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Abstract: Degenerative aortic valve (AV) disease is the most frequent valvular heart disease
slowly progressing to severe aortic stenosis (AS) which usually requires aortic valve
replacement. Another frequent condition, especially among elderly people, is cardiac amy-
loidosis (CA), particularly the wild-type transthyretin cardiac amyloidosis (ATTRwt). Since
both of these diseases are considered a marker of ageing, there is a significant proportion of
elderly patients who associate both severe AS and CA. Recent studies reported a high
prevalence of both severe AS and CA (AS-CA) in elderly patients referred for TAVR of
13-16%, carrying a worse prognosis. The present case illustrates the diagnostic algorithm
and the management of ATTRwt CA in an elderly patient with severe paradoxical low-flow
low-gradient AS, accompanied by a review of the current literature about the red flags which
help identifying CA in patients with severe AS, as well as the prognosis and management of
these disease association.

Keywords: aortic stenosis, cardiac amyloidosis, wild-type ATTR, transcatheter aortic valve
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Introduction
Degenerative aortic valve (AV) disease is the most frequent valvular heart disease
with a severity ranging from aortic sclerosis (without hemodynamic impact) slowly
progressing to severe aortic stenosis (AS) which usually requires aortic valve
replacement.! In patients older than 75 years, AS is present in 12.4% of the
population, with severe forms in 3.4% of the elderly.” According to the European
and American guidelines, symptomatic severe AS requires AV replacement either
by surgical aortic valve replacement (SAVR) or transcatheter aortic valve replace-
ment (TAVR), with a mean survival of 2-3 years in the absence of these
procedures.®* TAVR is increasingly used in high® and more recently in intermedi-
ate-risk population,® studies evaluating now the indication even in low-risk
population.”®

Recent years saw the evolution of data regarding the wild-type form of trans-
thyretin amyloidosis (ATTRwt) as a frequent form of cardiac amyloidosis (CA)
among elderly people. ATTRwt is mainly affecting the heart, but it can also involve
the soft tissues leading to spinal stenosis or bilateral carpal tunnel syndrome,” being
considered a marker of ageing and commonly affecting elderly men, with a
prevalence of 25% in 256 patients aged over 85 on autopsy.'’ Moreover, the
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presence of ATTRwt was described in 13% of heart failure
with preserved ejection fraction (HFPEF) patients above
60 years old and with LV hypertrophy of more than
12 mm."

A non-invasive algorithm'? represents a valuable alter-
native to cardiac biopsy for CA, by detecting features
strongly suggestive of amyloidosis and was approved by
the experts in this field;'® according to this diagnostic
algorithm every patient with a high suspicion of CA
should undergo 2 procedures: a bone-avid, phosphate-
based isotope (*™Tc-DPD, **™Tc-HMDP, **™Tc-PYP)
whole-body scintigraphy (the same procedure as a bone
scan) and a search for signs of plasma cell dyscrasia
(serum and/or urinary light-chain assessment and determi-
nation of immunoglobulin light chains levels). A positive
bone scintigraphy combined with the absence of plasma
cell dyscrasia signs can diagnose ATTR with specificity
and positive predictive value of 100%.">

Recent studies reported a high prevalence (13—16%) of
concomitant severe AS and CA (AS-CA) in elderly
patients referred for TAVR'* ¢ raising the issue of active
screening and prognostic value of these findings. These
studies reported a larger proportion of men and a prepon-
derance of low-flow low-gradient AS phenotype with
lower tissue Doppler (TDI) velocities in the AS-CA group.

Case Presentation

We present the case of a 78-year-old male known with AS
and multiple hospitalizations in the last year due to decom-
pensations of his heart failure, who was referred to our
cardiology center for further investigations and treatment
of the AV disease. On admission, the patient’s general
status was severely altered with symptoms of angina,
NYHA III functional class and extreme fatigue. The clin-
ical examination revealed a pale and underweight patient
with peripheral edemas, irregular heart thythm and a sig-
nificant systolic ejection murmur (grade III/VI) on the
entire heart projection area with a maximum of intensity
in the AV projection area and radiation to both carotid
arteries.

