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Abstract

Aims

Methods
and results

Conclusion

Echocardiography plays an important role in suspecting the presence of transthyretin cardiomyopathy (ATTR-CM) in pa-
tients with heart failure, based on parameters proposed as ‘red flags’ for the diagnosis of ATTR-CM. We aimed to validate
those measurements in a group of patients with ATTR-CM including ATTRv and ATTRwt.

We tested a number of echocardiographic red flags in 118 patients with confirmed diagnosis of ATTR-CM. These variables
were validated against healthy controls and patients with heart failure with left ventricular hypertrophy (LVH) but not
ATTR-CM. The red flag measures outside the proposed cut-off values were also revalidated. In ATTR-CM, all conventional
echocardiographic parameters were significantly abnormal compared with controls. Comparing ATTR-CM and LVH, LV
wall thickness, LV diameter, E velocity, and relative apical sparing (RELAPS) were all different. Eighty-three per cent of
ATTR-CM patients had RELAPS > 1.0, 73% had relative wall thickness (RWT) > 0.6, 72% had LVEF > 50%, 24% had global
longitudinal strain (GLS) > —13%, 33% had LVEF/GLS > 4, and 54% had increased left atrial volume index (>34 mL/m?).
Forty per cent of ATTR-CM patients had stroke volume index < 30 mL/m* and 52% had cardiac index < 2.5 L/min/m?.
RELAPS, LVEF, and RWT, in order of accuracy, were the three best measures for the presence ATTR-CM in the patient
cohort, who all had thick myocardium. The concomitant presence of the three disturbances was found in only 50% but
the combination of RELAPS > 1.0 and RWT > 0.6 was found in 72% of the patient cohort.

Increased relative apical sparing proved the most accurate independent marker of the presence of ATTR-CM followed by
normal LV ejection fraction and then increased relative wall thickness. The other proposed red flags for diagnosing ATTR-
CM did not feature as reliable disease predictors.
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Introduction

Transthyretin cardiomyopathy (ATTR-CM) is a disease caused by ac-
cumulation of misfolded transthyretin-protein (TTR) in the heart
causing increased myocardial thickness, left ventricular (LV) cavity
stiffness, and filling disturbances. If left untreated, the pathology may
result in advanced heart failure (HF). ATTR amyloidosis exists in ei-
ther the hereditary form (ATTRv) or the wild type (ATTRwt), with
the latter form strongly associated with advanced age. ATTRwt amyl-
oidosis has, over the last few years, been recognized as underdiag-
nosed and is probably the most common systemic amyloid disease.’
Cardiac involvement is similar in both types of amyloidosis, but often
with earlier onset in ATTRv patients.” Amyloid cardiomyopathy (CM)
can also be caused by AL amyloidosis, where the immunoglobulin light
chains misfold and form amyloid protein.®> The AL CM share similar
phenotypes and red flags for diagnosis with ATTR-CM but there
are differences in myocardial involvement and prognosis.>*
However, irrespective of the aetiology, amyloid CM is often clinically
misinterpreted as unspecified LV hypertrophy, hence is missed, par-
ticularly in patients with HF and preserved LVEF.>® Studies have

e left ventricular ejection fraction

clearly shown fundamental differences between the pathophysio-
logical mechanisms of ATTR-CM and hypertrophy-related HF, irre-
spective of LVEF.® Few previous studies have tested and reported the
prevalence of abnormal cut-off values using the proposed red flags
and compared them with findings in healthy controls and left ventricu-
lar hypertrophy (LVH).

The aim of this study is to validate the accuracy of the recommended
‘red flags’ cardiac structure and function markers of ATTR-CM in
patients with both ATTRwt and ATTRv.

Methods

Population

We retrospectively investigated 118 patients, of whom 36 women, retrieved
from our local database with ATTR-CM defined as a confirmed diagnosis and
ventricular septal thickness > 12 mm. The diagnosis of ATTR-CM was con-
firmed based on a positive DPD (grades 2 and 3) scintigraphy and absence
of monoclonal gammopathy or detecting amyloid protein in abdominal fat.
All ATTR-CM patients had also undergone TTR gene sequencing.”

