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Aims Heart failure is the main threat to long-term health in adults with transposition of the great arteries (TGA) cor-
rected by an atrial switch operation (AtrSO). Current guidelines refrain from recommending heart failure medica-
tion in TGA-AtrSO, as there is insufficient data to support the hypothesis that it is beneficial. Medication is there-
fore prescribed based on personal judgements. We aimed to evaluate medication use in TGA-AtrSO patients and
examine the association of use of renin–angiotensin–aldosterone system (RAAS) inhibitors and b-blockers with
long-term survival.

...................................................................................................................................................................................................
Methods
and results

We identified 150 TGA-AtrSO patients [median age 30 years (interquartile range 25–35), 63% male] included in
the CONCOR registry from five tertiary medical centres with subsequent linkage to the Dutch Dispensed Drug
Register for the years 2006–2014. Use of RAAS inhibitors, b-blockers, and diuretics increased with age, from, re-
spectively, 21% [95% confidence interval (CI) 14–40], 12% (95% CI 7–21), and 3% (95% CI 2–7) at age 25, to 49%
(95% CI 38–60), 51% (95% CI 38–63), and 41% (95% CI 29–54) at age 45. Time-varying Cox marginal structural
models that adjusted for confounding medication showed a lower mortality risk with use of RAAS inhibitors and
b-blockers in symptomatic patients [hazard ratio (HR) = 0.13 (95% CI 0.03–0.73); P = 0.020 and HR = 0.12 (95% CI
0.02–0.17); P = 0.019, respectively]. However, in the overall cohort, no benefit of RAAS inhibitors and b-blockers
was seen [HR = 0.93 (95% CI 0.24–3.63); P = 0.92 and HR = 0.98 (0.23–4.17); P = 0.98, respectively].

...................................................................................................................................................................................................
Conclusion The use of heart failure medication is high in TGA-AtrSO patients, although evidence of its benefit is limited. This

study showed lower risk of mortality with use of RAAS inhibitors and b-blockers in symptomatic patients only.
These findings can direct future guidelines, supporting use of RAAS inhibitors and b-blockers in symptomatic, but
not asymptomatic patients.
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Introduction

Adults with transposition of the great arteries (TGA) after an atrial
switch operation (AtrSO) are at risk of gradual deterioration of sys-
temic right ventricular (RV) function, congestive heart failure, and
premature mortality.1 In patients with systemic left ventricular (LV)
heart failure with reduced ejection fraction, angiotensin-converting
enzyme inhibitors and b-blockers are the cornerstone of heart failure
treatment as they have been shown to improve survival.2 However,
current guidelines for TGA-AtrSO patients do not recommend the
use of these drugs as primary or secondary prevention, as the limited
and small trials do not provide sufficient data to support the use of
these conventional heart failure drugs for systemic RV dysfunction.3,4

Recent long-term follow-up of the largest randomized controlled
trial on renin–angiotensin–aldosterone system (RAAS) inhibition in
unselected systemic RV patients failed to show a treatment effect of
valsartan, but a post hoc analysis demonstrated favourable long-term
outcomes in symptomatic patients.5,6 Additionally, observational data
have suggested benefit from b-blockers on functional status and RV
dimensions.7 However, cautious use of b-blockers is recommended
considering concerns of bradycardia and the limited preload physi-
ology due to reduced distensibility of the atrial baffles.4,8 Hence, evi-
dence to select patients in whom treatment with RAAS inhibition
and b-blockers would be justified remains inconclusive.

We therefore studied the use of cardiovascular medication in a co-
hort of TGA-AtrSO patients over time and with increasing age.
Moreover, we analysed whether the use of RAAS inhibitors or b-
blockers was associated with improved survival.

