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Protein-Losing Enteropathy after Fontan Procedure
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Abstract

Key words

Introduction

Objectives: We reviewed the incidence, haemodynamics, treatment strategies and outcome of patients
with protein-losing enteropathy (PLE) after Fontan procedure. M ethods: Theclinical recordsof 114 patients
who underwent Fontan-type operation between 1982 and 1999 were reviewed. The cardiac diagnoses,
haemodynamics, clinical presentation, treatment and outcome of those complicated by PLE, as defined by
clinical evidence of fluid retention, hypoalbuminaemia (<25 g/L) and enteric loss of protein, were noted.
Results: There were 15 early and five late deaths after the Fontan procedure. Three patients defaulted
follow-up. Of the remaining 91 patients, five (5.5%) developed PLE. The median age at Fontan operation
was 6.4 years (range 1.4 to 15.1). The median age at diagnosis of PLE was 10.9 years (range 6.7 to 19.2),
while the median interval between surgery and diagnosis was 4.2 years (range 3 months to 9.5 years).
Clinical presentations included oedema (100%), pleural effusion (60%), pericardial effusion (60%), and
diarrhoea (20%). Cardiac catheterization revealed an unobstructed Fontan circuit in al of the patients, a
mean (+ SD) pulmonary arterial pressure of 18+4.8 mmHg (>15 mmHg in three patients), ventricular
dysfunction in two patients, and mild prosthetic atrioventricular valve regurgitation in one. Medical treatment
with either steroid or heparin resulted in symptomatic improvement in two patients and death in one. Blade
atrial septostomy and balloon dilation of the atrial fenestration was performed in two which resulted in
normalization of the albumin level in one and death in the other. Conclusion: Protein-losing enteropathy,
though relatively uncommon after Fontan operation, is difficult to manage and is associated with morbidity
and mortality. An 'optimal’ post Fontan haemodynamic is not risk free of PLE.

Fontan procedure; Protein-losing enteropathy

this procedure has been applied to more complex cyanotic
congenital heart diseaseswith asingle functional ventricular

Since the introduction of the Fontan procedurein 1971,
performed in a 12-year-old child with tricuspid atresia,*
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chamber. The principle of the original Fontan procedure
and its subsequent modifications is to direct systemic
venous blood into the pulmonary circulation, thereby
separating the systemic from the pulmonary venous return.
The pulmonary venous return is directed to the functional
single ventricle that pumps the fully oxygenated blood into
the aorta. This proves, however, to be more of a palliative
rather than curative procedure. Mid- and long-term
complications have increasingly been recognized, which
include cardiac arrhythmia,? diastolic cardiac dysfunction,®
liver fibrosis,* coagulation factor abnormalities that
predispose to thrombosis® and protein-losing enteropathy
(PLE).%®

Among the various complications, PLE appears to be
one of the most difficult complications to manage once it
develops. Protein-losing enteropathy, occurring in 4 t013%
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of patients 0.1 to 16.4 years after Fontan procedure,57° is
thought to result mainly from chronically elevated systemic
Venous pressure causing intestinal lymphangiectasia with
consequent enteric loss of protein. Apart from dietary
manipulation and intermittent intravenous albumin infusion,
definitive treatment remains uncertain.

Fontan procedure was first performed in Hong Kong in
1982.1° A total of 114 patients with complex cyanotic
congenital heart disease has since then undergone the
operation. In this study, we reviewed the incidence,
haemodynamics, treatment strategies and outcome of our
patients who devel oped PLE after the Fontan procedure.

Methods

This was a retrospective review of all patients who
underwent the Fontan-type procedures between 1982 and
1999 in Grantham Hospital, Hong Kong. Those who
developed PLE were identified. The diagnosis of PLE was
based on the presence of fluid retention as evident clinically
(dependent oedema, effusions), hypoalbuminaemia
(<25 g/L), and enteric protein loss. Enteric protein losswas
established by technetium 99m-labeled human serum
albumin scintigraphy.*! Other causes of hypoproteinaemia
were excluded.

Theclinical records of patients who devel oped PLE were
reviewed. Their cardiac diagnosis, age at surgery and
development of PLE, clinical presentations, treatment
modalities and short-term outcome were reviewed. The
current status of the patients in terms of symptoms and
medicationswere noted. All of these patients had undergone
cardiac catheterization upon diagnosis of PLE, and the
angiographic findings and haemodynamic data were
retrieved. Their systemic ventricular function and the
presence of atrio-ventricular valve regurgitation were
evaluated by transthoracic echocardiography.

