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a B S t r a c t 
Background: Heart failure with preserved ejection fraction (HFpEF) is heterogeneous clinical syn-
drome. Transthyretin cardiac amyloidosis (CA) is an underdiagnosed cause of HFpEF. Red flags are 
extremely useful for suspecting CA.

Aims: We aimed to evaluate the frequency of cardiac and extracardiac manifestations of CA in HFpEF 
patients based on red flags.

Methods: Baseline characteristics of 85 patients were recorded during admission. Electrocardiogram 
and echocardiography were performed. All patients were examined for red flags. Cardiac scintigraphy 
was performed in 85 patients.

Results: The mean (standard deviation [SD]) age of the study group was 67.9 (9.8) years, and 
52 (61.2%) patients were female. At least 1 red flag was observed in 67% of HFpEF patients. Only 
4 of the patients had more than 3 red flags. The mean number of red flags in a patient with HFpEF 
was 1.3. Extracardiac clinical red flags were observed in only 9 (10.5%) patients. Cardiac clinical red 
flags were extremely rare. An electrocardiographic red flag was detected in 2 out of 10 patients and 
an echocardiographic red flag in 4 out of 10 patients with HFpEF. Scintigraphy showed that 17.6% 
of all patients have had a grade 2 or 3 cardiac uptake. The patients with wild-type transthyretin CA 
had twice as many red flags as those without.

Conclusion: The results of the study showed that patients diagnosed with HFpEF had an average of 
1.3 red flags suggestive of CA. In real life, extracardiac red flags are rare, while electrocardiographic 
and echocardiographic red flags are more common in patients with HFpEF.

Key words: cardiac amyloidosis, diastolic heart failure, heart failure with preserved ejection fraction, 
red flags, transthyretin

INTRODUCTION
Heart failure (HF) with preserved ejection 
fraction (HFpEF) is a heterogeneous clinical 
syndrome with multiple underlying causes 
with increased prevalence in the elderly 
population and women. Furthermore, it is 
more associated with comorbidities such as 
hypertension (HT), diabetes (DM), obesity, and 
chronic kidney disease (CKD) [1]. Recently, it 
has been established that cardiac amyloido-
sis (CA) is an important cause of HFpEF than 
previously thought [2, 3]. The disease has two 

main subtypes: transthyretin CA (ATTR-CA) 
and immunoglobulin light chain CA (AL-CA). 
ATTR-CA is further subdivided into wild-
type (ATTRwt-CA) and mutant (ATTRm-CA) 
[4]. Gonzalez-Lopez et al. [5] reported that 
13.3% of patients with HFpEF with left ven-
tricular hypertrophy (LVH) showed uptake of 
99mTc3,3-diphosphono-1,2-propanodicar-
boxylic acid scintigraphy, which suggested 
cardiac involvement of ATTRwt-CA. However, 
diagnosis of  CA remains a frequent clinical 
challenge, especially in the early stages, and 
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W h a t ’ S n e W ?
Data from the present study showed that at least one red flag for cardiac amyloidosis was observed in almost 70% of the 
patients with heart failure with preserved ejection fraction (hFpeF). the mean number of red flags in a patient with hFpeF 
was 1.3. extracardiac and cardiac clinical red flags were extremely rare in patients. approximately, an electrocardiographic red 
flag was detected in 2 out of 10 patients, and an echocardiographic red flag was observed in 4 out of 10 patients with hFpeF. 
What is more, hFpeF patients with wild-type transthyretin cardiac amyloidosis had twice as many red flags as hFpeF patients 
without cardiac amyloidosis.

CA is still under-diagnosed [6]. Red flags have been defined 
as a set of cardiac and extracardiac signs and symptoms, 
which are extremely useful for suspecting the disease in CA 
[4, 7]. In this study, we evaluated the frequency of cardiac 
and extracardiac manifestations of ATTR-CA in patients 
with HFpEF and aimed to identify red flags that would 
further alert clinicians to the diagnosis of CA in real-life. 

