Congenital Heart Disease L < Tech Science Press
@ﬁ

DOI: 10.32604/chd.2024.056608 .

Check fi
REVIEW u pec;:ategr

Sodium-Glucose Cotransporter 2 Inhibitors in Adult and Pediatric Congenital
Heart Disease: Review of Emerging Data and Future Directions

William H. Marshall V> and Lydia K. Wright”

!Division of Cardiovascular Medicine, Department of Internal Medicine, The Ohio State University, Columbus, OH 43210, USA
2The Heart Center, Nationwide Children’s Hospital, Columbus, OH 43205, USA

"Corresponding Author: William H. Marshall V. Email: william.marshall@osumc.edu

Received: 26 July 2024 Accepted: 18 September 2024 Published: 31 October 2024

ABSTRACT

Heart failure (HF) is common in patients with congenital heart disease (CHD) and there are limited medical
therapies. Sodium-glucose cotransporter 2 inhibitors (SGLT2i) are a proven medical therapy in patients with
acquired HE though data are limited in patients with CHD. The aim of this review is to summarize the current
evidence for use of SGLT2i in patients with CHD and identify future directions for study. In available publica-
tions, SGLT2i in patients with CHD seem to be well tolerated, with similar side effect profile to patients with
acquired HF. Improvement in functional capacity and natriuretic peptides are mixed, though there is a signal
for potential reduction in HF hospitalizations. One prospective study in patients with systemic right ventricles
showed an improvement in systolic function for patients already on maximal HF medical therapy. Though lim-
ited, there is emerging data on use of SGLT2i in pediatric patients with CHD and HF. Future prospective studies
are needed to evaluate for clinically meaningful endpoints, including HF hospitalization, as well as evaluate the
hemodynamic impact in subtypes of CHD at high risk for HF.
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Nomenclature

BNP Brain natriuretic peptide

ccTGA Congenitally corrected transposition of the great arteries
CHD Congenital heart disease

CKD Chronic kidney disease

GFR Glomerular filtration rate

HF Heart failure

HFrEF Heart failure with reduced ejection fraction

HFpEF Heart failure with preserved ejection fraction
SGLT2i Sodium-glucose cotransporter 2 inhibitors
sRV Systemic right ventricle

TGA Transposition of the great arteries
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1 Introduction

Heart failure (HF) is the leading cause of mortality and morbidity in patients with congenital heart
disease (CHD) [1,2] and is complex, with multiple phenotypes [3,4]. Compared to patients with acquired
HF, patients with CHD have more hospital admissions and greater costs of care [5]; thus, as the CHD
population continues to grow [6], therapies are needed to improve long-term outcomes. In patients with
acquired HF, medical therapy has shown improvements in morbidity and mortality, such that there are
clear guidelines on appropriate HF medical therapy [7]. However, studies of HF medical therapy in
patients with CHD have not shown a significant reduction in hard clinical endpoints [8,9]. This is likely
at least in part due to the phenotypic heterogeneity in HF with CHD [3,4], as compared to patients with
acquired HF. As such, the adult CHD guidelines do not endorse specific HF medical therapies [10].
Despite this, pharmacological therapy is an important component of HF management in patients with
CHD and is often utilized. Diuretics are used to control symptoms in patients with fluid overload, and
standard HF treatments such as angiotensin-converting enzyme inhibitors, angiotensin receptor blockers,
angiotensin receptor neprilysin inhibitors (ARNI), beta-blockers, and mineralocorticoid receptor
antagonists are frequently used, although their efficacy may vary depending on the underlying CHD [11].

