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ABSTRACT

BACKGROUND Heart failure (HF) is the principal cause of morbidity and mortality in adults with congenital heart
disease (ACHD). Robust evidence-based treatment options are lacking.

OBJECTIVES This study aims to evaluate the safety, tolerability, and short-term HF-related effects of sodium-glucose
cotransporter 2 inhibitors (SGLT2i) in a real-world ACHD population.

METHODS All patients with ACHD treated with SGLT2i in 4 European ACHD centers were included in this retrospective
study. Data were collected from 1 year before starting SGLT2i to the most recent follow-up. Data on side effects,
discontinuation, mortality, and hospitalizations were collected.

RESULTS In total, 174 patients with ACHD were treated with SGLT2i from April 2016 to July 2023. The mean age was
48.7 + 15.3 years, 72 (41.4%) were female, and 29 (16.7%) had type 2 diabetes mellitus. Ten (5.7%) patients had mild,
75 (43.1%) moderate, and 89 (51.1%) severe congenital heart disease. HF was the most frequent starting indication

(n =162, 93.1%), followed by type 2 diabetes (n = 11, 6.3%) and chronic kidney disease (n = 1, 0.6%). At median
follow-up of 7.7 months (Q1-Q3: 3.9-13.2 months), 18 patients (10.3%) reported side effects, 12 (6.9%) permanently
discontinued SGLT2i, and 4 (2.3%) died of SGLT2i-unrelated causes. A significant reduction in the HF hospitalization rate
was observed from 6 months before to 6 months after starting SGLT2i (relative rate = 0.30; 95% Cl: 0.14-0.62;

P = 0.001).

CONCLUSIONS SGLT2i generally seem safe, well-tolerated, and potentially beneficial in patients with ACHD. SGLT2i
was associated with a 3-fold reduction in the 6-month HF hospitalization rate. These results warrant prospective ran-
domized investigation of the potential benefits of SGLT2i for patients with ACHD. (J Am Coll Cardiol 2024;83:1403-1414)
© 2024 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ABBREVIATIONS

AND ACRONYMS

ACEI = angiotensin-converting

enzyme inhibitor

ACHD = adult congenital heart

disease

ARB = angiotensin receptor

blocker

ARNI = angiotensin receptor-

neprilysin inhibitor

CHD = congenital heart disease

HF = heart failure

MRA = mineralocorticoid
receptor antagonist

NT-proBNP = N-terminal pro-

B-type natriuretic peptide

SGLT2i = sodium-glucose
cotransporter 2 inhibitor

n adults with congenital heart disease

(ACHD), heart failure (HF) represents

the principal cause of morbidity and
mortality." Compared to patients with ACHD
without HF, patients with HF have an almost
5 times higher mortality rate.” Contrary to the
“conventional” left ventricular HF popula-
tion, the etiology of HF in patients with
ACHD is heterogeneous. HF complicates the
clinical course of these younger patients
with a lifelong condition who are also increas-
ingly affected by classical risk factors such as
coronary artery disease, hypertension, or
degenerative valvular pathology. There is
limited evidence on the efficacy of conven-
tional HF pharmacotherapies, and the exist-
ing evidence remains largely empirical based
on relatively small studies with heteroge-
neous populations.® Consequently, the current ACHD

guidelines do not provide evidence-based recommen-
dations to address ACHD-related HF.**

SEE PAGE 1415

Sodium-glucose cotransporter 2 inhibitors (SGLT2i)
are a relatively new class of drugs shown to reduce
the risk of worsening HF and cardiovascular-related
death in patients with conventional HF. They have
rapidly become a pillar in the treatment of HF.®7
Although the exact mechanisms of action are still
largely to be elucidated, SGLT2i appear to combat HF
by targeting numerous pathways. SGLT2i have a
direct hemodynamic effect, promoting diuresis and
natriuresis. Moreover, SGLT2i seem to improve
cardiac function by reducing sympathetic nervous
system overactivation, decreasing pressure overload-
induced myocardial fibrosis, decreasing inflamma-
tion, and improving overall myocardial energetics,
thereby leading to favorable cardiac remodeling.®

Despite the compelling evidence on the effective-
ness of SGLT2i over a broad range of cardiac dysfunc-
tion, robust data supporting the use of SGLT2i in the
treatment of ACHD-related HF is lacking to date. The
growing burden of ACHD-related HF has nonetheless
led to an “off-label” prescription of SGLT2i as part of
compassionate care for selected patients with ACHD
worldwide.”"®> The current study aims to evaluate
prescription patterns, safety and tolerability, and
short-term HF-related efficacy of SGLT2i
contemporary, real-world ACHD population.

in a

METHODS

STUDY DESIGN AND PARTICIPANTS. This interna-
tional, multicenter, retrospective cohort study was
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conducted at the Center for Congenital Heart Disease
Amsterdam-Leiden, location Leiden University Med-
ical Center (LUMC, Leiden, the Netherlands), Scottish
Adult Congenital Cardiac Service at the Golden
Jubilee University National Hospital (Glasgow, United
Kingdom), Barts Heart Centre (St Bartholomew’s
Hospital, London, United Kingdom), and University
Hospital of Wales (Cardiff, United Kingdom). All tests
and procedures were performed as part of standard
clinical care. The study was conducted in accordance
with the ethical standards of the institutional and/or
national research committees and with the 2013 Hel-
sinki Declaration or comparable ethical standards.
Appropriate approval with a waiver for written
informed consent was obtained from the institutional
medical ethical boards/clinical governance divisions
of all participating centers (LUMC Medical Research
Involving Human Subjects Act [WMO] committee di-
vision 1, protocol reference 2022-068). All patients
with ACHD (=18 years of age) who were initiated on
an SGLT2i in the period between April 2016 to July
2023 were included.

