:Al CERTS” CERTS’

+
Al+ Doctor Al

Program Detailed Curriculum

Executive Summary

The Al+ Doctor course is designed to provide healthcare professionals with a comprehensive
understanding of the integration of artificial intelligence in clinical settings. Covering Al's role in
diagnostics, patient care, and workflow optimization, this course equips clinicians with the knowledge to
implement and evaluate Al tools effectively. Key topics include identifying department-specific use cases,
integrating Al across patient care stages, evaluating Al performance, and ensuring regulatory compliance.
The course also emphasizes understanding algorithmic bias, improving transparency, and ensuring ethical
Al use. By the end, participants will be prepared to drive Al adoption, enhance clinical decision-making,

and improve patient outcomes.

Course Prerequisites

Basic Medical Knowledge: Participants should have foundational knowledge of clinical practices, medical
terminology, and patient care processes.

Familiarity with Healthcare Systems: A basic understanding of healthcare systems, including electronic health
records (EHRs) and patient workflows, will be beneficial.

Interest in Technology Integration: A keen interest in exploring the intersection of Al and healthcare, along with a
willingness to learn about Al applications in medical settings.

Data Literacy: A basic understanding of data concepts, including data collection, analysis, and interpretation, is
recommended for understanding Al models and metrics.

Problem-Solving Mindset: Ability to approach challenges with a solutions-oriented mindset, especially when
evaluating Al systems and adapting them to clinical settings.

What is Al for Doctors?

1.1 From Decision Support to Diagnostic Intelligence:

Learn how Al enhances clinical decision-making, transitioning from basic decision support tools to sophisticated
diagnostic intelligence, improving accuracy and speed of diagnosis across specialties.

1.2 What Makes Al in Medicine Unique?

Explore the distinct features of Al applications in healthcare, including data complexity, accuracy, and the need for
ethical considerations in improving patient care and clinical outcomes.



1.3 Types of Machine Learning in Medicine:

Understand the various machine learning models used in healthcare, from supervised learning for diagnosis
prediction to unsupervised learning for identifying hidden patterns in patient data.

1.4 Common Algorithms and What They Do in Healthcare:

Explore key algorithms like logistic regression, decision trees, and neural networks, and how they are applied in
diagnosing diseases, treatment planning, and resource allocation.

1.5 Real-World Use Cases Across Medical Specialties:

Analyze Al applications in fields such as radiology, oncology, and cardiology, focusing on how Al tools improve
diagnostics, treatment, and patient outcomes across diverse healthcare settings.

1.6 Debunking Myths About Al in Healthcare:

Address common misconceptions about Al in medicine, including fears of job replacement and misunderstandings
about Al's capabilities and limitations in clinical decision-making.

1.7 Real Tools in Use by Clinicians Today:

Learn about the Al tools currently deployed in clinical practice, such as IBM Watson, DeepMind, and Aidoc, that
support radiologists, pathologists, and other healthcare professionals.

1.8 Hands-on:

Medical Imaging Analysis using MediScan Al: Gain practical experience in analyzing medical images using
MediScan Al, which leverages machine learning to identify and highlight abnormalities like tumors in X-rays and
MRIs.

Al in Diagnostics & Imaging

2.1 Introduction to Neural Networks: Unlocking the Power of Al

Biological vs. Artificial Neurons: A Tale of Two Systems: Understand the fundamental differences between
biological neurons and artificial neurons in neural networks. Explore how neurons in the brain process information

and how artificial neurons in Al models mimic these processes to recognize patterns.

Why Al Mimics the Brain: The Power of Learning from Experience: Learn why Al models, particularly neural
networks, are designed to mimic the brain's ability to learn from experience. This section explores how networks
adjust their weights based on feedback to improve predictions, much like the human brain learns from stimuli and

experiences.



2.2 Convolutional Neural Networks (CNNs) for Visual Data: Seeing with Al's Eyes

o Convolutional Layers: The Feature Detectives: Dive into convolutional layers, which act as feature detectors in
convolutional neural networks (CNNs). These layers scan images, identify edges, textures, and other important
features, allowing Al to understand the structure of visual data.

o Pooling Layers: The Information Compressors: Explore pooling layers, which help reduce the size of the data
processed by CNNs. Pooling layers aggregate features, making the network more efficient by reducing
computational complexity while preserving important information.

o Fully Connected Layers: The Decision Makers: Learn about fully connected layers in CNNs, where neurons are
interconnected, allowing the network to make final decisions based on the features extracted by earlier layers. These
layers combine the information from all parts of the image to classify it or make predictions.

2.3 Image Modalities in Medical Al: Al's Multi-Modal Vision

« X-rays: The Foundation of Medical Imaging: X-rays are a cornerstone of medical diagnostics, providing vital images
to detect conditions like bone fractures, lung infections, and more. This section discusses how Al-powered image
analysis enhances the accuracy and speed of diagnosing diseases from X-ray images.

o CT Scans (Computed Tomography): Unveiling 3D Detail: Understand how CT scans provide detailed 3D images of
internal organs and tissues, allowing for accurate diagnosis of complex conditions. Learn how Al assists in analyzing
CT data to detect issues such as tumors, blood clots, and internal injuries.

 MRIs (Magnetic Resonance Imaging): High-Resolution Soft Tissue Insights: MRIs provide high-resolution images of
soft tissues, crucial for diagnosing neurological, musculoskeletal, and cardiovascular issues. This section explores how
Al helps improve MRI interpretations, especially in identifying subtle abnormalities or early-stage diseases.

« Histopathology Slides: Diving into Cellular-Level Analysis: Histopathology involves examining tissue samples to
diagnose diseases like cancer. Learn how Al is used to analyze histopathology slides, automating the identification of
cellular patterns and helping pathologists detect abnormalities more efficiently and accurately.

