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ABSTRACT: Multiple pulmonary arteriovenous malformations (PAVM) constitute
an uncommon cause of respiratory disability. They may lead to severe hypoxaemia via
right-to-left shunts and are sources of substantial mortality and morbidity. Conser-
vative surgical resection has been proposed as the treatment of choice. More recently,
percutaneous balloon or coil embolization of the feeding vessels offered an efficacious
and safe alternative therapy for patients whose fistulas are too numerous to excise.

This study reports an unusual case of respiratory disability in a patient with mul-
tiple and microscopic pulmonary arteriovenous malformations who failed to respond
to embolotherapy and who received a double lung transplantation with good initial
outcome.
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Direct communication between pulmonary arteries and
veins via tortuous vascular spaces (pulmonary arteriove-
nous malformations; PAVM) is an uncommon disease. The
arteriovenous malformations may be limited to the pul-
monary circulation, or not as in the hereditary haemor-
rhagic telangiectasia, also known as Rendu-Osler-Weber
syndrome occuring in 60% of cases [1]. Several mucosae
and organs can be affected, even if an unequal distri-
bution is the rule, causing occasional bleeding (epistaxis,
haemoptysis, hemothorax, gastrointestinal hemorrhages)
or neurological complications (embolism, brain abscess
formation from septic embolism, haemorrhages). Solitary
or multiple fistulae may result in significant right-to-left
shunt, and lead to clinical symptoms such as dyspnoea on
exertion, central cyanosis, clubbing and polycythemia.
The aetiology and natural history of the disease are still
poorly understood although a genetic origin (autosomal
dominant pattern of transmission) has been established
for the Rendu-Osler-Weber syndrome [2]. Therapy for
PAVM was surgical until the advent of transcatheter em-
bolization which now appears to be the method of choice
in the centres experienced with this technique [3].

This study reports the case of a patient who presented
with multiple bilateral pulmonary arteriovenous malforma-
tions leading to severe hypoxaemia, in whom multiple
attempts of catheter embolization failed, who finally under-
went a successful double lung transplantation.

Case report

A 27-yr-old male was referred to the authors' institution
for evaluation for lung transplantation because of end-stage
lung disease secondary to multiple PAVM.

Diffuse PAVM had been diagnosed at the age of 25 yrs
based on clinical and radiological findings. At the time of
initial presentation, the patient complained of breathless-
ness on exertion, palpitations, vague anterior chest pain
and migraine headaches. There was neither a history of
epistaxis, lower respiratory tract infection nor neurologic
complications. There were no signs or symptoms to sug-
gest extrapulmonary arteriovenous fistula. The skin and
mucosa showed no telangiectasia, and a family history of
telangiectasia was not present, although a 35-yr-old aunt
died from cerebrovascular bleeding. Forced vital capacity
(FVC) was 80% of predicted, and pulmonary diffusing
capacity for carbon monoxide was reduced by 30%. The
baseline arterial oxygen tension (Pa,O2) while breathing
room air was 5.4 kPa. After breathing 100% oxygen for 20
min, right-to left shunting was estimated at >23% of car-
diac output.

Opacities of uniform density, associated with linear sha-
dows in the lower zones of both lungs were seen on pos-
tero-anterior chest radiographs (fig. 1). Contrast-enhanced
spiral computed tomography (CT) confirmed the exis-
tence of multiple vascular opacities, located in both lower
lobes, and showed feeding vessels of some fistulas. Brain
magnetic resonance imaging examination was normal.
Pulmonary angiography defined the exact feeding and
draining vessels, and permitted the detection of PAVM
that were judged amenable to embolization (fig. 2).

After selective catheterization of the feeding arteries, the
patient underwent percutaneous coil embolization of the
fistulae in seven successive sessions, one month apart. Ab-
out 10 PAVM were occluded during each procedure. Mean
resting Pa,O2 increased to 7 kPa after the first three ses-
sions, but worsened again 6 months later with return to the
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pre-embolization values. On two occasions the patient
complained of pleuretic chest pain in the 24 h following
embolotherapy which was thought to be due to infarction
of the peripheral lung to a coil, and which required high
doses of analgesic drugs after the seventh procedure.

One month after the final embolization procedure, the
patient was referred to the authors' institution because of
increasing fatigue and shortness of breath, and two recent
episodes of syncope due to shunting while walking. Phy-
sical examination at rest showed tachypnoea (28 breath-
s.min-1) with platypnoea, diffuse cyanosis and marked
clubbing. The lungs were clear. No evidence of neurologic
abnormality was detected. Blood pressure was 110/80
mmHg in the arms and in the legs. Pulmonary function
tests were similar to the initial tests. At rest while breathing
room air and lying supine, the patient had severe hypox-
aemia: Pa,O2 was 5.7 kPa and arterial oxygen saturation
(Sa,O2) 76%, decreasing an average of 8% when standing
up; arterial carbon dioxide tension Pa,CO2 was low (4.2
kPa) and pH was in the normal range. Sa,O2 decreased to

69% after walking 200 m in 4 min. Right-to-left shunting
while breathing pure oxygen was again estimated as >23%
of cardiac output. Haemoglobin concentration was 15.6
g.L-1 of blood and haematocrit was 52%.

Chest radiography showed the presence of multiple coils
in the lower lobes (fig. 3a). A follow-up CT scan of the
chest showed two distal infarction areas and the disap-
pearance of >80% of PAVMs; the size of the remaining
PAVM had markedly decreased (fig. 3b). Pulmonary hae-
modynamics were as follows: pulmonary artery pressure
(PAP): 20/4/12 mmHg, right auricular pressure 4 mmHg,
low pulmonary vascular resistance indices (0.5 mmHg.