For comparison, we studied additional 58 healthy controls, 21 of whom
were women, who previously served as controls in another study.® We
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Table 1 Echocardiographic characteristic data in ATTR-CA, LVH, and healthy controls
ATTR-CA LVH (n=31) Controls (58) P-values ATTR-CA P-values
(118) vs. controls ATTR-CM vs. LVH

Age, years 76 +9 76 +8 62+10 <0.001 0.901
Females, % 24 37 56 <0.001 0.138
AF, % 30 15 0

HF, % 100 100 0

SBP, mmHg 130+18 144 £22 133+17 0.272 <0.001
DBP, mmHg 77+10 85+ 11 78+9 0.268 <0.001
Height, cm 174 +9 144 +22 171+9 0.05 0.705
Weight, kg 75+15 87+20 74+13 0.741 0.001
NT-proBNP 2546 + 3695 2514 + 4886 — — 0.520
Troponin 42+39 32+29 — — 0.208
LVEF, %* 54+ 11 53+10 62+6 <0.001 0.644
IVSD, mm 18+4 16+2 10+1 <0.001 <0.01
PWT, mm 13+£3 10.5+1.8 8+1 <0.001 <0.001
LVDD, mm 44+6 49+7 49+ 4 <0.001 <0.001
Mitral E-wave, cm/s 74+23 64 +25 63+13 <0.001 <0.05
Mitral E-wave DT, ms 184+ 79 174 +73 206 + 52 0.033 0.610
€' lateral, cm/s 58+19 51+25 8.6 +2.1 <0.001 0.263
LAVI, mL/m?>? 38+13 43£17 27+8 <0.001 0.162
RWT? 0.73+0.19 044 +0.12 0.34+0.06 <0.001 <0.001
GLS, %* -15+4 -13+5 -19+3 <0.001 0.041
RELAPS* 19+£10 12+£12 0.5+0.1 <0.001 <0.01
LV mass index, g/m? (ASE) 152 + 41 133+£26 81+19 <0.001 0.001
E/e’ lateral 13361 13.3+41 78+29 <0.001 0.965
LVEF/GLS? 41+19 44+12 34+06 0.051 0.362
MCF 0.26 +0.12 0.28+0.11 0.5+0.1 <0.001 0.475
SVI, mL/m? ® 36+12 35+10 4116 0.029 0.611
Cl, L/min/m? 2 25+09 23+04 29+05 0.027 0.252

IVSD, septal thickness in diastole; PWT, posterior wall thickness; AF, atrial fibrillation; HF, heart failure; LVDD, diastolic left ventricular diameter; E DT, early diastolic deceleration time;
RWT, relative wall thickness; GLS, global longitudinal strain; RELAPS, relative apical sparing; EF, ejection fraction; SVI, stroke volume index; Cl, cardiac index; MCF, myocardial contraction

fraction.
“Red flag parameters tested.

also compared the ATTR patient cohort with 31 patients with LVH (septal
thickness > 12 mm) but no cardiac amyloidosis based on normal DPD
scintigraphy.

Echocardiography

From the previously performed echocardiographic examinations of the
included patients and controls, at the time of diagnosis, we evaluated LV ejec-
tion fraction (EF) using Simpson bi plane method, left atrial volume index
(LAVI), relative apical sparing (RELAPS), global longitudinal strain (GLS),
LVEF/GLS, stroke volume index (SVI), cardiac index (Cl), myocardial contrac-
tion fraction (MCF),” and relative wall thickness (RWT).'® All measures were
done blinded due to diagnosis. All these parameters were previously proposed
as red flags for diagnosing ATTR-CA.**"" To qualify for red flag parameters,
the following definitions were applied: normal LVEF > 50%,° increased LAVI
>34 mUm? increased RELAPS > 1.0,'” reduced GLS > —13%," EF/GLS <
—4,"3SVland Cl < 30 mL/m? and <2.5 L/min/mZ.3 Also, reduced MCF was de-
fined as <0.234"* and increased RWT as >0.6*

