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Abstract

hospitals.

regular check-ups was 92%.

research purposes.

Background: The SWEDish registry of CONgenital heart disease is a Swedish national quality register for collecting
data on pediatric and adult (GUCH) patients with congenital heart diseases that aims to improve medical practice
and research. The aim of this study was to validate data in the register using data in medical records.

Methods: This cross-sectional observational study compared specific variables from SWEDCON with data retrieved
from medical records for 182 pediatric and 186 adult patients who were randomly selected from four different

Results: The absolute concordance for date of visit, diagnosis, information on surgery and catheter intervention
was 71-98% between SWEDCON and medical journals. The specificity for cardiac examinations and specific medical
therapy was 71-100%. The concordance for information for transition from pediatric care to GUCH or finishing

Conclusion: The overall concordance between data in SWEDCON-pediatric as well as SWEDCON-GUCH with data
in medical records was good, and data from SWEDCON is reliable to use for medical improvements and for
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Background
Every year in Sweden, 800—1000 children are born with
a congenital heart defect. Survival rates have improved
and the population of adults with congenital heart defects
now exceeds.

40,000 in Sweden [1, 2]. Government-administered
registers cover a high proportion of the population in
Sweden, but often lack detailed information on disease-
specific data, patient-reported outcome measures such
as quality of life (QoL) or aspects of management. The
SWEDish registry of CONgenital heart disease [3] is a
Swedish national quality register for collecting data on
patients with congenital heart diseases. The adult register
was created in the early 1990s and, by 2009, a pediatric and
a surgical section had been merged with the register, with
data also being imported from other hospital-based regis-
ters. The register now has four parts: fetal heart diagnosis,
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pediatric cardiology, Grown Up Congenital Heart dis-
ease (QUCH) and congenital heart surgery. These have
a common basis, with information on each patient,
including personal data, diagnosis, operations and catheter
interventions. Information on mortality is either derived
from user input — the basis for our analysis — or from
monthly updates to official statistics, which are used in
analytical reports from the register. The SWEDCON
register is longitudinal, making it possible to follow patients
with congenital heart disease throughout their entire lives,
as data from the different parts of the register are
combined.

Nationwide, 31 pediatric units register individuals less
than 19 years old in SWEDCON-pediatric. Patients
older than 16 years are registered in SWEDCON/GUCH
if they have had at least one evaluation at one of the
seven GUCH centers or the 15 (out of 18) county hospi-
tals that are affiliated to SWEDCON-GUCH. SWEDCON
has an overall coverage rate of 84% of all hospitals in the
country [4]. The aim of the register is to improve medical
practice, both in the long and the short-term, and to be
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used for research. An increasing number of studies are
based on SWEDCON, although a nationwide validation
has not yet been done.

The aim of this validation study was to assess data regis-
tered in SWEDCON-pediatric and SWEDCON-GUCH
against the data registered in the patients’ medical records.

Methods

Study design and study sample

This cross-sectional observational study, performed in
the second half of 2016, compared specific variables
from SWEDCON with data in medical records. Two
larger centers and two county hospitals in different parts
of Sweden were included in the study. The hospitals
were representative of all hospitals treating patients with
congenital heart defects.

Over 200 pediatric and 200 GUCH patients from these
hospitals were randomly selected by the register-holders.
Inclusion was restricted to certain main cardiac diagnoses
in order to improve the study’s specificity (Table 1 and 2)
and to patients born in 2015 or earlier.

Data was manually retrieved by one of the authors (AB)
from medical records and compared with data registered
in SWEDCON in a standardized manner (Table 1). AB, a
medical student, was specially trained in the nomenclature
of congenital cardiology and supervised by a pediatric
cardiologist (EN).

Information of analysis of specific variables

Outpatient visits

The last two registered outpatient visits at a GUCH or
pediatric clinic in 2009 or after were recorded. Concord-
ance with the date of visit was assessed as true within
7 days between the date of visit and date of registration.
Examinations that are seldom performed during an out-
patient clinical visit (such as angiography or coronary
angiography, heart catheterization, isotope, chest radio-
graph, MR, electrophysiology, CT, fetal echocardiography
and 24-h blood pressure), were considered concordant
with the date of an outpatient clinical visit if the examin-
ation took place within 3 months of the outpatient clinical
visit, as this is a normal interval from referral to this type
of examination.

