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Background: Protein-losing enteropathy (PLE) is a serious complication of a Fontan oper-
ation and has a very high mortality rate. The purpose of this study was to
investigate the incidence, clinical manifestations, diagnostic approaches, lab-
oratory findings, therapeutic modalities and outcome of patients with PLE at
our institution.

Methods: The diagnosis of PLE was based on clinical manifestations and laboratory
studies. We reviewed medical records of patients who received a Fontan
operation at our hospital form July 1985 to October 2005.

Results: A total 101 patients underwent various modifications of the Fontan proce-
dure during this period. Nine of the 75 patients (12%) who survived 30 days
after surgery developed PLE, including 4 boys and 5 girls. The median time
interval between the Fontan operation and onset of PLE was 3.7 years (range
1.2 to 9.7 years). Laboratory examination showed low serum albumin levels
and increased fecal α-1-antitrypsin excretion. Lymphangiectasia was found
on intestinal biopsy. Six patients had cardiac catheterization after develop-
ment of PLE which demonstrated an elevated mean right atrium pressure
(22.5 6.4 mmHg, range 16 to 33 mmHg) and mean pulmonary artery pres-
sure (22.3 6.4 mmHg, range 16 to 33 mmHg). Treatment included diet
modification, albumin infusion, diuretics, inotropes, corticosteroids, heparin,
and surgery. Four patients received medical treatment only. Two of these
patients died due to sepsis and heart failure and 2 survived with partial relief
of PLE. The remaining five received surgery for PLE after medical treatment
failure. Three of them died after the operation and the two survivors were
free of PLE, but one died of ventricular tachycardia 8 years later. The overall
mortality rate was 67% (6/9).

Conclusions: The current treatment for PLE is associated with a very high mortality rate.
Further investigation is needed to determine the exact mechanism of the dis-
ease and to develop new therapeutic approaches.
(Chang Gung Med J 2006;29:505-12)
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Fontan surgery has been perceived as a revolution-
ary treatment for patients with complex congeni-

tal heart disease in whom a biventricular repair is not
possible.(1,2) However, over time, a number of post-
operative complications have emerged. Protein-los-
ing enteropathy (PLE) occurs in 4% to 13% of
patients following the Fontan procedure and the 5-
year survival after its onset is approximately 46% to
59%.(3,4)

The exact mechanism of PLE remains unknown.
Increased systemic venous pressure and subsequent
disturbance in lymphatic drainage after the Fontan
operation are likely to be involved.(5) A variety of
treatment modalities have been tried with varying
rates of success. Over the past two decades, nine
cases of PLE occurred in survivors who received the
Fontan operation at our institution. We report the
incidence, clinical manifestations, diagnostic
approaches, laboratory findings, treatment modalities
and outcomes of these patients with PLE.

METHODS

We reviewed the medical records of patients
who received the Fontan operation at Chang Gung
Memorial Hospital from June 1985 to October 2005.
The clinical data reviewed included gender, cardiac
diagnosis, age at Fontan operation, type of Fontan
modification, clinical manifestations, interval
between the Fontan operation and the onset of PLE,
follow-up period after onset of PLE, cardiac
catheterization data after onset of PLE, laboratory

and intestinal biopsy results, therapeutic modalities
and outcome.

The diagnosis of PLE was based on clinical
symptoms and laboratory studies.(3,4) The manifesta-
tions of hypoproteinemia were effusion and peripher-
al edema. Laboratory studies included serum albu-
min and total protein level, urinalysis to exclude
renal protein loss, liver function test for normal pro-
tein production, fecal α-1-antitrypsin excretion f to
confirm enteric protein loss and intestinal biopsy for
pathologic changes. Cardiac catheterization was indi-
cated in all patients with PLE to determine complete
hemodynamic status. Because of the varied
approaches to diagnosis and treatment of PLE and
refusal by the patient to undergo some of the exami-
nations, some data were not available. The numeric
data are repressed either as median or mean stan-
dard deviation with or without a range.

