percutaneous correction, it is important to

© 2023 European Society of Cardiology
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Figure 1 Aetiology of valvular heart disease (VHD) and pathophysiology of acute heart failure for chronic and acute VHD. ACS, acute
coronary syndrome; AF, atrial fibrillation; AMI, acute myocardial infarction; CIED, cardiac implantable electronic device; HF, heart failure; LV,

left ventricular; PE, pulmonary embolism; RV, right ventricular.

concomitantly evaluate: (i) the clinical status and rapidly identify
early signs of hypoperfusion and respiratory distress; (i) the sever-
ity of the valvular disease and its impact on the cardiac chambers
and pulmonary circulation and overall haemodynamic status; (jii)
markers of end-organ dysfunction; and (iv) the presence/absence
of significant coronary artery disease, precipitants, comorbidities.

Clinical examination

In general, while all left-sided VHDs contribute to symptoms and
signs of pulmonary congestion, right-sided VHDs contribute to
symptoms and signs of systemic congestion (Table 2).2747-5¢

To note, clinical examination alone, in particular auscultation,
has a limited sensitivity,”’ being insufficient for the diagnosis of
VHD, particularly in critically ill patients or in those with acute
VHD, when the murmur intensity and duration may be diminished
due to systemic hypotension and rapid pressure equilibration
between cardiac chambers.' However, some symptoms may be
especially informative of the underling aetiology (i.e. fever in
infective endocarditis, chest pain in aortic dissection).

Biomarkers, arterial blood gas analysis,
lactate, electrolytes

The value of natriuretic peptides for diagnosis and prognostic
evaluation has been reported in the ESC HF guidelines."® In
very acute settings, such as MS with flash pulmonary oedema,

© 2023 European Society of Cardiology

natriuretic peptide values may not reach the recommended ‘likely’
cut-offs.>

The identification of acidosis and especially elevated lactate
remain reliable markers for hypoperfusion and it is advised to be
checked routinely.™¢°

The electrocardiogram may help the diagnostic by identification
right ventricular hypertrophy (PH), arrhythmias, conduction abnor-
malities (extension of annular aortic abscesses) and ischaemia.

Cineradiography can aid the diagnosis of mechanical valve
obstruction.

Transthoracic echocardiography (TTE) is essential for the diagno-
sis and precise evaluation of the severity of valvular lesions (online
supplementary Table S7), the impact on left ventricular size and
function, right ventricular function and pulmonary circulation (pul-
monary pressure as well as pulmonary resistance).

Careful quantification is required, as the severity of the
mitral/aortic lesion may be underestimated when the left ventric-
ular systolic function is depressed as in AHF or cardiogenic shock
(CS). Adequate assessment of left ventricular contractile/flow
reserve may be difficult when the patient is under inotropic
support.’®

Transoesophageal echocardiography (TEE) is essential before or
during mitral and tricuspid valve interventions, in patients with
prosthetic valve dysfunction as well as whenever the TTE exam-
ination is not informative. TEE remains very sensitive and specific
for the diagnosis of valve vegetations (consistently above 95%) and

other imaging findings of infective endocarditis.®’2
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Multidetector computed tomography (MDCT) is extensively used in
perioperative care of percutaneous valve procedures.®’** MDCT
may diagnose leaflet thrombosis.®’ It has also a role to assess
the extent of aortic calcification and ‘porcelain aorta’ in the
elderly®* and for those requiring redo surgery.®® MDCT can
identify native cusp/prosthetic leaflet vegetations,52%6¢7 though it
is more useful as an add-on to TTE and TEE, with sensitiv-
ity up to 100% for the detection of perivalvular complications
(abscesses/pseudoaneurysms).t?

18-Fluoro-2-deoxyglucose positron emission tomography-computed
tomography improves the diagnostic ability of TEE in prosthetic
valve endocarditis (100% sensitivity and 91% specificity),*® but it
is not as sensitive for the native valves.*’

Magnetic resonance imaging can overcome the shortcomings of
echocardiography (i.e. difficult acoustic window) for evaluating the
severity of aortic insufficiency, has a very good accuracy for charac-
terization of right ventricular systolic function and precisely charac-
terizes myocardial tissue (including displaced/anomalous/ischaemic

papillary muscles).”

Right heart catheterization — pulmonary
artery catheter

There is no agreement on the optimal method of haemody-
namic monitoring in patients with AHF. Pulmonary artery catheter
(PAC) measurements guide volume, drug (inotrope, vasopressor)
mechanical circulatory support (MCS) and patient’s response to
these interventions.”’ PAC is guideline-recommended in patients
with severe TR prior to surgical or interventional valve repair.3® In
the complex patients with VHD and AHF, PAC may be appropriate
for diagnosis and therapeutic management, especially in patients
with PH and/or right ventricular failure, in patients deteriorat-
ing to CS, in patients with planned MCS, or in cases of addi-
tional respiratory distress syndrome or sepsis. In addition, the
PAC does provide important diagnostic information in selected
patients who fail to respond to initial therapeutic interventions
(persistence of hypotension and hypoperfusion), or in case of diag-
nostic/therapeutic uncertainty (cases of mixed shock or patients
with advanced right HF).”2

As firm evidence is lacking, PAC indication must be checked
carefully, its placement and measurements be done with caution,
and early removal is advised when patient condition improves.

Specific clinical settings

Prosthesis valve dysfunction

Both mechanical and biological prostheses in any location are vul-
nerable to acute paravalvular regurgitant disease because of suture
failure or valve dehiscence related to endocarditis. Mechanical
prostheses are also subject to acute thrombosis (which has the
potential to result in stenosis, regurgitation, or both)." In biologic
prosthesis, infective endocarditis might also lead to acute regur-
gitation due to leaflet tear/perforation or acute stenosis due to

obstructive vegetations."’

The sudden occurrence of AHF symptoms in a patient with a
valve prosthesis should raise the suspicion of prosthesis malfunc-
tioning, which can be acute, due to thrombosis or endocarditis.

The incidence of thrombosis in mitral valve prosthesis ranges
from 0.1 to 5.7 per 100 patient-years,”> whereas thrombotic
obstruction in aortic valve prosthesis has a prevalence of 1%
to 3%.74

Obstructive valve thrombosis generally leads to a sudden onset
of severe HF symptoms and haemodynamic instability. Prognosis is
poor in absence of appropriate treatment.

