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Learning objectives

• Give examples of situations in which computerized clinical 
decision support systems are useful in dentistry

• Know what are the basic components of computerized decision 
support systems

• Describe key decision support models 

• Use examples of computer-based decision support services

• Explain the general idea behind machine learning

• Know basic methods to evaluate quality of decision support in 
classification tasks

• Discuss where are the strengths and weaknesses of clinical 
decision support in medicine and health care
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Patient Safety
Makary MA, Daniel M
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Progress in artificial intelligence

Autonomous vehicles IBM Watson Jeopardy Champion

Artificial Intelligence Assistants Google AlphaGo
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The Man vs Machine argument

• Consider the recent breakthroughs in artificial 
intelligence

– IBM Watson beats human champs in Jeopardy;

– Self-driving cars (Google, Tesla);

– AI assistants (Siri, Cortana, Alexa)

• Argue against or for whether computers can 
replace health professionals in decision-making?

• What are the unique strengths of computers and 
humans?
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What are clinical decision support systems?

• Clinical decision support systems (CDSS)

– assist health professionals in making good decisions regarding 
patient care

• Artificial Intelligence (AI)

– ability of machines to mimic human cognition and behaviour

Health care providers
(Decision makers)

Evidence-based
knowledge

Clinical problem or task

Solution

Individual patient data
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Exercise 1: CDSS in dentistry

• You are divided in groups A,B and C

• Browse through the research articles 
assigned to your group. Prepare for the 
other groups a short summary using 
plain language what were the goals of 
the decision support system described
in the papers assigned to your group.
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Clinical Decision Support Systems

Motivation behind CDSS

• Growth in complexity 

• Time pressure

• Variability in quality

• Economic reasons

• Better technology

• New health care legislations

Types of decision support

• Diagnosis

• Test selection

• Choice of treatment

• Prognosis

• Monitoring actions

• Focusing attention

• Optimizing workflows

• Improving patient 
communication

• Better quality of 
documentation
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Basic components of CDSS

• Knowledge base

– e.g. facts and rules, parameters in computational 
models (statistical, machine learning), narrative 
descriptions (text of guidelines, research synthesis)

• Problem solving mechanism 

– provides new relevant information, predict future 
states of the system, describes past states, 
generalizes, explains the findings

• User interface

– interacts with the user

– enables update of the knowledge base
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A conceptual model of CDSS design components

User

Application environment

Clinical IT 
application

Electronic 
Health Record

Clinical decision support module

Knowledge 
baseInformation 

model

Problem 
solving 

mechanism

Result 
specification

process invocation

adapted from  Greenes, R. A. "Clinical decision support: the road to broad adoption." (2014)
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Models of decision support

1. Rule-based systems

2. Bayesian reasoning

3. Information retrieval
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Rule-based systems
Production rules – statements of the form

IF (condition) THEN (action)

IF Systolic blood pressure > 130 mmHg THEN Increase dose of ACEI/ARB

Logical condition may include several 
expressions combined by Boolean 

operators (AND, OR, NOT)

Action performed when the logical 
condition evaluates to true. 

Example 1:

Example 2:

George Boole
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Dosing alerts
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Alerts, reminders

• Production rules are often used to implement alerts and reminders

• Alerts – triggered on data entry
– draw attention to a potentially risky action

– e.g. wrong medication dosage, drug-drug-interactions

• Reminders – time-triggered 
– recommended actions are "due" for a patient 

– e.g. vaccination, follow-up visits

• Challenges
– Alert fatigue - a large number of frequent alerts desensitize to them or cause 

user frustration

– How to manage large collection of rules to keep them up-to-date

– Strict rules may cause problems when individualised care needs to be 
provided
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Decision trees

Gerald, Lynn B., et al. "A decision tree for tuberculosis contact investigation." . Am J Respir Crit Care Med 166.8 (2002): 1122-1127.

Smear positive?

Exposed < 120h?

Contacts to be 
investigated

Poorly ventilated 
environment?

Contacts to be 
investigated

Contacts to be 
investigated

Contacts NOT to 
be investigated

Contacts NOT to 
be investigated

yes no

no

Contacts to be 
investigated

no

yes

Cavitation on X-ray?

yes

no

yes

yes

yes

no

Exposed at home?