RESULTS

Patient characteristics
There were 101 patients who underwent various

modifications of the Fontan procedure between July
1985 and October 2005. PLE was diagnosed in nine
of 75 patients (12%) who survived 30 days after the
Fontan operation. All  nine patients experienced
some of the following clinical symptoms: puffy eye-
lids/ face, dyspnea, abdominal distension, diarrhea,
scrotal swelling and lower leg edema.

The characteristics of these 9 patients with PLE
are summarized in Table 1. The median age at

Table 1. Characteristics of 9 Patients with Protein-Losing Enteropathy

Patient Gender Cardiac anatomy
Fontan operation Time interval (year)

Age (year) Type Fen Post Fontan to PLE Post PLE follow-up

1 M SV, TGA 9.8 Kreutzer no 1.2 8.3*
2 F TA, TGA 12.3 APA no 1.3 2.8*
3 F TA, TGA 3.3 APA no 2.5 8.8*
4 M DILV, TGA 8.3 APA no 1.4 10.2
5 F DORV, ECD 7.6 APA no 3.7 4.9*
6 F SV, TGA 6.1 APA no 7.5 6.1
7 M SV, TGA 6.3 APA no 9.4 3.3*
8 M SV, TGA 4.4 TCPC no 9.7 3.8
9 F DILV, TGA 3.3 TCPC no 6.4 0.2*

Abbreviations: APA: atriopulmonary anastomosis; DILV: double-inlet left ventricle; DORV: double-outlet right ventricle; ECD: endo-
cardial cushion defect; F: female; Fen: fenestration; M: male; SV: single ventricle; TA: tricuspid atresia; TCPC: lateral tunnel total cavopul-
monary connection; TGA: transposition of great arteries.
* ended follow-up when patient died.



Chang Gung Med J Vol. 29 No. 5
September-October 2006

Wan-Shan Lin, et al
PLE after fontan operation

507

Fontan operation was 6.3 years (range 3.3 to 12.3
years). All patients had no fenestration at the atrial
level. The median time interval between the Fontan
operation and the onset of PLE was 3.7 years (range
1.2 to 9.7 years). The median duration of follow-up
after the diagnosis of PLE was 4.9 years (range 0.2
to 10.2 years). Six patients died during follow-up.

Laboratory examinations
Urinalysis and liver function tests were all nor-

mal in these nine patients. Low serum albumin and
total protein levels were noted at the time of diagno-
sis of PLE. Fecal α-1-antitrypsin excretion was
examined in 5 patients and the mean value was 60.8

27.4 mg/g lyophilized stool (normal value: < 2.9
mg/g). Four patients had biopsies of the small intes-
tine. Except for patient 5, the biopsies all demon-
strated lymphangiectasia and increased lymphoplas-
ma and neutrophilic cell infiltration in the lamina
propria. The intestinal villi were not shortened,
implying normal absorption function (Table 2).

Cardiac catheterization
The hemodynamic data  are shown in Table 2.

Catheterizations were performed after the onset of
PLE in 6 patients. The other three refused catheteri-
zation. The mean right atrial pressures and the mean
pulmonary artery pressures were significantly elevat-
ed after the Fontan operation. The mean ventricular
end-diastolic pressures were not significantly differ-

ent from that of normal.

Treatment and outcome
A high protein and low fat diet supplemented

with medium-chain triglyceride oil was introduced to
all patients. Intermittent albumin infusion and diuret-
ics were administered for symptomatic relief.
Positive inotropic agents and afterload reducing
agents were used according to the patients’ clinical
conditions. Prednisolone was given to almost all
patients after the onset of PLE. Patients 1 and 2 had
early cases and prednisolone was not recommended
for treatment at that time. The dose of prednisolone
was 0.2 to 1.5 mg/kg/day. Subcuta-neous high mole-
cular weight heparin injection, 5000 units per day,
was tried in 2 patients (patients 3 and 5). All these
medical treatment modalities showed only transient
relief of PLE (Table 3).

