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Abstract
Severe aortic stenosis (AS) and heart failure (HF) represent an important and high-risk group of patients who are often referred for
transcatheter aortic valve replacement (TAVR) due to high risk for surgical intervention. Thus far, randomized controlled trials
have shown comparable outcomes between TAVR and surgical aortic valve replacement in patients with severe AS and heart
failure with reduced ejection fraction. In the current review, we will discuss (1) the pathophysiology of HF in patients with severe
AS, (2) role of imaging modalities in management, (3) role of biomarkers of HF on prognosis, (4) impact of other valvular heart
diseases, (5) evidence from the contemporary trials on the role of TAVR in patients with severe AS and HF, and (6) future
directions and research.

Keywords Aortic stenosis . Valvular heart disease . Heart failure

Introduction

Aortic stenosis (AS) is the most common valvular heart dis-
ease among western population, mainly among individuals
older than 60 years of age [1]. The overall prevalence of se-
vere AS in adults > 75 years of age is about 3.4% [2]. The
natural history of AS is characterized by years to decades of
slow progression, followed by rapid clinical deterioration with
highmorbidity and mortality. In symptomatic severe AS, mor-
tality approaches > 50% at 2 years, in absence of aortic valve
replacement [3]. The late stage of severe aortic stenosis invari-
ably involves development of heart failure (HF). Transcatheter
aortic valve replacement (TAVR) has revolutionized the treat-
ment of severe AS and is currently considered the standard of
care for management of severe AS in patients who are at
prohibitive, or high risk for surgical aortic valve replacement
(SAVR) and an alternative to SAVR in intermediate-risk pa-
tients. Furthermore, TAVR is becoming a front-line therapy in
patients with severe AS and HF since the majority of such

patients possess high surgical risk. In the current review, we
will discuss (1) the pathophysiology of HF in patients with
severe AS, (2) role of imaging modalities in management, (3)
role of biomarkers of HF on prognosis, (4) impact of other
valvular heart diseases, (5) evidence from the contemporary
trials on the role of TAVR in patients with severe AS and HF,
and (6) future directions and research.

Pathophysiology of HF in patients with severe
AS

AS results in reduction in stroke volume and increase in left
ventricle (LV) pressure. As the stenosis progresses, the pres-
sure gradient across the aortic valve during ejection in-
creases. The magnitude of the trans-valvular pressure gra-
dient is determined by the severity of stenosis and the flow
rate across the valve. The pressure overload is initially com-
pensated by the development of concentric hypertrophy to
maintain normal wall stress, preserving systolic function.
However, the degree of hypertrophy is only weakly related
to the severity of valve obstruction [4, 5]. Moreover, the
hypertrophic response is modulated by multiple other con-
tributors of increased afterload such as hypertension and
increased arterial stiffness, which is commonly found in this
patient population due to the association with advanced age,
atherosclerosis, and diabetes.

* J. Dawn Abbott
JAbbott@Lifespan.org

1 Department of Medicine, Division of Cardiology Rhode Island
Hospital, Warren Alpert Medical School of Brown University, 593
Eddy St, RIH APC814, Providence, RI 02903, USA

Heart Failure Reviews (2018) 23:821–829
https://doi.org/10.1007/s10741-018-9726-8

http://crossmark.crossref.org/dialog/?doi=10.1007/s10741-018-9726-8&domain=pdf
http://orcid.org/0000-0001-6405-1606
mailto:JAbbott@Lifespan.org


Progression of hypertrophy leads to a non-complaint stiff
LV with reduction in the diastolic function and elevation of
LVend-diastolic pressure. Several physiological, pathological,
and genetic factors modulate the degree of hypertrophy [6, 7].
Increased afterload and LV hypertrophy increase myocardial
oxygen demand in severe AS. In some patients, hypertrophy
fails to compensate for the increased afterload resulting in
reduction in cardiac output and manifesting clinically as HF.
In addition, other structural changes such as left atrial enlarge-
ment due to elevated LV filling pressures, mitral annular cal-
cification, and/or mitral regurgitation ensues. Alterations in
coronary blood flow reserve and impaired subendocardial
blood flow are found due to increased hypertrophy and ele-
vated diastolic filling pressures. The transition from adaptive
changes such as hypertrophy to LV dysfunction and cardiac
damage, in general, marks the tipping point that heralds a
rapid trajectory of symptoms, adverse events, and a poor prog-
nosis. Recently, a new staging classification has been pro-
posed based on the extent of anatomical and functional cardiac
damage associated with AS (Fig. 1) [8].

As per current guidelines, ‘classical’ low-flow low-gradient
AS is defined as an aortic valve area (AVA) < 1.0 cm2, a mean
gradient < 40 mmHg, and an LV ejection fraction (LVEF) <
50%. In these patients, the low-flow state is predominantly
due to LV systolic dysfunction, which may be related to the
presence of severe AS and ensuing LVafterload mismatch and/
or to the presence of concomitant ischemic cardiomyopathy.
The main diagnostic challenge in patients with low-gradient
severe AS with low LVEF is to distinguish true-severe from
pseudo-severe AS. In the former, elevated gradients due to
dobutamine not only signify true nature of AS but also reflect
significant myocardial reserve which has been associated with
favorable prognosis [9]. Although the transvalvular pressure
gradient is highly flow-dependent, a low-flow state does not
necessarily imply the presence of low gradient and some pa-
tients with severe AS may have low flow and still a high gra-
dient (mean gradient > 40 mmHg). Moreover, patients with
same degree of AS and systolic HF have gradients that can
range from high gradients to low flow gradients. The patho-
physiological basis for such hemodynamic variations is not
completely understood. However, in patients with AS with
high-gradient physiology, usually the valve constitutes the pri-
mary problem whereas low-gradient AS represents a systemic
disease with valvular, vascular, and myocardial components,
resulting in a slower progression of transvalvular gradient, but
worse prognosis [10].

