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INTRODUCTION

Pulmonary arteriovenous malformation (AVM) is a vascular 
conglomerate that consists of feeding arteries, nidus, and 
draining veins. A nidus indicates a direct communication 
between the pulmonary artery and veins without a capillary 
network. Accurate diagnosis and proper management 
are essential, as AVM can be associated with significant 
morbidity and mortality, such as brain abscesses, cerebral 
stroke, and massive pulmonary hemorrhage. Currently, 
pulmonary AVMs are incidentally detected during a medical 
checkup, and an imaging diagnosis is usually made based 
on contrast-enhanced chest CT. However, a group of rare 
vascular lesions is often misdiagnosed as pulmonary AVM 

Pulmonary Arteriovenous Malformation and  
Its Vascular Mimickers
Hyoung Nam Lee1, Dongho Hyun2

1Department of Radiology, Soonchunhyang University College of Medicine, Cheonan Hospital, Cheonan, Korea; 2Department of Radiology, Samsung 
Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

Pulmonary arteriovenous malformation (AVM) is a congenital vascular disease in which interventional radiologists can play 
both diagnostic and therapeutic roles in patient management. The diagnosis of pulmonary AVM is simple and can usually be 
made based on CT images. Endovascular treatment, that is, selective embolization of the pulmonary artery feeding the nidus 
of the pulmonary AVM, and/or selectively either the nidus or draining vein, has become a first-line treatment with advances 
in interventional devices. However, some vascular diseases can simulate pulmonary AVMs on CT and pulmonary angiography. 
This subset can confuse interventional radiologists and referring physicians. Vascular mimickers of pulmonary AVM have not 
been widely known and described in detail in the literature, although some of these require surgical correction, while others 
require regular follow-up. This article reviews the clinical and radiologic features of pulmonary AVMs and their mimickers.
Keywords: Arteriovenous malformations; Aneurysm; Lung; Pleura; Thoracic wall; Diagnosis, differential; Scimitar syndrome; 
Stenosis, pulmonary vein

Received: May 27, 2021   Revised: September 30, 2021   
Accepted: October 22, 2021
Corresponding author: Dongho Hyun, MD, Department of 
Radiology, Samsung Medical Center, Sungkyunkwan University 
School of Medicine, 81 Irwon-ro, Gangnam-gu, Seoul 06351, 
Korea.
• E-mail: mesentery@naver.com
This is an Open Access article distributed under the terms of 
the Creative Commons Attribution Non-Commercial License 
(https://creativecommons.org/licenses/by-nc/4.0) which permits 
unrestricted non-commercial use, distribution, and reproduction in 
any medium, provided the original work is properly cited. 

on CT images, which may eventually lead to conventional 
pulmonary angiography for embolization (Fig. 1, Table 1) [1-
4]. In the literature, approximately 10% of pulmonary AVMs 
diagnosed on CT images were proven to have no fistula 
between the pulmonary artery and vein on conventional 
angiography. Of these, two-fifths are pulmonary vascular 
anomalies other than pulmonary AVM, and the remaining 
three-fifths are pulmonary parenchymal nodules [5]. This 
review aimed to introduce these vascular lesions and 
describe their characteristic CT and angiographic findings.

Anatomy

Relevant Embryology
A thorough understanding of embryology is important 

to understand the possible causes of pulmonary vascular 
anomalies. In the early stage (the first two months) of fetal 
development, the blood flow from the primitive lung buds 
drains into the splanchnic plexus, which is connected to the 
systemic venous system (cardinal and the umbilicovitelline 
veins) (Supplementary Fig. 1) [6]. An outpouching from the 
dorsal wall of the left atrium forms the common pulmonary 
vein and communicates with the splanchnic plexus, thus 
forming the initial route of pulmonary venous drainage. 
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The cardinal and umbilicovitelline veins involute, thus 
separating the two venous systems. The common pulmonary 
vein is finally incorporated into the left atrium, forming 
four pulmonary veins. Any alterations in this process can 
cause various types of pulmonary venous anomalies.

The embryogenic phase of pulmonary arterial development 
begins with the formation of an outflow tract from the 
bulbus cordis and truncus arteriosus. During the fifth 
and sixth weeks of embryonic life, a helical-shaped 
aortopulmonary septum is created to divide the outflow 
tract into the aorta and pulmonary artery [7]. The ventral 
segment of the sixth aortic arch forms the bilateral proximal 
pulmonary arteries, whereas the left dorsal arch forms 

the ductus arteriosus (Supplementary Fig. 2). The distal 
pulmonary arteries are derived from primitive buds that 
come from these arches and grow toward the inside of 
the lung buds to later anastomose with them. The ductus 
arteriosus connects the proximal left pulmonary artery to 
the undersurface of the isthmus of the aorta, which closes 
and fibroses to form the ligamentum arteriosum.