Clinical Decision Support Systems 17Medical Informatics

Source of knowledge in CDSS

• Human → Experts

– Cognitive task analysis

• Interviews with experts, think aloud protocols, 
observational studies

• Literature → Meta-analysis 

– Evidence-based medicine

• Generalization of results from high quality clinical trials

• Cochrane initiative

• Computer → Machine learning 

– Automatic pattern recognition in large datasets
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What is machine learning?
• Machine Learning

– computer “learns by itself” how to solve a problem based on existing data

– methods how to (semi-automatically) construct models out of data

– a model – a mathematical simplification of reality where all negligible 
details have been removed

• Data mining
– Application of machine learning to large databases (-> Big Data)

Machine learning  software

Researcher

Model (e.g. Classifier)

Validation

Use in decision support

1

23

4

Construction of a model
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Basic concepts in machine learning

• Attributes

– Variables we know 

• Labels

– Variables we would like to predict based on attributes

• Training set

– A set of records (instances) we use to create a machine 
learning model. Both attributes and labels are known

• Validation set

– A set of instances we use to test our machine learning model. 
We know the „true” labels but let the computer predict them 
based on attributes and test accuracy of the predication
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Radiology dataset 

This data set can be used to predict the severity 
(benign or malignant) of a mammographic mass 
lesion from BI-RADS attributes and the patient's 
age. It contains the patient's age and three 
attributes (mass shape, margin, density) 
together with the ground truth (the severity 
field) for 516 benign and 445 malignant masses 
that have been identified on full field digital 
mammograms collected at the Institute of 
Radiology of the University Erlangen-Nuremberg 
between 2003 and 2006. http://tiny.cc/ifvpdz

http://tiny.cc/ifvpdz
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Step-by-step manual

• Import a data set from a spreadsheet.

• Split the data into a training set and validation 
set. Divide it in the ratio 2:1. 

• Create a data model based on the training set 

• Apply the model to classify instances in the 
validation set.

• Evaluate performance of your model.
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Rapid Miner
RapidMiner - free for non-commercial use data science platform. 
Machine learning algorithms with a simple visual interface.

https://rapidminer.com

https://rapidminer.com/
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Sensitivity/specificity

EIA test result Disease present Disease absent Total

Positive EIA 99 3 102

Negative EIA 1 297 298

100 300

A 2 × 2 contingency table for HIV antibody enzyme-linked immunoassay (EIA)

TP

TN

FP

FN

Truth/Gold standard

Te
st

 r
es

u
lt

s

• Sensitivity – True-positive rate (TPR)
– ratio of diseased patients with a positive test to all diseased patients

– p[positive test | disease] = 99/100=0.99

• Specificity – True-negative rate (TNR)
– likelihood that a non diseased patient has a negative test result

– p[negative test | no disease] = 297/300=0.99
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Exercise 2

• The table below presents performance of a 
hypothetical decision support system in use in 
lung cancer screening

• What is the sensitivity and specificity of the 
clinical decision support system?
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Bayesian reasoning

(Shortliffe, 2014)

The Bayes’ theorem quantifies how will 
change our initial (a priori) belief in the 
hypothesis (e.g diagnosis, D) when given 
evidence (e.g. test results R or symptom)

Another form:

Thomas Bayes

Positive Predictive Value
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Example

Consider the case of a 22-year-old student who had routine HIV 
test. The test result was positive. The young man assumed this 
meant he was infected with the virus. But what is the probability 
that he really has the virus given a positive test? 

Suppose that 

• in case you have HIV the testing gives a positive result with 99% 
probability (test sensitivity)

• in case you don’t have HIV the testing methods gives a negative result that 
with 99% probability (test specificity). 

• the  adult prevalence (base-rate) of HIV is one in 1000.
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Exercise 3 (Bayesian reasoning)

Assume that several research studies have investigated a microbiological 
assay for a periodontal pathogen that affects women of Mediterranean 
descent in whom periodontal disease is resistant to therapy. The condition is 
known to affect an average of one in 10 women of Mediterranean descent in 
whom periodontal disease is resistant to therapy. Based on a recent 
evaluation study it is known that the assay positively identifies 70 percent of 
the existing cases of the condition in the target population. Several studies 
also report a true-negative rate of exactly 80 percent. 

