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Summary

OBJECTIVE: We aimed to assess the extent of cardiac-
related hospitalisations among adult congenital heart dis-
ease (ACHD) patients followed at Swiss regional ACHD
centres.

BACKGROUND: In Switzerland, adult congenital heart
disease patients are followed at specialised ACHD cen-
tres. According to the Swiss recommendations for stan-
dards of adult congenital heart disease care,ACHD cen-
tres are categorised as regional and supraregional cen-
tres. In contrast to regional centres, supraregional centres
require staffing for congenital cardiac surgery and com-
plex congenital cardiac interventions.

METHODS: Adult congenital heart disease patients en-
rolled in the SACHER registry and followed at one of
three regional ACHD centres (University Hospital Basel,
St Gallen Cantonal Hospital, Lucerne Cantonal Hospital)
from May 2014 to March 2022 were included. Data were
abstracted by chart review and included demographics,
clinical and surgical history, follow-up duration and car-
diac-related hospitalisations during follow-up.

RESULTS: In total, 1031 patients (accounting for 22% of
patients from the entire SACHER cohort) were included
(570 at University Hospital Basel, 231 at St Gallen Can-
tonal Hospital, 230 at Lucerne Cantonal Hospital). During
a median (IQR) follow-up of 3 (1-5) years, there were
237 hospitalisations (100 [42%] emergencies) among 136
(13%) patients. The majority of admissions (157, 66%),
occurred at the regional centre. Arrhythmias (49 of 64 ad-
missions, 77%) and heart failure hospitalisations (26 of 34,
76%) were mainly managed locally. The main reasons for
referral to supraregional ACHD centres were heart surgery
(32/56, 57%) and complex structural percutaneous inter-

ventions (pulmonary valve replacement [3/3, 100%] and
balloon dilation of aortic coarctation [7/7, 100%)]).

CONCLUSION: In Switzerland, regional ACHD centres
provide an important contribution to the management of
the growing cohort of adult congenital heart disease pa-
tients. Most hospitalisations were managed locally. This
was particularly true for emergencies, arrhythmia and
heart failure hospitalisations. The main reasons for referral
to supraregional ACHD centres were complex percuta-
neous interventions.

Introduction

Adults with congenital heart disease present a rapidly
growing patient cohort in adult cardiology. Due to im-
provements in all aspects of care, starting with prenatal
screening [1], evolving surgical techniques and overall
progress in medical care over the last few decades, today
the majority of patients with congenital heart disease
(CHD) reach adulthood [2]. Although most patients have
undergone surgical repair in childhood, they are not cured
and need lifelong specialist care as they are at risk of car-
diac complications and many require further interventions.

The Swiss Working Group for Adults and Teenagers with
Congenital Heart Disease (WATCH) has published recom-
mendations for standards of care of adult congenital heart
disease (ACHD) patients in Switzerland [3]. Treatment fa-
cilities for adult congenital heart disease patients have been
categorised as regional and supraregional ACHD centres.
All ACHD centres collaborate with paediatric cardiolo-
gy services and have a structured transition process. In-
frastructural and staff requirements differ between region-
al and supraregional centres and the key difference is the
provision of highly specialised interventions (such as con-
genital heart surgery and complex cardiac percutaneous in-
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Figure 1: Patient cohort.
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terventions) and access to the heart transplant programme
among the supraregional ones.

Since the publication of these national recommendations,
a comprehensive description of cardiac-related hospitalisa-
tions, including their causes and management among pa-
tients followed at regional ACHD centres in Switzerland,
has not yet been published. We therefore aimed to assess
the extent of cardiac-related hospitalisations in adult con-
genital heart disease patients followed at Swiss regional
ACHD centres. Such data may help in defining require-
ments for resource allocation for optimal care of patients
with adult congenital heart disease in Switzerland.