Sodium-glucose cotransporter 2 inhibitors (SGLT21) are the latest “pillar” of HF medical therapy [7],
showing clinically meaningful improvements in patients with acquired HF and both reduced and
preserved ejection fraction [12—15]. While the evidence for the use of SGLT2i in patients with CHD is
limited in comparison to patients with acquired HF, use is often suggested in patients with CHD and
HF [16]. The first report of SGLT2i use in a patient with CHD was in 2022 [17], and a literature search
(outlined in Fig. 1, detailed in the Supplementary Materials) identified 10 studies [18-27] (Table 1) and
1 conference abstract [28] on the use of SGLT2i in patients with CHD. As such, the aim of this review is
to summarize the current evidence for the use of SGLT2i in adult and pediatric patients with CHD and
HF and identify areas for future study.

Pub Med Literature Search*
(n = 100 articles)

Does not pertain to SGLT2i use in CHD
P after individual abstract / text review
(n =91 articles)

A 4

Unique articles pertaining to SGLT2i use in CHD
(n=10)

Additional articles identified by:
* Key-journal search* (n=1)
* Google search* (n=1)

Articles pertaining to SGLT2i use in CHD (n=12)
e Case reports (n=1)

Observational cohort study (n = 8)

Randomized open label trial (n = 1)

Case-matched cohort study (n=1)

Conference abstracts (n = 1)

Figure 1: Literature search. * = detailed in Supplementary Materials. CHD = congenital heart disease;
SGLT2i = sodium-glucose cotransporter 2 inhibitor
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Table 1: Summary of published data on sodium-glucose cotransporter 2 inhibitor use in pediatric and adult
congenital heart disease

Ref. Study design Patients (n) & Patient age SGLT2i used Summary of findings
& follow-up  type of CHD  (years)

[18] Retrospective 5 with Fontan Median 35 Dapagliflozin  « First report of SGLT21i in
case series circulation n=4) patients with Fontan
Mean Range 21-45  Empaglifiozin  circulation, all with prior HF
12 months (n=1) hospitalizations.

» Most patients had
improvement in oxygen
saturation and albumin,
weight loss, and decrease in
BNP but none statistically
significant.

« No recurrent HF
hospitalizations in follow-up.

[19] Single-center, 35 total: 8 with Median 49 Dapagliflozin « No ketoacidosis.
retrospective SRV (n=10) « Urinary tract infection in 2.
cohort IQR 40-54 Empagliflozin < Significant weight loss,

(n =23) decrease in NT-pro BNP.
Median Canaglifiozin No change in renal function.
338 days (n=2)

[20] Single-center 38 children Median 14* Dapagliflozin  « First description of SGLT2i in
cohort study  with HF, 8 with pediatric HF, which included
Median CHD including Range 0.6-18 8 total patients with CHD.
130 days 7 with single « BNP was reduced in the

ventricle CHD overall cohort.
 Non-significant reduction in
renal function.

« In those with single ventricle
CHD, none discontinued
SGLT2i, 1 underwent heart
transplant, 1 died after
190 days in follow-up.

[21] Single-center, 14 with Fontan Median 14.5 Dapagliflozin « No significant genitourinary
retrospective  Circulation: (n=13) tract infections,
cohort 7 with systolic hypoglycemia, ketoacidosis,
Median ventricular Range 2-26 Empagliflozin ~ hypotension.

4 months dysfunction, (n=1) « One patient discontinued due
3 with PLE, to abdominal pain, and one
2 PB discontinued due to acute

kidney injury.
« NT-pro BNP or BNP
decreased.

(Continued)
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Table 1 (continued)

Ref.

Study design
& follow-up

Patients (n) &
type of CHD

Patient age SGLT2i used

(years)

Summary of findings

[22]

[23]

[24]

Single-center,
retrospective
cohort

6 months

Retrospective,
multicenter

Median
7.7 months

Prospective,
single-center,
open-label,
randomized

1 year.

10 with sRV

174 total:
10 mild CHD

75 moderate
CHD

89 severe CHD

50 total, all
with SRV

(25 treatment,
25 placebo)

Median 50 Dapaglifiozin

IQR 47-52

Mean 48.7 £ 15 Dapagliflozin
(n=137)

Empagliflozin *

(n=36)
Canagliflozin

(=1

Median 38 IQR Dapagliflozin
34-46 in the
SGLT2i group

« Slight reduction in renal
function.