METHODS
We conducted a prospective, observational, single-center 
study. The study was approved by our institutional ethics 
committee. All participants provided written informed con-
sent.

Study population 
A total of 100 patients diagnosed with HFpEF who were 
admitted to the Department of Cardiology of Eskisehir 
Osmangazi University were screened between October 
2020 and July 2021. The diagnosis of HFpEF was based on 
the European Society of Cardiology guidelines [8]. Patients 
with severe valvular heart disease, previous myocardial 
infarction, sarcomeric hypertrophic cardiomyopathy, or my-
ocardial storage diseases were excluded. Finally, 85 patients 
who underwent cardiac scintigraphy with the clinician’s 
suspicion of CA were included in the study.

Study design, data collection, and definition
Demographic characteristics, comorbidities, laboratory 
findings, and medications were collected during admission. 
CKD was defined as the presence of an estimated glomeru-
lar filtration rate (eGFR) of ≤60 ml/min/1.73 m2. N-terminal 
pro-brain natriuretic peptide (NT-proBNP) and the serum 
or urine monoclonal proteins results were evaluated. Com-
prehensive transthoracic echocardiography (ECHO) was 
performed and electrocardiograms (ECG) were recorded. 
Extracardiac clinical red flags including polyneuropathy, 
dysautonomia, history of carpal tunnel syndrome (CTS), 
biceps tendon rupture or lumbar spinal stenosis, posi-
tive family history, macroglossia, and cardiac red flags, 
including hypotension or intolerance to β-blockers/an-
giotensin-converting enzyme inhibitors, low-voltage or 
pseudoinfarct pattern or atrioventricular (AV) conduction 
anomalies on ECG were investigated. Findings including 
granular sparkling of the myocardium, increased right 
ventricular (RV) wall thickness, increased valve thickness, 

pericardial effusion, and reduced longitudinal strain with 
the apical sparing pattern were investigated as ECHO red 
flags. 99mTechnetium-pyrophosphate (99mTc-PYP) cardiac 
scintigraphy was performed in 85 patients. Transthyretin 
(TTR) gene sequencing was performed in positive patients 
to identify the mutant type. Also, these patients were 
evaluated for AL-CA with serum-free light chains and im-
munofixation electrophoresis.

Echocardiography and electrocardiography 
Comprehensive ECHO was performed by a physician using 
a commercially available system (EPIQ 7C, X5-1 transducer, 
Philips Medical Systems, Andover, MA, US). Echocardio-
graphic raw data were stored digitally as digital imaging 
and communications in medicine (DICOM) and transferred 
for offline analysis to a workstation with the Philips QLAB 
software. All dimensions were obtained from 2D imaging 
according to the recommendations of the guidelines [9, 
10]. Global longitudinal strain (GLS) was measured in the 
three apical views. The relative apical sparing index was de-
fined using the equation: average apical LS/(average basal 
LS + mid-LS) [11]. A standard 12-lead ECG was recorded.

Cardiac scintigraphy
For the primary analysis, which was based on myocardial 
tracer uptake, two methods were used: (1) semi-quan-
titative visual scoring of cardiac retention (0–1–2–3) at 
3 hours; and (2) quantitative analysis of heart retention 
was calculated by drawing a region of interest (ROI) over 
the heart in the standard manner at 1 hour. The fraction 
of mean counts in the heart ROI-to-contralateral chest ROI 
was calculated as the heart to contralateral lung (H/CL) 
ratio [12, 13]. In the absence of monoclonal protein in the 
serum and urine, grade 2 to 3 myocardial uptake or a H/CL 
ratio of ≥1.5 were considered positive for ATTR-CA. Grade 
2–3 uptake with a H/CL ratio ≥1.5 or grade 0–1 uptake with 
a H/CL ratio <1.5 were considered concordant results. Grade 
2–3 uptake with a semi-quantitative score of 1 or H/CL ratio 
1–1.5 were considered equivocal [12, 13].