2.4 Model Training Workflow: From Data Labeling to Deployment — The Al Lifecycle in Medicine

« Data Collection: The Lifeblood of Al: Data is essential for training Al models. This section covers the importance of
collecting high-quality, diverse datasets from various clinical sources, such as patient records, imaging data, and lab
results, to train accurate and reliable Al models.

o Labeling: Teaching Al What to See: Explore the process of labeling data, where experts annotate medical images or
records to train Al systems. Accurate labeling is critical for teaching Al how to recognize diseases and conditions,
ensuring the system's predictions are valid.

o Preprocessing: Cleaning and Standardizing the Data: Data preprocessing involves cleaning and standardizing
data to make it suitable for Al models. This includes handling missing values, correcting errors, and ensuring
consistency across datasets, which is crucial for improving model accuracy.

o Training: The Learning Phase: Learn how Al models undergo the training phase, where they are exposed to large
datasets, allowing them to "learn" by adjusting their parameters. This section explains the role of algorithms in
optimizing the model to make accurate predictions.

» Validation & Testing: Rigorous Assessment: Al models undergo rigorous validation and testing to ensure they
perform accurately on new, unseen data. This section discusses how the validation process checks a model’s
generalizability and reliability before it is deployed in real-world scenarios.

o Deployment: Integrating Al into Clinical Workflows: After successful training and validation, Al models are
deployed in clinical settings. Learn about the process of integrating Al tools into existing clinical workflows, ensuring
they assist healthcare professionals in decision-making without disrupting daily operations.



2.5 Human-Al Collaboration in Diagnosis: The Power of Augmented Intelligence

Al as a Second Reader: A Vigilant Co-Pilot: Explore the concept of Al as a second reader, providing clinicians with
additional insights and suggestions. Al assists by reviewing patient data, images, and test results, helping doctors
make more informed decisions with greater accuracy.

Reduces Cognitive Fatigue: Combating Burnout in Repetitive Tasks: Learn how Al helps reduce cognitive fatigue
by automating repetitive tasks, allowing clinicians to focus on more complex aspects of patient care. This not only
improves efficiency but also helps combat burnout among healthcare professionals.

Provides Triage Support: Prioritizing Urgent Cases: Al systems can assist in triaging patients by evaluating
symptoms and medical data to prioritize urgent cases. This section explores how Al-driven triage tools ensure that
the most critical patients receive immediate care in emergency settings.

2.6 FDA-Approved Al Tools in Diagnostic Imaging: Trust and Validation

Aidoc: Real-Time Triage in Emergency Settings: Aidoc provides real-time diagnostic support in emergency
settings, especially in radiology. This section discusses how Aidoc analyzes medical images instantly, flagging critical
conditions such as brain bleeds or spinal fractures for urgent attention.

Arterys: Cloud-Based Collaborative Diagnostics: Arterys leverages cloud technology to enable real-time
collaboration in medical imaging. Explore how Arterys’ Al platform supports clinicians by providing instant analysis
and facilitating remote consultations for accurate diagnostics.

IDx-DR (now Digital Diagnostics): The First Autonomous Al Tool: IDx-DR is the first FDA-approved autonomous Al
tool for diagnosing diabetic retinopathy. This section examines how IDx-DR analyzes retinal images to detect early
signs of diabetic retinopathy, assisting eye care professionals in making timely diagnoses.

2.7 Hands-On Activity: Exploring Al-Powered Differential Diagnosis with Symptoms:

Engage in a practical session using Symptoms, an Al-powered platform for differential diagnosis. Learn how Al
analyzes patient symptoms and medical histories to provide a list of potential conditions, enhancing diagnostic
accuracy and clinical decision-making.

Introduction to Fundamental Data Analysis

3.1 Understanding Clinical Data Types - EHRs, Vitals, Lab Results

Electronic Health Records (EHRs): EHRs are digital versions of a patient's paper chart, allowing for the efficient
storage and retrieval of patient information, facilitating better care coordination and communication among
healthcare providers.

Vitals Data: Vitals data includes critical patient information like heart rate, blood pressure, temperature, and oxygen
levels. These data points are vital for monitoring a patient's current health status and detecting early signs of
medical issues.

Laboratory Results: Lab results consist of diagnostic data from blood tests, imaging, and other procedures. These
results help clinicians diagnose conditions, monitor ongoing treatments, and predict future health risks.



3.2 Structured vs. Unstructured Data in Medicine

» Structured Data in Healthcare: Structured data refers to information that is organized in a fixed format, such as
numeric values, dates, and categories. Examples include patient demographics, lab results, and prescription data,
which are easy to store and analyze.

» Unstructured Data in Healthcare: Unstructured data includes free-form text, images, and audio files, such as
physician notes, medical images, and diagnostic reports, which require advanced techniques for analysis and
integration into clinical decision-making.

3.3 Role of Dashboards and Visualization in Clinical Decisions

+ Detailed Overview of Dashboards and Visualization: Dashboards in healthcare display real-time data using charts,
graphs, and other visual tools, helping clinicians make informed decisions by providing clear, concise information
about patient health and operational metrics.

« Visualization Examples in Clinical Settings (Expanded): Visualizations such as trend graphs, heatmaps, and scatter
plots are used in clinical settings to track patient outcomes, identify patterns in vital signs, and evaluate treatment
efficacy over time.

+ Dashboards are employed in various clinical scenarios, including patient monitoring systems, hospital bed
management, and predictive analytics, offering insights that enhance decision-making and improve patient
outcomes.

3.4 Pattern Recognition and Signal Detection in Patient Data

» Detailed Overview: Pattern Recognition: Pattern recognition involves identifying recurring trends or anomalies in
patient data, such as recognizing symptoms of a particular disease from medical imaging or lab results, helping
clinicians make more accurate diagnoses.