DATA COLLECTION AND FOLLOW-UP. Data
collected retrospectively from the electronic health

were

records and included anatomical characteristics,
medical history, complaints, hospitalization data,
pharmacologic therapy, physical examination,
12-lead electrocardiogram recordings, exercise
testing, transthoracic echocardiography, laboratory
investigations, intervention data, and cardiac
implantable electronic device interrogation when
applicable. Systolic systemic and subpulmonary
ventricular function were classified into 4 categories
based on transthoracic echocardiography examina-
tion, including biplane (or 3-dimensional when
available) assessment of the ejection fraction, global
longitudinal strain analysis, fractional area change,
and qualitative visual function assessment. Data were
collected from 1 year before the initiation of the
SGLT2i and at each subsequent outpatient visit
and/or admission until the most recent follow-up.
The closing date for follow-up was July 2023, the
date of discontinuation of SGLT2i therapy, last
outpatient visit, death, or admission for any catheter
or surgical intervention influencing the hemody-
namic status of the patient (ie, implantation or an
upgrade to a cardiac resynchronization therapy de-
vice, severe valvular heart disease necessitating
intervention, and heart transplantation).

PRIMARY OUTCOME MEASURES. The primary outcome
measures were the safety and tolerability of SGLT2i in
the contemporary ACHD population. This was evalu-
ated by assessing side effects, discontinuation of
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SGLT2i therapy, mortality, and short-term effects on
safety indices from 2 weeks to 3 months after starting
SGLT?2i including weight, systolic and diastolic blood
pressure, serum sodium, potassium, glucose,
and creatinine.

SECONDARY OUTCOME MEASURES. The secondary
outcome measures focused on HF-related efficacy of
SGLT2i in patients who started SGLT2i due to HF. A
diagnosis of HF was defined as a clinical syndrome
with symptoms and/or signs of HF, combined with
elevated N-terminal pro-B-type natriuretic peptide
(NT-proBNP) and/or objective evidence of pulmonic
or systemic congestion, in accordance with the uni-
versal definition of HF.'* The principal secondary
outcomes were the occurrence of HF hospitalizations
and a comparison of HF hospitalization rates before
and after starting SGLT2i. An HF hospitalization was
defined as an unscheduled admission with a primary
diagnosis of HF, with a duration of at least 24 hours or
crossing a calendar day, in accordance with the Clin-
ical Data Interchange Standards Consortium.'"

Additional secondary outcome measures included
clinical data on admissions for arrhythmia and
(changes in) concomitant HF pharmacotherapy. HF
pharmacotherapy (other than SGLT2i) was divided
into 4 categories: 1) beta-blockers; 2) angiotensin-
converting enzyme inhibitors (ACEI), angiotensin
receptor blockers (ARB), or angiotensin receptor-
neprilysin inhibitors (ARNI); 3) mineralocorticoid re-
ceptor antagonists (MRA); and 4) diuretics.

STATISTICAL ANALYSIS. All statistical analyses were
performed and figures were created in SPSS version
25 (IBM Corp), R (R Foundation for Statistical
Computing), and GraphPad Prism version 9.3.1
(GraphPad Software). For the descriptive analyses at
baseline, normally distributed continuous data were
displayed as mean + SD and compared between sys-
temic ventricle groups using a one-way analysis of
variance. Non-normally distributed continuous data
were presented as median (Q1-Q3) and compared us-
ing a Kruskal-Wallis test. Categorical data were pre-
sented as counts and percentages and compared
using the chi-square test or Fisher exact test as
appropriate. Paired Student’s t-tests or Wilcoxon
signed-rank tests were performed to assess the safety
and tolerability effects of SGLT2i therapy on contin-
uous variables from baseline to the short-term visit.
Kaplan-Meier survival analysis and log-rank tests
were used to evaluate the occurrence of hospitaliza-
tions. Hospitalization rates before and after SGLT2i
initiation were compared with a Poisson regression
with random effect to account for within-person
correlation. McNemar’s tests were used to evaluate
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changes in HF pharmacotherapy categories. A 2-sided
P < 0.05 was considered statistically significant.