Pulmonary Veins and Arteries
The pulmonary veins are large blood vessels that carry 

oxygenated blood from both lungs and drain into the 
left atrium [6,8]. The usual arrangement consists of four 
separate pulmonary veins that drain individually into the 
left atrium. The right superior pulmonary vein drains the 
right upper and middle lobes. The left superior pulmonary 
vein drains the lingual and left upper lobes. The inferior 
pulmonary veins drain into the lower lobes. This anatomical 
arrangement is present in 60%–70% of the population.

The main pulmonary artery, which stems from the 
right ventricle, may have a diameter as large as 28 mm 
[9]. The right pulmonary artery passes anteriorly to the 
main bronchus and divides into the truncus anterior and 
interlobar branches, which is the most common pattern. 
The distal left pulmonary artery arch over and behind the 
left main bronchus. Anatomic variations in the branching 

Table 1. Summary of Various Vascular Lesions Which Can Be Confused with Pulmonary Arteriovenous Malformation
Clinical Features Radiologic Features Management

Pulmonary arteriovenous 
  malformation

Dyspnea, hemoptysis, 
  cerebral stroke, brain abscess

Well-defined peripheral lung 
  nodule/mass, clustered dilated 
  pulmonary vessels

Endovascular embolization 
  of feeding artery

Extrapulmonary 
  arteriovenous 
  malformation

Pulsating bulging mass 
  of chest wall

Vascular tangle abutting 
  pleural surface, systemic feeding 
  arteries and draining veins

Endovascular sclerotherapy 
  of nidus

Anomalous 
  pulmonary vein

Dyspnea, respiratory distress, 
  hemoptysis

Anomalous vein which drains into 
  the left atrium involving unilateral
  lung, lobe, segment or subsegment

Observation

Pulmonary vein atresia 
  or stenosis

Tachypnea, dyspnea, 
  recurrent pneumonia, hemoptysis

Venous drainage from the affected 
  lung through various forms 
  of collaterals to the left atrium

Surgical repair or balloon 
  angioplasty

Pulmonary 
  vein varix

Cough, dyspnea, palpitation, 
  hemoptysis, cerebral stroke (rare)

Dilated anomalous perihilar 
  pulmonary vein without arterial 
  dilatation or arteriovenous fistula

Depends on the underlying 
  cause; surgical resection

Partial anomalous 
  pulmonary venous 
  drainage

Dyspnea, heart murmur, 
  arrhythmia, palpitation

Anomalous vein which drains into 
  the systemic vein involving 
  at least one pulmonary vein, 
  but not all

Surgical repair; endovascular 
  treatment in selected case

Pulmonary artery 
  aneurysm or ectasia

Dyspnea, chest pain, palpitation, 
  syncopal episodes, hoarseness

Focal or diffuse dilatation of main 
  pulmonary artery and/or branches

Surgical repair; endovascular 
  treatment in selected case

Pulmonary AVM Mediastinal AVM

Pulmonary artery
  aneurysm

Pulmonary vein
  varix

Pulmonary vein
  atresia
Anomalous
  pulmonary vein

Pleural AVM

Pulmonary artery
  pseudoaneurysm

Partial anomalous
  pulmonary
  venous return

Fig. 1. Illustration of the vascular mimickers of pulmonary 
AVM. AVM = arteriovenous malformation
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pattern on the left side were far more common than on the 
right. The bilateral individual pulmonary arteries should 
have a similar caliber.

AVMs

Pulmonary AVM
Pulmonary AVMs affect 1 in 2500 (95% confidence 

interval: 1 in 1300 to 1 in 5600), and over 80% of these 
are associated with hereditary hemorrhagic telangiectasia 
[3]. The etiology of pulmonary AVM remains unclear. 
However, germline mutations in two major genes (ENG and 
ACVRL1) in the transforming growth factor-beta pathway, 
which were recently discovered by genetic analyses of 
hereditary hemorrhagic telangiectasia, may be related to 
the development of abnormal communication between the 
pulmonary arteries and veins [10,11]. Pulmonary AVMs can 
be divided into simple and complex types according to the 
number of feeding pulmonary arteries. A simple pulmonary 
AVM is the most frequent (accounting for approximately 
80%), consisting of a lesion with one feeding pulmonary 
artery and one draining pulmonary vein. A complex 
pulmonary AVM is supplied by more than one feeder. A 
diffuse pulmonary AVM is a rare form of complex type and 
often involves all segments or, less commonly, the entire 
lobe [3].

