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About one in seven elderly patients with severe calcific aortic stenosis (AS) also have
ATTR amyloid cardiomyopathy (AC-TTR). The reasons for this close association are
not fully known, but the two entities are not only related by common epidemiology.
For example, it is possible to hypothesize that an amyloidotic infiltration of the
aortic valve, even partial, can act as a trigger for the development of endothelial
damage and subsequent calcification. Another hypothesis is the increased myocardial
strain induced by AS may locally favour the process of amyloidogenesis and tissue
infiltration. In a patient with AS, the coexistence of AC-TTR can be suspected by
careful analysis of the echocardiogram and the ECG, especially if a clinical history of
carpal tunnel syndrome coexists. Bone tracer scintigraphy allows a diagnosis of
certainty. Recently, several studies have evaluated the prognostic implications of the
coexistence of the two entities in candidates for percutaneous aortic valve replace-
ment, showing how amyloidosis would not significantly impact the results of the
procedure, but would only be associated with a greater risk of distant heart failure.
In patients with AS associated with AC-TTR, valve replacement should not be ruled
out in the presence of the usual clinical-haemodynamic indications.

The relationship between transthyretin cardiac amyloidosis
(AC-TTR) and aortic stenosis (AS) is acquiring progressive
interest in contemporary cardiology in light of the increase
in the diagnosis of AC-TTR linked to the use of bone tracer
scintigraphy, and, on the other hand, the diffusion of the
percutaneous treatment of severe AS: the transcatheter
aortic valve replacement (TAVR).

Recently, several studies have evaluated the prognostic
implications of the coexistence of AC-TTR and severe AS in
TAVR candidates, showing how amyloidosis would not sig-
nificantly impact the survival of patients with severe AS,
and especially how TAVR intervention would improve out-
come in patients in which the two pathologies coexist.1,2

Although the literature helps us to clarify some aspects
of the topic, it necessarily leaves a number of questions
open.

How frequently do as and AC-ATTR coexist?

In the first studies aimed at investigating this combination,
the co-presence of AS and AC-TTR was not systematically
sought, but (by bone scan) only in patients with clinical and
echocardiographic red flags suggesting AC-TTR. This led to
an initial overestimation of the prevalence. Considering
only the prospective studies that carried out a systematic
search for AC-TTR and AS, the prevalence of amyloid car-
diomyopathy (AC) varies between 4% and 16% (Table 1).1,3–7

In general, the prevalence of AC-TTR among patients
with AS is mainly influenced by the age of the patients, by
the criteria with which the diagnostic process for the
search for AC-TTR was initiated, and by the way in which
the diagnosis was made. For example, cardiac magnetic
resonance imaging (CMR) has a lower sensitivity than scin-
tigraphy in detecting AC-TTR. The lowest prevalence (�4%)
was found in cardiac surgery patients undergoing aortic
valve replacement (AVR), in whom the diagnosis was*Corresponding author. Email: claudio.rapezzi@unife.it
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systematically made by biopsy at the time of surgery.7 In
the vast majority of reported cases, the aetiology of AC
was ATTR wild-type (AC-ATTRwt), with a minimal epidemi-
ological contribution (<5%) from the AL form.

It is interesting to observe the association of AC and AS
also from the ‘point of view’ of amyloidosis (and not of aor-
tic stenosis). In a cohort of 1240 consecutive patients with
AC-TTR followed at the National Amyloidosis Center (NAC)
in London (the largest series on this topic), only 1.8% of
patients had severe AS on echocardiography.8 In a smaller
cohort of 171 patients with AC, Sperry et al.9 describe a
higher prevalence (15.7%). Patients in whom the two
pathologies were associated were more often elderly,
anaemic and with a higher left ventricular end-diastolic di-
ameter. In this analysis, mortality was the same regardless
of treatment for severe AS, suggesting that AC-TTR-CA has
a greater impact on medium-term mortality than the hae-
modynamic effects of AS.

What is the mechanism behind the
association between the two diseases?

The question of whether AC is the cause or consequence
of AS, or whether they are simply two entities
‘epidemiologically related’ has not yet been answered.
The hypotheses are broadly three:

(1) the association could be attributable to the fact
that the prevalence of both diseases increases with
age, thus ending up ‘invading’ the same epidemio-
logical substrate of the population;

(2) amyloidosis could be the common cause of both
cardiomyopathy and AS; and

(3) cardiomyopathy could be the consequence of AS.

