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Abstract

Objective: Little has been reported about the completeness and accuracy of data in existing Australian
clinical information systems. We examined the accuracy of the diagnoses of some chronic
diseases in an ED information system (EDIS), a module of the NSW Health electronic
medical record (EMR), and the consistency of the reports generated by the EMR.

Methods: A list of ED attendees and those admitted was generated from the EDIS, using specific (e.g.
angina) and possible clinical terms (e.g. chest pain) for the selected chronic diseases. This
EDIS list was validated with an audit of discharge summaries, and compared with a list
generated, using similar specific and possible Systematized Nomenclature of Medicine –
Clinical Terms (SNOMED-CT), from the underlying EMR database.

Results: Of the 33 115 ED attendees, 2559 had diabetes mellitus (DM), cardiovascular disease or
asthma/chronic obstructive pulmonary disease; of these 2559, 876 were admitted. Dis-
charge summaries were missing for 12–15% of patients. Only three-quarters or fewer of the
diagnoses were confirmed by the discharge summary audit, best for DM and worst for
cardiovascular disease. Proportion of agreement between the lists generated from the EDIS
and EMR was best for DM and worst for asthma/chronic obstructive pulmonary disease.
Possible reasons for this discrepancy are technical, such as use of different extraction terms
or system inconsistency; or clinical, such as data entry, decision-making, professional
behaviour and organizational performance.

Conclusions: Variations in information quality and consistency of the EDIS/EMR raise concerns about
the ‘fitness for purpose’ of the information for care and planning, information sharing,
research and quality assurance.
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Introduction

The National Health and Hospitals Reform Commis-
sion,1 National Primary Care Strategy Taskforce,2

National Preventive Care Strategy Taskforce3 and
various jurisdictional reviews, such as the Garling
Special Inquiry into Acute Care in NSW,4 have empha-
sized the use of eHealth tools to collect, share and use
information to optimize health reform, policy develop-
ment and strategic work plans to implement safe, effec-
tive and coordinated care over the life cycle and across
the ‘patient journey’ in the health system. However,
many studies regularly report a range of deficiencies in
routinely collected electronic information for clinical
purposes.5–7 The ‘fitness for purpose’ of administrative
data is better.8,9 This functional approach defines infor-
mation quality as the degree to which information con-
sistently meets the requirements and expectations of
knowledge workers and end-users who use the informa-
tion products and services required to accomplish the
enterprise mission or personal objectives.10 Good-
quality information is essential for health information
exchange and interoperability because it can reduce
costs and improve safety and quality of care.

The present paper reports on a study that examined:
(i) whether the principal diagnoses generated by the ED
information system (EDIS) were sufficiently accurate
and complete to allow reliable identification of patients
with type 2 diabetes, cardiovascular disease (CVD),
asthma and chronic obstructive pulmonary disease
(COPD); and (ii) whether the EMR system is sufficiently
consistent in generating reports regardless of which
window to the EMR database is used.

The present study was approved by the University of
New South Wales and Sydney South West Area Health
Service (SSWAHS) Ethics Committees.

Methods

The present study focused on a community hospital ED
in south-western Sydney that sees 30 000+ patients a
year. It uses the EDIS, a module of the NSW Health
electronic medical record (EMR). The EMR includes
other modules for scheduling, clinical information,
results reporting, orders, discharge referrals and oper-
ating theatres. Introduced in 2008, the EDIS has some
unique tables and share some tables (e.g. personal
details) with the EMR. The EDIS enables ED clinicians
to access previous ED attendance and inpatient admis-

sion information, such as investigations and discharge
summaries, from any area health service unit. The ter-
minology (coding system) used is a part of the System-
atized Nomenclature of Medicine – Clinical Terms
(SNOMED-CT). Only one ‘principal diagnosis’ is
recorded, which limits the ability to identify cases of
interest should it not be labelled as the ‘principal diag-
nosis’. All ED clinicians (doctors, nurses and allied
health professionals) can input data and receive a 3 h
training session on the EDIS. The only mandatory field
in the EDIS is related to poisoning; otherwise there are
no explicit rules/directions governing data entry. This
ED is not accredited for ACEM training.

A list of all patients who attended the ED during the
2009 calendar year and all patients admitted with a
principal diagnosis of diabetes mellitus (DM), CVD,
asthma or COPD was generated from the EDIS, which
uses the SNOMED-CT codes for recording the diagnosis.
The EDIS list included patient identifiers: sex, date of
birth, age, discharge disposition, arrival date and time,
triage category, time of triage conducted, presenting
problem, diagnosis, mode of arrival, admitted ward,
adult medicine officer, length of stay, time seen by doctor,
discharge date and time, specialty, referral on discharge
and referral to facility. The admission data report
included patient identifiers, admission date and time,
discharge date and time, SNOMED-CT code, correspond-
ing SNOMED-CT description and the name and contact
details of the primary general practitioner (GP). The list
of principal diagnoses was checked by two clinicians in
the research team (DM and S-TL) to ensure that all
synonyms and acronyms for DM, CVD and asthma/
COPD were included. The relevant key words from ICD-
10-AM and the principal diagnoses in the EDIS were then
combined to form a comprehensive list of search terms to
generate a list of patients with a definite diagnosis.