Clinical examination reveals the absence or damping of pros-
thetic valve sounds. TTE can identify increased transvalvular gradi-
ents, reduced valve motion, and valve thrombosis.”®

Infective endocarditis occurs in 1—6% in patients with prosthetic
valve. In early prosthetic valve infective endocarditis (PVIE), which
occurs within 1year of surgery, endocarditis is considered as
a perioperative contamination and usually leads to perivalvular
abscess, fistulae or pseudo-aneurysms. Early PVIE may also lead to
paravalvular leak that may cause haemolysis. Late PVIE occurs more
than 1 year after valve replacement and is characterized by infective
involvement of the leaflets causing vegetations or perforation. Both
conditions may lead to AHF due to bioprosthesis dysfunction
(stenosis and/or insufficiency).

Bioprosthesis degeneration can also cause AHF’> Time of
degeneration depends on patient age and comorbidities, valve posi-
tion (atrio-ventricular vs. aortic), type and size of bioprosthesis.”
Different mechanisms of degeneration may occur (calcification,
fibrosis, leaflet tear or disruption, pannus or thrombus) leading to
valve stenosis or insufficiency.

Native valve endocarditis

Acute HF is among the most frequent complications of native valve
endocarditis (NVE) and represents the most common indication
for surgery in these patients. AHF occurs secondary as a result of
AR or MR (due to leaflet or chordae rupture or leaflet perforation),
intracardiac fistulae or valve obstruction caused by vegetations.
Tricuspid valve endocarditis is commonly associated with cardiac
implantable electronic devices (CIED).

In the ESC-EORP EURO-ENDO (European infective endocardi-
tis registry),”® congestive HF was observed in 15.9% and CS in 6.2%
of patients with NVE. In that registry, both culture positive and neg-
ative were associated with valvular destruction, but HF was more
common and more severe in patients with culture negative NVE.”’

In a prospective observational cohort study, Roux et al.”® found
that HF was 2.5 times more frequent and mortality two times
higher when NVE was complicated with an acute coronary syn-
drome, due to coronary embolism, coronary compression by
an abscess and obstruction of left coronary ostium by a large
vegetation.

Secondary mitral and tricuspid
regurgitation

Secondary MR is a consequence of left ventricular and/or left
atrial remodelling. Many concerns arise regarding the prognostic

© 2023 European Society of Cardiology
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benefit of intervening secondary MR in AHF. The only random-
ized trial showing a benefit of MR correction in patients with
chronic HF is the COAPT trial”® which compared optimal medi-
cal therapy and transcatheter edge-to-edge repair (TEER) versus
optimal medical therapy alone. A simultaneously published trial,
MITRA-FR 8 showed neutral results though it included a different
population with more advanced HF. Therefore, carefully selected
patients with a COAPT-like profile should benefit from TEER.®'
However, non-ambulatory NYHA class IV with signs of hypoperfu-
sion or need for inotropes or MCS were exclusion criteria in the
COAPT trial. Thus, we do not have strong evidence supporting
treatment of secondary MR in AHF setting, with limited data only
from observational studies.

The prognostic relevance of secondary TR in the context of
AHF depends on the relative contribution of right ventricular
dysfunction and the stage of HF. Recent data suggest that it could be
a marker of disease severity rather than an independent prognostic
factor.82 For treatment, although retrospective data show promise,
further studies are definitely needed to identify the point of no
return beyond which TR intervention is futile. To date, indications

from current guidelines are valuable also in the AHF setting."'>16

Combined valvular heart disease

Multiple VHD, defined by the presence of a regurgitant and/or
stenotic lesion involving at least two cardiac valves, has a prevalence
of 20%, if moderate and/or severe dysfunction is considered®-%
(Table 3). Patients with multiple VHD are more symptomatic with
higher mortality than those with single VHD.%

Patients with combined VHD represent a particular diagnostic
challenge not only for assessing the true severity of the different
valvular lesions but also for the optimal timing of the intervention.
The haemodynamic interaction between different VHDs generally
exacerbate, but also mitigate the expression of a single valvular
lesion. ‘Flow-dependent’ or ‘loading condition-dependent’ echocar-
diographic parameters of quantification are sources of error in the
context of multiple VHD, particularly in patients with AHF. TEE
plays an important role, both to assess the severity of individ-
ual valvular lesions and to determine the optimal strategy, based
on morphologic features of the valves when is possible.®¢ In AHF
patients who combine moderate to severe AS with severe MR,
transaortic pressure gradient may be reduced, even during dobu-
tamine stress echocardiography, leading to underestimation of AS
severity. In this clinical setting, as well as in paradoxical low-flow,
low-gradient AS, quantitation of aortic valve calcium score by
MDCT may provide more accurate assessment of AS."

Complex clinical judgment is necessary, since the correction of
a single valve lesion can exacerbate, or on the contrary, reduce
the severity of another valvular lesion through changes in loading
conditions and reverse remodelling.8>¥” Current guidelines lack
evidence-based recommendations to guide clinical decision-making
in multiple VHD, as most studies have focused on single valve
disease. It is advised as medical decision to carefully individually
evaluate and balance the risk of combined intervention against the
evolution of ‘left untreated’ valve disease with the inherent risk of

subsequent intervention,151686-%

© 2023 European Society of Cardiology

In patients undergoing surgical intervention for VHD, multivalve
disease can be treated during a single procedure, although often
with an increase in surgical risk. While surgical intervention to
address mixed VHD might be best for some patients, transcatheter
interventions offer the option of a stepwise approach when surgery
is high risk, treating the most severe lesion first and then reassess-
ment followed by subsequent interventions if needed.””’

According to current guidelines,’'® patients with multiple VHD
should be referred to a specialized Heart Valve Centre where a
Heart Team, including HF specialists, can offer the best therapeutic
option>1686-91 (Tgple 3).

Treatment

It is advised as management principles in AHF patients with VHD'®
to follow a staged approach (Figure 2) including the following steps:
(i) diagnosis including assessment of VHD severity, identification of
the clinical phenotype of AHF and estimation of the patient’s prog-
nosis; (ii) stabilization and reassessment; (iii) definitive treatment;
and (iv) post-intervention care.

