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A case of pulmonary arteriovenous malformation: role of
interventional radiology in diagnosis and treatment
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Abstract: Pulmonary arterio-venous malformations (PAVMs) are abnormal pulmonary arteries and

pulmonary veins communicating directly without interposition of a capillary bed and about 80-90% of

patients with PAVMs eventually may present with hereditary hemorrhagic telangiectasia (HHT), remaining

ones are sporadic cases. On the other hand, about 15-35% of HHT patients may present with PAVMs. The

PAVM:s have a tendency to grow and increase in size over time and various factors like puberty, pregnancy

and pulmonary arterial hypertension (PAH) affect growth. This condition needs early diagnosis, aggressive

management and vigilant follow up. Our article aims to review pulmonary AVMs as a rare cause of strokes

in young patients. We will discuss the clinical presentation, diagnosis, complications, the therapeutic options

and the follow up.

Keywords: Pulmonary arterio-venous malformation (PAVMs); transcatheter embolization; cerebral ischemia;

hereditary hemorrhagic telangiectasia (HHT)

Submitted May 14, 2017. Accepted for publication May 24, 2017.

doi: 10.21037/atm.2017.06.23

View this article at: http://dx.doi.org/10.21037/atm.2017.06.23

Introduction

Pulmonary arterio-venous malformations (PAVMs)
are abnormal pulmonary arteries and pulmonary veins
communicating directly without interposition of a capillary
bed. About 80-90% of patients with PAVMs eventually
may present with Hereditary Hemorrhagic Telangiectasia
(HHT), while others are sporadic. Approximately, 15-35%
of HHT patients may present with PAVMs. PAVMs have
a tendency to grow and increase in size over time and
various factors like puberty, pregnancy and pulmonary
arterial hypertension (PAH) affect growth. Early diagnosis,
aggressive management and vigilant follow up. This article
discusses various manifestations of pulmonary AVMs and
discuss in detail the diagnostic features, complications,
therapeutic options as well as follow up.

Case presentation

We describe a case of young female presenting with
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complaints of neurological deficits due to cerebral
ischemia with work up revealing PAVMs. The chest
X-ray (CXR) revealed a tubular lesion in left lower lobe
(Figure 14). Contrast enhanced computed tomography
(CT) angiography of chest showed the presence of
feeding artery and draining vein suggestive of AV
malformation (Figure 1B,C). Subsequently, the patient
underwent successful percutaneous embolization of the

PAVM (Figure 2).

Discussion

About 80-90% of patients with PAVMs eventually may
present with HHT, remaining ones are sporadic cases.
On the other hand, about 15-35% of HHT patients may
present with PAVMs (1). The male to female ration for
PAVMs is 1.5-1.8:1 (2). About 10% of cases of PAVMs are
detected in childhood with gradual increase in detection
rates in 5th and 6th decades. The other major causes
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Figure 1 Chest X-ray (A) showing tubular density near the left heart border, leading to a nodular density at the left lung base (arrow). Axial

(B) and coronal CT (C) angiography of the chest show lobulated homogeneously enhancing structure in the lingula contiguous with solitary,

ectatic branches of the pulmonary artery and pulmonary vein, consistent with an arteriovenous malformation (arrows). CT, computed

tomography.

Figure 2 Angiographic image (A) shows selective pulmonary arterial catheter (smaller arrow) and solitary simple PAVM in inferior lingular

lobe (larger arrow) followed by multiple coils (arrow) (B,C) resulting in complete absence of contrast enhancement. PAVM, pulmonary

arterio-venous malformation.

of PAVMs apart from congenital lesions are trauma,
malignancy, hepatopulmonary syndrome in cirrhosis and
surgery.