Statistics

All data are presented as mean and standard deviation. Comparison between
ATTR-CM patients and controls was tested using parametric t-test.
Distribution of tested variables in ATTR-CM and controls was shown

as histogram and presented as 95% CI. Receiver operator curve (ROC)
was used to identify the most accurate variable’s area under the curve
for diagnosing ATTR-CM from controls and LVH. To test the accuracy
of proposed cut-off thresholds for each variable, we calculated sensitivity,
specificity, positive predictive value, negative predictive values, accuracy,
and Youden’s index in ATTR-CM. Venn diagram was used to present
the prevalence of the most accurate red flags and the accuracy of combined
parameters.

Results

ATTR-CM vs. controls and LVH

Data from ATTR-CM, LVH, and controls are shown in Table 1. Of the
118 ATTR-CM patients, 79 had V 30M, 11 had other mutations, and 28
had ATTRwt. Of the patients with LVH, all had HF including systemic
hypertension in 100%, additional coronary disease in 50%, three had
additional moderate aortic valve disease, and five had diagnosis of
hypertrophic cardiomyopathy. NYHA class was 1 in two patients,
2 in three patients, 3A in 18 patients, and 3B in seven patients.
NYHA classification was missing in three patients.
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Figure 1 (A) LVEFin ATTR-CM, LVH, and in controls. (B) LAVI in ATTR-CM, LVH, and in controls. (C) RWT in ATTR-CM, LVH, and in controls.

(D) MCF in ATTR-CM, LVH, and controls.
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Figure 2 (A) GLS in ATTR-CM, LVH, and in controls. (B) RELAPS in ATTR-CM, LVH, and in controls. (C) EF/GLS in ATTR-CM, LVH, and controls.

All'LV structural and functional parameters in ATTR-CM were signifi-
cantly abnormal compared with controls (P < 0.001 in all). Also, mitral
E-wave deceleration time was shorter P=0.033 and stroke volume and
cardiac index were both reduced (P=0.029, P=0.027) in ATTR-CM
with respect to controls. When ATTR-CM was compared with LVH,
ATTR-CM wall thickness proved thicker (septal thickness in diastole
and posterior wall thickness P < 0.01), LV diameter smaller (P < 0.001),
and mitral E velocity and apical sparing (RELAPS) both higher (P < 0.001).

All controls had LVEF > 50% as did most of ATTR-CM patients
(Figure 1A) except 28% who had LVEF < 50%, most of whom had

clinical diagnosis of heart failure with mildly reduced left ventricular
ejection fraction. A total of 73% of the LVH patients had LVEF>
50%. A total of 55% of ATTR-CM patients had LAVI > 34 mL/m?, the
respective percentage in the LVH was 60% and in controls was 14%
(Figure 1B). A total of 73% of the ATTR-CM patients had RWT > 0.6
compared with only 3% in LVH and none in controls (Figure 1C). A total
of 54% of the ATTR-CM patients had MCF < 0.234 g/mL compared
with 19% in LVH and none in controls (Figure 1D). A total of 83% pa-
tients with ATTR-CM had RELAPS > 1.0 but only 32% in LVH and
none of the controls (Figure 2B). A total of 24% of ATTR-CM patients
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Figure 3 (A) SVIin ATTR-CM, LVH, and controls. (B) Cl in ATTR-CM, LVH, and controls.

Table 2 Red flag parameters due to sensitivity, specificity, PPV, NPV, and accuracy in diaghosing ATTR-CM

Method Cut-off Sensitivity Specificity PPV NPV Accuracy Youden’s index
LVEF >50% 100 65 75 100 83 0.65

