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Abstract

Aim

Transthyretin cardiac amyloidosis (ATTR-CA) is an increasingly recognized cause of

heart failure (HF) with preserved left ventricular ejection fraction (LVEF), typically pre-

senting as restrictive cardiomyopathy. The potential co-existence of ATTR-CA with

systolic heart failure has not been studied. The aim of this study is to describe the

prevalence of ATTR-CA and its clinical characteristics in HF patients with reduced

LVEF.

Methods

Patients with an unexplained cause of LV systolic dysfunction were screened for ATTR-CA

by a 99mTc-PYP planar scintigraphy. Patients in whom presence of� 2 uptake was con-

firmed by SPECT imaging were included. Their clinical, laboratory and echocardiographic

data were collected.

Results

Out of 75 patients (mean age 65±12 years, LVEF 35.8±7.9%) included in this study, 7

(9.3%) patients (mean age 75±6 years, LVEF 32.0±8.3%) had ATTR-CA. Patients with

ATTR-CA were more symptomatic at diagnosis (NYHA FC 3–4 (86% vs 35% (p = 0.03))

and had a more severe clinical course evident by recurrent hospitalizations for HF, and a

need for intravenous diuretic treatment (p = 0.04 and p<0.01, respectively) at follow-up,

compared with patients with no ATTR-CA. Patients with ATTR-CA had similar LVEF but a

clear trend for larger LV mass index (157.1±60.6 g/m2 vs. 121.0±39.5 g/m2, p = 0.07) and a

larger proportions of ATTR-CA patients had IVS thickness >13 mm (57.1% vs 13.1%, p =

0.02) as compared to HF patients with no ATTR-CA.
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Conclusion

In our study, a meaningful percentage of patients with unexplained LV dysfunction had a co-

existing ATTR-CA indicating that the clinical heterogeneity of ATTR-CA is much broader

than previously thought.

Introduction

Transthyretin amyloidosis cardiomyopathy (ATTR-CA) is a progressive infiltrative disease

caused by extracellular deposition of misfolded transthyretin protein (TTR) in the myocar-

dium presenting with progressive heart failure [1,2]. Based on the type of transthyretin protein,

ATTR-CA is divided into a hereditary form (hATTR) caused by the presence of TTR muta-

tions and a non-hereditary form or wild type (wtATTR) caused by age-related instability of

wild-type TTR [2]. hATTR cardiomyopathy is often associated with extracardiac manifesta-

tions such as peripheral neuropathy and/or autonomic neuropathy, while patients with

wtATTR present predominantly with isolated cardiac involvement, and wtATTR is considered

an increasingly recognized cause of heart failure in older individuals [3–5]. ATTR–CA is a rel-

atively rapidly progressive cardiomyopathy associated with poor prognosis. Therefore, early

diagnosis and interventions using the latest available treatments are important [6–11].

Recently, a non-biopsy diagnosis of cardiac transthyretin amyloidosis became validated.

Radionuclide bone scintigraphy with high sensitivity and specificity (99% and 86%, respec-

tively) for cardiac ATTR amyloid [12] is a reliable tool for the diagnosis of ATTR cardiomyop-

athy. Phenotypic heterogeneity of the disease often leads to delayed or misdiagnosis with a

number of cardiovascular conditions, mostly left ventricular hypertrophy caused by hyperten-

sive cardiomyopathy and aortic stenosis (AS) [13,14]. ATTR-CA is traditionally considered a

type of restrictive cardiomyopathy with preserved LVEF. However, cardiac involvement with a

progressive reduction in LV function has been sporadically described among patients recently

diagnosed with ATTR-CA as well as among patients with systolic heart failure and LV hyper-

trophy [1,15,16]. We hypothesized that ATTR can be found among a subset of patients with

systolic heart failure irrespective of classical features considered as pathognomonic for

ATTR-CA. Therefore, the aim of our study was to define the prevalence and clinical phenotype

of ATTR-CA among patients with heart failure and unexplained impaired LV function.

Methods

The protocol was approved by the Kaplan Medical Center ethics committee and all partici-

pants gave an informed written consent.

