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DATABASE PROTOCOL

Introduction

This document outlines the specifications and procedures for the NIHR Health Informatics
Collaborative (NIHR HIC) Cardiovascular research database and defines the processes for the
collection of the NIHR HIC Cardiovascular research data and onward sharing with
researchers. The central research database is held within Imperial College Healthcare NHS
Trust (ICHNT).

Data for all patients receiving a troponin test are collected locally at the following Trusts and
submitted pseudonymously to ICHNT:

e Imperial College Healthcare NHS Trust

e University College London Hospitals NHS Foundation Trust
e Oxford University Hospitals NHS Foundation Trust

e Kings College Hospital NHS Foundation Trust

e Guys and St Thomas’ Hospital NHS Foundation Trust

This document covers the processes for local collection of data at all sites. The main
database and systems are hosted at ICHNT as the lead organisation for the Cardiovascular
Theme.

NIHR HIC Cardiovascular Database Definitions

Local data store

Each Trust will have a local store of NIHR HIC Cardiovascular data; this collects their
information in an identifiable form from clinical systems. The data will then be de-identified
within the local NHS Trust. These de-identified data will be passed to the central research
database.

Research database

The research database will contain only de-identified information. This database combines
the data from each site (including ICHNT) and will be used for the TROP-RISK study. The
database will contain some secondary patient identifiers (e.g. date of procedure, date of
death) which will not be made directly available to researchers. A further anonymised view
of the data will be prepared by ICHNT staff which will involve converting all dates to the
number days since the first troponin test. This view of the data will contain only the
variables necessary to complete the study rather than the full database.



Procedures for local data collection into local stores

Data will be collected automatically from primary clinical systems within each Trust. NHS
staff will enter data into clinical systems during routine clinical care of patients, or data will
be generated as a result of clinical tests. Data in the primary clinical systems will be
processed in accordance with each Trusts clinical guidelines and subject to local quality and
governance procedures. Data will be extracted automatically and validated processes for
data extraction, transformation and loading (ETL) have been designed to import the data
into the local secure data stores.

Access to local data stores

Access to identified data will be limited to those justified and approved by the local
information governance teams and will always be NHS staff in accordance with the duty of
confidentiality required by law. Anonymisation procedures will be automated after
implementation.

Local data stores will be the only areas that hold any patient identifiers. De-identification is
completed at this stage prior to passing data into any research databases and datasets.

De-identification

The data will be pseudonymised locally within each Trust; anonymisation processes will be
automated and set up by NHS staff in accordance with:

e advice from local information governance procedures
e the HIC Standard Operating Procedure (SOP) for data sharing and anonymisation
e the Clinical Data transfer policy

The data items summarised in Table 1 will be anonymised. Anonymisation will be approved
locally by information governance teams before data are sent externally to ICHNT. De-
identified data are then shared in accordance with the overarching data sharing agreement.

Demographic Anonymisation
Loc_a! Provided if NHS number is missing
Identifier
Use local pseudonymisation algorithm
NHS Number (key to be retained at source)
Rename field to subject ID

Family Name To be removed — LOCAL use
Given Name To be removed — LOCAL use
Date of Birth YYYY

Date of Death DD-MM-YYYY

Table 1. Anonymisation of data elements



Each site will hold two versions of the database, one identifiable and one with de-identified,
pseudonymised data. The de-identified version is for use in research and shared with the
central research database at ICHNT. The identifiable database is held so that if necessary
patients can be re-identified if it is of importance to re-contact the patient via their care
team.

NHS numbers and hospital numbers are pseudonymised using locally approved procedures.
Names are removed from the dataset and date of birth is transformed to year of birth. Date
of death is shared, however is converted in to relevant survival rates on provision of data to
researchers. Researchers will never see the full date of death or be able to calculate it from
other information (all dates are provided as delta for first troponin). The provision of date of
death has been agreed by each of the information governance offices at each of the sites in
the following de-identification and anonymisation protocol for the TROP-RISK Study:

e The exact date of death is required to evaluate mortality after diagnosis.

e Patients presenting with acute coronary syndromes have a high frequency of cardiac
events and a high short-term mortality rate. An accurate measure of death is
therefore required to fully evaluate this.

e To redact the date of death to year only would misrepresent the survival of these
patients, particularly for those who survive for less than one year. The clinical leads
at our BRCs have underlined the importance of having the date in full for the TROP-
RISK study.

