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ABSTRACT

Objective: Congenitally corrected and surgical atrial redirected transposition of the great arteries (TGA)
represents states where the morphological right ventricle serves as a systemic ventricle (S-RV). The S-
RV is prone to failure, but data on medical treatment on this problem is limited. The purpose of this
study was to evaluate the survival in adults with S-RV, with or without heart failure treatment. Design:
The SWEDCON registry was used to collect data. All adults with S-RV and minimum follow-up of 1year
were included retrospectively. Medical treatment was defined as taking beta-blockers and/or ACE
inhibitors and/or ARBs for more than 50% of the time. Results: We identified 343 patients with S-RV
(median age: 21 years). Surgical atrial redirected TGA was present in 58% and congenitally corrected
TGA in 42% of patients. The medically treated group (n=126) had higher rates of impaired S-RV func-
tion, use of diuretics, pacemaker and higher NYHA functional class at baseline compared to controls.
The proportion of patients with impaired functional class did not change over time in the medically
treated group, but increased in controls (21% vs. 30%, p =.015). In Kaplan-Meier analysis, the mean
follow-up was 10.3 years, no difference in survival was seen between the groups. Conclusions: Medical
treatment may be beneficial in patients with S-RV and impaired functional class and appears to be
safe in the long term. The treatment group had equal survival to controls, despite worse baseline char-
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acteristics, which might be a result of slower progression of disease in this group.

Introduction

Systemic right ventricle (S-RV) describes the anatomy and
physiology where a morphological right ventricle serves as
the systemic ventricle. This condition is found in patients
who are born with congenitally corrected transposition of
the great arteries (ccTGA). S-RV also occurs after Senning
or Mustard surgery for transposition of the great arteries
(TGA), where a surgical atrial redirection leaves the right
ventricle in the systemic position. The Senning or Mustard
procedure was the treatment of choice in TGA before the
era of the arterial switch operation in the late 1980s. Over
time, the systemic RV (S-RV) may fail in both groups of
patients. Failure of an S-RV represents a common clinical
challenge at adult congenital heart units worldwide [1-3].
Effects of medical heart failure treatment with drugs that
attenuate neuroendocrine activation present in heart failure,
such as angiotensin-converting enzyme inhibitors (ACEI),
angiotensin receptor blockers (ARBs), and beta-blockers
(BBs), are well documented in treatment of heart failure
with a reduced left ventricular ejection fraction of a systemic

left ventricle [4-6]. However, studies in S-RV heart failure
were limited in the number of patients and they were often
underpowered for extensive analysis [7].

Clinical trials on medical heart failure treatment in S-RV
only included a few hundred patients. This number of
patients is low compared with studies on the failing left ven-
tricle, which typically involved thousands of patients.
Therefore, the clinical effects of medical treatment of heart
failure in a patient with an S-RV, with or without clinically
apparent heart failure, remain unclear. Despite this, in many
centers, common practice as suggested in several guidelines
is to routinely use BBs and/or ACEI/ARBs, especially in
symptomatic heart failure in patients with S-RV [8]. Based
on studies of a failing left ventricle and studies on neuroen-
docrine activation, an argument for protective—preventive
treatment, to slow progression of systemic ventricular fail-
ure, can also be made for patients with S-RV. In patients
with a reduced ejection fraction (EF) with a failing systemic
left ventricle, treatment with BBs and/or ACEI/ARBs is suc-
cessfully used to prevent progression of systemic left ven-
tricular failure. We hypothesize that medical treatment of
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heart failure with ACEI/ARBs and/or BBs has similar posi-
tive effects on progression of heart failure in adults with an
S-RV to patients with heart failure due to reduced left ven-
tricular function.

The international guidelines are slightly contradictory and
there is an absence of national guidelines on medical treat-
ment of patients with S-RV. Therefore, we investigated the
use of medical treatment for heart failure in patients with S-
RV from a nationwide perspective using the Swedish
National Registry on Congenital Heart Disease (SWEDCON).