The first hypothesis is reasonable and is partly supported
by epidemiological data that show a progressive increase in
the prevalence of both AS and AC-TTR with advancing age,
with a peak after 75–80 years. In fact, severe AS affects
more than 3% of the population over 75years of age, with
ultrasound characteristics similar to those of AC-TTR.10

Data on the prevalence of AC-TTR in the general popula-
tion are less certain: �25% of people over 85 have amyloid
TTR within their heart, as has been shown by some autopsy
studies, but not necessarily these deposits constitute a real
cardiomyopathy.11 Some studies have estimated the pres-
ence of myocardial uptake on bone tracer scintigraphy
(performed for non-cardiac reasons), reporting values
ranging between 2% and 14% in males over 85years11,12;
the estimated prevalence for the standard European popu-
lation over 75 years of age is 4.15% in males and 1.03% in
females.13 These prevalence values are lower than 8–16%
reported in the previously commented cases. In particular,
a recent international multicenter registry of 408 patients
with AS all studied with bone tracer scintigraphy reports an
overall prevalence of AC of 11.8%, with about one-third of
patients classified as Perugini score 1 and the remaining
two-thirds as Perugini score 2 or 3.2 Therefore, a purely
‘epidemiological’ explanation is not fully convincing.

The hypothesis that systemic amyloidosis has a pathoge-
netic role in AS remains possible but still speculative. Since

in cases of overt amyloidotic cardiomyopathy also the
heart valves, in particular’, the mitral valve, often appear
‘infiltrated’ on the echocardiogram, it is possible to hy-
pothesize that aortic valve involvement, even partial, can
act as a trigger for the development of endothelial damage
and subsequent calcification. Kristen et al.14 analysed 100
samples from surgically removed stenotic aortic valves,
finding amyloid deposits in 74 cases. In any case, on
immuno-histochemical examination, none of the most
common proteins that usually form amyloid deposits were
identified and the deposition of amyloid seemed to be
secondary to a condition of athero-inflammation and high
haemodynamic shear-stress.

On the other hand, as a third hypothesis, degenerative
AS may be able to both aggravate and accelerate the pro-
gression of amyloid heart disease. The increased tangential
wall stress and greater myocardial strain, typical charac-
teristics of AS, could act as a mechanical contributing
cause, locally favouring the process of amyloidogenesis,
and tissue infiltration (mechanical–enzymatic
hypothesis).2,15,16

Who are the patients with the highest
probability of dual pathology, and how to
identify them?

AS and AC-TTR have similar echocardiographic characteris-
tics, paradoxically, making it more complex to identify
patients affected by both pathologies. Considering the
published studies as a whole (Table 1), a common echocar-
diographic profile is in fact outlined. This ‘phenotype’
includes a low-flow low-gradient AS pattern, a reduced
ejection fraction (EF) and myocardial fractional contrac-
tion (CFM) of the left ventricle, a reduced longitudinal
systolic function (reduced S’), a pattern of restrictive
trans-mitral flow, lower stroke volume (SV), and worse left
ventricular diastolic function. In addition, other non-
echocardiographic features help identify the above profile,
such as a low ratio of QRS ECG voltages to left ventricular
mass, older age, history of bilateral carpal tunnel syn-
drome, a higher level of biomarkers (NT-proBNP and high-
sensitivity troponin I/T).

In search of a non-invasive diagnosis, or in any case of a
high degree of diagnostic suspicion useful to guide subse-
quent examinations, Nietsche et al. proposed a score
(RAISE score) that could help the clinician in identifying the
subjects affected by both diseases. This score takes into
account five main elements giving a different weight to
each of them: (i) carpal tunnel syndrome (3 points), (ii)
intra-ventricular electrical conduction disturbances
(2 points for right bundle branch block, 1 point for low pe-
ripheral voltages, or a Sokolow–Lyon index <1.9mV), (iii)
restrictive myocardial remodelling (1 point for septal hy-
pertrophy >18mm, 1 point for altered E/A ratio), (iv) sub-
strate of chronic myocardial damage (1 point for TnT HS
>20ng/L), (v) 1 point for age>85years.2

In this multicentre and international study conducted on
subjects included in a TAVR path, this score was first de-
fined in the Austrian cohort, and then validated in the
London cohort. Scores �2 and �3 demonstrated a good
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ability to identify subjects with AC-TTR and AS, respec-
tively with a sensitivity between 93.6% and 72.3% and a
specificity between 52.1% and 83.6%.

More recently, Pibarot et al., pointed out that this RAISE
score could probably be further improved by adding or
replacing some elements, such as biventricular hypertro-
phy, a tricuspid annular plane excursion (TAPSE) <1.4 cm
and an S’ of the tricuspid annulus <6 cm/s; the latter ele-
ment, in fact, was found to be the most accurate predictor
of AC-TTRwith a sensitivity of 100% in a previous study.4,15

It should be positively noted that the proposed scores
were not delineated using sophisticated or invasive meth-
ods, but using tests that fall within the standard clinical
routine, interpreted with a ‘clinical eye’ trained in the
search for amyloidosis. A correct evaluation of these phe-
notypic characteristics can guide the clinician towards the
request for a bone scan and in the search for monoclonal
proteins with the aim of defining the diagnosis of AC.

