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Will artificial intelligence change the job of the cardiac imaging specialist?
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Background

The job of the cardiac imaging specialist has already changed with the introduction of multimodality imaging for patient care. It may further evolve with the arrival of artificial intelligence (AI). Will AI change the job of cardiac imaging specialist? The answer is no doubt "yes" and the real question is rather how will AI change it?

To date, the application of data science to medicine has been less apparent than in other areas, probably due to the protection of health data, preventing manipulation and processing of big data. Indeed, the main fuel for AI is the amount of available data. "Big data" refers to extremely large datasets that cannot be analysed using traditional data-processing methods. In recent decades, we have witnessed the development of medical imaging. Now, echocardiography, computed tomography (CT), cardiovascular magnetic resonance (CMR), positron emission tomography, and single photon emission computed tomography (SPECT) generate an increasing amount of available, analysable data. Indeed, when images are considered at the pixel level, digital pixel matrices become millions of individual variables. A single CT scan results in hundreds of images, each comprising millions of pixels.

Cine imaging expands this volume of data many times over. In the past, AI was expensive due to the need for supercomputers. Within the last few years, however, advances in computer hardware have enabled the development of AI on desktop machines. In addition, the availability of multiple open AIsoftware toolkits to all researchers has allowed the potential for the development of data science.

How does the machine learn?

AI can be thought of as the ability of a machine to make autonomous decisions based on the data it collects. All things start with data. Clean collected data with rigorous quality control is essential and a pre-processing is required to put them in order properly before analysis. The quality, accuracy and richness of features in the data will determine how effectively computational techniques can deliver AI.

Machine learning includes the application of conventional statistics. However, when handling enormous numbers of predictors and outcomes, with complex non-linear links, conventional statistics usually fail. Machine-learning algorithms frequently employed in practice include linear and logistic regression or newer statistical programmes (vector machines and random forests) [START_REF] Dey | Artificial Intelligence in Cardiovascular Imaging: JACC State-of-the-Art Review[END_REF]. These algorithms learn according to specific objectives, which can be divided into two main categories: supervised and unsupervised. Supervised learning is a framework in which a computer learns directly from large quantities of examples that have been correctly labelled by humans. Supervised learning requires a lot of data and is time-consuming. In unsupervised learning, the programme is not trying to fit data to an outcome; instead, it is just trying to identify any potential consistent patterns in the data for isolating patients with high-risk features. Unsupervised learning is used for clustering. Clustering can be an extremely effective tool for understanding the connecting links between clinical information and imaging for discovering relevant disease phenotypes [START_REF] Al'aref | Clinical applications of machine learning in cardiovascular disease and its relevance to cardiac imaging[END_REF].

The real revolution for imaging is deep learning. Modern machine learning techniques can automatically discover such relationships at the pixel level, primarily via deep learning. Deep-learning methods mimic human cognition by using multiple layers of convolutional neural networks (CNNs).

Using CNNs, imaging features are automatically defined in the network, rather than being defined beforehand based on expert knowledge. Deep learning does not require "feature engineering". CNNs have become the best approach for feature extraction in cardiovascular imaging sets [START_REF] Krittanawong | Deep learning for cardiovascular medicine: a practical primer[END_REF]. What is very interesting is that it is a real AI, i.e. a problem will not necessarily be solved in the same way that a human mind would have chosen. Currently, software has been developed to extract certain characteristics (features) of the image. It is then necessary to validate the hypothesis in a cohort of patients and see whether the software gave an interesting parameter for clinical practice. CNN does all the tedious work of extraction and description of features itself, with no need to develop dedicated extraction software. The algorithms learn how to extract the most relevant features of the image and how best to combine them to solve a given problem. Deep learning combines computer science and statistics to find patterns in complex, often voluminous data.

CNNs consists of two parts: an extractor and a classifier. The extraction step consists of successive steps of filtering (convolution) and "simplification" (pooling). The optimized data, named layer fully connected obtained by flattening are then processed by the classifier, classifier is responsible for interpreting the characteristics and deriving an analysis. Figure 1 shows difference between machine learning and DL and the steps of processes. Learning and evaluating a deeplearning algorithm involves dividing a dataset into multiple partitions. Thus, the dataset is divided into training, validation and test data. The training data represent the dataset on which the model is trained to adjust its parameters. During the training phase, the classification error is minimized to optimize the parameters of the neurons. Validation data is the dataset on which model performance is assessed throughout the learning process. As for the test data, they consist of a dataset to evaluate the final generalization performance. Currently, the performance of a deep-learning algorithm is typically reported using a receiver-operating characteristic curve along with its corresponding area under the curve, or C-statistic.

