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Abstract Background Based on a quality assurance initiative of the German Society for
Thoracic and Cardiovascular Surgery (DGTHG) and the German Society for Pediatric
Cardiology and Congenital Heart Defects (DGPK), a voluntary registry was founded for
assessment of treatment and outcomes of patients with congenital heart disease in
Germany. This evaluation by the German Registry for cardiac operations and inter-
ventions in patients with congenital heart disease reports the data and the outcome
over a 6-year period in patients undergoing invasive treatment.

Methods This real-world database collects clinical characteristics, in-hospital com-
plications, and medium-term outcome of patients who underwent cardiac surgical and
interventional procedures within the prospective, all-comers registry. Patients were
followed-up for up to 90 days.

Results In the period from 2013 to 2018, a total of 35,730 patients, 39,875 cases,
respectively 46,700 procedures were included at up to 31 German institutions. The
cases could be subcategorized according to the treatment intention into 21,027
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with multiple procedures. Of these, 4,708 (11.8%) were performed in neonates, 10,047
(25.2%) in infants, 19,351 (48.5%) in children of 1 to 18 years, and 5,769 (14.5%) in
adults. Also, 15,845 (33.9%) cases could be allocated to so-called index procedures
which underwent a more detailed evaluation to enable meaningful comparability. The
mean unadjusted in-hospital mortality of all cases in our registry ranged from 0.3% in
patients with isolated interventions and 2.0% in patients with surgical procedures up to
9.1% in patients undergoing multiple procedures.

Conclusion This annually updated registry of both scientific societies represents
voluntary public reporting by accumulating actual information for surgical and
interventional procedures in patients with congenital heart disease (CHD) in Germany.
It describes advancements in cardiac medicine and is a basis for internal and external
quality assurance for all participating institutions. In addition, the registry demon-
strates that in Germany, both interventional and surgical procedures for treatment of

CHD are offered with high medical quality.

Introduction

During the last decades, major progress has been made in the
treatment of patients with congenital heart disease (CHD).
This is based on continuous improvements in diagnostic
assessment, surgical and interventional procedures, as well
as periprocedural intensive care. However, many concepts of
treatment are complex and carry a significant risk of mor-
bidity and mortality. Therefore, several registries have been
established worldwide to assess the outcome and to improve
the quality of various forms of treatment in patients with
CHD.! In Germany, at the beginning of this century, cardiac
surgical procedures in CHD were subject to a nationwide
legally binding external quality assurance. In 2004, this
obligatory quality assurance measure, according to § 136ff
Social Code Book V, was suspended by the political repre-
sentatives (Bundeskuratorium) for various reasons. Since
quality of care has a major impact on long-term outcome
and quality of life of patients, especially those with CHD, the
scientific professional societies, German Society for Thoracic
and Cardiovascular Surgery (DGTHG) and German Society for
Pediatric Cardiology and Congenital Heart Defects (DGPK),
took the initiative and the responsibility to initiate a multi-
center registry study concerning interventional and surgical
therapies in patients with CHD. Following the complex
project engineering, setting up of a relational database
system and completion of a pilot phase, the nationwide
registry started in 2012. The purpose of this report is to
describe the structure and to present data from the first
6 years of data entry.

Registry Structure

The voluntary German Registry for Quality Assurance in CHD
(Nationale Qualitdtssicherung Angeborene Herzfehler) is
approved by the Charité’s Ethics Committee (code number:
EA2/011/11) and designed to collect data on the treatment
and outcomes of patients suffering from CHD in Germany. It
is conceived as a prospective, controlled, multicenter regis-
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try which enables data acquisition focused on interventional
and surgical procedures. The executive boards of the socie-
ties DGPK and DGTHG addressed all German heart centers
performing interventional or surgical procedures for CHD to
include patients consecutively. Inclusion criteria are the
presence of any congenital heart defect and the requirement
of cardiac surgery or catheter-based intervention. The deci-
sive factor for inclusion is the intention to treat the proce-
dure, not its success. Since treatment of CHD extends into
adulthood, inclusion of patients in this registry is not limited
to a specific age. According to European Union’s General Data
Protection Regulation (EU-GDPR), participation in this vol-
untary registry requires informed consent either of the
patient or guardian. Hence the only exclusion criterion for
participation is the absence of written informed consent.

Each included patient received a unique personal identifi-
cation (PID), valid for life, which generates a pseudonym. Based
on the PID, any invasive interventional or cardiac surgical
procedure can be assigned exactly to each individual patient,
even if the treatment is provided in different institutions. This
enables longitudinal, procedure-related data acquisition, as
well as short-, mid- and long-term evaluations.