Visits to a sonographer were registered as a doctor’s visit
in the protocol when echocardiography was evaluated by a
pediatric cardiologist. When a consultant from a GUCH
center examined a patient at a smaller hospital, the visit
was recorded as having been performed at the smaller hos-
pital if this hospital was included in the study. If the smaller
hospital was not included in the study, we had no access to
medical records and the patient was therefore excluded
from analysis (Fig. 1). Further, special analysis was pre-
formed to check whether the last visit in SWEDCON was
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Table 1 Demographics

Male=N Female=N Total=N
Children total
Type of heart defect 107 (59%) 75 (41%) 182
o Fontan 8 4 12
o VSD 27 17 44
o ASD 33 40 73
o Fallot 18 8 26
o Aortic stenosis 20 6 27
Hospitals
o Ostersund hospital 9 9 18
(minor hospital)
o Kalmar hospital 21 13 34
(minor hospital)
o Stockholm hospital 41 32 73
(major center)
o Lund hospital (major center) 36 21 57
Information on visits
Information on last visit 107 75 182
(SWEDCON)
Information on visit before last 75 51 126
visit (SWEDCON)
GUCH total 90 (48%) 96 (52%) 186
Type of heart defect
o Fontan 8 4 12
o VSD 17 26 43
o ASD 30 51 81
o Fallot 16 7 23
o Aortic stenosis 19 8 27
Hospitals
o Ostersund hospital 2 3 5
(minor hospital)
o Kalmar hospital 12 17 29
(minor hospital)
o Stockholm hospital 45 46 91
(major center)
o Lund hospital (major center) 31 30 61
Information on visits
Information on last visit 73 50 183
(SWEDCON)
Information on visit before last 56 61 117

visit (SWEDCON)

VSD ventricular septal defect, ASD atrial septal defect

concordant with the visit before last one in the medical
record, and vice versa.

Only major cardiac centers register stays in hospital,
so inpatient stays were therefore not recorded in this
study.

The transition of care from pediatric to GUCH, as well
as finishing regular check-ups, is marked specifically in
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Table 2 Retrieval of information in SWEDCON in medical
journals

Variable

Main diagnosis from SWEDCON (also inclusion criteria):

- Tetralogy of Fallot (ICD-10: Q21.3, EPCC: 01.01.01, 01.01.06, 01.01.25)

- Fontan circulation (ICD-10: Q20.8-9, Q23.4, EPCC: 01.01.22, 07.0841,
07.08.42, 07.02.00, 07.07.00, 01.01.09)

« Ventricular septal defect (VSD) (ICD-10: Q21.0, EPCC: 07.10.00-07.10.05,
07.11.01, 07.12.00-07.12.01)

« Atrial septal defect (ASD/PFO) (ICD-10: Q21.1, EPCC: 05.04.01, 05.04.02,
05.03.01)

- Aortic stenosis (ICD-10: Q23.0, EPCC: 09.15.92, 09.15.00, 09.15.01, 09.15.13)

Cardiac diagnosis and genetic disorders (main and total) registered at
the last two visits in medical record and in SWEDCON

Date of last two visits

Medical therapy:

« Information on medication; yes or no.