RESULTS

PATIENT CHARACTERISTICS AND FOLLOW-UP. In
total, 174 patients with ACHD were treated with an
SGLT2i and included at the 4 participating ACHD
centers (Supplemental Figure 1). The mean age was
48.7 4+ 15.3 years, 72 (41.4%) were female, and 29
(16.7%) had type 2 diabetes mellitus. At inclusion,
the median systolic and diastolic blood pressures
were 113 mm Hg (Q1-Q3: 104-126 mm Hg) and
68 mm Hg (Q1-Q3: 61-75 mm Hg), respectively. The
median estimated glomerular filtration rate was
60 mL/min/1.73 m?® (Q1-Q3: 59-76 mL/min/1.73 m?).
According to the European Society of Cardiology
classification of congenital heart disease (CHD)
complexity, 10 (5.7%) participants had mild, 75
(43.1%) had moderate, and 89 (51.1%) had severe
CHD.* The majority (n = 162, 93.1%) had a biven-
tricular circulation, and 12 (6.9%) participants had
univentricular circulations. Seven cyanotic patients
(4.0%) with a baseline oxygen saturation <90% were
included (Table 1, Supplemental Table 1).

The median follow-up duration was 7.7 months
(Q1-Q3: 3.9-13.2 months). One patient was lost to
follow-up (99.4% complete), and 4 patients (2.3%)
died during follow-up. Causes of death were pro-
gressive congestive cardiac failure (n = 1), sudden
cardiac death (n = 1), respiratory tract infection
(n = 1), and chronic gastrointestinal bleeding sec-
ondary to warfarin use for mechanical valve pros-
theses (n = 1).

PRESCRIPTION PATTERNS. A clear temporal in-
crease in SGLT2i prescription was observed in the
ACHD population with a notable progression in the
past 2 years (Figure 1). Most patients were started on
dapagliflozin (n = 137, 78.7%) or empagliflozin
(n = 36, 20.7%) at the standard dose of 10 mg once per
day (n = 171, 98.3%). In 31 patients (17.8%), SGLT2i
was initiated during a clinical admission. The most
common starting indication was HF (n = 162,
93.1%) (Table 2).

SAFETY AND TOLERABILITY. Side effects were
observed in 18 patients (10.3%), 9 of whom dis-
continued SGLT2i therapy. Overall, SGLT2i was
permanently discontinued in 12 patients (6.9%). The
side effects and reasons for discontinuing SGLT2i
therapy are presented in Table 3. After 3 years, 1 pa-
tient developed Fournier’s gangrene (necrotizing
fasciitis) requiring surgical debridement and discon-
tinuation of SGLT2i. The patient had a history of a
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TABLE 1 Patient Characteristics at Baseline (N = 174)

Female 72 (41.4)
Age, y 48.7 +15.3
Systemic ventricle
Lv 102 (58.6)
RV 60 (34.5)
Univentricular circulation 12 (6.9)

CHD complexity”

Mild 10 (5.7)
Moderate 75 (43.1)
Severe 89 (51.1)
No. of cardiac surgeries 1(0-2)
CIED 84 (48.3)
Pacemaker 37 (21.3)
Transvenous ICD (single and dual chamber) 18 (10.3)
S-ICD 5(2.9)
CRT-P 7 (4.0)
CRT-D 17 (9.8)
Type 2 diabetes mellitus 29 (16.7)
On oral therapy 26 (14.9)
On insulin therapy 3(1.7)

Physical examination findings

Systolic blood pressure, mm Hg (n = 123) 113 (104-126)

Diastolic blood pressure, mm Hg (n = 122) 68 (61-75)
Heart rate, beats/min (n = 137) 69 (60-80)
Weight, kg (n = 115) 72 (60-89)

BMI, kg/m? (n = 110)
Laboratory parameters

26.6 (22.5-30.8)

Hemoglobin, mmol/L (n = 147) 87+13
Hematocrit, L/L (n = 146) 0.419 + 0.060
Creatinine, pmol/L (n = 165) 85 (73-106)
eGFR, mL/min/1.73 m? (n = 163) 60 (59-76)
Renal function (n = 161)
Normal (eGFR =60 mL/min/1.73 m?) 18 (73.3)
Moderately reduced 38 (23.6)

(eGFR 30-59 mL/min/1.73 m?)
Severely reduced (eGFR 15-29 mL/min/1.73 m?) 5(3.0)
Renal failure (eGFR <15 mL/min/1.73 m?) 0 (0)
5.6 (5.0-7.2)
43.9 (39.0-54.4)

Serum glucose, mmol/L (n = 43)
HbA1c, mmol/mol (n = 43)

Values are n (%), mean + SD, or median (Q1-Q3). °CHD complexity categorization
adapted from the ESC classification.* Data were available for all 174 patients
unless otherwise specified.

BMI = body mass index; CHD = congenital heart disease; CIED = cardiac
implantable electronic device; CRT(-P/D) = cardiac resynchronization therapy
(-pacemaker/defibrillator); eGFR = estimated glomerular filtration rate;
ESC = European Society of Cardiology; HbAlc = hemoglobin Alc;
ICD = implantable cardioverter-defibrillator; LV = left ventricle; RV = right
ventricle; S-ICD = subcutaneous implantable cardioverter-defibrillator.

perineal abscess, noninsulin dependent type 2 dia-
betes mellitus with persistent high-serum glucose,
and obesity. The patient survived and was doing well
10 months after surgery. Three patients (1.7%) expe-
rienced recurrent urinary tract infections which were
treated successfully with oral antibiotics. In 2
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patients, these recurrent urinary tract infections were
associated with episodes of atrial fibrillation
requiring electrical cardioversions. Of these 2 pa-
tients, 1 discontinued SGLT2i therapy. A rash devel-
oped after starting dapagliflozin in 3 patients (1.7%).
One patient was switched to empagliflozin, after
which the rash was resolved. The other 2 patients
discontinued SGLT2i therapy. The side effects and
reasons for discontinuing SGLT2i in the remaining
patients resolved without issues.