« Detailed Overview: Signal Detection: Signal detection refers to identifying subtle indications of medical issues, like
early signs of sepsis from vital signs or fluctuations in lab results, enabling timely intervention and improving patient
outcomes.

¢ Detailed Use Cases of Pattern Recognition and Signal Detection: In clinical practice, pattern recognition and
signal detection are applied to conditions like cancer detection in radiology, arrhythmia detection in cardiology, and
early warning systems for critical care patients.

» The Synergy of Pattern Recognition and Signal Detection: Combining pattern recognition with signal detection
enhances diagnostic accuracy, as patterns identified from multiple data points help detect conditions early,
providing a holistic view of a patient's health.

» Challenges and Ethical Considerations: Ethical challenges in pattern recognition and signal detection include
ensuring accuracy, avoiding bias in Al models, and protecting patient privacy, requiring continuous oversight and
regulatory compliance.

¢« The Future: Al and Advanced Analytics: Al and advanced analytics are poised to revolutionize healthcare by
improving the precision of pattern recognition, enabling predictive models that assist in early disease detection and
personalized treatment plans.

3.5 Identifying At-Risk Patients via Trends and Al Scores

+ Detailed Overview: Al-driven Risk Identification Techniques: Al-driven risk identification involves using machine
learning algorithms to analyze patient data and identify individuals at high risk for conditions such as heart disease,
cancer, or readmissions, improving preventative care.



Practical Use Cases: Leveraging Trends and Al for At-Risk Patients: Al is used to predict risks in chronic conditions
like diabetes and hypertension by analyzing trends in vital signs and lab results, enabling early interventions to
prevent complications.

In this activity, participants will learn how to calculate and interpret risk scores based on patient data, using Al tools
to assess risk levels and guide clinical decisions for at-risk populations.

3.6 Interactive Activity: Al Assistant for Clinical Note Insights:

Al Assistant for Clinical Note Insights: In this hands-on activity, participants will interact with an Al-powered tool to
analyze clinical notes, extracting key insights and actionable recommendations to enhance patient care and
workflow efficiency.

Predictive Analytics & Clinical Decision Support - Empowering Proactive Patient Care

4.1 Predictive Models for Risk Stratification — Sepsis and Hospital Readmissions

Introduction: The Dawn of Proactive Healthcare: Understand the shift from reactive to proactive healthcare, where
predictive models allow for earlier interventions, improving patient outcomes and reducing overall healthcare costs.

Understanding Risk Stratification: Precision in Patient Management: Learn how risk stratification uses predictive
analytics to categorize patients by risk level, allowing clinicians to tailor interventions and allocate resources
efficiently for better patient management.

Predictive Analytics for Sepsis: A Race Against Time: Explore how predictive analytics can identify early signs of
sepsis, enabling timely interventions and improving survival rates by detecting life-threatening conditions before
they escalate.

Predictive Analytics for Hospital Readmissions: Ensuring Seamless Transitions of Care: Delve into how predictive
models help identify patients at high risk of readmission, enabling healthcare providers to offer timely interventions
and enhance care continuity post-discharge.

Interactive Activity: Case Analysis and Risk Score Interpretation: Engage in an interactive activity where

participants analyze real-world case studies and interpret risk scores, helping them understand how predictive
models influence clinical decision-making.

4.2 Logistic Regression, Decision Trees, Ensemble Models

Logistic Regression: Learn how logistic regression is used in healthcare to predict binary outcomes, such as the
likelihood of a patient developing a specific condition, based on various clinical and demographic factors.

Decision Trees: Explore decision trees, a classification tool used in healthcare to assist clinicians in making decisions
based on branching criteria, helping them predict outcomes and optimize treatment plans.

Ensemble Models (Random Forests, Gradient Boosting Machines): Study ensemble methods like random forests

and gradient boosting, which combine multiple models to improve accuracy and reduce overfitting in predictive
healthcare analytics.

4.3 Real-Time Alerts - Early Warning Systems (MEWS, NEWS)

Understand the role of early warning systems in clinical settings, which use patient data to predict deteriorating
health and trigger alerts for early intervention.



+ Modified Early Warning Score (MEWS): Examine the Modified Early Warning Score (MEWS) system, which helps
clinicians assess patient risk by evaluating vital signs, alerting them to potentially critical conditions early.

« National Early Warning Score (NEWS): Learn about the National Early Warning Score (NEWS), a tool that
standardizes patient assessments to identify those at risk of deterioration, facilitating timely medical intervention.

+ Real-Time Integration into Clinical Workflow: Explore how early warning systems are integrated into real-time
clinical workflows, ensuring seamless monitoring and quick responses from healthcare teams when patient
conditions worsen.

« Sensitivity vs. Specificity in EWS Alerts: Delve into the trade-offs between sensitivity and specificity in early
warning systems, discussing how adjusting these metrics can impact the accuracy and reliability of alerts.

4.4 Sensitivity vs. Specificity - Metric Choice by Clinical Need

« Understanding Sensitivity and Specificity: Learn the fundamental concepts of sensitivity and specificity, crucial
metrics in evaluating diagnostic tests, and how they influence the accuracy of Al-driven healthcare tools.

« Clinical Importance of Sensitivity vs. Specificity: Discuss the clinical significance of sensitivity (true positive rate)
and specificity (true negative rate), and how their balance affects patient care and decision-making in clinical
settings.

s Clinical Scenarios and Metric Prioritization: Explore different clinical scenarios and how healthcare providers
prioritize sensitivity or specificity based on the medical context, ensuring the best possible outcomes for patients.

« ROC Curve Analysis: Balancing Sensitivity and Specificity: Study the ROC curve, a tool used to visualize and
evaluate the trade-offs between sensitivity and specificity, helping clinicians and data scientists optimize diagnostic
models.

+ Real-World Case Study: Balancing Metrics in COVID-19 Prognosis Prediction: Analyze a case study on COVID-19
prognosis prediction, where balancing sensitivity and specificity was crucial for accurately forecasting patient
outcomes and managing resources effectively.

