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Summary at-a-glance:
ATTR-CA can be accurately 

differentiated from other forms 
of HF with IVSd using a 
combination of ECG and 

ECHO parameters
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AL, light-chain amyloidosis; ATTR amyloidosis, transthyretin amyloidosis; ATTR-CA, transthyretin cardiac amyloidosis; ECG, 
electrocardiogram; ECHO, echocardiogram; HF, heart failure; IVSd, increased septal thickness; LV, left ventricular; R, R-wave amplitude; 
RELAPS, relative apical sparing; RWT, relative wall thickness. 

Introduction
• Results from echocardiogram (ECHO) or electrocardiogram (ECG) investigations can 

give rise to suspicion of transthyretin cardiac amyloidosis (ATTR-CA)

• Typical findings linked to ATTR-CA include: 
• ECHO: increased wall thickness followed by restrictive ventricular filling, or relative apical 

sparing (RELAPS) from cardiac deformation
• ECG: absence of signs of left ventricular (LV) hypertrophy despite increased wall thickness 

• This study investigated the identification of ATTR-CA in patients with increased septal 
thickness (IVSd) using ECHO and ECG, hypothesizing that a combination of both 
techniques could accurately differentiate ATTR-CA from other causes of heart failure 
(HF) with increased wall thickness

Conclusions and implications
• A simple combination of ECG and ECHO parameters used in clinical settings was 

able to differentiate ATTR-CA from other HF pathologies with increased IVSd

• Use of R in –aVR from EGC could accurately differentiate between ATTR-CA and 
non-ATTR-CA HF patients despite similar septal thicknesses  

• When combined with relative wall thickness (RWT) in echocardiography, this model 
was even more accurate and had high sensitivity for both light-chain (AL) and 
ATTR amyloidosis

• This formula may be useful in screening patients prior to bone scintigraphy or 
tissue biopsy 



Methodology: patient selection 

DPD, 3-diphosphono-1,2-propanodicarboxylic acid; ATTR amyloidosis, transthyretin amyloidosis; ATTR-CA, transthyretin cardiac 
amyloidosis; HF, heart failure; ICD-10, International Statistical Classification of Diseases and Related Health Problems 10th Revision; 
IVSd, increased septal thickness; v, variant; wt, wild-type. 

Read more: 
pages 2–3 of published paper 

Patients investigated:
• Within primary catchment area of 

Umeå University Hospital
• Been treated at the departments of 

internal medicine or cardiology between 
January 2010 and May 2018

• An ICD-10 diagnosis of HF, 
cardiomyopathy, or hypertensive 
heart disease were investigated 

Inclusion criteria for further investigation:
• IVSd >14mm
• Absence of ATTR-CA other than wild-type 

(wt) or hereditary (variant; v) ATTR 
amyloidosis

• Endomyocardial biopsy or 99mTc-3,
3-diphosphono-1,2-propanodicarboxylic acid 
(DPD) scintigraphy completed to determine 
presence of ATTR amyloidosis

Control group:  
HF with negative 

scintigraphy

https://pubmed.ncbi.nlm.nih.gov/34033209/


Methodology: measurements

ECG, electrocardiogram; ECHO, echocardiogram; DPD, 3,3-diphosphono-1,2-propanodicarboxylicacid; LV, left 
ventricular; PWT, posterior wall thickness; RELAPS, relative apical sparing; ROC, receiver operating characteristics; 
RWT, relative wall thickness.

Read more: 
pages 2&4 of published paper 

ECHO parameters

Relative wall thickness (RWT)

Relative apical sparing (RELAPS)

Posterior wall thickness (PWT)

ECG analyses

Rhythm

Anterior pseudo-infarction

Conduction abnormalities 

QRS amplitudes*

DPD scintigraphy

Intravenous injection 
administered 3h prior to 

whole-body planar imaging

Perugini grading system 

*Included LV hypertrophy and low voltage.