Four patients (patients 2, 4, 5 and 6) received
medical treatment only, with partial relief in 2 who
still experienced PLE symptoms and needed albumin
infusion intermittently. Two of the four patients died
of PLE. The other five patients (patients 1, 3, 7, 8
and 9) had medical treatment for 0.2 to 8.8 years,
which was unsuccessful, and then received one or
more of the following surgical revisions: revision for
residual hemodynamic lesions, surgical fenestration
creation or conversion of atriopulmonary anastomo-
sis (APA) to lateral tunnel total cavopulmonary con-
nection (TCPC). Three patients died after revision

Table 2.  Laboratory Examinations of 9 Patients with Protein-Losing Enteropathy

Patient
Hemodynamics after PLE (mmHg)

Alb (g/dL) TP (g/dL) α-1-AT (mg/g) Bx
RAP PAP VEDP 

1 23 22 8 2.9 4.2 - -
2 16 16 6 0.9 2.8 38.1 -
3 - - - 1.4 3.6 75.0 +
4 25 25 12 2.4 4.2 - -
5 - - - 1.8 3.4 91.4 +
6 - - - 1.9 3.3 - -
7 33 33 10 2.4 4.5 - -
8 16 16 5 2.1 3.7 80.3 +
9 22 22 5 2.2 4.6 19.3 +

Mean 22.5 5.8 22.3 5.8 7.7 2.6 2.0 0.6 3.8 0.6 60.8 27.4 

Abbreviations:  α-1-AT: fecal α-1-antitrypsin excretion (mg/g lyophilized stool); Alb: serum albumin level; Bx: intestinal biopsy; PAP:
pulmonary arterial pressure; RAP: right atrial pressure; Rp/Rs: pulmonary/systemic vascular resistance ratio; TP: serum total protein level;
VEDP: ventricular end-diastolic pressure.
+ performed; 
- not performed.
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surgery and the two survivors were free of PLE, but
one died of ventricular tachycardia 8 years later. The
overall mortality rate was 67% (6/9) (Table 3).

The catheterization examination of patient 1
showed regional narrowing at the junctional area
between the right atrium and pulmonary artery
although no pressure gradient could be demonstrat-
ed. Surgical relief of the suspected stenosis was per-
formed. It revealed a fibrotic ridge at the anastomosis
site. PLE resolved completely after the operation.
Frequent premature atrial contractions and junctional
tachycardia developed 5 years after the revision
operation. Although the patient received treatment
with anti-arrhythmic agents, he died of ventricular
tachycardia 3 years afterwards. Patient 3 refused car-
diac catheterization after the onset of PLE. Magnetic
resonance imaging showed narrowing at the junc-
tional area between the right atrium and main pul-
monary artery, and at the bifurcation area of the main
pulmonary artery. She underwent revision surgery
for possible stenosis combined with conversion of
the APA to a fenestrated lateral tunnel TCPC and
died 3 days postoperatively of multiple organ failure.
Patient 7 developed atrial flutter-fibrillation with a
rapid ventricular rate and PLE 9.4 years after an APA
type Fontan operation. There was no “focus” in the
atrial flutter-fibrillation. He was treated with amio-
darone successfully but PLE recurred 3.3 years later.
Surgical conversion of the APA to a fenestrated later-
al tunnel TCPC was unsuccessful. Patient 8 under-
went successful surgical fenestration of the non-fen-
estrated lateral tunnel TCPC about 10 months after

the onset of PLE. He was free of PLE after surgery
and did not need medication during 3 years of fol-
low-up. Patient 9 developed PLE 6.4 years after lat-
eral tunnel TCPC, and in the meantime, residual left
ventricle-to-main pulmonary artery flow and a
restrictive bulboventricular foramen were diagnosed.
Revision surgery for the residual lesions and surgical
fenestration of the nonfenestrated lateral tunnel
TCPC were unsuccessful.

