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Abstract: Background: Transthyretin cardiac amyloidosis (ATTRCA) is a prevalent disease, and it can be associated
with heart failure (HF), left ventricle hypertrophy (LVH), atrial fibrillation (AF), and aortic stenosis (AS). Aim: The study
aims to detect the prevalence of ATTRCA in the symptomatic AS population. Method: A single-center prospective
study screening for ATTRCA in patients diagnosed with symptomatic severe AS undergoing aortic valve (AV) interven-
tion. Results: A total of 27 patients were enrolled, of which 15 (56%) were men. The mean age was 72.8 £+ 10.5
years. HF symptoms were present in 11 (40.7%) patients at New York Heart Association (NYHA) class Il, while 15
(55.6%) patients had NYHA class Ill symptoms. AF was present in 6 (22.2%) patients. The mean left ventricle ejec-
tion fraction (LVEF) was 49.4 + 9.75%, and the mean stroke volume (SV) was 37.4 + 8.7 ml/m?. The interventricular
septal thickness (IVS) was 1.2 + 0.18 cm. The AS mean gradient was 46 + 12 mmHg, and the aortic valve area (AVA)
was 0.69 + 0.16 cm?2. The ATTRCA was diagnosed by bone scintigraphy in 5 (18.5%) AS patients. Perugini scores of
2 and 3 were considered positive for ATTRCA with the heart/contralateral lung (H/CL) ratio of 1.48 + 0.35. There
was no difference in LVEF between patients with ATTRCA and those without ATTRCA 50 + 9.8% vs 47 + 9.3%; p-value
0.55. The ATTRCA had a lower SV of 33.9 + 6.9 ml/m? compared to patients without ATTRCA 37.5 + 8.8 ml/m?;
p-value of 0.34. There was no significant difference in LVH or IVS thickness between the patients with ATTRCA and
those without ATTRCA. The left ventricle (LV) mass index in ATTRCA was 87 + 21 g/m? compared to patients without
ATTRCA 98.7 + 26 g/m?, with a p-value 0.38, and the IVS thickness was 1.1 + 0.22 cm compared to patients without
ATTRCA 1.2 £+ 0.18 cm; p-value 0.17. The left atrial (LA) volumes were significantly higher in the ATTRCA group 55.5
+ 25.6 ml/m? compared to patients without ATTRCA 37.5 + 10.9 ml/m? with a significant p-value 0.028. The mean
AV gradient was lower in ATTRCA patients at 40.8 + 8.4 mmHg, compared to patients without ATTRCA at 46.1 + 12.1
mmHg; it did not reach a statistical significance p-value 0.3. There was a significant difference in LV relative longitu-
dinal strain (LS) between patients with ATTRCA 11.8 + 3.2 and those without ATTRCA 63.3 £ 22.6 with a significant
p-value 0.001. Conclusion: ATTRCA is prevalent in AS patients; bone scintigraphy is recommended for screening AS
patients for ATTRCA.

Keywords: Aortic stenosis, low flow-low gradient aortic stenosis, cardiac amyloidosis, ATTRCA, TAVR, heart failure,
HFpEF, carpal tunnel syndrome

Introduction sis. The most common type of amyloidosis is

the amyloid light chain (AL), a myeloma-type
Amyloidosis is a multisystem disease charac- protein caused by plasma cell disorders [4].
terized by the deposition of misfolded protein Moreover, transthyretin amyloidosis is the sec-
into the extracellular tissue [1-5]. Several pro- ond most common type, which can be heredi-
teins have been identified as causing amyloido- tary or wild-type related to age [4]. Cardiac
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deposition of amyloid protein is known to
increase mortality and morbidity. The median
survival of AL amyloidosis after the onset of
heart failure is less than six months [6]. Patients
with ATTRCA have twofold higher mortality
rates compared to HF patients [7].