Statistical analysis
Continuous variables were presented as means (standard 
deviation [SD]) and compared using t-tests if they were 
normally distributed and described using medians (inter-
quartile ranges [IQR]) if they were not; the Mann–Whitney 
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U test was used for comparisons. Poisson regression anal-
ysis was used to evaluate the distribution of RF incidences 
in the ATTR-CA positive/negative groups. We expressed 
descriptive data as number (%) for categorical variables 
and compared them via the χ2 test or Fisher exact test. 
A P <0.05 was considered statistically significant. IBM SPSS 
Statistics 21.0 software (IBM Corp. Released 2012. IBM SPSS 
Statistics for Windows, Version 21.0. Armonk, NY, US; IBM 
Corp.) was used in the analyses. 

RESULTS
The mean (SD) age of the study group was 67.9 (9.8) years 
and 52 (61.2%) were female. Overall, 20 (23.5%) patients 
were in New York Heart Association (NYHA) class III–IV, and 
median (IQR) NT-proBNP was 1000 (433.5–2040.5) pg/ml. 
Other baseline features are summarized in Table 1.

Echocardiographic and electrocardiographic 
findings
Mean (SD) left ventricular ejection fraction (LVEF)  was 
59.7 (4) %, mean LV-GLS was –14.3 (2.5)%. The number of 
patients with left ventricular wall thickness (LVWT) ≥15 mm, 
12–14 mm, and  ≤11 mm was 27 (31.8%), 29 (34.1%), and 
29 (34.1%), respectively. Reduced LV-GLS with the apical 
sparing pattern was detected in 9 (10.5%) patients and 
granular sparkling of myocardium in 2 (2.3%) patients. Ac-
cording to the ECG findings, 2 (2.3%) patients had low/de-
creased QRS voltage to degree of LVWT, 5 (5.8%) patients 
had pseudoinfarct pattern, and 3 (3.5%) patients had AV 

conduction disease. Other ECHO and ECG findings are 
summarized in Table 2.

Scintigraphy results
Scintigraphy showed that 15 (17.6%) patients had a grade 
2 or 3 cardiac uptake; the H/CL ratio was ≥1.5, and concord-
ance was positive. In the absence of monoclonal protein 
in the serum and urine, positive bone scintigraphy is con-
sidered diagnostic for ATTR-CA. All patients with a positive 
scan underwent genetic testing of the TTR gene, and no 
mutations were found. 

Frequency of cardiac and extracardiac 
amyloidosis red flags in patients with HFpEF
At least 1 red flag was observed in 57 (67%) of the 85 pa-
tients with HFpEF. The mean number of red flags in a patient 
with HFpEF was 1.3. Only 4 (4.7%) patients had more than 
3 red flags. Extracardiac clinical red flags were observed 
in only 9 (10.5%) patients. Among all patients, 31 (36.4%) 
patients had extracardiac laboratory red flags. Cardiac 
clinical red flags were extremely rare and were observed 
in only one of the 85 patients. Approximately, an ECG red 
flag was detected in 1 out of 10 patients and an ECHO red 
flag in 4 out of 10 patients with HFpEF. The presence of 
disproportionately elevated NT-proBNP to degree of HF 
was present in 8 (9.4%) patients. Patients with ATTR-CA 
had twice as many red flags as those without (2.46 vs. 1.04). 
However, ATTR-CA diagnosis was more common in patients 
with 2 or more red flags (Tables 3 and 4).

Table 1. Baseline clinical characteristics

Variable TTR-CA negative  
(n = 70)

TTR-CA positive  
(n = 15)

P-value

Age, years, mean (SD) 66.8 (10.0) 72.1 (8) 0.046

≥65 years, n (%) 39 (55.7) 12 (80) 0.05

Male sex, n (%) 27 (38.6) 6 (40) 0.56

BMI, kg/m2, mean (SD) 30.4 (5.62) 30.2 (4.0) 0.90

Hypertension, n (%) 55 (78.6) 12 (80) 0.60

Diabetes, n (%) 31 (44.3) 3 (20) 0.07

Coronary artery disease, n (%) 22 (31.4) 6 (40) 0.36

Atrial fibrillation, n (%) 23 (32.9) 8 (53.3) 0.11

Chronic kidney disease, n (%) 30 (42.9) 3 (20) 0.08

NYHA class I, n (%) 1 (1.4) 0 0.61

NYHA class II, n (%) 51 (72.9) 13 (86.7)

