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Abstract

Protein-losing enteropathy (PLE) due to leakage of lymph into the gut sometimes occurs in young patients after Fontan palli-
ation but is very rarely reported with other aetiologies of chronic heart failure (HF). PLE leads to severe hypoalbuminemia and
immunodeficiency and is associated with poor prognosis. The mechanisms and the predispositions to PLE are poorly under-
stood. Here, we report an adult patient with advanced HF due to non-ischaemic non-dilated hypocontractile cardiomyopathy
who developed severe PLE, probably owing to increased ventricular stiffness and constraint by atypically placed epicardial
electrode encircling both ventricles. Importantly, both PLE and immunodeficiency completely resolved after heart
transplantation.
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Introduction

Protein-losing enteropathy (PLE) may develop in patients
with primary intestinal disease or abdominal lymphatic ob-
struction or less frequently in some patients with cardiac dis-
ease. PLE may occur as a late complication of Fontan
procedure1–4 or in patients with constrictive pericarditis4,5

or rheumatic tricuspid regurgitation,6 but it is probably very
rare in other conditions that lead to biventricular heart fail-
ure (HF). The mechanisms and reasons responsible for PLE
development are still poorly understood. Besides chronic ele-
vation of central venous pressure,2 PLE development may in-
volve lymphatic vessel rupture1 or intestinal wall
inflammation.7 Chronic loss of lymphatic fluid rich in immu-
noglobulin and lymphocytes can lead to secondary immune
deficiency. Because PLE has adverse prognostic conse-
quences, reversibility of PLE in HF patients is critically impor-
tant when considering radical HF therapy, such as cardiac
transplantation. PLE has been shown to reverse after trans-
plant in young patients with failed Fontan circulation,8 but
its reversibility is not established in other conditions and in

adults. Here, we report a patient in whom PLE with immune
deficiency developed as a complication of hypokinetic non-
dilated cardiomyopathy, probably due to combination of in-
creased ventricular stiffness and encircling epicardial elec-
trode,9 that completely resolved after heart transplantation.

Case report

A 56-year-old man was referred to our centre for advanced
HF management. He had cardiac hypertrophy and murmur
since childhood and was diagnosed with hypertrophic cardio-
myopathy. He noticed shortness of breath and exercise intol-
erance 16 years ago, coinciding with transition of
hypertrophic cardiomyopathy into non-dilated hypokinetic
phenotype.10 Ten years ago, he underwent mitral valve repair
with annuloplasty and epicardial lead implantation on left
ventricular (LV) lateral wall for the purpose of cardiac
resynchronization owing to the presence of LV bundle branch
block. He had cardiac resynchronization therapy defibrillator
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device implanted and connected to LV epicardial and right
ventricular (RV) endovasal leads. The surgery and the device
implantation were performed in his country of origin, and
there were no further details available. Several years later,
he noticed oedema formation and began to regularly use
loop diuretics. Four years ago, he developed reccurent chest
infections and was diagnosed with common variable immu-
nodeficiency with low immunoglobulin (Ig) G1–3 and lympho-
penia but normal levels of IgM and IgG4. Several months prior
to the presentation, he experienced progressive exercise dys-
pnoea, enhanced oedema formation, and poor tolerance of
flat supine position. His bowel frequency was normal, and
he did not report diarrhoea. At presentation to us, he was
in New York Heart Association Class III, with peripheral oe-
demas and jugular venous distention. Cardiac imaging
showed normal LV thickness, reduced LV ejection fraction
(30%), increased LV diastolic diameter (60 mm, 29 mm/m2),
dilated non-collapsing inferior vena cava (30 mm), mild–
moderate RV dysfunction, and mild tricuspid regurgitation
(1–2/4) but no pulmonary hypertension or pericardial thick-
ening. Endomyocardial biopsy of the right ventricle showed
cardiomyocyte hypertrophy and extensive myocardial fibro-
sis, but no amyloid. Coronary angiography showed patent
coronary arteries. On cardiac computed tomography (CT),
we noticed long epicardial LV electrode almost encircling
the heart at mid-ventricular level, including the right ventricle
(Figure 1). Right heart catheterization (after diuresis) showed
central venous pressure 14 mmHg, pulmonary artery (PA)
pressure 37/20/28 mmHg, PA wedge 19 mmHg, and cardiac
output of 4.5 L/min. Pressure tracings at rest did not show ev-
idence of constriction. DNA sequencing confirmed the pres-
ence of mutation myosin heavy chain gene (MYH7
c.2156G>A; p.Arg719Gln) that is pathogenic for familiar hy-
pertrophic cardiomyopathy; an identical mutation was also
found in a similarly affected first-degree relative.