Patients

A total of 404 patients with heart failure (HF) and LV systolic dysfunction (LVEF<50%) who

presented in the Outpatient Heart Failure Clinic at Kaplan Medical Center were prospectively

recruited between April 2017 to June 2019. Patients were systematically followed up until June

2020, the date of censoring. Heart failure with systolic dysfunction was defined as HF with

either reduced (HFrEF) or mid-range (HFmrEF) left ventricular ejection fraction (LVEF)

according to the ESC guidelines on diagnosis and management of heart failure 2016 (HFrEF is

defined as LVEF<40%, and HFmrEF as LVEF 40–49%) [17]. Patients enrolled in this prospec-

tive study underwent an extensive workup including detailed history and physical
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examination, electrocardiography (ECG), echocardiography, and coronary artery angiography

to rule out coronary artery disease. Patients with reduced LV function and HF of any known

etiology (coronary artery disease, myocarditis, significant valvular disease, chemotherapy, or

tachycardia related), prior diagnosis of plasma cell dyscrasia or AL amyloidosis were excluded.

All patients with LV systolic dysfunction (LVEF<50%) and unexplained cause of HF

underwent a 99mTc -Pyrophosphate Scintigraphy (99mTc-PYP) scintigraphy.

99mTc -Pyrophosphate scintigraphy

Anterior and lateral 750 K count views of the chest were acquired approximately 1 hour after

10 mCi 99mTc-PYP injection using either ECAM or Symbia T2 cameras (Siemens) with a

256x256 matrix in accordance with the "ASNC practice points" (https://www.asnc.org/Files/

Practice%20Resources/Practice%20Points/ASNC%20Practice%20Point-

99mTechnetiumPyrophosphateImaging2016.pdf).

Blood pool activity was excluded, with use of SPECT imaging in suspected positive patients

as was recently established in the ASNC/AHA/ASE/EANM/HFSA/ISA/SCMR/SNMMI Expert

Consensus Recommendations [18,19]. Patients were imaged 1–2 hours after injection of 20

mCi 99mTc-99mTc-PYP using a CZT multidetector camera (D-SPECT Cardio, Spectrum

Dynamics) with energy window set to 140±14 keV. Patients were pre-scanned for 60 sec for

positioning of the heart, followed by a 5 min planar acquisition using 256x256 matrix. Patients

were pre-scanned again, followed by gated SPECT acquisitions (10 min, 8 gating bins, 128x128

matrix). Two nuclear cardiologists/radiologists blinded to the patients’ clinical status indepen-

dently evaluated cardiac retention of 99mTc-PYP using a semiquantitative visual scoring

method (0 = no uptake, 1 = uptake less than ribs, 2 = uptake equal to ribs, 3 = uptake greater

than ribs) [12,14]. Patients with an inconclusive 99mTc-PYP scintigraphy patients and those

who had a positive planar scan, but were not able to undergo an additional SPECT scan to

exclude blood pool for different reasons were also excluded from the analysis. Patients with

presence of� 2 uptake by planar scan that was confirmed by SPECT 99mTc-PYP scintigraphy

were defined as ATTR-CA positive.

Echocardiography and electrocardiography

Left ventricular (LV) dimensions, LVEF and LV mass were measured according to the Ameri-

can Society of Echocardiography recommendations and were assessed by conventional Dopp-

ler imaging and TDI [20,21]. The following parameters were measured by pulse-wave

Doppler: peak velocities of early (E) and late (A) diastolic filling, and deceleration time. TDI

measured early (E0) and late diastolic velocity (A0) and systolic velocity (S0). Raw data were

stored digitally as DICOM cine loops and transferred for offline analysis to a workstation with

the EchoPAC software (PC Dimension version 5.0.1; GE Vingmed Ultrasound, Horten, Nor-

way). For 2D speckle tracking, the LV myocardium was imaged with a frame rate>50 Hz.

Measurements of 2D strain (2DS) and strain rate (SR) were performed by offline semiauto-

matic analysis. The endocardial border was semi manually traced, and the myocardial region

of interest was automatically identified by the software package. 2DS and SR were measured in

the three apical views (which were then averaged) to determine longitudinal 2DS (LGS) and

SR. The relative apical sparing index was defined using the equation: average apical LS/(aver-

age basal LS + mid-LS) [22]. Voltage-to-mass ratio proposed by Rapezzi et al [1] was calculated

as Sokolow index divided by LV mass index as a more sensitive index than ECG characterizing

amyloid cardiomyopathy was measured only in patients without RBBB and paced rhythm on

