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ABSTRACT
Introduction: Administrative healthcare databases can
provide a comprehensive assessment of the burden of
diseases in terms of major outcomes, such as
mortality, hospital readmissions and use of healthcare
resources, thus providing answers to a wide spectrum
of research questions. However, a crucial issue is the
reliability of information gathered. Aim of this protocol
is to validate International Classification of Diseases,
9th Revision—Clinical Modification (ICD-9-CM) codes
for major cardiovascular diseases, including acute
myocardial infarction (AMI), heart failure (HF), atrial
fibrillation (AF) and stroke.
Methods and analysis: Data from the centralised
administrative database of the entire Umbria Region
(910 000 residents, located in Central Italy) will be
considered. Patients with a first hospital discharge for
AMI, HF, AF or stroke, between 2012 and 2014, will be
identified in the administrative database using the
following groups of ICD-9-CM codes located in primary
position: (1) 410.x for AMI; (2) 427.31 for AF; (3) 428
for HF; (4) 433.x1, 434 (excluding 434.x0), 436 for
ischaemic stroke, 430 and 431 for haemorrhagic stroke
(subarachnoid haemorrhage and intracerebral
haemorrhage). A random sample of cases, and of non-
cases, will be selected, and the corresponding medical
charts retrieved and reviewed for validation by pairs of
trained, independent reviewers. For each condition
considered, case adjudication of disease will be based
on symptoms, laboratory and diagnostic tests, as
available in medical charts. Divergences will be
resolved by consensus. Sensitivity and specificity with
95% CIs will be calculated.
Ethics and dissemination: Research protocol has
been granted approval by the Regional Ethics
Committee. Study results will be disseminated widely
through peer-reviewed publications and presentations
at national and international conferences.

INTRODUCTION
As computer technology continues to
advance, use of digital administrative databases

is increasingly growing in healthcare settings
worldwide. These databases anonymously
store patients’ data about healthcare assistance
they received, including birth, death or
disease treatment. Usually, diagnosis of the
disease is associated with a specific code from
the International Classification of Diseases
(ICD-9) 9th or 10th revision. The ICD is
designed to map health conditions to corre-
sponding generic categories along with spe-
cific variations. Merging of individual
patient data from administrative databases
with other sources (eg, prescription and
laboratory data) allows investigating a wide
range of relevant and often unique public
health questions1 monitoring population
health status over time, and performing
population-based pharmacoepidemiologi-
cal research.1 These databases, therefore,
have the potential to address important

Strengths and limitations of this study

▪ The study will evaluate the validity of the
International Classification of Diseases, 9th
Revision—Clinical Modification (ICD-9-CM)
codes for cerebrovascular and cardiovascular
diseases (acute myocardial infarction, heart
failure, atrial fibrillation and stroke), using the
administrative database of Umbria Region.

▪ The strength of this study is that it will review
original source documentation available in
medical charts to adjudicate case of cerebrovas-
cular and cardiovascular diseases.

▪ Once the administrative database will be vali-
dated for the considered diseases, it can be used
for outcome research including pharmacoepide-
miology, health service research and quality of
care research.

▪ Validation studies of administrative data are
related to their context, and are not immediately
generalisable to other settings.
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issues in postmarketing surveillance2 3 epidemiology4

quality performance, and health services research.5

However, there is a concern that the power of adminis-
trative databases as a source of healthcare information
cannot be fully exploited unless they are thoroughly vali-
dated.6–9 For instance, a systematic review10 of ICD-9
code validation in Italian administrative databases
reported that only a few regional databases have been
validated, and just for a limited number of ICD-9 codes
of diseases.11–18

While non-clinical information in healthcare data-
bases, such as demographic and prescription data, are
highly accurate,19 20 reliability of registered diagnoses
and procedures is variable.20 21 Determining the accur-
acy of the latter two categories of clinical information is
important to all potential users, and involves confirming
the consistency of information within the databases with
the corresponding clinical records of patients.19 Hence,
it is imperative that health authorities systematically
validate their databases for major diseases to product-
ively use the information they contain.
In Western countries, cardiovascular and cerebrovascu-

lar diseases are the leading cause of mortality and mor-
bidity, and represent a major social and economic
problem. In this context, most of the burden is due to
occurrence of acute myocardial infarction (AMI),22