The PAVMs increase in size over time, with factors
like puberty, pregnancy and PAH hastening the process.
Most PAVMs are unilateral and can affect any part of the
lung, but most commonly involving the lower lobes (3).
The hereditary forms associated with HHT are often
multiple, bilateral and located at lung bases. Secondary
PAVMs are found in chest trauma, post-surgical, cirrhosis
of liver, mitral stenosis, fungal infections, metastasis and
sarcoidosis (4). For diagnosis of HHT, four criteria should
be met — namely epistaxis, telangiectasia, visceral lesions and
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family history. If less than two criteria are met, then HHT
is unlikely, but children of affected individual should be
considered at higher risk as there is age related penetration
in HHT (5). Our patient didn’t meet the criteria for HHT.
Anatomically the PAVMs consist of one or more afferent
feeding artery, aneurysmal sac and one or more efferent
draining veins. The aneurysmal part of the sac may be either
a sac or a bunch of vessels. They can be simple or complex
or diffuse. Majority (80%) are simple and contain one or
more afferent feeding arteries mostly originating from
single segmental pulmonary artery while a complex PAVM
(20%) have multiple afferent feeding arteries originating
from several segmental arteries, and a diffuse PAVM (5%)
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consists of hundreds of AVMs which are combination of
simple and complex (6,7). Embryological classification
consists of five groups, with Group I containing multiple
small AVMs without aneurysm, group II containing large
AVMs, group III containing large or multiple small AVMs
with anomalous venous drainage, group IV containing large
venous aneurysm with systemic arterial communication or
without fistula and Group V containing anomalous venous
drainage with fistulae (4). The developmental process
comprises three steps starting with a ground glass nodule
representing initial enlargement of the post capillary
venules with inflammatory cell infiltrate, then small vessels
are visible representing vascular branching and precapillary
pulmonary artery and post capillary venules connections and
lastly enlargement of the draining vein and disappearance of
the ground glass pattern (8).

The PAVMs can be totally asymptomatic or present with
cyanosis, congestive heart failure or respiratory failure.
The most common presenting symptom is epistaxis due
to mucosal telangiectasia. The second common complaint
is dyspnea (commonly in patients with large or multiple
PAVMs), and third most common symptom being
hemoptysis (2). Untreated PAVMs can lead to complications
like stroke, abscess, thrombosis, rupture causing hemoptysis
or hemothorax or air embolism. The neurological
manifestations like cerebrovascular accidents, cerebral
abscesses and seizures are due to paradoxical embolism
from right to left shunting (9). The number of PAVMs is
directly related to prevalence of cortical infarction, being
14% in patients with solitary PAVM to 27% in patients with
multiple PAVMs. When all types of cerebral infarctions
were considered, the prevalence of infarction increased
from 32% in patients with single PAVMs to 60% in patients
with multiple PAVMs. However, in another series, 46%
of patients with single PAVMs and 59% of patients with
multiple PAVMs and almost 70% of patients with diffuse
PAVMs had a history of cerebral ischemia or abscess (9).
One study concluded that the neurological morbidity
related to brain abscess or infarction increases to about 70%
in untreated diffuse forms of PAVMs (10).

The diagnosis of PAVMs can be performed with
various modalities like pulmonary function tests (PFT),
CXR, transthoracic contrast echocardiography (T'TCE),
radionucleotide lung perfusion scanning, CT scan and 3D
MR angiography. The CXR is the initial primary modality
in evaluating PAVMs and 98% of patients show some
abnormality, classically a lobulated well demarcated mass,
mostly in lower lobes (11,12). In PFT, reduction in oxygen
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saturation has been observed in patients with PAVMs. In
a study by Bosher ez 4l., arterial oxygen saturations were
less than 76% in 32% of cases, 76-85% in 23% cases,
86-90% in 14% cases, 91-95% in 14% cases and 96-100%
in 6% cases (13). TTCE is a simple and minimally invasive
examination for screening PAVMs with a diagnostic
sensitivity up to 97% and a negative predictive value of
99% (14). It is very helpful in evaluating right to left
shunts be it cardiac or intrapulmonary; however, there are
limitations due to availability, cost and detection of clinically
unimportant shunts (15). One study showed that TTCE can
remain positive after successful embolization in a significant
number of patients even after 4 months when there was no
flow detected on angiography which could be due to small
PAVMs not detected by angiography or reperfusion or neo-
vascularization through an accessory vessel (16). CT scan
is the gold standard in diagnosing PAVMs with advantages
of fast scanning, high resolution, characterization, planning
interventions and follow up (17). Three-dimensional
contrast MR angiography is occasionally used to image
thoracic vascular structures (18).