Multidetector CT is currently considered the most diagnostic 
and least invasive examination method [12]. The classic 
appearance of pulmonary AVM is a well-defined peripheral 
nodule, which may be rounded or multilobulated. The 
pulmonary artery feeds into the nodule, and there are one or 
more draining veins, which are typically 1–2 mm larger than 
the feeding arteries (Fig. 2). On postcontrast CT during the 
pulmonary arterial phase, AVM appears as a homogeneously 
enhancing dilated vascular structure isoattenuating to the 
feeding and draining vessels (Fig. 2B). Maximum intensity 
projection or volume rendering images can help both outline 
the complex vascular anatomy of pulmonary vascular diseases 
and differentiate between them [8].

Pulmonary angiography can intuitively delineate details 
of the angioarchitecture of pulmonary AVMs, such as the 
feeding pulmonary artery, sac, and draining veins, and is 
usually performed for therapeutic purposes. However, in 
some cases where connections between the pulmonary 
artery and vein are not clear on CT images, pulmonary 
angiography is considered for both diagnostic and 
therapeutic purposes [3]. On the angiogram, the feeder(s), 

sac, and draining vein were usually opacified almost at 
the same time (Supplementary Fig. 3). As the feeder(s) 
come closer to the nidus, it tends to become angulated 
and tortuous. The shape and size of the sac varied widely. 
In contrast, the drainage vein runs straight from the sac 
to the segmental pulmonary vein or, less commonly, the 
left atrium. The diameter of the draining veins was larger 
than that of the feeders. In delayed venous phases, the 
pulmonary veins from the segments or lobes other than 
those where the pulmonary AVM is located are opacified.

Transcatheter embolization is indicated when any of 
the following criteria are met: 1) any technically feasible 
pulmonary AVM with a feeding artery diameter as low as  
2 mm, 2) measurable increase in the size of the pulmonary 
AVM, or 3) paradoxical emboli or symptomatic hypoxemia 
[13-16]. Various embolic materials, including vascular coils 
and plugs, are used to embolize the feeding arteries and/
or sacs. The most common post-procedural complication 
is pleuritic chest pain, which typically occurs within two 
days, and is usually self-resolving [16]. There are a few rare 
but serious complications, including thrombus dislodging, 
vessel injury, or non-target embolization of embolic 
materials down to the heart [17]. Successful embolization 
was defined as a complete resolution or decrease in the size 
of the drainage vein by at least 70% (Supplementary Fig. 3D) 
on follow-up CT. Reperfusion or new pulmonary AVM can be 
seen in up to 20% of treated patients, which is generally 
suitable for repeat embolization [18].

Extrapulmonary AVM
Pleural or mediastinal AVM is a rare subset of high-

flow congenital vascular malformations in which the nidus 
is located in the extrapulmonary spaces. The prevalence 
remains unknown, and the cause is either congenital in 
origin or acquired by inflammation, trauma, or neoplasm 
[19]. Most patients are asymptomatic and diagnosed 
incidentally during routine medical checkups. A few cases 
were associated with a pulsating bulging mass in the chest 
wall. However, radiologic follow-up is important because 
enlarged AVMs may encroach or invade vital mediastinal 
structures, such as the trachea or great vessels [20]. Severe 
hemorrhage from spontaneous rupture is rare, but can be 
a life-threatening complication. While pulmonary AVM 
is a well-known etiology of stroke through right-to-left 
shunt, pleural or mediastinal AVM rarely causes paradoxical 
embolization. The latter often has systemic veins as major 
draining channels, which means that a right-to-left shunt is 
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less likely to occur [21].
Multidetector CT or MRI can be helpful in the differential 

diagnosis of extrapulmonary AVM and determining its 
relationship with the surrounding structures. Pleural or 
mediastinal AVM, which presents as a peripherally located 
vascular tangle abutting the pleural surface, may also mimic 
subpleural pulmonary AVM (Figs. 3, 4). It can have multiple 
systemic feeding arteries, including the intercostal, internal 
mammary, lateral thoracic, or phrenic arteries, and draining 
veins such as the intercostal, subclavian, or innominate 
veins [22]. These systemic arteries may be confused 

with systemic arterial supply to the lung in pulmonary 
sequestration, aberrant systemic artery supply without 
sequestration, or hypertrophic systemic artery due to lung 
disease (Supplementary Fig. 4) [23].

