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Artificial intelligence for electrocardiogram analysis

Deep Learning, Decision support, Computer Aided Diagnosis, Wearable Device
ECG12Net and its specific training process have been developed for ECG recognition.

More than 50 clinical diagnoses supporting via ECG12Net which is better than cardiologists.

The model has been deployed in hospital, and further application in out-of-hospital is conducting.
Morphologies not in textbook has been identified and used to teach physicians.

Deep learning algorithm design for medical data

Deep Learning, Statistics, Mathematics, Epidemiology

Unsupervised learning aided deep neural network training to solve the rare data problem.
Matched deep learning training strategy for learning causality.

To design special prediction functions and loss functions to solve the problem of missing data.
Multi-level statistical models enhanced deep learning for personalized artificial intelligence.

Smart hospital development

Deep Learning, Computer Vision, Natural Language Processing
The self-developed annotation system is applied to service more than 30 researches.
Automatic training process is used in X-ray, CT, MRI, endoscope, pathology, etc.
Initial diagnosis and calculation for reducing physician loading.

The natural language processing system is applied to simplify routine works.
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Appendix 1 Introduction about my works

1. Artificial intelligence for electrocardiogram analysis (Nov 2017 - Recent)

Cardiovascular disease (CVD) is an important public health issue. Screening and diagnosis play key role to reduce
the burden of disease. The electrocardiogram (ECG) is a cheap and simple examination. With the development
of deep learning models (DLMs), the artificial intelligence (Al) enabled ECG system has been able to accurately
assist in the screening of chronic CVDs and the detection of acute CVD events, which provided an opportunity
to facilitate the healthcare system, including hospital, community, and home. Our Al-enabled ECG interpretation
system combines the large-scale annotation database and the innovative deep learning algorithm, which can
accurately assist in the diagnosis of more than 50 diseases using only one simple ECG. This system will be active
by ECG upload and conduct real-time analysis (Fig 1), which provides physicians to identify severe, asymptotic,
and unaware cardiovascular diseases at the first time. It can also be widely used in remote communities to
conduct cheap and simple chronic cardiovascular disease examinations and reduce the related disease burden
through early diagnosis and treatment. Currently, we also focus on the application of these technologies in out-
of-hospital condition to wearable device (Fig 2).
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Fig 1 | ECG based fatal diseases detection system in hospital. All ECGs are covered by our Al system, and the Al report will be
generated within 10 seconds. SMS will actively send the message to physicians when the patient suffered acute fatal diseases.
Physicians can use the URL for reviewing the details of Al report, and subsequently starts the treatment. This was a STEMI case
which detected by our Al system and alerted the on duty cardiologist for earlier PCI.
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Fig 3 | Interview on documetary of Discovery channel.
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The successful of our AI-ECG was based on extensive database and novelty algorithms. Our team has the world
number two ECG database with the most comprehensive patient characteristics and diagnoses. Besides, we
have innovative deep learning algorithms to enhance model performance, so our Al-enabled ECG interpretation
system can assist extensive disease diagnoses with high accuracy. Our system has been deployed in many fields
to change local clinical process, and the relevant results have also been recognized by several domestic awards
(Figs 2-6) and published about 20 clinical application or algorithm studies in international journals.

Our AI-ECG interpretation system hopes to monitor the user's physiological condition in a non-invasive way
through ECG examination. It provides simple
disease screening tools and assists clinicians in
making real-time decision-making in places
where medical resources are lacking. The
system can effectively and quickly diagnose
acute cardiopulmonary diseases and simply
screen potential diseases. In addition to being
used in hospitals, it can also be used in
ambulances, telemedicine and wearable
devices (Fig 7) in the future to reduce the
possibility of sudden death. Therefore, it is of
great help in improving the health of the g B T i
Taiwanese people and even all mankind. Fig 7 | NDMC and Quanta for wearable device.

2. Deep learning algorithm design for medical data (Jul 2018 - Recent)

With the third artificial intelligence (Al) revolution started from 2012, the deep learning model (DLM), a data-
driven algorithm, can learn the useful features rather than manually when the large annotated dataset available.
This provides an excellent opportunity to improve healthcare, but there are some limitations of medical data
which are needed to develop suitable algorithms for medical Al system.

1. Unsupervised learning aided deep neural network training to solve the rare data problem.
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Fig 8 | DLM training strategy for ECG data. To apply the DLM pre-trained by ImageNet for improving the accuracy is common in
medical image analysis. We revolutionarily developed an unsupervised training strategy enhancing the feature extraction ability of
DLM in ECGs through patient ID learning. This will improve the model accuracy especially in rare disease detections.