Data validity and quality

Prior to pseudonymisation within the clinical systems, NHS number, Date of Birth and
patient names will be automatically checked to remove duplication of patients.

Samples of data will be clinically validated by members of the clinical team to ensure that
the transformation process is correct and data are attributed to the correct patients prior to
pseudonymisation. After clinical validation is complete, the data will be transformed to a
standardised XML format and validated (Figure 1).

BRC : Cambridge XML BRC : Oxford XML

Imperial Research Data Warehouse

BRC : UCLH XML ’ ‘ BRC : GSTT XML

y.v

Imperial College MovelT Software
Healthcare NHS Trust < TrustHIC

sFTP Server

is XML Schema validation
successfull?

Trust's Secure FTP

Report back to the BRC

Figure 1. Data import and validation process.



Data sharing between Trusts

Data are shared in accordance with the SOP for data sharing. Data are encrypted in transit
via sFTP on the N3 network (Figure 1). The sFTP is set up and hosted by ICHNT.

Procedures for secure research database

Data validity and quality

ICHNT validate the data to ensure that the structure, data items, units and data types are in
accordance with the standardised data model. Data will be rejected if validation fails. On
rejection, the files will be archived and the data manager will contact the data provider to
review the submission and resend once corrected.

Once imported into the secure research database, data are subject to clinical validation by
Cardiovascular clinical experts; these validations will be completed by the clinical
researchers using de-identified data. Data will be reviewed for data completeness, spread
and actual data point values. If data appears invalid it will be rejected.

Data quality reports will be generated and provided to the research team and local data
provider after each submission. These will be reviewed after each submission to ensure all
areas are populated.

Research database software

The database is built using Microsoft SQL server 2014, Microsoft’s principle database
management system software. The installation of the software was carried out by certified
technical consultants and tested by the Trust ICT team and data warehouse team in
accordance with Trust ICT procedures and policies.

Database management

The database is fully backed up on a daily basis. The back-ups are standardised for all Trust
databases within the Trust data warehouse. Backups can be restored at any point by
warehouse staff. Data are secondary copies from clinical systems; at any point the
participating Trusts can re-extract the data from primary sources.

Each site will submit data on a quarterly basis to the database. Data integrity checks will be
completed to ensure correct structure is maintained and duplicates are not present.

Once entered on the system, data will not be changed. All access will be ‘read only’ except
via exception, approved by the research Informatics Programme Manager and Clinical Leads

group.

The database will be managed by the data manager (Ben Glampson) and developer (Abdul
Mulla). Any database changes will be controlled by the research informatics Programme
manager (Ben Glampson), and sanctioned by the NIHR HIC Cardiovascular scientific steering
committee (Chaired by Jamil Mayet). All staff are substantive NHS employees at ICHNT.



Data extracts taken for research will be stored within the data warehouse and retained for
the period specified in the data request. All information pertinent to the request will be
retained and tracked by the data manager.

Data access for research

TROP-RISK STUDY dataset

All analyses for the TROP-RISK STRUDY will be completed on fully de-identified data. This
includes further de-identification to remove dates.

A designated clinical researcher (Vas) will freeze a copy of the database on 1* April 2017, so
a static dataset can be used for analysis. This will be retained separately from the live
database to allow reproducible analyses.

The study dataset will comprise all patients who had a troponin measured at each of the
five academic centres between 2010 (2008 for University College Hospital) and 2017.

Dates will be converted to delta dates, with date zero being the date of the first troponin
test. All further dates are provided as number of days from date zero. Age will be provided
in years, at the time of the first troponin test.

