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Background Plastic bronchitis (PB) and protein-losing enteropathy (PLE) are devastating complications after Fontan palliation
that lead to uncontrolled loss of protein-rich lymphatic fluid into extra lymphatic compartments. Decompression
of the thoracic duct is a new treatment option that effectively restores lymphatic system integrity by redirecting
lymphatic flow into the low-pressure levels of the common atrium.

...................................................................................................................................................................................................
Case summary We report a patient with severe failing Fontan circulation where surgical thoracic duct decompression leads to

resolution of PLE and PB symptoms but worsening hypoxaemia that could be managed with banding of internal
jugular vein.

...................................................................................................................................................................................................
Discussion Thoracic duct decompression in patients with failing Fontan circulation can be a simple and effective treatment for

PLE and PB. Hypoxaemia may occur but can be managed with banding of internal jugular vein.
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Learning points

• Thoracic duct decompression in severe failing Fontan circulation can be a highly effective simple and save treatment option for protein-
losing enteropathy and plastic bronchitis.

• Profound cyanosis may develop after thoracic duct decompression but can be managed with banding of the internal jugular vein.
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Introduction

Plastic bronchitis (PB) and protein-losing enteropathy (PLE) in single
ventricle type congenital heart disease are devastating complications
after surgical palliation. Pathophysiologic processes are still poorly
understood. An increased central venous pressure, a hallmark of
Fontan haemodynamic, seems to be the critical feature. As a conse-
quence, lymph overproduction and congestion give rise to the forma-
tion of lymphatic fistulas and loss of protein-rich lymphatic fluid into
extra lymphatic compartments.1,2

Current therapeutic strategies focus on interventional closure of
such fistulas without considering and changing underlying pathophy-
siologic mechanism.3–5

A new approach, the decompression of the thoracic duct by creat-
ing a surgical anastomosis between the innominate vein and the atrial
appendage overcomes this limitation as lymphatic flow is redirected
into the low-pressure common atrium.6–8 However, as a conse-
quence of creation of an iatrogenic right to left shunt profound cyan-
osis can be a challenge. We report a case where thoracic duct
decompression in a patient with failing Fontan circulation almost nor-
malized protein levels but lead to profound hypoxaemia that could
be managed with banding of internal jugular vein.

Timeline

Case presentation

A boy with a history of hypoplastic left heart syndrome who under-
went the Norwood-, Glenn-, and an extracardiac fenestrated
Fontan-operation at our facility presented at the age of 6 years with
signs of PLE. Fenestration had been closed 3 years before after a
trial occlusion demonstrated no reduction in cardiac output and no
elevation of central venous pressure. He had hypoproteinaemia
(total protein 3.6 mg/dL), hypogammaglobulinaemia (immunoglobulin
G 86 mg/dL), leucopoenia (1.6 G/L), and elevated random stool a-1-
antitrypsin level. During workup cytomegalovirus enterocolitis was
diagnosed and hypoproteinaemia resolved after treatment with
ganciclovir.

However, 1 year later hypoproteinaemia recurred and initial
treatment with budesonide transiently increased protein levels
but had to be removed due to side effects. When the patient was
admitted to our hospital with dyspnoea, hypoxaemia, and cough-
ing at the age of 8 years, bronchoscopy was initiated and large
branching casts were removed from both sides of the lung indi-
cating PB. Cardiac catheterization at that time showed a mean
central venous pressure of 12 mmHg and no evidence of obstruc-
tion to pulmonary artery flow or pulmonary vein stenosis and a
mildly reduced right ventricular systolic function.
Aortopulmonary collaterals were excluded (Figure 1). Re-
opening of the fenestration was considered at that time, but
abandoned because parents disapproved the procedure and
there was no obvious obstruction of pulmonary flow nor ele-
vated central venous pressures. Lymphatic imaging via the lymph
nodes demonstrated extensive lymph malformations that could
not be treated with lymphatic intervention (Figure 2).

Because of the severity of both conditions the patient was listed
for cardiac transplantation. As bridging to transplant he underwent
thoracic duct decompression as previously described by Hra�ska6

(Figure 3).
Procedure: A median sternotomy was performed. Right atrium,

Fontan-tunnel, aortopulmonary truncus as well as the superior vena
cava and the innominate vein were dissected. The innominate vein
was mobilized up to the left venous angle, the left jugular vein and the
left subclavian vein were dissected exclusively on the anterior surface.
All residual venous branches which could be reached and were not
ligated during Glenn-procedure were eliminated. Then, the right
atrial appendage was mobilized. ECMO was used for venous drain-
age, the innominate vein and the aorta were cannulated. The innom-
inate vein was crossclamped and transected at the junction with the
right jugular vein. The proximal stump was oversewn. The apex of
the right atrial appendage was clamped and incised. Muscle bundles
and trabecula were resected and an end-end anastomosis with the in-
nominate vein was performed.