Results

Prevalence of PLE

A total of 114 patients underwent Fontan-type
procedures in this 18-year period. Of these, 15 died within
two months of surgery. There were five late deaths,
including two sudden deaths of unknown cause, two deaths
related to end-stage cardiac failure, and one infective
endocarditis. Three patients defaulted follow up. Of the
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remaining 91 patients, five were complicated by PLE,
accounting for a prevalence of 5.5%.

Clinical Data

The cardiac anatomy of the five patients with PLE
included pulmonary atresia with intact ventricular septum
that occurred in two and one each of tricuspid atresiawith
pulmonary atresia, mitral atresia with double-outlet right
ventricle, and adouble-outlet right ventricle with pulmonary
stenosis. Theclinical data are summarized in Table 1.

The median age at Fontan operation was 6.4 years (range
1.4 to 15.1). The median age at diagnosis of PLE was 10.9
years (range 6.7 to 19.2) with a median time interval
between surgery and onset of PLE 4.2 years (range 3 months
to 9.5 years). The initial clinical presentation included
peripheral oedemain all of the patients, pleural effusion
and pericardial effusion in three (60%), and diarrhoeain
one (20%).

Haemodynamic Data

All of the five patients had cardiac catheterization
performed within three months of diagnosis. None had
evidence of Fontan circuit obstruction. Their mean (£SD)
pulmonary pressure was 18+4.8 mmHg. The mean
pulmonary arterial pressure was greater than 15 mmHg
(avalue of 15 mmHg isregarded as optimum for afunctional
Fontan circuit) in three patients (patients 1, 2 and 3). Patient
3 had poor systemic ventricular function and severe atrio-
ventricular valve regurgitation, for which prosthetic valve
replacement was performed prior to development of PLE.
The other four patients had satisfactory ventricular function
with no significant atrio-ventricular valve regurgitation.
Patient 4 had atrial arrhythmiafor which he was started on
sotalol with fair control.

Treatment and Outcomes

Antifailure Treatment

All of the patients were started on diuretics (frusemide
and spironolactone) and avasodilator (captopril) to optimize
cardiac function and by reducing preload and afterload,
respectively. Four patients were al so given digoxin. Despite
these medications, significant fluid retention persisted.
Intermittent intravenous albumin infusions were required
for symptomatic relief. Two patients (patients 1 and 2) who
had an elevated pulmonary arterial pressure underwent
blade atrial septostomy. Newer and less invasive treatment
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Tablel Clinical data of the patients with protein-losing enteropathy

Patient Cardiac Age at Fontan Age at onset Interval between Clinical mean PAP

diagnosis  operation (years)  of PLE (years) operation and PLE (years)  presentation (mmHg)

1 PAIVS 49 7 2.1 ankle oedema, 18
pericardial effusion,
pleural effusion,
hepatomegaly, diarrhoea

2 PAIVS 14 10.9 9.5 ankle oedema, ascites, 20
hepatomegaly

3 DORV, MA 15.1 19.3 4.2 ankle oedema, ascites, 18
pleural effusion,
hepatomegaly

4 TA, PA 13 17.3 4.3 ankle oedema, pericardial 8
effusion, pleural effusion

5 DORYV, PS 6.4 6.7 0.3 ascites, pleural effusion, 12

pericardial effusion,
hepatomegaly, hydrocele

Abbreviations: DORV, double-outlet right ventricle; MA, mitral atresia; PA, pulmonary atresia; PAIVS, pulmonary atresia with intact ventricular
septum; PAP, pulmonary arterial pressure; PS, pulmonary stenosis; TA, tricuspid atresia

modalities including oral steroid*?* and subcutaneous
heparin'> were tried in the remaining three patients.

Blade Atrial Septostomy

Patient 1 had an elevated mean pulmonary pressure of
18 mmHg and underwent three attempts of blade atrial
septostomy with balloon dilation of the fenestration at eight
years of age (Figure 1). The atrial fenestration created in
theinitial two attempts was inadequate for decompression
of the systemic venous compartment. The third attempt
eventually resulted in satisfactory reduction of the mean
inter-atrial pressure gradient from 10 to 5 mmHg. The
albumin level increased from 15 to 28 g/dL within two
months of the procedure and became normalized on follow-
up. Apart from a mild lowering of the systemic oxygen
saturation from 95% to 89% in room air, the problem of
fluid accumulation resolved completely and the patient
enjoyed satisfactory exercise tolerance with improvement
of hisNYHA functional class status from Il to I1.