NYHA class III, n (%) 13 (18.6) 2 (13.3)

NYHA class IV, n (%) 5 (7.1) 0

SBP, mm Hg, mean (SD) 127.8 (17.7) 123.7 (19.5) 0.42

Heart rate, bpm, mean (SD) 77.5 (18.3) 79.3 (24.4) 0.75

Creatinine, mg/dl, median (IQR) 0.96 (0.77–1.3) 0.89 (0.80–1.10) 0.28

NT-proBNP, pg/ml, median (IQR) 966.5 (425.5–2037.7) 1113.0 (768.0–2385.0) 0.37

β-blocker, n (%) 53 (75.7) 12 (80) 0.51

Calcium channel blockers, n (%) 18 (25.7) 5 (33.3) 0.38

ACEI/ARB, n (%) 37 (52.8) 7 (46.6) 0.41

Furosemide, n (%) 40 (57.1) 10 (66.7) 0.35

MRA, n (%) 16 (22.9) 6 (40) 0.15

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; MRA, mineralocorticoid receptor antagonists; 
NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; SBP, systolic blood pressure; TTR-CA, transthyretin cardiac amyloidosis
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Table 2. Baseline echocardiographic and electrocardiographic features 

Variable TTR-CA negative  
(n = 70)

TTR-CA positive  
(n = 15)

P-value

LV ejection fraction, %, mean (SD) 60.0 (4.14) 58.6 (3.76) 0.22

LV end-diastolic diameter, mm, mean (SD) 47.6 (3.72) 48.4 (3.65) 0.47

IVSd, mm, median (IQR) 12.8 (11.0–15.0) 13.0 (11.0–16.0) 0.78

Posterior wall thickness, mm, median (IQR) 12.0 (10.0–13.0) 12.0 (11.0–14.0) 0.40

IVS thickness ≥12 mm, n (%) 45 (64.3) 11 (73.3) 0.78

RWT, median (IQR) 0.48 (0.42-0.53.5) 0.47 (0.46-0.60) 0.44

Right ventricular wall thickness, mm, median (IQR) 4.0 (3.0-4.5) 4.0 (3.0-5.0) 0.97

LV mass index, g/m2, median (IQR) 115.5 (100.0–145.5) 129.0 (104.0–159.0) 0.52

LA diameter, mm, mean (SD) 43.7 (5.85) 45.9 (5.83) 0.20

LA area (cm2), median (IQR) 19.5 (16.5–24.0) 21.0(20.0–26.0) 0.15

LAVI, ml/m2, median (IQR) 34.0 (26.0–45.0) 37 (32.0–49.0) 0.24

LAVI >34 ml/m2, n (%) 34 (48.6) 10 (66.7) 0.16

GLS, %, mean (SD) –14.7 (2.37) –12.5 (2.78) 0.003

Apical/(mid + basal) LS ratio, median (IQR) 0.90 (0.84–0.95) 1.08 (0.85–1.49) 0.006

Peak TR velocity> 2.8 m/s, n (%) 28 (40) 5 (33.3) 0.43

sPAP, mm Hg, median (IQR) 35.0 (27.7–50.0) 35.0 (32.0–48.0) 0.78

E-wave, cm/s, mean (SD) 81.8 (21.0) 77.9 (27.2) 0.53

E/e’ lat, means (SD) 11.6 (3.01) 12.6 (2.98) 0.22

E/e’≥15
E/e’ 9–14

12 (17.1)
47 (67.1)

4 (26.7)
10 (66.7)