ATTRCA is a common yet underrecognized
disorder. The prevalence of ATTRCA is thought
to be higher in men; however, the disease
is increasingly recognized in women and in
heart failure with a preserved ejection fraction
(HFpEF). In patients hospitalized with HFpEF,
13% have ATTRCA [8]. Moreover, 35% of hyper-
tensive heart disease have ATTRCA, 5% are
misdiagnosed as hypertrophic cardiomyopathy,
and 25% of the elderly patients who have
asymmetrical hypertrophy have ATTRCA [9-11].
Carpal tunnel syndrome is associated with
ATTRCA in around 5% of patients, and it pre-
dates cardiac involvement by 5 to 15 years
[12].

Both AS and ATTRCA are prevalent conditions
in elderly patients [13]. The co-occurrence of
AS and ATTRCA is identified in 13-16% of
patients who underwent transcatheter aortic
valve replacement (TAVR) [14, 15]. Other stud-
ies have shown that ATTRCA may present with a
low-flow/low-gradient AS [13]. The exact patho-
physiological mechanisms underlying AS and
ATTRCA are not completely understood. It has
been hypothesized that an increased afterload
on the left ventricular myocardium may prime
for amyloid deposition [16]. Furthermore, the
presence of ATTRCA with severe AS was associ-
ated with significantly higher mortality than
severe AS alone, 56% vs 20% at 1-year, p-value
< 0.0001 [17, 18]. The factors associated with
poor prognosis in AS patients with the pres-
ence of ATTRCA are LVEF < 50%, restrictive fill-
ing pattern, and severely reduced global longi-
tudinal strain (GLS) [13].

The ATTRCA should be suspected if the echo-
cardiography (ECHO) reveals increased LV wall
thickness, LV apical sparing pattern on GLS
imaging, and high LA volume as a marker for
diastolic dysfunction [14, 19]. The Tissue Do-
ppler (TD) is highly sensitive for diagnosing
amyloidosis when the mitral and tricuspid
annular velocities are reduced and the E/€’
ratio is elevated [20].

Bone scintigraphy using tracers, such as
Technetium labeled pyrophosphate (°°M™PYP),
offers a novel imaging modality for the noninva-

385

sive diagnosis of ATTRCA. It has > 99% sensitiv-
ity and 86% specificity for detecting transthyre-
tin amyloid deposits in the myocardium in con-
junction with a negative serum free light chain
assay [2, 20, 21]. Non-invasive bone scintigra-
phy tests with either °M™PYP or Tc-99m-dipho-
sphono-1,2-propanodicarboxylic acid ("°®"DPD)
are approved to screen patients for ATTRCA
[21, 22]. The diagnosis is made by Perugini
visual grading as grade 2 and 3 uptake are con-
sistent with ATTRCA [1]. The semi-quantitative
ratio H/CL > 1.3 at 3-hour post tracer uptake is
highly specific for ATTRCA [20, 23-25]. The
99MTepYP gcintigraphy has a positive predictive
value with a H/CL ratio > 1.6 [23]. The recogni-
tion of ATTRCA is progressing due to the
increased use of cardiac scintigraphy as a non-
invasive diagnostic test [26]. Moreover, cases
with Perugini 1 should be evaluated for AL-type
cardiac amyloidosis by serum protein electro-
phoresis and serum-free light chain [1, 27]. The
early ATTRCA can present with Perugini 1,
which requires further evaluation by alternative
imaging such as cardiac magnetic resonance
imaging (MRI), histological confirmation, and
genetic testing [1, 271.

There is growing evidence in Saudi Arabia
regarding the diagnosis of ATTRCA among the
population. This study aims to examine the bur-
den of ATTRCA in AS patients in the Saudi
population.

Methods
Study design

A Single-center prospective study was conduct-
ed at Prince Sultan Cardiac Center to evaluate
the prevalence of ATTRCA in patients with
severe symptomatic AS undergoing aortic valve
intervention. The patients were enrolled over
1-year from 2022 to 2023. After obtaining
informed consent, patients were screened for
ATTRCA by °**™PYP bone scintigraphy.

Sample size

The sample size calculation was not performed
for the study; thus, the study is underpowered.
The sample size is not powered for cardiovas-
cular outcomes.