Patient 2 had similarly a high mean pulmonary arteria
pressure of 20 mmHg and a grossly dilated right atrium.
Transcatheter fenestration of the inter-atrial septum was
attempted within one month of diagnosis of PLE. The
procedure was however complicated by severe hypoxaemia
and cardiac arrhythmias. Atrial flutter followed by complete
heart block occurred immediately after the procedure and

resulted in low cardiac output and worsening of
hypoxaemia. Theterminal event was ventricular fibrillation
that was refractory to resuscitation.

Steroid

Patient 3 had a poor haemodynamic status with impaired
ventricular contractility, moderate degree of paravalvar leak
despite prosthetic valve replacement and an elevated mean
pulmonary arterial pressure of 18 mmHg. Surgical and
catheterization interventions were considered extremely
risky in view of the poor haemodynamic status. A course
of intravenous methylprednisolone (dose equivalent of
1 mg/kg/day of prednisolone) was tried without response,
but instead resulted in increasing fluid retention, low grade
Pseudomonas vesicularis peritonitis and Legionella
pneumophila pneumonia and bacteraemia, the clinical
details of which has recently been reported.’” Despite
successful antibiotic treatment of hisinfections, this patient
eventually died of refractory cardiac failure one year since
the onset of PLE.

In contrast, patient 4 who had a significantly better
haemodynamic status responded to steroid therapy.
Although he devel oped episodes of atrial tachycardia and
flutter that could only be partially controlled by sotalol,
cardiac catheterization revealed a non-obstructed Fontan
circuit, low mean pulmonary arterial pressure and
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satisfactory ventricular contractility. Oral prednisolonewas
started at a dose of 1 mg/kg/day with clinical improvement
and gradual increase in serum albumin level (Figure 2).
There were no significant complications of steroid therapy
apart from a cushingnoid appearance. The prednisolone
dose could gradually be decreased to a daily maintenance
dose of 0.3 mg/kg/day (10 mg twice daily). The albumin
level reached 39 g/L after 10 months of steroid therapy. He
suffered from aminor stroke 10 months after starting steroid
that was related probably to his atrial arrhythmia, but with
almost complete recovery.

Heparin

Patient 5 underwent Fontan operation in Mainland China.
He developed PLE at three months post operation and
responded to a short course of oral steroid. He presented to
us at four years after the operation with bilateral ankle
oedema, pericardial effusion and pleural effusion. Cardiac
catheterization in Hong Kong revealed a mean pulmonary
arterial pressure of 12 mmHg, an unobstructed Fontan
circuit, satisfactory ventricular contractility and absence of
significant atrioventricular valve regurgitation. Asthe patient
wasworried by the side effects of steroid, daily subcutaneous

PLE Post Fontan Procedure

injection of high molecular weight heparin at a dose of 5000
units/m? was tried (Figure 3). The initial encouraging
response was, however, transient. Oral prednisolone was
eventually restarted after atrial of heparin for nine weeks.
Hisabumin level increased to 30 g/L 10 months later while
maintained on 0.4 mg/kg/day of prednisolone.

Discussion

It isobvious even from this small case seriesthat protein-
losing enteropathy, though relatively uncommon after
Fontan operation, is difficult to manage and is associated
with morbidity and mortality. The five-year survival after
the diagnosis of PLE has been reported to be 46%.”
Furthermore, an optimum post Fontan haemodynamic
status, in terms of alow pulmonary arterial pressure (mean
15 mmHg), a patent Fontan circuit, satisfactory systemic
ventricular contraction and absence of significant atrio-
ventricular valve regurgitation, is not risk free of PLE.