Because the medical data involves manual operations and expensive instruments, the amount of annotated
datais scarce compared to other industries. Moreover, the incidence and prevalence of fatal diseases are mostly
lower compared to non-fatal diseases. To conquer the insufficient data limitation is necessary. Transfer learning
is a common solution in deep learning training that can effectively reduce the required sample size. Our main
work is to use a large amount of unlabeled data for unsupervised algorithms, and apply them to supervised
learning (Fig 8).



2. Matched deep learning training strategy for learning causality.

Traditional medical researches focus on causality exploration, but the medical Al studies often ignored this issue.
Since the powerful feature extraction ability from DLM, current Al often learns the spurious correlations to
construct the prediction which reduce the accuracy in future external validation. We designed the matched
training strategy to maximize the notable features learning by DLM, which significantly improves the accuracy
in many tasks (Fig 9).
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Fig 10 | Deep neural network for survival analysis. The
typical follow up cohort will suffer from right-censored data
problem, and all the tests may be not performed every time.
The survival analysis in the statistics gives us a good
inspiration. By cutting the data into fine-grained time
Fig 9 | Hybrid sampling method. Since the existing data structure, periods, we effectively use the information of all samples.
such as pregnant cases usually without cancer, the DLM will use the  We apply the masking idea to our sample for deep learning
pregnant terms as the negative predictors for identifying cancer training in conventional medical data. It will solve the gap to
discharge notes. This hybrid sampling method, a type of matching directly apply traditional deep learning technology in the
strategy, avoids DLM to learn spurious correlations for improving medical field.
the external accuracy.

3. To design special prediction functions and loss functions to solve the problem of missing data.

The data source is usually based on observational design in the medical field, so DLM training is often limited by
unusual data format. We have designed few DLM architecture with its specific loss function, such as survival
analysis and restricted continuous output (Fig 10).
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Fig 11 | The advantage of personal Al predictions. This is an example to use ECG based K* for guiding K* supplement treatment in
hypokalemia patients. The blue line is the actual K* based on laboratory test, and the black dashed line is the predicted K* based on
DLM. DLM continuously overestimates the K* concentration due to unknown reasons. The personal model may use the real time
validation to revise the estimations. The STEMI detection model also can use this personal revision to exclude the impact of Ml
history.

4. Combination of multi-level statistical models and deep learning to create personalized artificial intelligence.



The treatment response for each individual is different, so it is impossible to use one artificial intelligence model
for individually accurate prediction. Establishing a personalized artificial intelligence model is crucial, however,
it is impossible to train personalized artificial intelligence model using individual data. The multi-level data
analysis in statistics shows how to use the distribution assumptions to construct personalized predictions.
Although only one record can be used to construct a personalized prediction. Our algorithm can dynamically
revise the predictions (Fig 11).

3. Smart hospital development (Sep 2016 - Recent)
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Fig 15 | The template application for disease coding of discharge note. Our
team has developed an automatic disease classification approach from free- Fig 16 | AloT center won the national medical
text clinical narratives by word embedding combining convolutional neural quality award. The Al system developed by our
network, and its performance is 30% better than the best of traditional AloT center shows the application situations in Tri-
method (natural language processing plus random forest). Moreover, we have service general hospital which saves many lives
developed a projection word2vec model for maintaining the vocabulary from acute cardiac diseases. Vice superintendent
diversity from open internet databases without jeopardizing the medical was the awarded representative of our team.
terminology understanding of EMRs. This is useful to identify COVID-19 before

hospitals comfort any cases.



More than 90% diagnosis depends on free-text descriptions or medical images. However, the medical image
recognition is laborious and costly. An efficient computer-aided diagnosis system may decrease the extent of
labor-intensive nature of health care system. We have developed multiple annotation systems to service
more than 30 researches (Fig 12). Based on these vary data, we have developed an automatic training process
for training DLMs. Many services are deployed in our hospital to reduce physician loading (Figs 13 & 14).
Moreover, an automatic discharge note classification system based on natural language processing of DLM
helps hospital to simplify the routine process (Fig 15). This work won an award and lead to the first smart
hospital in nationwide (Fig 16).

4. Technology enhanced learning (Jan 2019 - Recent)

Although medical image interpretation plays a critical role
in biomedicine, it remains a great challenge for medical
students in real clinical practice. Technology enhanced
learning provides deliberate learning for medical students
to improve learning efficiency. We have developed aweb ..
based ECG (Fig 17) and image (Fig 18) exercise system, &
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Fig 18 | The web based image interpretation exercise system. Fig 19 | Summary table for students’ answer.

