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Earlier SPEED-EXTRACT presentations:
1:45 pm  Today (Charmaine Tam)
Text mining eMR to identify and examine testing and 

outcomes of patients presenting to Emergency 

Departments with low risk of cardiac- related chest pain

2pm, Yesterday (Richard Morris)
Developing computable phenotypes for cardiometabolic risk 
factors in the eMR



Motivation

Can we use the electronic medical record (eMR) to inform clinical practice and improve patient outcome?
Does the quality of the stored data fit for purpose?
Is the granularity and coverage of the data enough to document the patient’s episode of care?  

A showcase project requires:
• A domain champion 
• A project where a question can be answered with the data available that aligns with stakeholder priorities 

and has the potential for great impact 

A study on suspected of coronary syndrome presentations was identified as the project where the domain 
champion is Prof David Brieger, A/Prof Janice Gullick and Dr Steve Vernon. 

A. Saavedra (Sydney Uni) 2



Motivation

In Australia, patients that present to ED with chest pain, ~5% is attributed to cardiac-related chest pain

Ischemic heart disease is within the top 10 causes of years life lost world wide (Lancet 2016; 388: 1459–544)
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Acute Coronary Syndrome

• Acute coronary syndrome (ACS) is caused by the mismatched between the myocardial oxygen demand
and the myocardial oxygen consumption.

• For the purpose of treatment upon presentation,  there are three 
categories of ACS determined by the electrocardiogram (ECG) 
measurement

• ST-Elevation MI (STEMI)
• Non ST-Elevation MI (NSTEMI)
• Unstable Angina

Type 1 MI
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Acute Coronary Syndrome - ECG

• Currently the ECG trace is visually examined to 
determine the type. 
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Acute Coronary Syndrome - Biomarker

• Cardiac Troponin I (cTnI) is reliable 
biomarker of myocardial necrosis or 
cardiac muscle tissue injury.

• High sensitivity troponin tests are 
performed on patients presenting with 
suspected ACS. 

• The 99th percentile is:
• 16 ng/L for females
• 26 ng/L for males

• The level that is measured does depend 
on the time from onset of symptoms

ACS Selection:
△30% between initial and subsequent hsTroponin measurements 
AND b) at least one hsTroponin measured during the encounter is 
>99th percentile for normal reference population OR If hsTroponin > 
1000ng/L
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SPEED-EXTRACT (STEMI Patient ElEctronic Data Extraction) Study

Cardiac keywords and symptoms
Chest pain, chest tightness, shortness of breath, 
dyspnoea, weakness, nausea, vomiting, 
palpitations, syncope, presyncope, unwell, 
cardiac arrest, indigestion, sweaty, diaphoresis, 
dizziness, light-headedness, fatigue, clamminess, 
pale, ashen, loss of consciousness, SALAMI, 
ETAMI, STEMI, NSTEMI, out of hospital cardiac 
arrest, ventricular tachycardia, ventricular 
fibrillation, failed thrombolysis, cath, cath lab, 
coronary bypass graft, ami, stent, angiogram, 
angio, epigastric pain, arm heaviness, chest 
heaviness 

Included abbreviations, misspellings and 
additional keywords

Methods

• Cohort: Patients presenting with suspected acute coronary syndrome to 

Emergency Departments in NSCCLHD who meet at least one of the study 

inclusion criteria

• Data Sources: 3 month dataset (1/4/17-30/6/17) extracted from NSCCLHD 

Cerner and McKesson Information Systems 

• Historical (2002) and future encounters (July ‘17 to present) are extracted

UpSet plot showing the numbers of encounters meeting individual (left hand side) and 
multiple inclusion criteria (right hand side)

Aims

1) Demonstrate feasibility of identifying patients with a STEMI from the eMR

2) Determine whether quality and safety indicators can be ascertained

3) Check face validity of data with practicing clinicians

Initial Population
>30,000 presentations of suspected acute coronary syndrome 
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Raw transactional
data from the
hospital systems

>300K ECG images

Forms (>300 types)