In the first 3 months, no significant changes were
observed in weight (73.7 £+ 19.7 kg to 73.3 £ 20.1 kg,
P = 0.525), serum sodium (139 mmol/L [Q1-Q3:
137-141 mmol/L] to 139 mmol/L [Q1-Q3: 137-
140 mmol/L]; P = 0.765), potassium (4.4 mmol/L
[Q1-Q3: 4.0-4.6 mmol/L] to 4.4 mmol/L [Q1-Q3: 4.1-
4.6 mmol/L]; P = 0.974), and glucose (5.5 mmol/L
[Q1-Q3: 5.0-7.1 mmol/L] to 5.2 mmol/L [Q1-Q3: 4.5-
6.6 mmol/L]; P = 0.755). Although diastolic blood
pressure did not change significantly (68 mm Hg
[Q1-Q3: 61-75 mm Hg] to 67 mm Hg [Q1-Q3: 58-
72 mm Hgl; P = 0.420), there was a significant
decrease in systolic blood pressure from 113 mm Hg
(Q1-Q3: 104-126 mm Hg) to 108 mm Hg (Q1-Q3: 100-
121 mm Hg) (P = 0.004). A statistically significant
creatinine increase (84 pmol/L [Q1-Q3: 73-106 pmol/L]
to 93 pmol/L [Q1-Q3: 78 -115 umol/L]; P < 0.001) was
observed compared to baseline, and SGLT2i was dis-
continued for this reason in 1 patient.

SGLT2i IN ACHD-RELATED HF. HF was the indication
for initiation of SGLT2i in 162 patients (93.1%); 93 pa-
tients had a systemic left ventricle (LV), 58 a systemic
right ventricle (RV), and 11 a univentricular circula-
tion. Systemic ventricular function was at least
moderately reduced in 69.5%, and subpulmonary
ventricular function was at least mildly reduced in
52.1%. In the year preceding SGLT2i therapy, 20.4%
experienced at least 1 HF hospitalization, and the
majority of patients were in NYHA functional class II
(45.2%). Baseline HF-related characteristics are
shown in Table 4.

At baseline, there were significant differences in:
1) systemic ventricular function between circulation
types, with more severe dysfunction in patients with
a systemic RV or univentricular circulation compared
to a systemic LV (P < 0.001); 2) subpulmonary ven-
tricular function, with more systemic LV patients
with at least moderately reduced function (P < 0.001);
3) systemic atrioventricular valve regurgitation, with
at least moderate regurgitation being more prevalent
in the systemic RV group (P = 0.045); and 4) sub-
pulmonary atrioventricular valve regurgitation, with
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FIGURE 1 Increasing Prescription of SGLT2i in the ACHD Population
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the total number of patients included in the study (n = 174).

Cumulative number of patients who started a Sodium-glucose cotransporter 2 inhibitor (SGLT2i) throughout the years, showing a sharp
increase in SGLT2i prescription in the adults congenital heart disease (ACHD) population from 2021 onwards. The horizontal red line indicates

more systemic LV patients with at least mild regur-
gitation (P < 0.001).

Most patients were on at least 3 HF drugs at base-
line (68.8%). An ACEI, ARB, or ARNI was prescribed
for 83.1% of patients. Details on Dbaseline

TABLE 2 SGLT2i Prescription Details (N = 174)
SGLT2i types
Dapagliflozin 137 (78.7)
Empagliflozin 36 (20.7)
Canagliflozin 1(0.6)
SGLT2i dose at start, OD
10 mg 171 (98.3)
5 mg (dapagliflozin reduced dose) 1(0.6)
25 mg (empagliflozin increased dose) 1(0.6)
100 mg (canagliflozin standard dose) 1(0.6)
SGLT2i starting indication
Heart failure 162 (93.1)
HFrEF 159 (91.4)
Systemic RV failure 59 (33.9)
Systemic LV failure 49 (28.2)
Biventricular failure 25 (14.4)
Subpulmonary RV failure 15 (8.6)
Univentricular circulation failure 1 (6.3)
HFpEF 3(1.7)
Type 2 diabetes mellitus 1 (6.3)
Chronic kidney disease 1(0.6)
Values are n (%). Data were available for all 174 patients.
HFpEF = heart failure with preserved ejection fraction; HFrEF = heart failure
with reduced ejection fraction; OD = once daily; SGLT2i = sodium-glucose
cotransporter 2 inhibitor; other abbreviations as in Table 1.

pharmacotherapy are shown in Figure 2. There
were no significant changes in concomitant HF phar-
macotherapy during follow-up (Supplemental
Table 2). After a median follow-up of 7.5 months
(Q1-Q3: 3.7-12.6 months) in the HF cohort, 28 (17.3%)
patients reached end of follow-up due to having
undergone an intervention with significant hemody-
namic impact (n = 15, 9.3%), permanent discontinua-
tion of SGLT2i (n = 11, 6.8%), or heart transplantation
(n=2,1.2%).