Inclusion criteria

The study inclusion criteria were patients with
symptomatic severe AS defined by ECHO crite-
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ria with a mean transvalvular gradient > 40
mmHg and AVA < 1.0 cm?, with degenerative
etiology.

Exclusion criteria

The study excluded patients with congenital
aortic valve disease, such as bicuspid and
rheumatic aortic valve disease. The patients
were identified for the study during the hospital-
ization episode for aortic valve intervention.

Study protocol

Baseline investigation: All patients had an elec-
trocardiogram (ECG) and ECHO study. Serum
levels of N-terminal pro-brain natriuretic pep-
tide (NT-proBNP), troponin T, and renal profile
were collected. AL-type amyloidosis was ruled
out by obtaining serum protein electrophore-
sis and serum free light chain. The ECG was
reviewed to determine the presence or absence
of arrhythmia, conduction disease, or bundle
branch block. Low voltage criteria were defined
as all limb leads with an amplitude of 0.5 mV.

ECHO parameters: Detailed ECHO was per-
formed for every patient using Phillips EPIQ 7C
with S5/X5 probe, including 2-dimensional (2D)
imaging, color and tissue Doppler, and speckle
tracking strain imaging. All ECHO measure-
ments were performed according to the most
recent American Society of Echocardiography
(ASE) guidelines [28, 29]. These include the
LV ejection fraction (LVEF), calculated using
Simpson’s biplane method. Relative wall thick-
ness was defined as (2x posterior wall thick-
ness)/(LV internal diameter at end-diastole).
Diastolic dysfunction was assessed with an E/A
ratio of the mitral inflow, deceleration time, and
TD of the medial and lateral mitral annulus (s’,
€, and a’). The LV GLS was performed using
Tomtec software. Relative apical strain ratio
was calculated using the formula (Apical LS/
average of mid and basal LS). SV was calculat-
ed using the left ventricular outflow tract (LVOT)
diameter and velocity time integral (VTI) with
the formula (LVOT VTI x cross-sectional area of
the LVOT).

Assessment of AS: The AS was assessed by the
peak jet velocity of the aortic valve (AV), mean
transvalvular gradient, and the AVA by the con-
tinuity equation (AVA = cross-sectional area of
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the LVOT x VTI LVOT/VTI AV) [30]. The AV
Doppler velocity index (DVI) is calculated using
the formula (velocity LVOT/velocity AV). The cri-
teria for severity of AS were defined by peak jet
velocity > 4.0 m/s, mean transvalvular gradient
> 40 mmHg, and AVA < 1.0 cm? [30].

Nuclear study: Bone scintigraphy was per-
formed using a General Electric (GE) Discovery
670 hybrid gamma camera with *°M™PYP tracer
injection. Planar images were obtained at 1
hour, and planar and single photon emission
computed tomography/computed tomography
(SPECT/CT) at 3 hours after intravenous injec-
tion of 10-20 mCi (370-740 MBq) °°M™PYP,
Images interpretation was performed based on
the latest expert consensus recommendations
for cardiac amyloidosis imaging and using
Perugini semiquantitative visual grading when
there is diffuse myocardial °°M™PYP uptake,
confirmed by reviewing the SPECT/CT images to
diagnose ATTRCA [24, 25]. The Perugini grade
2 and grade 3 uptakes are consistent with
ATTRCA if a monoclonal plasma cell dyscrasia
is excluded. Grade O or 1 uptakes are consid-
ered negative for ATTRCA. To estimate the ratio
radionuclide activity for the H/CL ratio, a circle
is drawn over the region of interest (ROI) on the
heart in the anterior planar images and mir-
rored ROI over the contralateral chest. An H/CL
ratio is calculated as the fraction of heart ROI
mean counts to contralateral lung ROl mean
counts. The reporting nuclear medicine physi-
cian was blinded to the ECHO findings.