heart failure (HF),23 24 atrial fibrillation (AF)25 and
stroke.17 Administrative healthcare databases can provide
a comprehensive understanding of the burden of these
diseases in terms of important outcomes such as mortal-
ity, hospital readmissions and use of other healthcare
resources. In addition, such databases can aid in moni-
toring adherence to essential drug therapies, including
the use of evidence-based therapies.
The Regional Health Authority of Umbria has started

a research regarding case definitions of diseases26–28 as
well as validating ICD-9 codes for diseases.29 The object-
ive of the present protocol is to evaluate the accuracy of
the ICD-9-CM codes related to AMI, HF, AF, ischaemic
and haemorrhagic stroke (intracerebral and subarach-
noidal haemorrhage) in the administrative database of
the Regional Health Authority of Umbria.

METHODS
Setting and data source
Administrative database
The Regional Administrative Database of Umbria
gathers information regarding all hospital admission
medical records on all 910 000 residents, including per-
sonal demographics, hospital admission and discharge
dates, vital status, hospital department, primary and sec-
ondary diagnoses and surgical or diagnostic procedures.
In addition, the database records all drug prescriptions
listed in the National Drug Formulary, and it allows iden-
tification of the prescriber. In Italy, all hospital medical
doctors, including those who fill discharge diagnoses,
are salaried.

The Regional Administrative Database has been used
for pharmacoepidemiology and drug-related outcome
researches.2 30–32 Each resident has a unique national
identification code, with which it is possible to link the
various types of information, corresponding to each
person, within the database. In Italy, healthcare assist-
ance is covered almost entirely by the Italian National
Health System (NHS), therefore most residents’ signifi-
cant healthcare information can be found within the
healthcare databases.

Source population
Source population will be represented by permanent
residents aged 18 or above of Umbria Region. Any
resident that has been discharged alive (with exclusion
of voluntary discharge and interhospital transfer of
patients) from a hospital with a diagnosis of AMI, AF,
HF and stroke (ischaemic stroke, intracerebral haemor-
rhage, subarachnoidal haemorrhage) will be considered.
Residents that have been hospitalised outside the
regional territory of competence will be excluded from
analysis.

Case selection and sampling method
Patients with the first occurrence of below diagnosis
located in primary positioning of the administrative
database between 2012 and 2014 will be identified using
the following groups of ICD-9-CM codes: (1) 410 for
AMI; (2) 427.31 for AF and 427.32 for atrial flutter; (3)
428 for HF; (4) 433.×1, 434 (excluding 434.x0), 436 for
ischaemic stroke, 430 and 431 for haemorrhagic stroke
(subarachnoid haemorrhage and intracerebral haemor-
rhage). It is worth mentioning that according to the
Italian legislation, the principal diagnosis coding needs
to be based on the condition identified at the end of
hospitalisation, which constitutes the main cause of the
need of treatment and/or diagnostic tests, and is mainly
responsible for the use of resources.33 34 Table 1 displays
the description of the ICD-9-CM codes for each disease
of interest.

Validation criteria
Criteria used for validation of the considered ICD-9-CM
codes will be those derived from international guidelines
if available, or systematic reviews published on these
topics.

Acute myocardial infarction
For validation of AMI, we will consider the Guidelines of
the European Society of Cardiology35 using the relative
set of guidelines available at the time of each patient’s
discharge. To adjudicate the event as an AMI, in add-
ition to troponin release (with at least one peak level
greater than the upper limit of reference range), at least
one of the following criteria of the reference standard
needs to be met:
A. Cardiac symptoms at rest (eg, such as angina, chest

pain, chest discomfort, chest heaviness, or substernal
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chest pain), consistent with coronary artery disease/
AMI.

B. Evidence for a new AMI on the presenting ECG, as
demonstrated by any one of these:
1. ST elevation (≥1 mm) in two contiguous leads;
2. new Q waves;
3. new left bundle branch block.