HF HOSPITALIZATIONS AND ARRHYTHMIA ADMISSIONS.
In total, 60 HF hospitalizations occurred in 38 pa-
tients (23.5%); 42 (70%) in the 12 months preceding
initiation of SGLT2i therapy, and 18 (30%) during
follow-up. There was a significantly higher risk of HF
hospitalization in patients with an HF hospitalization
in the 12 months before SGLT2i initiation (n = 33)
compared to patients without HF hospitalization in
the previous year (n = 129) (log-rank P = 0.0024)
(Figure 3). Of the 11 individuals who experienced HF
hospitalization(s) during follow-up, 6 had an HF
hospitalization in the 12 months before start. There
were no differences in HF hospitalizations when
stratified for systemic ventricular morphology or CHD
complexity subgroups (log-rank P=0.43and P =0.84,
respectively) (Supplemental Figures 2 and 3). A
significant reduction in HF hospitalization rate was
observed during the 6 months after starting (n = 9)
compared to the 6 months before starting SGLT2i
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TABLE 3 Side Effects and Discontinuation of SGLT2i Therapy

(N =174)

Side effects 18 (10.3)
Symptomatic (orthostatic) hypotension 6 (3.4)
Urinary tract infections 5(2.9)
Rash 3(1.7)
Fatigue 2(.7)
Dysuria 1(0.6)
Fournier's gangrene 1(0.6)

Permanent discontinuation of SGLT2i 12 (6.9)
Fatigue 2.1
Rash 2(1.1)
Symptomatic (orthostatic) hypotension 2(.7)
Dysuria 1(0.6)
Fournier's gangrene 1(0.6)
No beneficial effects noticed 1(0.6)
Precautionary due to weight loss 1(0.6)
Significant increase in serum creatinine (started 1(0.6)

SGLT2i simultaneously with intravenous
furosemide)

Urinary tract infections 1(0.6)
Values are n (%) experiencing the respective side effects or discontinuing SGLT2i
for the mentioned reasons. Data were available for all 174 patients.

Abbreviation as in Table 2.

(n = 36) (relative hospitalization rate = 0.30;
95% CI: 0.14-0.62; P = 0.001) (Central Illustration).

Sixty-eight arrhythmia admissions were observed
in 33 patients (20.4%); 41 (60.3%) in the 12 months
preceding SGLT2i initiation, and 27 (39.7%) during
follow-up. There was no significant difference in
arrhythmia admission rate in the 6 months before
(n = 21) and after (n = 12) SGLT?2i initiation (relative
admission rate = 0.68; 95% CI: 0.33-1.39; P = 0.289)
(Central Illustration).

DISCUSSION

The main findings of this study are that: 1) despite
limited evidence, SGLT2i are prescribed with
increased frequency in the heterogeneous ACHD
population, with HF as the most frequently encoun-
tered indication; 2) SGLT2i are safe and generally
well-tolerated, with comparable occurrence of side
effects to the landmark trials in conventional HF pa-
tients; and 3) SGLT2i use was associated with a
decreased 6-month HF-related hospitalization rate,
suggesting a potential prognostic benefit for patients
with ACHD with HF.

SGLT2i PRESCRIPTION PATTERNS AND REAL-WORLD
TREATMENT OF ACHD-RELATED HF. The study reports
on a heterogeneous ACHD cohort with varied anat-
omy and frequent concomitant defects including
pulmonary hypertension and tricuspid regurgitation,
in whom SGLT2i therapy was most frequently

JACC VOL. 83, NO. 15, 2024
APRIL 16, 2024:1403-1414

initiated for HF with a reduced ejection fraction. HF
with a preserved ejection fraction was the indication
for starting SGLT2i in only 3 patients (1.7%). This
might partly be explained by underdiagnosis of HF
with a preserved ejection fraction in the ACHD pop-
ulation but also reflects that SGLT2i were only
recently included as a Class 1 treatment for HF with a
preserved ejection fraction in the updated European
Society of Cardiology HF guidelines.”

In this contemporary, real-world ACHD setting, a
steady increase in SGLT2i prescriptions was observed
over time. This indicates a more prevalent prescrip-
tion of SGLT2i for HF in patients with ACHD than
the recently reported observational experience of
35 patients with ACHD treated with SGLT?2i at a single
center in the United States, where only 40.6% of pa-
tients had HF as the starting indication. More than
65% of the cohort reported in Saef et al"* had diabetes
mellitus, whereas this was only 16.7% in the current
cohort. These differences might reflect the early
prescription indications of SGLT2i as a treatment for
diabetes regardless of the cardiorenal status, the
higher prevalence of diabetes in the United States
compared to Northern European countries, and the
proactive treatment of ACHD-related HF by the cen-
ters participating in this study.