Date of death will be converted to the number of days since date zero. All patients will be
retrospectively followed up, using routinely collected data on the NHS Spine Application,
Summary Care Record, until death or censoring on 1* April 2017.

Data elements

The database model will include 156 data points, grouped into demographics, emergency
department attendance and inpatient episodes, biochemistry, diagnosis, angiography,
revascularization, echocardiography and mortality. Diagnostic data will be based on
International Statistical Classification of Diseases and Related Health Problems (ICD)
discharge codes.



STATISTICAL ANALYSIS PLAN
Outcomes

Primary outcome

The primary outcome will be all-cause mortality. The nature of the data sources means that
this is the outcome that will be available and it will be available with high fidelity.

Secondary outcomes

The secondary outcomes will be:

e Acute coronary syndrome (ACS) diagnosis (unstable angina, non-ST segment
elevation myocardial infarction (NSTEMI), ST-segment elevation myocardial
infarction (STEMI)

e Non-ACS diagnosis

e Angiography

e Revascularisation (coronary artery bypass grafting CABG), percutaneous coronary
intervention (PCl))

Statistical Methods

Baseline data

Baseline and demographic characteristics will be summarised by standard descriptive
summaries:

e means (standard deviation) for continuous variables which are normally distributed

e median (interquartile range) for continuous variables which are not normally
distributed

e number (percentage) for categorical variables

Age distribution

The age distribution of patients who have a troponin measured will be compared with that
of the general population using the World Health Organisation (WHO) population estimates
for the UK.

Troponin data
Assay performance

Each Trust measures either troponin | or T using either contemporary or high-sensitivity
troponin assays. These tests yield results in different measurable ranges with unique cut-off
points for the 99th percentile of the upper limit of normal (ULN). A summary table of the
performance of each assay will be assembled.



Handling of troponin data

The study dataset will comprise all patients who have had a troponin measured at each of
the five academic centres between 2010 (2008 for University College Hospital) and 1°* April
2017.

In clinical practice, troponin levels are frequently dichotomised into “positive” (meaning
above ULN) or “negative”. Troponin levels may have a progressive relationship with
prognosis, too, but the shape of this relationship is not known across the full spectrum of
values and making the assumption of a linear relationship of mortality with troponin (or log
troponin) may not be secure.

For these reasons, we will treat the data in two ways:

1. We will dichotomise the peak troponin level as being either positive or negative
based on the ULN for each troponin assay. This makes no assumption of the shape of
the relationship.

2. To standardise the many troponin assays, we will scale the results using the ratio of
the observed troponin value divided by the ULN for that particular troponin assay.
For example, a patient with a troponin value of 96 using an assay which has an ULN
of 40 would have a scaled result of 96/40 = 2.4 xULN.

In some hospitals and some assays, troponin values above a certain level are
systematically reported as “more than X”. According to what the hospitals have
reported so far, the threshold at which the system gives results like this is in all cases
very high. In no case does the truncation of this result occur below 10,000 xULN. We
therefore provisionally plan to set the uppermost band to be “>10,000 xULN”. This
ensures that the unavailability of an explicit value does not affect the troponin band
into which any result is allocated.

Similarly, no hospital has reported truncating lower values of troponin at a threshold
that is higher than % xULN. Therefore, we plan for the lowermost band to be “<%
xULN”.

Troponin has a marked positive skew. Therefore, we plan for the bands to be spaced
not arithmetically but exponentially, with narrow spacing nearer low values, where
there is a higher frequency density of troponin values.

Adopting this approach for analysis has the following advantages:

1. It allows the shape of the relationship to be explored without making
assumptions about the shape in advance.

2. It allows values documented in the hospital databases as “less than X” or
“more than X” to be used correctly in the analysis rather than omitted or
have imputed values.

3. The resulting display of the mortality relationship should be easily
interpreted and applied by clinicians.



All analyses on troponin will be performed using the peak troponin level. For patients who
have a single troponin measurement, the peak troponin will be based on this measurement.
In the remainder of the patients who have more than one troponin test in the same hospital
episode, the peak troponin value will be defined as the highest of all measurements.