Since AHF is a major risk factor for perioperative mortality,
all attempts should be undertaken to stabilize the patient before
treatment via Heart Team evaluation. Three possible scenarios
should be considered. First, if there is no emergent indication to
intervention, patients must receive medical therapy as outlined in
current guidelines.” Medical therapy may be appropriate as bridge
to delayed or elective intervention or as destination therapy if
intervention is contraindicated because of the comorbidities and
this case is associated with poor prognosis.'”? Second, patients
presenting with CS or AHF refractory to medical treatment
require interventions on an urgent/emergency basis, when VHD
represents the main contributor to the immediate life-threatening
haemodynamic deterioration. Third, early use of percutaneous
MCS may help bridge patients to a decision of delayed VHD
repair, left ventricular assist device (LVAD) and/or transplantation.
The second and third scenarios are more likely to be considered
as patients with AHF and VHD may require emergent surgery,
especially in case of valve endocarditis or acute AR, caused by
aortic dissection or acute MR, caused by papillary muscle rupture.
Following intervention, if LVEF remains <40%, guideline-directed
medical therapies should be initiated during the pre-discharge
phase."

Early intravenous medical treatment

The goal of medical therapy is to stabilize the AHF patient prior
to definitive correction of the VHD. These therapies aim to
optimize left and right ventricular loading conditions and to reduce
congestion while maintaining tissue perfusion. In case of persistent
haemodynamic instability, urgent intervention (transcatheter or
surgical) is guideline-recommended'® (Figure 2).

Aortic regurgitation

In AR, intravenous loop diuretics, generally intravenous
furosemide, can be used if there is volume overload. Intravenous
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Diagnosis:

4 History
* AHF phenotype: CS, APO, ADHF,RHF § Clinical exam
* Severity of VHD, mechanism of VHD Imaging
"""""" Heart Team Evaluation
Fn a IV therapies
¥
Stablll;atlon aqd Reassessment*: |  Treat precipitants AHF phenotype
* Medical therapies S| MCs for specific VHD VHD: severity and mechanism
* Short term MCS § MV, RRTs Options for treatment
* End organ support < Anatomical factors

Procedural factors
Persistence of symptoms clinical exam, Patient’s goals

I 1 imaging, Assess risk/benefit ratio
Vi yes biology ) Local resources and expertise

l l hemodynamic (teleconference when needed)

------ e Opportunity for transfer

Urgent VHD interventions : Not eligible for VHD interventions
*  Surgery if no very high/prohibitive surgical risk —» pignsy symptomatic despite
*  Transcatheter interventions if technical criteria IV therapies +/- MCS

¥
Eligible for LVAD/HTX
Heart Team Decision
yes no
~il venti
Rostintelventioncare LVAD/HTX Palliative care

Escalation of therapies
Adequacy of MCSs
Eligibility of interventions
Type of intervention

Timing of interventions
Transfer when poor facilities

Weaning of MCSs and/or inotropes
HFrEF: GDMTs

Post ACS: DAPT, BB, ACEinh,MRA,Statins
PVT:anticoagulation

Endocarditis: Antibiotics
LVAD:anticoagulation
HTX:Immunosuppression

hours/days/weeks/months

Elective intervention

,,,,,, L

Figure 2 The management of patients with valvular heart disease (VHD) and acute heart failure (AHF) and the role of the Heart Team. The
staged management approach in AHF patients with VHD includes the following steps: (i) diagnosis, including assessment of VHD severity,
identification of the clinical phenotype of AHF and estimation of the patient’s prognosis; (ii) stabilization with continuous reassessment;
(iii) definitive VHD treatment; (iv) post-intervention care. Medical therapy can be used as bridge to elective intervention or as destination
therapy if intervention is contraindicated because of very high procedural risk, severe comorbidities or futility. Highly symptomatic patients,
despite intravenous (IV) therapies 4+/— mechanical circulatory support (MCS), but not eligible for VHD interventions should be evaluated for
heart transplant (HTX) and left ventricular assist device (LVAD) implantation. The Heart Team must individualize multidisciplinary discussion
to offer the best option for each particular case. ACS, acute coronary syndrome; ACEinh, angiotensin-converting enzyme inhibitor; ADHF,
acute decompensated heart failure; APO, acute pulmonary oedema; BB, beta-blocker; CS, cardiogenic shock; DAPT, dual antiplatelet therapy;
GDMT, guideline-directed medical therapy; HFrEF, heart failure with reduced ejection fraction; MRA, mineralocorticoid receptor antagonist;
PVT, prosthetic valve thrombosis; RHF, right heart failure; RRT, renal replacement therapy. *Continuous reassessment after initial therapies is
mandatory in order to evaluate congestion and perfusion status, to confirm VHD severity, to decide the need for further escalation and to

establish indication of VHD intervention on an emergency or elective basis.

vasodilators can be used in normotensive or hypertensive

12

patients to improve forward flow.'* In particular, nitroprus-

side, reducing both left ventricular afterload and preload, can

%2 Inotropic agents, such as

reduce aortic regurgitant volume.
milrinone or dobutamine, can be used in patients with AHF and
hypotension to increase stroke volume.'? However, when CS
ensues, norepinephrine represents the first choice. In general,
beta-blockers are not appropriate in acute AR, as they can prolong

12 In

diastolic regurgitation time and decrease stroke volume.
case of CS and severe bradycardia, temporary cardiac pacing is

advised.™

Aortic stenosis

Intravenous therapy for severe AS is limited by the presence of
a fixed obstruction and left ventricular hypertrophy that make
the ventricle preload sensitive. In normotensive or hypertensive

patients with AS and congestion, the cautious use of vasodilators
and diuretics can safely mitigate congestion,'? but excessive doses
may result in decreased cardiac output with hypotension. Mixed
vasodilators, such as nitroglycerine, should be avoided. Nitroprus-
side was found to be effective in reducing left ventricular filling
pressure and improving cardiac output in a small set of patients
with severe AS and severe left ventricular dysfunction and was
safe as a bridge to aortic valve replacement.” Inotropes (dobu
tamine)'* and levosimendan® may be used in extremely selected
patients with severely impaired cardiac output, but their use is
limited as they may increase transvalvular gradient without increas-
ing forward stroke volume and may worsen myocardial ischaemia
in patients with concomitant coronary artery disease. However,
the increase in the valve gradient and stroke volume due to
inotropes can help to confirm severity of AS in patients with
HFrEF. In patients with severe AS and hypotension, intravenous
norepinephrine increases blood pressure and can restore coronary

© 2023 European Society of Cardiology
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perfusion pressure. Phenylephrine is useful for counteracting the

vasodilatory effects of anaesthesia.’