Biological investigations revealed a mild normocytic,
normochromic anemia (hemoglobin 11.4 g/dL), normal
lipid profile under statins, normal thyroid function (TSH
1.28 mcUI/mL), normal renal function for his age (creati-
nine 0.94 mg/dL, estimated glomerular filtration rate 77
mL/min/1.73m2) with no proteinuria and elevated cardiac
biomarkers (NT-proBNP: 3125 pg/mL and high sensitivity
troponin I: 64 pg/mL; N< 27 pg/mL). The chest X-ray

showed an enlarged heart with small pleural effusion on
the right side and signs of pulmonary congestion. The
initial ECG showed atrial fibrillation with adequate ven-
tricular response rate (70 beats per minute), pseudoinfarc-
tion pattern in the inferior (QS complex in DII, DIII, aVF)
and anterior (QS complex in V1-V2) leads, a normal (but
inconsistent to the hypertrophy revealed by imaging tech-
niques) voltage of the QRS complex and nonspecific ST-T
changes (Figure 1).

A transthoracic echocardiography (TTE) (Figure 2) has
been performed for grading the severity of the AV disease
which revealed a poor opening of the calcified tricuspid
AV and a mild-to-moderate aortic regurgitation (AR), low
transaortic velocities and pressure gradients (peak velocity
2.7 m/s, peak and mean pressure gradients of 30 mmHg
and 17 mmHg, respectively) but with a calculated area of
0.8 cm? (0.46 cm?/m?) confirmed by planimetry at transe-
sophageal echocardiography as 0.7 cm?. The left ventricle
(LV) was severely hypertrophied especially in the basal
and mid segments (maximum wall thickness of the basal
interventricular septum 24 mm) with a normal ejection
fraction of 58%, but a small cavity with small end diastolic
(66 mL, 38 mL/m?) and end systolic (38mL, 22 mL/m?)
volumes resulting in a low stroke volume (SV) (29 mL/
m?), leading to a diagnosis of paradoxical low-flow low-
gradient severe AS.® The patient associated severe long-
itudinal systolic dysfunction with a GLS of —9.1% and an
apical sparing pattern of the bull’s eye view rising the
suspicion of CA. Other echocardiographic findings on
transthoracic echocardiography were the diastolic dysfunc-
tion with signs of elevated LV filling pressures (average
mitral e’ 3 cm/s, E/e’ 30.5, LA volume index 59 mL/m?,
peak velocity of the tricuspid regurgitation jet 3.2 m/s).
The right ventricle (RV) free wall was hypertrophied
(8 mm) with longitudinal and global systolic dysfunction
(tricuspid annular plane systolic excursion 9 mm and peak
tissue velocity of 7 cm/s, RV fractional area change 32%)
and both atria were severely enlarged. A small pericardial
effusion was another red flag for CA.

Given the CA suspicion, a whole-body scintigraphy using
99mTe Hydroxymethylene Diphosphonate (°**™Tc-HMDP)
was performed, which demonstrated important myocardial
uptake of the bone tracer highly suggestive of ATTR CA,
Perugini grade 3 (Figure 3). The patient also underwent
cardiac magnetic resonance (CMR) imaging (Figure 4)
which was consistent with CA: severe biventricular hyper-
trophy especially in the basal and mid segments of the LV,
normal LV global systolic function but with a small cavity,
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Figure | Baseline 12 leads ECG of our patient revealing atrial fibrillation with normal ventricular response (70 beats per minute), pseudoinfarction pattern in the inferior
(QS complex in DII, DIIl, aVF) and anterior (QS complex in V1-V2) leads, a normal voltage of the QRS complex and secondary changes of ST-T.