Methods
Study population

SWEDCON (https://www.ucr.uu.se/swedcon/om-swedcon) is
a four-part, composite, national quality registry on congeni-
tal heart disease in adults (>18years of age, called
SWEDCON-GUCH), children, cardiac surgery, and fetal
examinations. Data from pediatric cardiology are seamlessly
transferred to adult cardiology when the patient is trans-
ferred to the adult cardiology service. All seven tertiary cen-
ters in Sweden participate in SWEDCON. The registry is
supported by the Swedish association of local authorities
and regions (SKL) and data from SWEDCON are regularly
used by the National board of Health and Welfare
(Socialstyrelsen) for follow-up of congenital heart surgery.
Data on diagnosis, surgical procedures, ECG, outpatient vis-
its, echocardiography, symptoms, and New York Heart
Association (NYHA) class are included, as well as medication.
Echocardiography data are semi-quantitative (e.g. ventricular
function is considered as either normal or mildly, moderately,
or severely impaired). Input is conducted longitudinally with
additional input at every outpatient visit by a physician or
nurse. At the first visit, input may be retrospective (e.g.
regarding previous surgery). The registry is also linked to the
Swedish death registry with monthly updates.

Internal validity was concluded to be between 71 and
100% in several studies and the registry data are considered
reliable for research [9]. In 2017, more than 14,000 adult

patients with congenital heart disease were included
in SWEDCON.
Design

The study was designed as a nationwide, multicenter, regis-
try-based, retrospective cohort study. The study was obser-
vational in design and included all patients who were older
than 18years (the minimum age of inclusion in
SWEDCON-GUCH) with S-RV (both ¢cTGA and TGA
after the Mustard or Senning procedure). Patients were
identified from International Classification of Disease codes
and a registry-specific identification number for S-RV. The
time for data extraction was set to December 2016. The start
of the retrospective observational period or baseline was set
to the patient-specific start date for follow-up in
SWEDCON-GUCH (e.g. the first visit to adult cardiology
with data input to SWEDCON-GUCH).
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Patients who had medical heart failure treatment (treat-
ment group) were defined as patients who spent more than
50% of the total observation period on treatment with
ACEI/ARBs and/or BBs. Because of complexity of single
and dual medical treatment with crossover between ACEI/
ARBs and/or BBs over time, no distinction between groups
of treatments were made. Patients who were not treated for
at least 50% of the time were classified as the control group.
Outcome variables were death, presence of reported symp-
toms related to heart failure (dyspnea, chest pain, edema,
palpitations, and fatigue), changes in NYHA functional
class, use of diuretics, and estimated right ventricular sys-
tolic function on echocardiography. Implantation of pace-
makers, as well as the presence of arrhythmias, were
analyzed. Uncomplicated sinus rhythm was defined as an
ECG without tachy- or bradyarrhythmia or pacemaker
rhythm. Echocardiography and ECG data were considered
eligible if conducted within 1year from a medical appoint-
ment. A total follow-up of at least 1year was required for
patients to be included in the study.

A total of 388 patients with S-RV were identified. In 40
patients, follow-up was less than 1year and therefore, they
were not included in accordance with the pre-specified cri-
teria. Furthermore, five patients were excluded because of
no registered medical appointments (n =4) and no informa-
tion on medical treatment (n = 1). Finally, 343 patients were
included for further analysis.

Statistics

All analyses were performed using IBM SPSS statistics ver-
sion 22 (IBM, Armonk, NY, USA). Descriptive statistics
were used for baseline characteristics. In analysis of descrip-
tive survival, Kaplan-Meier estimation plots were used and
the log rank test was used for comparison of survival
between groups. For group comparison at baseline and fol-
low-up, the Chi-square test (for independent groups) and
McNemar test (for dependent groups) were used. A logistic
regression model was used to analyze associations with the
likelihood of death based on the variables of group, age,
functional class, and sex.

Patients who died during follow-up were assigned the
worst possible variable value. If data were missing, the
patient was excluded from respective statistical analysis.

Analyses were two-tailed and a p value of <.05 was con-
sidered statistically significant.

Ethics

An ethics approval permit for conduction of the study was
obtained by the regional ethics committee (Regional Ethics
Committee of Goteborg, dnr: 615-16). The national quality
registry SWEDCON was used to collect anonymized data.
Extraction of data was obtained after approval of the board
of directors of SWEDCON. All patients were included in
SWEDCON in accordance with a waiver regarding written
informed consent supported by the proper authorities.
Written or verbal information are the only requirements on
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a national level. The study complied with the declaration
of Helsinki.

Results

We identified 343 patients with S-RV of whom 199 (58%)
had TGA and 144 (42%) had ccTGA. The median age of
the patients was 21years at baseline (i.e. the start of the
observational period) and mean follow up time was
10.3years (mean, SD + 5.1years). Medical heart failure
treatment for more than 50% of the observational period
was performed in 126 (37%) patients. This group was

Table 1. Baseline characteristics at the time of inclusion in SWEDCON and the
start of the retrospective, observational period.