Mitral regurgitation

The left ventricular function in severe MR is highly afterload sen-
sitive and vasodilators are first-line therapy in patients with AHF
and MR unless hypotensive.”>% They are effective in reducing left
ventricular afterload, increasing forward stroke volume and reduc-
ing MR. For the remaining patients, carefully titrated intravenous
diuretics are effective to achieve adequate decongestion. Inotropic
(dobutamine) and inodilator (milrinone) drugs may be appropriate
to improve stroke volume in patients with hypotension and/or
signs of hypoperfusion. In AHF patients with secondary MR,
levosimendan acutely improves systolic and diastolic function and
reduces MR degree and might be particularly useful in patients
already on beta-blockers and in those with PH and/or right ven-
tricular dysfunction.” Intravenous vasopressors may worsen MR,
and even in hypotensive patients it is advised as the lowest possible
dose to be used.™

Mitral stenosis

In MS, intravenous diuretics reduce pulmonary congestion and
improve symptoms.’? Intravenous vasodilators and inotropes are
ineffective at reducing congestion or increasing cardiac output in
MS with impaired left ventricular filling, but with relatively pre-
served left ventricular function.”® In hypotensive patients, cau-
tiously titrated intravenous norepinephrine or vasopressors with-
out tachycardic effects, such as vasopressin, increase forward
flow.'#6072 The most common reason for HF decompensation
in patients with MS is atrial fibrillation with rapid ventricular
rate. Parenteral beta-blockers (i.e. esmolol, landiolol) decrease
heart rate, prolong diastolic filling time, reduce left atrial pres-
sure and transmitral gradient. Intravenous digoxin and amio-
darone may be appropriate for rate control in hypotensive patients
with atrial fibrillation. A rhythm control strategy using electri-
cal cardioversion is guideline-recommended,’'® if there is haemo-
dynamic instability, though anticoagulation and TEE are needed
frequently.”

Tricuspid regurgitation

In secondary TR, the underlying aetiology should be addressed.
Diuretics, intravenous furosemide alone or in combination with
thiazides, decrease volume overload and may improve symptoms
in severe TR with signs of right HE'® Adding an aldosterone
antagonist represents a possible treatment option, in particular
for patients with hepatic congestion and secondary hyperaldos-
' However, the benefit of aldosterone antagonists or
angiotensin-converting enzyme inhibitors/angiotensin Il receptor

teronism.

blockers on right ventricular remodelling or functional improve-
ment in patients with severe secondary TR has not been validated
in clinical studies.

Inotropic and vasopressor agents may support right ventricular
contractility. Dobutamine up to 5 pg/kg/min, milrinone and levosi-
mendan improve cardiac output without increasing PVR in patients

© 2023 European Society of Cardiology

with PH. In patients with PH, pulmonary vasodilators may lead to

a reduction in TR severity.3>1%

Specific conditions

When AHF is caused by prosthetic valve endocarditis, appropriate
antibiotic therapies should be initiated and continued 4—6 weeks

after intervention.!>16101

However, for patients with CS and pros-
thetic valve endocarditis, urgent cardiac surgery remains the only
option unless contraindicated in Heart Team.'>'¢ In presence of
obstructive thrombosis of a mechanical prosthesis, intravenous
unfractionated heparin is indicated in case of inadequate recent
anticoagulation and with absence of haemodynamic instability.
According to guideline recommendations, fibrinolysis should be
considered if the patient presents with severe haemodynamic insta-
bility and surgery is not immediately available or is deemed high
risk."®

Mechanical ventilation

The assessment of respiratory status and anticipating a need for
airway management with either intubation or non-invasive positive
pressure ventilation (NIPPV) is critically important in patients with
VHD presenting with AHF."12¢ There are no particular indications
for any modality or technique of mechanical ventilation in patients
with VHD and AHF'92-1% However, the most common condition
requiring invasive mechanical ventilation in patients with significant
VHD and AHF remains cardiac surgery.'® General anaesthesia
with mechanical ventilation via intubation is also recommended
during percutaneous procedures, such as complex mitral and
tricuspid transcatheter interventions, when TEE is essential to
guide procedures and to detect early potential complications.

According to guideline recommendations, NIPPV should be con-
sidered in patients with AHF when oxygen therapy is not suffi-
cient to control hypoxaemia and hypercapnia.’ It should be started
as soon as possible to decrease respiratory distress and reduce
the need for endotracheal intubation.®® NIPPV can potentially
improve MR severity by reducing left ventricular preload and after-
load.'® Patients with severe AS and MS and AHF may not tolerate
intubation with mechanical ventilation as positive intra-thoracic
pressure may result in reduced preload with hypotension. There-
fore, non-invasive ventilation is preferred. Moreover, positive
intra-thoracic pressure may precipitate right ventricular failure in
patients with severe PH, and aggravates functional TR and right ven-
tricular dysfunction secondary to VHD, and low pressures should
be used in this setting.'021%4

To note, significant VHD, mainly MR and AS, may preclude wean-
ing from mechanical ventilation, requiring prolonged intubation

coupled with weaning strategies.®!1%4

Short-term mechanical circulatory
support
Short-term MCS may be appropriate in patients VHD and refrac-

tory HF or CS"*® to support cardiac output and peripheral perfu-
sion pressure, decrease myocardial oxygen demand and, possibly,
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increase coronary perfusion.’® Early escalation of MCS is pre-
ferred to reduce the need for vasopressors and inotropes, which
may have unfavourable effects on cardiac loading conditions,’? but
this strategy is not yet supported by the results of clinical trials
in patients with CS and diverse aetiologies. Given the complex
decision-making required for management of VHD emergencies,
referral to a comprehensive Heart Valve Centre is advised. Data
from randomized controlled trials do not allow drawing definitive
conclusions in favour of one device versus the others in the setting
of VHD."%