5. Statistical method development (PhD thesis: Jul 2013 - Sep 2016)

DNA information decoding is an important part A meta-analysis dataset

of precision medicine. Conventional genome-
wide association studies (GWAS) have
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meta-analysis is a common method for
increasing statistical power. However, sufficient  Fig 20 | A typical analysis pipeline of ETMA. This figure summarized
detailed individual data is difficult to obtain. Our the pipeline of ETMA. The main input is a meta-analysis dataset,

team provides two innovative methods to detect which including the number of wild/mutation type of SNP1/SNP2 in

d . . . case/control group. The output includes the odds ratios of each SNP
gene—gene and gene—environment interactions and their interaction. We provide an R-package "etma" to implement

using summary data, respectively (Fig 20). this statistical analysis.
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A comprehensive artificial intelligence system for heart valve disease from screening to postoperative care (1/3).
Cheng Hsin General Hospital

Jan, 2023 - Dec, 2023, NT$ 800,000, CHNDMC-112-05

Pl Lin C; Co-Pl: Lee YT
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data platform.
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Pl: Wang CH; Co-PI: Lin C et al.
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Cheng Hsin General Hospital

Jan, 2022 - Dec, 2022, NT$ 500,000, CHNDMC-111-07

Pl Lin C; Co-Pl: Lee YT
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Pl: Fang WH; Co-PI: Lin C

Artificial intelligence analysis of response of olfactory mice model.

Medical Affairs Bureau
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Pl: Lin C; Co-Pl: Chen CF

Epidemiology and deep learning enhanced electrocardiogram innovative health care service system-Screening and
progression prediction for multiple chronic diseases and abnormal cardiac states

Ministry of Science and Technology, Taiwan

Aug, 2021 - Jul, 2024, NT$ 4,050,000, MOST110-2314-B-016-010-MY3

Pl: Lin C; Co-PI: Lin CS, Fang WH

Development and Validation of Acute Cardiac Sudden Death Monitoring and Real-time Detection System.
National Science and Technology Development Fund Management Association, Taiwan

Jun, 2021 - May, 2022, NT$ 1,107,000, MOST110-3111-Y-016-005

Pl:Lin C

The development of artificial intelligence markers and disease risk assessment model via the multi-source medical
data platform.

Tri-Service General Hospital

May, 2021 - Apr, 2022, NT$ 7,000,000, MOST110-2321-B-016-002

Pl: Wang CH; Co-PI: Lin C et al.

The Development of artificial intelligence in Tri-Service General Hospital: The application of personal predict model
in medical artificial intelligence.

Tri-Service General Hospital

Jan, 2021 - Dec, 2021, NT$ 2,500,000, TSGH-B-110009

PI: Wang CH; Co-PI: Lin C et al.

The association between cardiac age and cardiovascular events in health examination cohort.

Cheng Hsin General Hospital

Jan, 2021 - Dec, 2021, NT$ 365,000, CHNDMC-110-15

Pl: Lin C; Co-Pl: Lee YT

An active biological weapon detector based on odor sensing mice combined with artificial intelligence(1/3)
Medical Affairs Bureau

Jan, 2021 - Dec, 2021, NT$ 475,000, MND-MAB-110-113

Pl Lin C; Co-Pl: Chen CF

The Application of Projection Word Embeddings on the Admission Note Writing Assistant System.
Ministry of Science and Technology, Taiwan

Aug, 2020 - Jul, 2021, NT$ 1,120,000, MOST109-2314-B-016-021

Pl: Fang WH; Co-Pl: Lin C

Apply unsupervised learning to enhance artificial intelligence of electrocardiogram for detecting potential
cardiopulmonary injuries.
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Ministry of Science and Technology, Taiwan

Aug, 2020 - Jul, 2021, NT$ 1,000,000, MOST109-2314-B-016-026

PlI: Lin C; Co-PI: Lin CS, Fang WH

The role of dopamine neurotransmission in Artificial Intelligence treatment of Parkinson's disease by using MitoPark
mice for signal decoding

Ministry of Science and Technology, Taiwan

Aug, 2020 - Jul, 2022, NT$ 2,247,400, MOST109-2314-B-016-019-MY2
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The effect of projection word embeddings on performance of automatic discharge note coding system.
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Pl Lin C; Co-Pl: Lee YT

The effect of word embeddings on performance of automatic discharge note coding system.
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PIl: Lin C; Co-Pl: Wu FR

Establishment and Application of Big Image Database in Taipei Medical University (3/3).
Ministry of Science and Technology, Taiwan

Dec, 2019 - Nov, 2020, NT$ 29,000,000, MOST108-3011-F-038-001

PI: Chen CY; Co-Pl: Lin C et al.

The Core Algorithm Research in Real Time Electro Cardiac Signals Analysis Innovation Ecosystem.
Ministry of Science and Technology, Taiwan

Aug, 2019 - Jul, 2020, NT$ 1,000,000, MOST108-2314-B-016-001

PI: Lin C; Co-PI: Lin CS, Fang WH

Artificial Intelligence based Discharge Note Classification Model Efficacy study.

National Science and Technology Development Fund Management Association, Taiwan
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Establishment and Application of Big Image Database in Taipei Medical University (2/3).
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