Because some patients with these selected chronic
diseases might have a less obvious but related principal
diagnosis, we defined possible diagnoses to include, for
example, chest pain for CVD or shortness of breath for
asthma/COPD. Table 1 describes the key words that
describe the definite and possible diagnoses.

Five members of the research team (HYC, DM, SV, JB
and STL) independently confirmed the accuracy of
these possible diagnoses of DM, CVD or asthma/COPD
by auditing the discharge summaries of these patients,
available as digital documents in the EMR. Interrater
consensus was achieved by discussion. The discharge
summary information was designated as the bench-
mark for comparison. Where information was not avail-
able for the specific admission, the discharge summaries
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of the previous and subsequent admissions were
audited to ensure that patients who have had a diagno-
sis made at other admissions were not excluded. There
were therefore two levels of accuracy – for the specific
episode of care and for a period around the specific
episode. This meant that the report generated was as
inclusive as possible.

To examine for potential sources of errors and incon-
sistencies within the EMR system, the principal diag-
noses obtained via the EDIS module was compared with
principal diagnoses identified directly from the tables of
the EMR, using SNOMED-CT terms equivalent to those
used for the list generated via the EDIS.

Simple descriptive and analytic statistics were used.
The distribution of personal characteristics and clinical
factors, such as triage category, were examined by the c2

trend test. SAS Power and Sample Size 3.111 was used to
calculate the power of the study to test the null hypoth-
esis that ‘90% the selected principal diagnoses reported
from EDIS will be present in the discharge summary’.

Finally, the findings were discussed as part of a
data-quality management process with local clinicians
(three junior medical officers and one staff specialist)
and two information managers associated with the
EMR to obtain an insight into any technical and profes-
sional and organizational reasons for any data quality
or system consistency issues found.

Results

The ED treated 33 115 patients during the study period
(2009). A total of 2559 patients with a principal diagno-
sis of DM (n = 118), CVD (n = 1392) or asthma/COPD (n
= 1049) attended ED (Table 2). Of these patients, 876
were admitted; the admission pattern was similar across

the diagnostic groups, with the lowest rate for CVD
(31%) and highest for DM (40%).

A consistent and significant rate of missing dis-
charge summaries was found for 12–15% for specific
diagnoses across the four chronic diseases. When com-
bined with terms for possible diagnoses, the rate of
missing information was 11–20%.

The discharge summary audit (Table 2) excluded
missing discharge summaries from the denominator (n
= 730). It confirmed up to 61% of the definite diagnoses
(definite n = 436) for the specific episode and up to 96%
for the period, that is, when previous and subsequent
episodes were included with the specific episode: DM
(75% for specific episode and 97% for period), asthma/
COPD (62% and 90%) and CVD (64% and 77%). When
the possible (possible n = 440) cases are included, the
figures (total n = 730) are: DM (71% for specific episode
and 97% for period), CVD (59% and 70%) and asthma/
COPD (48% and 74%).

Generally, fewer cases of ED attendees were obtained
from the EMR tables directly (definite n = 764; total n =
1921) compared to obtaining them via an EDIS report
(definite n = 1059; total n = 2559). Agreement on the
principal diagnoses (Table 3) was comparable among
the chronic diseases: DM (60% for specific episode and
74% for period), asthma/COPD (51% and 69%) and
CVD (58% and 81%). When the possible (n = 1157)
diagnoses are included, the figures are: CVD (87% for
episode and 92% for period), DM (69% and 84%) and
asthma/COPD (38% and 51%).

The indicators of ‘information quality’ (% confirmed
for episode) were cross-tabulated with some patient
attributes, clinical discipline and indicators of workload
and workflow, such as Triage Category, waiting time
and length of stay. The cross-tabulations did not
achieve statistical significance (P > 0.05).