All short-term MCS are contraindicated in presence of sig-
nificant AR since they can worsen severity of regurgitation
and decrease cardiac output. Intra-aortic balloon pump (IABP),
TandemHeart and peripheral extra-corporeal membrane oxygena-
tion (ECMO) will all result in an increase of left ventricular
end-diastolic pressure due to the incompetent aortic valve, and
there will be recirculation with the Impella.’72

In AHF patients with severe AS, IABP and ECMO can be used
as bridge to intervention or as support during and after high-risk
procedures.’? Impella can also be used in patients with severe
AS, although placement across the stenotic aortic valve might be
challenging, 106107

In MS, peripheral ECMO can be used, while IABP and Impella
are typically ineffective. TandemHeart is theoretically ideal due to
direct left atrial unloading.'*7

In AHF patients with MR, short-term MCS can be used as bridge
to intervention (i.e. papillary muscle rupture), as bridge to recovery
(i.e. acute myocarditis with severe MR) or as bridge to long-term
MCS or heart transplantation (i.e. advanced HF). Notably, ECMO
can worsen functional MR due to left ventricular distension if no
venting is provided.

Small studies reported the role of IABP in improving technical
success in patients with secondary MR and poor leaflet coapta-
tion undergoing TEER.'%1% |mpella and ECMO have also been
described in a few case reports showing their effectiveness in
high-risk percutaneous mitral valve procedures.!'® However, cases
reporting damage to the subvalvular apparatus after Impella device
positioning are also described.’"!

Valvular surgery and percutaneous
interventions

Distinct to valvular surgery in chronic settings,'® there are many
challenging aspects in the context of AHF including varying
cause—effect relationship between AHF and VHD, timing of inter-
vention (before or after stabilization), type of intervention (repair
or replacement, surgical or percutaneous).

Although the current scores for the assessment of the operative
risk in patients undergoing cardiac surgery include variables asso-
ciated with increased risk of mortality,''? these variables were not
specifically validated in the setting of AHF. Since AHF patients with
VHD, especially those with multiple organ dysfunctions or severe
comorbidities, may have high or prohibitive surgical risk,'® percuta-
neous strategies must be integrated into the therapeutic spectrum.

However, there are some acute conditions, such as prosthetic
valve thrombosis, acute endocarditis, in which surgery, even at high

risk, remains the only therapeutic option when medical treatment
is not sufficient.

Aortic regurgitation

In AHF patients with isolated severe AR without dissection,
surgery after initial stabilization remains the gold standard
(Figure 3). Emergency surgery is the only solution in acute severe
AR due to aortic dissection, unless contraindicated.'®

Transcatheter aortic valve implantation (TAVI) represents an
appropriate option in AHF patients with AR if (i) surgical risk
is prohibitive, and (ii) there are no clinical or anatomical con-
traindications to TAVI (i.e. active endocarditis, aortic dissection
or excessive dilated aortic annulus). Currently, there are no dedi-
cated and approved devices to treat isolated AR (Figure 3). Devices
used for treating AS are adapted to isolated AR, but these proce-
dures should be considered off-label. The main technical challenge
is valve anchoring due to the absence of calcifications. Data from
two large multicentre registries reported feasibility and efficacy of
TAVI in AR, but most of the patients were electively treated.’>14
Although the second-generation JenaValve has recently received a
CE mark for the transcatheter treatment of severe symptomatic
AR, the results of the ALIGN-AR EFS trial,"'® evaluating the safety
and effectiveness of the transfemoral JenaValve in the treatment of
patients with symptomatic severe AR, will better inform the clinical
practice.

Few case reports described treating acute AR with TAVI in the

emergency setting.'16117

Aortic stenosis

In AHF patients with severe AS, according to guidelines, the choice
between TAVI and surgical aortic valve replacement (SAVR) should
be based on Heart Team decisions (Figures 7 and 3).'% Although
there are no specific randomized controlled trials to evaluate the
role of TAVI in the setting of AHF, most of the patients undergoing
TAVI in randomized trials and observational studies were in NYHA
class 1ll or IV. NYHA class IV was found to be associated with
poor outcome within 3 months after TAVI, but TAVI recipients with
baseline NYHA class IV who survived at 3 months had a long-term
outcome comparable to that of patients with baseline NYHA class
I-111.""8 Similarly, emergent or urgent TAVI in patients with severe
AS and CS has worse prognosis compared to elective TAV]."19-121
Nevertheless, this difference seems limited to the first months after
the procedure and is probably linked to the very high-risk profile.’?

In patients with severe AS and significant proximal coronary
artery disease who are candidates for cardiac surgery, the guideline
recommendation for concomitant SAVR and complete revascular-
ization has not recently changed.'® For TAVI candidates, current
guidelines mentioned that percutaneous coronary intervention
(PCI) should be considered in patients with a primary indication for
TAVI and coronary artery diameter stenosis >70% in proximal seg-
ments,"® but did not make any recommendations for the timing of
PClI, pre-, concomitant or post-TAVI. Routine revascularization of
all significant coronary artery disease before TAVI in patients with
no or minimal angina is not supported by the latest evidence.'?? In
addition, other factors such as symptom severity, haemodynamic
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| Aortic Stenosis and AHF ’

assess AHF phenotype; assess severity, mechanism and aetiology of VHD

| Severe Aortic Stenosis |

ys — CS —— o

Aortic Regurgitation and AHF

assess AHF phenotype; assess severity, mechanism and aetiology of VHD

’ Severe Acute Aortic Regurgitation | ’ Severe Chronic Aortic Regurgitation

stabilization
MTs+/-MCS**

stabilization
MTs+/-MCS **

stabilization
MTs+/-MCS

| Aortic dissection H Active Endocarditis|

Emergent TAVI or BAV* Surgery or TAVI

l

APO,CS__ o no yes

yes

l

Emergency surgery

Initiate antibiotics

Urgent surgery

Elective surgery

Figure 3 Management algorithm in patients with severe aortic valve disease and acute heart failure (AHF). APO, acute pulmonary oedema;
BAV, balloon aortic valvuloplasty; CS, cardiogenic shock; MCS, mechanical circulatory support; MT, medical therapy; TAVI, transcatheter aortic
valve implantation; VHD, valvular heart disease. *BAV, if TAVI is not available, as bridge to surgery or TAVI. **Only central veno-arterial
extra-corporeal membrane oxygenation can be used in severe aortic regurgitation. All other MCS, intra-aortic balloon pump, Impella, peripheral
veno-arterial extra-corporeal membrane oxygenation, TandemHeart are contraindicated in the presence of severe aortic regurgitation.

instability (either ischaemia-induced or associated with AS), bleed-
ing risk associated with antiplatelet therapy, amount of contrast
use, duration of procedure and coronary access (very challenging
post-TAVI when a prosthesis with a supra-annular leaflet position
is chosen), are decisional for the appropriate timing.'? However,
there is currently insufficient evidence regarding the role and timing
of PCl in AHF patients undergoing TAVI to inform clinical practice
and the role of the Heart Team remains essential in this complex
patient group.

