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Introduction

Neurofibromatosis type 1 (von Recklinghausen disease)
is a genetic disorder with an incidence of approximately 1
in 4,000 live births. It is characterized by cutaneous neu-
rofibromas and café-au-lait spots. Other clinical manifes-
tations include abnormalities of the cardiovascular, gas-
trointestinal, renal, and endocrine systems, and
malignancies of the peripheral and central nervous sys-
tem.! Neurofibromatosis type 1 is associated with diffuse
lung disease.? Pulmonary hypertension associated with neu-
rofibromatosis was included in the recently revised clas-
sification of pulmonary hypertension (Table 1) in the group
with unclear and/or multifactorial mechanisms,3# because
this association is very rare and very few data have been
published.
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Case Report

A 30-year-old female was admitted to the cardiac in-
tensive care unit because of severe dyspnea, progressive
heart failure, and arrhythmia. Neurofibromatosis type 1
was diagnosed from her skin lesions in childhood. Glioma
of the optic nerve was diagnosed at the age of 5 years.
Unfortunately, glioma surgery was unsuccessful: the tu-
mor was not removed and she went blind in one eye.
Cardiac symptoms such as fatigue, palpitations, syncope,
and dyspnea began at the age of 27, after her first preg-
nancy and delivery, and progressed gradually. She was in
World Health Organization functional class 4: breathless-
ness, tachypnea (= 32 breaths/min), and tachycardia dur-
ing the mildest physical exertion and at rest, even with
permanent oxygen therapy. She had low blood pressure
(90/60-100/70 mm Hg) and paroxysms of supraventricu-
lar tachycardia. She also had café-au-lait spots and cuta-
neous neurofibroma (Fig. 1). Her lung sounds were nor-
mal, but she had an accentuated second heart sound in the
second left intercostal space and systolic tricuspid insuf-
ficiency murmur. Electrocardiogram revealed right atrial
and ventricular hypertrophy. Radiograph showed a slightly
enlarged pulmonary artery and right heart chambers, and a
more prominent pulmonary vascularity. Echocardiography
revealed dilatation of the right ventricle diastolic diameter
(2.3 cm), right atrium (5.0 X 4.6 cm), and pulmonary
artery (trunk diameter 3.5-4.1 cm); left-shift of the inter-
ventricular and intra-atrial septa; pericardial effusion; mod-
erate right ventricular dysfunction (ejection fraction ap-
proximately 20%, tricuspid annular plane systolic excursion
—1.2 cm); moderate (grade II) tricuspid insufficiency; and
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Table 1.  Updated Clinical Classification of Pulmonary Hypertension

1. Pulmonary arterial hypertension
1.1. Idiopathic
1.2. Heritable
1.2.1. Bone morphogenetic protein receptor, type 2

1.2.2. Activin receptor-like kinase, type 1, endoglin (with or without hereditary hemorrhagic telangiectasia)

1.2.3. Unknown
1.3. Drug or toxin induced
1.4. Associated with
1.4.1. Connective tissue diseases
1.4.2. Human immunodeficiency virus infection
1.4.3. Portal hypertension
1.4.4. Congenital heart disease
1.4.5. Schistosomiasis
1.4.6. Chronic hemolytic anemia
1.5. Persistent pulmonary hypertension of the newborn

1". Pulmonary veno-occlusive disease and/or pulmonary capillary hemangiomatosis

2. Pulmonary hypertension due to left-heart disease
2.1. Systolic dysfunction
2.2. Diastolic dysfunction
2.3. Valvular disease
3. Pulmonary hypertension due to lung diseases and/or hypoxia
3.1. Chronic obstructive pulmonary disease
3.2. Interstitial lung disease

3.3. Other pulmonary diseases with mixed restrictive and obstructive pattern

3.4. Sleep-disordered breathing
3.5. Alveolar hypoventilation disorders
3.6. Chronic exposure to high altitude
3.7. Developmental abnormalities
4. Chronic thromboembolic pulmonary hypertension

5. Pulmonary hypertension with unclear and/or multifactorial mechanisms
5.1. Hematological disorders: myeloproliferative disorders, splenectomy.