Once diagnosed the treatment should be started early
to prevent development of complications secondary to
paradoxical embolization, pleuro-pulmonary hemorrhage or
hypoxemia. The complication rates increase with increased
duration and during pregnancy (19). When the diameter of
feeding artery is more than 3 mm, the risk of paradoxical
embolization increases; however, few researchers have
suggested that even smaller diameter arteries should be
embolized early to prevent future growth of PAVMs (20).
However, another study reported that in patients with
patent foramen ovale, the stroke recurrence rates are
unaltered, regardless of the diameter of feeding artery (21).

The treatment options include percutaneous image
guided embolization, surgical removal or hormonal
therapy. The percutaneous image guided embolization
is preferable in most cases with advantages of avoiding
general anesthesia and major surgery. The percutaneous
transcatheter embolization is used to occlude all PAVMs by
catherization of pulmonary arteries selectively. The length
of feeding artery decides the complexity of the procedure.
Many embolic devices are available like fibered steel coils,
fibered platinum coils, hydrophilic coils and self-expandable
nitinol plugs. According to Mager’s study, the transcatheter
embolizations are successful in majority of patients
(83%) (22). In experienced hands, the complications
of the procedure are rare, but can include device
migration, air embolism, lung infarction or hemoptysis
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and long-term complications include revascularization
or neovascularization (23). In some cases, where the
PAVM is supplied by the bronchial artery, there may be
delayed hemoptysis due to post-embolic systemic supply.
Surgical intervention for PAVMs is aimed at removing
the lobe, segment, wedge resection, vascular ligation or
pneumonectomy (2). The diffuse forms have required
lung transplantation. In patients having PAVMs with
symptomatic HH'T, the hormonal therapy with systemic
estrogen-progesterone at does used for oral contraceptives
have been used. This may have additional benefits in women
of reproductive age group. Some researchers have reported
that anti-hormonal therapy with Tamoxifen has been
used to control bleeding from mucosal telangiectasia in
HHT (23). Patients with PAVMs should be on anticoagulation
therapy. Prophylactic antibiotic therapy is recommended
in patients with PAVMs undergoing surgical or dental
procedures.

Patients with PAVMs who underwent embolization
require follow up at one month and one year after
embolization. Some researchers recommend long term
follow-up every five years to follow growth of small or
new PAVMs to prevent complications from paradoxical
embolization (24).

Conclusions

Stroke in the young patients always raises suspicion of
some organic cause, requiring aggressive evaluation and
appropriate treatment. The diagnostic modalities to
investigate such cases must include CXR, echocardiography
(transthoracic/transesophageal) with micro-bubble
contrast study, CT angiography & magnetic resonance
angiography. On establishing the diagnosis of PAVMs, the
potential complications should be kept in mind which may
be presenting symptoms like stroke, abscess, thrombosis,
rupture, hemoptysis/hemothorax, and air embolism. The
treatment options include percutaneous transcatheter
embolization, surgical removal of lobe or segment,
hormonal therapy (estrogen-progesterone at doses used
for oral contraception as an initial therapeutic option) and
anti-hormonal therapy (tamoxifen) in a few cases. Patients
should be kept on anticoagulation therapy and need
antibiotic prophylaxis during certain invasive procedures
(like dental manipulations). Regular long-term follow-up
should be done even after embolization (may be lifelong).
As the PAVMs grow over time, patients with treated PAVMs
need long-term follow-up every 5 years to detect growth
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of small PAVMs that may reach a size to cause paradoxical
embolization and stroke.
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