LAVI >34 mU/m? 86 46 54 82 63 032
RELAPS >1.0 100 69 82 100 88 0.69

GLS >-13% 90 56 64 86 52 0.31
LVEF/GLS >4 90 56 64 86 76 0.46

MCF <0.234 g/mL 100 37 48 100 60 037

RWT >0.6 100 62 72 100 81 0.62

Y <30 mL/m? 97 39 46 9% 59 036

Cl <2.5 Limin/m? 80 21 52 50 52 0.1

RWT, relative wall thickness; GLS, global longitudinal strain; RELAPS, relative apical sparing; LVEF, left ventricular ejection fraction; SVI, stroke volume index; Cl, cardiac index; MCF,
myocardial contraction fraction.
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Figure 5 Venn diagram showing the prevalence of the cut-off values
Figure 4 ROC analysis comparing RELAPS and RWT. for RWT, RELAPS, and LVEF individually and in combination.
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had GLS < —13%, compared with 46% in LVH and only 2% of controls
(Figure 2A). EF/GLS > 4 was more common in the two patient groups,
33% in ATTR-CM and 54% in LVH compared with only 14% in controls
(Figure 2C).

SVI was < 30 mL/m? in 40% of ATTR-CM patients compared with
33% in LVH but none in controls. Cardiac index < 2.5 L/min/m? was
present in 52% of the ATTR-CM patients compared with 74% in the
LVH group and only 12% in controls (Figure 3A and B). RWT proved
to be the best variable that identified ATTR-CM from controls and
LVH, followed by MCF and RELAPS.

Accuracy of red flag measures for ATTR-CM
Analysis of the sensitivity, specificity, predictive values, accuracy, and
Youden’s index in ATTR-CM is shown in Table 2. RELAPS > 1.0,
RWT > 0.6, and LVEF > 50% proved the most accurate parameters
supporting the diagnosis of ATTR-CM. On ROC analysis, RWT
(AUC =0.99) and RELAPS (AUC =0.99) proved the most accurate
parameters for diagnosing ATTR-CM (Figure 4). Venn diagram showed
RELAPS > 1 as the most common abnormal red flag in diagnosing
ATTR-CM, followed by RWT > 0.6 and LVEF > 50%, according to their
individual power of accuracy. Combined abnormal three variables was
found in only 50% of patients. Combined RELAPS > 1 and RWT > 0.6
was found in 72% of patients (Figure 5).

Discussion

Findings

In this study, we succeeded in identifying three LV structural and
function parameters that accurately predicted the presence of
ATTR-CM in a group of patients with previously confirmed diagno-
sis, therefore can be considered as strong red flags for ATTR-CM.
This conclusion is derived from a detailed comparison with healthy
controls and a group of LVH patients but without ATTR-CM. The
three parameters achieved the top accuracy, out of the 10 para-
meters previously recommended for diagnosing ATTR-CM, which
were sold as ‘red flags’ for suspicion of ATTR-CM.*¢"" RELAPS >
1.0 proved the most accurate (88%) cardiac function parameter for diag-
nosing ATTR-CM. This was followed by ejection fraction > 50% (83% ac-
curate) and RWT > 0.6 (81% accurate). The first two most accurate
parameters represent two different aspects of LV function, whereas
RWT represents structural LV changes in the form of concentrically in-
creased wall thickness. RWT proved to be the most discriminative vari-
able for ATTR-CM compared with both LVH and controls. The
presence of the three parameters combined accurately diagnosed only
50% of patients whereas the combination of abnormal RWT and
RELAPS together was present in 72% of patients with ATTR-CM. Of
note, all proposed red flag parameters were abnormal in the patients’
group as a whole compared with healthy controls.

ATTR-CM is known to affect both the subendocardial and mural
layers of the myocardium, hence compromising LV long axis function,
mainly at the basal and mid-cavity level, thus showing a typical apical
sparing strain pattern.'” Another common finding is the commonly
seen biventricular involvement with ATTR-CM® and sometimes re-
strictive filling pattern with reduced stroke volume and cardiac out-
put.* These abnormalities are seen in the absence of classical electric
markers of LVH on 12-lead surface ECG. However, combining ECG
and echocardiographic increased LV wall thickness (>12 mm) has re-
cently shown excellent accuracy in differentiating ATTR-CM from
LVH, particularly when using a ratio of RWT and S wave amplitude in
aVR."®™ The abovementioned red flags have been used for identifying
ATTR-CA in patients with HF and a significant suspicion of amyloid
disease 11:1315.16