Statistical analysis

The data analysis was performed using XLSTAT
version 2021.2.2 Life-Science. The baseline
characteristics for all the patients were report-
ed as median and [interquartile range (IQR)] or
mean * standard deviation (SD) for quantitative
variables. Categorical variables are presented
as numbers and percentages (%) as appropri-
ate. The patients were divided into groups
based on the bone scintigraphy result, into
ATTRCA positive and ATTRCA negative groups.
The correlation analysis was performed using
chi-square, Fisher exact test, and logistic
regression as appropriate. The level of signifi-
cance is defined as a p-value < 0.05. The
Kaplan-Meier curve is used for survival rate
analysis.
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Table 1. Baseline characteristics of the study population

All (27) ATTRCA (22) ATTRCA* (5) p-value
Demographic
Age 72.8 £10.5 72.2+85 75.2+£18.9 0.59
Gender (%) Male 15 (56) Male 12 (54.5) Male 3 (60) 0.78
Female 12 (44) Female 10 (45.5) Female 2 (40)
Co-morbidities
Diabetes 17 (62.9) 14 (63.6) 3(60) 0.72
Hypertension 20 (74) 17 (77.1) 3(60) 0.43
Dyslipidemia 7 (25.9) 5(22.7) 2 (40) 0.43
Coronary Disease 13 (48) 11 (50) 2 (40) 0.68
Stroke 2(7.4) 2(9.1) 0 0.48
Atrial Fibrillation 6 (22.2) 2(9.1) 4 (80) 0.001
HF symptoms
NYHA | 1(3.7) 1(4.5) 0 0.46
NYHA I 11 (40.7) 10 (45.5) 1 (20)
NYHA I 15 (55.6) 11 (50) 4 (80)
NYHA IV 0 0 0
Carpal Tunnel Syndrome 1(3.7) 0 1 (20) 0.03
Weight loss 1(3.7) 1(4.5) 0 0.41
Bleeding 2(7.4) 2(9.1) 0 0.48
ECG
QRS duration ms 100 [94-135] 100 [91-135] 115 [98-131] 0.51
Low Voltage 0 0 0
Heart Block 0 0 0
Biomarkers
Troponin T mcg/L* 0.055 + 0.064 0.057 + 0.07 0.047 £ 0.036 0.78
Pro-BNP ng/L** 8116 + 18298 7676 + 19799 10055 + 14015 0.8
Intervention
TAVR 23 (85) 19 (86.4) 4 (80) 0.71
SAVR 2 (7.4) 1(4.5) 1 (20) 0.23
No Intervention 2(7.4) 2(9) 0

HF, Heart Failure; NYHA, New York Heart Association; ECG, electrocardiogram; NT-Pro-BNP, N-terminal pro-brain natriuretic
peptide; TAVR, transcatheter aortic valve replacement; SAVR, surgical aortic valve replacement. *Troponin T normal value <

0.05; **NT-Pro-BNP Cutoff for HF < 125 ng/L.

Results
Baseline characteristics

Patients diagnosed with symptomatic severe
AS were screened for ATTRCA. Patients were
identified during the admission for aortic valve
intervention. The total number of patients
reviewed was 52, and 27 (51.9%) agreed to
consent to ATTRCA screening. Patients enrolled
had a mean age of 72.8 £ 10.5 years; men
were 15 (56%), and women were 12 (44%).
Hypertension was present in 20 (74%), and dia-
betes in 17 (62.9%). History of ischemic heart
disease and cerebrovascular disease was pres-
ent in 13 (48%) and 2 (7.4%), respectively. The
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clinical presentation of HF with NYHA Class Il
and Il symptoms occurred in 11 (40.7%) and
15 (55.6%) patients, respectively. AF was pres-
ent in 6 (22%). The serum level of NT-proBNP
was high in all patients with a mean of 8116 +
18298 ng/L, while Troponin-T levels were not
significantly elevated 0.055 = 0.064 mcg/L.
There were no conduction disease or low volt-
age criteria on ECG in any of the patients
enrolled in the study.

Prevalence of ATTRCA in AS

ATTRCA was detected in 5 (18.5%) cases of
severe AS by bone scintigraphy scan. ATTRCA
patients had a mean age of 75.2 + 18.9 years.