Although pulmonary vessels can be a feeding artery 
or draining vein for pleural or mediastinal AVM, when 
pulmonary angiography fails to demonstrate either feeders 
or nidus or drainage veins, systemic feeders should be 
investigated. Therefore, when mediastinal AVM is on 
the differential diagnosis list, both the femoral arterial 
and venous approaches should be used for diagnostic 

Fig. 2. A 19-year-old male patient with hereditary hemorrhagic telangiectasia.
A. Chest radiograph shows a well-circumscribed round opacity (arrow) in the lower third of the left hemithorax. B-D. Axial enhanced chest 
CT images demonstrate large arteriovenous malformation (arrow) with a feeding artery in the left lower lobe. Numerous, small arteriovenous 
malformations (arrowheads) are also identified in both lung fields. E, F. Arterial-phase images from the pulmonary angiogram reveal the feeding 
artery (arrow) and rapid opacification of the draining vein (arrowheads). G. Delayed venous-phase image shows opacification of the normal 
pulmonary veins. H, I. Contrast-enhanced brain CT and contrast-enhanced T1-weighted MR image demonstrate two small enhancing lesions (arrows) 
located at the left lateral ventricle temporal horn and midbrain, which suggest brain arteriovenous malformation. J, K. Left cerebral and vertebral 
angiograms confirm two small arteriovenous malformations (arrows). 
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angiography. The treatment strategy for extrapulmonary 
AVM is different from that for pulmonary AVM. Embolization 
of the feeders is the mainstay of pulmonary AVM treatment. 
However, sclerotherapy of the nidus is a key factor in the 
treatment of pleural or mediastinal AVMs [24].

Pulmonary Venous Anomalies

Anomalous Pulmonary Vein
An anomalous pulmonary vein indicates that pulmonary 

venous drainage of the affected lung is disturbed and 
instead occurs through the normal pulmonary vein via 
collateral veins, which can even traverse the fissure or 
lobes. It may occur in association with other congenital 
anomalies, such as pulmonary vein atresia or stenosis. The 
anomalous pulmonary vein is most frequently misdiagnosed 
as pulmonary AVM because the dilated and tortuous 
anomalous collateral draining channel is similar to the 
dilated draining vein from pulmonary AVM on CT [5]. 

From this perspective, an anomalous pulmonary vein has 
a normal capillary network with no nidus and, therefore, 
can be followed up without treatment. Patients are usually 
asymptomatic but can have dyspnea, respiratory distress, or 
hemoptysis.

An anomalous pulmonary vein can involve the entire 
unilateral lung or lobe(s), segment, or subsegment. 
Accordingly, its nomenclature has been confusing in the 
literature [5,25]. The most well-known one is the anomalous 
unilateral single pulmonary vein, which is defined as a single 
pulmonary vein draining the entire ipsilateral lung (Fig. 5). 
In contrast, if an anomalous pulmonary vein involves only 
part of the lung, more than one pulmonary vein can drain 
the ipsilateral lung (Figs. 6-8, Supplementary Fig. 5) [26].

Anomalous pulmonary veins are usually found incidentally 
on chest radiographs or cross-sectional images. Chest 
radiographs may show a non-specific tubular or oval shadow 
(Fig. 6A), a parenchymal nodule (Fig. 7A), or a pericardial 
curvilinear shadow. Multidetector CT angiography is 

Fig. 3. A 49-year-old female patient with hereditary hemorrhagic telangiectasia who had a mediastinal arteriovenous 
malformation.
A. Chest radiograph shows no definite abnormality. B, C. Axial contrast-enhanced CT images with lung and mediastinal window settings 
demonstrate prominent draining veins (double arrows) at the periphery of the right middle lobe and along the mediastinal pleura (arrows).  
D, E. Selective angiograms of the truncus anterior (white arrow) and right interlobar pulmonary artery (black arrow) show no discernible vascular 
abnormalities. F, G. Feeding arteries originate from the hypertrophied right internal mammary and inferior phrenic arteries. Note also the large 
draining vein (arrowheads), which communicates with the right pulmonary artery (arrow). A nidus is seen at the beginning of the draining veins.