« Type of medical therapy (independent of date):
o Children: heart failure treatment, antiarrhythmic treatment,
antithrombotic treatment, treatment for systemic hypertension,
treatment for pulmonary hypertension, immunomodulatory
o GUCH: pacemaker, Sotalol, class | antiarrhythmic agent, Amiodarone,
other antiarrhythmic, beta blocker, calcium channel blocker, digitalis,
diuretics, nitroglycerin, ACEI (angiotensin-converting-enzyme
inhibitor), ARB (angiotensin Il receptor blocker), ASA (acetylsalicylic
acid), thrombocyte inhibitor other than ASA, Waran, NOAC (Non-
Vitamin K Antagonist Oral Anticoagulants), other agent against
systemic hypertension, endothelin receptor antagonist, Sildenafil,
prostacyclin analogue, other agent against pulmonary hypertension,
agent against hyperlipidaemia, oxygen therapy

Examinations

« Children: date and examinations performed at the last two out clinic visits;
ECG (electrocardiography), ECO (echocardiography), TEE (transesophageal
echocardiography), chest radiograph, exercise ECG (electrocardiography),
24-h ECG, control of PM (pacemaker)/ICD (implantable cardioverter
defibrillator), Isotope, MRI (Magnetic Resonance Imaging),

CT (Computed Tomography)

- GUCH: date for the last examination, ECG, exercise ECG,
echocardiography, Angiography or coronary angiography, heart
catheterization, isotope, chest radiograph, MRI, electrophysiology, CT,
fetal echocardiography, 24-h-bloodpressure

Surgeries and catheter interventions and diagnoses

Information on ending of follow-ups, information on transition to
GUCH or deceased (pediatric).

ICD-10 = WHO. World Health Organization. International Statistical
Classifications of Diseases and Related Health Problems 10th

Revision. http://www.who.int/classifications/icd/en/

EPCC = Coding Committee of the Association for European Paediatric C. The
European Paediatric Cardiac Code: the first revision. Cardiol Young. 2002;12
Suppl 2:1-211

GUCH = Grown Up Congenital Heart disease

SWEDCON, and this was measured as concordant when
there was a transition stated in the medical record.
Finishing regular check-ups may be marked in SWEDCON
when no more visits are needed, such as in cases that are
spontaneously closed ASD.

Diagnosis

The main cardiac diagnoses in SWEDCON were com-
pared to main cardiac diagnoses in medical records.
Cardiac diagnoses in SWEDCON are registered according

Page 3 of 8

Number of patients retrieved by the
registry holders UCR.
Paediatric N=210, GUCH N=214.

Present in SWEDCON
but no visits registered
Paediatric N =22

GUCH N=21

Vistits registered in
SWEDCON but medical
journals not avaible
Paediatric N =6

GUCH N=7

Studypopulation
Paediatric N = 182
GUCH N= 186

Fig. 1 Retrieval of study population
.

to the European pediatric cardiac coding [5] and the WHO
ICD-10 codes [6]. Similar diagnoses within the same ICD
10-group were recorded as concordance of diagnosis. Clas-
sification of surgical and catheter inventions were recorded
using the “Swedish classification of care measures” (KVA)
[7]. In the absence of KVA classification in the medical
record, the full name of the surgical or catheter inter-
vention was translated to the KVA classification.

Statistical analysis

Data retrieved from SWEDCON was compared to data
registered in medical records. The number and propor-
tion of data corresponding to each data source were
calculated. The degree of agreement was estimated using
the percentage of agreement and Cohen’s kappa when
appropriate. Sensitivity and specificity were analyzed
using data from the medical record to be the true value,
and a confidence interval of 95% was used.

Results

Study population

In total, 210 patients were randomly retrieved by Uppsala
Clinical Research Centre (UCR), the register’s technical
platform, from SWEDCON-pediatric and 214 patients
from SWEDCON-GUCH. From these, 28 pediatric patients
and 28 GUCH patients were excluded from the study
because either no outpatient visits had been recorded
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in SWEDCON or the medical records were not available
(Fig. 1).

Concordance of information between SWEDCON and
medical records

The pediatric study population consisted of 182 patients
(Table 1) and most patients had more than one visit (85%).
The overall concordance between SWEDCON-pediatric
and medical records was good. The absolute concordance
for date of visit was 71%, for cardiac diagnosis 74% and for
cardiac therapy 98%. The concordance for transition from
pediatric care to GUCH or finishing regular check-ups was
92%, with a Cohen’s kappa of 0.89 (Table 3).