Methods

Setting and study population

For this study, adult congenital heart disease patients from
regional ACHD centres (University Hospital Basel [Uni-
versitdtsspital Basel], St Gallen Cantonal Hospital /Kan-
tonsspital St Gallen] and Lucerne Cantonal Hospital
[Luzerner Kantonsspital]) enrolled in the SACHER reg-
istry were analysed (figure 1). Patients enrolled in the
SACHER registry who were not being followed at one of
the above-mentioned centres were excluded. The SACH-
ER registry (Swiss Adult Congenital HEart disease
Registry; www.sacher-registry.com; ClinicalTrials.gov
Identifier NCT2258724) is a nationwide prospective co-
hort study of adult patients with congenital heart disease.
Patient inclusion into the registry began in May 2014. For
the purposes of our analysis, follow-up data for the period
from 1 January to 31 March 2022 were reviewed. The fol-
low-up period was calculated from the date of enrolment
of each patient to a fixed administrative censoring date
of 31 March 2022. Patients were followed and treated by
pre-specified care protocols complying with national and
international recommendations [4]. Adverse events were
prospectively collected. Details on the structure and proto-
cols of the registry have previously been published [5].

For each patient, the first documented clinical visit in the
registry was defined as the baseline visit. The last doc-
umented clinical visit was regarded as the follow-up ap-
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pointment. Data of participants were encoded with pseu-
donyms and collected in an electronic, web-based database
(secuTrial®). All patients had given written informed con-
sent, and the study was approved by the local ethics com-
mittees.

Clinical parameters

Baseline characteristics were extracted from the SACHER
registry and included demographic data as well as data
about cardiac anatomy and function, surgical and medical
history as well as congenital heart disease complexity. Cat-
egorisation into mild, moderate and severe was done ac-
cording to current guidelines [4]. Diagnoses were grouped
according to given working diagnoses [5].

Adverse cardiac outcome and hospitalisation data were
collected by local chart review. They included all recorded
adverse cardiac events that occurred between the time of
inclusion into the study and the last recorded physician or
hospital visit within the study period. We included date of
hospitalisation, place of management (regional vs suprare-
gional) and reason for hospitalisation (elective vs emer-
gency).

Outcomes

The primary outcome was the occurrence of a cardiac-re-
lated hospital admission (elective and emergency visit, for
heart surgery or cardiac interventions, or for other prede-
fined cardiac complications). The following events were
considered cardiac-related interventions: any form of inter-
ventional percutaneous valve replacement, ablation proce-
dures for the treatment of arrhythmias, percutaneous inter-
ventions other than ablation procedures, and cardiac device
placement/replacement.

The following events were considered cardiac-related
complications: cardiac-related death, heart failure requir-
ing hospitalisation, sustained supraventricular/ventricular
tachycardia requiring anti-arrhythmic treatment or hospi-
talisation, myocardial infarction, stroke and infective endo-
carditis.

Statistical analyses

Analyses were performed in R v4.4.0 (R Foundation for
Statistical Computing, Vienna, Austria). As continuous
variables did not follow a normal distribution (based on
Shapiro-Wilk tests), they are presented as medians with
interquartile ranges (IQR) and were compared using the
Mann-Whitney U test. Categorical variables are presented
as counts with percentages and compared by means of the
chi-squared test. One patient had a missing date of inclu-
sion and was excluded from follow-up and incidence rate
analyses. Additionally, 13 hospitalisation records lacked
hospitalisation dates, and 13 patients had missing data on
congenital heart disease complexity. These patients were
excluded from the corresponding analysis in table 1. Two-
sided p-values <0.05 were considered significant.

Swiss Medical Weekly - www.smw.ch - published under the copyright license Attribution 4.0 International (CC BY 4.0)

Page 2 of 7


S:/kDrive/Common%20documents/02%20Publishing/4459%20Regional%20centers%20in%20the%20management%20of%20congenital%20heart%20disease/Published%20files/www.sacher-registry.com

Original article

Swiss Med WKkly. 2025;155:4459

Results

Baseline characteristics and hospitalisations

Overall, 1031 adult congenital heart disease patients were
included (570 at University Hospital Basel, 231 at St
Gallen Cantonal Hospital and 230 at Lucerne Cantonal
Hospital), accounting for 22.3% of the 4631 Swiss adult
congenital heart disease patients included in SACHER.
The median (IQR) age at baseline was 29 years (22—40)
and 475 patients (40%) were female. The median (IQR)
follow-up duration was 6.40 years (4.75-7.72). The 1031
patients contributed a cumulative total of 6008 person-
years of follow-up. During this period, there were 237
hospitalisations related to cardiovascular complications in
136 (13.2%) patients. This corresponds to a hospitalisation
rate of 3.9 cardiovascular hospitalisations per 100 person-
years. The follow-up duration varied significantly across
participating centres (p <0.001). The median follow-up du-
ration was longest at University Hospital Basel (7.4 years;
IQR: 5.9-8.0), followed by St Gallen Cantonal Hospital
(6.5 years; IQR: 4.8-7.3) then Lucerne Cantonal Hospital
(4.7 years; IQR: 3.3-5.3).