A

D E F G

B C



207

Pulmonary AVM and Vascular Mimickers

https://doi.org/10.3348/kjr.2021.0417kjronline.org

currently considered the reference modality for diagnosing 
pulmonary venous anomalies, which enables a clear 
depiction of the anomalous vascular structure.

Several studies have described the CT features of 

anomalous pulmonary veins to help distinguish anomalous 
pulmonary veins from pulmonary AVMs [1,2,5]. They include 
1) an anomalous pulmonary vein, which may imitate a 
tangled vascular structure (sac), but the feeding artery and 

Fig. 4. A 19-year-old female patient with pleural arteriovenous malformation who underwent pulmonary artery embolization six 
years earlier.
A. Chest radiograph shows markedly enlarged vascular markings at the right lower lung zone. Multiple plugs from prior embolization procedures 
were also noted. B-G. Axial and coronal contrast-enhanced CT images with a mediastinal window setting demonstrate engorged vascular 
structures along the diaphragmatic pleural surface (arrowheads) and extremely dilated right inferior pulmonary veins. The feeding arteries 
originated from the hypertrophied right intercostal (black arrow) and inferior phrenic arteries (white arrow). H-K. Thoracic aortogram and 
selective angiograms of the right intercostal and inferior phrenic arteries reveal pleural arteriovenous malformation and early drainage through 
dilated right inferior pulmonary veins (arrowheads). 
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Fig. 5. An anomalous pulmonary vein caused by lobar pulmonary vein atresia in a 32-year-old male patient. Adapted from Lee et al. 
Korean J Radiol 2011;12:395-399 [30].
A. Serial axial CT images show a low attenuation linear structure (arrows) between the right inferior pulmonary vein and left atrium, as well as a 
prominent right superior pulmonary vein(s). An abnormally enlarged vascular structure (double arrow) near the right pulmonary artery, suggesting 
the presence of collateral drainage of the interrupted inferior pulmonary vein, was also noted. B. The reformatted oblique sagittal CT image 
shows the atretic right inferior pulmonary vein (arrow). C. The reformatted coronal image with the lung setting reveals multiple tortuous and 
dot-like collaterals (arrowheads) in the superior segment of the right lower lobe crossing the major fissure. D-F. Venous-phase images of the right 
interlobar selective pulmonary angiogram show no connection between the left atrium and the right inferior pulmonary vein (double arrowhead), 
which is draining into the superior pulmonary vein (arrowhead) through the collaterals.
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Fig. 6. An anomalous pulmonary vein in a 75-year-old female patient who presented with persistent blood-tinged sputum. 
Adapted from Hyun et al. Cardiovasc Intervent Radiol 2014;37:835-838, with permission of the Springer Nature [4].
A. Chest radiographs show a tortuous abnormal vascular structure (arrows) at the left parahilar area. B. Venous-phase image in the main 
pulmonary angiogram shows a tortuous and dilated abnormal vessel in the left parahilar area, which drains into the left atrium through an 
anomalous pulmonary vein (arrows). The right superior and inferior pulmonary veins drain normally into the left atrium (arrowheads). C. Early 
arterial-phase image of the left upper lobar selective pulmonary angiogram shows no early draining vein. D. An anomalous venous structure (arrows) 
is seen in the late-venous phase.

A B AC D

Fig. 7. An anomalous pulmonary vein and segmental pulmonary vein atresia in a 43-year-old male patient who presented with 
persistent cough and sputum production. Adapted from Lee et al. Korean J Radiol 2011;12:395-399 [30].
A. Chest radiograph shows a single nodular opacity (arrow) in the right mid-lung zone. B, C. Slab axial images with the lung window setting 
show tortuous and dot-like collaterals and an aneurysmal dilatation of vascular structure (white arrowhead) crossing the minor fissure (black 
arrowhead) in the anterior segment of the right upper lobe. D, E. Venous-phase images in the right apical segmental selective pulmonary 
angiogram show that the apical segmental pulmonary vein is interrupted (arrow). Venous drainage of the affected segment detours via pulmonary 
vein varix associated with anomalous pulmonary vein (arrowhead).
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relevant pulmonary vein are absent, and 2) an anomalous 
pulmonary vein that courses through the lung lobes, 
often crossing the fissure if it develops before pulmonary 
segmentation (Fig. 7C).