L-1.min-1.m-2), cardiac index 7.3 L.min-1.m-2. No intra-
cardiac shunt was found, which was confirmed by con-
trast echocardiography.

Fibreoptic bronchoscopy was normal, while oesogastro-
scopy showed the presence of five angiomas without hae-
morrhage. Other extrathoracic vascular communications
were looked for, and no lesion was detected; the patient
was therefore judged to be suitable for lung transplanta-
tion.

Fig. 2. ± Magnified view of the right lower lung field from a pulmonary
angiogram revealed numerous arteriovenous malformations.

a)

b)

Fig. 3. ± a) Postero-anterior chest radiograph, and b) computed tomo-
graphy with peripheral small areas of condensation reflecting possible
pulmonary infarction after coils embolization.

Fig. 1. ± Initial plain chest radiograph showing small nodules and linear
shadows in the lower lung fields.
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Bilateral sequential lung transplantation was performed
in June 1998. The cold ischemic time was 360 min for the
right lung and 400 min for the left lung. At operation,
careful inspection of the lung parenchyma disclosed innu-
merable small-sized vascular malformations puffing out
the visceral pleura. Dense basal pleural effusion was also
present on the right side. One of the coils used for em-
bolizing a basal peripheral fistula penetrated the dia-
phragm. At the time of the basal freeing of the lung, a
systemic-pulmonary vascular connection between the che-
st wall and lung was detected and led to a significant blood
loss before it could be controlled. The immediate post-
operative course was uneventful and the patient was
discharged on the 35th postoperative day. Standard triple
immunosuppressive therapy (cyclosporine A, azathioprine
and steroid) was maintained. Eight months after trans-
plantation, the patient was well, and respiratory status and
radiological surveillance were satisfactory. Blood gas val-
ues (Pa,O2 was 11.7 kPa, Pa,CO2 was 5 kPa) and 6-min
walk test results were normal. Specimens obtained from
bronchoalveolar lavage were negative and histological sec-
tions from several transbronchial lung biopsies were repre-
sentative and normal.

Pathological examination of the native lungs showed
multiple and diffuse plexus of intercommunicating tortu-
ous vessels. The venules were markedly dilated and con-
voluted with an irregularly thickened wall. Many fistulae
abutted the visceral pleura, which became markedly thick-
ened where it overlay the malformation (fig. 4).

Discussion

Because PAVM cause significant morbidity and mortal-
ity if lesions are untreated, radical treatment is generally
mandatory as soon as PAVM is detected, even in asymp-
tomatic patients. The aims of therapy are to reduce right-
to-left shunting, and to prevent bleeding episodes and
neurological events following repeated cerebral embolism.
Two therapeutic options are generally considered: surgical
removal or occlusion of fistulas by embolization [2].

Surgical treatment with parenchyma-sparing procedures
remains the golden standard for large isolated malforma-
tions. Atypical or segmental resection is the preferred

operative method. Surgical padding is only recommended
if all contributing arteries are identified and selectively
ligated. In case of central location of large fistula, lobec-
tomy may be necessary. Video-assisted thoracic surgery
has recently been advocated in order to minimize the sur-
gical insult [4]. Finally, a surgical resection can be pro-
posed as a complementary procedure of embolotherapy
[5].

Percutaneous endovascular embolization of feeding ves-
sels with metal coils and/or detachable balloons has re-
cently emerged as a minimally invasive procedure and an
efficient mode of treatment. Arterial occlusions have been
reported in numerous series of patients, with an average
success rate of 98% [3, 6]. A total of >800 PAVM oc-
clusions performed in 252 patients was recently described
in a general review [2]. Depending on patient tolerance,
multiple PAVM may be embolized during a single pro-
cedure, but additional sessions may be performed if the
treatment is incomplete. No periprocedural mortality has
been reported to date and complications were in general
self-limited [2, 3, 7]. The most common immediate com-
plications of embolotherapy have been pleuretic chest
pain, related to pulmonary infarction most likely sec-
ondary to occlusion of arteries supplying some normal
lung parenchyma [7]. Air embolism occurring during the
procedure has been suspected and coil migration into the
systemic circulation (often due to coils being to small or
too large fistula) has been rarely noted in the treatment of
large fistulae. Medium term outcome frequently resulted
in improvement of dyspnoea, mean shunt fraction, oxy-
genation and cardiac output [8, 9]. Long-term results of
this therapy have been variable in individual series. In a
study based on CT scan follow-up, 96% of the embolized
PAVM became either undetectable or reduced in size [10].
Some treated patients who were followed long-term rare-
ly experienced clinical symptoms associated with recur-
rence of the PAVM. In this occurrence, there would be a
small rate of delayed recanalization of embolized vessels
and/or development of new lesions from either pulmon-
ary artery or systemic arteries [10, 11].

In the current patient who suffered from multiple and
bilateral PAVM, repeated staged percutaneous transcath-
eter embolizations seemed a logical approach. However,
the number of PAVM appeared to be a limitation of the
technique, as well as the nature of the disease that could
lead to the recruitment of microscopic vascular malforma-
tions as soon as the macroscopic ones had been occluded.

It is likely that the clinical condition of the patient failed
to respond to embolotherapy due to the presence of
multiple and diffuse microfistulae which were inaccessible
to catheterization. In such cases, double lung transplanta-
tion can constitute a therapeutic option. To the authors'
knowledge, no case of lung transplantation in an adult pa-
tient with end-stage lung disease related to diffuse pul-
monary arteriovenous malformations has been reported to
date. The immediate and medium term result is satisfac-
tory. The potential for recurrence of the disease in the
donor organ is so far unknown.
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