Methods

Study population and data collection
This study comprised adult patients (age >_ 18 years) included in the
Dutch nationwide CONCOR registry9 with simple or complex TGA
(defined as TGA with concomitant ventricular septal defect, LV outflow
tract obstruction, or coarctation of the aorta) after AtrSO from five ter-
tiary medical centres. Data on diagnoses, clinical events, and procedures
were retrieved from medical records and classified using the European
Pediatric Cardiac Code (EPCC) short list after written informed consent
for inclusion in the CONCOR registry. We collected data on diagnosis
and occurrence of arrhythmias, pacemaker or implantable cardioverter-
defibrillator (ICD) implantations, and baffle or tricuspid valve reinterven-
tions (EPCC codes in Supplementary material online, Table S1).
CONCOR was approved by the ethics boards of all participating centres
and complies with the declaration of Helsinki.9

Patient-level data from the CONCOR registry were linked to the na-
tional Dispensed Drug Register (DDR) and Cause of Death Register
(CDR) through Statistics Netherlands. The linkage of CONCOR to the
DDR and CDR has been described in detail previously.10,11 For all Dutch
residents, the DDR contains aggregated data on all types of dispensed
outpatient drugs reimbursed by the compulsory basic Dutch health insur-
ance per patient per year according to the Anatomical Therapeutic
Chemical (ATC) classification, aggregated at the pharmacological level of
the ATC classification. Specific drugs and their duration, timing, and daily
doses within this 1-year window cannot be extracted. Receiving a drug is
coded as dichotomous value for a full year, regardless of the amount of
drugs dispensed. Data on dispensed cardiovascular medication, specifical-
ly RAAS inhibitors (i.e. angiotensin-converting enzyme inhibitors and

angiotensin receptor blockers), diuretics (including thiazides, high-ceiling
diuretics, and potassium-sparing agents), b-blockers, antiarrhythmics
Classes I and III, and cardiac glycosides including digoxin (ATC codes in
Supplementary material online, Table S2), were extracted from the DDR.
Patients were followed from 2006 or CONCOR-inclusion, until end of
study (2014) or death.

Definition of symptomatic heart failure
We used diuretics use as a proxy for symptomatic heart failure, as diu-
retics are prescribed to relieve symptoms and signs of congestion,2,3 and
no data on functional status were available due to limited clinical detail in-
herent to the large administrative datasets used in this study. Patients
with prior or concurrent diuretics use were defined as patients with
symptomatic heart failure, and patients without diuretics as asymptomatic
patients.

Statistical analysis
Data are summarized as n (%), mean ± standard deviation, and median
[interquartile range (IQR)]. Medication use was described as number of
patients with medication per total number of patients at risk. Generalized
estimating equations (GEE) with exchangeable working correlation and
robust variance estimators were used to model expected medication use
in the population over age. Bivariable GEE were used to estimate the as-
sociation between calendar year, patient characteristics, and medication
use, corrected for age.

The association between use of heart failure medication, being RAAS
inhibitors and b-blockers, and all-cause mortality was evaluated using
time-varying Cox proportional hazard models. To adjust for indication
bias, marginal structural Cox proportional hazard models were fit. These
models were weighted by inverse probability-of-treatment weighting to
correct for time-varying confounding related to the clinical decision to ini-
tiate RAAS inhibitors or b-blockers.12,13 Covariates included in the in-
verse probability-of-treatment weighting model were age, time-updated
status of having a pacemaker/ICD device, and time-varying use of cardiac
medication (including diuretics, digoxin, antiarrhythmics, and b-blockers
for exposure to RAAS inhibition, and RAAS inhibition for exposure to
b-blockers) (distribution of weights in Supplementary material online,
Figure S1).

Due to the yearly aggregated nature of the data, medication used in a
particular year was taken as medication present at the first of January of
the following year. Therefore, we excluded patients who were included
in 2014 or died in their year of inclusion in all survival analyses.

Subgroup analyses were performed in three subsets of the population
hypothesized to be at highest risk of mortality, being symptomatic
patients, patients with implanted pacemaker/ICD devices, and patients
aged >_30 years. For these subgroup analyses, patients were included
in their year of first diuretics use, device implantation, or reaching the age
of 30.

Statistical analyses were performed using R-version 3.5.2 (R Core
Team, Vienna, Austria), the gee,14 survival,15 and ipw12,13 packages. Two-
sided P-values of <0.05 were considered statistically significant.