Selective pulmonary angiography, although invasive, 
could play an important role in the differential diagnosis 
of an anomalous pulmonary vein when the CT findings are 
equivocal [4,5,25,27]. In contrast to a pulmonary AVM, an 
anomalous pulmonary vein has no feeding artery or nidus. 
An interrupted or severely stenosed pulmonary vein is 
visible on delayed-phase images, and the diameter can be 
larger than that of a normal pulmonary vein (Fig. 7D-E). 
Pulmonary venous return from the affected lung parenchyma 
occurs via dilated and tortuous collateral channels that 
should not be misinterpreted as the nidus and draining 
vein of the pulmonary AVM. These collateral channels 
finally meet any of the pulmonary veins that are normally 
connected to the left atrium. These findings become 
clearer when compared to pulmonary angiograms of the 
contralateral lung. However, when pulmonary angiography 

is performed with the angiographic catheter wedge, the 
findings can become confusing (Fig. 8E).

Pulmonary Vein Atresia and Stenosis
Pulmonary vein atresia or stenosis is a rare but 

serious disease that may lead to progressive pulmonary 
hypertension and eventually heart failure [28]. The 
congenital cause is the abnormal incorporation of the 
pulmonary vein into the left atrium (Supplementary Fig. 6). 
It may occur as an isolated anomaly or in association with 
other congenital cardiac anomalies. The acquired causes 
include complications of previous surgical repairs for cardiac 
anomalies, radiofrequency ablation for arrhythmia, and less 
frequently, neoplasm or inflammation [8]. The severity of 
the symptoms depends largely on the number of pulmonary 
veins involved and the severity of the obstruction [29].

Pulmonary vein atresia or stenosis may involve one or 
more pulmonary veins and can be divided into common, 
unilateral, and individual types. The individual type involves 
the lobar or segmental pulmonary vein and has been 

Fig. 8. A 61-year-old female with an anomalous pulmonary vein at the segmental level.
A, B. Coronal CT images demonstrate several tortuous vascular structures (arrowheads) in the right upper lobe. C, D. Selective angiograms at 
the truncus anterior show normal pulmonary arteries, but abnormal drainage of the right upper lobe apical segment (arrows) through anomalous 
pulmonary veins. E. In the angiogram with a catheter wedged into the segmental pulmonary artery, the anomalous pulmonary vein mimics a 
nidus and the early draining vein (arrowheads) of arteriovenous malformation.
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suggested as a possible cause of an anomalous pulmonary 
vein (Figs. 5, 7) [30]. On CT or pulmonary angiography, 
venous drainage from the affected lung drains to one of the 
normal pulmonary veins through various forms of collaterals 
from multiple fine channels to a dilated tortuous vascular 
structure (Fig. 5C).

Symptomatic patients with pulmonary vein atresia usually 
require surgical treatment, and percutaneous intervention 
is the treatment of choice for patients with pulmonary 
vein stenosis. However, published studies reporting the 
treatment outcomes of pulmonary vein atresia or stenosis 
demonstrated that neither surgical nor endovascular 
intervention achieved satisfactory long-term outcomes, 

with high rates of restenosis, reintervention, and 
mortality [31]. In recent clinical trials, various treatment 
approaches have been attempted with drug-eluting stents, 
chemotherapeutic agents, and molecular target agents to 
prevent restenosis [32].

Pulmonary Vein Varix
Pulmonary vein varix is an aneurysmal dilatation of 

the pulmonary vein, also known as a pulmonary venous 
aneurysm. The size criteria for a pulmonary vein varix have 
not been established, but an aneurysm is usually defined as 
a 50% increase from the normal diameter [33]. The etiology 
of a pulmonary vein varix remains uncertain but can be 

Fig. 9. Partial anomalous pulmonary venous drainage involving the left superior pulmonary vein in a 38-year-old female.
A. Chest radiograph shows no definite abnormality. B, C. Coronal CT image and volume-rendered image demonstrate that a vertical anomalous left 
superior pulmonary vein (arrows) courses lateral to the aortic arch prior to draining into the left brachiocephalic vein. D. Serial axial CT images 
show that the anomalous left superior pulmonary vein (arrows) drains into the left brachiocephalic vein.