The concordance between SWEDCON and medical
records for performed examinations related to the last
medical outpatient visit was 87-100%, with a specificity
of 100% for most data (Table 4).

The GUCH study population consisted of 186 patients
(Table 1). The majority of patients had more than one
visit (80%). Date of visit was concordant to 85%. The degree
of concordance between SWEDCON and medical records
on diagnosis was 79-80% (Table 3). The concordance be-
tween SWEDCON and medical records for examinations
was between 72 and 99% (Table 4).

Medical treatment was grouped differently in
SWEDCON-pediatric and SWEDCON-GUCH. The
concordance between data regarding different types of
medical treatment in SWEDCON and medical records
was 86—100% with a specificity of 86—100% and a sensitivity
of 50-100% (Table 5). Medical cardiac therapy was only
analyzed for patients on medical therapy.

There were no deaths in the GUCH population. Two
patients in the pediatric study population were deceased

Page 4 of 8

according to medical records, but only one of these was
registered as deceased in SWEDCON.

Discussion

Overall, the concordance for data in SWEDCON registry
compared to data in medical records was good. Specificity
ranged from 71 to 100%, which implies that information
in the SWEDCON register is accurate for the majority of
the data. Sensitivity ranges from 33 to 100%, where almost
half the variables (16 out of 34 variables) have a sensitivity
above 80%.

Quality register data are used for health quality improve-
ments and research. Validation as well as presentation have
been published and good inter-reliability has been found
for many Swedish quality registers [8—10]. The overall
concordance of data between SWEDCON and medical
records, along with a coverage rate for SWEDCON of
84%, supports the idea of using data from SWEDCON for
health improvements and research.

Participation in SWEDCON is voluntary, for both
patients and medical staff. The overall experience from the
research group is that few patients and no participating
medical staff have refused to register in SWEDCON. Data
is reported in SWEDCON by physicians, registered nurses
or specially trained secretaries at the time of the patient
visit, or shortly thereafter. Older data have been imported
to SWEDCON from local registers in Lund and Stockholm
at the start of the pediatric part of SWEDCON. Excellent
concordance between information in medical records and
SWEDCON was seen for examinations and medical treat-
ment, while concordance was less robust on specific dates
of visits, exact diagnosis, surgical and catheter interven-
tions. The reason for this is not known, we speculate that

Table 3 Concordance between SWEDCON and medical records. Visits and diagnosis

Information in

SWEDCON N (%)

Data in both SWEDCON
and medical records N (%)

Information in Concordance (%)

medical record N (%)

SWEDCON/children

Date of visit 308 (92%)
Main cardiac diagnosis 181 (99%)
All cardiac diagnosis 181 (99%)
Surgery (diagnosis) 50 (94%)
Catheter interventions (diagnosis) 17 (94%)
Cardiac medical therapy 169 (93%)
Information on transition to GUCH or end of check-ups  Yes =59
No =123
SWEDCON/GUCH
Date of visit 300 (90%)
Main cardiac diagnosis 186 (100%)
All cardiac diagnosis 186 (100%)
Catheter interventions (diagnosis) 47 (98%)

331 (99%) 303 (90%) 71%
282 (85%) 280 (85%) 74%
173 (95%) 172 (95%) 74%
53 (100%) 50 (94%) 77%
17 (94%) 16 (89%) 71%
175 (96%) 162 (89%) 98%
Yes =62 182 92%
No =120

331 (99%) 297 (89%) 85%
293 (89%) 293 (89%) 80%
180 (97%) 180 (97%) 79%
46 (96%) 45 (94%) 90%
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Table 4 Information on examinations and medical therapy