Biochemistry showed BNP of 300 ng/mL and profound
reduction of albumin, total serum protein, and IgG (Figure

2A). Liver and kidney morphology and function were normal,
there was no proteinuria. Despite having no gastrointestinal
symptoms, the patient had elevated α1-antitrypsin (A1AT) in
spot stool sample (743 μg/L, 2.6 times above the upper limit),
indicating possibility of PLE. Gastroscopy, colonoscopy, and
CT small-bowel study showed normal gastrointestinal and
retroperitoneal morphology. Whole-body positron emission
tomography–CT excluded malignancy. Deep duodenoscopy
with small-bowel biopsy showed dilatation of venules and
lymphatic vessels of intestinal mucosa, but no evidence of
parasites, intestinal lymphoma, coeliac, or inflammatory
bowel disease. Per exclusion, chronic HF became the only
possible reason for excessive gastrointestinal protein loss.
To put our case into the context of advanced HF population,
we show data from consecutive advanced HF patients evalu-
ated in our institution. The degree of hypoalbuminemia was
more profound than other advanced HF patients evaluated
in our centre (Figure 2B). Our patient had far lower blood al-
bumin and but only moderate elevation of RA pressure than
had other patients in advanced HF population undergoing in-
vasive haemodynamic study (Figure 2C).

The patient started high-protein diet, intermittent albumin
and immunoglobulin replacement therapy, and i.v. diuretics,
but his haemodynamics gradually deteriorated, and he be-
came dependent on inotropic therapy. After discussions with
the patient and experts from other transplant centres, we de-
cided to proceed with heart transplantation. The patient
underwent uncomplicated transplantation in January 2017.
During the procedure, the surgeon noticed that excessively
long epicardial LV electrode firmly adhered to epicardial sur-
face and almost encircled the heart. After an uneventful
transplantation, the patient was started on regular triple im-
munosuppressant regime (prednisone, mycophenolate, and
tacrolimus). He needed substitutions of albumin and IgG,
but the need was decreasing, and after 4 months, plasma al-
bumin, immunoglobulin, and stool A1AT levels returned to
normal (Figure 2A). Therefore, PLE, including humoral

Figure 1 Computed tomography reconstruction (left, antero-posterior aspect; right, lateral aspect) of atypical course of long left ventricular pacing
electrode that encircled and adhered to the epicardium of the failing heart, which might be implicated in the development of protein-losing enterop-
athy (see text).
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immunodeficiency, completely resolved. Further clinical
course was uncomplicated, with return of excellent quality
of life.

Discussion

In patients with advanced HF, mild hypoalbuminemia is com-
mon owing to the presence of haemodilution, cachexia, mal-
nutrition, impaired liver function, and malabsorption. More
rarely, altered integrity of intestinal lymphatic system may
contribute to massive protein loss, leading to PLE with severe
hypoalbuminemia. Because in vivo albumin tracing studies
are not routinely available, the diagnosis of cardiac PLE is
based on increased faecal content of A1AT (protein not de-
graded by intestinal bacteria and serving as a marker of in-
creased intestinal protein loss) and on excluding other
reasons for PLE.2 Studies that would systematically examine
prevalence of PLE in advanced HF population using objective
diagnostic tools (faecal A1AT concentration) are missing. The
distribution frequency of plasma albumin levels in advanced
HF patients evaluated in our centre (Figure 2B) does not

show leftward skewness, suggesting that severe hypoalbu-
minemia due to PLE is probably rare in this population. Be-
sides the reported case, none of our advanced HF patients
had plasma albumin concentration ˂ 25 g/L.

