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Abstract

Protein-losing enteropathy is a severe complication of Fontan surgery and is associated with
anaemia. Few studies have reported on the efficacy of an intravenous iron infusion for treating
protein-losing enteropathy and low albuminemia after Fontan surgery. Herein, we present two
cases of female patients who suffered from protein-losing enteropathy and low albuminemia
following Fontan surgery, both of whom improved after an intravenous iron infusion.

Iron is crucial to biological functions, including respiration, energy production, DNA synthesis,
and cell proliferation.1 Anaemia and iron deficiency worsen therapeutic outcomes2 and
intravenous infusion of iron improves clinical outcomes, including functional capacity, risk of
hospitalisation, and quality of life in adult patients with heart failure with reduced ejection
fraction.3 Protein-losing enteropathy is one of themost severe pathological manifestations of the
Fontan circulation. Fontan-associated protein-losing enteropathy results from excessive leakage
of protein from the gastrointestinal system. The causes are not well understood but likely include
a combination of lymphatic insufficiency, high central venous pressure, loss of heparan sulphate
from intestinal epithelial cells, abnormal mesenteric circulation, and intestinal inflammation.4

Typically, patients are treated with diuretics or steroids. Iron deficiency anaemia is sometimes
present in patients with protein-losing enteropathy due to malabsorption or haemorrhage.
Yetman reported that intravenous iron leads to a significant improvement in the albumin and
protein levels and is associated with the resolution of heart failure and gastrointestinal
symptoms in patients with chronic protein-losing enteropathy after a Fontan operation.5

Although iron supplementation is recommended in the presence of iron deficiency in cyanotic
patients,6 there have been no other papers on the efficacy of an intravenous iron infusion for
treating protein-losing enteropathy after Fontan surgery. Herein, we present two cases of
protein-losing enteropathy and a low albuminemia that improved after an intravenous iron
infusion following a Fontan surgery.

Case presentation

Case 1

Case 1 was a 28-year-old woman with iron deficiency anaemia, Ebstein’s anomaly with a Starnes
operation and Fontan surgery, sinus node dysfunction, atrioventricular block with a pacemaker
implantation, and protein-losing enteropathy. She had undergone Fontan surgery at the age of
5 years and experienced protein-losing enteropathy at the age of 10 years. The albumin level was
1.5–2.0 g/dL and the haemoglobin level was around 9.0 g/dL. She had suffered repeated episodes
of diarrhoea, ascites, and leg oedema, and was treated with various protein-losing enteropathy
therapies. She had been on hormone replacement therapy for amenorrhoea, but that was
stopped when she developed a venous thrombosis at the age of 22 years, at which point warfarin
was started. Aspirin, roxatidine, warfarin, furosemide (80mg/day), spironolactone (50 mg/day),
trichlormethiazide (1 mg/day), tolvaptan (7.5 mg/day), Ca (2400 mg/day), and alfacalcidol
(0.25 μg/day) were prescribed. She had protein-losing enteropathy, a low nutritional status, and
iron-deficiency anaemia. She had amenorrhoea but no urinary occult blood or gastrointestinal
bleeding. However, she did not tolerate oral iron preparations. She had a body weight of 31.5 kg,
blood pressure of 88/47 mmHg, pulse rate of 89 bpm, saturated oxygenation of 95%, and body
mass index of 14.7. The patient’s laboratory results are shown in Supplemental Table 1.
Catheterisation revealed a normal left ventricular end-diastolic volume of 71% of normal, left
ventricular ejection fraction of 56%, left ventricular 114/end-diastolic pressure of 15 mmHg,
right pulmonary artery of 17 mmHg, left pulmonary artery of 11 mmHg, inferior vena cava
pressure of 13 mmHg, and cardiac index of 3.4 L/min/m2 using the Fickmethod. The pacemaker
settings were the DDD mode, 70 ppm, and both atrial and ventricular pacing. The chest X-ray
showed a cardio-thoracic ratio of 51%.
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Progress (Fig. 1 and Supplemental Table 1)
The patient received intravenous iron infusion (160 mg/week).
The intravenous iron infusion was administered for 4 months
(total dose: 1160 mg). The albumin level increased following an
increase in the haemoglobin level 4 months after the iron injection.
She sometimes has mild watery diarrhoea but no leg oedema or
ascites. The albumin and haemoglobin levels were still maintained
1.5 years after the iron infusion.

Case 2

Case 2 was a 20-year-old woman with iron deficiency anaemia,
double outlet right ventricle with a non-committed ventricular
septal defect with a Fontan operation, sick sinus syndrome with a
pacemaker implantation, and hypothyroidism. She underwent
Fontan surgery with a fenestration at the age of 4 years, followed by
a Damus–Kaya–Stansel anastomosis surgery at the age of 6 years,
and had protein-losing enteropathy at the age of 7 years. She
occasionally experienced atrial tachycardias. She had repeated
episodes of diarrhoea, ascites, and leg oedema and had been treated
with various protein-losing enteropathy therapies, including
steroids, from 14 years of age. The albumin level was 1.5–2.5 g/dL
and haemoglobin around 7–10 g/dL. When she had severe
oedema or fluid retention, albumin and a red cell transfusion were
administered. Although she had iron deficiency anaemia, oral iron
preparations were not tolerated owing to nausea. The patient did not
experience excessive menstruation, occult urinary blood, or
gastrointestinal bleeding. The patient received aspirin (100mg/day),
esomeprazole magnesium hydrate (20 mg/day), warfarin
(2.0 mg/day), furosemide (40 mg/day), spironolactone (50 mg/day),
sotalol hydrochloride (160 mg/day), ambrisentan (5 mg/day),
prednisolone (7.5 mg/day), levothyroxine sodium (50 μg/day), and
chlormadinone acetate (4 mg/day). She had a weight of 46.9 kg,
blood pressure of 96/47mmHg, pulse rate of 71 bpm, saturated
oxygenation of 89 %, and body mass index of 20.3. The patient’s
laboratory results are shown in Supplemental Table 2. Catheterisation
revealed an left ventricular ejection fraction of 46%, left ventricular of
88/end-diastolic pressure of 10, saturated oxygenation of the aorta
of 79.5%, left pulmonary artery of 18mmHg, and cardiac index of

3.5 L/min/m2 using the Fickmethod. The pacemaker settingswere the
AAIR mode and 70 ppm. The chest X-ray revealed a cardio-thoracic
ratio of 42%.