A

D

B C



212

Lee et al.

https://doi.org/10.3348/kjr.2021.0417 kjronline.org

Fig. 10. Pulmonary artery aneurysm in a 68-year-old male.
A. Chest radiograph shows a rounded shadow (arrowheads) superimposed onto the enlarged cardiac silhouette. B-E. Enhanced CT images in the 
lung and mediastinal window settings reveal an aneurysm (arrows) arising from the left lower lobe segmental pulmonary artery (arrowhead). 
F. Digital subtraction angiography image with the catheter tip in the aneurysmal sac (arrow) shows a segmental branch of the left lower lobe 
pulmonary artery (arrowhead), but no draining veins. G. Post-embolization angiogram depicts complete packing of the segmental pulmonary 
artery proximal and distal to the aneurysm with coils.
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congenital or acquired. Congenital varices may be in the 
context of an anomalous pulmonary venous development, 
such as pulmonary vein atresia and anomalous pulmonary 
vein, leading to increased blood flow and dilatation with 
the Laplace’s law (Fig. 7, Supplementary Fig. 7) [34]. 
Acquired varices are associated with diseases of increased 
pulmonary vein pressure, such as mitral valve disease, liver 
cirrhosis, or emphysema.

The angiographic diagnostic criteria for confirmative 
diagnosis have been suggested as follows [35]: 1) an 
anomalous dilated perihilar pulmonary vein, sparing the 
peripheral region, which fills at the same rate as the normal 
pulmonary veins, 2) no evidence of pulmonary arterial 
dilatation or arteriovenous fistula (Supplementary Fig. 7E), 
and 3) the drainage from the anomalous pulmonary vein 
to the left atrium is delayed compared to other normal 
pulmonary veins (Supplementary Fig. 7G).

The differential diagnosis from other vascular anomalies 

is important because a pulmonary vein varix is usually 
asymptomatic and does not require treatment once the 
correct diagnosis is established. Acquired varices secondary 
to pulmonary venous hypertension generally regress with 
correction of the underlying cause. However, annual 
monitoring with imaging studies should be considered to 
evaluate the possible complications [36]. For patients with 
pulmonary varices complicated by enlargement on imaging, 
hemoptysis or thromboembolism are candidates for surgical 
intervention [34].

Partial Anomalous Pulmonary Venous Drainage
Partial anomalous pulmonary venous drainage (PAPVD) 

describes the connection of at least one pulmonary vein, 
but not all, to the systemic venous system or the right 
atrium. The drainage of all pulmonary veins outside the 
left atrium is termed total anomalous pulmonary venous 
drainage (TAPVD). The reported prevalence of PAPVD has 

Fig. 11. Pulmonary artery pseudoaneurysm in a 65-year-old male with lung cancer undergoing chemotherapy.
A. Chest radiograph shows a thin, radiolucent crescent-shaped structure (arrowheads) superimposed onto the enlarged cardiac silhouette. 
B, C. Axial and coronal CT images reveal an air crescent adjacent to a pseudoaneurysm (arrowheads) with surrounding consolidation. 
D, E. Selective angiogram of the left lower lobe pulmonary artery demonstrates the pseudoaneurysm (arrows) arising from the segmental branch.  
F. Completion angiogram after coil embolization shows the absence of pseudoaneurysm filling.
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been reported to be between 0.4% and 0.7% [6]. While 
patients with TAPVD are usually symptomatic and require 
surgical repair during the infant period, most PAPVD cases 
are detected incidentally. If anomalous venous drainage 
compromises 50% or more, it may become clinically 
significant and manage treatment.

The most common type of PAPVD is the involvement of 
the right superior pulmonary vein, which frequently occurs 
at the junction of the superior vena cava and right atrium 
(Supplementary Fig. 8) [37]. This subset is associated with a 
superior sinus venosus atrial septal defect near the orifice of 
the superior vena cava. Left-sided PAPVD commonly affected 
the left superior pulmonary vein (Fig. 9). The affected vein 
typically courses lateral to the aortic arch prior to draining 
into the left brachiocephalic vein, which can often be 
misdiagnosed as the left superior vena cava (Supplementary 
Fig. 9). Other described anomalous connections include 
drainage into the azygos vein, hemiazygos vein, coronary 
sinus, or inferior vena cava.

Scimitar syndrome, a unique subset of PAPVD, consists 
of right-sided anomalous pulmonary venous drainage, 
hypoplasia of the lung, cardiac dextroposition, and systemic 
arterial supply to the right lower lobe [38]. The scimitar 
vein usually drains the entire right lung, courses anterior to 
the hilum, and enter the subdiaphragmatic IVC. The typical 
radiologic finding is a scimitar sign, a curved opacity 
lateral to the right cardiac border, which extends toward 
the inferior vena cava (Supplementary Fig. 10). A scimitar 
variant, also known as a pseudo-scimitar syndrome, is a 
condition in which the anomalous pulmonary vein course 
is similar to that of the scimitar sign but has a normal 
connection to the left atrium or has dual connections to 
the inferior vena cava and left atrium [39,40].