Materials and Methods

After checking for inclusion and exclusion criteria, the data
are entered into a web-based electronic case record form
(eCRF) by the participating institution. The eCRF is coupled
with a patient identifier (PID) generator,? which serves as
central identity management. By dividing the individual
patient-related data into hard and soft criteria and phonetic
algorithms, the unambiguity of a patient’s data upon pseu-
donymization is guaranteed.

The eCRF consists of three parts including a general, a
therapy related, and a follow-up sheet. In the general, sheet
structured information on the patient’s medical history is
collected and can be updated over the entire treatment
course, even at distinguished time marks and also in different
institutions.
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The therapy-related sheet consists of three subsheets:
admission, procedures (surgery, intervention, or hybrid pro-
cedure), and discharge. The treatment of a patient during one
hospital admission is defined as a case. The structure of the
database provides the possibility to record more than one
procedure if the patient requires subsequent surgical, inter-
ventional, or any combination of procedures during one
admission. Coding of the procedures is based on the Interna-
tional Pediatric and Congenital Cardiac Code’ Ifa surgical or
interventional procedure contains separate components, the
most complex one is defined as the main procedure and forms
the basis of subgrouping. The follow-up sheet records the
patient’s state of health 90 days after the initial procedure
(follow-up). For every readmission, a new patient-related case
with separate therapy-related sheets is created for documen-
tation of further surgical or interventional procedures.

The database uses the ixserv-software (ixmid Software
Technologie GmbH, K61n, Germany) which enables plausibility
and completeness checks during documentation, as well as
query management. For data security and protection, the IT
platform of the National Register for Congenital Heart Defects
is used (registration no.: 531.390, Berlin Commissioner for
Data Protection and Freedom of Information). After comple-
tion of data records, a central online monitoring is performed,
followed by an export for descriptive analyses and statistical
evaluations. Risk adjustment models for operations and inter-
ventions were implemented in 2014. The risk group classifi-
cation for operations is performed according to the
internationally recognized society of thoracic surgeons-euro-
pean association for cardio-thoracic surgery (STAT) mortality
score *>while risk group adjustment for interventions is based
on the internationally acknowledged Bergersen’s score.® These
classifications cover five categories for surgical and four for
interventional procedures. However, it has to be remembered
that the two risk scores are not comparable, as they are based
on different morbidity expectations and different evaluations
of special features and complications.

In addition to procedure-related data, various indicators,
including the occurrence of adverse events, in-hospital mor-
tality, and 30-day and 90-day mortality, are evaluated. Major
and minor adverse events following surgical procedures are
classified according to the society of thoracic surgeons (STS)
morbidity classification.” Adverse events following interven-
tional procedures are grouped into five categories according
to the classification of Bergersen.®

In the evaluation of different procedure types, the nation-
al quality assurance discriminates cases with isolated inter-
ventions, isolated operations, and multiple and hybrid
procedures. Cases referring to isolated interventions and
operations include all hospital admissions with intention
to treat the patient with a single procedure and those who
require subsequent treatment of a complication by a second
procedure during the same admission. From 2015, cases with
multiple procedures include patients who underwent more
than one procedure during one admission based on a pre-
defined concept (e.g., arterial switch operation following
balloon atrioseptostomy). Prior to that, these cases were
assigned to surgical or interventional cases. Hybrid proce-
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dures are defined as a treatment combining surgical and
interventional elements during the same procedure.

To allow a more detailed and differentiated view on specific
procedures in homogeneous subgroups of CHD, 15 index (nine
surgical and six interventional) procedures were defined. The
surgical procedures include treatment of atrial septal defect
(ASD), ventricular septal defect (VSD), atrioventricular septal
defect (AVSD), aortic coarctation, transposition of the great
arteries with intact ventricular septum, the tetralogy of Fallot,
total cavopulmonary connection, hypoplastic left heart syn-
drome, and pulmonary valve replacement. Interventions in-
clude ASD and VSD closure, treatment of aortic coarctation and
recoarctation, closure of patent ductus arteriosus, and percu-
taneous pulmonary valve replacement.

Each year, the responsible scientific societies carry out an
annual report based on two types of analyses. The national
report summarizes aggregated and anonymized results of all
participating institutions, compared with the previous year. In
addition, separate institution-related reports contain the analy-
ses of each participating heart center compared with the national
results. Due to contractual arrangements, the institutional report
is confidential and not intended for public access. Upon request,
each institution can receive an electronic copy of its evaluated
data for further use (e.g., transfer to the ECHSA-database).