Am J Cardiovasc Dis 2024;14(6):384-395
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Table 2. ECHO characteristics for patients with AS

ECHO All (27) ATTRCA (22) ATTRCA* (5) p-value
LV Dimensions
LV Systolic Diameter (cm) 3.6+0.8 3.4 +0.68 42+1.2 0.072
LV Diastole Diameter (cm) 49+0.8 4.8 +0.62 53+14 0.3
LV Systolic Function
LVEF (%) 49.4 +9.75 50 +9.8 47 +9.3 0.55
Stroke Volume Indexed (ml/m?) 374+ 8.7 375+8.8 33.9+6.9 0.34
LV Hypertrophy
LV Mass index (g/m?) 97 +25.6 98.7 + 26 87+21 0.38
Interventricular Septal Thickness (cm) 1.2+0.18 1.2 +0.16 1.1+0.22 0.17
Posterior Wall Thickness (cm) 0.9+0.18 0.9 +0.17 1.1+0.21 0.17
Relative Wall Thickness (cm) 0.4+£0.13 0.4+0.1 0.44 +0.18 0.47
Diastolic Function
E wave velocity (cm/sec) 92 +34.4 95 + 25 144 + 33 0.16
A wave velocity (cm/sec) 75.5 + 32 84 + 22 90 + 28 0.68
E/A ratio 1.7+2 1.8+2.2 1.2+0.4 0.6
Deceleration time (sec) 188 + 59 190 + 64 177 + 39 0.7
e’ Medial (sec) 49+1.6 49+1.7 49+1.2 0.98
e’ Lateral (sec) 54+23 6.3+2.3 58+1.8 0.7
E/e’ ratio 19.4+6.8 183 +5.9 25+ 78
Mitral annular s’ medial (sec) 52+1.1 51+1 58+1.4 0.25
Mitral annular s’ lateral (sec) 6.1+1.3 59+1.1 6.8+ 1.6 0.25
Right Ventricle s’ (sec) 11.8+2.3 11.6+2 12.8+3.3 0.36
LA volume (ml/m?) 41 + 16.5 375+ 10.9 55.5+25.6 0.028
Strain
Mid longitudinal strain (%) 52.4 £ 20.7 54.8 £ 20.2 34.6+15.2 0.12
Basal longitudinal strain (%) 571+ 27 63.3+22.6 11.8+3.2 0.001
Apical longitudinal strain (%) 46.2 + 18.8 44.8 + 19.3 56.4+9 0.33
Global longitudinal strain (%) 104 +3.1 105+ 3.1 9.7+24 0.69
Relative LS apical/basal and mid 0.54+0.4 0.43+0.24 1.3+0.3 < 0.0001
Pericardial effusion 3(11%) 3(13.6%) 0 0.85

LV, Left Ventricle; LA, Left Atrium; LS, Longitudinal Strain.

In the ATTRCA group, symptomatic HF with
NYHA Il was noted in 1 (20%) patient, and NYHA
Il was noted in 4 (80%) patients. AF was pres-
entin 4 (80%) of ATTRCA patients compared to
2 (9.1%) in the ATTRCA negative group; p-value
0.001. Carpal Tunnel syndrome was present in
1 (20%) patient with ATTRCA positive scan;
p-value 0.03. There was no significant differ-
ence in the NT-proBNP and Troponin T levels
between the patients with ATTRCA compared to
patients without ATTRCA. The details of base-
line characteristics are described in Table 1.

Echocardiography

LV systolic and diastolic function: In AS patients,
the mean LVEF was 49.4 + 9.75%, and the
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mean SV was 37.4 + 8.7 ml/m?. The LVH was
mild in all patients, with an LV mass index of 97
*+ 25.6 g¢/m? and an IVS of 1.2 + 0.18 cm. The
diastolic function was impaired, and the TD was
decreased at the medial walle’ 4.9 + 1.6 cm/s,
lateral wall ' 5.4 + 2.3 cm/s, and the E/e’ was
19.4 + 6.8. The medial mitral annular s’ was
5.2 + 1.1 cm/s, and the lateral mitral annular s’
was 6.1 + 1.3 cm/s. The LA volume was
increased to 41 + 16.5 ml/m? (Table 2).