ECG.
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Non-biopsy diagnosis of patients with ATTR-CA

Patients with a positive 99m Tc-PYP scintigraphy underwent additional workup to exclude pri-

mary amyloidosis (AL) (serum free light chain essay and serum/urine immunofixation) and

were assessed for extracardiac manifestations. The patient clinical data including comorbidi-

ties (hypertension, smoking status, diabetes, obesity, atrial fibrillation, cerebrovascular disease,

and cardiac pacemaker implantation history), medications, laboratory, and electrocar-

diographic recordings were also collected. Information regarding NYHA functional class

(NYHA FC), hospitalizations, outpatient unit visits for intravenous diuretics and daycare

heart failure clinic visits during the three years prior to- and one year following the establish-

ment of ATTR-CA were recorded as well.

Statistical methods

The mean and SDs are presented, and a two-sided t test was performed to determine the statis-

tical significance of differences in echocardiographic parameters for patients with and without

ATTR-CA. For comparing categorical data between the two groups, the Chi-square test was

used. Original data were also compared between the two groups using the nonparametric

Mann–Whitney U test. P values<0.05 were considered significant. Statistical analysis was per-

formed using IBM SPSS version 21.0 (Armonk, NY, USA).

Results

Out of 75 patients with heart failure of unexplained cause who underwent an extensive work

up for ATTR, seven patients (9.3% (95% CI 5.6–12.4%) had both a positive planar 99mTc-PYP

and SPECT scintigraphy and AL amyloidosis was ruled out. Patient baseline characteristics

and comparisons between patients with and without ATTR-CA are presented in Table 1. The

two groups were similar in terms of comorbidities. However, patients with ATTR-CA were

older (p = 0.01), there was a trend for higher prevalence of male gender (p = 0.07), and a signif-

icantly higher proportion of them had mild to moderate renal failure (GFR<60 ml/min) (57%

vs. 12%, p = 0.01). All patients were treated following the recent guidelines for management of

patients with systolic HF [17]. However, there was a trend for lower use of ACEI/ARB in

patients with ATTR-CA (57% vs. 97%, p = 0.01), possibly due to impaired renal function or

impaired tolerance due to hypotension. In addition, they had a greater need for oral furose-

mide treatment compared with patients without ATTR-CA. Regarding the functional status,

the vast majority of patients with ATTR-CA were in NYHA class 3 and 4 compared with con-

trols (85% vs. 35%, p = 0.03) representing a group with more advanced heart failure (Fig 1).

Echocardiography and electrocardiography

No significant differences were seen between patients with and without ATTR-CA with regard

to LVEF, LV diastolic diameter and left atrial area (Table 2). Among ATTR-CA patients,

increased wall thickness (interventricular septal {IVS} and posterior wall {PW}) (p<0.01 and

p = 0.02, respectively) as well as increased LV mass index (p = 0.07) were evident. When look-

ing at the prevalence of LVH, a significantly larger proportion of patients with ATTR-CA pre-

sented with LVH compared to those with no ATTR-CA (IVS >13 mm 57.1%. vs. 19.1%

p = 0.02; PW > 12 mm 42.9% vs 11.8%, p = 0.03) (Fig 2). In addition, patients with positive

scans had significantly higher E/e’ ratio (17.6±7.7 vs. 12.2±9.7, p = 0.06). In this study ECG fea-

tures of LVH as defined by Sokolow index did not differ significantly between patients with

positive and negative PYP scans (17±8 vs 17±9, p = 0.98) as well as Sokolow index/LV mass

ratio (0.15±0.09 vs. 0.16 ±0.08, p = 0.68). However, ECG measures of LVH were obtained only
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in a small number of patients (in 4 patients with ATTR-CA and 40 patients without

ATTR-CA) due to the high proportion of patients with pacemakers, CRT and RBBB, which

made LVH measurement impossible.

When analyzing 2DS parameters, a low LV longitudinal global strain (LG strain) was

obtained in all patients, which is usually seen in patients with LV dysfunction. Patients with

ATTR-CA had a trend towards a more impaired LG strain, but the difference did not reach

statistical significance (−9.6±2.1 versus −11.2±3.8%, p = 0.17). An apical sparing index of>1

was obtained in only one patient with a positive scan and was not seen in patients with nega-

tive scans.