Multimodality imaging in assessment of left
ventricle function in aortic stenosis

An accurate assessment of LV function is warranted in all
patients with AS. The identification of early signs of

ventricular dysfunction is particularly important in asymptom-
atic patients with severe AS.

Echocardiography remains the initial imaging modality for
the d iagnos i s o f AS and asses smen t o f LVEF.
Echocardiographic evaluation should include aortic valve
morphology, cause, and severity of AS (Doppler assessment
of left ventricular outflow tract and valve gradient), LV func-
tion (including stroke volume, LVEF, and diastolic function),
left atrial pressure, and pulmonary arterial pressure. Systolic
blood pressure should be optimized for accurate assessment of
hemodynamic parameters. Often overlooked, hypertension
may contribute to increase LVafterload and may interfere with
the Doppler assessment of AS [11]. Nitroprusside challenge
test has been shown to reclassify 25% of low-gradient severe
AS to moderate AS [12]. Severe AS is associated with an
abnormal LV remodeling pattern manifested as altered LV
mass index and relative wall thickness. 3D echocardiography
not only allows for better estimation of AS severity but also
permits accurate measurement of LV stroke volume and EF.

Stress echocardiography is useful to unmask symptoms,
confirm stenosis severity, and to identify patients at high risk
of cardiovascular events. In patients with reduced LVEF, a
low-dose (up to 20 μg/kg/min) dobutamine stress echocardi-
ography is useful to differentiate true- versus pseudo-severe
AS. However, in patients with inadequate increase in stroke
volume (< 20%) and no significant changes in mean gradient
and aortic valve area (AVA), the severity of AS remains inde-
terminate [13]. An absence of increase in stroke volume with
dobutamine stress echocardiography suggests inadequate LV
contractile reserve and has been associated with worse prog-
nosis after SAVR [14]. Interestingly, the utility of contractile
reserve has not been found in patients undergoing TAVR. In a
recent study from the TOPAS-TAVI registry involving 287
patients with symptomatic low-flow, low-gradient severe AS
who had an LVEF ≤ 40%, there was no difference in 1-year
mortality between patients with versus without contractile re-
serve. Moreover, contractile reserve was also not associated
with post-procedure improvement of LVEF in this cohort [15].

Strain imaging with speckle tracking echocardiography
has emerged as a useful test to assess LV myocardial defor-
mation and LV contractility. In AS, LVEF may remain pre-
served for a long time despite reduced myocardial contrac-
tility owing to preload reserve [16] or changes in LV geom-
etry [17]. Global longitudinal strain can detect latent LV
systolic dysfunction which can be useful to identify high-
risk cohorts. Global longitudinal strain has been shown to
be associated with severity of AS [18], systolic and diastolic
hemodynamic indices [19], extent of myocardial fibrosis
(scarring) assessed with cardiac magnetic resonance imag-
ing [20], and cardiovascular or all-cause mortality [21, 22].
Moreover, stress strain imaging during dobutamine or exer-
cise echocardiography may provide incremental prognostic
value beyond resting strain measures [21, 23].
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Cardiac magnetic resonance imaging not only provides ac-
curate assessment of stroke volume and LVEF but can also
detect myocardial replacement fibrosis in patients with severe
AS. Fibrosis patterns such as mid wall and infarct-like scar-
ring (subendocardial or transmural) were associated with an
eight-fold and six-fold increase in all-cause mortality, respec-
tively [24]. Myocardial fibrosis is a marker of more advanced
structural damage; however, further work is required before
magnetic resonance imaging is recommended routinely in
these patients.

Biomarkers in AS and HF

Biomarkers can play an important role in risk stratification of
asymptomatic patients. Both B-type natriuretic peptide (BNP)
and NT-proBNP are released in response to ventricular and
atrial stretch and their diagnostic and prognostic value in pa-
tients with HF is well established. Furthermore, BNP is the
only biomarker that has been acknowledged as a prognostic
marker in patients with AS. The European Society
Cardiology/European Association for Cardio-Thoracic
Surgery guidelines recommend that AVR may be considered
in patients with asymptomatic severe AS and markedly ele-
vated levels of natriuretic peptides in the absence of an alter-
native explanation (class IIb) [25]. Multiple studies have
shown strong association of BNP and NT-proBNPwith symp-
toms, severity of AS, and post-procedure outcomes. A report
from the PARTNER trial involving 1097 patients who
underwent transfemoral TAVR showed that baseline BNP as
well as elevated 30-day BNP was associated with increased
mortality at 1 year [26]. Table 1 lists major reports that have
primarily studied the association of BNP and/or NT-proBNP

with outcomes in patients who underwent TAVR [26–33].
Baseline troponin levels have also been shown to be associat-
ed with worse outcomes in AS, irrespective of management
strategies [34, 35]. Several other inflammatory biomarkers
have been studied; however, majority are still in investigation-
al stage and lack any conclusive evidence for additional value.

Impact of other valvular heart diseases

Aortic regurgitation can coexist with severe AS and causes
combined pressure and volume overload on the LV. The com-
bination also portends worse outcomes compared to isolated
severe AS [36]; however, prospective studies have shown
similar 30-day and 2-year outcomes in patients undergoing
TAVR for mixed aortic valve disease versus isolated severe
AS [37]. Mitral regurgitation (MR) is commonly associated
with severe AS. In patients with severe AS and LV dysfunc-
tion, the etiology of MR can vary from primary to mixed
etiology. Functional MR can be a maladaptive consequence
of severe AS and may be a marker of underlying LV dysfunc-
tion [38]. In such patients, LVEF can be overestimated since
MR enhances ejection fraction and can mask subclinical myo-
cardial dysfunction [39]. Significant (moderate-to-severe)MR
is found to be present in about 15% of patients undergoing
TAVR [40]. Severe MR is recognized as an independent pre-
dictor of short- and long-term survival in patients undergoing
TAVR. In a meta-analysis of eight prospective studies of pa-
tients undergoing TAVR, moderate-to-severe MR was associ-
ated with 1.5-fold increase in 30-day mortality and 1.3-fold
increase in 1-year mortality [41]. The impact on MR follow-
ing TAVR is controversial and not well defined. In this meta-
analysis, about one-quarter of patients had improvement in

Fig. 1 Staging classification of aortic stenosis based on the extent of cardiac damage. Adapted from Genereux P et al. Staging classification of aortic
stenosis based on the extent of cardiac damage. Eur Heart J. 2017
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MR, whereas in three-quarter of patients, MR was either un-
changed (in majority) or worsened.