4.5 ICU and ER Use Cases for Al-Triggered Interventions

+ Detailed Overview: Al Integration in Critical Care: Understand the role of Al in critical care settings, where it is used
to predict, monitor, and intervene in real-time, enhancing patient survival and reducing clinician workload.

« Critical Applications of Al in ICU and ER: Explore how Al is applied in intensive care units (ICUs) and emergency
rooms (ERs) to monitor vital signs, predict deterioration, and assist in clinical decision-making during critical
situations.

« Deep Dive: Al-Driven Sepsis Prediction in the ICU: Investigate how Al models predict sepsis in ICU patients,
enabling early identification and intervention, which can drastically improve survival rates and reduce complications.

+ Additional Real-World Case Examples: Review additional case studies where Al has been successfully
implemented in ICUs and ERs to improve clinical outcomes, such as early detection of cardiac arrest and organ
failure.

« Summary and Clinical Impact: Summarize the key points from Al applications in critical care, emphasizing the
clinical impact on patient outcomes, resource optimization, and the role of Al in enhancing critical care efficiency.

« Future Perspectives: Emerging Trends in Al-driven Critical Care: Look ahead at the future of Al in critical care,
exploring emerging trends such as real-time predictive analytics, autonomous clinical decision support, and
integration with new medical technologies.



NLP and Generative Al in Clinical Use

5.1 Foundations of NLP in Healthcare

« Introduction to Natural Language Processing (NLP): Understand the basics of NLP, a branch of Al that enables
machines to process and interpret human language, making it essential for automating tasks like transcription and
information extraction in healthcare.

« Core NLP Tasks: Explore core NLP tasks, including tokenization, part-of-speech tagging, syntactic parsing, and
sentiment analysis, and how they are applied in healthcare for tasks such as medical data extraction and
understanding patient interactions.

+ Named Entity Recognition (NER): Learn about NER, an NLP technique that identifies and categorizes key entities
such as medications, diseases, or procedures from unstructured text, aiding in the extraction of critical medical
information from clinical notes.

s Text Classification: Dive into text classification in healthcare, where NLP models categorize patient records or
medical documents into predefined categories, such as diagnosis, procedure types, or sentiment, to assist clinical
decision-making.

5.2 Large Language Models (LLMs) in Medicine

+ What Are Large Language Models? Understand the concept of Large Language Models (LLMs), which are Al
systems trained on vast datasets to understand and generate human language, offering advanced capabilities for
medical text generation and interpretation.

» General-Purpose LLMs in Healthcare: Learn how general-purpose LLMs, like GPT-3, are used in healthcare to assist
with tasks like medical documentation, patient queries, and generating reports, improving efficiency across various
healthcare services.

» Domain-Specific LLMs: Explore how domain-specific LLMs, fine-tuned for medical contexts, perform tasks such as
clinical text interpretation, diagnosis suggestion, and medical research synthesis, providing high accuracy in
specialized healthcare environments.

o The Future of LLMs in Healthcare: Discuss the future potential of LLMs in healthcare, including advances in
personalized medicine, Al-assisted diagnostics, and real-time clinical support, making healthcare more efficient and
precise.

5.3 Prompt Engineering in Clinical Contexts

« What is Prompt Engineering? Introduce prompt engineering, the process of designing effective prompts to guide
language models in generating relevant and accurate responses, crucial for improving Al applications in clinical
settings.

« Principles for Effective Clinical Prompting: Learn the best practices for creating prompts that elicit useful
responses from NLP models in clinical contexts, ensuring the generated information is accurate, relevant, and
actionable for healthcare providers.

« Clinical Prompt Engineering - Practical Examples: Examine real-world examples of clinical prompt engineering,
such as generating medical summaries or answering clinical queries, and how it enhances Al-assisted workflows in
healthcare environments.



5.4 Generative Al Use Cases - Summarization, Counselling Scripts, Translation

« Automatic Text Summarization: Explore automatic text summarization, an NLP application that condenses lengthy
medical documents into concise summaries, saving time and helping clinicians access important information
quickly.

« Counselling Scripts and Patient Education Materials: Learn how generative Al creates personalized counseling
scripts and patient education materials, improving patient engagement and enhancing communication between
patients and healthcare providers.

« Maedical Translation: Understand the role of generative Al in medical translation, breaking language barriers in
patient care by providing accurate translations of medical documents, instructions, and communication between
clinicians and patients

5.5 Ambient Intelligence: Next-Gen Clinical Documentation

+ Introduction to Ambient Intelligence in Healthcare: Explore ambient intelligence, the integration of Al systems
into clinical environments, enhancing healthcare delivery through real-time monitoring, personalized interventions,
and seamless data exchange.

s Core Functionality of Speech-to-Note (S2N) Tools: Learn about Speech-to-Note tools that convert clinician speech
into structured notes, reducing administrative burden and improving clinical efficiency by automating the
documentation process.

+ Key Players and Examples: Discover key players in ambient intelligence and S2N technologies, such as Nuance and
DeepScribe, which have revolutionized clinical documentation and administrative workflows in healthcare settings.

+ Benefits of Ambient Intelligence in Clinical Use: Examine the benefits of ambient intelligence, including enhanced
clinical documentation accuracy, reduced clinician burnout, and improved patient outcomes through real-time data
and insights.

+ Challenges and Considerations: Address the challenges in implementing ambient intelligence, such as privacy
concerns, the need for data security, clinician acceptance, and the integration with existing healthcare systems.

5.6 Limitations & Risks of NLP and Generative Al in Medicine

« Hallucination: Understand hallucination in Al, where the model generates plausible but incorrect or nonsensical
information, and how this poses risks in healthcare when used for decision support or clinical documentation.

