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Diffuse pulmonary arteriovenous malformations (AVMs)
are associated with a poor prognosis and the therapeutic
strategy remains controversial. We describe a pediatric
patient with diffuse pulmonary AVMs associated with
hereditary hemorrhagic telangiectasia (HHT), who pre-
sented with two cerebral AVMs in the parietal and
occipital lobes as well. Of note, successful bilateral lung
transplantation not only improved the hypoxemia but
also resulted in size reduction of the cerebral AVMs.
Although it is essential to consider involvements other
than pulmonary AVMs, especially brain AVMs, to decide
the indication, lung transplantation can be a viable
therapeutic option for patients with diffuse pulmonary
AVMs and HHT.
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Introduction

Multiple pulmonary arteriovenous malformations (AVMs)
causing right-to-left shunt leads to hypoxemia and thus is
associated with clinical symptoms such as dyspnea on
exertion. The majority of multiple pulmonary AVMs occurs
as a component of hereditary hemorrhagic telangiectasia
(HHT) (1,2): in those patients with pulmonary AVMs and
HHT, itis essential to consider extrapulmonary lesions such
as AVMs of the brain, liver and intestines for the appropriate
clinical management strategy. In addition to the cerebral
AVMs, "paradoxical embolisms’’ due to pulmonary AVMs
may cause critical neurological complications (stroke, brain
abscess, etc.) often associated with a poor neurological
prognosis.

Although lung resection had long been the only therapeutic
procedure for patients with pulmonary AVMs, transcatheter
embolization has recently become the first-line treatment
strategy for those with localized pulmonary AVMs (3) since
the long-term clinical success of embolization has been
established (4). On the other hand, the therapeutic strategy
for diffuse pulmonary-AVMs is-still controversial as trans-
catheter embolotherapy is not necessarily effective over the
long term. Lung transplantation is obviously an option for
such patients: there have been three reports of successful
lung transplantation in patients with diffuse AVMs and
HHT (5-7). However, in a case with pulmonary AVMs and
HHT the long-term prognosis was unfavorable (8).

In this report, we describe a case with diffuse pulmonary
AVMs and HHT who underwent successful lung transplan-
tation, resulting in not only improvement of hypoxemia, but
also decrease in the size of the cerebral AVMs.

Case Presentation

A 7-year-old girl presented with shortness of breath on
exertion at 4 years of age. Later, findings on the plain chest
roentgenographic and chest magnetic resonance imaging
(MRI) suggested pulmonary AVMs and cardiac catheteriza-
tion and angiography confirmed the diagnosis: no brain or
liver AVMs were detected by MRI.

The patient started having epistaxis at 8 years of age and
hemoptysis at age 12: a brain MRI at the age of 12 revealed



two cerebral AVMSs in the parietal and occipital lobes. The
presence of AVMs in multiple organ systems along with
dilatation of the vessels in the bulbar and palpebral
conjunctiva, despite unremarkable family history, was
strongly suggestive of HHT: later, identification of a
missence mutation in the endoglin gene (IVS5, —1G>A)
confirmed the diagnosis of HHT type 1.

The physical activity level became further restricted as
hypoxemia worsened (pO, = 40 torr on room air, estimated
right-to-left shunt fraction by pulmonary perfusion scintig-
raphy: 0.65). The patient also developed a transient
ischemic attack (TIA; intermittent motor palsy and numb-
ness in the left upper extremity) caused by presumptive
paradoxical embolism at age 13. Pulmonary arteriography at
the age of 13 revealed diffusely distributed AVMs of various
sizes (Figure 1). Brain arteriography showed two cerebral
AVMs, consistent with the MRI findings. Right heart
catheterization showed no element of pulmonary hyper-
tension. Pulmonary function test revealed neither obstruc-
tive nor restrictive ventilatory impairment.

Transcatheter embolization for the pulmonary AVMs was
considered to be a safe treatment option for some major

Lung Transplantation in Pulmonary AVM and HHT

AVMs of the patient; however, improvement of hypoxemia
was expected to be restricted and temporary. We
considered lung transplantation for the following reasons
(1) the quality of life was markedly deteriorated (WHO
functional class 3) with rapidly worsening hypoxemia and,
thus, (2) the prognosis was presumed to be extremely poor
and (3) multiple pulmonary AVMs itself is listed as an
indication for lung transplantation in Japan.

We further discussed the application of lung transplantation
in the context of the presence of AVMs in other organs.
Regarding cerebral AVMs, given that the incidence of
intracranial hemorrhage was reported not to be high in HHT
patients (9) and that the epileptic seizures were well
controlled by the antiepileptic agent carbamazepine, we
concluded that the presence of the cerebral AVMs would
not seriously interfere with the lung transplantation. The
liver AVMs, which were small in size, were also considered
not to be a contraindication for the transplantation.