Clinical course

The analysis of HF worsening events during the last three years prior- and one-year post-

recruitment showed that patients with ATTR-CA had a more severe clinical course of the dis-

ease (Fig 3) requiring admissions for recurrent HF exacerbations (29% vs. 6%, p = 0.04), and

more visits to the heart failure day care unit for intravenous diuretic treatment (57% vs. 12%,

p = 0.02) (Fig 3).

Descriptive features of patients with positive 99mTc-PYP scans

The main individual clinical and echocardiographic features of patients with ATTR-CA are

presented in the Table 3. Three out of seven patients (patients 2, 3, and 6) had low voltage (<5

mm) on limb leads and one patient (patient 6) had apical sparing (index>1. Patients with rela-

tive apical sparing (index >0.8) had more prominent LVH (as defined by IVS thickness>13

Table 1. Baseline characteristics of patients with and without ATTR-CA.

ATTR-CA (n = 7) No ATTR-CA(n = 68) p-value

Age (years) 75.0±6.1 64.0±11.6 0.01

Sex, male (%) 100% 66% 0.07

Background 0.23

Ashkenazi Jews 5 (71%) 28 (41%)

Middle East and North African background 2 (29%) 40 (59%)

BMI (kg/m2) 30.1±6.4 29.1±6.4 0.60

Hypertension n (%) 7 (100) 48 (70.6) 0.12

DM n (%) 2 (29.5) 30 (44.8) 0.82

Obesity n (%) 2 (29.5) 30 (44.8) 0.59

Smoking n (%) 1 (14.3) 22 (32.3) 0.43

AF n (%) 4 (57.1) 20 (29.8) 0.14

CVA/TIA n (%) 0 (0.0) 4 (5.9) 0.83

CRF (GFR<60 mL/min) n (%) 4 (57.1) 8 (12.2) 0.01

CRT n (%) 1 (14.3) 18 (20.0) 0.80

Medical treatment

ACEI/ARB/ARNI n (%) 4 (57.1) 66 (97.1) 0.10

Beta blockers n (%) 7 (100) 61 (89.7) 0.41

MRA n (%) 5 (71.4) 35 (52.2) 0.14

Diuretics n (%) 6 (85.7) 45 (66.2) <0.01

BMI–basal metabolic index, DM–diabetes mellitus, AF–atrial fibrillation or atrial flutter, CVA–cerebrovascular accident, TIA–transient ischemic attack, CRT–cardiac

resynchronization therapy, CRF–chronic renal failure, GFR–glomerular filtration rate, ACEI–angiotensin converting enzyme inhibitor, ARB–angiotensin receptor

blocker, ARNI–angiotensin receptor and neprilysin inhibitor, MRA–mineralocorticoid receptor inhibitor.

https://doi.org/10.1371/journal.pone.0254104.t001
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mm and LV posterior wall thickness>12 mm). Patient 1 was treated by cardiac resynchroniza-

tion therapy (CRT). Patients 2 and 3 had an implanted cardiac defibrillator (ICD). Patient 5

had a ventricular pacemaker without a defibrillator; he had atrial fibrillation with ventricular

pacing. Patient 6 had the most typical signs of TTR amyloidosis and the most prominent apical

sparing: a restrictive LV filling pattern, mean wall thickness of 18 mm, and mid-range LVEF.

He also had a diagnosis of carpal tunnel syndrome, but not of true peripheral polyneuropathy.

Genetic testing of TTR revealed no mutations in positive 99mTc-PYP patients and AL amyloid-

osis was ruled out in all patients.

Discussion

In our prospective study, we found for the first time that 9% of patients with HFrEF of unex-

plained etiology had a co-existing ATTR-CA confirmed by a 99mTc-PYP SPECT imaging. had

a co-existing ATTR-CA confirmed by a 99mTc-PYP SPECT imaging. Notably, all but one had

moderate to severe LV dysfunction. This is the first study to specifically and separately address

the prevalence, echocardiographic and clinical features of ATTR-CA among this subpopula-

tion of HF patients with unexplained LV dysfunction.