5.2. Systemic disorders: sarcoidosis, pulmonary Langerhans-cell histiocytosis, lymphangioleiomyomatosis, neurofibromatosis, vasculitis
5.3. Metabolic disorders: glycogen storage disease, Gaucher disease, thyroid disorders
5.4. Others: tumoral obstruction, fibrosing mediastinitis, chronic renal failure on dialysis

(Adapted from References 3 and 4.)

severe pulmonary hypertension (grade III, 85 mm Hg sys-
tolic pressure difference between right ventricle and right
atrium, and systolic pulmonary artery pressure was equal
to systemic pressure at 100 mm Hg). She had slight com-
pression of the left ventricle, caused by displacement of
the intraventricular septum (left-ventricle diastolic diame-
ter 3.9 cm, left-ventricle systolic diameter 2.2 cm), and
normal left-ventricle systolic function (ejection fraction
60%). Cardiac magnetic resonance imaging showed a right-
ventricular ejection fraction of 20% and good left-ventric-
ular function. Left-heart pathology and congenital heart
diseases were excluded. Respiratory function tests revealed
decreased diffusing capacity of the lung for carbon mon-
oxide (8.9 mmol/kPa/min, 55% of predicted); normal lung
volume (total lung capacity 4.8 L, 99% of predicted); and
no signs of pulmonary obstruction (FVC 3.4 L, 115% of
predicted, FEV, 2.97 L, 111% of predicted). High-resolu-

RESPIRATORY CARE ®* NOVEMBER 2011 VoL 56 No 11

tion computed tomogram (CT) and contrast-enhanced CT
angiography showed a mosaic perfusion pattern of lung
attenuation and no evidence of pulmonary disease or pul-
monary embolism (Fig. 2). She had a family history of
neurofibromatosis type 1, but no family history of pulmo-
nary hypertension. Her mother and 2 sisters had neurofi-
bromatosis type 1 without pulmonary involvement. She
had no history of sleep apnea, appetite suppressants, drug
use, or toxin ingestion. We excluded antiphospholipid syn-
drome, collagen, thyroid, blood, and liver diseases via se-
rology testing and ultrasound. She had a consultation with
a geneticist. Unfortunately, genetic testing for neurofibro-
matosis type 1 and pulmonary hypertension/bone morpho-
genetic protein receptor 2 and others were not available.
Human immunodeficiency virus testing was not performed.
She underwent investigations with a neurologist and a neu-
rosurgeon; cranial CT excluded syncope due to epilepsy.

1845



PuLMONARY HYPERTENSION: A FATAL COMPLICATION OF NEUROFIBROMATOSIS TYPE 1

Fig. 1. Café-au-lait skin lesions and cutaneous neurofibromas on
the chest, abdomen, and hand.

Fig. 2. Contrast-enhanced computed tomogram shows ground-
glass appearance and mosaic perfusion pattern of lung attenua-
tion.

There were no indications for tumor surgery. Cardiac cath-
eterization confirmed the diagnosis of pulmonary arterial
hypertension. She had elevated mean pulmonary artery
pressure (49 mm Hg, 79/32 mm Hg), normal pulmonary
capillary wedge pressure (10 mm Hg), and high pulmo-
nary vascular resistance (15 Wood units or 1,200 dyn/s/
cm). Her cardiac index was low (2.49 L/min/m?). Acute
vasoreactivity test with adenosine was negative. Her he-
modynamics stabilized with inotropes, oxygen therapy, di-
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uretics, and digoxin. Anticoagulation was initiated with
heparin, and after invasive investigations warfarin was pre-
scribed. Combination sildenafil plus bosentan was started.
Amiodarone was prescribed to control arrhythmia. Her
condition (no dyspnea at rest) and functional capacity im-
proved gradually (6-min-walk distance 300 m, maximum
oxygen consumption 14.6 mL/kg/min). She was discharged
from the hospital in World Health Organization functional
class 3.

After 3 months she had a recurrence of syncope and was
readmitted to our hospital. Cardiac investigation results
were similar to those of the previous admission. The 6-min-
walk distance was slightly improved (310 m). A 24-hour
electrocardiogram Holter examination excluded arrhyth-
mia as the cause of syncope. Her plasma brain natriuretic
peptide remained elevated (383 ng/L). She was referred to
the transplantation team. The high incidence of different
malignant formations, especially after immunosuppressive
therapy, in patients with neurofibromatosis type 1 and gli-
oma was taken into account and considered a contraindi-
cation for lung and heart or lung complex transplantation.
Pharmaceutical management of the pulmonary arterial hy-
pertension was continued, but she had additional syncope
episodes, dyspnea progressed, and she died. Her relatives
refused an autopsy.

