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Background Hereditary haemorrhagic telangiectasia (HHT), or Rendu–Osler–Weber syndrome, is a rare genetic disorder characterized by the 
development of telangiectasias and arteriovenous malformations (AVMs) throughout the body. We present a case of percutaneous 
embolization of pulmonary AVMs in an adult patient.

Case summary A 26-year-old male patient with polycythaemia of unknown origin and a family history of secundum atrial septal defect underwent 
cardiac evaluation which revealed clubbing as a sign of peripheral cyanosis. Transthoracic echocardiography showed no intracardiac 
shunting, but further imaging revealed pulmonary AVMs in the lower lobe of the left lung. Magnetic resonance imaging of the brain 
detected vascular-ischaemic lesions, likely due to embolization through the pulmonary malformations. Right heart catheterization 
and pulmonary angiography confirmed the presence of large AVMs in the left lower pulmonary lobe. Percutaneous closure using 
Amplatzer devices was performed, followed by temporary anticoagulation therapy. Oxygen saturation improved and follow-up 
imaging confirmed successful closure of the AVMs. Genetic testing using whole exome sequencing identified a mutation in the 
ENG gene, confirming the diagnosis of HHT.

Discussion Our case highlights the importance of investigating both intra- and extracardiac shunting in patients with clinical features of right-to-left 
shunting. Arteriovenous malformations can serve as a pathway for paradoxical emboli, potentially leading to ischaemic brain events, 
and might cause pulmonary arterial hypertension. Screening for arteriovenous malformations in various organs and embolization of 
significant shunts are essential aspects of managing HHT. Genetic testing aids in confirming the diagnosis and guides family testing.
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Learning points
• When assessing patients with possible right-to-left shunting, it is crucial to explore both intracardiac and extracardiac factors; while not 

employed in this case, contrast bubble echocardiography can be valuable for suspected extracardiac shunting, with computed tomography 
angiography as a valid alternative.

• Screening HHT patients for AVMs in multiple organs, such as the liver, brain, and lungs, is vital, and early detection and proper management of 
pulmonary AVMs are essential for improving oxygenation, alleviating symptoms, and preventing complications in HHT patients.
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Introduction
Rendu–Osler–Weber, also known as hereditary haemorrhagic telangi-
ectasia (HHT), is a rare genetic disorder that affects blood vessels. It is 
caused by a mutation in genes associated with angiogenesis and is typ-
ically inherited in an autosomal dominant pattern.1

The disorder is characterized by the development of abnormal blood 
vessels, known as telangiectasias, which are fragile and prone to bleed-
ing. These blood vessels can occur in various parts of the body, but are 
most found in the nose, mouth, fingers, and gastrointestinal tract.1 In 
addition to telangiectasias, HHT can also cause arteriovenous malfor-
mations (AVMs), which occur mostly in the lungs and brain.

Symptoms of HHT can vary widely depending on the location and 
severity of the telangiectasias and AVMs. Common symptoms include 
nosebleeds, shortness of breath, chest pain, and gastrointestinal bleed-
ing.2 While there is currently no cure for HHT, treatments are available 
to manage symptoms and prevent complications.

Summary Figure
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Day Events

1 Patient referred due to polycythaemia (Hb 20.7 g/dL). Physical 
exam shows clubbing and low resting saturation (87%) is found. 

Echocardiography shows no structural heart disease. Chest 

radiography reveals multiple nodular opacities
4 CT scan shows multiple AVMs connecting pulmonary arteries and 

veins, no AVMs found in the liver

12 Ambulatory follow-up to discuss results with patient, blood 
sampling for genetic testing. Brain magnetic resonance imaging 

reveals multiple vasculo-ischaemic lesions in frontal and 

cerebellar lobes, no intracranial AVMs detected
89 Percutaneous closure of four pulmonary AVMs