« One patient had significant
improvement in
hemodynamics and
ventricular function with
SGLT?2i and other medical
therapy.

« All patients already receiving
optimal medical therapy. No
patients discontinued.

« Slight decrease in renal
function.

« No changes in sRV function
by echocardiogram.

« Some improvement in
functional capacity.

« 18 patients (10.3%) reported
SGLT2i side effects.

12 (6.9%) discontinued
SGLT2i permanently.

« Significant reduction in heart
failure hospitalization
comparing 6 months before
and 6 months after SGLT2i
initiation.

One patient developed
Fournier’s gangrene.

 No adverse events or

treatment discontinuation.

No difference in NT-Pro-BNP

or 6 MWD in treatment

compared to controls.

« Improvement in sRV function
by echocardiography in the
treatment group.

« Slight reduction in renal
function in the treatment

group.

(Continued)
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Table 1 (continued)

Ref. Study design Patients (n) & Patient age SGLT2i used Summary of findings
& follow-up  type of CHD  (years)

[25] Single center 24:including Mean 54 £ 13 Dapagliflozin  « Improvement in proportion of

retrospective 2 with SRV and (n=9) patients in NYHA functional
cohort. 1 with Fontan class IIT and IV from baseline
12-36 months Empagliflozin ~ to follow-up.

(n=15)  Improvement in NT-Pro-BNP

and renal function.
« No adverse events.

[26] Single center 18 total: Mean 37 + 14  Dapagliflozin « No adverse events or
retrospective  including treatment discontinuation.
cohort. 2 with sRV, « No difference in NT-Pro-BNP
6 months 2 with Fontan is those with available testing

(n=5).
« Variable change in functional
class.

[27] Single center, 22 pediatric Median 14 Dapagliflozin « Pediatric patients receiving
observational, patients: (9-16) for entire SGLT2i undergoing heart
case-matched including cohort transplants were matched
cohort. 12 with CHD with historic controls.

(9 with Fontan) « No difference in glucose,

lactic acid, pH, vasopressor
use, post-transplant mortality,
length of stay, or urinary tract
infection.

Notes: BNP = brain natriuretic peptide; ccTGA = congenitally corrected transposition of the great arteries; CHD = congenital heart
disease; HF = heart failure; NT-Pro BNP = N terminal pro BNP; PLE = protein losing enteropathy; PB = plastic bronchitis;
SGLT2i = sodium-glucose cotransporter 2 inhibitors; sRV = systemic right ventricle (including ccTGA and D-transposition of the
great arteries after Senning/Mustard atrial switch); 6 MWD = 6-min walk distance. *for patients with single ventricle CHD.

2 Background on SGLT2i Use in Acquired Heart Failure

SGLT2i were initially studied in patients with type 2 diabetes and high cardiovascular risk, with results
showing improvement in composite major adverse cardiovascular events, including reduction in HF
hospitalizations [29-31]. These results were followed by randomized controlled trials evaluating the
impact of SGLT2i in patients with HF and reduced ejection fraction (HFTEF), showing patients receiving
SGLT2i were at lower risk for cardiovascular death and worsening HF, independent of diabetes status
[12,14]. After this, SGLT2i were incorporated into the acquired HF guidelines in addition to beta
blockers, mineralocorticoid antagonists, and angiotensin-converting enzyme inhibitors/angiotensin
receptor blockers or ARNIs [7].