Surgery had immediate and dramatic effects on hypoproteinaemia
(Figure 4).

Total protein levels increased from 34 mg/dL preoperatively up to
68 mg/dL on the 8 post-operative day and normalized (72 mg/dL)
during follow-up.

However, arterial oxygen saturation measured by pulse oximetry
dropped after the operation from 92–96% to 76–80% (Figure 3).
During the next 3 months the parents reported frequent saturations
below 75% (home-measurement) and the patient complained of

...................................................................................................
Age Events

Past medical history: hypoplastic left heart syndrome, Norwood-OP

(7days), Glenn-OP (3 months), extracardiac fenestrated Fontan-OP

(3 years), closure of fenestration (3.5 years)

6 years Diagnosis of protein-losing enteropathy (PLE) (total pro-

tein 3.6 mg/dL), IgG 86 mg/dL, leucopoenia (1.6 G/L),

elevated random stool a-1 antitrypsin level

Diagnosis of cytomegalovirus enterocolitis, treatment

with ganciclovir improved hypoproteinaemia

7 years Recurrence of PLE (hypoproteinaemia)

Initial treatment with budesonide transiently increased

protein levels but had to be removed due to side effects

8 years Diagnosis of plastic bronchitis (PB) (dyspnoea,

hypoxaemia, and coughing, removal of large

branching casts during bronchoscopy)

8 years

1 month

Lymphatic imaging via the lymph nodes/patient was

listed for heart transplantation

8 years

7 months

Thoracic duct decompression

Protein levels increased from 34 mg/dL preoperatively

up to 72 mg/dL during follow-up but oxygen saturation

dropped after the operation from 92–96% to 76–80%

8 years

11 months

Banding of internal jugular vein

After banding peripheral oxygen saturation (SpO2) was on

average 85% in room air. Protein levels did not decrease

Follow-up

6 months

after banding

No signs of PLE or PB. Fatigue improved. SpO2: 82%,

total protein 70.4 mg/dL

2 C. Bauer et al.
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waxing fatigue. To improve hypoxaemia decision was made to de-
crease right to left shunt by banding the internal jugular vein.

Procedure: The patient was placed in a supine position, the head
slightly extended and turned to the right. The incision was per-
formed along the anterior border of the sternocleidomastoid
muscle, which was then retracted laterally. The vessels of the ca-
rotid triangle were exposed and the internal jugular vein was dis-
sected free, especially in proximal direction. A banding, made of a
7 mm polytetrafluoroethylene prosthesis, was placed around the
vein. The banding was than tightened until saturation increased just
below 90% (Figure 5).

After banding the peripheral oxygen saturation was on average
85% in room air. Protein levels did not decrease and fatigue

Figure 2 Dynamic contrast magnetic resonance lymphangiog-
raphy in a patient with severe failing Fontan circulation. Note the
tortuous and dilated thoracic duct.

Figure 3 Creation of a surgical anastomosis between the innom-
inate vein and the right atrial appendage.

Figure 4 Total protein and oxygen saturation profile after thor-
acic duct decompression and jugular vein banding in a patient with
severe failing Fontan circulation. JVB: jugular vein banding; TDD:
thoracic duct decompression.

Figure 1 Fluoroscopy of the Fontan pathway demonstrating
unobstructed pulmonary flow.

Thoracic duct decompression and jugular vein banding 3
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improved. Since thoracic duct decompression the patient had no fur-
ther signs of PLE nor did he expectorate any casts and cardiac trans-
plantation could be abandoned.

Discussion

Decompression of the thoracic duct either by creating a surgical
anastomosis or by a transcatheter approach has previously been
reported to be an effective treatment of severe lymphatic failure in a
small number of patients. It is based on the concept of diverting blood
from the innominate vein to the lower pressure systemic atrium and
thereby reversing the deleteriously effects of venous congestion on
lymphatic system integrity.6–8

Unlike selective lymphatic embolization of abnormal lymphatic fis-
tulas, it modifies the pathophysiologic impetus and hence may have
the potential to initiate long-standing improvement. In our patient
symptoms and laboratory values improved dramatically so that he
could be taken off transplant list.

Profound hypoxaemia as a consequence of a new right to left
shunt was a severe accompanying effect with a negative impact on
quality of life. Banding of jugular vein allowed us to adjust venous flow
and to achieve satisfactory oxygen saturation. The procedure itself
was simple and safe. It had no effect on total protein levels and

symptomatic and laboratory improvement persisted 6 months after
the procedure.
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