Figure 2 Echocardiographic evaluation at diagnosis. (A) 2D TTE, parasternal long-axis view in diastole where the maximum wall thickness was measured (24 mm at the level
of basal interventricular septum). One can also observe the calcified aortic valve and posterior mitral ring. (B) 2D TTE, apical 4 chambers view in systole showing severe LV
hypertrophy, a small cavity of the LV, biatrial enlargement, thickened RV free wall, a small pericardial effusion near the right atrial roof and a posterior mitral ring calcification.
(C) 2D TTE, apical triplane imaging of the LV in diastole illustrating the apical 4 chambers, 2 chambers and 3 chambers views where one can confirm the severe LV
hypertrophy with the calcified closed aortic valve. (D) Low myocardial systolic and protodiastolic velocities (3 cm/s) measured by TDI from the 2D TTE apical 4 chambers
view at the level of the interventricular septum. (E) Automated function imaging derived from the 2D speckle tracking echocardiography revealing severe longitudinal systolic
dysfunction of the LV (GLS= —9.1%) with a particular apical sparing pattern of the bull’s eye view which is highly suggestive of CA. (F) 2D TTE, continuous-wave Doppler
evaluation of the aortic valve from the apical 5 chambers view revealing low transaortic peak velocity (2.7 m/s) and pressure gradients (30 and 17 mmHg, respectively), but
with a small AV area estimated by continuity equation (0.8 cm?, 0.46 cmzlmz) consistent with a low-flow low-gradient severe AS phenotype. (G) 2D TTE, pulsed wave
Doppler with the sample located at the level of the left ventricle outflow tract, measuring a Velocity Time Integral of 15.1 cm and a SV index of 29 mL/m?. (H)
Transesophageal echocardiography with 3D multiplanar reconstruction at the level of the AV where a small planimetric valve area (0.7 cm?) was measured.

elevated native T1 values (1148 ms) and extracellular
volume (58%) measured at 1.5T scanner, abnormal

Gadolinium kinetics with simultaneous nulling of both the

blood and the myocardium on Look-Locker sequences and
global subendocardial with transmural areas of late

Gadolinium enhancement, especially in the LV basal and
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Figure 3 **"Tc-HMDP whole-body scintigraphy planar image showing important myocardial uptake of the bone tracer (Perugini grade 3) which is highly suggestive of ATTR
cardiac amyloidosis.

Figure 4 Contrast enhanced CMR imaging. (A—C) Cine (balanced SSFP) still frames in longitudinal 3 and 4 chambers and in short axis respectively, showing marked LV
hypertrophy located predominantly at the base of the heart, with a relatively thinner apical region. (D) Native T| map in short axis view showing high T| time measured on
1.5 T scanner. (E, F) Late Gadolinium enhancement imaging with phase-sensitive inversion recovery reconstruction (PSIR) in longitudinal 2 chambers and short-axis views
respectively, showing global subendocardial with transmural areas of myocardial hyperenhancement, with a dark blood pool.
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mid segments. Coronary angiography revealed normal cor-
onary arteries without significant atherosclerotic lesions.

The serum and urine light-chain assessment was nega-
tive, excluding light-chain amyloidosis and the TTR gene
sequencing did not identify any mutation. Therefore, the
final diagnosis was ATTRwt CA associated with paradox-
ical low-flow low-gradient severe degenerative AS.

For this severely symptomatic AS patient, an AV repla-
cement was scheduled choosing the transcatheter approach
given the multiple comorbidities and frailty of the patient,
according to the current guidelines.® The patient success-
fully underwent a transfemoral TAVR with a 23 mm
Edwards Sapien valve, with a well-positioned valve
under fluoroscopic and transesophageal echocardiography
guidance and a trivial post-procedural paraprosthethic
regurgitation. He had no periprocedural complications
and he was discharged from the cardiac surgery depart-
ment without any symptoms at rest. The TTE at 1 month
revealed a biological aortic prosthesis with normal aspect
and function (Figure 5).

At the 3 months follow-up the patient was experiencing
symptoms at minimal efforts, severe fatigability and mild
edema. No syncope was reported. We noted low heart rates
in the absence of beta-blockers or other bradycardia indu-
cing drugs. The 24h ECG Holter monitoring reported an
atrial tachycardia with average heart rate of 52 bpm, low-
est heart rate of 25 bpm, longest pause of 3.9 sec and
intermittent periods of complete heart block (Figure 6).
Given the symptoms and the association of ATTRwt CA,
the patient was implanted a single chamber pacemaker
(VVI-R). He also received parenteral iron administration
due to a severe hyposideremia and a higher dose of diure-
tics, reporting an improvement in symptomatology in the
following months. He was also prescribed long-term treat-
ment with Tafamidis 61 mg per day for the ATTRwt CA.