It has recently been reported that computed tomography
(CT) with contrast medium is able to provide a quantitative
estimate of myocardial extracellular volume.17 Since CT is
an integral part of the preoperative process before per-
forming the TAVR, this examination can provide an inter-
esting ‘red flag’ and could therefore be performed
routinely, but using CTwith contrast medium.

It is interesting to note that two findings considered fre-
quent and specific to AC are much less frequent and lose
specificity when AS coexists: the high prevalence of the
male gender and the ‘apical sparing’ in the alteration of
the longitudinal strain of the left ventricle. There is still no
explanation as to why patients with dual pathology have a
higher prevalence of female sex than isolated AC-TTR; on
the other hand, this epidemiological distribution has also
been described for those patients with heart failure with
preserved EF (HFpEF) and AC. As for the lack of ‘apical
sparing’, probably the increased parietal stress and the
greater after-load induced by AS cause the apex to be less
protected by the deposition of amyloid substance or to be
in any casemoremechanically stressed.

Does the coexistence of ac have
consequences on the results of aortic valve
replacement?

The doubt that the coexistence of AS and amyloidotic car-
diomyopathy could negatively influence the results of TAVR
or aortic valve replacement surgery arises from anecdotal
reports and small descriptive studies that cannot represent
‘evidence’. A prospective study would theoretically be re-
quired to randomize patients with AC-TTR and AS to TAVR
vs. optimized medical therapy, possibly stratifying patients
by severity of cardiomyopathy. A trial designed in this way,
however, is neither available nor in progress at the mo-
ment, and is also difficult to implement.

A lower, but still reasonable, level of evidence can be
provided by prospective non-randomized studies compar-
ing the results of TAVR interventions in patients with AS
with or without AC within the same centre (Table 1). AC-
ATTR does not appear to affect mortality in any of the pro-
spective studies with follow-up data, although patients’

age is frequently higher, left ventricular systolic and dia-
stolic function more impaired, hypertrophy more severe,
and the form low-flow low-gradient appears to be the most
represented.
In all these studies, the confidence interval of the hazard

ratio for all-cause mortality is wide, suggesting the possi-
bility of an under-dimensioning of the sample size and
therefore of insufficient study power. Recently, Nitsche et
al. published a multicenter study of 408 patients (which
also includes patients from previous studies). This study
analyses the outcome of patients undergoing TAVR with
and without AC-TTR, with greater statistical power.2 The
overall analysis tends to support the hypothesis of the ab-
sence of significant differences in the post-TAVRoutcome.
In support of this hypothesis, there is also the compari-

son between the mortality calculated in these studies and
that reported in the Placement of Aortic Transcatheter
Valve (PARTNER) trials.18–20 The PARTNER 1A study reports
1-, 2-, and 5-year mortality rates of 24%, 34%, and 68%, re-
spectively, while the PARTNER 2A study reports a 1- and 2-
year global mortality rate of 12% and 16%, respectively.
The overall survival rates in the studies reported in Table 1
are positioned exactly between these values.
These studies also confirm the data from PARTNER stud-

ies that patients with severe AS managed with optimal
medical therapy alone, with or without amyloid cardiomy-
opathy, have poor survival.2

Regardless of mortality, from the analysis of published
studies, two other observations appear clinically relevant:
a higher incidence of heart failure duringmedium-term fol-
low-up, and a higher rate of peri-procedural atrioventricu-
lar block with the need for pacemaker implantation.1,21

Unlike TAVR, patients with AC-TTR and concomitant se-
vere AS undergoing aortic valve replacement surgery show
higher mortality (Table 1), probably related to simulta-
neous cardiopulmonary bypass and the risks of open-heart
surgery.

In conclusion, what are the clinical
implications of the coexistence of cardiac
amyloidosis and aortic stenosis?

Correct recognition of the association has relevant clinical
consequences. The score proposed by Nitsche et al.2 allows
patients with AC to be recognized with good sensitivity
among those undergoing screening for aortic valve replace-
ment, without overloading the resources of the centres
and can therefore be proposed as a reasonable starting
point. Regarding the decision to proceed with valve re-
placement or not, although the evidence is relatively lim-
ited (no more than 100 patients studied in prospective non-
randomized studies), all the above considerations make it
reasonable to state that in patients with severe AS and as-
sociated AC-TTR, valve replacement should not be ex-
cluded when clinically indicated, nor delayed by an
invasive diagnostic work-up (biopsy) for the recognition of
AC-TTR.2

In fact, other things being equal, the coexistence of AC
can guide the choice between the aortic valve replacement
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methods towards the TAVR procedure, also considering the
fact that often the patients are more fragile overall.15

Patients with associated AC should be monitored with
particular care after the procedure, given the increased
likelihood of developing heart failure related to
amyloidosis.

Once TAVR is performed, these patients could likely ben-
efit from disease-modifying therapy for amyloid cardiomy-
opathy. Since these patients generally have advanced
forms of AC and have not yet been included in any of the
phase 3 trials,22 a dedicated randomized trial is highly
desirable.

Conflict of interest: none declared.
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