• Receiver operating characteristics (ROC) curves were calculated for univariate ECHO and ECG parameters
• ROC curves of multivariate parameters consisting of R-wave amplitude in –aVR and ECHO parameters were calculated

https://pubmed.ncbi.nlm.nih.gov/34033209/


Results

AF, atrial fibrillation; ATTR-CA, transthyretin cardiac amyloidosis; AV, atrioventricular; HF, heart failure; LVEF, left 
ventricular ejection fraction; PWT, posterior wall thickness; RELAPS, relative apical sparing; RWT, relative wall thickness.

Read more: 
pages 4–5 of published paper 

ECHO
Mean left ventricular ejection fraction (LVEF):
• 50% in ATTR-CA 
• 53% in control (p=0.201)

HF with preserved ejection fraction defined as 
LVEF ≥50%:
• 67% in ATTR-CA
• 76% in control (p=0.187)

RELAPS pattern (cut-off ≥1):
• 78% in ATTR-CA
• 17% in control (p<0.001)

Significant increase in PWT (p<0.001), 
RWT (p<0.001), and wall thickness (p<0.01) in 

ATTR-CA group vs control

ECG
Abnormal heart rhythm in ATTR-CA:
• 33% atrial fibrillation (AF)
• 24% atrioventricular (AV) block type I
• 52% left atrial hemiblock
• 29% anterior infarction pattern

Low voltage (Sokolow-Lyon criteria):
• 43% in ATTR-CA
• 0% in control (p=0.001)

Low voltage (traditional criteria):
• 11% in ATTR-CA
• 0% in control  (p=0.147)

https://pubmed.ncbi.nlm.nih.gov/34033209/


Best ECG predictor for 
differentiating groups was

R in –aVR (AUC 94%)
ECHO parameter with 
highest AUC from ROC 

analysis was RWT
(AUC 88%)

In multivariable analysis, 
the best diagnostic 

accuracy was found with 
RWT/R –aVR (AUC 99%)

ROC: univariate and multivariate analysis

AUC, area under curve; ECG, electrocardiogram; ECHO, echocardiogram; R, R-wave amplitude; ROC, receiver operator 
characteristics; PWT, posterior wall thickness; RELAPS, relative apical sparing; RWT, relative wall thickness.
1. Gustavsson S, et al. Amyloid 2015;22(3):163–70.

Read more: 
pages 5&7 of published paper 

Sensitivity of 74% and specificity of 74% were found according to 
algorithm proposed by Gustavsson, et al.1

https://pubmed.ncbi.nlm.nih.gov/34033209/


Conclusions and implications

AF, atrial fibrillation; AL, light-chain amyloidosis; ATTR-CA, transthyretin amyloid cardiac amyloidosis; AV, 
atrioventricular; ECG, electrocardiogram; ECHO, echocardiogram; HF, heart failure; R, R-wave amplitude; RWT, 
relative wall thickness.

Discussion points
• Use of R in –aVR from EGC could accurately

differentiate between ATTR-CA and non-ATTR-CA 
HF patients despite similar septal thicknesses  

• When combined with RWT in ECHO, this model 
was even more accurate and had high 
sensitivity for both AL and ATTR amyloidosis

• ECG finding displayed high prevalence of 
arrhythmias in ATTR-CA (AF and AV block)   

Implications
• A highly accurate and sensitive model to identify 

ATTR-CA among HF clinics was found by 
combining these two parameters

• This method is non-invasive, simple, and 
clinically useful, and does not require more 
advanced techniques 

• May be useful in screening patients before final 
diagnosis via bone scintigraphy or biopsy

• May reduce number of unnecessary radiations
by bone scintigraphy 

Read more: 
pages 6&8 of published paper 

Links to further useful papers/materials:
Gustavsson S, et al. Amyloid 2015;22:163–170.

https://pubmed.ncbi.nlm.nih.gov/34033209/
https://pubmed.ncbi.nlm.nih.gov/26104852/


Glossary

• Perugini grading system: a grading system from 0–3 to measure uptake of DPD and presence of ATTR 
amyloidosis, where grade 0 is negative

ATTR amyloidosis, transthyretin amyloidosis; DPD, 3,3-diphosphono-1,2-propanodicarboxylic acid.
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