The cardiac diagnosis groups of admitted patients are illus-
trated in figure 2. Baseline characteristics stratified by the
occurrence of cardiac-related hospitalisation during fol-
low-up are outlined in table 1. Patients meeting the primary
outcome (those who experienced at least one cardiovascu-
lar-related hospitalisation during the follow-up) were older
compared to those without hospitalisations — median (IQR)
age of 36 [23-47] and 27 (22-35) years, respectively (p
<0.001) — and had more complex congenital heart disease,
with moderate or severe complexity accounting for 65%
and 47% of patients, respectively (p <0.001). Overall, 157
(66%) of all hospitalisations were managed at the regional
ACHD centres and 80 (34%) were admitted or transferred
to supraregional ACHD centres. There were 100 (42%)
emergency hospitalisations, of which 81 (81%) were man-
aged locally at the corresponding regional ACHD centre.
Of 137 (58%) elective hospitalisations, 61 (44.5%) oc-
curred at supraregional ACHD centres. Reasons for hospi-
talisations in regional and supraregional ACHD centres are
illustrated in figure 3.

Cardiac-related complications

Arrhythmias leading to hospital admission were the most
frequent cardiac-related complications. Of the 64 arrhyth-
mia events, recorded in 37 patients, most were atrial flutter
and intra-atrial re-entrant tachycardia (n = 26, 41%). Most
arrhythmia events (n = 49, 77%) were managed locally at
regional ACHD centres. In 31 cases (48%), arrhythmias
led to an emergency admission, of which 24 (77%) were
managed locally. Overall, 11 (17%) arrhythmia cases were
managed with antiarrhythmic drugs, 18 (28%) by electrical
cardioversion and 33 (52%) by interventional ablation pro-
cedures, of which 25 (76% of ablations) were performed at
the regional ACHD centres.

The second most common reason for cardiac-related hos-
pitalisation was heart failure (n = 34) in 14 patients. Most
heart failure admissions were emergency admissions (n =
29, 85%), which were mainly managed in regional ACHD
centres (25/29, 86%). One patient with a history of im-
plantation of a mechanical aortic valve in childhood for
congenital aortic valve stenosis was referred twice to the
supraregional ACHD centre for acute heart failure. The pa-
tient was evaluated for heart transplantation at the suprare-
gional ACHD centre. However he died at the regional
ACHD centre due to heart failure. Other reasons of cardiac
complications leading to an admission are displayed in fig-
ure 3.

Heart surgery and cardiac interventions

During follow-up, 56 heart surgeries were performed. Of
these, 32 (57%) were performed at supraregional ACHD
centres. Most surgeries managed at supraregional centres
were elective (29/32, 91%). The emergency referrals to a
supraregional ACHD centre for heart surgery were all due
to aortic dissection or pseudoaneurysm for aortic valve and
aortic ascendens replacement. Elective reasons for referral
to the supraregional centre were surgical treatment of the
left ventricular outflow tract, aortic valve and aorta in 20
cases (subaortic myectomy, aortic cusp repair, aortic valve
implantation, Ross procedure, replacement of the ascend-
ing aorta, aortic arch repair), pulmonary valve replacement

Table 1:

Patient cohort.

Cardiovascular-related hospitalisation No (n = 895) Yes (n =136) p-value*
Age in years at first cardiovascular-related hospitalisation, median (Q1, Q3) - 37 (25, 49)

... Unknown, n 895 13

Age in years at baseline, median (Q1, Q3) 27 (22, 35) 36 (23, 47) <0.001
... Unknown, n 351 31

Congenital heart disease complexity <0.001
... Simple, n (%) 466 (53) 47 (35)

... Moderate, n (%) 322 (36) 56 (42)

... Severe, n (%) 96 (11) 31 (23)

... Unknown, n 1" 2

Hospitalisation type

... Elective, n (% of type total) 61 (44.5) 76 (55.5) <0.001
... Emergency, n (% of type total) 19 (19) 81 (81)

Treating centre <0.001
... St Gallen Cantonal Hospital, n (%) 191 (21) 40 (29)

... Lucerne Cantonal Hospital, n (%) 218 (24) 12 (9)

... University Hospital Basel, n (%) 486 (54) 84 (62)

*Wilcoxon rank-sum test; Pearson’s chi-squared test
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in 5 cases, a Baffle repair in 1 case, surgery for shunt le-
sions in 4 cases and Other in 2 cases.