The small number of patients with PLE in this cohort of
post Fontan patients limits detail analysis of potential risk
factors predisposing to devel opment of PLE and assessment
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Figure3 Transient effect of subcutaneous high-molecular weight heparin on serum albumin level.
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of the efficacy of various treatment modalities. We have
therefore not attempted to compare the anatomic variables
or haemodynamic data of patients with PLE to those
without. It is expected that an increasing number of our
patients would potentially develop this complication asthe
incidence exceeds 10% in a number of series®’” and
furthermore, the risk of its development increases over time.”
Driscoll et al reported a 7-10% incidence of hypo-
proteinaemiain 352 survivors of Fontan procedure,® while
Feldt et a estimated that the chance of PLE devel opment
among 30-day survivors was 13.4% by 10 years of follow-
up.” Thisreview of our initial experience, albeit limited,
should hopefully provide us with some insight in the
management strategies for subsequent patients.

Understanding of the underlying pathophysiology is
crucial for effective treatment. Protein-losing enteropathy
is thought to result mainly from chronically elevated
systemic venous pressure that occurs after Fontan procedure
and causes intestinal lymphangiectasia with consequent
enteric loss of protein.”® Nevertheless, an acceptable
systemic venous pressure of 15 mmHg could still be
associated with PLE, asillustrated in this and other reports.®*?
Furthermore, the clinical responses to steroid*>4 and
heparin>!® do suggest alternative underlying mechanisms
as abnormal intestinal inflammatory reaction or disturbed
intestinal glycosaminoglycans production that remain to
be unvelled. A definitive treatment is hence unavailable and
standard dietary manipulations and intermittent albumin
infusions appear to be of limited use.

For patients with an elevated systemic venous pressure,
thefirst logical step would probably be optimization of the
Fontan circuit by eliminating distal pulmonary arterial
obstruction, either by balloon angioplasty or stent
implantation. Decompression of systemic venous system
by either surgical®® or transcatheter creation of an atrial
fenestration® may reduce systemic venous pressure and
amelioration of PLE symptoms, although at the expense of
aright-to-left intracardiac shunt, resulting in systemic
arterial oxygen desaturation and increased risk of systemic
thromboembolism.® Furthermore, puncture of theinteratrial
septum is not without risk and that repeated transcatheter
interventions might be required as illustrated in two of
our patients. Likewise, the risk of surgery is high with a
reported mortality of 62 to 75%,* attributed in part to
prolonged duration of cardiac failure and the catabolic
state. It is noteworthy, however, that an adequate atrial
fenestration does not guarantee complete resolution of
PLE.®

In the absence of systemic venous hypertension,
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corticosteroids have been used with success.”%121419 |_ong
term benefits with complete remission had been achieved
in 12 of the 32 reported patients, partial benefitin 11 and no
benefit in nine. The mechanism of action, as alluded to
earlier, remains unclear. It has been postulated that steroid
may stabilizeintestinal capillary and lymphatic membranes
through its anti-inflammatory effect.® The potential benefit
of steroid, however, must be weighed against its side effects.
Secondary to theimpairment of lymphatic drainagein PLE,
lymphocytes and immunoglobulins|esked into the intestinal
lumen.'220 Muller et al further demonstrated that the
lymphocyte population predominantly reduced in PLE was
that of CD3* and CD4*.2* Hence, quantitative impairment
of both humoral and cell-mediated immunity is present in
this group of patients. Institution of steroid may further
predispose the patients to infections as illustrated in
patient 3.1 Although the use of steroid therapy in protein-
losing enteropathy seems promising, thistreatment modality
should be used sparingly and with caution. Furthermore,
the effectiveness of steroid in the presence high systemic
Venous pressure remains to be determined.

The recent reports of success of subcutaneous high-
mol ecul ar-weight heparin therapy were limited to a small
number of patients, with response shown after three weeks
to six months of treatment.’>!¢ Our patient, however, did
not show alasting response to heparin despite nine weeks
of treatment. The exact mechanism is similarly unclear.
Heparin sulfate, which is a component of basement
membranes, might become incorporated into endothelial
cells to stabilize the capillary endothelium and reduce
protein leak into the extravascular space and gut. Thefailure
rate of thistreatment modality is still unknown and the total
duration of treatment in those who respond remains to be
determined.

Undoubtedly, further studies are warranted to unveil
alternative mechanisms, apart from chronic venous
congestion, leading to PLE in post Fontan patient for
targeted treatment modalities. It remains to be determined
whether newer surgical modifications of the Fontan circuit
that aim to improve systemic venous flow dynamicswould
reduce the prevalence of PLE.