There was no difference in LVEF between pa-
tients with ATTRCA and those without ATTRCA.
The LVEF was 50 + 9.8% in the ATTRCA group
compared to the LVEF of 47 + 9.3% in the
ATTRCA negative group with a non-significant
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Figure 1. ECHO cardiography finding in ATTRCA patient. A. Long axis view of left ventricle hypertrophy, interventricu-
lar wall thickness, posterior wall thickness. B. Strain image representing apical sparing, low strain at basal level. C.
Mitral inflow velocity represents restrictive physiology and short deceleration time. D. Tissue Doppler image shows
suppressed lateral e’ of the mitral annulus waves and a high E/e’ ratio.

p-value 0.55. The ATTRCA had a lower SV of
33.9 + 6.9 ml/m? compared to the ATTRCA neg-
ative group of 37.5 + 8.8 ml/m? with a non-sig-
nificant p-value of 0.34. In the ATTRCA, the LV
mass index was 87 + 21 g/m? compared to the
ATTRCA negative group 98.7 + 26 g/m? with a
non-significant p-value of 0.38. The IVS thick-
ness was 1.1 + 0.22 cm compared to the
ATTRCA negative group of 1.2 + 0.18 cm with a
non-significant p-value of 0.17 (Table 2).

In ATTRCA, the inflow velocity of the E wave was
higher at 144 + 33 cm/svs 95 + 25 cm/s in the
ATTRCA negative group with a non-significant
p-value 0.16. There was no significant differ-
ence in the E/A ratio between both groups, the
E/A 1.2 £ 0.4 in the ATTRCA group vs 1.8 + 2.2
in the ATTRCA negative group; p-value 0.6. The
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two groups had no significant difference in the
TD medial and lateral walls or the mitral annu-
lus. This is likely due to low patient volume.
However, the LA volumes were significantly
higher in the ATTRCA group 55.5 + 25.6 ml/m?
compared to 37.5 + 10.9 ml/m? in the ATTRCA
negative group with a significant p-value 0.028;
this may be due to a higher AF burden in the
ATTRCA group (Table 2; Figure 1).

LV global longitudinal strain: The LV GLS in the
AS population was 10.4 + 3.1. There was no
difference in LV GLS in ATTRCA 9.7 + 2.4 com-
pared to the ATTRCA negative group 10.5 + 3.1
with a non-significant p-value of 0.69. There
was no difference in LV strain at the apical seg-
ment between the ATTRCA 56.4 + 9 and
ATTRCA negative group 44.8 £ 19.3 with a non-
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Table 3. The aortic valve ECHO measurements

Aortic valve All (27) ATTRCA (22) ATTRCA* (5) p-value
LVOT diameter (cm) 2.1+0.24 21+0.2 2.2+0.37 0.4
LVOT VTl (cm) 90 + 17 89.7+16.4 93.4+21 0.7
Peak AV velocity (cm/sec) 437 £ 53 422.7 + 99 427.6 £ 35 0.7
Mean AV gradient (mmHg) 46 £ 12 46.1+12.1 40.8+8.4 0.3
AV DVI 0.21+£0.04 0.2 +£0.06 0.17 + 0.09 0.7
AV Area (cm?) 0.69 + 0.16 0.69 + 0.16 0.7 +0.19 0.9

LVOT, Left ventricle outflow tract; VTI, velocity time integral; AV, aortic valve; DVI, dimensional velocity index.

+ AV Vmax
Vmax
Max PG
AVVTI
Sl e Vmax
Vmean
R/PARSTERNAL| Max PG
Mean PG 26 mmMg
AL 78.7 ecm
AVVR 025

AVA (Vmax) 0.87 cm’

Figure 2. Aortic Valve severity assessment. A. Stenotic aortic Valve on 2D ECHO. B. The aortic valve continuous wave
Doppler velocity shows high peak velocity and mean AV gradient.