« Overreliance and Automation Bias: Explore the risks of overreliance on Al and automation bias, where clinicians
might trust Al outputs uncritically, potentially overlooking errors or misjudgments made by the system.

« Legal and Ethical Concerns: Learn about the legal and ethical concerns in using NLP and generative Al in medicine,
including patient consent, data privacy, accountability for Al-driven decisions, and the ethical implications of Al's role
in healthcare.

5.7 Case Study:

« Transforming Clinical Documentation and Enhancing Patient Care with Nabla Copilot: Analyze a case study of
Nabla Copilot, an Al tool used to assist clinicians in automating medical documentation and improving patient care
by providing real-time insights during clinical interactions.



Module 6

Ethical and Equitable Al Use

6.1 Algorithmic Bias — Race, Gender, Socioeconomic Impact

« Race-Based Bias: Explore how race-based bias in Al algorithms can lead to healthcare disparities, as models trained
on biased data may underperform for minority groups, impacting diagnosis and treatment accuracy.

+ Gender-Based Bias: Understand gender-based bias in Al, where models may reflect historical biases against women
or non-binary individuals, leading to unequal healthcare outcomes and misdiagnoses in gender-specific conditions.

+ Socioeconomic Impact: Discuss the socioeconomic impact of algorithmic bias, where Al systems may exacerbate
disparities by disproportionately affecting low-income and marginalized populations, particularly in access to
healthcare resources.

+ Mitigation Strategies for Algorithmic Bias: Learn effective strategies for reducing algorithmic bias, including
diverse data collection, algorithmic auditing, and using fairness metrics to ensure Al systems are equitable and
inclusive.

6.2 Explainability and Transparency (SHAP and LIME)

« SHAP (SHapley Additive exPlanations): Explore SHAP, a technique used to explain machine learning model
predictions by assigning each feature an importance value, helping clinicians understand the rationale behind Al-
driven decisions.

+ LIME (Local Interpretable Model-agnostic Explanations): Learn about LIME, an approach that generates
interpretable explanations for machine learning models, enabling clinicians to trust Al recommendations and
ensure transparency in healthcare applications.

« Challenges in Al Explainability: Delve into the challenges of Al explainability in healthcare, such as the complexity
of deep learning models, lack of transparency, and the need for interpretable results to build clinician trust and
accountability.

6.3 Validating Al Across Populations

« Diverse Data Collection: Understand the importance of collecting diverse data to train Al models, ensuring they
perform equitably across different demographics, and minimizing biases that could adversely affect underserved
populations.

« Cross-Population Testing: Learn about cross-population testing, which evaluates Al models on different
demographic groups to ensure fairness and performance consistency, ensuring that Al systems are applicable to
diverse patient populations.

+ Continuous Monitoring: Discover the need for continuous monitoring of Al systems to ensure they remain effective,
unbiased, and adaptable over time as new data and evolving healthcare practices are incorporated.

6.4 Regulatory Standards — HIPAA, GDPR, FDA/EMA Compliance

« HIPAA (Health Insurance Portability and Accountability Act): Explore HIPAA, which establishes standards for
protecting patient health information in Al systems, ensuring that patient data used by healthcare Al solutions is
secure and confidential.



» GDPR (General Data Protection Regulation): Understand GDPR, the regulation governing the processing of
personal data in the EU, and its importance in ensuring patient privacy and data protection in Al healthcare
applications.

» FDA/EMA Compliance: Learn about FDA/EMA compliance, which ensures that Al tools in healthcare meet
regulatory standards for safety, efficacy, and clinical use, preventing harm to patients and ensuring legal
accountability.

+ Global Regulatory Trends: Examine the global regulatory trends shaping Al in healthcare, including efforts to create
unified standards for Al governance, ethical considerations, and cross-border data sharing.

6.5 Drafting Ethical Al Use Policies

» Defining Clear Ethical Guidelines: Discover how defining clear ethical guidelines is essential for ensuring Al systems
are developed and used responsibly in healthcare, maintaining patient autonomy, consent, and equitable treatment.

+« Ensuring Transparency, Accountability, Fairness, and Patient Safety: Learn how Al policies should prioritize
transparency in model decision-making, accountability for outcomes, fairness in treatment, and patient safety in
clinical settings.

+ Establishing Oversight Committees: Understand the role of oversight committees in monitoring Al systems,
ensuring they operate within ethical boundaries, and reviewing the performance of Al tools to mitigate any risks in
healthcare.

» Examples of Ethical Al Policy Documents: Explore examples of ethical Al policy documents from leading
healthcare organizations, providing frameworks for incorporating ethical considerations into Al development,
deployment, and continuous evaluation.

6.6 Case Study - Biased Pulse Oximetry Detection

« Background: Learn about the background of the biased pulse oximetry detection case, where Al algorithms
misrepresented oxygen saturation levels for people of color, leading to incorrect readings and delayed treatments.

+ Problem Statement: Delve into the problem statement, which highlights the disparity in pulse oximetry
performance across racial groups, affecting the accuracy of critical clinical decisions, especially in patients with
darker skin tones.

» Proposed Solution: Examine the proposed solution to address pulse oximetry bias, including retraining Al models
with more representative data, redesigning devices, and incorporating fairness considerations into future algorithm
development.

» Outcome: Review the outcome of addressing the pulse oximetry bias, including improved diagnostic accuracy and
trust in medical devices, along with the integration of fairness guidelines in Al development.

+ Key Takeaways: Reflect on the key takeaways from the case study, focusing on the importance of addressing
algorithmic bias, ensuring diverse data representation, and maintaining patient-centered ethics in Al healthcare
applications.



Module 7

Evaluating Al Tools in Practice

7.1 Core Metrics: Understanding the Basics

» 7.1.1 Accuracy: Accuracy measures the overall correctness of a model by calculating the proportion of true results
(both true positives and true negatives) out of all predictions made, helping assess model performance in clinical
contexts.