References

1. Fontan F, Baudet E. Surgical repair of tricuspid atresia. Thorax
1971;26:240-8.

2. Chen SC, Nouri S, Pennington DG. Dysrhythmias after the
modified Fontan procedure. Pediatr Cardiol 1998;9:215-9.

3. Cheung YF, Penny DJ, Redington AN. Serial assessment of left
ventricular diastolic function after Fontan operation. Heart 2000;



91

10.

11.

12.

13.

83:420-4.

Lemmer JH, Coran AG, Behrendt DM, Heidelberger KR, Stern
AM. Liver fibrosis (cardiac cirrhosis) five years after modified
Fontan operation for tricuspid atresia. J Thorac Cardiovasc Surg
1983;86:757-60.

Cromme-DijkuisAH, Henkens CM, Bijleveld CM, Hillege HL,
Bom VJ, van der Meer J. Coagulation factor abnormalities as
possible thrombotic risk factors after Fontan procedure. Lancet
1990;336:1087-90.

Driscoll DJ, Offord KP, Feldt RH, Schaff HV, Puga FJ, Danielson
GK. Five- to fifteen-year follow up after Fontan operation.
Circulation 1992;85:469-96.

Feldt RH, Driscoll DJ, Offord KP, et al. Protein-losing
enteropathy after the Fontan operation. J Thorac Cardiovasc Surg
1996;112:672-80.

Hess J, Kruizinga K, Bijleveld CM, Hardjowijono R, Eygelaar
A. Protein-losing enteropathy after Fontan operation. J Thorac
Cardiovasc Surg 1984;88:606-9.

Mertens L, Halger DJ, Sauer U, Somerville J, Gewillig M.
Protein-losing enteropathy after the Fontan operation: an
international multicenter study. PLE Study Group. J Thorac
Cardiovasc Surg 1998;115:1063-73.

Lee WT, Mok CK, Chiu SW, Cheung DLC, Leung MP. The
Hong Kong experience of the modified Fontan procedure. HK J
Paediatr 1994;11:26-32.

Chan FK, Sung JJ, MaKM, Leung YL, Yeung VT. Protein-losing
enteropathy in congestive heart failure: diagnosis by means of a
simple method. Hepato-gastroenterol 1999;46:1816-8.

Rychik J, Piccoli DA, Barber G. Usefulness of corticosteroid
therapy for protein-losing enteropathy after the Fontan procedure.
Am J Cardiol 1991;68:819-21.

Rothman A, Snyder J. Protein-losing enteropathy following the

14.

15.

16.

17.

18.

10.

20.

21.

PLE Post Fontan Procedure

Fontan operation: resolution with prednisone therapy. Am Heart
J1991;121:618-9.

Zellers TM, Brown K. Protein-losing enteropathy after the
modified Fontan operation: oral prednisone treatment with biopsy
and laboratory proved improvement. Pediatr Cardiol 1996;17:
115-7.

Kelly AM, Feldt RH, Discoll DJ, Danielson GK. Use of heparin
in the treatment of protein-losing enteropathy after Fontan
operation for complex congenita heart disease. Mayo Clin Proc
1998;73:777-9.

Donnelly JP, Rosenthal A, Castle VP, Holmes RD. Reversal of
protein-losing enteropathy with heparin therapy in three patients
with univentricular hearts and Fontan palliation. J Paediatr 1997,
130:474-8.

Cheung YF, Leung MP, Yuen KY. Legionella pneumonia and
bacteraemiain association with protein-losing enteropathy after
Fontan operation. J Infect 2001;42:206-7.

Rychik J, Rome JJ, Jacobs ML. Late surgical fenestration for
complications after the Fontan operation. Circulation 1997;96:
33-6.

Therrien J, Webb GD, Gatzolius MA. Reversal of protein losing
enteropathy with prednisone in adults with modified Fontan
operations: long term palliation or bridge to cardiac
transplantation? Heart 1999;82:241-3.

Mulberg AE, Piccoli DA, Murphy JD, Norwood WI. Severe
enteric protein loss causes hypoproteinemia and
hypogammaglobulinemia following the modified Fontan
procedure (abstr). Circulation 1989;10:11:11-489.

Muller C, Wolf H, Gottlicher J, Zielinski CC, Eibl MM. Cellular
immunodeficiency in protein-losing enteropath. Predominant
reduction of CD3+ and CD4+ lymphocytes. Dig Dis Sci 1991;
36:116-22.