Facilities for open-heart surgery were available at two of
the three regional centres participating in this study (Uni-
versity Hospital Basel and Lucerne Cantonal Hospital).
The most common reasons for heart surgery at the regional
ACHD centres were surgical treatment of the aortic valve
and the aorta in 19 cases (aortic valve replacement in 14,
Ross procedure in 1, David operation in 1, aorta-other in
3), surgery for shunt lesions in 2 cases and other in 2 cases.

Complex cardiac percutaneous interventions were exclu-
sively performed at supraregional ACHD centres (3 pul-
monary valve replacement procedures [3/3, 100%] and 7
balloon dilation of aortic coarctation procedures [7/7,
100%). Percutaneous interventions at the regional centres
were performed for atrial septal defect (ASD) and patent
ductus arteriosus (PDA) closure and coronary interven-
tions.

Frequencies of surgical and interventional procedures in
regional and supraregional ACHD centres are illustrated in
figure 4.

Swiss Med WKkly. 2025;155:4459

Deaths

During follow-up, 16 (1.6%) patients died. Median (IQR)
age at death was 47 (30-60) years. Of these patients, 8
(50%) died at regional ACHD centres, 3 (19%) at a
supraregional ACHD centre and 5 (31%) out of hospital.
The most frequent cause of death was cardiac-related death
(heart failure in 6 [36%], sudden cardiac death in 4 [25%)]
and endocarditis in 1 [6%]); 1 death was periprocedural
and 4 deaths were not cardiac-related. All 3 patients who
died at a supraregional ACHD centre had severe disease
complexity (transposition of the great arteries [TGA] after
arterial switch operation; TGA after Mustard operation;
congenital corrected TGA), and died after cardiac compli-
cations or complex surgery.

Discussion

In this study, we explored cardiac-related hospitalisations
of adult congenital heart disease patients followed at re-
gional ACHD centres in Switzerland. About a quarter of
adult congenital heart disease patients in Switzerland are
mainly followed at regional ACHD centres; therefore these

ventricular septal defect.

Frequency

Figure 2: Frequency of congenital heart disease diagnoses group (unique patients, n = 136) of admitted adult congenital heart disease
(ACHD) patients. ASD: atrial septal defect; AVSD: atrioventricular septal defect; CHD: congenital heart defect; DCRV: double-chambered right
ventricle; PA: pulmonary valve atresia; PDA: patent ductus arteriosus; TGA: transposition of the great arteries; TOF: tetralogy of Fallot; VSD:
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centres contribute substantially to overall care of this pa-
tient cohort. Although the patients studied in this cohort
were young (mean age of 29 years at baseline) and follow-
up was rather short (3 years), a substantial proportion
(13%) required at least one hospitalisation. This highlights
the complexity of this patient cohort. Most adult congenital
heart disease patients who needed hospitalisation for car-

diac reasons could be managed locally at regional ACHD
centres. This was particularly true for emergency admis-
sions and cardiac complications such as tachyarrhythmias
and heart failure. Regarding heart surgery and percuta-
neous interventions, patients with aortic and aortic valve
lesions such as aortic valve stenosis and thoracic aortic
aneurysm and patients with simple shunt lesions were typi-

Figure 3: Cardiac-related hospitalisations of adult congenital heart disease (ACHD) patients (n = 136) during follow-up. The X-axis presents
the number of outcomes, the Y-axis states the type of cardiac outcome.
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Figure 4: Frequencies of interventions in adult congenital heart disease (ACHD) patients (n = 136) during follow-up. The X-axis presents the

number of outcomes and the Y-axis states the type of cardiac outcome. DCV: Direct current cardioversion.

Locally Treated [l no [l ves

40+

Frequency

o
<

Intervention Type

Swiss Medical Weekly - www.smw.ch - published under the copyright license Attribution 4.0 International (CC BY 4.0)

Page 5 of 7



Original article
_______________________________________________________________________________________________________________________|

cally managed at the regional ACHD centres whereas com-
plex percutaneous cardiac interventions such as interven-
tional pulmonary valve replacement and dilation of aortic
coarctation were exclusively performed at supraregional
ACHD centres.