The structure of the registry, data acquisition, and evalu-
ation is in accordance with the guidelines of “Good Epidemi-
ological Practice (GEP),"8, “Good Hospital Practice (GCP),”®
and the Declaration of Helsinki for medical research involv-
ing human subjects.'®

Registry Data 2013-2018

Data and results presented in this report capture assorted data
of the years 2013 to 2018 collected from 20 to 24 departments
performing surgical and from 24 to 30 departments carrying
out interventional procedures (=Fig. 1). During this time
period, a total number of 35,730 patients was included, leading
to 39,875 cases, and resp. 46,700 procedures (~Fig. 2). The
cases could be subdivided into 17,259 interventional, resp.
21,027 surgical cases, and 1,589 with multiple procedures
(=~Fig. 3). Since so-called hybrid procedures represented a less
than rare therapy option accounting for less than 1% of the
cases, they were grouped under multiple procedures. Overall,
4,708 (11.8%) of all cases were performed in neonates, 10,047
(25.2%) in infants, 19,351 (48.5%) in children/adolescents at
age of 1 to 18 years, and 5,769 (14.5%) in adults (~Fig. 4). Also,
3,085 (17.9%) of the 17,259 isolated interventional procedures
and 2,612 (12.4%) of 21,027 isolated surgical procedures were
performed in adults. About 45% of the surgical procedures
were performed in the neonatal period or infancy, while 60% of
the interventional procedures were recorded in
children/adolescents between 1 and 18 years of age. Corre-
sponding to the known predominance of the male gender in
congenital heart defects, more procedures were performed in
male patients.

Risk adjustment was implemented in 2014, therefore
evaluation of data based on risk adjustment is limited to
the years 2014 to 2018. Since not all of the surgical and
Thoracic and Cardiovascular Surgeon
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interventional procedures could be assigned to specific risk
groups of the STAT mortality score and the Bergersen score,
8.2% of the surgical and 11.3% of interventional cases during
the observed period are not classified according to these
complexity scores (=Table 1). Among the classified cases,
approximately 50% of the interventional cases were in group
2 and approximately 44% of the surgical cases in group 1
(=Fig. 5A, B). Approximately 16% of all surgical cases were
found in the highest risk categories 4 and 5 of the STAT
mortality score, and almost 12% of the interventional cases
were in risk category 4 of the Bergersen score. Newborns and
infants were disproportionately overrepresented in these
high-risk categories, reflecting the need for early treatment
of complex congenital heart malformations in these age
groups (=Figs. 6 and 7).

The results for the entire cohort during the survey years
showed a documented in-hospital mortality of 0.2 to 0.8% for
isolated interventions and 1.4 to 2.6% for isolated operations.
The observed mortality rate was highest for cases requiring
multiple procedures with a range of 6.2 to 10.4% (~Table 2).
This can be explained by the fact that in the majority of cases,
the combination of more than one surgical and intervention-
al procedure was required especially in newborns and
infants with complex heart malformations, representing
the highest risk groups. In accordance with the clearly
different treatment characteristics for isolated interven-
tions, isolated operations, and multiple procedures, we
observed differences not only in the mortality but also in
the incidence of observed adverse events (~Fig. 8). Addi-
tionally, there were significant differences regarding me-
chanical ventilation, duration of intensive care treatment,
and hospital stay (=Fig. 9). The analysis of in-hospital
mortality by age group showed the highest level in newborns
(mean 6.7%) and the lowest in children/adolescents 1 to
18 years of age (mean, 0.5%; =Table 3). In addition, there
were no significant variations of mortality rates during the
span of the survey period (=Table 3). Also, 30- and 90-day
mortalities were quite constant (~Table 4).

During the study period, a total of 17,259 isolated inter-
ventions was recorded in the registry. In 52.3% of these
patients, an invasive treatment had already been performed
during preceding hospital admissions. The vast majority of
isolated interventions was performed without adverse
events (range: 83.5-94.5%; ~Fig. 8). Also, 8.7% (n=287) of
the observed adverse events fell into the categories “major”
or “catastrophic.”