Medical All

treatment Control patients
Number of patients 126 217 343
Male/female, % 70/30 65/35 66.5/33.5
Mean age, years (IQR) 29 (19-35) 24 (19-26) 26 (19-29)
Median age, years 235 21 21
Mean follow-up time, years (IQR) 9.9 (5-14) 10.6 (7-14) 10.3 (7-14)
ccTGA/Mustard-Senning, % 44/56 41/59 42/58

IQR: inter quartile range; ccTGA; congenitally corrected transposition of the
great arteries.

Table 2. Results of the outcome variables of NYHA class and symptoms.

Medical treatment Control p
NYHA >1
Baseline 44% 21% <.001
Follow-up 46% 30% 011
p 85 015
NYHA class change
Unchanged 50% 71% .001
Improved 20% 8% .004
Worsened 30% 21% 14
Symptoms
Baseline 42% 29% .023
Follow-up 43% 29% .008
p .90 1.0

NYHA: New York heart association functional classification.

The p values in the last column refer to results of the Chi-square test
(between groups) and p values in the rows refer to results from McNemar's
test (within group).

Table 3. Results of various outcome variables.

Medical treatment Control P
Pacemaker
Baseline 23% 12% .009
Follow-up 49% 33% .005
p <.001 <.001
Sinus rhythm
Baseline 63% 73% .10
Follow-up 59% 74% .017
.68 .87
Diuretics
Baseline 18% 0.5% <.001
Follow-up 37% 13% <.001
<.001 <.001
Catheter intervention
Baseline 37% 47% .070
Impaired S-RV function
Baseline 72% 44% <.001

S-RV: systemic right ventricle.

The p values in the last column refer to results of the Chi-square test and p
values in the rows refer to results from McNemar's test. Ablations were
included in catheter interventions.

defined as the treatment group. The remaining 217 patients
were referred to as the control group. Baseline characteris-
tics of the patients are shown in Table 1.

Patients in the treatment group had significantly more
frequently reported symptoms and had a higher NYHA
functional class at baseline than did those in the control
group. Patients in the treatment group also had a higher
rate of use of diuretics and pacemaker treatment than did
those in the control group. Impaired systemic right ven-
tricular function, as detected by routine echocardiography,
was present in the majority of the patients in the treatment
group (73%). This rate was more common in patients in the
treatment group than in those in the control group in which
44% of the patients had impaired systemic right ventricular
function (p <.0001). No difference in prevalence of sinus
rhythm was found between the groups at baseline.

The proportion of patients with impaired NYHA func-
tional class did not change over time in the treatment
group, but increased in the control group, 21% to 30%
(p=015). However, there was no difference in the propor-
tion of reported symptoms between the groups. There was
an increase in use of diuretics in the treatment and control
groups (Tables 2 and 3).

Overall, there were 30 deaths, with 17 in the control
group and 13 in the treatment group. Of the 30 deaths, 20
were considered to be cardiac related. In Kaplan-Meier sur-
vival analysis, there was an estimated mean survival of
21.5years (95% confidence interval: 19.3-21.8) in the treat-
ment group and 22.2years (21.4-23.0) in the control group.
Opverall survival at 10 years was 92 and 93%, respectively (no
significant difference). Furthermore, there was no significant
difference in estimated survival between the treatment and
control groups when patients were stratified at baseline into
NYHA functional class 1 or >1 (Figure 1(a,b)).

In a secondary explorative landmark analysis, mortality
after more than 10years of follow-up was numerically
higher in the treatment group compared with controls, but
this did not reach significance (p =.3) (Figure 2).

We also performed logistic regression analysis (n=305)
in which NYHA class >1 and age were positively and asso-
ciated with death, whereas female sex was inversely related
to death. Medical treatment of heart failure was not associ-
ated with death (Table 4).

Discussion

This national, registry-based, retrospective cohort study of
medical heart failure treatment with ACEI/ARBs and/or BBs
among adults with S-RV substantially expands the published
experience of such treatment. Recent guidelines have called
for large, randomized, controlled trials (RCTs) to answer
the question of possible benefits of BBs or ACEIs and ARBs
in this group of patients [7]. Because the Senning/Mustard
procedure is rarely used for repair of TGA, the number of
patients available for inclusion will be a limiting factor for
any such RCT. Pooled analysis of current RCTs has indi-
cated no clear benefit of treatment [7]. Possible reasons for
this is differences in LV versus RV pathophysiology,
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Figure 1. Kaplan-Meier plots of the survival estimate for NYHA class 1 (a) and that for NYHA class >1 (b). The log rank test was not significant (p =.7). NYHA:
New York heart association functional classification.
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Figure 2. Kaplan—-Meier plots for all cases.