The proactive HF management strategy in our
population is reflected by more than 80% of patients
using an ACEI/ARB/ARNI, and 45% a combination of
beta-blockers, ACEI/ARB/ARNI, and MRA. To show
the disparity between centers when it comes to HF
management in the ACHD population, pharmaco-
therapy has been evaluated in systemic RV patients—
who make up more than one-third of our cohort—in
the German National Register for Congenital Heart
Defects. No patients used SGLT2i, and in patients
with systemic RV dysfunction, a combination of beta-
blockers, ACEI/ARB/ARNI, and MRA was prescribed in
26.7% whereas 13.6% did not use any cardiovascular
drugs. The investigators concluded that there were
signs of beneficial effects of pharmacotherapy for
systemic RV failure.'® In a recent Dutch evaluation of
systemic RV patients, 52% used renin-angiotensin-
aldosterone system inhibitors and 29% did not use
any cardiovascular drugs. Symptomatic patients had
a lower risk of mortality when using renin-
angiotensin-aldosterone system inhibitors and
beta-blockers. These findings indicate a potential
beneficial effect of HF pharmacotherapy for systemic
RV failure."” Patients with ACHD have a higher use of
cardiovascular and noncardiovascular drugs, and a
higher prevalence of polypharmacy (=5 drugs)
compared to age- and sex-matched controls from
the general population.’”® This highlights the
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TABLE 4 HF-Related Baseline Characteristics

Total Systemic LV Systemic RV Univentricular
(N =162) (n=93) (n =58) (n=1) P Value
No. of HF hospitalizations in year preceding SGLT2i 33 (20.4) 18 (19.8) 11 (18.3) 4 (36.4) 0.287
1 27 (16.7) 14 (15.4) 10 (16.7) 3(27.3)
2 4 (2.5) 3(3.3) 0(0) 1(9.1)
=3 2(1.2) 1(01.1) 10.7) 0 (0)
NYHA functional class (n = 62) 0.658
| 5(8.1) 4 (10.3) 1(4.5) 0
I 28 (45.2) 19 (48.7) 8 (36.4) 1(100)
1] 24 (38.7) 13 (33.3) 11 (50) 0
\% 5(8.1) 3(7.7) 2(9.1) 0
NT-proBNP, ng/L (n = 112) 924.1 (477.5-2,317.8) 1,170 (479-2,748.5) 858 (518.7-1,184.8)  647.9 (220.8-2,259) 0.306
Exercise capacity (n = 33)
VO, max, mL/kg/min 15.4 + 4.2 16.2 £ 3.5 14.6 + 4.3 175+ 5.6 0.396
% predicted VO, max 53.4 +£15.9 53.6 +21.9 53.6 £12.4 51.3 +16.0 0.974
Transthoracic echocardiography (n = 146)
Systemic ventricular function <0.001
Good 18 (12.8) 18 (21.7) 0 (0) 0 (0)
Mildly reduced 25 (17.7) 16 (19.3) 6 (12) 3(37.5)
Moderately reduced 33 (23.4) 17 (20.5) 15 (30) 1(12.5)
Severely reduced 65 (46.1) 32 (38.6) 29 (58) 4 (50)
Subpulmonary ventricular function <0.001
Good 56 (47.9) 20 (27.8) 36 (80) -
Mildly reduced 31 (26.5) 23 (31.9) 8 (17.8) =
Moderately reduced 1 (9.4) 1 (15.3) 0 (0) -
Severely reduced 19 (16.2) 18 (25) 1(2.2) -
Systemic AV valve regurgitation 0.045
No 20 (14.8) 15 (19.5) 5(10.4) 0 (0)
Mild (grade 1-2) 95 (70.4) 55 (71.4) 30 (62.5) 10 (100)
Moderate (grade 3) 8 (5.9) 4 (5.2) 4 (8.3) 0 (0)
Severe (grade 4) 12 (8.9) 3(4) 9 (18.8) 0 (0)
Subpulmonary AV valve regurgitation <0.001
No 24 (19.8) 5(6.3) 19 (46.3) =
Mild (grade 1-2) 75 (62) 55 (68.8) 20 (48.8) =
Moderate (grade 3) 9 (7.4) 8 (10) 1(2.4) -
Severe (grade 4) 13 (10.7) 12 (15) 1(2.4) -

variance P > 0.05 in all cases).

AV = atrioventricular; HF = heart failure; NT-proBNP = N-terminal pro-B-type natriuretic peptide; other abbreviations as in Tables 1 and 2.

Values are n (%), median (Q1-Q3), or mean =+ SD. Data were available for the 162 patients who started SGLT2i for heart failure, unless otherwise specified. For the comparison of
categorical variables across systemic ventricle groups, the Fisher exact test was used. For the comparison of continuous variables, 1-way analysis of variance was used (Levene's test for equal

demographic differences between the non-ACHD and
the ACHD patient, who is burdened with the conse-
quences of a chronic condition from a much younger
age.