In patients with CS, balloon aortic valvuloplasty (BAV) remains a
reasonable option as a bridge to a definitive intervention in cen-
tres without availability for TAVI or SAVR.">¢ Although acute
procedural success, measured as a reduction >50% of transaor-
tic pressure gradient, was consistently reported, early restenosis
is frequent.’*12> However, BAV carries risk of significant compli-
cations and short- and mid-term outcomes remained poor, with
more than half of patients dying at 1 year, with a steady trend over
time. In particular, excess risk of mortality was observed when
BAV was not followed by definitive therapy (SAVR or TAVI), if the
delay to SAVR or TAVI was long or the patient required repeat
procedure.'®1?” Thus, it is crucial to only perform BAV at experi-
enced centres, ideally where access to TAVI is available. If TAVI is
not available, then transferring the patient to a centre with SAVR
or TAVI capabilities is an important consideration when perform-
ing BAV. In addition, urgent BAV showed a higher rate of 30- and
90-day HF readmission compared to TAVI performed in urgency
settings.'?>12812 |f pre-procedural computed tomography scan is
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not available for urgent TAVI, Doppler echocardiography of the
ileo-femoral arterial axis and three-dimensional echocardiography
can be used for access choice and valve sizing. BAV can be per-
formed as palliative measure when general conditions prohibit any
further intervention, and it may be also appropriate in patients with
multifactorial causes of acute decompensation and for whom the
expected benefit of valve replacement is limited.

Mitral regurgitation

In acute ischaemic MR, papillary muscle rupture needs immedi-
ate repair (Figure 4). Papillary muscle rupture occurs in 0.25% of
patients following acute myocardial infarction (AMI) and represents
up to 7% of patients in CS following AML.3® Unpredictability and
rapid deterioration with death makes surgery for papillary muscle
rupture necessary. Short-term MCS can be used to support the
intervention. In this context, mitral valve replacement represents
the first choice and surgical repair may be appropriate only in care-
fully selected cases. In case of severe MR due to papillary muscle
rupture, percutaneous TEER may be appropriate in expert centres,
if the Heart Team deems the surgical option prohibitive.'3'-13

In primary severe MR with AHF, according to guidelines, surgery
remains the gold standard and only patients deemed at high or
prohibitive risk should be considered for alternative therapies.'®

A series of such patients with acute severe MR undergoing emer-
gency surgery showed that patients with acute endocarditis, coro-
nary artery disease, pre-operative atrial fibrillation and chronic
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| Mitral Regurgitation and AHF |
assess AHF phenotype; assess severity, mechanism and aetiology of VHD
‘ Severe Chronic Mitral Regurgitation | | Severe Acute Mitral Regurgitation |
| Primary MR ‘ ‘ Secondary MR | Acute Secondary MR | PM rupture ‘ ’ Active endocarditis | | Rupture of chordae
stabilization stabilization stabilization stabilization stabilization stabilization
MTs+/-MCS MTs+/-MCS MTs+/-MCS MTs+/-MCS MTs+/-MCS MTs+/-MCS
l 2
) yes—APO'CS —
Persistent symptoms and MR —Persistent symptoms and MR
severity despite MT optimization despite MT optimization
Surgery "
TEER if high surgical risk Emergency surgery Emergency surgery §
yes no no yes TEER if prohibitive B
surgical risk; S
i)
5 3
no—~Concomitant CAD —yes g
Surgery if low risk; Surgery (CABG+ MV Surgery; Urgent surgery

TEER in case of
favourable profile

repair/replacement)
PClif high surgical risk
followed by TEER if needed

HTX/LVAD in patients with advanced HF

Continue MTs

TEER if prohibitive surgical
risk and no need for
revascularization

Figure 4 Management algorithm in patients with severe mitral regurgitation (MR) and acute heart failure (AHF). APO, acute pulmonary
oedema; CABG, coronary artery bypass graft; CAD, coronary artery disease; CS, cardiogenic shock; HF, heart failure; HTX, heart transplant;
LVAD, left ventricular assist device; MCS, mechanical circulatory support; MT, medical therapy; MV, mitral valve; PCI, percutaneous coronary
intervention; PM, papillary muscle; SMR, secondary mitral regurgitation; TEER, transcatheter edge-to-edge repair; VHD, valvular heart disease.

renal failure make up the most vulnerable group, with highest risk
for early and late adverse cardiac events.’3>~"38 Thus, according to
guidelines, AHF patients with acute primary MR, at high or pro-
hibitive surgical risk may be considered by the Heart Team for per-
cutaneous treatment.'® TEER is the most used technique, though
other devices may be appropriate according to the expertise of the
centre.16135-137

Acute secondary MR (i.e. after AMI) requires mitral valve inter-
vention, possibly after initial stabilization. The prognostic impact
of surgery in this setting is unproven, and 1-year mortality remains
high (19-31%)."**-1* Timing of intervention depends on response
to medical therapy and clinical and haemodynamic characteristics
of the patient. Short reports showed feasibility and efficacy of TEER
in patients with AMI treated by primary PCl, complicated by acute
MR, 133136141142 byt careful evaluation by a multidisciplinary Heart
Team is advised.