Table 4. Logistic regression of odds ratios for death based on group, NYHA
functional class, female sex, and age.

B p Odds ratio Cl for odds ratio
Group "—0.205" .65 0.82 0.34-1.95
NYHA >1 1.21 .005 34 1.45-7.9
Female sex "—1.22" .022 0.30 0.10-0.84
Age 0.044 .007 1.05 1.01-1.08
Constant "—2.31" .002 0.10

NYHA: New York Heart Association functional classification.
Group: medical treatment or control.

underpowered studies and postsurgical anatomy. Our large
observational study provides guidance in using medical
treatment for S-RV in a real world setting. The main
strengths of our study are the close to 100% follow-up on
mortality and the long duration of follow-up.

In our study, patients in the treatment group presented
with more morbidity at baseline than did those in the con-
trol group. Patients in the treatment group had a higher fre-
quency of reduced right ventricular function and impaired
functional class, and reported more symptoms compared
with those in the control group. This finding suggested that
signs and symptoms related to decompensation probably
functioned as a trigger for starting ACEI/ARB or BB treat-
ment in such patients. All of these factors together indicate
that the treatment group was a sicker population and thus
clinicians were likely to recommend medical treatment.

Despite significantly worse baseline characteristics and
more symptoms in the treatment group than in the control
group, patients with treatment appeared to have no further
deterioration of functional class over the follow-up. This
appeared to be the case for at least the first 10years of

follow-up. There was even a significantly higher proportion
of patients with improved functional class, as determined by
the patient’s caregiver in the treatment group, although no
change in the patients’ reported symptoms was noted.
However only 21% of the controls were in NYHA >1 at
baseline. Furthermore, there was no difference in the mor-
tality rate between the treatment group and control group,
despite worse morbidity at baseline in the treatment group.
If there is any effect of medical therapy in S-RV, this could
indicate positive effects of treatment. Moreover, this possible
benefit of treatment is in line with recommendations for
treatment of symptomatic patients with S-RV in accordance
with American heart association guidelines, but not
European society of cardiology guidelines [10,11].

Despite worse baseline characteristics in the treatment
group than in the control group in our study, we observed
no difference in the mortality rate for at least 10 years after
starting treatment. This finding reflects a possible preventive
treatment effect, slowing of progression of heart failure, or
may merely be due to chance. However, patients in the con-
trol group had an increasing use of diuretics over time,
which could reflect less clinically obvious deterioration of
cardiac function. Moreover, because we did not find any
adverse effects, more liberal treatment, even in asymptom-
atic patients, could be beneficial but needs confirmation in
larger studies. Further arguments for this approach are posi-
tive findings from other studies on effects of ACEI/ARB or
BB treatment on surrogate variables, such as right ventricu-
lar volume and mass, remodeling, and functional class
[12-14]. Recommendations for treatment of asymptomatic



patients should be provided in light of the fundamental
problem of small underpowered studies in this field of
research and that a conclusive RCT that corresponds to
large conventional studies on treatment of left ventricular
failure might not be able to be conducted. Our study sug-
gests that the benefits of treatment, even in asymptomatic
patients with S-RV, appear to outweigh the disadvantages.
Furthermore, there does not appear to be any harm with
treatment using ACEI/ARBs or BBs in patients with S-RV.

This study was purely observational and conclusively
determining the risk/benefits of medical treatment of heart
failure in patients with S-RV was not possible. In this study,
no distinction between different medical treatments was
possible, which could be a limitation.

Analysis of coexisting cardiac malformations, supraven-
tricular arrhythmias and tricuspid valve regurgitation was
also not possible. This is a limitation since these clinical fea-
tures are of importance for deterioration in a systemic
RV-cohort.

We were also not able to include heart transplantation as
a specific endpoint.

Conclusion

Our data indicate that medical treatment may be beneficial
in patients with S-RV and impaired functional class. The
medically treated group has equal survival compared with
untreated control patients, despite a higher morbidity rate at
baseline. This finding suggests that treatment with ACEI/
ARBs and/or BBs may slow progression of systemic right
ventricular failure. Furthermore, there does not appear to be
any harm with treatment using ACEI/ARBs or BBs in
patients with S-RV. Therefore, this treatment appears to be
safe in the long term.