Contrast-enhanced CT clearly demonstrates the anatomic 
details of anomalous pulmonary venous drainage in most 
cases. Conventional angiography is not essential for 
diagnosis but can play a significant role in the treatment 
process. Affected patients with significant left-to-right 

Fig. 12. Pulmonary artery ectasia in a 56-year-old female patient with hemoptysis.
A. Chest radiographs show mild cardiomegaly and prominent bilateral pulmonary vascular markings. B, C. Axial images in the lung window setting 
show dilatation of the pulmonary trunk to a maximum diameter of 36 mm with dilated and beaded peripheral pulmonary arteries (arrows). A 
ventricular septal defect is also noted (arrowhead). D-F. Arterial-phase images of the selective bilateral pulmonary angiogram reveal diffuse 
dilatation of the pulmonary trunk and branches.
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shunts have traditionally been considered candidates for 
surgical correction. A thorough delineation of the anatomy 
of individual patients is important for surgical planning. 
Several cases of percutaneous PAPVD embolization to 
reduce the amount of shunt flow have also been reported 
(Supplementary Fig. 11) [41,42]. In selected patients 
with favorable anatomy, percutaneous treatment should be 
considered before surgical management.

Pulmonary Arterial Anomalies

Pulmonary Artery Aneurysm or Ectasia
True aneurysm of the pulmonary artery is rare and may be 

congenital or acquired in origin (Fig. 10). It has a variety 
of preceding factors, including Eisenmenger syndrome, 
pulmonary valve disease, pulmonary hypertension, 
autoimmune disease, and vasculitis [43]. There are often 
complex interactions between several factors that lead to 
aneurysm formation. False aneurysms (pseudoaneurysms) 
of the pulmonary artery are predominantly acquired and 
are caused by various diagnostic or therapeutic procedures, 
trauma, and infectious or malignant disease (Fig. 11) 
[44]. In contrast, pulmonary artery ectasia refers to 
diffuse dilatation of the pulmonary arteries without focal 
aneurysmal dilatation (Fig. 12).

Imaging features can vary depending on etiology. 
Pulmonary artery aneurysm associated with a congenital 
cause and pulmonary hypertension tends to be localized 
to the main pulmonary artery and/or branches. Aneurysms 
associated with autoimmune disease and vasculitis tend 
to be multiple, with bilateral involvement of the distal 
pulmonary circulation. Pseudoaneurysms associated with 
tuberculosis are referred to as Rasmussen aneurysms and 
usually involve the upper lobes in a setting of tuberculosis 
reactivation. On CT or conventional angiography, they can 
be confused with pulmonary AVM if peripherally located 
and without any underlying cause [12]. However, a 
pulmonary artery aneurysm is not associated with early 
opacification of the draining vein, which is a characteristic 
of pulmonary AVM.

Differential diagnosis is important for determining an 
appropriate treatment plan. The treatment of a pulmonary 
artery aneurysm must first be tailored to manage 
underlying conditions such as pulmonary hypertension and 
vasculitis [43]. Surgical intervention is indicated if the 
size increases or if the aneurysm becomes symptomatic. 
Alternatively, a peripheral pulmonary artery aneurysm 

can be treated with endovascular embolization where 
pulmonary function and adequate reserve are available, 
similar to a pulmonary AVM [45].

CONCLUSION

Various vascular diseases involving the lung, pleura, 
and mediastinum can be confused with pulmonary AVM in 
terms of clinical presentation and radiologic findings. These 
include extrapulmonary AVM, an anomalous pulmonary 
vein, pulmonary vein atresia or stenosis, PAPVD, pulmonary 
vein varix, and pulmonary artery aneurysms. Each of them 
has unique radiologic features and can be differentiated 
through careful analysis of contrast-enhanced CT images 
in most cases. However, when the cross-sectional imaging 
findings are inconclusive, angiography of the pulmonary 
arteries and even systemic arteries is considered. Therefore, 
interventional radiologists need to be aware of the 
angiographic features of pulmonary AVM and its mimickers 
to help establish a correct diagnosis and offer proper 
management strategies.
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