Patients with chronic secondary MR who develop AHF during
HF progression represent a more challenging group. Efficacy of
percutaneous techniques was not demonstrated by randomized
trials in this setting but recent multicentre registries suggested a
possible beneficial effect of TEER on prognosis of unstable patients

presenting with CS.13%140.143

Mitral stenosis

In general, percutaneous mitral commissurotomy (PMC) is indi-
cated in patients with clinically significant and symptomatic MS

having favourable clinical and anatomic characteristic for PMC'688
(Figure 4). Although evidence is limited, PMC seems feasible also
in the AHF setting. PMC is very effective during pregnancy since
many of these patients have AHF and surgery is contraindicated.'**
Emergent PMC has high mortality (about 30%), though survivors
seem to have a significant haemodynamic and clinical benefit from
the procedure.”**1* According to guidelines, in patients in whom
PMC is contraindicated or have unfavourable clinical and anatomi-
cal characteristics, surgery should be considered.'>¢

Tricuspid regurgitation

Most patients remain asymptomatic for a protracted span of time
with moderate-to-severe TR. Moreover, when symptoms occur
they can initially be insidious and difficult to ascribe to the TR.
Fatigue, decreased exercise tolerance, peripheral oedema, hepatic
congestion, decreased appetite, ascites/anasarca are non-specific
and late findings. Surgery is the treatment of choice in patients
with isolated TR presenting with right AHF (Figure 5). It has the
potential to reduce central venous pressure, halt right ventricular
remodelling, increase stroke volume, improve peripheral perfusion
and, theoretically, permit the recovery of renal and hepatic func-
tion.>2%%8 However, in-hospital mortality remains high (9%) due to
the advanced disease.’* To note, correcting TR in patients with PH
in (non-valvular) left heart disease with significantly elevated PVR
and/or right ventricular dysfunction is hazardous, and associated

with severe post-procedural outcomes.#7148
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Tricuspid Regurgitation and AHF

assess AHF phenotype, signs of RHF; assess severity, mechanism and aetiology of VHD; assess LV/RV function and PH

‘ Severe Chronic Tricuspid Regurgitation ‘ Severe Acute Tricuspid Regurgitation

‘ Primary TR or CIED related Secondary TR Primary TR Secondary TR
TV endocarditis PE, RV-AMI, worsening PH
stabilization stabilization stabilization stabilization
no —severe RV dysfunction — vyes yes — Severe RV/LV dysfunction — no Antibiotics Treat RV dysfunction
or severe PH \L -
8
High 2
yes Surgical no g
risk =
\L l :
TV surgery Medical therapies Transcatheter TV surgery Early TV surgery Medical therapies

Transcatheter intervention
If prohibitive surgical risk

intervention

Figure 5 Management algorithm in patients with severe tricuspid regurgitation (TR) and acute heart failure (AHF). AMI, acute myocardial
infarction; CIED, cardiac implantable electronic device; HF, heart failure; LV, left ventricular; PE, pulmonary embolism; PH, pulmonary
hypertension; RHF, right heart failure; RV, right ventricular; TV, tricuspid valve; VHD, valvular heart disease.

For  percutaneous tricuspid valve interventions, a
propensity-matched analysis from the largest international mul-
ticentre registry showed a better outcome in patients receiving
transcatheter tricuspid valve interventions compared to those
managed medically. More than 90% of these patients were in
NYHA class lll or IV and about one-third had right ventricular
failure and/or PH.8? Although not including patients with AHF,
in the recent open-label TRILUMINATE trial, tricuspid TEER
compared to medical therapy was associated with an improve-
ment in quality of life, but not significant benefit in terms of
mortality, HF readmissions and 6-min walk distance."® This
suggests that in patients with severe HF, TR can be caused by
a number of different underlying conditions and its reduction
with TEER may not address the root causes of the valvular
disease.

Although percutaneous devices for treating TR are spread-
ing, appropriate patient selection, type of device and timing are
still unclear. Once a tricuspid valve intervention is considered, it
should be performed in a VHD centre with experienced oper-
ators and with the potential to offer all treatment modalities
with proof of excellent outcomes.™ In these VHD centres, the
multidisciplinary VHD Heart Teams will evaluate the need, tim-
ing, and type of intervention.'®'>® Although, transcatheter TV
replacement or repair represent novel and less invasive alterna-
tives to surgery and have shown early promising results, larger
randomized studies are needed to define the clinical and pro-
cedural endpoints and outcomes, in order to draw more solid
conclusions, particularly for the subset of patients presenting
with AHF151.152

© 2023 European Society of Cardiology

Infective endocarditis

Emergent/urgent surgery is indicated in infective aortic, mitral or
tricuspid valve endocarditis with severe regurgitation, obstruction
or fistula causing AHFE'516101153.154 §reery must be performed
on an emergency basis, irrespective of the status of infection,
when patients are in persistent pulmonary oedema or CS
despite medical therapy.">'® Surgery for CS and infective endo-
carditis has been associated with higher 30-day mortality than
patients without shock (19.5% vs. 14.6%), but this mortality is
significantly lower than mitral valve infective endocarditis com-
plicated by septic shock who underwent surgery (65.8%)."
Identifying the primary aetiology of shock in these haemodynam-
ically unstable patients has important treatment and prognostic
implications.’>*

When tricuspid valve endocarditis is caused by an infected CIED,
extraction of the CIED is guideline-recommended'® and surgery is
typically not needed for removal of the infected device.'053

Prosthetic valve dysfunction

Emergency reintervention (<24h) is guideline-recommended in
critically ill patients with obstructive thrombosis of a mechanical
prosthesis in absence of contraindications.>1615

Fibrinolysis may be considered if the patient presents with severe
haemodynamic instability and surgery is not immediately avail-
able or if there is very high risk for the treatment of throm-
bosis of right-sided prostheses.’>'® A recent observational study
suggested a benefit of slow/ultraslow administration of low-dose

fibrinolysis.1>1%°
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For patients with AHF in settings of prosthetic valve endo-
carditis, urgent surgery (within days) is guideline-recommended,
while emergency surgery is indicated only in cases with refrac-
tory pulmonary oedema or CS, as in NVE.'® Reoperation is also
guideline-recommended as first-line therapy in patients with pros-
thesis dysfunction and severe paravalvular leak causing AHF.'>¢ In
acute settings, there is very limited experience with transcatheter
closure of paravalvular leaks and this therapy may be appropriate
for anatomically suitable paravalvular leaks in candidates selected
by the Heart Team.*®

Transcatheter valve-in-valve procedures are feasible in aortic,
mitral and tricuspid position for bioprosthesis failure.’” These
interventions may be appropriate only in selected cases where
reoperation is contraindicated or deemed at high risk by the
Heart Team or in the acute settings of HF such as bioprosthesis
degeneration leading to acute decompensation or CS.'¥7~">? Valve
thrombosis or active endocarditis represent contraindications to
percutaneous procedures.