Progress (Fig. 2 and Supplemental Table 2)
The protein-losing enteropathy recurred 5 months after the
discontinuation of prednisolone. The protein-losing enteropathy
was not in remission 3 months after the prednisolone adminis-
tration at a dose of 5 mg/day. The prednisolone was increased to a
dose of 10 mg/day and 160 mg/week after the intravenous iron
infusion was started. Approximately 1 month later, her haemo-
globin and albumin levels, as well as protein-losing enteropathy
symptoms, ameliorated. However, the haemoglobin level
decreased and the albumin value remained low 15 months after
the administration of prednisolone (10 mg/day) and intravenous
iron infusion. Oral iron preparations were not tolerated;
consequently, the intravenous iron infusion was reinitiated.
The haemoglobin and albumin levels improved approximately
4 months later. The intravenous iron infusion was continued once
a month, the haemoglobin and albumin levels were maintained,
and she had no leg oedema or ascites.

Discussion

Intravenous iron infusion ameliorated the anaemia and chronic
protein-losing enteropathy in both patients with documented iron
deficiency following Fontan surgery. Both patients had chronic
failure of Fontan circulation with an elevated pulmonary artery
pressure, left ventricular end-diastolic pressure, and recurrent
protein-losing enteropathy symptoms, such as oedema, diarrhoea,
and ascites, despite the administration of multiple diuretics.

Anaemia is defined as a haemoglobin concentration
of < 13.0 g/dL in men and < 12.0 g/dL in women, and iron
deficiency as a ferritin concentration of< 100mg/L or a combination
of ferritin concentrations ranging from 100–299mg/L together with a
transferrin saturation level of < 20%.7 However, diagnosing iron
deficiency in patients with cyanotic CHD can be challenging because
conventional parameters of the iron status, such as the haemoglobin,

Figure 1. Progress in case 1. The figure shows the
progression of the haemoglobin (HGB) and albumin
(ALB). The ALB level increased following an increase in
the HGB 4 months after the iron injection. The ALB and
HGB levels were maintained 1.5 years after the iron
injection.
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haematocrit, and red blood cell count, may be elevated due to
secondary erythrocytosis.8 Broberg et al. sought to define the
relationship between haemoglobin and the oxygen saturation as
the predicted haemoglobin= 61 – (oxygen saturation/2).9 However,
some of those parameters may also be affected by inflammation,
infection, or liver dysfunction, all of which are common in patients
with cyanotic CHD.10

Half of the patients after a Fontan operation have iron
deficiency anaemia11 and it is associated with protein-losing
enteropathy-induced malnutrition, malabsorption of iron, and
chronic inflammation. Taking aspirin, warfarin, and direct oral
anticoagulants should be considered as a potential bleeding cause
in the gastrointestinal tract, genito urinary tract, and elsewhere.
Patients with cyanosis occasionally experience hyperviscosity and
thromboembolic events. Therefore, iron supplementation should
be administered slowly, especially when oral anticoagulants are not
being taken. The iron dosage and administration method were
decided based on the body weight and haemoglobin level in
reference to the drug information. In the chronic phase, the dose
and its interval are adjusted bymonitoring the haematocrit, ferritin
level, and transferrin saturation.1

Protein-losing enteropathy is a rare but serious complication of
a Fontan circulation, the treatment of which is challenging and
often requires a multidisciplinary approach. Its process is thought
to be multifactorial and physiologic alterations including an
elevated pressure on the basal aspect of the intestinal epithelial
cells, loss of heparan sulphate from intestinal epithelial cells, and
increase in the pro-inflammatory cytokines tumour necrosis factor
alpha and interferon-gamma. Yetman reported that intravenous
iron led to a significance improvement in the albumin and protein
levels and an associated resolution of heart failure and
gastrointestinal symptoms in patients with chronic protein-losing
enteropathy after a Fontan operation.5 Although the precise
mechanism by which iron supplementation improves protein-
losing enteropathy is not yet fully understood, it has been suggested
that iron infusion could promote protein synthesis, improve
various organ functions by increasing iron levels and oxygen
supply, and improve the impaired epithelial tight junction of the
gastrointestinal mucosa caused by severe anaemia.12 Additionally,

iron therapy has been reported to have profound effects
on immune function by inhibiting the production of tumour
necrosis factor-alpha, leading to an improvement in protein-losing
enteropathy.13

These cases suggested that iron deficiency anaemia may play a
role in the pathogenesis of protein-losing enteropathy, with
intravenous iron infusion suggested as a treatment option for some
patients with protein-losing enteropathy. Iron supplementation
during protein-losing enteropathy should be administered intra-
venously, with ferritin and transferrin saturation monitored due to
the risk of iron overload and polycythaemia vera. Accumulation of
cases and multicenter studies are needed to confirm the efficacy and
safety of intravenous iron infusion for protein-losing enteropathy
and to elucidate the underlying mechanisms of the action.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/S1047951124000672.
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