Page 5 of 8

Variable Information in SWEDCON Information in medical records  Concordance (%) Specificity = Sensitivity
Examination Examination Examination Examination
performed  not performed performed  not performed
Pediatric information on  ECG® 205 37 228 14 87% 71% 88%
performed examinations ECHOP 239 3 240 0 99% B 99%
TEES 0 242 0 242 100% 100% -
Chest x-ray 8 234 8 234 98% 99% 63%
Exercise test 16 226 14 228 97% 98% 79%
24 h ECG® 13 229 14 228 97% 99% 71%
PM/ICD-control 1 241 0 242 100% 100% -
Isotope 2 240 0 242 99% 99% -
MR 4 238 3 239 99% 99% 67%
cTe 0 242 1 241 100% 100% 0%
GUCH information on  ECG® 178 8 186 0 79%
performed examinations ¢ . cice test 61 125 80 106 72%
ECHOP 179 7 185 1 81%
Angiography or 12 174 17 169 88%
coronary angiography
Heart catheterization 14 172 40 146 82%
|sotope 6 180 7 179 95%
Chest x-ray 25 161 52 134 73%
MRI 25 161 4 144 87%
Electrophysiology 1 185 1 185 99%
cTe 6 180 27 159 86%
Fetal 0 186 1 185 99%
echocardiography
24-h blood pressure 2 184 5 181 98%
examination

2ECG electrocardiogram, ®°ECHO echocardiography, “TEE transesophageal echocardiography, “MRI magnetic resonance imaging, °CT computed tomography

as the manually recording of diagnosis (main and sec-
ondary diagnosis) is made differently in medical records
and SWEDCON, the main diagnosis appears be non-
concordance when comparing, while it is the ranking of
diagnoses that differs. Further, our study did not include
old data, as the inclusion criteria were visits in 2009 or
after that were registered in SWEDCON, which may have
influenced the inferior results in our study for information
on diagnosis and interventions (surgery and catheter)
compared to data in medical records. A small validity
control of 132 patients in SWEDCON-GUCH found a
concordance of 95% for main diagnosis, surgical KVA
code and date of last surgery [3]. That study did not have
limitations on the date of registration, birth year and
hospital, and thus we believe the concordance between
SWEDCON and medical records may be better than we
were able to prove in our study.

ICD-10 codes and KVA codes are used in medical
records; as European pediatric cardiac coding (EPCC)
is used to register data in SWEDCON, the EPCC codes

had to be manually translated to diagnostic codes in
the ICD-10 and KVA systems for the comparison. This
may have introduced a misclassification in our study.
However, we used words which described the surgery
and intervention, not only the code, in our registration
and so we believe the risk of misclassification was
reduced. Agreement on diagnostic tool and awareness of
the inconsistencies between the EPCC and the ICD-10
and KVA codes is crucial when studying SWEDCON data
and comparing it with medical records or other national
registries [11, 12].

The four parts of SWEDCON make it possible to follow
a patient throughout their entire life. Follow-up studies
have been performed on adults with aortic valve, coarcta-
tion and Mustard/Senning correction, and research has
been performed on physical activity and muscle function
in adults with congenital heart disease, as well as closure
of atrial septal defect by device in the elderly and studies
on incidence of endocarditis [13—-17]. The SWEDCON
registry has been the basis for studies on the transition
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Table 5 Information on medical therapy
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Variable Information in Swedcon Information in medical records  Concordance (%) Specificity Sensitivity
Number of ~ Number of Number of ~ Number of
patients with patients without patients with patients without
treatment treatment treatment treatment
Medical Heart failure 5 17 8 14 86% 100% 63%
treatment ) :
(pediatric) Antiarrhythmics 1 21 1 21 100% 100% 100%
Antithrombotic 14 8 15 7 86% 86% 87%
Systemic hypertension 2 20 2 20 91% 95% 50%
Pulmonary 3 19 3 19 100% 100% 100%
hypertension
Immunomodulatory 0 22 0 22 100% 100% -
GUCH Pacemaker 8 171 10 174 98% 99% 70%
information on ) .
treatment Medical cardiovascular 70 110 81 103 91% 97% 84%
therapy
Medical Sotalol 3 80 3 80 100% 100% 100%
Egajtcmfm Class | antiarrhythmic 1 82 1 82 100% 100%  100%
agent
Amiodarone 1 82 0 83 99% 99% -
Other antiarrhythmic 1 82 2 81 99% 100% 50%
Beta blocker 23 60 27 56 90% 96% 78%
Calcium channel blocker 6 77 10 73 95% 100% 60%
Digitalis 3 80 2 81 99% 99% 100%
Diuretics 13 70 18 65 89% 97% 61%
Nitro-glycerine 0 83 1 82 99% 100% 0%
ACEF® " 72 12 71 96% 99% 83%
ARB® 17 66 19 64 95% 98% 84%
ASA® 24 59 29 54 89% 96% 76%
Thrombocyte inhibitor 4 79 3 80 94% 96% 33%
other than ASA®
Warfarin 18 65 18 65 93% 95% 83%
NOACH 6 77 7 76 99% 100% 86%
Other agent against 0 83 2 81 98% 100% 0%
systemic hypertension
Endothelin receptor 2 81 3 80 99% 100% 67%
antagonist
Sildenafil 1 82 1 82 100% 100% 100%
Prostacyclin analogue 0 83 0 83 100% 100% -
Other drugs against 0 83 0 83 100% 100% -
pulmonary hypertension
Drug against 19 64 17 66 98% 97% 100%
hyperlipidaemia
Oxygen therapy 0 83 0 83 100% 100% -