Acknowledgements

We wish to thank all dedicated SWEDCON nurses and doctors for
their persistent work with data input to the registry.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

The study was financed by grants from the Swedish state under the
agreement between the Swedish government and the county councils,
the ALF-agreement [grant number: 236611].

ORCID

Zacharias Mandalenakis (5) http://orcid.org/0000-0001-5093-9743

SCANDINAVIAN CARDIOVASCULAR JOURNAL 305

References

[1]  Cuypers JA, Eindhoven JA, Slager MA, et al. The natural and
unnatural history of the Mustard procedure: long-term out-
come up to 40 years. Eur Heart J. 2014;35(25):1666-1674.

[2] Dobson R, Danton M, Nicola W, et al. The natural and unnat-
ural history of the systemic right ventricle in adult survivors.
] Thorac Cardiovasc Surg. 2013;145(6):1493-1501.

[3] Hornung TS, Bernard EJ, Celermajer DS, et al. Right ventricu-
lar dysfunction in congenitally corrected transposition of the
great arteries. Am J Cardiol. 1999;84(9):1116-1119.

[4] Swedberg K, Kjekshus J. Effects of enalapril on mortality in
severe congestive heart failure: results of the Cooperative North
Scandinavian Enalapril Survival Study (CONSENSUS). Am ]
Cardiol. 1988;62(2):60A-66A.

[5] Pfeffer MA, Swedberg K, Granger CB, et al. Effects of candesar-
tan on mortality and morbidity in patients with chronic heart
failure: the CHARM-Overall Lancet. 2003;
362(9386):759-766.

[6] Gottlieb SS, Fisher ML, Kjekshus J, et al. Tolerability of beta-
blocker initiation and titration in the Metoprolol CR/XL
randomized intervention trial in congestive heart failure
(MERIT-HF). Circulation. 2002;105(10):1182-1188.

[7]  Zaragoza-Macias E, Zaidi AN, Dendukuri N, et al. Medical
therapy for systemic right ventricles: a systematic review (Part
1) for the 2018 AHA/ACC Guideline for the management of
adults with congenital heart disease: a report of the American
College of Cardiology/American Heart Association Task Force
on Clinical Practice Guidelines. ] Am Coll Cardiol. 2019;73(12):
1564-1578.

[8]  Budts W, Roos-Hesselink J, Radle-Hurst T, et al. Treatment of
heart failure in adult congenital heart disease: a position paper
of the Working Group of Grown-Up Congenital Heart Disease
and the Heart Failure Association of the European Society of
Cardiology. Eur Heart J. 2016;37(18):1419-1427.

[9] Skoglund K, Svensson G, Thilen U, et al. RV to PA conduits:

impact of transcatheter pulmonary valve replacement in adults

- a national register study. Scand Cardiovasc J. 2017;51(3):

153-158.

Taylor J. The 2010 version of the ESC guidelines for the man-

agement of grown-up adult congenital heart disease are dis-

programme.

(10]

cussed by guidelines task force chairman H. Baumgartner. Eur
Heart J. 2010;31(23):2825-2826.

Stout KK, Daniels CJ, Aboulhosn JA, et al. 2018 AHA/ACC
guideline for the management of adults with congenital heart
disease: executive summary: a report of the American College
of Cardiology/American Heart Association Task Force on
Clinical Practice Guidelines. ] Am Coll Cardiol. 2019;73(12):
1494-1563.

van der Bom T, Winter MM, Bouma BJ, et al. Effect of valsar-
tan on systemic right ventricular function: a double-blind,
randomized, placebo-controlled pilot trial. Circulation. 2013;
127(3):322-330.

Giardini A, Lovato L, Donti A, et al. A pilot study on the
effects of carvedilol on right ventricular remodelling and exer-
cise tolerance in patients with systemic right ventricle. Int J
Cardiol. 2007;114(2):241-246.

Therrien J, Provost Y, Harrison J, et al. Effect of angiotensin

(11]

(12]

(13]

(14]
receptor blockade on systemic right ventricular function and
size: a small, randomized, placebo-controlled study. Int J
Cardiol. 2008;129(2):187-192.



	Abstract
	Introduction
	Methods
	Study population
	Design
	Statistics
	Ethics

	Results
	Discussion
	Conclusion
	Acknowledgements
	Disclosure statement
	References