Left ventricular assist devices and heart
transplantation

Left ventricular assist devices and heart transplantation are indi-
cated in patients with acute advanced HF when medical ther-
apy and short-term MCS are insufficient to avoid HF progres-
sion and multi-organ impairment.’'®® Type and severity of VHD
should be carefully assessed before LVAD implant. In the setting
of LVAD, AR creates a circulatory shunt or a ‘closed circulatory
loop’ between the pump, valve, the left ventricle, and back to the
pump again.'®’
ciency and decreases left ventricular unloading, cardiac output, and

This phenomenon ultimately reduces pump effi-

organ perfusion. The presence of AR is likely detrimental to right
ventricular function, especially in patients with moderate to severe
pre-operative right ventricular failure. The incomplete left ventric-
ular unloading increases right ventricular afterload and worsens
right ventricular failure. Concomitant aortic valve procedures at
the time of LVAD implantation, in patients with moderate or severe
AR is justified and very often performed particularly when the
anticipated duration of support is more than 1 year.'s?

Patients with AS associated with moderate/severe AR are
treated similarly as patients with AR. Aortic valve replacement in
patients with severe isolated AS may potentially optimize chances
of left ventricular recovery but does not provide clinical or physi-
ological benefits.'®

Management of pre-existent severe MR in patients undergo-
ing LVAD remains controversial. In the INTERMACS database,
concomitant mitral valve procedures for severe MR were not
associated with increased survival compared to no intervention
cohorts.’® In a recent study, there was no significant difference
in mortality following MCS in those with or without pre-existing
severe MR. In the absence of mitral intervention, 93% of patients
showed resolution of MR at 30 days.'®> In addition, a sub-analysis
of MOMENTUM 3 including patients who had preoperative severe
MR demonstrated residual MR in only 6.2% of patients with Heart-
Mate 3. In conclusion, overall data support no intervention for
pre-existing severe MR.

Persistent moderate/severe TR seems to be detrimental to
LVAD patients, though the benefit of a concomitant tricuspid valve
procedure remains unclear and the decision should be based on a
multidisciplinary Heart Team discussion.

The International Society for Heart and Lung Transplantation
guidelines suggest that moderate/severe TR should be consid-
ered for surgical repair at the time of MCS implantation but
more recent studies demonstrated no survival benefit and an
increase in post-operative morbidity when addressing significant
TR.163167168 |n 3 recent clinical trial, tricuspid valve surgery was
successful in reducing post-implant TR compared with no tricus-
pid valve surgery, but was not associated with a lower incidence of
right HF.'6?

Cardiac pacing

According to the guidelines, cardiac resynchronization therapy
(CRT) is recommended for symptomatic patients with HF and
LVEF <35% in sinus rhythm with a QRS duration >150 ms and left
bundle branch block morphology despite optimal medical therapy
and in those with HFrEF and indication for ventricular pacing for
high-degree atrio-ventricular block. In presence of AHF with severe
AR and/or AS, primary MR, CRT may be appropriate only if these
criteria persist after valve treatment."® On the other hand, in
presence of secondary MR, CRT is advised to be performed first if
indicated.

Implantation or extraction of pacemaker or defibrillator leads,
including CRT, can cause or worsen TR in up to 18% of recipients'’®
and possibly lead to AHF. When medical therapy is not sufficient to
control symptoms and surgical risk is high, repositioning (via coro-
nary sinus) or extraction of CIED leads can be envisaged in selected
patients with disturbed tricuspid leaflet motion.””" However, the
efficacy of lead extraction in reducing TR is uncertain and addi-
tional damage to the tricuspid valve can occur.”""”" If severe and
symptomatic TR persists after lead extraction, transcatheter inter-
ventions are feasible with different technologies in well-selected
patients in experienced centres.’>"1”" Tricuspid TEER is advised
when there is only commissural jet, while in patients with tricuspid
annular dilatation and large leaflet gap (>8.5 mm), transcatheter
annuloplasty plus TEER or transcatheter tricuspid valve replace-
ment is advised."’

Palliative care

A palliative care approach within the VHD setting is currently clin-
ically relevant. Increasing age, frailty and associated comorbidities,
such as cancer, end-stage renal disease, frailty, put an increasing
number of patients with VHD at very high or prohibitive surgi-
cal risk.'¢'72 Also, for VHD patients with complex comorbidities,
cardiac disease might not be the primary driver of symptoms and
reduced quality of life and in these cases, valve interventions have
only marginal effects on a patient’s overall clinical course, despite
procedural success.'’%173

The decision not to offer surgery/intervention, when treatment
is deemed futile, should not mean abandoning care as these
patients require transition to palliative care and continuity of health
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services. ldeally, palliative care should continue throughout the
disease course and should be instituted alongside disease-modifying
interventions.'73174

A collaborative approach is advised whereby multidisciplinary
team members from cardiology (Structural Heart Team) and
palliative care, work together to plan management.”? A num-
ber of service models, utilizing this shared care approach, have
been tested within HF and found to yield positive outcomes
in terms of improved symptom burden, depression and spiritual
well-being.73'7* The care priorities include treating pain, other
symptoms, and psychological distress, using advanced communica-
tion skills to establish goals of care and to match treatment options
to individualized goals.

Conclusions

Acute HF in the setting of VHD generates several diagnostic chal-
lenges, including difficulties in assessing VHD severity because of
the rapid change in loading conditions, and the interference with
acute precipitants and associated comorbidities that makes prob-
lematic to ascertain whether the VHD is the only contributor
to the patient’s clinical deterioration. Furthermore, therapeutic
interventions in patients with VHD and AHF are not rigorously
evidence-based because there are no randomized controlled trials
in this setting and even more, patients with severe VHD are often
excluded from AHF randomized trials. Thus, a clear-cut strategy
regarding timing of intervention (before or after stabilization) or
type of intervention (repair or replacement, surgical or percuta-
neous) cannot yet be defined. However, since AHF patients with
VHD, especially those with multiple organ dysfunction or severe
comorbidities, may have very high or prohibitive surgical risk, per-
cutaneous strategies must be integrated into the therapeutic spec-
trum, following the Heart Team decision aiming to offer the best
option for each particular case.

Supplementary Information

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