Next, SGLT2i were evaluated in patients with HF and preserved ejection fraction (HFpEF), a more
heterogenous population of patients with fewer options for efficacious medical therapy. While the
reduction in mortality seen in patients with HFrEF was not reproduced in the trials of patients with
HFpEF, there were reductions in HF hospitalization [13,15], and subsequently, SGLT2i were incorporated
into the guidelines for the treatment of HFpEF [7]. Though guidelines make a class recommendation for
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SGLT?2i in patients with HF [7], currently, only dapagliflozin and empagliflozin have specific dosing
indications for HF without diabetes [32], with dosing described in Table 2.

Table 2: Dosing for individual sodium-glucose cotransporter 2 inhibitors

SGLT2i Reported Recommended daily =~ Recommended Reported pediatric daily
use with dose in HF without DM daily dose with dosing in HF
CHD DM
Dapaglifiozin Yes 10 mg daily 5 or 10 mg 0.1-0.2 mg/kg, target dose
0.2 mg/kg in patients <50 kg
Empagliflozin Yes 10 mg daily 10 or 25 mg Not reported
Canagliflozin Yes NA 100 or 300 mg Not reported
Sotagliflozin No NA 200 or 400 mg Not reported

Note: CHD = congenital heart disease; DM = diabetes mellitus; HF = heart failure; NA = not applicable; SGLT2i = sodium-glucose
cotransporter 2 inhibitor. Data from References [12-14,20,21,27,29,31,32].

A complete discussion on the mechanism of action by which SGLT2i improves cardiovascular outcomes
is beyond the scope of this review and is still under active investigation. However, a brief discussion of the
proposed mechanism is warranted. SGLT2 is a protein in the proximal convoluted tubule in the renal nephron
which is responsible for the reabsorption of 90% filtered glucose [33]. The simplified mechanism of glucose
lowering with SGLT21i in diabetes is to increase urinary glucose excretion [33]. Though originally thought to
augment both diuresis and natriuresis in HF, this mechanism is insufficient to explain the long-term
cardiovascular effects [34], and recent evidence in patients with HF has brought into question this
paradigm of osmotic diuresis [35]. SGLT2i likely provides improvement in cardiovascular outcomes
through multiple mechanisms, including improvement in cardiac contractility through reduced
sarcoplasmic reticulum calcium leak, reduction in sympathetic nervous system overdrive, possible
improvement in myocardial efficiency, reduction in inflammation and oxidative stress and the metabolic
effects of lowered hemoglobin Alc, improved blood pressure, weight loss and improvements in vascular
stiffness [33]. Another hypothesis is that inhibition of SGLT2 causes the up-regulation of cytoprotective
nutrient deprivation signaling pathways, which affect both the heart and the kidneys [36].

In addition to the impact on cardiovascular outcomes, SGLT2i have shown consistent benefits in renal
outcomes. In patients with HFrEF, there was a slower decline in renal function than in placebo [14]. Though
caution should be used in patients where the glomerular filtration rate (GFR) is less than 30 mL/min/1.73 m?
[7], in trials of SGLT2i in patients with chronic kidney disease (CKD), cardiovascular benefits were similar
with fewer HF hospitalizations and cardiovascular deaths, and renal outcomes such as doubling of serum
creatinine and development of end stage kidney disease or death from renal causes were improved
[29,37]. Importantly, in patients with HFrEF there was a small but statistically significant decline in GFR
after initiation of dapaglifiozin, especially in those with older age, lower ejection fraction, and type
2 diabetes. However, this was not associated with long-term decline in GFR or adverse events [38].

While the cardiovascular and renal benefits of SGLT2i are significant, there are a few notable side effects
that have been reported. The trials of empagliflozin have shown an excess of genitourinary infections
compared to placebo [13,14] (1%—2% in empaglifiozin compared to <1% in placebo) which were not
seen with dapagliflozin [12,15]. While not reported in the landmark trials, subsequent analyses have
shown an increase in euglycemic diabetic ketoacidosis in patients receiving SGLT2i, though the overall
risk is low [39]. Discontinuation of SGLT2i for any side effect in the landmark trials was 10%—14%,
though notably, it was similar for the placebo [12,13].
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In summary, despite the potential side effects and evolving understanding of the specific mechanism of
action, SGLT2i have shown improvement in cardiovascular and renal outcomes in large clinical trials in
patients with and without diabetes. As such, they have been incorporated into the guidelines for HF
medical therapy and utilization is increasing in patients with acquired HF.