Eventually, the patient and her family firmly expressed their
desire for lung transplantation: the patient was enrolled in
the waiting list of deceased-donor lung transplantation in
Japan at the age of 14. Fortunately, her clinical course

Figure 1: Pulmonary angiographies at the age of 13 showing diffusely distributed arteriovenous malformations of various sizes

{montage of four individual angiographies).
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thereafter was uneventful. She underwent deceased-donor
bilateral lung transplantation successfully at Okayama
University Hospital at the age of 18 after a waiting period
of 49 months (current mean waiting period of deceased-
donor lung transplantation in Japan: 32 months). Her
hypoxemia and functional capacity improved dramatically.
During and immediately after the transplantation, no brain
hemorrhage, convulsion or liver dysfunction was observed.
During her clinical course, she suffered from fungus
infection (aspergillosis) of the lung which was treated
successfully by anti-fungal drug (voriconazole).

During the 38 months after the transplantation, there
has been neither recurrence of pulmonary AVMs (pO, =
105 torr on room air, no significant right-to-left shunt in
pulmonary perfusion scintigraphy) nor sign of bronchiolitis
obliterans syndrome. She enjoys full physical activities with
no shortness of breath (6-min walk distance on room air:
575 m) and a new chapter of her life as a college student. Of

note, cerebral AVMs were reduced in size 29 months
after lung transplantation (Figure 2): the AVM in the
occipital white matter was almost undetectable. Liver
MRI at 33 months after transplantation detected no AVM,
either,

Discussion

The optimal therapeutic strategy for diffuse pulmonary
AVMs remains controversial. Since numerous small AVMs
are distributed throughout the lungs, embolizations or
resections are not practical: Faughnan et al reported
16 cases with diffuse pulmonary AVMs (8) where trans-
catheter embolotherapy did not significantly improve the
profound hypoxemia whereas it might have reduced the
risk of neurologic complications: lung transplantation was
notrecommended because one case of perioperative death
was observed. On the other hand, some researchers have

Figure 2: (A and B) T2-weighted basal ganglia-leveled axial MRI sections of the patient’s brain at the ages of 13 (A) and 20 (B; 29 months
after the lung transplantation). High-intensity area measuring 1 cm in diameter is detected in the white matter of the left occipital lobe in (A),
which is indicated as a white-lined box. However, the high-intensity area in (A) is almost undetectable in the axial sections in (B). {C and D)
Magnified views of the white-lined boxes in (A) and (B), respectively. (E and F) T2-weighted parietal lobe-leveled axial MRl sections of the
patient’s brain at the ages of 13 (E) and 20 (F). Note that both the size (4cm in diameter) and number of flow voids of the cerebral
arteriovenous malformations in the right parietal lobe in (E) are decreased after the lung transplantation in (F). MRI, magnetic resonance
imaging.
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suggested that lung transplantation should be considered in
these patients (10).

Three successful lung transplantations for cases of
diffuse pulmonary AVMs have been reported to date. The
first case was an adult male who underwent bilateral lung
transplantation because he had failed to respond to
embolotherapy (5). The second case was an adult female
with diffuse pulmonary AVMs as a component of HHT
who underwent single lung transplantation (6). The third
case was a child with pulmonary AVMs and pulmonary
hypertension as symptoms of HHT who underwent
bilateral lung transplantation. To the best of our knowledge,
our patient is the fourth reported case of successful lung
transplantation for diffuse pulmonary AVMs.

The present case had progressive hypoxemia and markedly
deteriorated quality of life preoperatively. In addition, she
suffered from recurrent hemoptysis and a neurological
complication, namely, TIA of the cerebral cortex. Therefore,
we expected extremely poor prognosis had the patient not
been aggressively treated. Given that the outcome of lung
transplantations at Okayama University Hospital were
reportedly excellent (5-year survival rate: 81 %, unpublished
data), we expected better clinical course after lung
transplantation than the natural course.

When lung transplantation is considered for patients
with diffuse pulmonary AVMs, it is essential to determine
whether the AVMs are a component of HHT or not, If
they are, the status of other organs, such as the brain, liver
and intestines, should be assessed, because these
will affect the course during and after lung transplantation.
In our case, we recognized cerebral AVMs associated
with epileptic seizures and a liver AVM: we judged that
these would not be major risk factors for the lung
transplantation. Actually, no cerebral hemorrhage, epileptic
seizures or liver complications occurred in association with
the transplantation.

It is worthy of note that the cerebral AVMs also improved
after the lung transplantation in our case. Although the
mechanism is uncertain, the disappearance of hypoxemia
or high cardiac output status after lung transplantation may
have contributed to the cessation of abnormal angiogene-
sis. No matter what the underlying mechanisms are, our
observation in this case suggests for the first time that lung
transplantation may resolve AVMs in other organs and
reduce the risk of vital complications, such as brain
hemorrhage.
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The most appropriate therapeutic strategy in patients with
diffuse pulmonary AVMs is still under debate and may vary
from patient to patient: we believe that lung transplantation
deserves fair attention as a viable therapeutic option for
selected patients with diffuse pulmonary AVMs.
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