Functional or ‘secondary’ tricuspid regurgitation is fre-
quently seen in late stages of severe AS secondary to elevated
pulmonary pressure leading to right ventricular dilation and
distortion of the tricuspid valvular apparatus [42]. Tricuspid
regurgitation is also a marker of advanced HF and is associat-
ed with poor outcomes in patients undergoing TAVR. In
PARTNER II trial analysis involving 524 TAVR patients,
27% of patients had moderate or severe TR at baseline, with
only ~ 1/3rd showing improvement in TR at 1-year follow-up.
In contrast, among 1-year survivors with no or mild TR at
baseline, about 1/5th had progression to moderate or severe
TR at 1-year follow-up. Severe TR was associated with 3.2-
fold and moderate TR was associated with 1.6-fold increase in
1-year mortality [43]. In the TOPAS (true or pseudo-severe
aortic stenosis) registry among the 211 patients with low-flow,
low-gradient severe AS and LVEF < 40%, moderate/severe
TR was associated with 1.9-fold increase in 30-day all-cause
and cardiovascular mortality [44].

TAVR vs SAVR in HF

As outlined earlier, overt or subclinical HF is associated with
increased mortality and morbidity in patients with severe AS

and increases the risk of peri-operative mortality in patients
undergoing SAVR. Patients with LV dysfunction, in combi-
nation with advanced age and other co-morbidities which ac-
company HF, have high Society of Thoracic Surgeons (STS)
risk and European System for Cardiac Operative Risk
Evaluation (EuroSCORE) scores, predicting high mortality
and morbidity with SAVR. TAVR has revolutionized the man-
agement of severe AS with comparable outcomes to SAVR in
intermediate-, high-, and prohibitive-risk patients. However,
TAVR in patients with HF with reduced LVEF needs closer
scrutiny.

Randomized controlled trial data

Randomized trials conducted thus far have enrolled a substan-
tial proportion of patients with severe AS and reduced LVEF
(Fig. 2a). The pivotal PARTNER trial cohort A compared the
efficacy of TAVR in high-risk patients with severe AS. A
dedicated analysis according to LV dysfunction groups pro-
vided valuable insights [45]. Of the 203 patients with LVEF ≤
50%, all-cause mortality and cardiac mortality were compara-
ble between TAVR and SAVR at 30 days, 1 year, and 2 years.
On 1-year follow-up, in patients with LV dysfunction, mean
LVEF increased from 36 ± 9 to 49 ± 11% (p < 0.0001) after
TAVR and from 38 ± 8 to 50 ± 11% after SAVR (p <
0.0001). Failure to improve LVEF by 30 days was associated

Table 1 Studies evaluating the prognostic significance of B-type natriuretic peptide in patients undergoing TAVR

Study Year Patients Study participants Result summary

Kefer et al. 2010 58 Severe AS at high-risk (logistic EuroSCORE
> 20% or STS score > 10%) or had a contra-
indication for surgery

BNP levels (baseline value and change at 24 h)
were independent predictors of 30-day sur-
vival

Lopez-Otero et al. 2013 85 Severe AS who were non-operable or surgically
high-risk patients (Logistic EuroSCORE
> 20%)

Pro-BNP levels 24-h prior to the procedure is
predictive of 30-day and long-term mortality

Gotzmann et al. 2014 226 Severe AS at high surgical risk BNP > 475 pg/mL was predictive of long-term
all-cause and cardiovascular mortality. BNP
level > 328 pg/mL at 30 days post TAVR was
associated with all-cause mortality

O’Sullivan et al. 2015 340 Severe AS who were non-operable or surgically
high-risk patients

High BNP ≥ 596 pg/mL had a significantly
higher incidence of 30-day all-cause and car-
diac mortality, and cerebrovascular events

O’Neill et al. 2015 1097 Severe AS patients from cohort A and B of
PARTNER trial

Increase in BNP at 30 days post TAVR was
associated with 1-year mortality

Koskinas et al. 2015 Severe AS High baseline BNP (≥ 591 pg/mL) had increased
risk of 2-year all-cause and cardiovascular
mortality

Abramowitz et al. 2015 780 Severe AS High baseline BNP (≥ 453 pg/mL) was
associated with 30-day and 3-year all-cause
mortality

Mizutani et al. 2017 1094 Severe AS from OCEAN-TAVI registry BNP level at discharge > 202 pg/mL had best
risk stratification and was associated with
2-year all-cause mortality and heart failure
hospitalization
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with poor 1-year all-cause and cardiac mortality after TAVR,
but not SAVR [45].

Subgroup analysis of the US CoreValve trial using a self-
expanding transcatheter aortic valve bioprosthesis in high-risk
severe AS patients showed similar findings [46]. The primary
outcome of all-cause mortality was similar after TAVR vs
SAVR in patients with LVEF ≤ 60% [46]. Thus far, in patients
with reduced EF in all the randomized trials, TAVR has shown
comparable outcomes to SAVR for the primary end-point of
all-cause mortality or composite of all-cause mortality and
stroke (Fig. 2b).