0.52

TAPSE, mm, mean (SD) 18.1 (2.78) 16.7 (2.19) 0.08

Right ventricular hypertrophy, n (%) 8 (11.4) 2 (13.3) 0.56

Interatrial septum hypertrophy, n (%) 2 (2.9) 1 (6.7) 0.45

Low QRS, n (%) — 2 (13.3) 0.03

PR interval, ms, median (IQR) 150.0 (120.0–160.0) 160.0 (160.0–200.0) 0.048

AV block (first degree), n (%) 2 (2.9) 1 (6.7) 0.44

BBB, n (%) 17 (24.3) 2 (13.3) 0.29

Pseudo-infarct pattern, n (%) 2 (2.9) 3 (20) 0.04

Abbreviations: AF, atrial fibrillation; AV, atrioventricular; BBB, bundle branch block; GLS, global longitudinal strain; IVS, interventricular septum; IVSd, interventricular septal 
dimension; LA, left atrium; LAVI, left atrial volume index; LV, left ventricle; LVH, left ventricular hypertrophy; RWT, relative wall thickness; sPAP, systolic pulmonary artery 
pressure; TAPSE, tricuspid annular plane systolic excursion; TR, tricuspid regurgitation; other — see Table 1

Table 3. Details of the presence of red flags in patients with HFpEF

Variables Total
(n = 85)

TTR-CA negative
(n = 70)

TTR-CA positive
(n = 15)

P-value

Extracardiac red flags

 Extracardiac clinical, n (%) 8 (9.4) 5 (7.1) 3 (20) 0.14

 Extracardiac laboratory, n (%) 40 (47.1) 34 (48.6) 6 (40) 0.38

Cardiac red flags

 Clinical, n (%) 1( 1.2) 0 1 (6.7) 0.18

 Electrocardiogram, n (%) 9 (10.5) 5 (7.1) 4 (26.7) 0.048

 Laboratory, n (%) 8 (9.4) 3 (4.3) 5 (33.3) 0.004

 Echocardiography, n (%) 32 (37.6) 22 (31.4) 10 (66.7) 0.013

Total number of RF 110 73 37 0.013

Patients with 0–1 RF number, n (%)a 55 (64.7) 51 (72.9) 4 (26.7) 0.002

Patients with 2–7 RF number, n (%)a 30 (35.2) 19 (27.1) 11 (73.3) 0.001

RF number/patients number ratio 1.3 1.04 2.46 <0.001

aPatients with 0–1 RF number vs. patients with 2–7 RF number P-value: 0.001

Abbreviations: RF, red flag; other — see Tables 1 and 2

DISCUSSION
The results of this prospective study demonstrated that (1) 
67% of patients with HFpEF had at least one of the red flags; 
(2) HFpEF patients with ATTR-CA had twice as many red 
flags as those without; (3) extracardiac clinical red flags are 
rarely seen in patients. We concluded that the presence of 
ECHO red flags and disproportionately elevated NT-proBNP 
are more common warnings to suspect CA.

ATTRwt-CA has been increasingly recognized as an 
underdiagnosed cause of HFpEF. It is valuable to recognize 
clinical findings for the underlying etiology in patients with 
HFpEF at an early stage. In previous studies, the prevalence 
of ATTR-CA was reported to be between 13% and 19% 
in patients with unexplained LVH with HFpEF [5, 14, 15]. 
Also, in a study conducted on patients with HFpEF without 
LVH, it was reported that ATTR-CA was detected in 5% of 
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these patients [2]. In our study, 65.9% of patients had LVH, 
of which approximately one-third was unexplained LVH. 
Patients with HFpEF were included in our study regardless 
of age and LVMT. Although it is frequently reported that 
ATTR-CA is seen in the elderly and men [16], reports show 
that it also affects wider age ranges and younger and fe-
male patients [17]. Our study included a different patient 
population than the “elderly male” profile usually included 
in studies about CA. This reflects the HFpEF patient profile 
that we encounter in daily practice.