SAFETY AND TOLERABILITY. In the current study,
10.3% reported side effects and 6.9% discontinued
SGLT2i. In the landmark SGLT?2i trials, discontinua-
tion of SGLT2i therapy ranged from 10.5% to 23.2%
and did not differ significantly from placebo.'®??
Although direct comparison of side effect profiles is
not possible due to different study designs, adverse
event definitions and observation periods, no novel
side effects were observed, and the occurrence of
reported side effects seems comparable to the

literature.”® This suggests that SGLT2i are generally
well-tolerated and safe in patients with ACHD. During
follow-up, 1 patient nonetheless developed Four-
nier’s gangrene (necrotizing fasciitis) requiring
surgical debridement. Retrospectively, this patient
had several risk factors for developing Fournier’s
gangrene in addition to the SGLT2i therapy. This
devastating side effect is very rare but, given the
rapid progression and high associated morbidity
and mortality, early recognition and action
is imperative.**

Short-term effects on safety indices were evaluated
from baseline to the first routine check within
2 weeks to 3 months after starting SGLT2i. Although
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FIGURE 2 HF Pharmacotherapy at Baseline
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Details on heart failure (HF) pharmacotherapy at baseline in patients who were started on SGLT2i due to HF. Data were available for 160 of
162 patients (98.8%). (A) The number of HF drugs used at baseline. Most patients were on =3 HF drugs (68.8%), consisting of the following
categories: 1) beta-blockers (BB); 2) angiotensin-converting enzyme inhibitor (ACEl)/angiotensin receptor blocker (ARB)/angiotensin receptor-
neprilysin inhibitor (ARNI); 3) mineralocorticoid receptor antagonist (MRA); and 4) diuretics. (B) Percentage (%) of patients using specific
classes of HF drugs at baseline. (C) The most frequently encountered combinations of HF drugs at baseline, excluding diuretics use.

most parameters remained unchanged, a statistically
significant decrease in systolic blood pressure and an
increase in creatinine were observed. Although these
changes were statistically significant, their clinical
relevance might be limited and related to the

mechanisms of action of SGLT2i. During follow-up, 6
patients (3.4%) reported symptomatic (orthostatic)
hypotension (of whom only 2 discontinued treat-
ment), and SGLT2i was discontinued in 1 patient due
to an increase in creatinine. An initial “dip” in renal
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FIGURE 3 Freedom From HF Hospitalization
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Abbreviations as in Figures 1 and 2.

Kaplan-Meier curves show freedom from HF hospitalization in the year after starting SGLT2i in the HF cohort (n = 162). The 2 Kaplan-Meier
curves represent patients with an HF hospitalization in the 12 months before starting SGLT2i (yes, blue) and the patients without (no, red).
Patients with an HF hospitalization in the year before SGLT2i initiation had a higher risk of (re-)hospitalization (log-rank P = 0.0024).

function after starting SGLT2i has now been widely
reported in the literature and may be associated with
renal protection in the long term.>®

VALUE OF NT-proBNP IN ACHD-RELATED HF. NT-proBNP
is a surrogate marker of clinical status in ACHD-
related HF and provides prognostic information on
the risk of cardiovascular events, including mortal-
ity and HF course.?®?’ Although a pilot study
evaluating 10 patients with systemic RV failure on
SGLT2i has shown a reduction in NT-proBNP after
6 months, longitudinal changes in NT-proBNP were
not formally evaluated in this study.® While signif-
icant reductions in NT-proBNP have also been re-
ported in the majority of the large SGLT2i
trials,'??%*? the risk of HF events is reduced inde-
pendently of baseline NT-proBNP levels.?® More-
over, the observed reduction in NT-proBNP after
SGLT2i initiation seems modest compared to other
established HF therapies and not in line with the
large clinical improvements. Thus, the role of NT-
proBNP as a surrogate marker of the efficacy of
SGLT2i remains to be investigated.?®

HOSPITALIZATIONS. In the ACHD population, HF
hospitalizations have increased dramatically over the
years, and are more complex and costly than in the

non-ACHD HF population.®® HF hospitalizations
severely impact prognosis and are associated with a
substantially higher risk of death in ACHD patients,
and it is imperative to closely monitor these pa-
tients.>"3* Patients in our study with an HF hospital-
ization in the 12 months before SGLT?2i initiation were
at a higher risk of HF hospitalization during follow-up
compared to patients without HF hospitalization in
the year preceding SGLT2i initiation. This emphasizes
the need for intensified follow-up regimens in high-
risk ACHD HF patients who may be identified by
recent HF hospitalization. Studies have shown
that SGLT2i therapy consistently reduces HF hospi-
talizations in the conventional HF population,
regardless of ejection fraction, hospitalization dura-
tion, or severity.** This study found no differences in
HF hospitalizations after stratifying for systemic
ventricular morphology or CHD complexity, despite
markedly different ventricular function profiles at
baseline. The 3-fold reduction in HF hospitalization
rate that was observed from 6 months before to
6 months after SGLT?2i initiation is a promising signal.
Investigating a potential confounder of these results,
no significant changes in the use of other HF drugs
were observed from baseline to 6 months or most
recent follow-up.

141
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CENTRAL ILLUSTRATION Sodium-Glucose Cotransporter 2 Inhibitors in Adults With
Congenital Heart Disease

162 (93.1%)
continued
SGLT2i
174
ACHD patients
on SGLT2i
18 (10.3%) reported
side effects
12 (6.9%)

discontinued
3 discontinued for other reasons SGLT2i

3-Fold Reduction in Heart Failure Hospitalization Rate:

Relative Rate = 0.30 (95% Cl: 0.14-0.62), P = 0.001
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Neijenhuis RML, et al. J Am Coll Cardiol. 2024;83(15):1403-1414.