3 SGLT2i Use in CHD

3.1 Rational for the Use of SGLT2i in CHD

Though patients with complex CHD were excluded from the landmark trials of SGLT2i, the use of
SGLT?2i in patients with CHD is increasing. This is not surprising, given the burden of HF in patients
with CHD, and the mortality benefit and improvement in hospitalizations for HF with SGLT2i in
acquired HF. However, there are other potential benefits that make these medications attractive. For
example, in patients with liver disease from Fontan circulation, the positive metabolic effects of SGLT2i
may to help minimize the occurrence of concomitant metabolic associated liver disease. Furthermore,
patients with CHD often have concomitant renal disease [40], such that the renal protective effects of
SGLT2i are intriguing. Finally, given inflammation may play a key role in outcomes in CHD [41],
multiple mechanisms of SGLT2i have the potential to improve outcomes in this growing population of
patients. Given this, next the available data on the safety of SGLT2i in patients with CHD will be
reviewed, along with emerging data on the impact on heart failure hospitalizations, biomarkers,
ventricular function, and functional status (Fig. 2).

| Sodium-Glucose Cotransporter 2 Inhibitors in Congenital Heart Disease and Heart Failure

. . Threefold reduction in 6-
Emerging data on SGLT2i month HF hospitalization

use in pediatric patients rate in large retrospective
with CHD and HF. cohort of adults with CHD.

Similar rates of
discontinuation
and side effects as
seen in patients

with acquired HF.

Multiple reports of Sodium-
use in single ~ Glucose
\ ventricle CHD. ‘ Co-
) transporter

2 Inhibitor Mixed data on

improvement in
natriuretic peptides
with therapy.

One prospective study Similar
in patients with sRV ’ decreased in
dysfunction on maximal glomerular
medical therapy Mixed data on [ - filtration rate
fteli{otf'ted”a s'mal'IfI. bUtt improved NYHA as seen in
statstically signitican functional class. d atients with
increase in sRV FAC. gcquired HF.

Figure 2: Summary of sodium-glucose cotransporter 2 Inhibitors (SGLT21i) in patients with congenital heart
disease (CHD) and heart failure (HF). FAC = fractional area change; NYHA = New York Heart Association;
sRV = systemic RV. Summary based on References [18—27]. Created in Biorender. Left lower heart diagram
courtesy of Dr. Curt J. Daniels
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3.2 Safety and Side Effects

The majority of studies utilizing SGLT2i in patients with CHD report adverse events, including
genitourinary infections. While some studies reported no adverse events leading to discontinuation
[18,20,22,24], others report a few cases of genitourinary infections or other complaints, some leading to
discontinuation of the medication [19,21]. The best “real world” evidence on adherence in patients with
CHD is from a multicenter observational cohort of 174 adult patients, with 10.3% reporting some side
effect, and 6.9% discontinuing the medication, including 1 patient with non-insulin dependent diabetes
and obesity who developed Fournier’s gangrene [23]. As noted above, this is similar to the reported rate
of discontinuation in patients with acquired HF.

One specific consideration in patients with CHD and the use of SGLT?2i is the risk of genitourinary
infections in patients with asplenia or functional asplenia with heterotaxy syndromes. Unfortunately, there
is no data published specifically studying the risk of genitourinary infectious with SGLT2i in patients
with asplenia. However, in the available reports of SGLT2i use in patients with CHD, one case series
reports 3 patients with left or right atrial isomerism, with no infectious complications in follow-up (range
4-24 months) [18].