Registry data

Several registry studies have evaluated the efficacy of TAVR in
patients with HF and reduced ejection fraction. In a study of
162 patients with LVEF < 35% from the Italian National
Institute of Health Observational Multicenter registry, there
was no significant difference between TAVR and SAVR for
30-day mortality and incidence of periprocedural acute

myocardial infarction, stroke, and renal dysfunction [47].
However, TAVR was associated with significantly higher
postprocedural permanent pacemaker implantation while more
periprocedural transfusions were noted in SAVR [47]. Using
data from the STS/Transcatheter Valve Therapy Registry
(TVT) Registry, Brennan et al. analyzed 9464 propensity-
matched intermediate- and high-risk patients who underwent
TAVR or SAVR [48]. In the overall cohort, there was no differ-
ence in 1-year mortality and stroke between the two modalities.
Subgroup analysis by LVEF showed similar outcomes among
LVEF groups of < 35, 35 to 49, and ≥ 50 % [48].

TAVR in severe AS and HF

Patients with severe AS and HF are being increasingly man-
agedwith TAVR. According to the recent TVTRegistry report
using data from 42,988 procedures from 2011 to 2015, pa-
tients with LVEF < 45% constitute 25% of all TAVR cases
[49]. In addition to ejection fraction, several other
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hemodynamic indices are evaluated in patients undergoing
TAVR to aid in prognosis and risk stratification. Analysis of
11,292 patients from the TVT Registry showed that severe LV
dysfunction (LVEF < 30%) was associated with higher rates
of mortality (29.3 vs. 21.9%, p < 0.001) and recurrent HF
(19.3 vs. 12.8%, p < 0.001) at 1 year compared with preserved
LVEF [50]. However, after adjustment for clinical factors, low
aortic valve gradient was found to be associated with worse
outcomes, whereas the effect of LVEF was no longer signifi-
cant [50]. In a recent single-center study of 340 patients with
TAVR, low stroke volume index ≤ 35 mL/m2 was associated
with increased 1-year mortality (21.9 vs 7.4%; p = 0.0002)
and HF (20.8 vs 5.3%; p = 0.011) [51]. After adjustment for

clinical factors, patients with low flow had increased mortality
and HF, whereas neither low gradient nor low LVEF were as-
sociated with worse outcomes [51]. These studies underline the
importance of flow-gradient parameters, particularly in patients
with severe AS and HF. Low flow in patients with HF can be
secondary to LV contractile dysfunction; however, it may also
be due to high afterload with restrictive physiology, pronounced
concentric hypertrophy, and reduced LV compliance and filling.

Valve-in-valve TAVR has also emerged as an alternative,
less invasive treatment for patients with degenerated
bioprostheses who are at prohibitive or high risk for repeat
surgery. A significant proportion of these patients have LV
dysfunction and HF. In the prospective, multicenter

A = Appropriate; AS = aortic stenosis; BAV = balloon aortic valvuloplasty; M = May Be Appropriate; MBV = mitral balloon valvuloplasty; MR = mitral regurgitation; MS = 
mitral stenosis; PBMV = percutaneous balloon mitral valvuloplasty; R = Rarely Appropriate; SAVR = surgical aortic valve replacement; TAVR = transcatheter aortic valve 
replacement; TR = tricuspid regurgitation

Appropriate Use Median Score (1-9)
Indica�on BAV

(as Bridge 
to Decision)

TAVR alone TAVR + PBMV TAVR + MitraClip SAVR alone SAVR + Other Valve or 
Ascending Aor�c Surgery 
or Myectomy

Symptoma�c AS and Mitral Valve Disease
� Severe symptoma�c AS
� Severe primary MR
� High surgical risk 

M (4) M (4) M (6) R (3) A (7)

� Severe symptoma�c AS
� Severe primary MR
� Intermediate surgical risk

R (2) R (3) R (3) R (3) A (8)

� Severe symptoma�c AS
� Severe primary MR
� Low surgical risk

R (1) R (1) R (2) R (2) A (9)

� Severe symptoma�c AS
� Severe secondary MR
� High surgical risk

M (4) M (5) M (5) M (4) A (7)

� Severe symptoma�c AS
� Severe secondary MR
� Intermediate surgical risk

R (3) M (4) M (4) R (3) A (8)

� Severe symptoma�c AS
� Severe secondary MR
� Low surgical risk

R (1) R (1) R (2) R (3) A (9)

� Severe symptoma�c AS
� Severe rheuma�c MS (no 

absolute contraindica�ons 
to MBV)

� High surgical risk

M (4) M (4) A (7) R (3) A (7)

� Severe symptoma�c AS
� Severe calcific MS or severe 

rheuma�c MS (with 
absolute contraindica�ons 
to MBV) with extensive 
mitral annular calcifica�on

� High surgical risk

M (4) M (5) R (2) R (3) A (7)

Appropriate Use Median Score (1-9)
Indica�on BAV

(as Bridge 
to Decision)

TAVR alone TAVR + PBMV TAVR + MitraClip SAVR alone SAVR + Other Valve or 
Ascending Aor�c Surgery 
or Myectomy

Symptoma�c AS and Tricuspid Valve Disease
� Severe symptoma�c AS
� Severe secondary TR
� Dilated right ventricle 

and/or tricuspid valve 
annulus ≥40 mm

� Minimal to no right 
ventricular dysfunc�on

� Minimal pulmonary 
hypertension

� Intermediate surgical risk

R (2) M (5) R (3) A (8)

� Severe symptoma�c AS
� Severe secondary TR
� Dilated right ventricle 

and/or tricuspid valve 
annulus ≥40 mm

� Moderate to severe right 
ventricular dysfunc�on

� Minimal pulmonary 
hypertension

� Intermediate surgical risk

R (2) M (5) R (3) A (7)

