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Sodium glucose cotransporter-2 (SGLT-2) inhibitors have been widespread in patients with heart failure; however, there is little
information regarding its feasibility and safety among patients after the Fontan procedure. We presented five adults after the
Fontan procedure who were treated with SGLT-2 inhibitors. All patients reduced oedema and/or pleural effusion despite other
conjunct medications were ineffective. Although we did not measure the urine volume in all patients, all patients themselves
reported an increase in urinary output after the administration of a SGLT-2 inhibitor. In addition, administration of a SGLT-2
inhibitor resulted in weight loss (4/5), an increase in systemic oxygen saturation (4/5), an increase in serum albumin level (4/
5), an increase in estimated glomerular filtration ratio (4/5), and a decrease in plasma brain natriuretic peptide level (4/5). Our
case series supported the feasibility and safety of SGLT-2 inhibitors in patients with Fontan circulatory failure, although the
exact changes in urinary output were unknown in all patients. Further investigation will be required to explore a diuretic effect

by SGLT-2 in patients after the Fontan procedure.

1. Introduction

Future developing comorbidities, including heart failure,
arrhythmias, protein-losing enteropathy, and liver disease,
have been a concern in patients following the Fontan proce-
dure. The Fontan circulation is characterized, not only by
ventricular dysfunction owing to a functionally single ventri-
cle but also by an increase in circulatory impedance and a
decrease in circulatory capacitance owing to a lack of a
subpulmonary ventricle. Regardless, the key sign of the
Fontan circulatory failure is systemic congestion. Recent
studies have suggested that sodium glucose cotransporter-2
(SGLT-2) inhibitors reduced the risk of hospitalization in
patients with chronic congestive heart failure, irrespective
of the presence of diabetes mellitus [1-3]. Although the pre-
cise pharmacological effects on heart failure remain unclear,
a SGLT-2 inhibitor plays a role in natriuretic effect [4-6].
Therefore, this beneficial effect is posited to reduce systemic
congestion in patients after the Fontan procedure. However,

there is little information available in the literature regarding
its feasibility and safety. We present a case series of five
adults with heart failure who were treated with these agents
long after the Fontan procedure.

2. Case Reports

2.1. Case 1. A 45-year-old male who had undergone the Fon-
tan procedure was admitted due to oedema and dyspnoea on
exertion. The patient had received enalapril, digoxin, furose-
mide, aspirin, and warfarin. However, he experienced 19
unexpected hospitalizations due to atrial fibrillation, result-
ing in exacerbated heart failure. Chest radiography on
admission showed a bilateral pleural effusion. These findings
suggest failed Fontan circulation. He was classified as New
York Heat Association (NYHA) functional class III. After
the administration of dapagliflozin, the urinary output
increased, symptoms promptly disappeared, and he was sub-
sequently discharged. During the follow-up of 4 months,
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there was no rehospitalization despite the occurrence of par-
oxysmal atrial fibrillation. No adverse events occurred.

2.2. Case 2. A 36-year-old male who had undergone the Fon-
tan procedure was admitted due to oedema and dyspnoea on
exertion. Due to the patient’s existing comorbidities includ-
ing hypertension, obesity, type 2 diabetes mellitus, cerebro-
vascular disease, and chronic kidney disease, there were 10
unexpected hospitalizations to date. He was classified as
NYHA class III, receiving enalapril, digoxin, furosemide,
spironolactone, aspirin, and apixaban. Urinalysis showed
proteinuria and haematuria, while a renal biopsy revealed
focal segmental glomerulosclerosis. Oral administration of
empagliflozin was started for a sustained elevation of haemo-
globin A1C level and subsequently caused increased urinary
output and disappearance of oedema. Further urinalysis
revealed that the proteinuria and haematuria disappeared.
During the follow-up period of 24 months, he remained stable
without unexpected rehospitalization. No adverse events
occurred.

2.3. Case 3. A 35-year-old male who had undergone the
Fontan procedure was admitted due to oedema of the lower
extremities after viral infection. The patient was classified as
NYHA class IT with comorbidities including obesity, chronic
kidney disease, type 2 diabetes mellitus, sleep apnoea syn-
drome, and Fontan-associated liver disease. To date, there
have been two other unexpected hospitalizations. He had
received carvedilol, enalapril, digoxin, furosemide, spirono-
lactone, aspirin, and warfarin. Administration of dapagliflo-
zin was started, and oedema in the lower extremities
subsided following an increase in urinary output. During
the follow-up of 16 months, he was stable in the outpatient
clinic without rehospitalization. No adverse events occurred.