DISCUSSION

Although PLE in patients with congenital heart
disease who have had a Fontan operation is life-
threatening, no long-term effective therapy for this
condition has been developed. Initial treatment
modalities for PLE include a low fat, high protein,
medium-chain triglyceride diet to reduce intestinal
lymphatic production and albumin infusion to
increase intravascular osmotic pressure, as well as
institution of diuretics, afterload reducing agents, and
positive inotropic agents to lower central venous
pressure. These modalities were associated with only
transient relief of clinical symptoms and limited suc-
cess in our patients.

Patients in this study all showed low levels of
serum albumin and total protein, which may result
from malnutrition, impaired synthesis or increased
protein loss. All patients in this series had normal
liver function tests and urinalyses, implying normal
protein synthesis and no renal protein loss. But low
serum albumin persisted in spite of intermittent albu-

Table 3. Treatments and Outcomes of 9 Patients with Protein-Losing Enteropathy

Patient Diet Alb D I P H Onset of PLE to revision Op (y) Outcomes

1 + + + + - - 0.5 Successful revision OP. Died of VT 8 years later.
2 + + + + - - - Medical treatment only. Died of sepsis.
3 + + + + + + 8.8 Died after revision, conversion and fenestration OP.
4 + + + + + - - Medical treatment only. Partial relief of PLE.
5 + + + + + + - Medical treatment only. Died of heart failure.
6 + + + + + - - Medical treatment only. Partial relief of PLE.
7 + + + + + - 3.3 Died after conversion and fenestration creation OP.
8 + + + - + - 0.8 Successful OP to create fenestration.
9 + + + - + - 0.2 Died after revision and fenestration creation OP.

Abbreviations:  Alb: albumin infusion; D: diuretics; Diet: diet manipulation; H: subcutaneous heparin injection; I: inotropes and after-
load reducing agents; OP: operation; P: oral prednisolone; VT: ventricular tachycardia; y: year.
+ used or performed;
- not used or performed.
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min infusion. Enteric protein loss was documented in
5 of our patients by measuring random fecal α-1-
antitrypsin, a quantified method which has shown
reliable and reproducible results.(6,7) Studies also
show that enteric protein loss begins before the
appearance of hypoproteinemia in patients after a
modified Fontan operation.(8,9)

Although the exact mechanism of PLE is not
known, explanations for protein loss include the
markedly increased systemic venous pressure after
the Fontan procedure and subsequent impediment in
lymphatic drainage.(5) Reports have demonstrated
resolution of clinical symptoms of PLE after fenes-
tration of the atrial septum in nonfenestrated patients,
relief of pathway obstruction of the Fontan circula-
tion and correction of hemodynamic lesions.(10-13) In
our series, reversal of PLE was noted in patient 1
after correction of pathway stenosis and in patient 8
after surgical creation of a fenestration in the nonfen-
estrated lateral tunnel TCPC.

The non-laminar venous blood flow that results
from the postsurgical anatomy, such as from an APA
or right atrium-right ventricle conduit, may cause
energy loss and may also result in low cardiac output
and development of symptoms.(14,15) Conversion of an
APA to a lateral tunnel or extracardiac TCPC results
in improvement in exercise ability and arrhythmias.
But it has shown varying effects on PLE, from no
improvement to significant amelioration.(16-19) Heart
transplantation is also a consideration for PLE, par-
ticularly if ventricular dysfunction is present.(20)

However, surgery in patients with PLE is associated
with a very high mortality rate. An international mul-
ticenter study showed a surgical mortality rate of
61.6%.(4) In our patients, five had surgery for PLE
and three of them died after the operation.