193 Follow-up angiography CT shows no remaining shunting, and the 

patient’s resting oxygen saturation improved to 95%, while his 
haemoglobin level lowered to 17.7 g/dL. Whole exome 

sequencing identified a specific mutation (c.1411C > T, 

p.Gln471*) in the ENG gene, confirming the definite diagnosis of 
HHT

Case presentation
A 26-year-old male patient was referred to our cardiology department 
by his general practitioner to exclude a cardiac origin of polycythaemia. 
The patient visited his general practitioner due to recurrent infections in 
the upper respiratory tract. He also reported a progressive increase in 
fatigue compared to individuals of similar age, particularly evident during 
physical activities with friends. Blood tests revealed polycythaemia with 
elevated levels of haemoglobin (20.7 g/dL) and increased haematocrit 
(60.4%), with no other abnormalities detected. The patient had a positive 
family history of secundum atrial septal defect (ASD) in his father. 
Physical examination revealed clubbing of the fingers (Figure 1). No aud-
ible heart murmurs were detected, and examination of the lips yielded 
no evidence of telangiectasis. The patient’s resting oxygen saturation 
was found to be 86%, indicating hypoxia, and arterial blood tests showed 
low oxygen levels (pO2 57 mmHg). A transthoracic echocardiogram did 

not show any signs of intracardiac right-to-left shunting. Despite its po-
tential usefulness in further investigating the right-to-left shunting, con-
trast echocardiography was not feasible in this case as the necessary 
resources were not available in the clinic.

Subsequent chest X-ray revealed multiple nodular opacities, particu-
larly in the lower lobe of the left lung (Figure 2). Further evaluation using 

Figure 1 Digital clubbing as seen in the index finger of the patient, 
with the typical enlarged, rounded, and bulbous fingertip deformity.

Figure 2 Chest X-ray reveals a large, rounded opacity in the lower 
region of the lung.
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chest computed tomography (CT) confirmed that these findings corre-
lated with pulmonary arteriovenous malformations (pulmonary AVMs) 
(Figure 3). No hepatic AVMs were found. Magnetic resonance imaging 
(MRI) of the brain showed several old ischaemic lesions in the frontal 
and cerebellar lobes, likely caused by embolization of blood clots 
through the pulmonary AVMs (Figure 4). Neurological examination 

did not reveal any abnormalities, and no AVMs were found within 
the brain on MRI.

To investigate further, a right heart catheterization was performed 
by femoral access. Angiography revealed four large pulmonary AVMs 
in the lower lobe of the left lung (Figure 5). Each AVM was successfully 
closed percutaneously using Amplatzer devices. The correct placement 
of the devices was confirmed using angiography. The patient was 
started on anticoagulant therapy with vitamin K antagonists (VKA) to 
prevent thrombus formation distally from the devices. In accordance 
with ESC guidelines, we also recommended the patient to initiate endo-
carditis prophylaxis when undergoing invasive dental procedures.

Follow-up evaluation 3 months after the closure of the AVMs, CT 
angiography showed no residual shunting. The patient’s resting oxygen 
saturation improved to 95%, while his blood work indicated a decrease 
in haemoglobin level to 17.7 g/dL. Genetic testing through whole 
exome sequencing revealed that the patient had a specific genetic mu-
tation (c.1411C > T, p.Gln471*) in the ENG gene. Based on these find-
ings, the definitive diagnosis of HHT was made.

Discussion
Upon evaluation, the patient’s presentation raised concerns about the 
possibility of right-to-left shunting due to observed low resting oxygen 
saturation, clubbing, and secondary polycythaemia. The patient did not 
experience any symptoms of epistaxis or gastrointestinal bleeding. 
Given the patient’s family history of ASD in his father, our initial focus 
was to investigate any intracardiac factors contributing to the shunt-
ing. It is known that first-degree relatives of individuals with ASD 
have an increased likelihood of having an ASD themselves.3 Atrial sep-
tal defect is a congenital abnormality that initially causes left-to-right 
shunting, leading to increased volume load on the right atrium, right 
ventricle, and pulmonary vasculature, eventually resulting in pulmon-
ary hypertension. In some cases, significant pulmonary hypertension 
can lead to the occurrence of right-to-left shunting later in life through 
shunt lesions.

Figure 3 CT angiography shows several large pulmonary arterio-
venous malformations.