� Severe symptoma�c AS
� Severe secondary TR
� Dilated right ventricle 

and/or tricuspid valve 
annulus ≥40 mm

� Moderate to severe right 
ventricular dysfunc�on

� Severe pulmonary 
hypertension

� High surgical risk

M (4) A (7) R (2) M (5)

a

b

Fig. 3 Appropriate Use Criteria
for the treatment of patients with
severe symptomatic aortic
stenosis and mitral valve disease
(a) or tricuspid valve disease (b).
Adapted from Bonow et al.,
ACC/AATS/AHA/ASE/EACTS/
HVS/SCA/SCAI/SCCT/SCMR/
STS 2017 Appropriate Use
Criteria for the treatment of
patients with severe aortic
stenosis, JACC, 2017. A =
appropriate; AS = aortic stenosis;
BAV = balloon aortic
valvuloplasty; LVOT= left
ventricular outflow tract; M =
may be appropriate; MBV =
mitral balloon valvuloplasty;
MR=mitral regurgitation; MS =
mitral stenosis; PBMV =
percutaneous balloon mitral
valvuloplasty; R = rarely
appropriate; SAVR = surgical
aortic valve replacement;
TAVR = transcatheter aortic valve
replacement; TR = tricuspid
regurgitation
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PARTNER (Placement of Aortic Transcatheter Valves) 2
valve-in-valve registry of 365 patients (mean STS score 9.1
± 4.7%), ~ 22% patients had LVEF < 40% [52]. The valve-in-
valve TAVR showed 1-year mortality of 14.4% and low rates
of stroke, rehospitalization, and pacemaker implantation.
Post-TAVR, core laboratory echocardiographic data showed
that the mean LVEF increased from 50.6% at baseline to
54.2% at 1 year [52]. In a prospective, multicenter
CoreValve U.S. Expanded Use Study, enrolling 233 patients
with symptomatic surgical valve failure (mean STS score 9.0
± 6.7%), self-expanding TAVR showed 1-year mortality of
14.6% [53]. In this high-risk cohort, almost all patients had
congestive HF (97.4%).

TAVR in severe AS and other valve disorders

As discussed earlier, concomitant severe valvular disorders,
particularly MR and TR, pose significant challenges in man-
agement of severe AS and heart failure. While surgical option
has the advantage of correcting MR and/or TR during SAVR,
such patients also possess higher peri-operative risks for mor-
tality and morbidity. In patients with severe AS and MR, it is
important to differentiate primary from secondary MR since
the latter may improve with correction of the AS, whereas the
former will not. For instance, a patient with functional MR
associated with depressed LV ejection fraction and dilated
cardiomyopathy will most likely show an improvement in
MR after TAVR, especially in absence of concomitant restric-
tive physiology and pulmonary arterial hypertension. Several
transcatheter mitral valve repair technologies have emerged
for treating MR in patients at high or prohibitive surgical risk.
If severe MR fails to improve post-TAVR, transcatheter mitral
valve repair/replacement may be considered in selected pa-
tients. In patients who may likely require concomitant TAVR
and transcatheter mitral valve intervention, usually TAVR is
performed earlier, although there have been few case reports
where combined aortic and mitral interventions were per-
formed in single setting [54]. It is important to note that at
the moment, prognostic data of the emerging combined ap-
proach are insufficient and conflicting and larger trials are
needed before it can be recommended for routine consider-
ation. The recently published Appropriate Use Criteria for the
treatment of patients with severe AS provides some guidance
on selection of management strategies in patients with severe
AS and concomitant valve diseases (Fig. 3) [55].

TAVR in acute HF

Acute HF complicating severe AS represents one of the
highest-risk group of patients. A recent report from the
Japanese CURRENTAS registry enrolling 3813 consecutive

severe AS patients studied the effect of acute HF on short- and
long-term clinical outcomes of severe AS [56]. The 5-year all-
cause mortality and HF hospitalization rates in no HF, chronic
HF, and acute HF groups were 37.1, 41.8, and 61.8% (p <
0.001) and 20.7, 33.8, and 52.3% (p < 0.001), respectively.
Even in the initial AVR stratum, acute HF was associated with
1.6 times higher risk in 5-year mortality compared to no HF
and, 1.5 times compared to chronic HF patients [56].

The utility of balloon aortic valvuloplasty (BAV) in pa-
tients with severe AS and HF with severely reduced EF or
hemodynamic compromise has been reported and has a
class IIb recommendation in the 2017 ACC/AHA guide-
lines for management of valvular heart diseases [57].
However, sudden aortic insufficiency after BAV can be
lethal in patients with decompensated HF, and TAVR can
be a more definitive option in such cases with comparable
risks. There has been a gradual increase in urgent TAVR
procedures. According to recent TVT registry data, of the
42,988 procedures, 3764 (8.8%) were classified as urgent
TAVR cases [49]. In a single-center study of 410 consecu-
tive patients undergoing TAVR, 21 (6.6%) had urgent
TAVR for acute HF. In this study, 30-day mortality was
3.7% which was comparable to elective or semi-elective
TAVR cases [58]. In another single-center study of 771
patients, 27 (3.5%) underwent emergent TAVR for acutely
decompensated aortic stenosis with cardiogenic shock. The
30-day mortality was 33.3%, significantly higher than in
electively treated patients (7.7%, p < 0.0001) [59].

Future directions and research

Available data suggests that TAVR is a favorable alternative to
SAVR in patients with severe AS and HF. The TAVR
UNLOAD trial is an international, multicenter trial that will
evaluate the efficacy and safety of TAVR in patients with
moderate AS (defined as mean transaortic gradient ≥ 20 and
< 40 mmHg and an aortic valve area > 1.0 and ≤ 1.5 cm2 at
rest or after dobutamine stress echocardiography) and HF on
top of optimal HF therapy [60]. The results of this trial will
further our understanding of role of TAVR in patients with AS
and HF. TAVR has been used for very specific indications
such as new-onset aortic regurgitation in patients with ad-
vanced HF treated by left ventricular assist devices [61]. The
role of TAVR in patients with paradoxical low-flow, low-
gradient severe AS is unclear. These patients have similar
outcomes compared to high-gradient severe AS, but worse
compared to normal-flow, low-gradient severe AS [62].
Further research on the utility of TAVR in this subset of AS
patients is needed.