Table 4. The Nuclear Scintigraphy findings for both groups

in peak aortic velocity. The peak aor-

NM PYPscan  All (27)

ATTRCA -ve ATTRCA +ve p-value

tic velocity in the ATTRCA group was

Perugini
Grade O 15 (55.6) 15 (68) 0
Grade 1 7(25.9) 7(31.8) 0
Grade 2 2(7.4) 0 2 (40)
Grade 3 3(11) 0 3 (60)
H/CL ratio 1.09+£0.25 1+0.06 1.48+0.35 <0.0001

< 0.0001

4276 + 35 cm/s compared to the
ATTRCA negative group 422.7 + 99
cm/s with a non-significant p-value
0.7. The mean AV gradient was lower
in ATTRCA patients at 40.8 + 8.4
mmHg compared to patients without
ATTRCA at 46.1 + 12.1 mmHg, with a

NM, nuclear medicine; ***™PYP, Technetium labeled pyrophosphate; AT-
TRCA, Transthyretin Cardiac Amyloidosis; H/CL, Heart/contralateral lung.

significant p-value of 0.33. However, there was
a significant difference in LV relative LS (Apical
LS/average of mid and basal LS) between the
ATTRCA group 11.8 + 3.2 and the ATTRCA neg-
ative group 63.3 *+ 22.6 with a significant p-val-
ue of 0.001.

Aortic stenosis: The AS patients had a peak
aortic velocity of 437 + 53 cm/s, and a mean
gradient of 46 + 12 mmHg. The AVA was 0.69 +
0.16 cm?. There was no difference between
patients with ATTRCA and those without ATTRCA
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non-significant p-value 0.3. The AVA
was 0.7 £ 0.19 cm?in ATTRCA patients
compared to 0.69 + 0.16 cm? in
patients without ATTRCA with a non-significant
p-value 0.9 (Table 3; Figure 2).

Nuclear scintigraphy

Out of 27 patients, a Perugini score of O was
reported in 15 (55.6%) patients, and a Perugini
score of 1 was reported in 7 (25.9%) patients,
which are considered negative for ATTRCA. The
H/CL ratio in ™°™PYP negative scans is 1 +
0.06. All patients with negative ™°°™PYP scan
have a final diagnosis of “negative for ATTRCA”.
A Perugini score of 2 was reported in 2 (7.4%)
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RT ANT LT

RT ANT LT

Figure 3. Images from °°™Tc-PYP bone scintigraphy and single photon emission tomography (SPECT-CT) for patients
with ATTRCA. A. Planner images at 1-hour and 3-hour uptake on **"Tc-PYP bone scintigraphy representing myocar-
dial Perugini grade 3 uptakes at 1 and 3 hours. ANT, anterior; LAO, Left anterior oblique. B. Heart to contralateral
lung (H/CL) ratio at 1 and 3 hours. C. SPECT-CT showed diffuse high myocardial at 3 hours more than rib uptake
(Perugini grade 3).

patients, and a Perugini score of 3 was report- positive scans is 1.48 + 0.35. All patients with
ed in 3 (11%) patients, which are considered positive ™9MPYP scans have a final diagnosis
positive for ATTRCA. The H/CL ratio in ™°™pPYP of “positive for ATTRCA” (Table 4 and Figure 3).
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nea, dizziness, general fati-
gue, high cardiac biomarkers,
and renal impairment [27, 31,
32]. The ECG is an essential
diagnostic test for identifying
ATTRCA. Low voltage on limb

0 ; ¢ 1
0 5 10 15
Time
ATTRCA -ve

Figure 4. Kaplan-Meier curve for outcome of patients with AS with or without

ATTRCA.