Relationship between troponin positivity, age and mortality

To assess the association of dichotomous troponin level (above ULN or not) with all-cause
mortality, Cox proportional hazards regression modelling will be used. Hazard ratios will be
determined for the following age groups: 18-29, 30-39, 40-49, 50-59, 60-69, 70-79, 80-89
and 90+ years. We will also stratify the hazard ratios for troponin positive versus negative
groups across these age groups by troponin assay (contemporary versus high-sensitivity
troponin assay).

The Kaplan-Meier method will be used to calculate and display cumulative mortality, with
positive and negative troponin bands compared using the log-rank statistic.

Relationship between troponin level and mortality

The main analysis of the association of progressively higher troponins with all-cause
mortality will be performed without making assumptions about the shape of the
relationship, i.e. with Cox proportional hazards regression modelling.

The Kaplan-Meier method will be used to calculate and display cumulative mortality, with
troponin bands compared using the log-rank statistic. The results will be stratified according
to ACS diagnosis and revascularisation status.

ACS diagnosis
The ICD-10 codes in Table 2 will be used to indicate an ACS diagnosis.

ICD-10 Code Category

120.0 Unstable angina

121.0 Acute transmural myocardial infarction of anterior wall
121.1 Acute transmural myocardial infarction of inferior wall
121.2 Acute transmural myocardial infarction of other sites
121.3 Acute transmural myocardial infarction of unspecified site
121.4 Acute subendocardial myocardial infarction

121.9 Acute myocardial infarction, unspecified

122.0 Subsequent myocardial infarction of anterior wall
122.1 Subsequent myocardial infarction of inferior wall

122.8 Subsequent myocardial infarction of other sites

122.9 Subsequent myocardial infarction of unspecified site
124.8 Other forms of acute ischaemic heart disease

124.9 Acute ischaemic heart disease, unspecified

Table 2. ICD-10 codes used to indicate an ACS diagnosis
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Revascularisation status

Acute revascularisation will be defined as having PCl or CABG in the time window between

48 hours before and 3 months after the first troponin measurement. This will account for
patients who had revascularisation, in particular PCl, as an emergency prior to their first
troponin blood test and to capture revascularisation, in particular CABG, performed as an
outpatient following their index admission.

Statistical package

Statistical analyses will be performed using SPSS software version 24 (SPSS Inc., Chicago,
[llinois, United States) and the results verified by replicate analysis using R 3.3.2 statistical
package (the R Core Team, Vienna, Austria).

Statistical significance

All hypothesis tests will be 2-tailed. A p-value of <0.05 will be considered statistically
significant. No correction will be implemented for multiple testing.
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Supplementary Figures
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Supplementary Figure S1. Bar chart of the number of troponin tests per patient.
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Supplementary Figure S2. Kaplan-Meier mortality curve by troponin positivity in all patients.

Tn, troponin.
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Supplementary Figure S3. Kaplan-Meier survival curve by troponin positivity in each

age decade. Error bars denote upper 95% confidence interval. Tn, troponin.
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Cumulative mortality (%)

No. at risk
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Supplementary Figure S4. Kaplan-Meier survival curves of 3 month landmark analysis,

stratified by troponin positivity in 18-39, 40-79 and 80+ years age groups.

Tn NEG, troponin negative; Tn POS, troponin positive.
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— Roche Elecsys €602 (99" percentile 13 ng/L)
Roche Cobas (99 percentile 10 ng/L)
Abbott i-STAT (99" percentile 15 ng/L)

— Siemens Centaur XP (99" percentile 16 ng/L)
Abbott i-STAT (99" percentile 34 ng/L)

— Abbott Architect (99" percentile 40 ng/L)

— Abbott cTnl (99" percentile 32 ng/L)

— Roche Elecsys cTnT (99" percentile 30 ng/L)

Hazard ratio
N
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0.0001 0.001 0.01 1 10 100 1000 10000
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Supplementary Figure S5. Association between troponin level and the hazard ratio for
all-cause mortality using restricted cubic splines stratified by troponin assay.