Discussion
CA is a restrictive cardiomyopathy caused by the deposi-
tion of insoluble amyloid fibrils in the myocardium leading

to severe and progressive heart failure.” Given that both

GS=-11.7%

Figure 5 Transthoracic echocardiography at | month after after TAVR. 2D TTE, parasternal long-axis view in diastole (A) and a zoomed image with color Doppler at the
level of the aortic valve (B) showing a normal looking biological prosthesis (Eduards Sapien) with no significant paraprosthetic leak. 2D TTE, apical 5 chambers view with
spectral Doppler evaluation of transvalvular flow by continuous-wave Doppler (C) and left ventricle outflow tract flow by pulsed-wave Doppler (D) revealing a normal
function of the prosthesis (AV peak velocity 1.75 m/s, AV peak and mean pressure gradients 12 and 7 mmHg, respectively, AV velocity time integral 29.5 cm, left ventricle
outflow tract velocity time integral 17 cm, AV effective orifice area 2 cm?). 2D TTE, apical triplane imaging of the LV in diastole (E) illustrating the apical 4 chambers, 2
chambers and 3 chambers views and automated function imaging derived from the 2D speckle tracking echocardiography (F) revealing a slight amelioration of the LV
longitudinal systolic dysfunction which is still severely impaired (GLS= —11.7%) with the same particular apical sparing pattern of the bull’s eye view.
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Figure 6 24h ECG Holter Monitoring showing permanent atrial fibrillation with low heart rates (spontaneous average 24h heart rate 52 bpm and limits between 25-84
beats per minute) and multiple and prolonged pauses (max. 3.9 s) and intermittent periods of complete heart block.
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conditions, degenerative AV disease and ATTRwt CA are
now considered markers of ageing, these two diseases can
coexist in the same patient. However, since they share a
common phenotype (LV hypertrophy, normal global sys-
tolic function, longitudinal systolic dysfunction and dia-
stolic dysfunction) the presence of concomitant severe AS
and CA may go unrecognized'® and clinical suspicion red
flags is essential for timely diagnosis (Figure 7).

The first small preliminary study looking at the coex-
istence of degenerative AS-CA has been published in 2015
by Rapezzi’s group from Bologna who identified positive
bone scan in 5 of the 43 patients (11.6%) with AS and one
or more of the following echocardiographic red flags:
increased thickness of the atrioventricular valves, intera-

trial septum or RV free wall, pericardial effusion and

myocardial granular appearance, concluding that particular
attention should be paid to patients with echocardiographic
signs of myocardial infiltration, mismatch between LV
wall thickness and ECG QRS voltage, severe longitudinal
dysfunction and the low-flow low-gradient phenotype of
AS."”?

Later, Treibel et al performed intraoperative heart biop-
sies and CMR on 146 patients with severe AS requiring
SAVR, identifying 6 patients (5.6%) with ATTRwt CA.?°
At a median 2.3 years follow-up, 3 of the patients (50%)
with CA had died versus 7.5% of the patients without CA,
concluding that occult ATTRwt CA was associated with a
poor outcome, the presence of TTR amyloid having the
highest hazard ratio for death in the univariate analyses.

Furthermore, Cavalcante et al'* reported that over a

Patients with severe aortic stenosis

4

Red flags for Cardiac Amyloidosis

Clinical Biological Echocardiographic Cardiac MRI
- Male Sex - High cardiac biomarkers - Low voltage-to-mass ratio - Abnormal Gadolinium kinetics
- Referred for TAVR (NTproBNP/Troponin) - Severe hypertrophy: LV/RV/IAS thickening | - Diffuse LGE
- Extracardiac manifestations: ECG - Low-flow low-gradient phenotype - High value of T1 times and

- Bilateral Carpal Tunnel - Low voltage - Reduced LVEF ECV

Syndrome - Pseudoinfarction pattern - Preserved LVEF (paradoxical LFLG)
- Spinal Stenosis (anterior/inferior) - Longitudinal dysfunction with apical sparing
- Ecchymosis - Conduction disorders (AV or | - Mitral S’< 6 cm/s
intraventricular blocks) - High E/A or restriction
- Atrial fibrillation - Pericardial Fluid
- AV valves thickening
99mTc- DPD/HMDP/PYP bone scintigraphy
[ ] [
SPIE/UPIE/Light chain assessment Cardiac Amyloidosis Unlikely
[ | [
Hematological evaluation ATTR
(MGUS+ATTR / AL)
(] (] ATy
EMB TTR Gene Sequencing
ATTRwt

Figure 7 Proposed algorithm for cardiac amyloidosis detection in aortic stenosis patients.