Fig 1. Comparison between patents with and without ATTR-CA according to the NYHA FC (NYHA FC, New York Heart Association Functional Class).

https://doi.org/10.1371/journal.pone.0254104.g001
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Non-biopsy diagnosis of ATTR-CA in patients with reduced LV function

Gilmore et al. found very high sensitivity of a positive scan alone for detecting TTR amyloid

(>99%), with a specificity of 86% in a large international study. Importantly, false-positive

results were found mostly in AL amyloidosis patients [12]. In our study, AL amyloidosis was

excluded in all patients. Diagnostic accuracy of bone scintigraphy in the assessment of

ATTR-CM was studied in two recently published meta-analyses [23,24]. Sensitivities were

92.2% and 91.7%, while specificity was 95.4% and 95.8%, respectively. A very high positive

likelihood ratio of 22 was calculated for Tc-PYP scintigraphy compared to any organ positive

histology [24]. Assuming low 0.1 or 0.05 frequencies of true disease in our study population,

we would still expect positive predictive value of 0.7 and 0.51, respectively. Currently, there is

only one study of Tc-PYP scintigraphy using a CZT camera, with 100% sensitivity and speci-

ficity [25]. Despite the small sample size (n = 43), the calculated diagnostic accuracy was 100%

(95% CI 91.8%-100%). In the current study, positive patients were verified by both conven-

tional camera and CZT camera. In our study, we have supplemented all PYP scintigraphy

studies with SPECT CT to rule out false positive. The use of SPECT CT is considered highly

effective in eliminating the possibility of blood pool that would result in a false positive study

Table 2. Comparison of echocardiographic measures between patents with and without ATTR-CA.

ATTR-CA (n = 7) No ATTR-CA (n = 68) p-value

LV ejection fraction (%) 32.0 ± 8.3 36.2 ± 7.8 0.20

LV end diastolic diameter (mm) 50.9±7.0 53.0±8.0 0.50

IVS thickness >13 mm n (%) 4 (57.1) 13 (19.1) 0.02

IVS thickness (mm) 14±4.93 11.15±2.26 <0.01

PW thickness (mm) 12.14±3.53 9.90±2.16 0.02

LV Mass indexed (gr/m2) 157.1±60.6 121.0±39.5 0.07

LA area (cm2) 28.5 ± 9.2 24.2 ± 7.6 0.20

e’ (m/sec) 0.06±0.04 0.07±0.04 0.37

E/e’ 17.6±7.7 12.2±9.7 0.06

Elevated Filling pressure n (%) 5 (71.4) 31 (45.6) 0.20

PAP (mmHg) 51.7 ± 11.5 39.7 ± 14.7 0.04

Global Longitudinal Strain average, % -9.6 ± 2.1 -11.2 ± 3.8 0.17

LV–left ventricle, IVS–interventricular septum, PW–posterior wall, LA–left atrium, PAP–pulmonary artery pressure, AP–apical, MID–mid-wall, BAS–basal.

https://doi.org/10.1371/journal.pone.0254104.t002

Fig 2. Comparison of patients’ left ventricular mass index (LVMi), interventricular septum (IVS) thickness, and

posterior wall (PW) thickness. A. Left Ventricular Mass index (gr/m2). B. Interventricular Septum Thickness> 13

mm (%). C. Posterior Wall Thickness> 12 mm (%).

https://doi.org/10.1371/journal.pone.0254104.g002
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[18,19]. We believe that using both the CZT camera and the addition of SPECT imaging is suf-

ficient to establish the diagnosis of ATTR-CA in the absence of monoclonal gammopathy.

Clinical characteristics and course of the disease

In line with previously published series of patients with wtATTR-CA, where >90% of patients

were men in their 70’s [15,26,27], in our study, all patients with a non-biopsy diagnosis of

wtATTR-CA were males and were significantly older compared with patients with no

ATTR-CA. The clinical course of these ATTR CA patients is evident by more severe symptoms

of HF and refractory course requiring IV diuretic treatment and a higher rate of admissions,

despite a similar degree of LV dysfunction.

Fig 3. Comparison of clinical course between patents with and without ATTR-CA according to heart failure exacerbation events.

https://doi.org/10.1371/journal.pone.0254104.g003

Table 3.