The grey shaded area around the spline curves represents the 95% confidence interval. All
curves arise from a single restricted cubic spline analysis using troponin assay as a stratifier.

The reference for the hazard ratio was set at one.
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Hazard ratio
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) -

Supplementary Figure S6. Association between peak troponin level and the hazard ratio
for all-cause mortality in patients not admitted to hospital (n=101538).

The grey shaded area around the spline curves represents the 95% confidence interval. The
probability distribution of troponin level in patients not admitted to hospital is displayed

below the x-axis. The reference for the hazard ratio was set at one.
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Supplementary Figure S7. Three-year Kaplan-Meier cumulative mortality by troponin

level for ACS and non-ACS patients.

ACS, acute coronary syndrome
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Supplementary Figure S8. A, Proportion of patients with non-ACS undergoing invasive
management according to troponin level; B, Multivariable adjusted spline of association
between peak troponin level and the hazard ratio for all-cause mortality in patients with
non-ACS stratified by invasive versus non-invasive management.
Adjusted for patient age, gender, haemoglobin, creatinine, white cell count, C-reactive
protein, platelet count, the number of troponin tests during the index hospital admission,

family history of cardiovascular disease, current smoker, diabetes mellitus, hypertension,
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hypercholesterolaemia, heart failure, previous ischaemic heart disease, atrial fibrillation,
aortic stenosis, chronic kidney disease, neoplasm and obstructive lung disease. The grey
shaded area around the spline curves represents the 95% confidence interval. Both curves
arise from a single restricted cubic spline analysis using invasive management as a stratifier.
The reference for the hazard ratio was set at one in the non-ACS group who did or did not

undergo invasive management.
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ICD-10 Code

Category

120.0
121.0
121.1
121.2
121.3
121.4
121.9
122.0
122.1
122.8
122.9
124.8
124.9

Unstable angina

Acute transmural myocardial infarction of anterior wall
Acute transmural myocardial infarction of inferior wall
Acute transmural myocardial infarction of other sites
Acute transmural myocardial infarction of unspecified site
Acute subendocardial myocardial infarction

Acute myocardial infarction, unspecified

Subsequent myocardial infarction of anterior wall
Subsequent myocardial infarction of inferior wall
Subsequent myocardial infarction of other sites
Subsequent myocardial infarction of unspecified site
Other forms of acute ischaemic heart disease

Acute ischaemic heart disease, unspecified

Supplementary Table S1. International Statistical Classification of Diseases and Related

Health Problems (ICD)-10 codes used to indicate an ACS diagnosis.
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Assay Manufacturer / Gender- 99™ percentile of Troponin  Number of
Platform specific the ULN (ng/L) patients
Roche Elecsys ¢TnT No 10 TnT 347
Roche Cobas No 14 TnT 17671
(results reported
with ULN of 10)
Roche Elecsys No 14 TnT 43112
(results reported
with ULN of 13)
Abbott i-STAT Female 15 Tnl 10981
Siemens Centaur XP No 16 Tnl 22354
Roche Elecsys ¢TnT No 30 TnT 9420
Abbott cTnl No 32 Tnl 50718
Abbott i-STAT Male 34 Tnl 12853
Abbott Architect No 40 Tnl 78037
Roche Cardiac Reader No 50 TnT 947

Supplementary Table S2. Troponin assays at participating cardiac centres.