Table 1. Key words for definite and possible diagnoses of patient with specific chronic diseases

Definite diagnoses (key words) Possible diagnoses (key words)

CVD Acute coronary syndrome, angina, ischaemic heart disease, Myocardial
infarct, ST segment elevation myoc, and NSTEMI

Chest wall pain, chest pain
(discomfort/tightness), and atypical
chest pain

DM Diabetes, hyperglycaemia, hyperosmolar non-ketotic, metformin, insulin
injection, and NIDDM

Hypoglycaemia, metabolic acidosis, and
persistent hyper-insulinaemic

COPD/asthma COPD (chronic obstructive pulmonary disease), asthma, chronic
obstructive airway, chronic airflow limitation, chronic airway
disease/obstruction, bronchiectasis, bronchitis, bronchial spasm, and
emphysema

Shortness of breath, respiratory distress,
and dyspnoea

CVD, cardiovascular disease; DM, diabetes mellitus; NIDDM, non-insulin-dependent diabetes mellitus; NSTEMI, non-ST-elevation
myocardial infarction.
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Using SAS,11 we determined that the study had suffi-
cient power (>0.9) to detect the difference in accuracy
between the EDIS report and EMR discharge summary
with alpha 0.05 for all the selected chronic conditions
except diabetes. In the case of diabetes, the null hypoth-
esis of 90% concordance overall was rejected for spe-
cific episodes but accepted for the period.

Discussion

The study examined the accuracy of the diagnoses in
the EDIS (against the discharge summary diagnoses)
and the consistency of the EMR system by comparing
reports generated by the EDIS and standard queries of
the EMR database. The variations in information accu-
racy and system consistency, along with the 12–15%
missing discharge summaries, raise important ques-
tions for clinicians, services and information managers
and researchers.

Allowing for these variations, generating reports
using comprehensive clinical terms for specific diseases
can reliably identify up to 61% of definite diagnoses for
a specific attendance. Using less specific key words for
possible cases can increase the yield. If we include an
audit of the previous and subsequent discharge summa-
ries, the yield can be up to 96%. This is a significant
improvement, although some might question the cost-
efficiencies with the added human resources required.

The EDIS/EMR technical support and information
managers consulted suggested that the use of specifi-
cally tailored clinical terms to generate a report from the
EDIS would give a better yield than the use of equiva-
lent SNOMED-CT terms; that is, using codes to retrieve
records means some patients with the diagnosis will be
missed. They believed that the current implementation
of SNOMED-CT as the reference terminology in the
EDIS, replacing the current ICD-10-AM, was not likely
to be a reason for the EDIS–EMR discrepancy. Austra-
lian health information managers have consistently
used ICD-9-CM and ICD-10-AM well,9 with coding dis-
crepancy being more frequently caused by universal
difficulties associated with the coding of hospital
records, especially more complex cases, than any unique
local problems.12 Coding validity tends to improve as
coders gain experience with new coding systems, for
example, transition from ICD-9 to ICD-10-AM.13

From the ED perspective, these variations suggest
potential ‘errors’ at different points in the information
generation cycle: from data collection and entry to
storage and use. The differences are consistent with aT
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Scottish ED study where a discharge diagnosis accu-
racy of 87% have been reported6 and comparable with a
sensitivity of 85.1% and specificity of 60.4% demon-
strated by a Swiss study of electronic queries about
drug-related problems, conducted by clinical pharma-
cists, from a hospital EMR.14 Data quality issues are not
unique to Australia.

What are some reasons for this imperfect information
quality?

The major causes of unavailable discharge summa-
ries reported by clinicians include a lack of time or
doctors having finished their clinical rotations before
completing their paperwork. Hospital policies and work
environments that are not supportive will not promote a
culture that values good documentation. An unsupport-
ive culture also means little training and support for
clinicians to collect good-quality data for clinical infor-
mation systems as well as system barriers, such as
workstations being unavailable, or technical barriers,
such as unfriendly or unusable user interfaces or an
inadequate terminology to cover the range of clinical
options. In addition to change management, embedding
efficient data collection into the clinical workflow is
fundamental to the implementation of clinical informa-
tion systems.15

The ED clinician is the primary point of contact for
many patients with acute health problems. Uncertainty
is inherent at point of first contact because the clinical
picture is usually unclear and evolves and changes with
time in the ED and during the transition to admission.
For instance, chest pain managed appropriately as ‘pos-

sible acute coronary syndrome’ or ‘suspected myocar-
dial ischaemia’ in the ED might declare itself as a peptic
ulcer following the patient’s admission into CCU. This
dynamic nature of ED care requires an accurate and
complete history and its documentation to build a
knowledge base to enable better understanding of the
clinical course of acute symptoms. An incomplete
history and documentation might miss comorbidity, for
example, diabetes or CVD, which can lead to inadvert-
ent changes in medications or unsafe treatments. Just as
important, an improved recording culture will enable
the use of electronic decision support systems16 to
improve diagnosis and management in the ED.17

What needs to be done?
Training and assisting clinicians to enter data into

structured data fields is a key strategy to address the
‘missing data’ issue as much of the required information
is often found in the narrative text of discharge summa-
ries. Customized templates can improve the quality of
documentation and can also prompt best clinical prac-
tice.18 Other strategies include workflow re-engineering,
change management, training and support and regular
data audits and feedback to enable and maintain a
culture of good documentation and structured data
entry. There is an urgent need to understand the per-
sonal, professional, organizational and socio-technical
factors that might influence the completeness and accu-
racy of data in clinical information systems.