Results

In total, 150 TGA-AtrSO patients were included (patient characteris-
tics and medication use in Table 1). At baseline, the majority of
patients did not use any cardiac medication, 51 (34%) used RAAS
inhibitors, 35 (23%) b-blockers [19 patients (13%) used a combin-
ation of these two] and a minority used diuretics (n = 16, 11%),
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cardiac glycosides (n = 16, 11%), or antiarrhythmics (n = 13, 9%). At
baseline, 11 patients (7%) used RAAS inhibitors, b-blockers, and diu-
retics concurrently.

A total of 1248 patient-years were analysed, with 124 patients
(82%) followed for the complete 9-year study period. At the end of
follow-up, at a median age of 38 (IQR 33–42) years, 80 patients
(53%) had experienced arrhythmias, 43 (29%) had received a pace-
maker or ICD, and 31 (21%) had undergone baffle or tricuspid valve
reinterventions.

During the study period 78 patients (52%) used RAAS inhibitors,
75 (50%) b-blockers, 43 (29%) diuretics, 23 (15%) cardiac glycosides,
and 21 (14%) antiarrhythmics at any time. Most patients (>60%) con-
tinuously used the medication following their first year of use. Only
43 patients (29%) did not use any of these drugs during follow-up. In
symptomatic patients, the use of heart failure medication was high,
with 35 (81%) using RAAS inhibitors and 33 (77%) using b-blockers.
In asymptomatic patients, 59 (44%) used RAAS inhibitors and 49
(37%) used b-blockers.

Medication and age
Medication use increased with age (Figure 1). RAAS inhibitors were
already used by 21% [95% confidence interval (CI) 14–40] of patients
at 25 years of age, increasing to 49% (95% CI 38–60) at 45 years of

age [odds ratio (OR) = 1.07/year (95% CI 1.03–1.11)]. Use of b-
blockers also increased, from 12% (95% CI 7–20) at 25 years of age
to 51% (95% CI 37–64) at 45 years of age [OR = 1.11/year (95% CI
1.06–1.16)], as did use of antiarrhythmics, from 5% (95% CI 2–10) to
16% (95% CI 10–26) [OR = 1.07/year (95% CI 1.02–1.12)]. There
was no significant increase in the use of cardiac glycosides with
increasing age [OR = 1.03/year (95% CI 0.98–1.09)]. The largest dif-
ference was seen in use of diuretics, used by only 3% (95% CI 2–8) of
patients at age 25, increasing to 40% (95% CI 29–54) at age 45
[OR = 1.16/year (95% CI 1.10–1.23)].

With advanced age, the combined use of medication became
more common (Figure 2). At age 25, 33% (95% CI 24–43) used any
medication and only 7% (95% CI 3–16) used two or more different
medication types, increasing to 54% (95% CI 40–67) at age 45.
Thirty-two percent (95% CI 23–43) used three or more different
medications simultaneously at age 45.

Medication over time
There was no significant association between calendar year and use
of RAAS inhibitors, diuretics, and b-blockers after correction for age,
suggesting no significant change in prescribing policy of these drugs
over time (Figure 3, crude data in Supplementary material online,
Figure S2). However, the age-corrected use of cardiac glycosides and
antiarrhythmics significantly decreased over the years [OR = 0.88/
year (95% CI 0.80–0.97); P = 0.010 and OR = 0.89 (95% CI 0.82–
0.97); P = 0.007, respectively].

Factors associated with medication use
Patient factors associated with medication use—independent of
age—are depicted in Figure 4. Women more commonly used diu-
retics and b-blockers than men [OR = 4.08 (95% CI 1.83–9.12) and
OR = 2.14 (95% CI 1.07–4.28), respectively). Use of b-blockers was
associated with arrhythmias [OR = 6.58 (95% CI 2.31–18.75)] and
implanted devices [OR = 5.90 (95% CI 2.34–14.9)]. Patients with
implanted devices also used antiarrhythmics more often than patients
without devices [OR = 4.68 (95% CI 1.19–18.5)]. Baffle or tricuspid
reinterventions were associated with higher risk of diuretics
[OR = 3.04 (95% CI 1.49–6.20)] and b-blocker use [OR = 2.35 (1.15–
4.77)]. Increased use of cardiac glycosides was seen in patients with
complex TGA [OR = 4.20 (95% CI 1.62–10.9)], late AtrSO [>1 year
after birth, OR = 3.33 (95% CI 1.16–9.54)], and implanted devices
[OR = 2.33 (95% CI 1.35–4.05)]. None of the patient characteristics
was significantly associated with higher use of RAAS inhibition.