Extracardiac and cardiac clinical red flags
Extracardiac and cardiac clinical red flags are less frequent 
in patients with HFpEF. Orthostatic hypotension (OH) affect-
ing an estimated 40%–60% of patients with ATTRm-CA is 
a manifestation of autonomic dysfunction [18]. Orthostatic 
hypotension is diagnosed in 5-11% of middle-aged adults 
and approximately 20%–30% of people 65 years and older, 
but the incidence of OH in the HF population is not clear 
[19, 20]. However, a recent review showed that the inci-
dence of OH in HF varies from 8% to 83% [21]. Also, there 
is often accompanying neurological involvement such as 
sensorimotor polyneuropathy in CA, but purely neurologi-
cal manifestations are rare (4%) [22]. In addition, ATTRwt-CA 
is known to be associated with CTS, lumbar spinal stenosis, 
and ruptured biceps tendon [4]. Carpal tunnel syndrome is 
the most frequent focal peripheral neuropathy in the gen-
eral population and has been shown to have a prevalence 
ranging from 0.2% to 4% [23]. In cases of CA, its frequency 
varies in relation to variables such as amyloid subtypes, 
duration of the disease, male sex, and age. CTS is present in 
about 25% of patients and can occur years before diagnosis 
[24]. Besides, in patients with a history of HT, “spontaneous” 
resolution of HT over the preceding few months is a valua-

ble history for the diagnosis of CA and has been identified 
as a cardiac clinical red flag [4, 25]. In the present study, 
3% of the patients with HFpEF had autonomic dysfunction 
findings, and 6% had polyneuropathy. While 2 patients had 
unilateral CTS, there was no patient with bilateral CTS. The 
absence of bilateral CTS may be related to the small size of 
our patient population. “Spontaneous” resolution of HT was 
observed in only one patient, and this patient was positive 
on scintigraphy.

Proteinuria and CKD are characterized as extracardiac 
clinical red flags, these conditions are already common 
in the HFpEF population. Although the prevalence of 
proteinuria and CKD varies depending on the age and 
comorbidities of the patient population included in the 
studies, it has been reported that 30%–41% of patients with 
HfpEF have proteinuria [26–28], and 26%–49% have CKD 
[29]. Similar to previous studies, in our study population, 
we observed proteinuria in 15 (17.6%) patients (8 with 
CKD, 7 without CKD) and CKD in 33 (38.8%) patients. Also, 
there were no patients planned for kidney transplantation. 
The most common reasons for the increase in the number 
of red flags were the presence of CKD and/or proteinuria.

ECG, ECHO, and laboratory red flags
Electrocardiographic abnormalities in HF with reduced 
ejection fraction are widely described and guide medical 
and device therapy. However, other than a high prevalence 
of atrial fibrillation, little is known about ECG features asso-
ciated with HFpEF. ECG variables can help predict the etiol-
ogy in patients with HFpEF but are very heterogeneous. It 
has been reported that 10-30% of patients with HFpEF have 
electrocardiographic LVH. ECG abnormalities reported in 
patients with HFpEF include atrial fibrillation (prevalence 
12%–46%), long PR interval (11%–20%), pathological Q 

Table 4. Frequency of cardiac and extracardiac amyloidosis red flags in patients with HFpEF

Variable TTR-CA negative  
(n = 70)

TTR-CA positive
(n = 15)