C. Presence of myocardial infarction/injury (exclude
old myocardial infarction) on any ECG during index
hospital stay.

D. Imaging evidence of new loss of viable myocardium,
or new regional wall motion abnormality.

E. Identification of an intracoronary thrombus by
angiography.

Atrial fibrillation
To validate ICD-9 code 427.31 (index test) related to
AF, we will require at least one ECG tracing document-
ing the presence of AF when present in the medical
record. However, in the medical literature,36 alternative

Table 1 Description of ICD-9-CM codes

ICD-9-CM diagnosis code

Diagnosis Description

Acute myocardial infarction 410.0 Anterolateral wall

410.1 Other anterior wall

410.2 Inferolateral wall

410.3 Inferoposterior wall

410.4 Other inferior wall

410.5 Other lateral wall

410.6 True posterior wall infarction

410.7 Subendocardial infarction

410.8 Other specified sites

410.9 Unspecified site

Atrial fibrillation and flutter 427.31 Atrial fibrillation

427.32 Atrial flutter

Heart failure 428.0 Congestive heart failure, unspecified

428.1 Left heart failure

428.2 Systolic heart failure

428.20 Unspecified

428.21 Acute

428.22 Chronic

428.23 Acute on chronic

428.3 Diastolic heart failure

428.30 Unspecified

428.31 Acute

428.32 Chronic

428.33 Acute on chronic

428.4 Combined systolic and diastolic heart failure

428.40 Unspecified

428.41 Acute

428.42 Chronic

428.43 Acute on chronic

428.9 Heart failure, unspecified

Haemorrhagic stroke

430 Subarachnoid haemorrhage

431 Intracerebral haemorrhage

Ischaemic stroke

433 Occlusion and stenosis of precerebral arteries with cerebral infarction

433.01 Occlusion and stenosis of basilar artery

433.11 Occlusion and stenosis of carotid artery

433.21 Occlusion and stenosis of vertebral artery

433.31 Occlusion and stenosis of multiple and bilateral

433.81 Other specified occlusion and stenosis of precerebral artery

433.91 Unspecified occlusion and stenosis of precerebral artery

434 Occlusion of cerebral arteries with cerebral infarction

434.01 Cerebral thrombosis with cerebral infarction

434.11 Cerebral embolism with cerebral infarction

434.91 Cerebral artery occlusion, unspecified with cerebral infarction
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criteria have been used to identify cases of AF: (1) any
mention of current AF, without a reference ECG; (2)
two ECG measurements documenting the presence of
AF in the same hospital admission; (3) the presence of
at least two ECG documenting the presence of AF in
more than one hospital admissions for AF in the same
period. Accordingly, we will also record and analyse
charts according to these different criteria for subse-
quent comparison, in order to understand which algo-
rithm gives the best diagnostic yield.

Heart failure
For the validation of the ICD-9-CM 428.x relating to HF,
we will consider the European Society of Cardiology
Heart Failure Guidelines published at the time of
patient’s discharge.37 Those guidelines consider the algo-
rithm for the diagnosis of HF in the non-acute setting
and in the acute setting. Since the ICD-9 codes do not
distinguish between the acute and non-acute setting, we
will combine the clinical presentation of both settings.
Diagnosis of HF will be adjudicated when, in addition

to the presence of symptoms (such as dyspnoea, orthop-
noea), or presence of signs at physical examination
(rales, bilateral ankle oedema, increased jugular venous
pressure, displaced apical beat), at least one of the fol-
lowing conditions are found in the medical chart:
1. any abnormality in resting ECG (ie, sinoatrial disease,

atrioventricular block, or abnormal intraventricular
conduction);

2. plasma natriuretic peptides (NPs) concentration (ele-
vated levels of NPs are considered brain natriuretic
peptide (BNP) ≥35 pg/mL and/or N-terminal pro-
brain natriuretic peptide (NT-proBNP) ≥125 pg/mL);

3. echocardiography abnormalities (ventricular and atrial
volumes and function) attributable to heart failure.

Stroke
For the validation of stroke, we will consider the ICD-9
codes related to stroke valid when both of the following
conditions will be present:6 38 39 (1) detection of focal
lesions by neurological examination; (2) imaging test
(CT or MRI).
Neuroimaging will be the main discriminator among

the two types of stroke: negative imaging for haemor-
rhage will classify the case as ischaemic stroke (ICD-9-CM
codes: 433.x1, 434.xx (excluding 434.x0), 436, 437.1);
neuroimaging that shows the presence of haemorrhagic
lesion will classify the case as haemorrhagic stroke (codes
431, 430).