Discussion

Pulmonary arterial hypertension is a very rare compli-
cation of neurofibromatosis. We know of only 7 reports,
which describe 12 patients.>!' The pathological mecha-
nism of pulmonary arterial hypertension in neurofibroma-
tosis remains unclear, but it is hypothesized that it devel-
ops secondary to underlying vasculopathy,®7--!! which is
an uncommon but well recognized complication of neu-
rofibromatosis type 1.!:12 In our patient (as in 9 of the 12
published cases) we can only make suggestions, referring
to the clinical data. Our patient had a mosaic pattern of
lung attenuation on CT (see Fig. 2), similar to that in other
patients.'! This finding could be consistent with vascu-
lopathy. Pulmonary plexiform lesions,!' extensive irregu-
lar thickening of the intima of the pulmonary arteries by
fibrous tissue,® and medial and/or intimal hypertrophy and
fibrosis of the pulmonary arteries and veins® were found
on histology. These findings confirm that vasculopathy is
an important component, but the pathological mechanism
could be more complex, as in pulmonary arterial hyper-
tension associated with connective-tissue disease.

The current hemodynamic definition of pulmonary ar-
terial hypertension is a mean pulmonary artery pressure
> 25 mm Hg, a pulmonary capillary wedge pressure
= 15 mm Hg, and a pulmonary vascular resistance
> 3 Wood units or 240 dyn/s/cm.'3 Our patient and all the
previously published cases met those criteria. Recent Eu-
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ropean guidelines for pulmonary hypertension,* with ref-
erence to updated clinical classification of pulmonary hy-
pertension by Simmenneau and coauthors,?> however, did
not include this pathology in the pulmonary-arterial-hy-
pertension group. Pulmonary hypertension associated with
neurofibromatosis was included (see Table 1) in the group
with unclear and/or multifactorial mechanisms. Lung fi-
brosis and chronic thromboembolic pulmonary hyperten-
sion are thought to play a role.? This leads to confusion
about diagnosis (pulmonary arterial hypertension as a sep-
arate disease versus complication of neurofibromatosis
type 1) and treatment (indications for specific pulmonary
arterial hypertension therapy). The malignant clinical
course and poor prognosis for the combination of gener-
ally benign neurofibromatosis type 1 and pulmonary hy-
pertension is similar to other disorders associated with
pulmonary arterial hypertension. Despite the rarity of this
pathology and the paucity of data, it seems that pulmonary
arterial hypertension develops secondary to underlying
neurofibromatosis type 1 and should be managed as
associated pulmonary arterial hypertension. The associa-
tion of neurofibromatosis type 1 and pulmonary hyperten-
sion is real and should be acknowledged by international
societies.

Specific pulmonary vasodilators approved for pulmo-
nary arterial hypertension treatment improve the clinical
condition and pulmonary hemodynamics of patients with
neurofibromatosis type 1 and pulmonary hypertension.
Most such patients have been treated with epoprostenol.
Bosentan and sildenafil were also effective. Two patients
were treated with calcium-channel blockers. Interestingly,
one of them, a 70-year-old male with moderate pulmonary
arterial hypertension (mean pulmonary artery pressure
50 mm Hg, pulmonary vascular resistance 570 dyn/s/cm),
survived for 6 years.!"" These patients seems to have a
similar heterogeneous response to vasoreactivity testing:
the positive responders have a better prognosis, the same
as patients with idiopathic pulmonary arterial hyperten-
sion. Indeed, despite the treatment, 7 of 8 patients (includ-
ing our patient) died within 1-6 years. Pulmonary endar-
terectomy was performed only on the surviving patient®
and partially improved that patient’s pulmonary hyperten-
sion, though no evidence of thrombi was found during
surgery. The value of pulmonary endarterectomy in pa-
tients without pulmonary thromboembolism remains un-
clear. Follow-up data from the other 5 patients>7-%10 was
not published.

The last step in the management of patients with ad-
vanced pulmonary arterial hypertension is lung transplan-
tation. About 20% of the patients with neurofibromatosis
type 1 had central-nervous-system tumors.'* A dual diag-
nosis of neurofibromatosis type 1 and optic glioma is the
critical factor for central-nervous-system tumor develop-
ment,'> so this treatment modality was contraindicated for
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our patient and hardly possible for other patients with such
pathology. Neurofibromatosis type 1 on its own is not a
contraindication for transplantation, and successful lung
transplantations in patients with neurofibromatosis type 1
have been reported.'® However, transplant clinicians should
carefully weigh the potential risk of cancer in deciding
candidacy for transplantation, because there is a high in-
cidence of malignant formations with immunosuppressive
therapy in neurofibromatosis type 1.1°

Early recognition of pulmonary arterial hypertension is
very important for patient survival.*!3 However, routine
echocardiography or pulmonary function testing screening
of neurofibromatosis type 1 patients is not recommended
because of the very low incidence of pulmonary arterial
hypertension or diffuse lung diseases (5.5%).? Investiga-
tions for pulmonary hypertension should be performed im-
mediately if a patient with neurofibromatosis type 1 de-
velops signs or symptoms that suggest pulmonary
hypertension, such as dyspnea, syncope, fatigue.
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