Intervention and follow-up

The patient was enrolled between 2022-2023.
The follow-up in the clinic was as per standards
of care. This study is not powered for cardiovas-
cular outcomes. Patients who underwent per-
cutaneous aortic valve replacement (TAVR)
were 23 (85%), and those who had surgical aor-
tic valve replacement (SAVR) were 2 (7.4%), and
the other 2 (7.4%) patients did not undergo
intervention. The baseline characteristics are
summarized in Table 1. The treatment with
Tafamidis was started in one patient with
ATTRCA. Patients who required further hospi-
talization in the enrolled cohort 4 (14.8%), only
one patient diagnosed with ATTRCA required
hospitalization for HF. The survival rate for the
study cohort was 95.8% at 1-year post-enroll-
ment. The survival rate for ATTRCA was 80% at
1-year and 75% at 2-year (Figure 4).

Discussion

The prevalence of ATTRCA in Saudi Arabia has
not been previously investigated. This is the
first study to evaluate ATTRCA in Saudi patients
with severe AS. Previous studies of ATTRCA
prevalence in AS reported around 12% to 16%
[14]. Our data showed a significant prevalence
of 18.5% of ATTRCA in patients with severe AS,
which is higher than reported in the literature
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! leads, pseudo-infarct pattern,
25 and atrioventricular block are
seen in ATTRCA [1, 15, 33].
The disproportionate ECG
finding of low voltage and LVH
on ECHO can be one of the
diagnostic clues [1, 15, 33].

Studies had identified ECHO red flags for
ATTRCA such as LVH, reduced GLS, myocardial
granular appearance, thickness of the atrioven-
tricular valves, and pericardial effusion [1, 15,
33]. European Society of Cardiology (ESC)
ATTRCA Guideline highlights an ATTRCA initial
suspicion by the presence of LVH with at least
one of the ECHO red flag features [1, 15, 33].
The similarity of ECHO features of ATTRCA and
severe AS is an obstacle that leads to the
under-recognition of ATTRCA. The fact that
severe AS is one of the known causes of
LVH makes predicting ATTRCA more difficult.
However, patients with AS and concomitant
ATTRCA are more likely to present with low-flow,
low-gradient AS and GLS impairment with api-
cal sparing [1, 15, 33]. The current trial did not
show a difference in GLS impairment in both
groups. However, the relative LS significantly
differed in ATTRCA 11.8 + 3.2 and ATTRCA neg-
ative group 63.3 + 22.6 with the p-value 0.001.
The ATTRCA patients had a lower AS gradient of
40.8 + 8.4 mmHg with the p-value 0.3, not
reaching statistical significance. The AF was
significantly higher in ATTRCA patients 80%,
leading to higher LA volumes in these patients
at 55.5 + 25.6 ml/m2. In women, the diagnostic
value of IVS thickness is lower than in men for
suspecting ATTRCA, making the diagnostic ben-
efit of screening with °*MT°PYP nuclear scan is
high [34].
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Bone scintigraphy has a higher specificity, 86%,
in diagnosing ATTRCA [2, 20, 21]. The diagnos-
tic criteria for ATTRCA are semiquantitative
visual grading by Perugini > 2 and the H/CL
ratio > 1.3 [31]. Bone scintigraphy should be
conducted in all patients with severe AS to
diagnose ATTRCA.

Conclusion

The prevalence of ATTRCA is found to be 18.5%
in severe symptomatic AS patients in Saudi
Arabia. The age and clinical presentation were
similar in patients with and without ATTRCA.
The AF was present in patients with ATTRCA.
The degree of LVH and IVS thickness was simi-
lar between patients with ATTRCA and patients
without ATTRCA in the AS population. ATTRCA
patients are found to have lower mean AV gra-
dients and lower mean SV. The GLS was similar
in all patients; however, the difference in rela-
tive LS between the apex and mid to basal was
statistically significant between both groups.
Screening is advised for these patients by
°9mepYP pone scintigraphy to rule out ATTRCA.

Limitation

The small number of patients screened limits
the generalizability of our data to the AS popu-
lation; patients with moderate AS or asymptom-
atic severe AS are not included. Patients with
moderate AS and HF need to be studied, as
the severity of AS could be underestimated in
the presence of myocardial disease. Further
study with a larger number of participants is
needed.

Recommendation

Routine screening is advised for AS patients by
99mTepYP hone scintigraphy to rule out ATTRCA.
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