» 7.1.2 Precision: Precision indicates the proportion of true positive results out of all positive predictions, which is
crucial in medical settings where false positives (e.g., misdiagnosis) can lead to unnecessary treatments.

« '7.1.3 Sensitivity (Recall): Sensitivity, or recall, measures the model's ability to correctly identify positive cases (true
positives), which is particularly important in conditions like cancer detection, where failing to detect a condition can
have severe consequences.

« '7.1.4 Specificity: Specificity calculates the proportion of true negatives correctly identified by the model, important
for preventing false positives, especially in screening tests where unnecessary procedures may be avoided by
increasing specificity.

e« 7.1.5 F1 Score: The F1 score is the harmonic mean of precision and recall, balancing the trade-off between these
metrics, and is especially useful when there is an uneven class distribution, such as rare diseases.

7.2 Confusion Matrix & ROC Curve Interpretation

« 7.2.1 Confusion Matrix: Structure and Interpretation: A confusion matrix is a table used to evaluate the
performance of a classification model, showing the true positives, false positives, true negatives, and false negatives,
allowing for the assessment of model accuracy.

+ 7.2.2 ROC Curve (Receiver Operating Characteristic): Fundamentals and Practical Use: The ROC curve visualizes
the trade-off between sensitivity and specificity across various thresholds, helping clinicians assess model
performance and choose an optimal decision threshold.

+ 7.2.3 Choosing an Optimal Threshold: Clinical Context Matters: Discuss how the optimal threshold for classification
should be selected based on clinical needs, balancing sensitivity and specificity to ensure the best patient outcomes
in different diagnostic scenarios.

s 7.2.4 Interpreting and Responding to Limitations: Learn how to interpret the limitations of Al models, including
biases, data insufficiencies, and boundary conditions, to make more informed decisions and ensure accurate clinical
outcomes.

7.3 Metric Matching by Clinical Context

+ 7.3.1 Stroke Detection: Balanced Approach: In stroke detection, a balanced approach between sensitivity and
specificity ensures that the model accurately detects strokes without overloading clinicians with false alarms or
missing critical cases.

» 7.3.2 Cancer Screening: High Sensitivity Priority: Cancer screening models should prioritize sensitivity to identify as
many cases as possible, reducing the risk of missed diagnoses, particularly for cancers that can be more successfully
treated when detected early.

« '7.3.3 ICU Alarms: High Specificity Priority: ICU alarm systems should prioritize specificity to minimize false alarms,
allowing healthcare teams to focus on actual patient deterioration while preventing alarm fatigue.



« '7.3.4 Chronic Disease Management: Balanced Precision and Recall (F1 Score): Chronic disease management
benefits from a balanced precision and recall approach, optimizing the detection of conditions while minimizing
unnecessary interventions, guided by the F1 score.

s« 7.3.5 Infectious Disease Outbreak Surveillance: High Sensitivity Priority: For infectious disease outbreak
surveillance, high sensitivity is crucial to detect early signs of widespread transmission, ensuring quick response and
containment measures to protect public health.

7.4 Interpreting Al Outputs: Enhancing Clinical Decision-Making

« 7.4.1 Heatmaps: Highlighting Critical Diagnostic Areas: Heatmaps in Al provide visual cues by highlighting areas of
medical images or data that require attention, aiding clinicians in detecting abnormalities like tumors, fractures, or
lesions more effectively.

+ 7.4.2 Saliency Maps: Understanding Al's Decision Pathways: Saliency maps help clinicians understand the
decision-making process of Al models by visually representing which features or areas of input data most influenced
the model’s prediction.

« '7.4.3 Confidence Scores: Quantifying Diagnostic Certainty: Confidence scores indicate the model's certainty in its
predictions, providing clinicians with an understanding of how reliable a model's recommendation is, especially in
critical clinical decisions.

s 7.4.4 Limitations and Cautions in Interpretation: Understanding the limitations of Al model outputs, such as
potential overconfidence in predictions or errors in edge cases, ensures clinicians interpret results appropriately and
make informed decisions.

7.5 Critical Evaluation of Vendor Claims: Ensuring Reliability and Effectiveness

+ 7.5.1 Independent Validation Studies: Independent validation studies assess the real-world performance of Al tools
in clinical settings, helping ensure that Al models are reliable, accurate, and generalizable beyond controlled
environments.

+ 7.5.2 Methodological Transparency: Methodological transparency is key to evaluating Al tools, as it ensures that the
development, training, and testing of models are conducted in an open and reproducible manner, enabling
informed decision-making.

s 7.5.3 Clinical Relevance of Metrics Provided: Assessing the clinical relevance of metrics ensures that the
performance indicators used by Al models align with actual healthcare needs, improving the practical applicability
of the technology in clinical settings.

« '7.5.4 Evidence of Real-World Clinical Impact: Real-world evidence shows how Al models perform when deployed
in clinical practice, helping to demonstrate their effectiveness and impact on patient outcomes and healthcare
efficiency.

s 7.5.5 Scalability and Generalizability: Scalability ensures that Al tools can be used across different healthcare
settings, while generalizability guarantees that models perform well across diverse populations and patient
conditions.

« '7.5.6 Regulatory Compliance and Certification: Ensuring that Al tools comply with regulatory standards and
certifications, such as FDA approval or CE marking, helps guarantee their safety, efficacy, and reliability for clinical
use.

« 7.5.7 Ongoing Support, Training, and Updates: Continuous support, training, and updates are essential for
maintaining the accuracy and relevance of Al systems, ensuring that they evolve with emerging clinical needs,
guidelines, and technologies.



7.6 Red Flags in Commercial Al Tools: Recognizing and Mitigating Risks

7.6.1 Lack of Peer-Reviewed Publications or Independent Validation: A lack of peer-reviewed publications or
independent validation may indicate unreliable or untested Al tools, posing risks to patient safety and clinical
efficacy.