Our data highlight the importance of regional ACHD cen-
tres in the care of adult congenital heart disease patients
in Switzerland. Half of the patients followed at regional
ACHD centres have moderate or severe disease complexi-
ty (such as patients with a Fontan palliation, patients with
a systemic right ventricle and patients with cyanotic heart
disease) and therefore, as recommended by the Swiss
Working Group for Adults and Teenagers with Congenital
Heart Disease (WATCH), these centres need adequate staff
and institutional requirements such as dedicated adult con-
genital heart disease specialists, an adult congenital heart
disease outpatient clinic, as well as 24/7 access to an emer-
gency service, general adult medicine inpatient unit and
an intensive care unit. It must be emphasised that well-
trained adult congenital heart disease specialists are needed
not only in supraregional centres, but also in regional cen-
tres in order to optimise patient care and coordination with
supraregional centres. According to the Swiss recommen-
dation on adult congenital heart disease care, adult con-
genital heart disease cardiologists must have a nationally
recognised certification in Cardiology or Paediatric Cardi-
ology with a minimal educational training of 24 months in
adult congenital heart disease. These 24 months should in-
clude at least 18 months in a supraregional ACHD centre
and can be complemented by 6 months in adult cardiology
for paediatric cardiology trainees and 6 months of paedi-
atric cardiology for adult cardiology trainees [3].

As most arrhythmias and heart failure complications have
been treated locally, collaboration with dedicated special-
ists in other disciplines, such as cardiac imaging, electro-
physiology and heart failure is crucial.

Close cooperation and collaboration between regional and
supraregional ACHD centres are very important, as some
patients will require more advanced surgical and interven-
tional expertise and resources. In Switzerland, this collab-
oration between regional and supraregional centres is well
established. Furthermore, in the last few years, regional
centres in Switzerland have played a pivotal role in deliv-
ering scientific publications aimed at improving evidence-
based care for these patients in Switzerland [6-8].

Many complex adult congenital heart disease patients can
and should be treated locally at regional ACHD centres,
particularly in emergency situations. The lack of expertise
in regional adult congenital heart disease would lead to
a higher referral to supraregional ACHD centres, delayed
adequate treatment and likely hamper the outcome [9]. Re-
ferral to specialised ACHD centres was shown to be asso-
ciated with a significant mortality reduction [10]. Thus, we
would like to emphasise the importance of care networks
with close collaboration between regional and supraregion-
al centres for optimal care by ACHD centres.

Regional ACHD centres may also provide consulting ser-
vices for primary care physicians, taking care of adult con-
genital heart disease patients with low-to-moderate dis-
ease complexity and especially being equipped to treat and
triage adult congenital heart disease patients with cardiac
complications needing hospitalisations.

Swiss Med WKkly. 2025;155:4459

Limitations

The study has the following limitations: First, patients
from only three regional ACHD centres in Switzerland
were included in the study. However, the remaining centres
have similar structure and collaboration to those of the
supraregional ACHD centres and data from these centres
will very likely not be very different. Furthermore, there
are differences in the prevalence of cardiac-related com-
plications and cardiac-related interventions between the
three analysed regional ACHD centres. These differences
are caused by longer follow-up durations and a larger pa-
tient cohort from University Hospital Basel compared to
St Gallen Cantonal Hospital and Lucerne Cantonal Hospi-
tal. Second, the study only describes the current situation
in regional ACHD centres, and we did not analyse out-
comes in supraregional centres. Third, it is very likely that
local adult congenital heart disease patients, particularly
the more complex ones, have their regular follow-up at
supraregional ACHD centres. Therefore, a selection bias
within our cohort is possible. Fourth, follow-up duration
was calculated using a fixed administrative censoring date
(31 March 2022), corresponding to the end of the follow-
up data collection period. As data updates occurred over
a three-month window (January to March 2022), this ap-
proach may not capture the precise follow-up duration for
all patients. This limitation should be considered when in-
terpreting follow-up estimates and event rates.

Conclusion

In Switzerland, regional ACHD centres play an important
role in the management of a substantial proportion of adult
congenital heart disease patients. Most hospitalisations oc-
curring during follow-up were managed locally. This was
particularly true for emergencies, arrhythmias, and heart
failure hospitalisations. The main reasons for referral to
supraregional ACHD centres were complex congenital
heart surgery and complex percutaneous interventions.

Data sharing statement
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quest.
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