Survival
Survival analyses included 149 patients with a median of 8 years of
follow-up, during which 10 patients died. Marginal structural models
that adjusted for confounding medication showed that use of RAAS
inhibitors or b-blockers was not associated with lower risk of mortal-
ity in the overall cohort of TGA-AtrSO patients [hazard ratio
(HR) = 0.93 (95% CI 0.24–3.63); P = 0.92 and HR = 0.98 (0.23–4.17);
P = 0.98, respectively]. No significant difference in mortality risk was
seen with use of RAAS inhibitors or b-blockers in 42 patients with
implanted devices [HR = 0.27 (95% CI 0.06–1.27); P = 0.097 and
HR = 0.35 (95% CI 0.06–1.88); P = 0.22] or in 136 patients beyond
the age of 30 years [HR = 0.57 (95% CI 0.14–2.32); P = 0.43 and

.................................................................................................

Table 1 Patient characteristics and medication use at baseline and

during follow-up

All patients (n 5 150)

Baseline Anya

Patient characteristics

Age at baseline (years) 30 (25–35)

Female gender 57 (38)

Complex TGAb 43 (29)

Senning 55 (37)

Late repair (atrial switch >

1 year of age)

76 (51)

Age at atrial switch (years) 1.02 (0.28–3.03)

Clinical events

Arrhythmias 59 (39) 80 (53)

Pacemaker/ICD 36 (24) 43 (29)

Baffle/tricuspid reinterventions 23 (15) 31 (21)

Medication use

No medication usec 77 (51) 43 (29)

Cardiac glycosides 16 (11) 23 (15)

Antiarrhythmics Type I and III 13 (9) 21 (14)

Diuretics 16 (11) 43 (29)

b-blockers 35 (23) 75 (50)

RAAS inhibitors 51 (34) 78 (52)

ICD, implantable cardioverter-defibrillator; RAAS, renin–angiotensin–aldoster-
one system; TGA, transposition of the great arteries.
aAmount of patients with clinical events and medication use at baseline or during
the study period.
bComplex TGA was defined as TGA with concomitant ventricular septal defect,
left ventricular outflow tract obstruction, or coarctation of the aorta.
cNone of the medications mentioned in the table. Data are described as fre-
quency with percentage (%) or median with interquartile range.
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HR = 0.66 (95% CI 0.16–2.76); P = 0.57]. In the 39 symptomatic
patients, use of RAAS inhibitors and use of b-blockers was
associated with a significantly lower risk of mortality [HR = 0.13 (95%
CI 0.03–0.73); P = 0.020 and HR = 0.12 (95% CI 0.02–0.17); P = 0.019,
respectively]. The treatment benefit of RAAS inhibitors was
significantly greater in symptomatic vs. asymptomatic patients
(Pinteraction = 0.045). For use of b-blockers, there was no significant
difference in treatment benefit between symptomatic and asymp-
tomatic patients (Pinteraction = 0.24).

Discussion

This is the largest study to date evaluating medication use in TGA-
AtrSO patients. We showed that the use of conventional medication
for left-sided heart failure, i.e. RAAS inhibitors and b-blockers, is high,
with 52% of patients using RAAS inhibitors and 50% using b-blockers
within the 9-year study period. Medication use increased strongly as
the population aged, with 74% having cardiac medication at the age of
45 years. Cardiac glycosides and antiarrhythmics were prescribed
less frequently in more recent years. Importantly, use of RAAS

inhibitors and b-blockers was associated with improved survival in
symptomatic patients only.