7.6.2 Ambiguous or Poorly Explained Methodology: Poorly explained methodologies in Al tools can lead to
misunderstandings and mistrust among clinicians, preventing the effective integration of Al into healthcare
practices.

7.6.3 Unrealistically High Performance Claims: Al tools with unrealistically high performance claims should be
scrutinized, as these claims may be based on limited or biased testing, leading to inflated expectations and potential
failures in real-world use.

7.6.4 Absence of Regulatory Approval or Compliance Documentation: The absence of regulatory approval or
compliance documentation for Al tools raises concerns about their safety, efficacy, and suitability for clinical use,
necessitating rigorous validation before deployment.

7.6.5 Limited or No Real-World Clinical Evidence: Al tools lacking sufficient real-world clinical evidence should be
treated with caution, as their performance in controlled studies may not reflect their effectiveness in everyday
medical practice.

7.6.6 Poor Interoperability with Clinical Systems: Poor interoperability with existing clinical systems (like EHRs or
PACS) can hinder the integration of Al tools into clinical workflows, reducing their effectiveness and disrupting care
processes.

7.6.7 Insufficient Support, Training, or Updates Offered by Vendor: Insufficient vendor support, training, or
updates can lead to a lack of confidence and underutilization of Al tools in clinical environments, preventing
healthcare professionals from maximizing their potential.

7.7 Checklist: “10 Questions to Ask Before Buying Al Tools”

.

Has the Al Tool Undergone Independent Validation?: Ensure that the Al tool has undergone independent
validation by external experts to verify its clinical effectiveness, accuracy, and reliability in real-world settings.

What are the Al Tool’s Sensitivity and Specificity Metrics?: Assess the sensitivity and specificity metrics of the Al
tool to ensure that it accurately identifies relevant conditions while minimizing false positives and negatives,
particularly in high-stakes clinical contexts.

Are Clinical Trial or Real-World Implementation Results Available?: Evaluate whether the Al tool has been tested
in clinical trials or real-world settings to confirm its practical value and demonstrate tangible improvements in
patient care.

Is There Transparent Reporting of False Positives and False Negatives?: Verify if the Al tool transparently reports
its false positives and false negatives, ensuring that clinicians are fully aware of its limitations and can make informed
decisions.

What Patient Populations Were Included in the Validation Process?: Understand the patient populations used in
the validation process to ensure that the Al tool is applicable across diverse demographics and clinical scenarios.

How Does the Al Tool Integrate into Existing Clinical Workflows?: Investigate how well the Al tool integrates into
existing clinical workflows, ensuring that it complements clinicians’ work and does not disrupt or complicate routine
processes.

Is Comprehensive Training Provided for Clinicians and Staff?: Ensure that comprehensive training is provided to
clinicians and staff on how to effectively use the Al tool, optimizing its impact on clinical decision-making and
improving patient outcomes.

What are the Privacy, Security, and Compliance Protocols?: Confirm that the Al tool adheres to strict privacy,
security, and compliance protocols, ensuring that patient data is protected and that the tool complies with
regulations like HIPAA and GDPR.



+ How Frequently is the Al Model Updated and Improved?: Evaluate how frequently the Al model is updated and
improved to reflect new data, research, and clinical guidelines, ensuring that it remains relevant and effective over
time.

+ What is the Total Cost of Ownership, Including Maintenance and Support?: Assess the total cost of ownership for
the Al tool, including initial costs, ongoing maintenance, updates, and support, to determine its long-term value and
sustainability.

7.8 Hands-on

+ Evaluating Al Diagnostic Model Performance Using Confusion Matrix Metrics: In this hands-on activity, clinicians
will use confusion matrix metrics to evaluate the performance of Al diagnostic models, learning how to interpret
results and improve model accuracy through practical analysis.

Module 8

Implementing Al in Clinical Settings

8.1 Identifying Department-Specific Al Use Cases

+ 8.1.1 Understanding Departmental Needs and Challenges: Analyze the specific needs and challenges faced by
different departments in healthcare, such as radiology or cardiology, and identify where Al can provide the most
value in addressing these needs.

» 8.1.2 Prioritizing Use Cases based on Impact and Feasibility: Learn how to prioritize Al use cases by assessing their
potential impact on patient care and operational efficiency, alongside their technical feasibility and alignment with
departmental goals.

+ 8.1.3 Examples of Department-Specific Al Use Cases: Explore real-world examples of Al applications in different
departments, such as Al in imaging for radiology, Al-driven predictive tools in ICU settings, and automated triage
systems in emergency departments.

8.2 Mapping Al to Workflows (Pre-diagnosis, Treatment, Follow-up)

» 8.2.1 Understanding Existing Clinical Workflows: Study the current clinical workflows across various patient care
stages, from pre-diagnosis to follow-up, and identify areas where Al can seamlessly integrate to improve efficiency
and care delivery.

+ 8.2.2 Integrating Al at Different Stages of the Patient Journey: Learn how Al can be integrated at various stages of
patient care, from diagnosis to treatment and follow-up, to support clinicians, optimize processes, and enhance
patient outcomes.

+ 8.2.3 Designing for Seamless Integration: Understand the principles of designing Al tools that integrate seamlessly
into existing clinical systems, ensuring minimal disruption, maximum usability, and improved patient care
workflows.



8.3 Pilot Planning: Timeline, Data, Feedback Cycles

« 8.3.1 Defining Pilot Scope and Objectives: Learn how to define the scope and objectives of Al pilot programs,
setting clear goals for testing the technology, evaluating its impact, and aligning the pilot with broader
organizational priorities.