Much lower surgical mortality rates after Fontan
conversion have been reported in the literature.
Kreutzer and coworkers reported 1 death in 8
patients who received conversion to lateral tunnel
TCPC for various complications of APA.(16) More
recently, Weinstein and associates reported 2 deaths
in 10 patients and Marcelletti and colleagues demon-
strated 3 deaths in 31 patients who underwent extrac-
ardiac conversion for complications after a previous
Fontan operation.(18,19) However, only 7 of the 49
patients in these 3 series had PLE. PLE was regarded
as a serious complication in these studies and, in
Kreutzer’s study, it received the same clinical score

as patients who had class III or IV congestive heart
failure (New York Heart Association classification).
In addition, the *mean right atrial pressure of our
PLE patients was higher than those of the patients in
these 3 series. The mean (+ SD) right atrial pressures
in mmHg, were 18.3 4.6, 15.3 4.8 and 15.2 (no
SD reported) for Kreutzer’s series, Weinstein’s series
and Marcelletti’s series, respectively. But the right
atrial pressure was 23.5 5.8 in the 4 patients
(patients 1, 7, 8, and 9) who had catheterization and
revision surgery for PLE in our series. Our higher
failure rate after surgical intervention may have been
due to the unfavorable hemodynamics of our
patients, the fact that all our patients had PLE, or the
small number of patients in our study.

Atrial arrhythmias are a late complication of the
Fontan operation, especially in the APA modifica-
tion.(21,22) A junctional rhythm and loss of atrioventric-
ular synchrony can have deleterious effects on
Fontan physiology by diminishing cardiac output.
Cohen and associates reported improvement in
symptoms of PLE after atrial pacing.(23) In our patient
7, there was no “focus” in atrial flutter-fibrillation.
With amiodarone treatment, he experienced clinical
improvement but the symptoms recurred 3.3 years
afterward.

Lymphangiectasia of the intestinal tract sec-
ondary to lymphatic hypertension is noted frequently
in PLE. Dilated lacteals may leak contents such as
albumin, immunoglobulin and lymphocytes into the
intestinal lumen.(24,25) Autoimmune processes may
also contribute to the pathogenesis of PLE and dis-
eases such as systemic lupus erythematosus may pre-
sent with severe protein loss. There are reports of
responses to corticosteroids and immunosuppres-
sion.(26,27) Corticosteroid therapy for PLE after a
Fontan procedure was first reported in 1991.(24) The
mechanism of action of corticosteroids in the treat-
ment of PLE is unclear. Whether the action is
through the anti-inflammatory properties or the cel-
lular anabolic effect of steroids is unknown.(24)

Prednisolone therapy for PLE was administered to
almost all in our patients., This treatment showed
obvious effects at the beginning but these effects
declined later. To our knowledge, the causes of the
declined effect of prednisolone for PLE also have not
been reported in the literature. Further studies are
needed to investigate the possible explanations,
which might include decreasing sensitivity of tissue
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to prednisolone, or progression in the severity of
PLE.

Subcutaneous administration of heparin was
also noted to have an effect in the relief of symptoms
of PLE.(28,29) Heparin is a complex proteoglycan that
resides in mast cells and throughout the body as a
bound constituent of cell membranes and extracellu-
lar matrix proteins. It is also known as an integral
component of the basement membrane in numerous
organs of the body including the intestinal wall.(28)

The mechanism by which heparin relieves enteric
protein loss is unknown. It is possible that exogenous
heparin, given its lipophilic nature and strong ionic
charge, competes for matrix binding domains where
native proteoglycans may be inadequate to prevent
protein leakage.(28) We tried heparin therapy in two of
our patients, but it showed only a transient effect.

In conclusion, PLE is a life-threatening compli-
cation after the Fontan operation. The most frequent
symptoms are edema and effusion. Laboratory tests
to confirm and evaluate PLE include serum albumin
and total protein level, urinalysis, liver function test,
fecal α-1-antitrypsin, echocardiography and electro-
cardiography. Immediate cardiac catheterization is
required for complete hemodynamic evaluation.
Surgery for residual hemodynamic lesions or cre-
ation of a surgical fenestration should be performed
before cachexia develops. Current treatments for
PLE, both medical and surgical, are associated with a
very high mortality rate. Further investigation is
needed to elucidate the exact mechanism of PLE and
to find new therapeutic approaches.
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