P-value

Polyneuropathy, n (%) 4 (4.3) 2 (13.3) 0.21

Dysautonomia, n (%) 2 (2.9) 1 (6.7) 0.45

Macroglossia, n (%) — — —

Bilateral carpal tunnel syndrome, n (%) — — —

Ruptured biceps tendon, n (%) — — —

Lumbar spinal stenosis, n (%) — — —

Family history, n (%) — — —

Renal insufficiency (GFR <60 ml/min/1.73 m2), n (%) 30 (42.8) 3 (20) 0.28

Proteinuria, n (%) 12 (17.1) 3 (20) 0.52

Hypotension or normotensive if previous hypertensive, n (%) — 1 (6.7) 0.18

Pseudoinfarct pattern, n (%) 2 (2.9) 3 (20) 0.04

Low/decreased QRS voltage to degree of LV thickness, n (%) 0 2 (13.3) 0.03

AV conduction disease, n (%) 2 (2.9) 1 (6.7) 0.44

Disproportionately elevated NT-proBNP, n (%) 3 (4.3) 5 (33.3) 0.004

Granular sparkling of the myocardium, n (%) 0 2 (13.3) 0.03

Increased right ventricular wall thickness, n (%) 8 (11.4) 2 (13.3) 0.56

Increased valve thickness, n (%) 14 (20) 6 (40) 0.09

Pericardial effusion, n (%) 3 (4.3) 3 (20) 0.06

Reduced LS with apical sparing pattern, n (%) 1 (1.5) 8 (57.1) <0.001

Abbreviations: GFR, glomerular filtration rate; HF, heart failure; LS, longitudinal strain; other — see Tables 1–3
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waves (11%–18%), and left bundle branch block (0%–8) 
[30]. In our study population, 27% of patients had electro-
cardiographic LVH, 5 (5.8%) had a pseudo-infarct pattern, 
and 3 (3.5%) had AV conduction disease. In addition, there 
were two patients with low voltage on ECG in the limb leads 
inconsistent with LV wall thickness and these patients were 
ATTR-CA positive. Analysis of easy-to-assess ECG variables 
in patients with HFpEF can be of substantial help in the 
diagnostic workup of ATTRwt-CA.

Besides, ECHO is essential for the initial evaluation of pa-
tients with suspected and diagnosed of HFpEF. In addition, it 
has been reported that cardiac magnetic resonance imaging 
is a valuable tool in determining the etiology in patients with 
HFpEF [31]. Diastolic dysfunction, LA enlargement, LVH, RV 
enlargement, and elevated pulmonary artery systolic pres-
sure were common in patients with HFpEF. Apart from these 
findings, RV hypertrophy, thickening of cardiac valves and 
interatrial septum, granular appearance of the myocardium, 
and pericardial effusion are common in patients with CA. In 
the present study, the most common finding among ECHO 
red flags was thickening of cardiac valves, but there was 
no difference between the two groups (P >0.05). Another 
“classical” ECHO features of CA were the “granular sparkling 
and reduced LS with apical sparing pattern”, which were 
significantly higher in the patients with ATTRwt-CA. The 
results of this study were similar to the results of previous 
studies for echocardiographic red flags [4].

NT-proBNP is a marker of neurohormonal activation 
that is useful in the diagnosis and prognosis of HF. Previous 
studies comparing NT-proBNP levels in different forms of 
amyloid cardiomyopathy suggested that NT-proBNP values 
are lower in ATTR-CA than in AL-CA, besides increased 
ventricular wall thickness [32]. In addition, NT-proBNP 
levels that are disproportionate to the degree of HF are 
suggestive of ATTRwt-CA [33]. It has even been reported 
that some patients with suspected hypertrophic cardio-
myopathy, with LVH and normal NT-proBNP levels, may 
have undiagnosed ATTR-CA [34]. In this study, there was no 
significant difference in NT-proBNP levels between HFpEF 
patients with and without CA. However, “the presence of 
disproportionately elevated NT-proBNP to degree of HF” 
was significantly higher in patients with ATTRwt-CA.

Study limitations
The presence of persisting elevated troponin could not be 
evaluated as a cardiac laboratory red flag. Cardiac magnetic 
resonance imaging findings that were part of the red flag 
assessment were not evaluated. Another limitation is that 
endomyocardial biopsies were not performed in this study. 
Diagnostic tests were performed for storage diseases and 
hypertrophic cardiomyopathy in clinically suspected pa-
tients, but not routinely in all patients. 

CONCLUSION
The results of the study showed that patients diagnosed 
with HFpEF had an average of 1.3 red flags suggestive of CA. 

Extracardiac and cardiac clinical red flags were extremely 
rare in patients. Approximately, an electrocardiographic 
red flag was detected in 2 out of 10 patients and an echo-
cardiographic red flag in 4 out of 10 patients with HFpEF. 
Furthermore, red flags were twice as common in HFpEF 
patients with CA than in HFpEF patients without CA.
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