AS aortic stenosis, BNP B-type natriuretic peptide, TAVR
transcatheter aortic valve replacement

Heart Fail Rev (2018) 23:821–829 827



Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Iung B, Baron G, Butchart EG, Delahaye F, Gohlke-Bärwolf C,
Levang OW, Tornos P, Vanoverschelde JL, Vermeer F, Boersma
E, Ravaud P, Vahanian A (2003) A prospective survey of patients
with valvular heart disease in Europe: the euro heart survey on
Valvular heart disease. Eur Heart J 24(13):1231–1243

2. Osnabrugge RL, Mylotte D, Head SJ et al (2013) Aortic stenosis in
the elderly: disease prevalence and number of candidates for trans-
catheter aortic valve replacement: a meta-analysis and modeling
study. J Am Coll Cardiol 62(11):1002–1012

3. Kodali SK, Williams MR, Smith CR, Svensson LG, Webb JG,
Makkar RR, Fontana GP, Dewey TM, Thourani VH, Pichard AD,
Fischbein M, Szeto WY, Lim S, Greason KL, Teirstein PS,
Malaisrie SC, Douglas PS, Hahn RT, Whisenant B, Zajarias A,
Wang D, Akin JJ, Anderson WN, Leon MB, PARTNER Trial
Investigators (2012) Two-year outcomes after transcatheter or sur-
gical aortic-valve replacement. N Engl J Med 366(18):1686–1695

4. Kupari M, Turto H, Lommi J (2005) Left ventricular hypertrophy in
aortic valve stenosis: preventive or promotive of systolic dysfunc-
tion and heart failure? Eur Heart J 26(17):1790–1796

5. Salcedo EE, Korzick DH, Currie PJ, Stewart WJ, Lever HM,
Goormastic M (1989) Determinants of left ventricular hypertrophy
in patients with aortic stenosis. Cleve Clin J Med 56(6):590–596

6. Schunkert H, Brockel U, Hengstenberg C et al (1999) Familial
predisposition of left ventricular hypertrophy. J Am Coll Cardiol
33(6):1685–1691

7. Montgomery HE, Clarkson P, Dollery CM, Prasad K, Losi MA,
Hemingway H, Statters D, Jubb M, Girvain M, Varnava A, World
M, Deanfield J, Talmud P, McEwan JR, McKenna WJ, Humphries
S (1997) Association of angiotensin-converting enzyme gene I/D
polymorphism with change in left ventricular mass in response to
physical training. Circulation 96(3):741–747

8. Genereux P, Pibarot P, Redfors B et al (2017) Staging classification
of aortic stenosis based on the extent of cardiac damage. Eur Heart J
38:3351–3358

9. Quere JP, Monin JL, Levy F, Petit H, Baleynaud S, Chauvel C, Pop
C, Ohlmann P, Lelguen C, Dehant P, Gueret P, Tribouilloy C (2006)
Influence of preoperative left ventricular contractile reserve on post-
operative ejection fraction in low-gradient aortic stenosis.
Circulation 113(14):1738–1744

10. Herrmann S, Fries B, Liu D, Hu K, Stoerk S, VoelkerW, Ruppert C,
Lorenz K, Ertl G, Weidemann F (2015) Differences in natural his-
tory of low- and high-gradient aortic stenosis from nonsevere to
severe stage of the disease. J Am Soc Echocardiogr 28(11):1270–
1282 e1274

11. Kadem L, Dumesnil JG, Rieu R, Durand LG, Garcia D, Pibarot P
(2005) Impact of systemic hypertension on the assessment of aortic
stenosis. Heart 91(3):354–361

12. Lloyd JW, Nishimura RA, Borlaug BA, Eleid MF (2017)
Hemodynamic response to nitroprusside in patients with low-
gradient severe aortic stenosis and preserved ejection fraction. J
Am Coll Cardiol 70(11):1339–1348

13. Redfors B, Pibarot P, Gillam LD et al (2017) Stress testing in
asymptomatic aortic stenosis. Circulation 135(20):1956–1976

14. Monin JL, Quere JP, Monchi M et al (2003) Low-gradient aortic
stenosis: operative risk stratification and predictors for long-term

outcome: a multicenter study using dobutamine stress hemodynam-
ics. Circulation 108(3):319–324

15. Ribeiro HB, Lerakis S, Gilard M et al (2018) Transcatheter aortic
valve implantation in patients with low-flow, low-gradient aortic
stenosis: the TOPAS-TAVI registry. J Am Coll Cardiol 71:1297–
1308

16. Krayenbuehl HP, Hess OM, Ritter M, Monrad ES, Hoppeler H
(1988) Left ventricular systolic function in aortic stenosis. Eur
Heart J 9(Suppl E):19–23

17. Delgado V, Tops LF, van Bommel RJ et al (2009) Strain analysis in
patients with severe aortic stenosis and preserved left ventricular
ejection fraction undergoing surgical valve replacement. Eur
Heart J 30(24):3037–3047

18. Miyazaki S, Daimon M, Miyazaki T et al (2011) Global longitudi-
nal strain in relation to the severity of aortic stenosis: a two-
dimensional speckle-tracking study. Echocardiography 28(7):703–
708

19. Dahl JS, Barros-Gomes S, Videbaek L et al (2016) Early diastolic
strain rate in relation to systolic and diastolic function and prognosis
in aortic stenosis. JACC Cardiovasc Imaging 9(5):519–528

20. Hoffmann R, Altiok E, Friedman Z, Becker M, Frick M (2014)
Myocardial deformation imaging by two-dimensional speckle-
tracking echocardiography in comparison to late gadolinium en-
hancement cardiac magnetic resonance for analysis of myocardial
fibrosis in severe aortic stenosis. Am J Cardiol 114(7):1083–1088