From 2013 to 2018, 21,027 cases were categorized as
isolated operations leading to 24,537 operative procedures.
In almost two-thirds of these cases, complex surgical pro-
cedures were required, addressing more than one congenital
anomaly. The specific surgery process indicators showed that
18,157 (74.0%) of the surgical procedures were performed
under extracorporeal circulation (ECC). The median values of
the operation, extracorporeal circulation, and aortic cross-
clamping times showed no significant changes over the study
period. Circulatory arrest was required in 1,282 operations
(5.2%), and selective brain perfusion was used in 2.2%.
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Cerebral perfusion was monitored by near-infrared spectros-
copy (NIRS) in almost 65.5% (n =16,071). In 7.2% of the cases,
a second procedure in terms of adverse event management
was necessary. Regarding the general process indicators, it
should be noted that almost all patients were operated under
general anesthesia and needed intensive care therapy post-
operatively. The overall mortality of all surgical cases was
2.5%. According to the STAT mortality score, a clear associa-
tion could be observed between complexity of the procedure
and in-hospital mortality (~Fig. 10).

The index procedure groups included a total of 15,845
cases, comprising 9,465 surgical (nine subgroups) and 6,380
interventional cases (six subgroups; =Fig. 11A, B). Inter-
ventional ASD closure was the most frequently performed
index intervention with several 3,027 (47.4%), followed by
PDA-closure with 1,716 (26.9%; =Fig. 11A). For the index
operations, VSD closure was the most frequent procedure
accounting for 1,984 cases (21.0%), followed by 1,562
(16.5%) surgical ASD corrections (=Fig. 11B). There was
almost zero mortality regarding the interventional index
procedures (except for single cases of VSD closure and
treatment of recoarctation) and very low mortality con-
cerning the surgical index procedures. Significant changes
of in-hospital mortality could not be observed for the
different index procedures over the time span from 2013
to 2018 (~Table 5).

Discussion

This multicenter registry was initiated by the scientific
associations DGTHG and DGPK following suspension of
the external obligatory quality assurance for surgery of
CHD with the intention to overcome two major deficits of
the preceding project. First, since surgical and intervention-
al treatment of CHD can no longer be considered as separate
entities but rather represent complementary parts of com-
mon treatment concepts, the structure of the registry was
designed to include the assessment of both treatment
modalities. This is supported by the fact that a significant
number of procedures in this registry was either performed
during the same or subsequent admissions based on com-
bined treatment concepts. Second, the structure of the
registry allows longitudinal assessment of patients and of
cohorts. Long-term assessment will become increasingly
important in CHD since the quality of treatment frequently
does not become apparent within the first months after the
procedure.

Our data show that this voluntary registry is able to provide
a comprehensive overview over included surgical and inter-
ventional procedures performed in patients with CHD. Over
the study period, both the number of procedures and the
results of outcome indicators showed a relatively constant
level. According to the data, covering many years, interven-
tional and surgical procedures in Germany were continuously
performed at a high-quality level compared with international
surveys. This refers both to the entire cohort and to 15 well-
defined homogeneous index procedures which underwent
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separate detailed assessment. It has to be emphasized again
that interventions and operations must not be understood as
competing, but as complementary therapeutic options in the
treatment of congenital heart defects. Even in patients with the
same anatomic diagnosis, the morphologic and hemodynamic
characteristics, as well as other selection criteria for interven-
tional or surgical procedures, may differ considerably. There-
fore, procedural results, process numbers, and event rates are
frequently unsuitable for direct comparison between these
treatment modalities.

The data obtained from this registry are especially impor-
tant for various aspects of future developments in health
care policy. These include, among others, requirements for
future training of medical personnel, especially in the con-
text of the increasing shortage in skilled nursing personnel,
and the future provision of health care for the increasing
subgroup of adults with CHD."

In the future, further efforts should be made to improve
the basic configuration of the registry to enable more
detailed and advanced risk-adjusted data-analyses. Howev-
er, changes of data collection should be well considered not
to interfere with longitudinal and, especially, long-term
data analysis of the registry. Completeness, validity, and
further developments of this registry will depend on con-
tinued efforts of the DGTHG and the DGPK in close collabo-
ration with all pediatric cardiac and surgical departments in
Germany. This will be of outstanding importance to increase
patient safety even further and to ascertain the continued
high quality of invasive procedures for the treatment of
CHD.

Limitations

This registry is limited by its all-comers registry design and
the voluntary participation of patients. However, in our
opinion, it is unlikely that this relative lack of completeness
would change data quality in a relevant way.

Definitions for Adverse Event Severity
(Bergersen et al)

1. None: no harm, no change in condition, and may have
required monitoring to assess for potential change in
condition with no intervention indicated.®

2. Minor: transient change in condition, not life-threatening,
condition returns to baseline, required monitoring, re-
quired minor intervention such as holding a medication,
or obtaining laboratory test.

