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ABSTRACT

INTRODUCTION: During the past decade, the mandatory
population-based healthcare database, the Western Den-
mark Heart Registry (WDHR), has provided the data for sev-
eral research projects. As in most clinical registries, the data
quality has not been validated thoroughly. This study was
undertaken to evaluate the quality of registrations in the
WDHR.

METHODS: The audit supervised procedures from involved
departments that were performed in 2013. An experienced
research nurse completed data collection and an experi-
enced consultant evaluated the agreement between the
WDHR and patient records. Indistinct data from patient re-
cords were determined after consulting a specialist from
the department in question. Patient files were double-
checked in case of disagreements between the involved
systems.

RESULTS: The total proportion of errors in the referral date
was 16.4% in surgery, 9.8% in percutaneous invasive pro-
cedures (PCl), 16.1% in coronary angiography (CAG) and
19.5% in computed tomography (CT)-CAG, while the errors
in in-hospital dates were slightly lower. In the cardiac sur-
gery registries, the proportion of errors was 3.3% in the his-
tory and EuroSCORE module, 1.0% in the procedure module
and 2.8% in the discharge module. For PCl procedures, the
errors were 3.8% in the history module, 2.2% in the proced-
ure module and 1.6% in the discharge module. CAG and CT-
CAG had slightly more errors.

CONCLUSIONS: The quality control of the WDHR revealed
that overall data errors were lower than 3% and for proced-
ure-specific registrations including indications and compli-
cations, the error rate was below 1.5%. The WDHR is valid
and may be used in contemporary epidemiological studies.
FUNDING: none.

TRIAL REGISTRATION: not relevant.

Clinical databases are important tools in quality assur-
ance, treatment development and research. In 1993, the
Danish Health Authority initiated the implementation of
a national Heart Plan [1] to improve the treatment qual-
ity of cardiac diseases. Subsequently, a national heart
register and the Western Denmark Heart Registry
(WDHR) were established in 1999. Selected variables in

the WDHR and a comparable database covering Eastern
Denmark are transferred to the national Danish Heart
Registry. The WDHR includes data on all adult patients in
Western Denmark referred for coronary angiography
(CAG), percutaneous coronary intervention (PCl) or car-
diac surgery [1]. From 2008, computed tomography cor-
onary angiography (CT-CAG) has also been included.

The WDHR covers the entire population of Western
Denmark, approximately 3.0 million inhabitants, and is
financed by the public owners. Owing to the use of the
unique Civil Personal Registration (CPR) number [2] as-
signed to all Danish citizen and immigrants, it is possible
to perform record linkage at the individual level across
all Danish health registries [3, 4] and to obtain informa-
tion on hospital admissions [5], causes of death [6] and
prescribed medications [7]. The CPR system has kept re-
cords on gender, date of birth, residence, emigration
date and vital status changes since 1968. Thus, Denmark
has optimal opportunities for conducting registry-based
research. This is further strengthened by equal access
to treatment, as the Danish health service provides tax-
financed universal healthcare to all Danish citizens guar-
anteeing free access to care at general practitioners and
hospitals [1-3].

The WDHR collects referral and anamnestic infor-
mation, procedural information like the use of contrast
and devices (balloons, stents) in PCI, grafts, valve types,
anaesthesia and intensive care together with registra-
tion of complications.

The WDHR has been the source of a comprehensive
number of research projects within cardiology [8-10],
cardiac surgery [11-13] and anaesthesiology [14-16],
amounting to approximately 50 peer-reviewed publica-
tions. The purpose of the present study was to audit the
quality of the data registered in the WDHR.

METHODS

Structure and data quality enforcement

Data regarding cardiac surgery originates from three de-
partments, CAG from eight departments, PCl from three
departments and CT-CAG from six departments. One pri-
vate hospital contributes with very few procedures and
was not included in the audit.
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CAG = coronary angiography; CT-CAG = computed tomography-coronary angiography; ICU = intensive care unit; PCl = percutaneous

invasive procedures.

The doctors responsible for the individual proced-
ures enter data into a web-based data system using the
civil registration numbers. The proportion of registra-
tions is aligned annually with the Danish National
Patient Registry [7], and agreement has exceeded 98%
in recent years. The overall data quality is monitored
and reported in quarterly and annual reports. The data
entry forms are shown in Figure 1. The data quality is
confirmed by validation rules at data entry, pre-specified
limits and correct sequence of time data. Further valid-
ations and random spot checks are performed through
research projects and by the data management group
[11]. However, the system has a potential inherent error
as data from the referral and history module may be
transferred from visit to visit if the doctors copy the pre-
viously registered by a single “Accept” procedure. Thus,
incorrect data may not be corrected and changes in pa-
tients’ status since their last visit may not be recorded.

Despite the comprehensive use of WDHR data in re-
search and quality assurance, only minor audits have
been conducted [11].