Abbreviations: AL, light-chain amyloidosis; ATTRYy, variant transthyretin amyloidosis; ATTRwt, wild-type transthyretin amyloidosis; ATTR, transthyretin amyloidosis; AV,
atrioventricular; DPD, 3,3-diphosphono-1,2-propanodicarboxylic acid; ECV, extracellular volume; EMB, endomyocardial biopsy; HMDP, hydroxymethylene diphosphonate;
IAS, interatrial septum; LGE, late Gadolinium enhancement; LVEF, left ventricle ejection fraction; LV, left ventricle; MGUS, monoclonal gammopathy of undetermined
significance; MRI, magnetic resonance imaging; PYP, Pyrophosphate; RV, right ventricle; SPIE, serum protein immunofixation electrophoresis; TAVR, transcatheter aortic valve

replacement; UPIE, urine protein immunofixation electrophoresis; TTR, transthyretin.
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median follow-up of 18 months, 40 deaths (total 113
patients) occurred and the mortality in patients with AS-
CA is higher than in patients with AS alone (56% vs 20%,
p< 0.0001).

Four important studies followed these data in
2017,'"%'5 2018'® and 2020*' focusing especially on
patients with severe AS referred for TAVR, which reported
a prevalence of AS-CA of 16% (24 from 151 patients), 8%
(9 from 113 patients), 13.9% (14 from 101 patients) and
8.4% (16 from 191 patients, 1 AL and 15 ATTRwt),
respectively. These studies also gave us a better under-
standing of the red-flags which can be suggestive of CA,
since there are important similarities in echocardiographic
findings in both severe AS and CA. In their study, Nitsche
et al tested the voltage to mass ratio, SV index and GLS as
screening parameters for CA in AS patients concluding
that while echocardiographic GLS did not reliably differ-
entiate AS alone from AS-CA (AUC 0.643), the voltage to
mass ratio and SV index showed modest discriminative
power (AUC 0.770 and 0.773), which was comparable to
the extracellular volume fraction by CMR (AUC 0.756).%"'
Furthermore, when looking at the AS phenotype, the
authors reported a low-flow low-gradient (with normal or
reduced LV ejection fraction) in 56.3% of AS-CA patients
(12.5% EF< 50%, 43.8% EF> 50%) compared to 24.7% in
the isolated AS patients.”! Castano et al also reported
some important features of AS-CA: higher thickness of
the interventricular septum (13 vs 11 mm, P= 0.007), LV
mass index (130 vs 98 g/m? P= 0.002), lower SV index
(30 vs 36 mL/m? P= 0.009), more advanced diastolic
dysfunction (E/A 2.3 vs 0.9, p=0.001 and lower decelera-
tion time: 176 vs. 257 ms, p< 0.0001). In addition, the
authors concluded that the average mitral annulus S’ mea-
sured by TDI best predicted AS-CA with a value <6 cm/s
conferring 100% sensitivity for predicting a positive bone
scan.'”

Castano et al'®

revealed that AS-CA patients present
with an advanced ATTR cardiomyopathy so, in this case,
initiating a disease-modifying treatment may be less effi-
cient. In a 2018 multicentric, international, double-blind,
placebo-controlled Phase 3 trial, the ATTR-ACT study,
tafamidis showed lower all-cause mortality (29.5% vs.
42.9%) than placebo and lower rate of cardiovascular-
related hospitalizations with a risk reduction of 32%.%*
When looking at NYHA class subgroups (I and II vs III),
the difference in all-cause mortality and frequency of
hospitalizations favored tafamidis over placebo, except in
patients with NYHA class III at baseline; the authors