21. Dahou A, Bartko PE, Capoulade R et al (2015) Usefulness of global
left ventricular longitudinal strain for risk stratification in low ejec-
tion fraction, low-gradient aortic stenosis: results from the multi-
center true or Pseudo-severe aortic stenosis study. Circ Cardiovasc
Imaging 8(3):e002117

22. Kusunose K, Goodman A, Parikh R et al (2014) Incremental prog-
nostic value of left ventricular global longitudinal strain in patients
with aortic stenosis and preserved ejection fraction. Circ Cardiovasc
Imaging 7(6):938–945

23. Donal E, Thebault C, O'Connor K et al (2011) Impact of aortic
stenosis on longitudinal myocardial deformation during exercise.
Eur J Echocardiogr 12(3):235–241

24. Barone-Rochette G, Pierard S, De Meester de Ravenstein C et al
(2014) Prognostic significance of LGE by CMR in aortic stenosis
patients undergoing valve replacement. J Am Coll Cardiol 64(2):
144–154

25. Joint Task Force on the Management of Valvular Heart Disease of
the European Society of C, European Association for Cardio-
Thoracic S, Vahanian A et al (2012) Guidelines on the management
of valvular heart disease (version 2012). Eur Heart J 33(19):2451–
2496

26. O'Neill BP, GuerreroM, Thourani VH et al (2015) Prognostic value
of serial B-type natriuretic peptide measurement in transcatheter
aortic valve replacement (from the PARTNER trial). Am J Cardiol
115(9):1265–1272

27. Kefer J, Beauloye C, Astarci P et al (2010) Usefulness of B-type
natriuretic peptide to predict outcome of patients treated by trans-
catheter aortic valve implantation. Am J Cardiol 106(12):1782–
1786

28. Lopez-Otero D, Trillo-Nouche R, Gude F et al (2013) Pro B-type
natriuretic peptide plasma value: a new criterion for the prediction
of short- and long-term outcomes after transcatheter aortic valve
implantation. Int J Cardiol 168(2):1264–1268

29. Gotzmann M, Czauderna A, Aweimer A et al (2014) B-type natri-
uretic peptide is a strong independent predictor of long-term out-
come after transcatheter aortic valve implantation. J Heart ValveDis
23(5):537–544

30. O'Sullivan CJ, Stortecky S, Heg D, Juni P, Windecker S,
Wenaweser P (2015) Impact of B-type natriuretic peptide on
short-term clinical outcomes following transcatheter aortic valve
implantation. EuroIntervention 10(10):e1–e8

828 Heart Fail Rev (2018) 23:821–829



31. Koskinas KC, O'Sullivan CJ, Heg D et al (2015) Effect of B-type
natriuretic peptides on long-term outcomes after transcatheter aortic
valve implantation. Am J Cardiol 116(10):1560–1565

32. Abramowitz Y, Chakravarty T, Jilaihawi H et al (2015) Impact of
Preprocedural B-type natriuretic peptide levels on the outcomes
after Transcatheter aortic valve implantation. Am J Cardiol
116(12):1904–1909

33. Mizutani K, Hara M, Iwata S et al (2017) Elevation of B-type
natriuretic peptide at discharge is associated with 2-year mortality
after Transcatheter aortic valve replacement in patients with severe
aortic stenosis: insights from a multicenter prospective OCEAN-
TAVI (optimized Transcatheter Valvular intervention-
Transcatheter aortic valve implantation) registry. J Am Heart
Assoc 6(7). https://doi.org/10.1161/JAHA.117.006112

34. Lindman BR, Breyley JG, Schilling JD et al (2015) Prognostic utility
of novel biomarkers of cardiovascular stress in patients with aortic
stenosis undergoing valve replacement. Heart 101(17):1382–1388

35. KohlerWM, Freitag-Wolf S, LambersM et al (2016) Preprocedural
but not periprocedural high-sensitive troponin T levels predict out-
come in patients undergoing transcatheter aortic valve implantation.
Cardiovasc Ther 34(6):385–396

36. Zilberszac R, Gabriel H, Schemper M et al (2013) Outcome of
combined stenotic and regurgitant aortic valve disease. J Am Coll
Cardiol 61(14):1489–1495

37. Seeger J, Gonska B, Mörike J, Rottbauer W, Wöhrle J (2017)
Outcome of patients with mixed aortic valve disease undergoing
Transfemoral aortic valve replacement. Struct Heart 1(3–4):162–167

38. Brener SJ, Duffy CI, Thomas JD, Stewart WJ (1995) Progression of
aortic stenosis in 394 patients: relation to changes inmyocardial and
mitral valve dysfunction. J Am Coll Cardiol 25(2):305–310

39. Goncalves A, Solomon SD (2013) Mitral regurgitation in transcath-
eter aortic valve replacement: the complexity of multivalvular dis-
ease. Circulation 128(19):2101–2103

40. Nombela-Franco L, Ribeiro HB, Urena M et al (2014) Significant
mitral regurgitation left untreated at the time of aortic valve replace-
ment: A comprehensive review of a frequent entity in the transcatheter
aortic valve replacement era. J Am Coll Cardiol 63(24):2643–2658

41. Nombela-Franco L, Eltchaninoff H, Zahn R et al (2015) Clinical
impact and evolution of mitral regurgitation following transcatheter
aortic valve replacement: a meta-analysis. Heart 101(17):1395–1405

42. Dumont C, Galli E, Oger E et al (2018) Pre- and postoperative
tricuspid regurgitation in patients with severe symptomatic aortic
stenosis: importance of pre-operative tricuspid annulus diameter.
Eur Heart J Cardiovasc Imaging 19:319–328

43. Lindman BR, Maniar HS, Jaber WA et al (2015) Effect of tricuspid
regurgitation and the right heart on survival after transcatheter aortic
valve replacement: insights from the placement of aortic
Transcatheter valves II inoperable cohort. Circ Cardiovasc Interv
8(4):e002073