Figure 4 Two frontal white matter lesions (left), accompanied by bilateral sequalae of splinter infarctions.
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If investigations regarding an intracardiac shunt yield no significant find-
ings (i.e. transthoracic and transoesophageal echocardiography), it is im-
portant to explore the possibility of an extracardiac shunt, often found 
within the pulmonary circulation. Notably absent in this case were epistaxis 
occurrences or evident clinical telangiectasis which, if present, would have 
prompted an immediate suspicion of HHT. Contrast ‘bubble’ echocardi-
ography is recognized for its high efficacy in detecting both intra- and ex-
tracardiac shunts.4 This assessment can raise suspicion for intracardiac 
or intrapulmonary shunts, with current guidelines suggesting an intracar-
diac shunt determination within three to six cardiac cycles after right atrial 
opacification, albeit the derivation of this criterion from case literature ra-
ther than rigorous pathophysiological analysis. In this case, a CT scan was 
undertaken as the necessary resources for contrast ‘bubble’ echocardiog-
raphy were not available. This scan revealed the presence of large pulmon-
ary AVMs. These AVMs can facilitate the shunting of both blood and other 
substances such as air, thrombi, and vasoactive agents, and pathogens. 
Several documented cases have shown that paradoxical emboli resulting 
in transient ischaemic attacks (TIA) or cerebrovascular accidents can arise 
from such pulmonary AVMs.5 Some reports suggest that embolization of 
pulmonary arteriovenous malformations in HHT patients may lead to a de-
crease in migraine prevalence, indicating that the presence of a right-to-left 
shunt, rather than its location, plays a role in the development of migraines.6

Furthermore, it is worth noting that pulmonary arterial hypertension has 
been reported in patients with HHT and pulmonary AVMs, even in the ab-
sence of significant shunting through the pulmonary AVMs,7 as well as high- 
output heart failure in case of high-flow pulmonary or liver AVMs.8

Management of patients with HHT includes screening for AVMs and 
prevention/treatment of bleeding. International guidelines emphasize 
the need for AVM screening in suspected or confirmed HHT.9 This in-
cludes screening for liver AVMs (Doppler ultrasound or MRI), brain 
AVMs (MRI), and pulmonary AVMs (contrast transthoracic echocardi-
ography or CT angiography).

In this case, the patient had several pulmonary AVMs of haemo-
dynamic importance. AVMs in other organs were not found on screen-
ing. Guidelines state the importance of treatment of pulmonary 

AVMs.10 Embolization in patients with pulmonary AVMs is recom-
mended, even if they are asymptomatic. The aim is to reduce the risks 
of paradoxical emboli, improve oxygenation, alleviate symptoms asso-
ciated with right-to-left shunting, and prevent haemorrhage.11,12 The 
presence of radiologically visible pulmonary AVMs, regardless of size, 
thus warrants closure. While complete obliteration of all pulmonary 
AVMs is not always achievable, at least reducing the shunting should 
be a common goal.

If AVMs are found in patients, it is crucial to perform genetic testing 
to exclude or confirm HHT. According to the Curaçao Criteria, HHT 
can be diagnosed if a patient presents with spontaneous and recurrent 
nosebleeds, multiple mucocutaneous telangiectasia, visceral involve-
ment (such as gastrointestinal telangiectasia or AVM), and/or having a 
first-degree relative with HHT.9 Genetic testing can confirm the diag-
nosis by identifying pathogenic variants in specific HHT genes (ENG, 
ACVRL1, SMAD4, or GDF2).13 While diverse genetic anomalies con-
tributing to HHT have been documented, it is noteworthy that all these 
anomalies result in some form of disruption to protein coding. These 
proteins are integral to vascular development processes. Ultimately, 
the disruption of these processes culminates in the vulnerability of 
blood vessels, giving rise to vascular lesions characterized clinically as 
telangiectasis/epistaxis and AVM. Whole genome sequencing showed 
a c.1411C > T (p.Gln471*) mutation in the ENG gene in our patient, 
which has been described as a likely pathogenic mutation in individuals 
of Asian heritage.14 Remarkably, our patient’s background is Western 
European in origin, signifying a notable difference from the previously 
established pattern.

The robustness of this case report resides in its unconventional diag-
nostic approach to HHT. Conventionally, the detection of pulmonary 
AVMs is indicated via contrast echocardiography. Yet, due to the un-
availability of requisite equipment for this procedure in our outpatient 
setting, we opted to proceed differently. Another significant determin-
ant influencing the chosen diagnostic path is the patient’s clinical pres-
entation. As seen in other cases, younger patients with distinct clinical 
issues, like ischaemic stroke, are more promptly considered for a diag-
nosis of paradoxical ischaemic stroke.15 Following the exclusion of an 
intracardiac shunt through conventional transthoracic echocardiog-
raphy, we therefore opted for CT angiography of the lungs. Our find-
ings underscore the feasibility of reliably identifying pulmonary AVMs 
through this diagnostic pathway.
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