2.4. Case 4. A 24-year-old male after the Fontan procedure
visited the outpatient clinic because of systemic oedema
and headache. The patient had protein-losing enteropathy
and plastic bronchitis due to Fontan circulatory failure and
classified as NYHA class III. He had received carvedilol,
digoxin, furosemide, spironolactone, tadalafil, aspirin, and
warfarin. However, there were 29 unexpected hospitaliza-
tions due to these comorbidities. He had no history of
hypertension, obesity, or diabetes. Urinary output increased
with the commencement of dapagliflozin treatment, leading
to improved clinical manifestations. During the follow-up of
3 months, there was no unexpected hospitalization except
for hospitalization for a scheduled lower intestinal endos-
copy. No adverse event occurred. Protein-losing enteropathy
and plastic bronchitis were not improved.

2.5. Case 5. A 21-year-old male presented the deterioration
of pleural effusion and oedema in the face and lower extrem-
ities after the Fontan procedure. The patient was classified as
NYHA class III with comorbidities including chronic kidney
disease, type 2 diabetes mellitus, and Fontan-associated liver
disease. He had received f3-blocker, enalapril, digoxin, furo-
semide, and warfarin. Urinalysis revealed neither proteinuria
nor haematuria. The administration of dapagliflozin was ini-
tiated due to a sustained elevation of haemoglobin A1C
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levels. The increased urinary output caused by dapagliflozin
reduced oedema. During the follow-up of 18 months, he was
stable without rehospitalization and any adverse effects.

3. Discussion

In our case series (Table 1), three out of five patients initially
received SGLT-2 inhibitors for glucose intolerance before
the evidence of clinical trials were published. However, the
agents improved cardiac manifestations as well as protein-
uria and haematuria. Therefore, we prescribed a SGLT-2
inhibitor due to the development of heart failure despite
conventional medical therapy in the other two patients as
well. Although the usual dose of dapagliflozin was 10 mg,
we cautiously prescribed an initial dose of 5mg in 4 patients
since clinical effects on patients with the Fontan circulation
were still unclear. All patients had increased urinary output
and reduced oedema and/or pleural effusion despite other
conjunct medications were ineffective. Although we did not
measure the urine volume in all patients, all patients them-
selves reported an increase in urinary output after the
administration of a SGLT-2 inhibitor. In addition, adminis-
tration of a SGLT-2 inhibitor resulted in weight loss (4/5), an
increase in systemic oxygen saturation (4/5), an increase in
serum albumin level (4/5), an increase in estimated glomer-
ular filtration ratio (4/5), and a decrease in plasma brain
natriuretic peptide level (4/5), which did not reach statistical
significance due to the limited number of cases (Table 2).
Furthermore, there was no unexpected rehospitalization
due to the deterioration of heart failure and no adverse
events, such as urinary tract infection, during the mean
follow-up period of 12 months (ranging from 2 to 20
months) after the initiation of a SGLT-2 inhibitor. Unfortu-
nately, we did not assess hemodynamic status including pul-
monary arterial pressure and resistance by invasive methods,
such as cardiac catheterization or indwelling central venous
pressure monitoring.

The phenotype of Fontan circulatory failure is not well
understood. Actually, in our case series, 3 patients had toler-
able central venous pressure, and 3 patients had high cardiac
index. Therefore, pathophysiologic interactions between the
cardiovascular system and advanced noncardiovascular
end-organ dysfunction are supposed to play major roles
in Fontan circulatory failure [7, 8]. Fontan circulatory failure
cannot be explained by the contemporary concept of heart
failure according to ventricular ejection fraction, that is, heart
failure as a result of a reduced or preserved ejection fraction
[9]. The application of conventional guidelines for chronic
heart failure should be carefully considered in patients with
the Fontan circulatory failure. Some drugs that may be bene-
ficial for some aspects of the Fontan circulation may be diffi-
cult to use because of adverse effects for another aspect of the
Fontan circulation. In addition, targets for drug treatment in
patients after the Fontan procedure may vary over time and
between individual patients [9]. The benefits of SGLT-2
inhibitors include natriuresis and glucose-induced osmotic
diuretics, which leads to a reduction in intraglomerular pres-
sure and an increase in glomerular filtration ratio [6]. These
beneficial effects on the kidney result in improvements in
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ventricular filling, ventricular wall stress, and myocardial
energetics [10]. From this perspective, we believe that a
SGLT-2 inhibitor has the potential to elicit maximum
diuretic function in the Fontan circulation. Our case series
supports the postulation that SGLT-2 inhibitors can reduce
rehospitalization rate of patients, although the pharmacolog-
ical impacts of these drugs on heart failure are still in the
black box.

In conclusions, SGLT-2 inhibitors were tolerable without
acute adverse effects in adults who undergone the Fontan
procedure, although the exact changes in urinary output
were unknown in all patients. Large prospective studies are
needed to assess the efficacy and safety of SGLT-2 inhibitors
in this population.

Data Availability

The clinical data used to support the findings of this study
are included within the article.
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