Notably, in the published reports there has not been a case of ketoacidosis from SGLT?21i in a patient with
CHD, though again this is a rare complication. However, given this risk, it is recommended SGLT2i be held
for 3 days before elective surgery [42]. While this is ideal, many patients listed for heart transplant would
benefit from SGLT2i use, but adequate advanced planning is not possible to stop the medication in these
cases. As such, some heart transplant programs discontinue SGLT2i for patients listed for transplant,
though recent emerging data may challenge this practice. One adult study reported 163 patients
undergoing heart transplant, including 40 receiving SGLT2i, with no ketoacidosis in the cohort and a
signal for increased survival in those receiving SGLT2i [43]. Furthermore, a study of 22 pediatric patients
receiving SGLT2i who underwent heart transplant (including 12 patients with CHD) were matched with
historic controls and reported no ketoacidosis and no difference in mortality or length of stay [27]. Given
these small series, the potential benefits of SGLT2i, and the increasing waitlist time for transplant, this
will be an area for further prospective study in patients with both acquired and CHD HF.

3.3 Natriuretic Peptides

A few studies have reported the change in brain natriuretic peptide (BNP) or N terminal pro BNP (NT-
Pro BNP) after initiation of SGLT2i in patients with CHD [17,18,20-22,24,25]. Both baseline and temporal
changes in BNP have been associated with all-cause mortality independent of type of CHD and systemic
ventricular function [44], as such it is a reasonable surrogate outcome for studies limited by power.
Again, published cases report a reduction in BNP or NT-Pro BNP in short-term follow-up [17,18,21,22].
The first pediatric cohort reported BNP reduction overall but did not report specifically on those with
CHD [20], and two larger single-center adult cohorts reported a significant reduction in NT-Pro BNP
[19,25]. However, the only prospective study of SGLT2i in patients with CHD and systemic right
ventricles (sRV), described in detail below, did not show a reduction in NT-Pro BNP compared to
controls [24]. Furthermore, while natriuretic peptides may be a reasonable surrogate marker, the impact
on clinical outcomes, including HF hospitalization, is more clinically meaningful.

3.4 HF Hospitalization

The first few cases of SGLT2i use in patients with CHD included patients with a significant number of
prior HF hospitalizations, after which there were no hospitalizations in short-term follow-up [17,18]. The
previously mentioned large multicenter study of SGLT2i in patients with CHD showed a reduction in HF
hospitalization and included a diverse cohort of adult patients (Table 1), of which 70% had at least
moderate systemic ventricular dysfunction and were already on background therapy with other HF
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medications [23]. This study found a significant reduction in HF hospitalizations when comparing the
6 months before SGLT2i initiation to 6 months after (n = 36 HF hospitalizations in 6 months before
SGLT2i, vs. n = 9 HF hospitalizations in 6 months after SGLT2i, relative rate 0.30 [95% CI 0.14-0.62],
p = 0.001). While these findings must be put into the context of the retrospective observational study
design and relatively few HF hospitalizations overall, this is a promising signal warranting further
prospective study.

3.5 Functional Status & Exercise Capacity

In patients with acquired HF, the impact of SGLT2i on functional status has been mixed [45]. Patients
with HFTEF and HFpEF had significant improvement in quality of life as assessed by the Kansas City
Cardiomyopathy Questionnaire. Improvement in 6-min walk distance has been reported in HFrEF, and
while results have varied in patients with HFpEF, patients with greater impairment in functional capacity
may derive more benefit [46—48]. Thus far, studies reporting a change in functional status with SGLT2i
use in patients with CHD are limited. One pediatric study reported a patient with single ventricle Fontan
circulation had significant improvement in hemodynamics and ventricular function with SGLT2i, in
addition to other medical therapy [21]. Two single-center cohorts of adults with CHD reported change in
New York Heart Association function class; one with 18 patients and 6 months of follow-up reported no
significant difference [26]. The second with 24 patients and >12 months follow-up reported a significant
improvement in the proportion of patients in New York Heart Association functional classes III & IV
from 58% (n = 14) at medication initiation to 25% (n = 6) at last follow up [25]. The only other studies
reporting objective changes in functional status after SGLT2i therapy are in patients with biventricular
CHD and sRV, which includes D-transposition of the great arteries (TGA) who have undergone atrial
switch and congenitally corrected TGA (ccTGA), which are discussed below.