In this multicenter retrospective cohort study, SGLT2i were safe, well-tolerated and potentially beneficial in 174 ACHD patients. Side effects
were observed in 18 patients (10.3%), 9 of whom discontinued SGLT2i therapy. Overall, SGLT2i was permanently discontinued in 12 patients
(6.9%). In a subset of 162 ACHD patients with heart failure, a 3-fold reduction in heart failure-hospitalization rate from the 6 months
before to the 6 months after starting SGLT2i was observed (P = 0.001). There was no significant reduction in arrhythmia admission rate
(P = 0.289). ACHD = adult congenital heart disease; SGLT2i = sodium-glucose cotransporter 2 inhibitor.
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Finally, we observed no differences in the occur-
rence of arrhythmia admissions. We did not expect
SGLT2i to have a direct effect on these admissions,
nor do we see this as a robust marker for HF status.
Supraventricular arrhythmias are common in ACHD-
related HF and often related to scar tissue, espe-
cially in complex cohorts such as systemic RV
patients.

STUDY LIMITATIONS. The decision to start SGLT2i
therapy was at the discretion of the physician, intro-
ducing potential selection bias. There were no stan-
dardized follow-up protocols across the participating
centers, which resulted in variable follow-up assess-
ments. The heterogeneity of the ACHD population
and relative overrepresentation of complex ACHD
patients in the current study should be noted, as
should the relatively limited follow-up duration.
Although the study was not powered for “hard end-
points” such as mortality and HF hospitalizations, a
promising reduction in HF hospitalization rate was
observed. Keeping these limitations in mind, this
study design allowed a real-world evaluation of
SGLT2i in the ACHD population.

FUTURE DIRECTIONS. The positive results presented
in this study provide a strong foundation to justify a
prospective randomized trial to further elucidate the
effects of SGLT2i on ACHD-related HF. Moreover,
further follow-up is required to perform dedicated
neurohormonal biomarker and imaging studies to
evaluate the mechanistic effects of SGLT2i in the
larger ACHD-related HF subgroups such as tetralogy
of Fallot, univentricular circulation/Fontan, and sys-
temic RV patients.

CONCLUSIONS

This study is the largest to date to evaluate the use of
SGLT2i in the ACHD population. SGLT2i were well-
tolerated and safe in 174 patients with ACHD, with
similar side effects and treatment discontinuation
rates to the SGLT2i trials in conventional HF patients.
In 162 patients who received SGLT2i for HF, SGLT2i
therapy was associated with a 3-fold reduction in HF
hospitalization rate during follow-up compared to
before treatment. These positive results might

Neijenhuis et al
SGLT2i in ACHD

indicate a prognostic benefit and warrant further
prospective randomized investigation of the potential
benefits of SGLT2i for ACHD-related HF.

FUNDING SUPPORT AND AUTHOR DISCLOSURES

Dr Neijenhuis has received support from the Foundation “De Drie
Lichten” (Hilversum, the Netherlands), AstraZeneca, and the Leiden
University Medical Center research council Cardio-Vascular cluster
Themes for Innovation funding. Dr Zemrak has received speaker fees
from Abbott Laboratories. Dr Rotmans has received an unrestricted
research grant from AstraZeneca. Dr Jongbloed has received support
from the Leiden University Medical Center research council Cardio-
Vascular cluster Themes for Innovation funding; and has received a
personal grant from the NWO/ZonMw (The Hague, the Netherlands),
the Bontius Foundation (Leiden, the Netherlands), and the Rem-
brandt Institute (Leiden, the Netherlands). Dr Egorova has received
support from the Leiden University Medical Center research council
Cardio-Vascular cluster Themes for Innovation funding; and has
received consultancy and speaker fees from Boston Scientific Cor-
poration and Medtronic Inc. The Department of Cardiology of the
Leiden University Medical Center has received unrestricted research
and educational grants from Boston Scientific Corporation, Med-
tronic, and Biotronik. The funders were not involved in study design,
collection, analysis, interpretation of data, the writing of this paper,
or the decision to submit it for publication. No artificial intelligence
programs contributed to the compilation of the submitted manu-
script. All other authors have reported that they have no relationships
relevant to the contents of this paper to disclose.

ADDRESS FOR CORRESPONDENCE: Dr Anastasia D.
Egorova, Department of Cardiology, Leiden Univer-
sity Medical Center, Albinusdreef 2, 2333 ZA,
Leiden, the Netherlands. E-mail: a.egorova@lumc.nl.
@LUMC_Leiden.

PERSPECTIVES

COMPETENCY IN PATIENT CARE AND PROCEDURAL
SKILLS: SGLT2i are an established component of guideline-
directed medical therapy for patients with HF. In clinical practice,
SGLT2i generally seem safe, well-tolerated, and potentially
beneficial in patients with ACHD.

TRANSLATIONAL OUTLOOK: HF is the principal cause of
morbidity and mortality in patients with ACHD, but more
research is required to expand evidence-based treatment options
and develop structured protocols to guide therapy for patients
with defined types of ACHD.
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