Audit procedure

Due to minor changes of the database in 2012 and 2014,
the audit concerned data from procedures performed in
2013. The study was conducted as a quality assurance
project at the involved departments. No patient consent
or approval from the local ethics committee was re-
quired according to Danish law.

The power calculation was based on the premise
that a 3% error in registration is acceptable. To detect a
difference from 3% to 6%, the total number needed with
a =0.05and B =0.10 was 454. Thus, 128 (5%) of all sur-
gical procedures, 164 PCl (3%) and 174 CAG (1%) were
included. The CT-CAG was not originally part of the au-
dit; still, 190 procedures were included. The proportion
of included procedures was equal for all departments.
All variables transferred to the Danish Heart Registry
and selected variables of interest for research and devel-
opment were evaluated. An electronic randomisation
module randomly selected the procedures for the audit
among all procedures from 2013.
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Evaluation principle

An experienced research nurse completed the data col-
lection, and an experienced consultant evaluated the
agreement between the WDHR and the patient records.
Indistinct data from patient records were determined by
consulting a specialist from the specific department. Pa-
tient records were double-checked in case of disagree-
ment between the WDHR and patient files.

Most variables in the WDHR are mandatory. A few
are optional, mainly for technical and logistic reasons.
Furthermore, the patient records do not necessarily con-
tain information relating to the relevant WDHR varia-
bles. Thus, one of six results were possible (Table 1);
when information was available in the patient records as
well as in the WDHR, the distinction was simply correct
or erroneous. If WDHR data could not be verified from
the patient records (line five), they were considered
“correct”. If a variable was recorded as unknown in the
WDHR (line six), the patient record was always consult-
ed for research and development purposes. Therefore,
it was considered correct in the audit. Divergence be-
tween the WDHR and the patient records is presented
as a percentage of the total differences, percentage with
no information in the WDHR and percentage of errors.

Values + 1 day were accepted as correct for referral,
procedure and discharge date, respectively, except re-
ferral dates for CT-CAG, where + 5 days were accepted.

Smoking is registered in the WDHR as current, pre-
vious, never or unknown. These categories are not fol-
lowed consistently in the patient records. Consequently,
the audit considered smoking as current smoker or non-
smoker. Diabetes was considered as without, insulin-
and non-insulin treated . An error was present if height
and weight diverged by more than 5 kg/cm. Ejection
fraction was considered erroneous if data diverged by
more than 5%. The creatinine level is registered in the
CT-CAG module. Values = 10 pmol/l were considered
correct. All other data in the history module and the
EuroSCORE module were dichotomous (yes/no) registra-
tions.

Values within + 10 min. were accepted as correct in
catheter insertion in PCI/CAG, anaesthesia induction
time in surgical procedures and the duration of extracor-
poreal circulation time (ECC), and + 5 min. was accepted
as correct for cross clamp time (CC). The acceptable de-
viation in the ICU discharge time was 2 h.

The PCl and CAG module have six different proced-
ure indications regarding ST-segment elevation myocar-
dial infarction (STEMI) and one for unstable angina, but
it may be difficult to distinguish between these indica-
tions. Thus, all these indications were considered correct
if the patient was treated for STEMI or unstable angina.
Similarly, control after coronary artery bypass grafting
(CABG) was considered correct when the patient files

=l

WDHR Patient records Result audit
Yes Yes Correct

No No Correct

No Yes Error

Yes No Error

Yes or no No info Likely correct
No info Yes or no Likely correct

WDHR = West Danish Heart Registry.

The possible outcomes of
audited registrations.

described stable angina and conversely. Cases were ac-
cepted as correct when “Other” was registered in the
WDHR even though a specific indication was available
according to the patient records. Kiloelectron volt (keV)
and radiation in CT-CAG procedures were considered
correct if data diverged by less than + 10 keV/uGray x
cm.

Trial registration: not relevant.

RESULTS

A total of 225,248 CAG, 50,750 CT-CAG, 85,633 PCl and
38,841 surgical procedures were registered in the WDHR
by the end of 2015.

Referral

The total proportion of referral date errors was 16.4%
for surgery, 9.8% for PCl, 16.1% for CAG and 19.5% for
CT-CAG. The total proportion of errors concerning in-
hospital date was 6.3%, for surgery, 4.3% for PCl and
8.0% for CAG. A negligible number of dates registered in
the WDHR could not be verified in the patient records.

Cardiac surgery

The number of differences and error percentages are
given in Table 2. Overall, the fraction of errors in the his-
tory and EuroSCORE module was 3.3% with the largest
fraction of errors in left ventricular ejection fraction
(11.8%). Errors in the procedure-related factors in the
EuroSCORE module ranged from 0.0% to 0.8%.