The consequences and the mechanisms responsible for
cardiac PLE are incompletely understood. It has been hypoth-
esized that lymphatic over-distention due to transmission of
elevated central venous pressure in predisposed patients
can lead to the rupture of intestinal lymphatic vessels and
to ensuing leakage of protein-rich lymph into the lumen of
the small intestine.1 Despite that increased central venous
pressure is considered to be the prerequisite for cardiac
disease-related PLE, our results illustrate that degree of PLE
poorly correlates with haemodynamics, indicating that other
factors are causally involved.2 One explanation could be an
existence of developmental abnormalities of hepato-
duodenal lymphatic vessels that may be prone to rupture if
exposed to increased pressure, leading to focal leakage of
the lymph into the duodenal lumen, as recently demon-
strated.1 Instantaneous peaks of central venous pressure
may be more relevant for lymphatic damage rather than
value of central venous pressure at rest. Moreover, increased
inflammatory cytokines may increase intestinal epithelial

Figure 2 (A) The time course of plasma concentration of albumin, immunoglobulin G, and total protein in our patient. The arrow indicates the time
point of heart transplantation (Tx). Note the time lag between Tx and recovery of protein levels to normal. (B) The frequency distribution histogram
(bottom) and box and whisker plot (top) of plasma albumin levels in 409 consecutive patients with advanced HF evaluated for heart transplant can-
didacy at our centre (mean albumin level 38 ± 4.2 g/L). The PLE case is labelled by the red arrow. (C) The relationship between right atrial pressure and
plasma albumin in 181 consecutive patients with advanced HF who underwent right heart catheterization and biochemical analysis. The PLE case is
labelled by the red arrow. Absence of right atrial hypertension does not rule out hypoalbuminemia due to PLE. HF, heart failure; PLE, protein-losing
enteropathy.
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permeability and lead to higher flux of albumin across intes-
tinal mucosa, explaining why some patients with post-Fontan
PLE respond to oral corticosteroids.2,7 Our case indicates that
if integrity of intestinal lymphatic system is breached, the leak
of albumin-rich lymph can continue even at mildly elevated
RA pressure. It is clinically important to realize (Figure 2C)
that the absence of severe RA pressure elevation does not ex-
clude the presence of severe PLE.

Our case illustrates that PLE with ensuing immunodefi-
ciency may occur not only in patients with pericardial con-
striction3,4 or post-Fontan surgery1 but also in patients
with HF due to non-ischaemic cardiomyopathy with non-
dilated hypocontractile phenotype. Why this particular pa-
tient developed PLE is not known. It can be speculated that
his RV diastolic compliance was reduced owing to the re-
strictive nature of his burned-out hypertrophic cardiomyop-
athy.11 Diastolic compliance could be also externally
restrained by ingrown, excessively long, and atypically
bended epicardial pacing electrode encircling the heart
(Figure 2A), perhaps leading to more steep RV pressure–
volume relation with increased preload,9 causing episodes
of markedly elevated central venous pressure, pressure
build-up, and rupture of anatomically predisposed lymphatic
vessels.1 A case of PLE due to ‘occult’ pericardial constric-
tion from pre-existing cardiac surgery was previously de-
scribed.3 We did not perform complete left–right
haemodynamic study with volume challenge to unmask
the presence of constrictive physiology in a normovolemic

patient. However, owing to advanced LV systolic and dia-
stolic dysfunction, the transplantation was indeed a better
option than pericardiectomy in this patient.

The second important observation is slow but complete re-
versibility of PLE (including humoral immunodeficiency) after
cardiac transplantation. It is plausible to speculate that
protracted and profound reduction of right atrial pressure af-
ter transplantation led to redirection of lymphatic flow from
the gut into the liver and ductus thoracicus.1 Such unloading
may even lead to natural ‘sealing’ of perforated lymphatic
channels. It is also possible that immunosuppressive drugs
can inhibit inflammation and improve the barrier function
of the gut.7

In summary, our case illustrates that PLE may occur in pa-
tients with non-ischaemic cardiomyopathy and that it can
lead to humoral immunodeficiency and is reversible by car-
diac transplantation. PLE should not be considered a contra-
indication to heart transplantation, even in non-Fontan
adult HF patients.
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