Medication burden
The high use of heart failure medication at baseline is in line with
other smaller cohorts,16,17 but our study is the first to show the
increasing and cumulative medication burden during adulthood, with
74% using cardiac medication at age of 45, and even 32% using three
or more different cardiac drugs at that age. Although diuretics were
sparsely used in early adulthood, its use steeply increased after the
age of 30. As diuretics are essentially used to relieve symptoms in
overt heart failure, this likely reflects deterioration of the systemic RV
and the increasing prevalence of symptomatic heart failure in the
population. Furthermore, 44% of asymptomatic patients used RAAS
inhibition, suggesting that a large proportion of patients receive
RAAS inhibition as primary prevention, possibly in the setting of
asymptomatic reduced ventricular function. These data reveal that
heart failure medication is broadly used in clinical practice, even
though the speculative benefits mainly apply to symptomatic
patients.3–6

Figure 1 Medication use according to age. Expected percentage of the population with dispensed medication according to age, with 95% confi-
dence intervals. Any medication entails the percentage of patients with any of the five medication groups mentioned in the other five panels. RAAS,
renin–angiotensin–aldosterone system.
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Changes in medical management
The use of cardiac glycosides including digoxin and antiarrhythmics
decreased over time, conforming to the downward temporal trend
seen in patients with acquired cardiovascular disease.18,19 Although
digoxin may be considered in patients with heart failure, cardiologists
have become more selective in prescribing it, as data concerning its
benefit remain controversial.2,20 The decrease in use of antiarrhyth-
mics such as amiodarone may relate to growing safety concerns,
switching from rhythm control to rate control strategies, and increas-
ing use of catheter ablation to treat arrhythmias.21,22 Furthermore,
suggestions to liberalize use of b-blockers, which may protect against
ventricular arrhythmias and sudden cardiac death, may also play a
role in the change in medical arrhythmia management.23,24

Reservations about the use of b-blockers due to risk of sinus node
dysfunction and conduction disorders may be the main reason why
the age-adjusted use of b-blockers has not significantly increased
over the years.

Patients with higher medication use
Women were more likely to use diuretics and b-blockers than men,
similar to findings in the general population.25 The rationale of these
sex-differences is incompletely understood, but may include a lower
likelihood of men to seek preventive healthcare than women26–28

and physical differences, as women may tolerate less weight gain
from mild fluid retention and men may suffer sexual dysfunction.29

An increased risk for premature RV deterioration related to preg-
nancy may also play a role.30 The association between other patient
characteristics and specific medication use may be due to an
increased risk of complications or presence of symptoms in those
patients. Complex TGA, late repair, and implanted devices have been

reported as predictors for arrhythmias and heart failure.31–33 Patients
with a prior baffle reintervention or tricuspid valve procedure will
more often be symptomatic than those without need for reinterven-
tions, as the interventions are particularly recommended when symp-
toms occur.3

Treatment benefit of conventional heart
failure medication
Use of RAAS inhibitors and b-blockers was associated with reduced
risk of mortality in a subset of symptomatic TGA-AtrSO patients,
who used diuretics. Diuretics are prescribed to relieve symptoms
and signs of congestion.2 Hence, it is reasonable to assume that the
subgroup with benefit could be the more symptomatic patients. No
significant association was seen in the overall cohort, thus providing
no evidence for a possible effect of primary prevention in patients
without symptomatic heart failure. As such, our data complement
prior randomized data on RAAS inhibition that suggest reduced mor-
bidity in symptomatic, but not in asymptomatic patients.5,6 Evidence
on b-blockers is scarce, with only four small retrospective studies
investigating their use.7,34 The lower mortality seen with use of b-
blockers in symptomatic patients is in line with functional improve-
ment seen with use of b-blockers in these prior studies.