2ACEl angiotensin-converting-enzyme inhibitor, >ARB angiotensin Il receptor blockers, SASA acetylsalicylic acid, “NOAC new oral type of anticoagulatia

process from pediatric cardiology to GUCH and the
assessment of QoL in children with heart disease, as well
as the risk of pulmonary hypertension in children and
young adults who were born prematurely [3, 18]. Further
research using SWEDCON, and by linkage to governmental
and other disease specific quality registers, may evaluate

preoperative risk factors for predicting intra- and post-
operative adverse event and outcomes. Examples are
studies of atrial septal defect (ASD) closure in small
children as well as in elderly [17, 19]. Thus, the valid
data retrieved from SWEDCON is well suitable to be
used in research studies.
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The links to government-administered national registries
is one of the main strengths of the Swedish quality registers,
including SWEDCON [20]. Low concordance between
register data and medical journals was found in a study
from Denmark, which was explained by diagnoses not
being altered in the register after a patient had been
referred to a specialized unit that changed the diagnosis
[21]. In SWEDCON, mortality is either derived from
user input — the basis for our analysis — or from
monthly updates to official statistics, which are used in
analytical reports from the register. The missing infor-
mation on one death in our study may have been due
to this monthly delay.

This study includes a large range of variables in
pediatric and GUCH patients with five different cardiac
diagnoses, which allows a sufficient sample size for testing
the register. Differences in registration procedures were
accounted for by including a variation in the size of
hospital. All data in SWEDCON was validated according
to medical records based on strict and predefined criteria
in this study and performed by one observer (AB). This
strengthens the study. However, this was a sample study
at four hospitals affiliated to SWEDCON, so if a patient
had changed hospitals, to a hospital not included in the
study, we were unable to confirm their information in
SWEDCON against the medical records of the new
hospital. A few small hospitals in Sweden have not yet
been affiliated to SWEDCON, which may influence advice
on the best clinical practice based on research from the
register. It is therefore important that a majority of centers,
preferably all, that monitor children and adults with con-
genital heart disease are affiliated to SWEDCON.

Complete validation between data from all medical jour-
nals and SWEDCON would be difficult, time-consuming
and expensive. In order to further validate SWEDCON, the
research group plans to study the concordance between all
patients in SWEDCON and the Swedish National Patient
Register with regard to diagnosis and date of visit.

Conclusion

This validity study of SWEDCON found substantial
agreement between information in the register and
medical records. Data in SWEDCON can be considered
reliable and can be used in research and health care
improvements. However, improvements can be made
to the register, especially concerning concordance in
registration, through the use of similar diagnostic codes
for surgeries and interventions in both medical records
and SWEDCON.

Abbreviations

EPCC: European pediatric cardiac coding; GUCH: Grown Up Congenital Heart
disease; KVA: “Swedish classification of care measures”; QoL: Quality of life;
SWEDCON: SWEDish registry of CONgenital heart disease
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