3.6 Specific CHD Populations

Two populations at increased risk for HF are patients with biventricular CHD and sRV and those with
single ventricle CHD [4,49,50]. The first report of SGLT2i in a patient with CHD was a patient with ccTGA
[17], and since that time the impact of SGLT21i in the population has been studied in a more robust manner.
One retrospective study of 10 patients with sRV on optimal medical therapy reported improvement in
functional capacity at 6 months in some patients within the cohort, as well as improvement in NT-Pro
BNP [22]. However, there was no change in ventricular function by echocardiography at follow-up.

The only prospective randomized trial of SGLT2i in patients with CHD included only patients with SRV
[24]. In this study, 25 patients were randomized to dapagliflozin (mean age 38 years) and 25 to placebo (mean
age 34 years). All patients were on optimal medical therapy with ARNI or angiotensin converting enzyme
inhibitors and had evidence of sRV systolic dysfunction with an sRV fractional area change of <35%. After
1 year of follow-up, there were no differences between the groups in systolic blood pressure, NT-Pro-BNP
levels, or 6-min walk distance. However, there was a slight decrease in GFR in the treatment group (mean
111 mL/min/1.73 m? vs. 93 mL/min/1.73 m?, p = 0.01) and a small but significant improvement in sRV
fractional area change (mean increase 3.5% vs. 0.13%, p < 0.001) and sRV free wall global longitudinal
strain (mean decrease of —1.6% vs. —0.1, p = 0.0005).

Prior studies in patients with SRV have not shown a significant reduction in hard clinical endpoints with
HF medical therapies [8], as have been seen in patients with acquired HF. However, recent studies report
some promising results with ARNIs [51,52]. While the main positive finding in this prospective study of
dapaglifiozin in patients with sRV is a small but significant improvement in sRV function by
echocardiography, a strength of the study is that this improvement occurred with the majority of patients
already on ARNI therapy [24]. In addition, as hypotension can limit HF medical therapy in this
population of patients without concomitant hypertension, it is noteworthy that the addition of SGLT2i did
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not significantly lower the systolic blood pressure. Finally, the reduction in GFR in this study was similar to
patients with acquired HF [38], and in the context of the known renal benefits of SGLT2i therapy discussed
above, this should not prevent further use.

Though the improvement in sRV systolic function is encouraging, clinical endpoints are more
meaningful. While studies in patients with sRV only did not show reductions in HF hospitalizations, in
the large multicenter retrospective cohort discussed previously [23], a significant proportion (33%) of the
patients had biventricular CHD with sRV, suggesting this population of patients at least has the potential
for HF hospitalization reduction with SGLT2i therapy.

Between 7 studies [18,20,21,23,25,27,28], a total of 48 adult and pediatric patients with single ventricle
CHD have been reported receiving SGLT2i therapy. While the outcomes reported in all of the cases are
different, it seems the reduction in natriuretic peptides and the potential for reduction in HF
hospitalization are consistent in this subgroup of patients. In addition, renal dysfunction is common in
patients with Fontan circulation [53], so the potential to slow the progression of kidney disease is
intriguing. However, HF in patients with single ventricle CHD, specifically those who have undergone
Fontan palliation, has multiple phenotypes and is an insidious process complicated by multiple organ
system complications, including liver disease and lymphatic dysfunction such as protein losing
enteropathy and plastic bronchitis [3]. Thus, given the heterogenous nature of what is collectively called
Fontan circulatory failure, larger studies of the potential long-term benefits of SGLT21i in this population
are needed.