Chart abstraction and case ascertainment
The corresponding medical charts of the randomly
selected sample cases for each ICD-9 code will be
obtained from hospitals for validation purposes. From
each medical chart, the following information will be
retrieved: unique identification patient code, date of
birth, gender, dates of hospital admission and discharge,

any diagnostic procedure and treatment that contribu-
ted to the diagnosis of the disease.
For each target disease, we will abstract data regarding

clinical, laboratory and instrumental data, including the
date or dates of performance. Specifically, for AMI, we
will record any cardiac signs and symptoms, cardiac
enzymes (eg, troponin levels), ECG data, other diagnos-
tic instrumental examinations (ie, angiography); for AF,
we will record any cardiac signs and symptoms, ECG
data or other instrumental examinations (eg, echocardi-
ography); for HF, we will record any cardiac symptoms
and signs, plasma NPs concentration, ECG data and
echocardiography measurements or other instrumental
examinations of interest; for stroke, we will record any
neurological signs and symptoms, imaging test (CT or
MRI), any other laboratory or instrumental measurement.
Two medical doctors acting as chart reviewers will

receive specific training on data abstraction. An initial
chart review will be performed, with each reviewer inde-
pendently examining the same medical charts (n=20).
The interreviewer agreement between the two reviewers
regarding presence or absence of the diseases considered
among the pairs of reviewers will be calculated using κ sta-
tistics. This process will be reiterated until the strength of
agreement among the pairs of reviewers will be optimal (κ
statistics between 0.81 and 1.00). Any discrepancies
between the two reviewers will be resolved by consensus
and where necessary, a third expert will be involved.
Case adjudication of disease within medical charts will be

based on symptoms, laboratory and diagnostic tests for each
cerebrovascular and cardiovascular disease considered.

Statistical analysis
For each condition, we anticipate that a sample of 121
charts of cases will be necessary to obtain an expected
sensitivity of 80% with a precision of 8% and a power of
80% according to binomial exact calculation. For an
expected specificity of 90% (precision of 8% and a
power of 80%), we will randomly select from the same
administrative database 73 non-cases, that is, medical
records belonging to diseases of the circulatory system
(ICD-9-CM codes 390–459) but without the ICD-9-codes
of interest. Expected accuracy figures were based on the
published literature.6–9

Sensitivity and specificity will be analysed separately
for each ICD-9-CM code by constructing 2×2 tables.
Sensitivity expresses the proportion of ‘true positives’
(ie, AMI classified as positive by the administrative data-
base and medical record review) and all cases deemed
positive by medical chart review. Specificity expresses the
proportion of ‘true negatives’ (ie, AMI identified as
negative by the administrative database and medical
record review), and with all cases deemed negative by
medical chart review. For both sensitivity and specificity,
95% CIs will be calculated. We account for a 10% of
missing charts for sensitivity and specificity. Positive and
negative predicting values will also be reported along
with their 95% CI.
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Reporting
Complete, transparent and accurate reporting is essen-
tial in research,40 because it allows readers to assess
internal validity as well as to evaluate the generalisability
and applicability of results.41 To ensure quality and thor-
oughness of reporting, any dissemination or publication
of the results from the present study will follow recom-
mended guidelines based on the criteria published by
the Standards for Reporting of Diagnostic accuracy
(STARD) initiative for the accurate reporting of investi-
gations of diagnostic studies.41–43 The project will be
completed within 2 years.

DISCUSSION
Administrative databases constitute a valid instrument to
get insights into epidemiology and health management,
and to get ‘real-world’ knowledge, of major disease
under situations in which randomised trials are not able
to provide the required evidence, for practical or eco-
nomic reasons, or because of selective inclusion criteria.
Epidemiological studies are frequently based on admin-
istrative claims databases to identify cases of specific dis-
eases, such as AMI, and often contain ICD-9 codes.
These codes have the advantage of being widely avail-
able and require lower effort and cost than consulting
medical charts.20 However, their effective exploitation
hinges on the prerequisite that coding does reliably
reflect the clinical condition of a given patient.
In this protocol, we present the approach to be used

to analyse the validity of ICD-9-CM codes for important
cardiovascular diseases, such as AMI, HF, AF, and stroke
using the Regional Health database of Umbria.
We seek to verify whether an acceptable level (at least

80% for sensitivity and 90% for specificity) of operating
characteristics is in fact achieved for each identified
ICD-9-CM codes. In case of inadequate level of valid-
ation, algorithms will be considered to explore potential
elements to enhance the level of validation. Elements of
an algorithm may include the type of the data source,
number of years of administrative data, other diagnostic
codes, medication use or laboratory data. The algo-
rithms selected for evaluation will be based on the litera-
ture review and consultations with clinicians, health
services researchers. If the desired accuracy is not
reached despite the use of algorithms, results of our
research will be used to identify potential areas for
improvement for future validation.
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