Software engineering is required to ensure reliability
and validity at the user interface and in the database
architecture with well-designed software. Regular audit

Table 3. Comparing diagnostic data from the EDIS with diagnostic data from tables of the EMR

Dx reported
via EDIS

Dx reported via tables of the EMR

% confirmed
(episode)

% confirmed
(period)

% confirmed
(episode + period)

N n % (95% CI) n % (95% CI) n % (95% CI)

CVD definite diagnoses 228 132 57.9 (51.4–64.1) 52 22.8 (17.8–28.7) 184 80.7 (75.1–85.3)
CVD possible diagnoses 1164 1077 92.5 (90.9–93.9) 23 2.0 (1.3–3.0) 1100 94.5 (93.0–95.7)
Subtotal 1392 1209 86.9 (85.0–88.5) 75 5.4 (4.3–6.7) 1284 92.2 (90.7–93.5)

DM definite diagnoses 70 42 60 (48.3–70.7) 10 14.3 (8.0–24.3) 52 74.3 (63.0–83.1)
DM possible diagnoses 48 39 81.3 (68.1–89.8) 9 18.8 (10.2–31.9) 48 100.0 (92.6–100.0)
Subtotal 118 81 68.6 (59.8–76.3) 19 16.1 (10.6–23.8) 100 84.7 (77.2–90.1)

COPD/asthma definite diagnoses 761 393 51.4 (48.1–55.2) 135 17.7 (15.2–20.6) 528 69.4 (66.0–72.6)
COPD/asthma possible diagnoses 288 9 3.1 (1.7–5.8) 0 0.0 (–) 9 3.1 (1.7–5.8)
Subtotal 1049 402 38.3 (35.4–41.3) 135 12.9 (11.0–15.0) 537 51.2 (48.2–54.2)

CI, confidence interval; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; DM, diabetes mellitus;
Dx, diagnosis; EDIS, ED information system; EMR, electronic medical record.
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of data quality and feedback is essential to avoid the
adverse impacts of poor-quality information in eHealth
tools and systems. Workplace training and support in
the consistent use of the EMR are essential. Education
providers must incorporate informatics competencies in
their curricula, aiming to graduate specialist health
informatics practitioners as well as eHealth-savvy clini-
cians and managers.

Emergency department information should also be
linked to similar information from other health profes-
sionals involved with the patient’s care before and
after attending ED. A lack of standard protocols for
referral, preadmission, discharge and other ‘clinical
handover’ arrangements between services and sectors
is a key issue as is the lack of routine feedback and
accountability protocols to ensure the quality of data
exchanged.

A systematic study of information quality, including
‘consistency, correctness, currency, time-stamped, meet
industry standards, and relevance’10 of data repositories
created and used by different primary and secondary
care services will provide a comprehensive and accurate
picture of the health and care of individuals and com-
munities. It will improve policy development, planning
and implementation, and quality monitoring. A data-
quality metric to specify and measure the quality
requirements for a database as well as techniques, such
as quality policies and data-quality systems, is essen-
tial. We need to understand the link between poor data
quality and procedures to detect and eliminate problems
during data product creation, the costs of external data
failure and complementary costs of data-quality assur-
ance.19

Finally, the study is constrained by the lack of a
cost-efficient way to obtain similar information for all
patients with chronic diseases who attended ED and
were not admitted. This exclusion of ED attendees who
were not admitted meant that only the sensitivity (%
agreement) could be measured. Studies with sufficient
resources to enable the calculation of Kappa and speci-
ficity as well as sensitivity are needed.

Conclusions

The present study highlights what we already know –
we are only as good as the information we have! The
various purposes designated for the EMR as part of
health reform are unrealistic if we cannot rely on data
quality and consistency of our information systems.
The current information quality and consistency of the

EDIS/EMR system in a typical community hospital
with an unaccredited ED needs improvement to easily
support research. If it is not good enough for research, it
is probably not good enough to promote and support
safe and effective clinical practice.

Further systematic examination of the large reposito-
ries of routinely collected data is required to determine
the fitness for purpose, which might be to share good-
quality information among clinicians or to support elec-
tronic decision support systems. A logical next step is to
repeat the present study with a representative sample of
EDs and include a qualitative study of clinicians and
information managers to understand the underlying
reasons for any variations in data quality.
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