GSTT; Guy’s and St Thomas’ NHS Foundation Trust; ICHT, Imperial College Healthcare

NHS Trust; KCH, King’s College Hospital NHS Foundation Trust; OUH, Oxford University

Hospitals NHS Foundation Trust; UCL, University College London Hospitals NHS

Foundation Trust.
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All patients (n=257948)

Troponin negative (n=180239)

Troponin positive (n=77709)

n (median (IQR) Total patients n (median (IQR) Total patients n (median (IQR) | Total patients P-
or number (% of (% of all or number (% of (% of all or number (% of (% of all .
total patients)) patients) total patients)) patients) total patients)) patients) value}
General demographics
Age (years) 65 (50 - 79) 257852 (99.96) 60 (46 - 75) 180165 (99.96) 74 (62 - 84) 77687 (99.97) | <0.0001
Male 142718 (55.3) 257834 (99.96) 95551 (53.0) 180155 (99.95) 47167 (60.7) 77679 (99.96) | <0.0001
Ethnicity 197816 (76.69) 141637 (78.58) 56179 (72.29)
White 147321 (74.5) 103907 (73.4) 43414 (77.3) <0.0001
South Asian 7169 (3.6) 4823 (3.4) 2346 (4.2)
Black 19925 (10.1) 14961 (10.6) 4964 (8.8)
Other 23401 (11.8) 17946 (12.7) 5455 (9.7)
Haematology / Biochemistry
Haemoglobin (g/dL) 13.3(11.9-14.6) | 231265 (89.66) | 13.6 (12.3-14.7) | 164413 (91.22) | 12.6 (10.9 - 14.1) | 66852 (86.03) | <0.0001
White cell count (x10°/L) 8.3(6.5-10.9) 231276 (89.66) 8.0(6.3-10.2) 164421 (91.22) 9.5(7.2-12.7) 66855 (86.03) | <0.0001
Platelet count (x10°/L) 231 (188 -280) | 231185(89.62) | 234 (194 -281) 164362 (91.19) | 222(174-278) | 66823 (85.99) | <0.0001
Creatinine (umol/L) 77 (65 - 96) 231861 (81.89) 74 (63 - 89) 164729 (91.39) 90 (71 - 126) 67132 (86.39) | <0.0001
Urea (mmol/L) 574.4-179) 193688 (75.09) 53(4.1-6.9) 135458 (75.15) 72(52-11.2) 58230 (74.93) | <0.0001
C-reactive protein (mg/L) 6.0 (2.0 -29.8) 186686 (76.25) 5.0(1.6 - 18.0) 133884 (74.28) | 14.0(4.3-63.0) | 62802 (80.82) | <0.0001
Glucose (mmol/L) 57(5-17.3) 101332 (39.28) 5.5(4.9-6.8) 69346 (38.47) 6.3(5.3-8.3) 31986 (41.16) | <0.0001
HbA1lc (mmol/mol) 43 (38 - 56) 27885 (10.81) 37 (33 -42) 15655 (8.69) 38 (34 - 44) 12230 (15.74) | <0.0001
Total cholesterol (mmol/L) 453.7-54) 110230 (42.73) 4.7(3.9-5.5) 74788 (41.49) 423.4-52) 35442 (45.61) | <0.0001
HDL cholesterol (mmol/L) 1.2(1.0-1.5) 106818 (41.41) 1.3(1.0-1.6) 72763 (40.37) 1.1(0.9-1.5) 34055 (43.82) | <0.0001
Triglyceride level (mmol/L) 1.3(0.9-1.9) 99804 (38.69) 1.3(0.9-1.9) 66287 (36.78) 1.2(0.9-1.8) 33517 (43.13) | <0.0001
Echocardiography
LV EF (%) 55.0 (48.1-64.5) | 31591 (12.25) | 60.0 (55.0 - 65.8) 13614 (7.55) 55.0(42.3-61.8) | 17977 (23.13) | <0.0001
LV ES (%) 32.7(26.5-38.0) | 26054 (10.10) | 33.9(28.8-39.0) 13887 (7.70) 31.0(23.4-37.0) | 12167 (15.66) | <0.0001
LVEDd (cm) 4.7(4.2-52) 46941 (18.20) 4.6 (4.1-5.0) 21674 (12.03) 4.8(4.3-53) 25267 (32.51) | <0.0001
LVEDs (cm) 3.1(2.7-3.6) 39507 (15.32) 3.0(2.6-3.4) 19145 (10.62) 322.7-3.9) 20362 (26.20) | <0.0001
Hospital episode
Admitted to hospital 134517 (52.1) 257948 (100) 80327 (44.6) 180239 (100) 54190 (69.7) 77709 (100) <0.0001
Diagnosed with ACS 14468 (5.6) 257948 (100) 14468 (5.6) 180239 (100) 12821 (16.5) 77709 (100) <0.0001