The lack of an association of both RAAS inhibitors and b-blockers
with survival in the overall cohort may reflect the heterogeneous
clinical course and low event rate. Although we did not have access
to data on RV ejection fraction, it seems likely that a large part of
asymptomatic patients had only mild systolic dysfunction, as this is
often the case in systemic RV cohorts.5,35,36 For acquired heart failure
with preserved ejection fraction, evidence on treatment benefit of
RAAS inhibitors and b-blockers also remains inconclusive.2 It is pos-
sible that the asymptomatic patients who did receive heart failure
treatment had RV dysfunction or mild symptoms, but we could not
differentiate between these patients and completely asymptomatic

Figure 2 Cumulative use of cardiac medication according to age.
Expected percentage of the population with at least one, two, or
three different types of dispensed cardiac medication according to
age, with 95% confidence intervals. The different types of medica-
tion included are renin–angiotensin–aldosterone system inhibitors,
b-blockers, diuretics, antiarrhythmics (Classes I and III), and cardiac
glycosides.

Figure 3 Age-corrected medication use over the years.
Expected percentage of patients with dispensed medication at 35
years of age during the different years of the study period. P-values
for age-corrected association between calendar year and medica-
tion use (Supplementary material online, Table S3). NS, not signifi-
cant; RAAS, renin–angiotensin–aldosterone system.
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..patients in the present study. Consequently, it is still not clear-cut
whether treatment decisions should differ between asymptomatic
patients with and without reduced systolic RV function.

Clinical implications
Current guidelines on medical therapy in TGA-AtrSO patients refrain
from recommendations on heart failure medication as prevention in
asymptomatic patients or as treatment in symptomatic patients.3,4,34

Therefore, clinicians have to base the decision to start medical ther-
apy on personal judgement, resulting in high medication use in this
cohort despite uncertain benefit. This study adds to the existing data
of small studies, indicating that RAAS inhibitors and b-blockers may
improve prognosis of symptomatic patients who require symptom
relief by diuretics. Prescribing medication only in patients with pos-
sible benefit limits the risks of adverse drug events, especially regard-
ing conduction disturbances with use of b-blockers in AtrSO
patients. These findings can direct future guidelines that may suggest
the use of RAAS inhibition and b-blockers as secondary prevention
to decrease both morbidity and mortality in symptomatic patients.
Additionally, more data on b-blockers are needed to further guaran-
tee their beneficial effects, as only limited data exist to date. The small
and heterogeneous population necessitates global research efforts to
improve levels of evidence. It is, however, plausible that some uncer-
tainty regarding treatment benefit in TGA-AtrSO will remain present.
Nonetheless, the present study provides insight that helps to bridge
the gap of knowledge.

Methodological issues
Strengths of this study include the complete follow-up, the time-
updated data on dispensed medication, and the use of marginal struc-
tural models to correct for confounding by indication. Administrative
databases are a powerful tool to assess patient management and out-
comes.37 The automated collection of data on dispensed medication
within a national administrative database provides more accurate in-
formation on actual medication consumption than medical records.
However, limitations inherent to the use of administrative data in-
clude limited clinical detail, as no information on comorbidities, func-
tional status, medication indications, and daily doses were available.
This limited our definition of symptomatic patients to those on diur-
etic therapy. Additionally, privacy restrictions from Statistics
Netherlands prohibited reporting on characteristics of small groups

of patients. Differentiation between subgroups of medication classes
(e.g. angiotensin-converting enzyme inhibitors and angiotensin recep-
tor blockers) was therefore not possible. Although this is the largest
study to date to evaluate medical therapy in TGA-AtrSO patients,
with a long follow-up period and hard clinical endpoints, the amount
of events was still small. Finally, as this was an observational study,
there was a risk of additional unmeasured confounders that we could
not adjust for in the models.

Conclusion

This study provides insight in the medical management of adult TGA-
AtrSO patients. It showed that 74% of patients use cardiac medica-
tion by the age of 45. This mainly consists of heart failure therapy
with 49% using RAAS inhibitors and 51% using b-blockers. In a sub-
group of symptomatic patients, risk of mortality was lower with use
of RAAS inhibitors and b-blockers. In the overall cohort, no benefit
of RAAS inhibition and b-blockers was seen. These findings provide
clinicians and future guidelines with directive data, supporting the use
of RAAS inhibitors and b-blockers in symptomatic, but not in asymp-
tomatic adult TGA-AtrSO patients.

Supplementary material

Supplementary material is available at European Heart Journal –
Cardiovascular Pharmacotherapy online.
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