LVEF

%

NYHA

FC

HF

exacerbation �
IVS

(mm)

LVEDD

(mm)

LV Mass indexed

(gr/m2)

Grade

DD

Apical sparing

index ��
Pacing Rhythm GFR (mL/

min)

Peripheral

neuropathy

1 37 3 Yes 14 57 157.8 1 0.45 CRT CRT 49.8 No

2 30 3 Yes 6 45 51.7 2 0.34 none sinus 47.9 No

3 25 2 No 13 51 160.5 1 0.47 none sinus 36.1 No

4 25 3 Yes 10 63 143.9 3 0.42 none sinus 81.2 No

5 25 3 Yes 20 46 198.5 3 0.82 RV AF 43.7 No

6 45 3 No 19 50 230.4 3 1.34 none AF 88.4 Yes

7 35 3 Yes 16 58 157.8 2 0.90 none sinus 91.4 No

The individual clinical and echocardiographic features of patients with ATTR-CA.

�Need for recurrent hospitalization for heart failure, recurrent heart failure day care unit visit or IV furosemide.

�� Apical longitudinal strain/(Mid-wall longitudinal strain + basal longitudinal strain).

LVEF–left ventricular ejection fraction, NYHA FC–New York Heart Association Function Class, IVS–interventricular septum, LVEDD–left ventricular end-diastolic

diameter, LV–left ventricle, GFR–glomerular filtration rate by Cockroft Gault, CRT–cardiac resynchronization therapy, RV–right ventricle, AF–atrial fibrillation.

https://doi.org/10.1371/journal.pone.0254104.t003
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A number of studies described wtATTR-CA as a progressive disease with poor prognosis

when untreated, reporting on ~ 3–4 years survival depending on the stage of the disease

[10,15,16,28,29]. Ruberg et al. found median survival after diagnosis to be 43 months at a pro-

spective follow up of 18 patients with wtATTR-CA and 11 with V122I hATTR [30]. Impor-

tantly, the mortality was preceded by a decrease in LVEF, an increase in biomarker levels, and

worsening of their functional status, representing the progression of the disease. Similar results

were reported in a recent prospective study that described post diagnosis survival of 46.7

months [26]. These findings support the perception that the clinical course of wtATTR–CA

may remain relatively stable for years with subsequent rapid progression of heart failure lead-

ing to death [16]. Unfortunately, these patients are usually diagnosed when signs of refractory

heart failure occur. An important step forward was done by introducing a staging of ATTR

cardiomyopathy for risk stratification assessment. Increased cardiac biomarker levels such as

troponin T and N-terminal pro–B-type natriuretic peptide and reduced GFR appear to be

associated with reduced survival [12,15].

The morphologic phenotype

ATTR cardiomyopathy is an under-recognized disease with increasing attention in the last

decade. It is often misdiagnosed because of very similar phenotypes in hypertension, hypertro-

phic cardiomyopathy, and aortic stenosis, where all these conditions are accompanied by LV

hypertrophy [13,31–33]. A list of clinical “red flags” was proposed to make a timely diagnosis

[14,34] emphasizing that patients with LVH (�14 mm) in the absence of hypertension accom-

panied by either HFpEF or other complimentary clinical clues should raise the clinical suspi-

cion of ATTR-CA [28,35–37]. Gonzales-Lopez et al. reported wtATTR-CA in 13.3% of

Caucasian patients over 60 years old with LV hypertrophy (wall thickness�12 mm) and

HFpEF [34]. Similar data were published by Damy et al. who found a prevalence of ~11% of

hATTR-CA among their male population older than 65 [38].

Although all patients in the current study had impaired systolic LV function, the structural

primary phenotype of the patients with preexisting ATTR-CA was characterized by non-

dilated left ventricles, LV hypertrophy, increased LV mass, and elevated pulmonary artery

pressures on echocardiography in the majority of patients. Phenotypic presentations as either

restrictive cardiomyopathy or HFpEF are considered the classical clinical variant of ATTR-CA.

However, reduced LVEF has been described mostly in elderly patients with wtATTR-CA, and

in those with the Val122Ile mutation [1,4,13,15,16,39]. Rapezzi et al. described three groups of

patients with amyloidosis from two large Italian centers, 157 patients with AL cardiac amyloid-

osis (AL-CA), 61 with hATTR-CA and 15 with wtATTR-CA. All patients presented with non-

dilated LV, and LVH which was most prominent in patients with wtATTR-CA. The LVEF dif-

fered between the groups, tending to be normal in hATTR-CA, lower normal limits in AL-CA,

and abnormally low in wtATTR-CA. An LVEF <40% was found in 22% in AL-CA, 8% in

hATTR-CA, and 40% in wtATTR-CA patients. Moreover, the majority of patients did not dis-

play a restrictive filling pattern considered as a key finding in this patient population. Grogan

et al. published a retrospective review of 360 patients from the Mayo Clinic with a diagnosis of

wtATTR-CA [15]. These patients had a markedly elevated LV mass index (median: 160 g/m2;