All surgical procedure dates were registered cor-
rectly. Similarly, all CABG procedures were registered
correctly, except for a small difference in the numbers of
peripheral anastomosis. One patient (0.8%) was incor-
rectly registered with aortic valve surgery, none with
mitral valve surgery (MVR) and one patient (0.8%) with
procedures other than the above. Two patients had er-
rors in the biological/mechanical valve, while one MVR
had an error regarding replacement/repair. In patients
undergoing other procedures than those mentioned
above, disagreement was found in one case. No error
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Audit result of cardiac surgery procedures

divided into modules.

Factor

History and EuroSCORE module
Smoking

Diabetes mellitus

Height

Weight

Chronic obstructive lung disease
Peripheral artery disease
Previous central nervous disease
Previous surgery

S-creatinine concentration > 200 pmol/I
Active endocarditis

Critical preoperative state
Unstable angina pectoris

Left ventricular function

Recent myocardial infarction
Acute surgery

Procedure other than CABG
Aortic surgery

VSD surgery

Procedure and perfusion modules
Procedure date

Coronary artery bypass grafting
No of peripheral grafts

Aortic valve surgery: AVR
Procedure code AVR

Mitral valve

Other procedures

On-pump surgery
Extracorporeal circulation time
Cross clamp time

Anaesthesia and ICU, anaesthesia start
Inotropes during anaesthesia
Haemostats during anaesthesia
Referral time to ICU

Inotropes in ICU

Postoperative bleeding
Extubation time

Discharge time from ICU
Discharge module

Perioperative stroke

Sternal infection

Re-surgery due to bleeding
Dialysis

Myocardial infarction

Discharge date
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Errors, n (%)

5(3.9)
4(3.1)
4(3.1)
5(3.9)
8(6.3)
7 (5.5)
5(3.9)
3(2.4)
1(0.8)
0

5(3.9)
4(3.1)

15 (11.8)

7 (5.5)
1(0.8)
1(0.8)
0

1(0.8)

0
0
2(1.6)
1(0.8)
2(4.3)
1(6.3)
1(4.8)
0
3(2.7)
2(1.8)
1(0.8)

11 (8.7)

11 (8.7)
4(3.1)

12 (9.4)

10 (7.9)
8(6.3)
7(5.5)

1(0.8)
3(2.4)
2(1.6)
2(1.6)
1(0.8)
12 (9.4)

AVR = aortic valve replacement; CABG = coronary artery bypass grafting; ICU = intensive care unit; VSD = ventricular septum de-

fect; WDHR = West Danish Heart Registry.

was found in the registration of on/off pump surgery.
The proportion of ECC and CC time that could not be
verified in the patient records was 13.3%. Error was
found in 2.7% in ECC time and 1.8% in CC time. Only
one patient had an ECC time divergence exceeding 10

min. Overall, the number of errors was 1.0% in the sur-

gical procedure module and 1.3% in the perfusion mod-
ule. The overall fraction of errors in the discharge mod-
ule was 2.8%, dominated by errors concerning the dis-
charge date. Disregarding the discharge date, the



Dan Med J 64/10 October 2017

DANISH MEDICAL JOURNAL

5

=l

No data, n Audit of cardiologic procedures divided into
Factor Audit difference, n WDHR file Errors, n (%)
PCI modules
Smoking 39 7 25 7(4.3)
Diabetes mellitus 12 1 6 5(3.0)
Height 35 3 25 7(4.3)
Weight 35 4 25 6(3.7)
Ejection fraction 52 29 17 6(3.7)
Procedure indication 3 0 0 3(1.8)
Procedure start time 11 0 7 4(2.4)
Procedure codes 8 1 0 7 (4.3)
No treated lesions 4 0 1 3(1.8)
No treated vessels 13 0 9 4(2.4)
No of stents 7 0 3 4(2.4)
In-laboratory complications 54 0 53 1(0.6)
Procedure complications: discharge 58 2 52 4(2.4)
Complication catheter insertion site 55 0 51 4(2.4)
Discharge time 1 0 1 0
CAG modules
Smoking 56 34 10 12 (6.9)
Diabetes mellitus 86 77 4 5(2.9)
Procedure indication 18 8 2 8(4.6)
Priority level 12 0 2 10 (5.7)
Procedure codes 5 0 4 1(0.6)
Stenosis main stem 0 0 0 0
In-laboratory complications 73 0 69 4(2.3)
Procedure complications: discharge 79 0 77 2(1.1)
Complication catheter insertion site 62 0 60 2(1.1)
Discharge time 25 1 1 23(13.1)
CT-CAG modules
Diabetes mellitus 100 98 1 1(0.5)
Cholesterol-lowering treatment 46 37 3 6(3.2)
Creatinine level 35 10 19 6(3.2)
Left ventricular function 28 15 5 8(4.2)
Procedure date 11 0 0 11 (5.8)
Procedure indication 4 0 2(1.1)
keV 62 19 0 43 (22.6)
uGray x cm 34 20 0 14 (7.4)

CAG = coronary angiography; CT-CAG = computed tomography coronary angiography; PCl = percutaneous invasive procedures;

WDHR = West Danish Heart Registry.

type and selected variables.

fraction of errors in postoperative complications was
1.4%. In general, the fraction of errors was higher in the
anaesthesia and intensive care modules of which several
data fields are not mandatory. Moreover, audit was dif-
ficult as treatments and observation are often registered
in two independent modules.