speculated that the higher hospitalization rate observed in
this subgroup was attributable to longer survival with a
more severe disease.”> Furthermore, in a prospective study
enrolling 1240 patients with ATTR CA evaluated in the
National Amyloidosis Centre, London, Chacko et al iden-
tified only 22 patients (1.77%) presenting severe AS
among a total of 85 patients with AS (20 of the severe
AS patients being in the ATTRwt group); the severe AS-
CA coexistence was independently associated with poor
prognosis, conferring a significantly shorter survival (22 vs
53 months, p= 0.001).* The authors also reported a sta-
tistically significant difference in survival between the 5
patients who underwent TAVR and the rest of the 17
patients who did not receive any treatment for the severe
AS (P=0.012).

Recently, Scully et al performed bone scintigraphy in
200 patients aged >75 with severe degenerative AS
referred for TAVR and discovered AS-CA in 26 of these
patients (13%).'” The authors also reported several signif-
icant differences between the 2 groups, the AS-CA
patients being older (88 vs 85 years, P=0.001), with
reduced quality of life, thicker LV walls (14 vs 13 mm,
P=0.02), lower voltage (Sokolow—Lyon index 1.9 vs 2.5
mV, P=0.03) and voltage to mass ratio (0.017 vs 0.025
mV/g/m?, p= 0.03) and higher cardiac biomarkers (high
sensitive Troponin T 41 vs 21 ng/L, p< 0.001; NTproBNP
3702 vs 1254 ng/L, P=0.001)."” During the evaluation,
149 patients (75%) underwent TAVR (16 AS-CA, 133
AS alone) and postintervention complications occurred at
the same rate in both groups. At a follow-up of 19 months
after the bone scintigraphy, 42 patients (21%) died with no
significant differences between the AS-CA and AS alone
groups (23% vs 21%, respectively, P=0.71). Moreover, the
study population was divided into 4 groups by CA pre-
sence (AS-CA vs AS alone) and by management strategy
(TAVR vs medical management) and, most importantly,
TAVR significantly improved the outcome in both groups:
TAVR vs medical management in AS-AC (P= 0.03),
TAVR vs medical management in the AS alone group
(P< 0.001), without significant differences between the
groups by the CA presence status: TAVR in AS-CA vs
AS alone (P=0.48), medical management in AS-CA vs AS
alone (P= 0.39).'” Specific evaluation of disease-modify-
ing amyloid therapy in AS-CA is needed.'’

TAVR may result in new-onset conduction abnormal-
ities at both short and long time distances after the

24,25

procedure, while CA is also known to be associated

with conduction disorders.”® In an AS-CA study, patients
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with ATTR also had a higher incidence of right bundle
branch block, but did not have an increased need for
placement of a permanent pacemaker after TAVR com-
pared with AS patients without ATTR (17.4% vs 14.4%,
P=0.751)." However, given the high percentage of
patients with conduction defects in TAVR and ATTR
patients, we suggest a close monitoring of these patients,
based on clinical findings of bradycardia, with repeated
ECGs, 24h ECG Holter monitoring or, if indicated, an
electrophysiological study.

Conclusions

Given that both degenerative AS and ATTRwt are more
frequent in the elderly and are considered a marker of
ageing, their coexistence has been frequently reported.
Patients with AS-CA have worse outcome, but TAVR
was proven to improve it. The present case emphasizes
on searching for CA in patients with severe AS with
associated “red flags”, especially as ATTR diagnosis
leads nowadays to disease-modifying therapies that can
ameliorate the clinical course of these patients.
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AR, aortic regurgitation; AS-CA, aortic stenosis coexisting
with cardiac amyloidosis; AS, aortic stenosis; ATTR,
transthyretin amyloidosis; ATTRwt, wild-type transthyre-
tin amyloidosis; AV, aortic valve; CA, cardiac amyloido-
sis; GLS, global longitudinal strain; LA, left atrium; LV,
left ventricle; RV, right ventricle; SAVR, surgical aortic
valve replacement; SV, stroke volume; TAVR, transcath-
eter aortic valve replacement; TDI, tissue Doppler ima-
ging; TTE, transthoracic echocardiography.
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