IQR: 132 to 195 g/m2) with restrictive filling (median E/A: 2.0, IQR: 1.0 to 3.0). Notably, an

LVEF at diagnosis <50% was present in 151 patients (45%) and<40% in 93 (27.9%). In line

with this report, Golzalez-Lopez et al. showed that out of 108 patients with wtATTR-CA, 37%

had an LVEF< 50% at diagnosis, and 9% of the patients had an LVEF of< 30% [13]. Recently,

Lopez-Sainz et al. described a small group of patients admitted with unexplained systolic HF

(LVEF<50%) and LVH [39]. Out of 28 patients (mean age 78 ± 9, mean LVEF was 41 ± 7%, 17
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with HFmrEF and 9 with HFrEF) screened for ATTR using 99mTc-DPD scintigraphy three

(11%) were positive for wtATTR. In the present study we found a meaningful prevalence (9%)

of wtATTR patients with HF and an unclear cause of non-ischemic cardiomyopathy with

impaired LV function. Of note, in our study, all but one patient presented with moderate to

severe LV dysfunction (LVEF�35%) and more than half had an LVEF�30% (25–30%) repre-

senting a group of patients with HFrEF, but not HFmrEF as described in most of the studies.

Importantly, despite similar LVEF in both groups, patients with ATTR-CA had increased

mean wall thickness, LV mass index, and higher pulmonary pressures. However, when looking

at the individual data, although LVH appeared to be particularly frequent, two patients did not

have LVH and an additional two patients had some degree of LV dilation and did not have ele-

vated LV filling pressure upon echocardiography. In addition, a low-voltage electrocar-

diographic pattern was present only in approximately half of the patients. Moreover, although

the average LGS tended to be lower in patients with wtATTR-CA, an apical spearing index >1

was present only in one patient with an LVEF of 45% and absent in those with LVEF<40%.

The lack of a consistent presence of an apical sparing, which was described mostly in patients

with HFpEF or HFmrEF [22], may be related to severely depressed LV function in most of the

patients. Based on our observation, in individual patients with significantly depressed LV func-

tion, these typical measures cannot be used as an indication for ATTR-CA screening.

The question as to whether the presence of ATTR is pathogenically related to the compro-

mised LV function and HF cannot be answered by this study. Traditionally, extracellular depo-

sition of misfolded aggregated TTR is viewed as a space occupying process that impairs

cardiac relaxation. However, we have recently shown, that aggregated TTR has a direct proa-

poptotic/toxic effect on cardiomyocytes suggesting that long term in-situ exposure could

reduce cardiac mass and result in reduced function [40].

In conclusion, our findings that a meaningful percentage of patients with unexplained LV

dysfunction have a co-existing ATTR-CA suggests that we should consider widening the mar-

gins of clinical suspicion for this disease, especially in light of the currently approved TTR sta-

bilizer and the wealth of silencers that are in advanced clinical testing.

Clinical implications

Other than the expansion of the clinical spectrum related to ATTR-CA, there are other inter-

esting potential implications to the current study. ATTR-CA with reduced systolic function

could represent the natural progression from an intrinsic and restrictive type, to a ’burnt out’

phase of the cardiomyopathy. If this is indeed the case, the latter presentation is expected to be

more malignant and thus initial identification and treatment may be of special importance as a

dilated pattern is less likely to be influenced by disease modifying agents.

Limitations

The main limitation of this prospective study is a relatively small number of patients.

However, all patients enrolled in this prospective study underwent an extensive workup

including a detailed history and physical examination, electrocardiography, and echocardiog-

raphy. Those patients with a positive 99m Tc-PYP scintigraphy underwent genetic screening

and additional workup to exclude primary amyloidosis (AL) (serum free light chain essay and

serum/urine immunofixation). The number of patients with a positive scan is low to allow a

robust comparison to the patients with a negative scan. However, it should be noted that this

study is a primary descriptive study to raise awareness of the heterogeneity of ATTR-CA fol-

lowed by the diagnostic workup of patients with systolic heart failure and subsequent clinical

management.
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