3.7 Pediatric Patients with CHD

Though the majority of reports of SGLT2i in patients with CHD are in adults, HF can occur across the
lifespan of CHD [54]. Given this, there is growing interest in the use of SGLT2i in pediatric patients with HF.
While empaglifiozin has been used for other indications [55], data on use in pediatric HF are limited to
3 published studies that utilized dapagliflozin, detailed in Table 1 [20,21,27]. The main consideration for
SGLT2i use is related to dosing, with dapaglifiozin initiated at 0.1-0.2 mg/kg once daily, with a target
dose of 0.2 mg/kg daily in patients less than 50 kg [20,21] (Table 2). For patients over 50 kg, the
standard 10 mg dose was administered. Regarding safety and tolerability, of the 52 pediatric patients who
were treated with SGLT2i, the medication was stopped in 9 for various reasons, and similar to adults,
there were non-significant reductions in GFR after starting the medications [20,21]. Thus, while not yet
part of current pediatric HF guidelines [56], many centers are incorporating SGLT2i as a fourth-line agent
for pediatric patients with HF [28]. Therefore, there will likely be new data on the horizon for this population.

4 Future Directions

While there are ongoing trials to assess outcomes of SGLT2i in patients with CHD [57], further
prospective multicenter studies are needed to evaluate the impact of SGLT2i on meaningful clinical
outcomes. Though studies powered to evaluate for mortality are unlikely, given the signal for HF
hospitalization reduction, this should be evaluated further as it has the potential to be the first medication
with a positive effect on a meaningful clinical outcome. Future and ongoing studies with SGLT2i (and
other HF medical therapy) in patients with CHD should also evaluate objective changes in exercise
capacity in different subsets of patients with CHD.

HF in patients with CHD is often related to a residual anatomic defect or change in valve function; as
such, patients may have improvement in symptoms after surgical or catheter-based interventions [58].
Furthermore, while the evidence for cardiac resynchronization therapy in HF from CHD is not as robust
as it is for acquired HF [59], this is another possible therapy which is often utilized. However, these
interventions take time for planning, and there may be a delay in referring the patient to a proceduralist
experienced in CHD. One potential future area of study could be to evaluate the impact on symptoms and
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duration of recovery with early use SGLT2i (and other HF medical therapies) to “bridge” patients with HF
symptoms awaiting cardiac intervention.

In patients with single ventricle physiology, higher Fontan pressures are associated with worse outcomes
[60,61], and some patients with “normal” resting pressures have significant elevation in Fontan pressure with
exercise [62]. Similarly, the presence of pulmonary hypertension in patients with sRV is a poor prognostic
sign [63,64]. Therefore, future studies of SGLT2i in patients with CHD should evaluate for changes in
invasive hemodynamics in these high-risk sub-populations of patients with CHD. Finally, if possible, a
change in ventricular function utilizing cardiac magnetic resonance imaging could be revealing, especially
given the potential limitations of echocardiography in assessing sRV function.

5 Conclusions

The evidence for SGLT2i in patients with acquired HF is robust, and thus far studies on use in the CHD
population are limited (Fig. 2). The use of SGLT2i in patients with CHD seems to be well tolerated, with a
similar side effect profile, including a small reduction in GFR, to patients with acquired HF. Improvement in
functional capacity and natriuretic peptides are mixed [17,18,20-22,24-26], but there is a signal from a large
retrospective study indicating a potential for reduction in HF hospitalizations in adult patients with CHD
[23], and emerging data on the use of SGLT2i in pediatric patients with CHD and HF [20,21,27]. Finally,
there is a potential for improvement in sRV function in patients already on maximal medical therapy [24].
These early studies of SGLT2i in patients with CHD HF have shown this medication class has the
potential to improve outcomes in an understudied population and have hopefully provided momentum for
future randomized prospective studies.
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