44. Dahou A, Magne J, Clavel MA et al (2015) Tricuspid regurgitation
is associated with increased risk of mortality in patients with low-
flow low-gradient aortic stenosis and reduced ejection fraction: re-
sults of the multicenter TOPAS study (true or Pseudo-severe aortic
stenosis). JACC Cardiovasc Interv 8(4):588–596

45. Elmariah S, Palacios IF, McAndrew T et al (2013) Outcomes of
transcatheter and surgical aortic valve replacement in high-risk pa-
tients with aortic stenosis and left ventricular dysfunction: results
from the placement of aortic Transcatheter valves (PARTNER) trial
(cohort a). Circ Cardiovasc Interv 6(6):604–614

46. Adams DH, Popma JJ, Reardon MJ et al (2014) Transcatheter
aortic-valve replacement with a self-expanding prosthesis. N Engl
J Med 370(19):1790–1798

47. Onorati F, D'Errigo P, Grossi C et al (2014) Effect of severe left
ventricular systolic dysfunction on hospital outcome after transcath-
eter aortic valve implantation or surgical aortic valve replacement:
results from a propensity-matched population of the Italian

OBSERVANT multicenter study. J Thorac Cardiovasc Surg
147(2):568–575

48. Brennan JM, Thomas L, Cohen DJ et al (2017) Transcatheter versus
surgical aortic valve replacement: propensity-matched comparison.
J Am Coll Cardiol 70(4):439–450

49. Carroll JD, Vemulapalli S, Dai D et al (2017) Procedural experience
for Transcatheter aortic valve replacement and relation to outcomes:
the STS/ACC TVT registry. J Am Coll Cardiol 70(1):29–41

50. Baron SJ, Arnold SV, Herrmann HC et al (2016) Impact of ejection
fraction and aortic valve gradient on outcomes of Transcatheter aortic
valve replacement. J Am Coll Cardiol 67(20):2349–2358

51. Carreras ET, Kaneko T, Ramirez-Del Val F et al (2017) Impact of
flow, gradient, and left ventricular function on outcomes after trans-
catheter aortic valve replacement. Catheter Cardiovasc Interv

52. Webb JG,MackMJ,White JM et al (2017) Transcatheter aortic valve
implantation within degenerated aortic surgical bioprostheses:
PARTNER 2 valve-in-valve registry. J Am Coll Cardiol 69(18):
2253–2262

53. Deeb GM, Chetcuti SJ, Reardon MJ et al (2017) 1-year results in
patients undergoing Transcatheter aortic valve replacement with
failed surgical bioprostheses. JACC Cardiovasc Interv 10(10):
1034–1044

54. Ando T, Takagi H, Briasoulis A et al (2018) A systematic review of
reported cases of combined transcatheter aortic and mitral valve
interventions. Catheter Cardiovasc Interv 91(1):124–134

55. Bonow RO, Brown AS, Gillam LD et al (2017) ACC/AATS/AHA/
ASE/EACTS/HVS/SCA/SCAI/SCCT/SCMR/STS 2017 appropri-
ate use criteria for the treatment of patients with severe aortic ste-
nosis: a report of the American College of Cardiology Appropriate
use Criteria Task Force, American Association for Thoracic
Surgery, American Heart Association, American Society of
Echocardiography, European Association for Cardio-Thoracic
Surgery, heart valve society, Society of Cardiovascular
Anesthesiologists, Society for Cardiovascular Angiography and
Interventions, Society of Cardiovascular Computed Tomography,
Society for Cardiovascular Magnetic Resonance, and Society of
Thoracic Surgeons. J Am Coll Cardiol 70(20):2566–2598

56. Nagao K, Taniguchi T, Morimoto T et al (2018) Acute heart failure
in patients with severe aortic stenosis- insights from the CURRENT
AS registry. Circ J 82:874–885

57. Nishimura RA, Otto CM, Bonow RO et al (2017) AHA/ACC
Focused Update of the 2014 AHA/ACC Guideline for the
Management of Patients With Valvular Heart Disease: A Report
of the American College of Cardiology/American Heart
Association Task Force on Clinical Practice Guidelines. J Am
Coll Cardiol 70(2):252–289

58. Landes U, Orvin K, Codner P et al (2016) Urgent Transcatheter
aortic valve implantation in patients with severe aortic stenosis
and acute heart failure: procedural and 30-day outcomes. Can J
Cardiol 32(6):726–731

59. Frerker C, Schewel J, SchluterM et al (2016) Emergency transcath-
eter aortic valve replacement in patients with cardiogenic shock due
to acutely decompensated aortic stenosis. EuroIntervention 11(13):
1530–1536

60. Spitzer E, Van Mieghem NM, Pibarot P et al (2016) Rationale and
design of the Transcatheter aortic valve replacement to UNload the
left ventricle in patients with ADvanced heart failure (TAVR
UNLOAD) trial. Am Heart J 182:80–88

61. D'AnconaG, Pasic M, Buz S et al (2012) TAVI for pure aortic valve
insufficiency in a patient with a left ventricular assist device. Ann
Thorac Surg 93(4):e89–e91

62. Bavishi C, BalasundaramK, Argulian E (2016) Integration of flow-
gradient patterns into clinical decision making for patients with
suspected severe aortic stenosis and preserved LVEF: a systematic
review of evidence and meta-analysis. JACC Cardiovasc Imaging
9(11):1255–1263

Heart Fail Rev (2018) 23:821–829 829

https://doi.org/10.1161/JAHA.117.006112

	Transcatheter aortic valve replacement in patients with severe aortic stenosis and heart failure
	Abstract
	Introduction
	Pathophysiology of HF in patients with severe AS
	Multimodality imaging in assessment of left ventricle function in aortic stenosis
	Biomarkers in AS and HF
	Impact of other valvular heart diseases
	TAVR vs SAVR in HF
	Randomized controlled trial data
	Registry data

	TAVR in severe AS and HF
	TAVR in severe AS and other valve disorders
	TAVR in acute HF
	Future directions and research
	References