81M million

Diagnosis

480K x 25 

Pathology

8.5M x 20

Notes (>100 types)

3.7 million

Patients

14K x 36 

Encounters

160K x 34 

An outcome is a
report that presents key findings to
heads of hospital departments 

preliminary

preliminary

draft

The results obtained by the SPEED-Extract will provides 
confidence in the data to tackle more complex and subtle 
questions  

Consultation
Documentation
Data pipeline
Analysis

From Raw data to clinically meaningful data
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Overview of the cohort – ICD10 STEMI and NSTEMI at NSLHD

102 STEMI cases

259 NSTEMI cases
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Validation study of ICD10 coded STEMI

• Rationale: ICD10 codes can be used to identify 

STEMI but are not entirely reliable and are only 

available after the episode of care

• Designed and built a user interface where cardiologists 

can easily sight all relevant aspects of N patient records 

(one at a time) and select a diagnosis. Data includes:

• ECGs

• First medical note

• Blood tests (incl. hsTroponin)

• Angiogram report

• Discharge letter

• Population for Validation Study
• The starting population is 1144 episodes of care from 

admitted patients in NSCCLHD with hsTroponin
changes*

• Of these we will select 912 unique episodes of care for 
validation which will include cases with and without 
ICD10=STEMI 

* a) △30% between initial and subsequent hsTroponin measurements AND b) at least one 
hsTroponin measured during the encounter is >99th percentile for normal reference population 
OR If hsTroponin > 1000ng/L

Outcome
Labelled dataset  that can be used to train 

algorithm(s) to identify “real” STEMIs  
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Validation study: cohort definition

• 1167 episodes pass ACS rules or are ICD-10 STEMI coded

• Essential information:

• ECG in the first encounter and

• Medical note on the first encounter or discharge letter.

Selection Number 
of Cases

(%)

1 ACS rules + ICD10 STEMI 1167 100

2 At least one ECG on the first 
encounter

945 81

3 First Medical Note or Discharge 
Letter

912 78
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973 episodes of care Pass ACS rule Do not pass ACS rule

ICD-10 STEMI 97 15

ICD-10 no STEMI 800 61

Validation study: cohort definition

• Our planned Cohort was reduced to meet the essential criteria (ecg + notes)
• It now became feasible to review all the “Pass ACS rule” cases 

• Composed of  NSTEMI
and troponin status of 
healthy or other where
the complete information is available

• Best chance to uncover missed STEMIs (false negatives) and thus create 
an comprehensive labelled dataset for algorithm training. 

• Downside: A reduction in the number of common cases for determining 
the inter-rater reliability.
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Validation study: cohort composition

Overall proportions achieved:
• 12%  STEMI
• 82% ACS rule – does not include STEMI
• 6% the noise is composed of

• NSTEMI + healthy trop 
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N = 963
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Validation study: Strategy for inter-rater reliability

n=40

n=233 n=234

n=233

14

n=233

green

blue

yellow

silver

• 4 samples drawn at random while keeping the 
proportions similar

• 17%  STEMI
• 73% ACS rule – does not include STEMI
• 10% the noise

Composition of common dataset
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Validation study: cohort composition

• N = 963
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Composition of common dataset (N = 40)

N = 40
• Drawn at random while keeping the 

proportions similar
• 17%  STEMI
• 73% ACS rule – does not include STEMI
• 10% the noise
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Validation study: Overview of results (single diagnosis)

Cohen's Kappa = 0.647 [0.5109 0.8236]
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• Total Agreement = 80.8%
• 5 false negative STEMI
• 19 false positive STEMI

Cohen's Kappa Agreement

K < 0.20 Slight

0.20 < K < 0.40 Fair

0.40 < K < 0.60 Moderate

0.60 < K < 0.80 Substantial

0.80 < K Almost perfect
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Challenges for the machine learning

Asymmetry of the validated sample – 91 STEMI, 318 NSTEMI and 624 other.

Clinicians relied heavily on the ECG – is there redundant information within the text?
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