3. Moderate: transient change in condition may be life-
threatening if not treated, condition returns to baseline,
required monitoring, required intervention such as rever-
sal agent, additional medication, transfer to the intensive
care unit for monitoring, or moderate transcatheter inter-
vention to correct condition.

4, Major: change in condition, life-threatening if not treated,
change in condition may be permanent, may have re-
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quired an intensive care unit admission or emergent
readmit to hospital, may have required invasive monitor-
ing, and required interventions such as electrical cardio-
version or unanticipated intubation or required major
invasive procedures or transcatheter interventions to
correct condition.

5. Catastrophic: any death, and emergent surgery, or heart-
lung bypass support (extracorporeal membrane oxygen-
ation) to prevent death with failure to wean from bypass
support.

Definition of Major Complications (Jacobs
et al)

1. Postoperative acute renal failure requiring temporary or
permanent dialysis.’

2. Postoperative neurologic deficit persisting at discharge.

3. Postoperative atrioventricular block requiring permanent
pacemaker.

4. Postoperative mechanical circulatory support.

5. Phrenic nerve injury/paralyzed diaphragm.

6. Unplanned reoperation.
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ASD Atrial septal defect

AVSD Atrioventricular septal defect
CHD Congenital heart disease

ECC Extracorporeal circulation
NW Norwood procedure

PDA Patent ductus arteriosus
pCoA Primary coarctation

ReCoA Re-Coarctation

PVR Pulmonary valve replacement

TCPC Total cavopulmonary connection

TGA-IVS  Transposition of the great arteries with intact
ventricular septum

TOF Tetralogy of Fallot

VSD Ventricular septal defect
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Fig.9 Processindicators among the different case categories. Note: patients without mechanical ventilation or ICU stay included. ICU, intensive

care unit.
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Table 1 Applicability of Bergersen’s risk score and STAT mortality categories for interventional and surgical cases

Beckmann

2014 2015 2016 2017 2018|
classified not classified classified not classified classified not classified classified not classified classified not classified
Bergerson Score 93.8% 6.2% 82.3% 17.7% 89.9% 10.1% 87.9% 12.1% 90.1% 9.9%
Jacobs Score 91.3% 8.7% 91.6% 8.4% 92.9% 7.1% 91.1% 8.9% 92.5% 7.5%
Table 2 In-hospital mortality between different case categories
2013 2014 2015 2016 2017 2018
Interventions 0.8% 0.5% 0.2% 0.2% 0.3% 0.3%
Operations 2.6% 2.1% 1.9% 2.5% 1.4% 1.7%
Multiple* 6.2% 9.7% 10.1% 10.4%
Table 3 In-hospital mortality (all cases) in different age groups
2013 2014 2015 2016 2017 2018
Neonates 7.4% 5.4% 6.9% 7.2% 6.7% 6.6%
Infants 1.7% 1.8% 1.4% 2.1% 1.5% 1.7%
Children 0.8% 0.4% 0.3% 0.6% 0.4% 0.5%
Adults 1.0% 0.7% 1.1% 1.4% 0.5% 1.0%
Table 4 30/90 days mortality (all cases) 2015 to 2018
2015 2016 2017 2018
30d 90d 30d 90d 30d 90d 30d 90d
Interventions 0.3% 0.6% 0.4% 1.0% 0.4% 0.8% 0.4% 0.8%
Operations 2.0% 2.5% 2.8% 4.4% 1.7% 3.1% 2.2% 3.2%
Multiple 5.6% 8.5% 9.0% 14.3% 11.1% 15.9% 10.4% 18.8%
Table 5 Unadjusted in-hospital mortality of surgical index procedure cases
2013 2014 2015 2016 2017 2018
ASD 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
VSD 0.2% 0.0% 0.0% 0.0% 0.0% 0.0%
AVSD 1.4% 1.8% 2.0% 0.9% 0.0% 0.9%
pCoA 0.0% 0.0% 0.6% 0.7% 0.7% 0.0%
TGA-IVS 0.0% 0.8% 0.0% 0.0% 1.8% 2.2%
TOF 1.1% 0.6% 1.0% 1.7% 0.5% 1.2%
TCPC 2.9% 0.0% 1.1% 1.3% 1.1% 0.0%
Norwood* 19.6%
PVR 1.5% 0.9% 0.0% 1.6% 0.8% 4.7%
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