Data interpretation

Our findings highlight the importance of assessing LV systolic function in
patients suspected to have ATTR-CM. The commonly used marker of
global LV systolic function, i.e. ejection fraction, proved the second ac-
curate predictor of ATTR-CM following RELAPS. This supports the
previous reports that suggested that ATTR-CM is commonly found
in patients with heart failure with preserved left ventricular ejection
fraction (HFpEF) and highlights the importance of separating the two
conditions from each other, when necessary.6 RELAPS can be normal
(using cut-off < 1) in ATTR-CM and can also be increased in other
causes for HF,"” which we found in our study. Previous studies have
shown that RELAPS is not always reliable to be used as red flag for car-
diac amyloidosis'® and also not reflecting amyloid burden.'® However,
these studies included AL amyloidosis that might influence the optimal
cut-off value and the accuracy using RELAPS. However, the pattern of
‘cherry on the top’ or apical strain can be supported by myocardial bi-
opsy and MRI studies that have shown the amyloid distribution in
ATTR-CM, at the subendocardial layer of the basal and mid-cavity re-
gions of the LV with the apex spared.”**"*>% The third predictor of
ATTR-CM was RWT. Although myocardial thickness is a well-
recognized feature of amyloid heart disease, the concentric form is ac-
curate in predicting the ATTR-CM pathology. All our ATTR-CM pa-
tients had RWT > 042 and increased LV mass index (>95 g/m? for
females and 115 g/m2 for males), hence flagged as having concentrically
increased wall thickness. Recent studies using score system for identifying
ATTR-CM showed that RWT > 0.6 was highly accurate in identifying
ATTR-CM supporting the results from our study.***

The rest of the 10 proposed red flags did not feature as inde-
pendently accurate parameters for diagnosing ATTR-CM.
Myocardial early diastolic velocities proved to be poor discrimin-
ator for ATTR-CM because they reflect the basal longitudinal LV
function, with the apical part spared from the pathology. Markers
of raised LA pressure did not show a consistent pattern in diagnos-
ing our patients, suggesting significant variability of ATTR-CM se-
verity in our patients, with some having mild myocardial disease
with relatively compliant LV cavity while others having more ag-
gressive disease and stiff LV cavity, hence causing raised LA
pressure.

LV GLS disappointedly proved to be a very poor predictor of
ATTR-CM. This could be explained on basis of GLS software design
of assessing global LV deformation, with all segments included and
not recognizing the pathology-spared apex in ATTR. Finally, only 40%
of our cohort had SVI <35 mL/m” and 52% had Cl< 2.5 L/min/m?,
making it difficult to suggest a uniform phenomenon of low flow in
ATTR-CM patients.'

Study limitations

One explanation of the difference in the accuracy of the parameters we
identified, compared with other studies, is that ours were based on only
ATTR-CM and none of our patients had AL amyloid disease as was the
case with other studies. In addition, most of our patients had ATTR-CM
mainly due to ATTRv caused by V30 M mutation. The second limitation
was the unknown duration of the ATTR-CM pathology that, if known,
may have helped in classifying the patients into early and late pathology.
We mainly tested identifying patients with ATTR-CM hence did not re-
port the accuracy of the parameters that could exclude the disease. The
comparison between ATTR-CM and healthy controls might seem un-
necessary but we consider it justified in order to validate the confidence
interval in the two groups.

Clinical applications

In patients suspected to have ATTR-CM, relative apical sparing pattern
is the most accurate independent predictor of the correct diagnosis of
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myocardial infiltration, followed by normal LV ejection fraction and
thirdly increased LV relative wall thickness, all having accuracy > 80%.
Reduced myocardial global longitudinal strain > —13% is also unlikely
to accurately confirm the presence of ATTR-CM and myocardial
infiltration.

Conclusion

Increased relative apical sparing proved the most accurate independent
predictor of the presence of ATTR-CM followed, in order of accuracy,
by normal LV ejection fraction then increased relative wall thickness.
The seven other proposed red flags for diagnosing ATTR-CM did not
feature as reliable disease predictors.
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