You observe a woman in your practice who is of Mediterranean ancestry and 
in whom periodontal disease is highly resistant to several courses of therapy, 
and the assay is positive. What is your estimate of the probability that this 
patient has the pathogen?

Adapted from: Chambers et al, 2010
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Information retrieval 

• Information retrieval 

– ability to find information relevant to a problem

• Information science

– field of study concerned with collection, 
classification, storage, dissemination of information

• Evidence-based medicine

– „explicit and conscientious attempts to find best 
available research evidence to assist health 
professionals to make the best decisions for their 
patients”
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Sources of scientific information

• Bibliographic databases

– Medline (PubMed, Ovid, EIFL), Embase, Scopus, 
CINAHL, PsycInfo, Cochrane CENTRAL

• Full-text repositories

– Scientific Journals

– PubMed Central, BioMed Central, ScienceDirect, CDRS

• Services with summaries, synopses, syntheses

– UpToDate, WebMD, ClinicalKey, VisualDX, Cochrane 
Clinical Answers
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Evidence-based Knowledge Bases

• Example: UpToDate
– Founder Burton Rose, neurology professor at Harvard University, 1992

– Synthesis of the most recent medical information into evidence-based 
recommendations

– Literature is reviewed and synthesized by more than 6000 clinicians 

– 90% US hospitals has access to UpToDate;

– Access via Jagiellonian University Network

– Includes clinical calculators and a drug-drug interaction  module (Lexicomp)

– Positive effects of use of UpToDate on patient outcomes
• reduced length of stay

• lower risk-adjusted mortality rates

• better quality performance (Hospital Quality Alliance indicators)

Isaac T et al. "Use of UpToDate and outcomes in US hospitals" J Hosp Med. 2012 Feb;7(2):85-90
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UpToDate
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UpToDate
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Symptom checkers/DDx

• Symptom checkers

– applications for patients to collect information symptoms, 
suggest possible alternative diagnoses and recommended course 
of action (e.g. self-care, GP appointment, emergency 
department).

• Differential diagnosis generators (DDx)

– related to symptom checkers but address the needs of medical 
doctors relevant diagnosis has been left out in considering a 
patient case.

• Examples

– Ada, Babylon, Mediktor, Isabel, QMR, DXplain, DocResponse, 
Symcat, Doctorlink, CAIDR, Your.MD, Iliad
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Isabel 

• Founder: Jason Maude

• In a 2016 study ISABEL was associated 
with the highest accurate diagnosis 
retrieval rates compared to all other DDX 
generators

• Isabel Symptom Checker (free):  Link

„The name of the child, and 
the software is Isabel”

Riches N, Panagioti M, Alam R, Cheraghi- Sohi S, 
Campbell S, Esmail A, et al. (2016) The Effectiveness 
of Electronic Differential Diagnoses (DDX) 
Generators: A Systematic Review and Meta- Analysis. 
PLoS ONE 11(3): e0148991.

Story behind the system: link

https://symptomchecker.isabelhealthcare.com/suggest_diagnoses_advanced/landing_page
https://player.vimeo.com/video/255351980
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Ada
• A free symptom-checker available on smartphones

• Some early research results
suggest Ada has at the moment
of writing (2020) the highest 
diagnostic accuracy among all 
symptom checkers.

https://ada.com

https://ada.com/
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Demonstration: DDX generators

What is in the most likely diagnosis for a 30-year’s old female 
patient from Poland, not pregnant, fever, headache, poor appetite, 
swollen lymph nodes and itching crusted bump on skin? What are 
the top 3 suggested diagnoses.
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Summary

• Clinical decision support systems consist of
– knowledge base, inference mechanism, user interface

• The knowledge-base can be expressed as
– Synthesis of evidence-based literature  (Up-to-date)

– Set of production rules or a decision tree (Machine Learning)

– Probabilities (Bayesian logic; HIV example)

• Source of knowledge in knowledge-bases 
– Expert, literature synthesis and machine learning

• The quality of CDSS is often measured by
– Sensitivity, Specificity

• Computerised decision support
– Supports but not replaces human decision making (augmented intelligence)

– Should take into account patients’ perspective (shared-decision making)

– „Cold technology, warm hands-on medicine”