Percutaneous invasive procedures

The overall proportion of errors in the history module
was 3.8% (Table 3). The fraction of errors in the proced-
ure module was 2.2%, and 1.6% in the discharge mod-
ule. The proportion of errors was relatively uniform with
few exceptions like smoking, height and procedure
codes being marginally higher (4.3%). The procedure

module data; indication, treated lesions and in-labor-
atory complications all had errors below 1.8%.

Coronary angiography

The individual departments have fewer patients audited,
and differences in local policies and logistics may result
in a higher proportion of errors in CAG registrations. The
total proportion of errors in the CAG history module was
4.9% (Table 3). The procedure module had overall errors
in 2.6%, the discharge module in 5.1% of registrations.
The high number was driven by errors in the discharge
date, while the number of errors in procedure-related
complications was 1.1%.



DANISH MEDICAL JOURNAL

Dan Med J 64/10 October 2017

Computed tomography-coronary angiography

The overall fraction of errors in the CT-CAG module was
6.0%. If data on keV registration are excluded, the over-
all fraction of error was 3.6%. As is the case for the other
modules, the history modules carry the highest number
of errors, while the procedure module carries the lowest
number.

DISCUSSION

Multiple data are routinely collected for quality control,
administrative and research purposes in the WDHR. Val-
idating this mandatory population-based healthcare da-
tabase, we found the number of overall data errors to
be below 3% and in procedure-specific registrations like
indications and complications, the error rate was below
1.5%.

Like the majority of WDHR articles [11, 12, 16],
all large clinical registries developed during the past
decades [17-19] have focused mainly on the number
of registrations rather than on correctness. In many
studies, audit and verification have included vital param-
eters, but to our knowledge, this audit is the first sys-
tematic audit performed on a large quality registry. The
results are acceptable and data may be used for con-
temporary epidemiological studies. However, some chal-
lenges need to be addressed.

Inherence of data fields or part of registry forms is
enforced in order to avoid double registration and to re-
duce the time spent on registration. The weakness is
that a system which should detect changes from one
registration to the next may therefore fail, which leads
to the conclusion that the system is never better than
those who enter the data.

Another important challenge is that because it
stores all relevant information in one place, the registry
is considered part of the patient files in some institu-
tions, making future control difficult. One department
relies solely on the WDHR, and performing an audit is
thus not feasible.

When registering comorbidity, the registrants may
have a biased behaviour and register more severe co-
morbidity. Overall, we could not demonstrate differenc-
es in “positive/negative” errors. However, there was a
trend in EuroSCORE factors as 24 of 35 errors increased
comorbidity compared with 11 which decreased comor-
bidity (p = 0.028).

The timing of registration may be important. The
WDHR is constructed and managed as a real-time sys-
tem and most handle the registration at the time of the
procedure, whereas others register later. This may result
in faulty conclusions when doing an audit as it may be
difficult to establish the timing of a measurement or an
event.

The cardiology part of the WDHR is similar to that

of the Swedish Coronary Angiography and Angioplasty
Register (SCAAR) established in 1989. The SCAAR regis-
try does not include surgery and transcatheter aortic
heart valve, but can be linked through The Swedish
Web-system for Enhancement and Development of
Evidence-based care in Heart disease Evaluated Ac-
cording to Recommended

Therapies (SWEDEHEART) system. The German
Institut fur Herzinfarkt Forschung, the British National
Audit of Percutaneous Coronary Interventions and the
US National Cardiovascular Data Registry registries cover
PCl solely in contrast to the WDHR and the SWEDE-
HEART.

Compared with other systems, the benefit of the
WDHR is the combining of different cardiac interven-
tional procedures and a distinctive ability to do follow-
up by combining the WDHR with the Danish National
Registry of Patients and the Danish Register on Causes
of Death [5, 6].

Limitations of the study

The number of audited registrations is limited, but
should be sufficient to reveal major differences and er-
rors. This audit was done by one person only, which im-
proves its consistency. Furthermore, all discrepancies
were double-checked which enhanced the findings of
the audit.

CONCLUSIONS

The quality control of the population-based healthcare
database, the WDHR, revealed that overall data errors
were below 3% and in procedure-specific registrations
including indications and complications below 1.5%. The
WDHR is valid and may be used for contemporary epi-
demiological studies.
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