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Conclusions and implications

• In this study, a simple DL model—CA patients classification net (CAclassNet)—was 

developed and assessed as a potential tool in the diagnosis and classification of CA. 

The model had a final classifier returning AL or ATTR amyloidosis and control scores

• CAclassNet shows potential to aid clinicians in the diagnosis and subtype 

classification of CA, using cardiac [18F]-Florbetaben PET images acquired a few 

minutes after injection

Introduction

• Non-invasive methods for achieving an early diagnosis of cardiac amyloidosis (CA), 

and for differentiating between light-chain and transthyretin amyloidosis (AL amyloidosis 

and ATTR amyloidosis) subtypes, are important to avoid delayed and misdiagnosis

• Recently, positron emission tomography (PET) imaging, particularly after 

[18F]-Florbetaben injection, has been considered for CA characterization, although the 

technique is challenging and prone to errors

• Deep learning (DL) techniques are increasingly being used in medical imaging to assist 

and enhance an accurate diagnosis, particularly in cases where disease classification 

is problematic

• This study aimed to evaluate the potential of using DL tools for characterizing the 

presence of CA from early acquired PET images in patients with AL or ATTR 

amyloidosis, or control patients (no CA)

Summary at-a-glance: 
The CAclassNet deep 

learning model has 
potential to aid the 

diagnosis and 
classification of 

cardiac amyloidosis
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• In this prospective study, a total of 47 subjects were included:

• 13 with transthyretin amyloid cardiomyopathy (ATTR-CM)

• 15 with AL amyloidosis with cardiomyopathy (AL-CM)

• 19 control patients with suspicion of CA but an alternative diagnosis

• PET/computed tomography (CT) images were acquired, covering a time interval of 5 minutes starting 15 minutes after 
the injection

Understanding PET

• Usually, one or two 3D PET images are acquired several minutes (from 40 minutes to >1 hour) after tracer injection and 

visually analyzed with respect to standard uptake values

• Alternatively, at least two images can be acquired at about 5 and 20 min after injection: extracting some indexes, such as 

retention index, target to background ratio or percentage myocardial tracer retention, from those images at different 

uptake stages might provide a new strategy to distinguish between the two subtypes of CA 

(i.e., ATTR from AL amyloidosis), but it is very difficult and prone to errors
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• A deep convolutional neural network (CNN), CAclassNet, was designed and implemented specifically for 
early-acquired cardiac PET images

• The input to the network was given by the 2D PET axial images covering the heart

• Five 2D convolutional layers were used to extract meaningful features from the images for disease 
classification

• The results of each convolution was filtered for image distortions; the output of the convolution layers was 
then provided as three fully connected layers, coupled with dropout steps to minimize the risk of data 
overfitting

• Finally, a classifier returned the final AL-CM, ATTR-CM and control scores

• In total, 1107 2D images were used in the study to train, validate and test this network (for sensitivity, 
specificity, and accuracy)

• A blinded clinical reading was performed by a reader with >10 years experience in cardiac nuclear medicine 
who visually analyzed all the images used in the proposed network

• For each image, he reported whether it was relative to a control subject, to a patient with AL-CA or a 
patient with ATTR-CA
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CAclassNet underwent training and validation

CAclassNet, CA patients classification net; SD, standard deviation.
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Training and validation phases showed the training error to be 

1.6311%, validation error to be 2.5% and net accuracy as 97.5%.

CAclassNet cross-validation resulted in a training error mean ±

standard deviation (SD) of 2.001% ± 0.96%, validation error of 4.5% ±

2.26%, and net accuracy of 95.49% ± 2.26%.

Network test error resulted in mean ± SD values of 10.73% 

± 0.76%.

Classification 

of a new data 

image took 

approximately 

30 ms
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Image tests on the trained CAclassNet demonstrated good 
sensitivity, specificity, and accuracy

AL-CM, light-chain amyloidosis with cardiomyopathy; ATTR-CM, transthyretin amyloid cardiomyopathy; CAclassNet, 
CA patients classification net.
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• The average classification error was approximately 
10%, with high sensitivity and specificity values of 
>0.8 and >0.89

• Of note, no classification errors of AL-CM vs 
ATTR-CM patients occurred; classification errors were 
only related to the classification of ATTR-CM or AL-CM 
patients with the controls

• The accuracy of CAclassNet on average was >90%

• Sensitivity, specificity and accuracy values were higher 
than the blinded clinician image visualization, 
suggesting visual analysis of the images acquired 
15 minutes after injection would be inadequate to 
perform a diagnosis

AL-CM ATTR-CM Control

Sensitivity 1 0.935 0.809

Specificity 0.912 0.897 0.971

Accuracy 0.936 0.972 0.909

AL-CM ATTR-CM Control

Sensitivity 0.533 0.314 0.562

Specificity 0.744 0.802 0.667

Accuracy 0.673 0.665 0.627

CAclassNet

Blinded clinical reading
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Discussion points

• To the best of the authors’ knowledge, this is the first 

study on the use of DL tools for the diagnosis of 

CA using early PET images

• The diagnosis of CA using imaging is typically a 

challenge because visual inspection of early images 

does not demonstrate significant differences in terms of 

cardiac uptake among the three groups of patients

• The decision to use the CAclassNet was made after 

implementing and running tests on other networks

• The authors undertook several strategies to minimize 

the risk of ‘overfitting’ due to the low number of 

data available

Links to further useful papers/materials: Martin-Isla C, et al. Front Cardiovasc Med 2020;doi:10.3389/fcvm.2020.00001.

Implications

• This method would be of great benefit to patients, nuclear medicine 

specialists and diagnostic centers: the patient would have a shorter 

waiting time for imaging post-injection, classification could be quickly 

achieved, and the center staff could better organize their activities

• CAclassNet appears to enable the diagnosis and characterization 

of CA subtypes from PET images, which would otherwise be 

impossible to obtain useful information from via image visualization

• While these results show promise that CAclassNet helps to perform an 

accurate diagnosis, further testing with larger datasets will be 

required to validate this further

• In the future, the use of dynamic PET imaging, not explored in this 

study, would enable a better trade-off between acquisition time and 

diagnostic accuracy
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Glossary

• CNN (convolutional neural network): a deep learning algorithm that can take an input image, assign 

importance to various aspects of the image and be able to differentiate one from the other: it shows great 

potential in assisting and enhancing an accurate diagnosis

• DL (deep learning): a type of machine learning in artificial intelligence that has networks capable of learning 

unsupervised from unlabeled data/images

• Overfitting: if the network is too complex and big with respect to the training dataset, it is often able to 

perfectly reproduce the variance in the training data, but might not be able to generalize, showing poor 

performance when it is shown new (test) data

• PET (positron emission tomography): an imaging scan that uses dye containing radioactive tracers—

injected, swallowed or inhaled—to visualize a part of the body