Supplementary Table S3. Characteristics and proportion of missing data for all

patients, troponin positive and troponin negative groups.

1 Comparison between troponin negative and troponin positive groups using Mann-Whitney

U test for continuous variables and Chi square test for categorical variables. ACS, acute

coronary syndrome; LV EF, left ventricular ejection fraction; LV FS, left ventricular
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fractional shortening; LVEDd, left ventricular end diastolic diameter; LVEDs, left ventricular

end systolic diameter.

Symptoms only n (%) Cardiovascular n (%) Non-cardiovascular n (%)
coded Disorders disorders
Chest pain 19977 (16.64) Atrial fibrillation / 3166 (2.64) Pneumonia / LRTI 7752 (6.46)
Atrial flutter
Syncope and collapse 3661 (3.05) Heart failure 2899 (2.41) Malignancy 4416 (3.68)
Abdominal pain 1642 (1.37) Pulmonary embolism 1429 (1.19) Gastrointestinal 5076 (4.23)
disorders
Shortness of breath / 1307 (1.09) Chronic ischaemic 4897 (4.08) Ischaemic stroke / TIA | 3994 (3.33)
cough heart disease
Palpitations 1135 (0.95) Tachyarrhythmia (SVT | 1450 (1.21) Other types of 3769 (3.14)
/ VT /VF) infection
Dizziness / giddiness 1033 (0.86) Bradyarrhythmia 1355 (1.13) Musculoskeletal 2654 (2.21)
(AVB) disorders
Headache 855 (0.71) Valvular heart disease 1203 (1.00) Drug, alcohol, 2451 (2.04)
metabolic disorders
Fall 659 (0.55) Aortic aneurysm 1104 (0.92) Renal failure 1965 (1.64)
Angina 1194 (0.99) Skeletal fracture 1963 (1.64)
Peripheral vascular 805 (0.67) Other neurological 1857 (1.55)
disease disorders
Pericardial disease 782 (0.65) Cerebral haemorrhage | 1823 (1.52)
(subdural /
intracerebral / SAH)
Hypotension 721 (0.60) Asthma / COPD 1644 (1.37)
Pulmonary 648 (0.54) Other pulmonary 1412 (1.18)
hypertension disorders
Bundle branch block 341 (0.28) Head injury 1133 (0.94)
(LBBB/RBBB/
trifascicular block)
Other cardiac 336 (0.28) Sepsis / Fever 852 (0.71)
arrhythmias
Hypertension 331 (0.28) Epilepsy / seizure 797 (0.66)
Cardiac arrest 281 (0.23) Other haemorrhage 740 (0.62)
Complication of 281 (0.23) Anaemia 644 (0.54)
cardiac device implant
Myocarditis 171 (0.14) Pregnancy-related 195 (0.16)
conditions
Carotid artery disease 169 (0.14) Other haematological 154 (0.13)
disorders
Dilated 175 (0.15)
cardiomyopathy
Infective endocarditis 154 (0.13)
Cardiac device / 127 (0.11)
vascular graft infection
Hypertrophic 107 (0.09)
cardiomyopathy
Other 90 (0.07)
cardiomyopathies
Total 30269 Total 24216 Total 45291 (37.73)
(25.21) (20.17)

Supplementary Table S4. Coded diagnoses in non-ACS patients. The top 10% of ICD-10 codes

were reviewed in non-ACS patients and classified into diagnostic groups.

16.9% (n=20273) of patients had other, less common, ICD-10 codes.
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