« 8.3.2 Data Requirements and Management: Understand the data requirements for Al pilots, including how to
manage data collection, ensure data quality, and integrate clinical data systems to facilitate effective Al testing and
evaluation.

o 8.3.3 Feedback Mechanisms and Iterative Cycles: Explore the importance of feedback mechanisms in Al pilot
programs, where ongoing feedback from clinicians and staff is used to refine and improve the Al model through
iterative cycles.

o 8.3.4 Evaluating and Finalizing the Pilot: Learn how to evaluate the success of an Al pilot, assess its effectiveness in
improving patient care and workflow, and finalize the decision to scale or refine the solution based on performance.

8.4 Team Roles - Clinical Champion, Al Specialist, IT Admin

¢ 8.4.1 Clinical Champion: Explore the role of the clinical champion, a key advocate for Al adoption within the
healthcare setting, responsible for facilitating communication between clinicians and Al specialists to ensure the
technology's success.

* 8.4.2 Al Specialist (Data Scientist/ML Engineer): Understand the role of Al specialists, including data scientists and
machine learning engineers, who design, develop, and refine Al models tailored to clinical needs and ensure
technical integration into healthcare systems.

¢ 8.4.3 IT Administrator / Infrastructure Specialist: Learn about the role of IT administrators and infrastructure
specialists, who ensure that the technical infrastructure, including hardware and software, supports the deployment,
security, and scalability of Al solutions.

8.5 Monitoring Al Errors - Root Cause Analysis

e 8.5.1 Establishing Monitoring Frameworks: Understand the importance of establishing robust monitoring
frameworks to track Al model performance, detect errors, and ensure that Al solutions continue to operate
effectively in clinical environments.

e 8.5.2 Types of Al Errors in Clinical Settings: Learn about the different types of Al errors in clinical settings, such as
false positives, false negatives, and algorithmic biases, and how they can impact patient care if not addressed
promptly.

e 8.5.3 Root Cause Analysis (RCA) Process for Al Errors: Explore the root cause analysis (RCA) process for
investigating Al errors, identifying underlying issues, and implementing corrective actions to improve Al system
performance and clinical safety.

¢ 8.5.4 Importance of Human Oversight: Emphasize the importance of human oversight in Al-driven clinical
decision-making, ensuring that clinicians can review and validate Al outputs to prevent errors and make informed
patient care decisions.

8.6 Change Management in Clinical Teams

¢ Understanding Resistance to Change: Study the factors that contribute to resistance to Al adoption in clinical
settings, such as concerns about job displacement, mistrust of Al, or lack of familiarity with new technologies.

o Strategies for Effective Change Management: Learn strategies for managing change when implementing Al
solutions in healthcare, including clear communication, clinician involvement, ongoing training, and addressing
concerns to foster acceptance.



8.7 Example: ER Workflow with Triage Al Integration

+ 8.7.1 Current ER Triage Workflow (Without Al): Understand the existing ER triage workflow, which involves
assessing patient severity based on symptoms and medical history, and identify challenges in handling patient
volume and prioritization.

+ 8.7.2 Integrating Triage Al into the ER Workflow: Explore how Al can be integrated into the ER triage workflow to
assist in prioritizing patients based on urgency, reducing clinician workload, and improving patient throughput and
care outcomes.

« 8.7.3 Benefits of Al Integration: Learn about the benefits of integrating Al into clinical workflows, including
improved diagnostic accuracy, reduced errors, enhanced decision-making, and more efficient resource allocation.

« 8.7.4 Challenges and Considerations: Discuss the challenges and considerations in integrating Al into clinical
workflows, including data compatibility, clinician training, and ensuring the Al system aligns with existing healthcare
processes.

8.8 Scaling Al Solutions Across the Healthcare System

+ Assessing Readiness for Scaling: Learn how to assess the readiness of Al tools for scaling within healthcare
organizations, including evaluating pilot performance, ensuring infrastructure scalability, and aligning Al solutions
with organizational goals.

« Ensuring Regulatory Compliance and Data Security: Understand the importance of regulatory compliance and
data security when scaling Al solutions, ensuring that systems meet legal and privacy standards to protect patient
data and maintain trust.

« Establishing Feedback Loops and Continuous Improvement: Explore how establishing feedback loops and
continuous improvement mechanisms ensures that Al systems remain effective and adaptable as they are scaled
and deployed in larger settings.

» Aligning Al with Organizational Goals and Strategy: Learn how to align Al initiatives with organizational goals and
strategy, ensuring that the technology supports long-term healthcare objectives, such as improving patient
outcomes and operational efficiency.

+« Expanding Al's Scope for Broader Impact: Discover how to expand Al solutions beyond initial pilot projects to
create broader impacts across healthcare systems, including integration across departments and increasing Al
applications in patient care.

+« Overcoming Challenges in Scaling Al: Address the challenges in scaling Al solutions, such as overcoming technical
limitations, managing resistance from staff, and ensuring consistent Al performance across multiple healthcare
facilities.

8.9 Evaluating Al Impact and Performance Post-Deployment

» Defining Success Metrics for Al Post-Deployment: Learn how to define success metrics for evaluating Al
performance post-deployment, including metrics like accuracy, impact on patient care, cost reduction, and clinician
satisfaction.

s Collecting and Analyzing Feedback from Clinicians: Understand how to collect and analyze clinician feedback to
assess Al's real-world performance, identify issues, and refine models to better meet clinical needs and improve
patient outcomes.

« Monitoring Al Performance Metrics Post-Deployment: Study how to continuously monitor Al performnance metrics
post-deployment to ensure that the Al systems are functioning as intended and providing value in clinical
environments.



o Long-Term Impact Evaluation: Learn how to evaluate the long-term impact of Al tools on patient care, clinical
outcomes, and operational efficiency, ensuring that they contribute positively to the overall healthcare ecosystem.

« Feedback Loops for Ongoing System Improvement: Understand the importance of continuous feedback loops to
enable ongoing system improvement, ensuring Al solutions evolve based on real-world performance, emerging
clinical needs, and technological advancements.
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