Applications in cardiovascular imaging

Outside cardiology, deep-learning algorithms have proven their ability to diagnose and predict pathologies (e.g. skin cancer and diabetic retinopathy) with a performance level similar to, or higher than, that of physicians [START_REF] Esteva | Dermatologist-level classification of skin cancer with deep neural networks[END_REF][START_REF] Gulshan | Development and Validation of a Deep Learning Algorithm for Detection of Diabetic Retinopathy in Retinal Fundus Photographs[END_REF]. In cardiovascular imaging, clinical applications include image segmentation, automated measurements and, eventually, automated diagnosis and prediction (prognosis). Specifically, for quantification and segmentation, deep learning has a similar accuracy to that of experts for segmenting left and right ventricles on short-axis images and left and right atria on long-axis images by CMR [START_REF] Bai | Automated cardiovascular magnetic resonance image analysis with fully convolutional networks[END_REF]. For diagnosis, fractional flow reserve (FFR) CT approaches require approximately 1-4 hours per off-site analysis (Heartflow®), while AI requires about 40 minutes [START_REF] Tesche | Coronary CT Angiography-derived Fractional Flow Reserve: Machine Learning Algorithm versus Computational Fluid Dynamics Modeling[END_REF]. DL analysis of coronary CT angiograms has been used to help identify patients with functionally significant stenosis (confirmed using invasive FFR) [START_REF] Zreik | Deep learning analysis of the myocardium in coronary CT angiography for identification of patients with functionally significant coronary artery stenosis[END_REF]. Finally, Betancur et al. [START_REF] Betancur | Deep Learning for Prediction of Obstructive Disease From Fast Myocardial Perfusion SPECT: A Multicenter Study[END_REF] applied deep learning to SPECT myocardial perfusion imaging in 2619 consecutive patients. After 3.2 ± 0.6 years of follow-up, the deep-learning algorithm better predicted major adverse cardiac events than did classic perfusion analysis [START_REF] Betancur | Deep Learning for Prediction of Obstructive Disease From Fast Myocardial Perfusion SPECT: A Multicenter Study[END_REF].

The future needs to be collaborative AI methods will be used in two main areas: automating tasks that might otherwise be performed by humans; and generating clinically important new knowledge for risk prediction. For the first, rather than replacing cardiac imaging specialists, deep learning will assist them in making better clinical decisions.

Deep learning may also circumvent the clinical limitations of fatigue or distraction, variable inter-and intraobserver interpretation, and time-consuming interpretation of large datasets. The second area will allow the development of precision medicine. This is possible using cardiovascular imaging combined with "big data" from electronic health records, which can be used to better characterize disease and develop personalized therapy or precise medicine [START_REF] Krittanawong | Artificial Intelligence in Precision Cardiovascular Medicine[END_REF]. For the development of both of these aspects, the role of the cardiac imaging specialist is paramount. First, a change in mentality about sharing databases must occur. The availability and free dissemination of data are prerequisites for progress in the clinical application of deep learning. It is therefore necessary to create databases that contain clinical data, outcomes and image analysis. Currently, this is very rare, although examples are already available [START_REF] Slomka | Rationale and design of the REgistry of Fast Myocardial Perfusion Imaging with NExt generation SPECT (REFINE SPECT)[END_REF]. Second, it is necessary to create interdisciplinary teams of engineers, data scientists and physicians who can collaborate with healthcare organizations and technology companies. For example, with small datasets or datasets without much heterogeneity, there is a risk of overfitting, i.e. the model may only be suited to the dataset from which it was derived and multicentre evaluations and external validation will be impossible before clinical deployment. To overcome this, increasing the size of the training dataset, by relying on the cardiac imaging specialist, will be necessary. As an example, the modification of CNN decreases the number of hidden layers to avoid overfitting dependent on the data scientist. AI provides a new paradigm, as big data can be used to automatically generate new hypotheses, instead of physicians having to initiate hypotheses. However, the involvement of clinicians and data scientists is essential. Indeed, the machine may be more efficient than the human, but the algorithm is a "black box" where it is difficult to trace the path following several manipulations of the image. Data scientists can help to create specific systems to visually manifest the most activating characteristics or regions of an image to explore the black box [START_REF] Henglin | Machine Learning Approaches in Cardiovascular Imaging[END_REF]. With this approach clinicians can identify physio pathological link with imaging data. As there are legal issues, it is likely that physician control and override of these systems will always be required in the future. Thus, a standardized approach to perform and validate AI-related clinical studies is needed.

Conclusions

AI with deep learning will probably change the work of cardiac imaging specialists. However, for them, AI will remain a tool that will help them to be more effective in their clinical practice and develop precise medicine. Indeed, the clinician specialized in cardiac imaging will remain the final decisionmaker in medical management on the basis of all elements of the patient's medical report. Therefore, for the development of this tool, cardiac imaging specialists must be strongly involved at all stages in order to integrate it correctly into diagnostic and therapeutic strategies. 
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