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Abstract
Pulmonary arteriovenous malformations (PAVM) are con-
genital vascular communications in the lungs. They act 
as right to left shunts so that the blood running through 
these malformations is not oxygenated or filtered. These 
patients are typically hypoxaemic with exercise intoler-
ance and are at high risk of paradoxical emboli to the 
brain and other organs. These malformations are most 
commonly seen in hereditary haemorrhagic telangiectasia 
(HHT) (Mb. Osler-Weber-Rendu syndrome). Nowadays, 
the generally accepted treatment strategy of first choice 
is embolization of the afferent arteries to the arteriov-
enous malformations. It is a minimally invasive procedure 
and at the same time a lung preserving treatment with 
a very high technical success, high effectiveness and low 
morbidity and mortality. Embolization prevents cerebral 
stroke and abscess as well as pulmonary haemorrhage 
and further raises the functional level. Embolization is a 
well-established method of treating PAVM, with a signifi-
cant effect on oxygenation of the blood. Screening for 
PAVM in patients at risk is recommended, especially in 
patients with HHT.
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INTRODUCTION
Pulmonary arteriovenous malformations (PAVM) are con-
genital low pressure right-to-left shunts in the pulmonary 
vasculature bypassing the capillaries and thus causing 
decreased oxygenation of  the arterial blood and reduced 
filtering of  the blood. Most PAVM are high-flow shunts 
but a few are not and may consequently go undetected 
for a long period. Furthermore, PAVM patients can be 
asymptomatic because they have had their malformations 
for several years but will typically present with hypoxae-
mia and polycythaemia. Thus, they often have exercise 
intolerance, cyanosis and drumstick fingers. In addition, 
they have an increased risk of  paradoxical emboli to the 
systemic circulation and subsequent infarctions and ab-
scesses in the organs, especially the brain. Severe neuro-
logical events such as transitory cerebral ischaemia, stroke, 
and cerebral abscess occur in 30%-40% of  patients with 
untreated PAVM[1-3] and 40%-50% of  patients with PAVM 
have a history of  migraine, headache or transient ischemic 
attacks[4]. Thus, there is an increased prevalence of  neuro-
logic symptoms among patients with hereditary haemor-
rhagic telangiectasia (HHT) (Mb. Osler-Weber-Rendu)[2]. 
There is also a risk of  PAVM rupture, especially during 
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Figure 2  Complex pulmonary arteriovenous malformations. A: Two affer-
ent (feeding) arteries (arrows); B: After embolization with balloon in one feeding 
artery (arrows) and coils in the other.
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their closest relatives with HHT[1,7], but some patients 
without HHT are occasionally found based on patient 
history (dyspnoea on exertion, cerebral insult/abscess, 
hemoptysis), clinical findings or pathological findings of  
rounded tumors on chest X-rays (Figure 4). Thus, some 
have been suspected of  pulmonary malignancy in the 
initial phase. Lung biopsy should, however, be avoided 
as it might induce severe bleeding. Only about 66% of  
PAVM are visible on chest film depending on the size 
and location. Other patients will primarily be admitted to 
hospital because of  neurological complications and with 
undiagnosed PAVM. Suspected patients will have a clini-
cal examination, chest X-ray and contrast echocardiog-

pregnancy, with resulting severe bleeding which may be 
lethal[2].

Therefore, there is evidence-based indication to treat 
these malformations[2].

In more than 75% of  cases, PAVM appear in patients 
with HHT[5]. About 25%-30% of  all patients with HHT 
have PAVM[1,4]. The prevalence of  HHT is estimated to 
be 1 per 5000-10 000[6,7] and the prevalence of  PAVM in 
the population is about 1 per 20 000. PAVM and shunts 
are rarely seen in relation to other diseases like hepatic cir-
rhosis, mitral valve stenosis, post trauma, actinomycosis, 
tuberculosis, and schistosomiasis[8].

hereditary haemorrhagic 
telangiectasia 
HHT is an autosomal dominant inherited vascular disease 
with high penetrans but variable symptomatology. Two 
subtypes have been defined with mutations in chromo-
some 9q34 in type 1 and mutations in chromosome 12q31 
in type 2. Furthermore, the SMAD4 gene has been shown 
to be involved in a very rare HHT type combined with ju-
venile polyposis[9]. The manifestations of  HHT are local-
ized to the capillaries and are caused by a defect in normal 
growth and repair of  endothelial cells[10]. Thus, there is 
a tendency for capillary vascular telangiectasias to form 
in the skin and mucosa membranes and arteriovenous 
malformations in the internal organs, most commonly 
the lungs, but almost all organs can be affected. Epistaxis 
is the most frequent symptom and is seen in about 95% 
of  patients with HHT. PAVM is seen in about 45% of  
patients with HHT type 1, and in 12% of  patients with 
HHT type 2[1,11]. Evidence-based international guidelines 
for the diagnosis and management of  HHT have been 
published recently[12].

Pulmonary arteriovenous 
malformations
Most patients with PAVM are discovered by screening 
patients with HHT[7]. PAVM are congenital but are usually 
not discovered until adult age because they grow with age. 
The morphology ranges from complex structures supply-
ing and draining an aneurismal sac to small telangiectatic 
vessels. PAVM can be simple with only one afferent feed-
ing segmental artery and draining vein (Figure 1) or com-
plex with more than one supplying arteries to the PAVM 
(Figure 2A). Most PAVM are localized to the lower lobes 
but they can be seen all over the lungs (Figure 3A). It is 
generally accepted that there is indication for embolization 
when the feeding artery is 3 mm or more in diameter[2]. 
Patients with PAVM and without known HHT should be 
examined for HHT.

DIAGNOSIS
Most patients are found by screening of  patients and 
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PAVM

Figure 1  Simple pulmonary arteriovenous malformations with one afferent 
(feeding) artery and one efferent (draining) vein. PAVM: Pulmonary arteriov-
enous malformations.
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raphy performed initially. If  echo contrast bubbles after 
injection into a peripheral vein appear in left-sided heart 
chambers a couple of  heart cycles after being visible in 
right-sided chambers, this is indicative of  a right-to-left 
shunt in the lungs. If  these examinations are suggestive 
of  PAVM, further examinations will include multi-slice 
computed tomography (CT) without contrast media, arte-
rial blood gas analysis (partial pressure of  oxygen in arte-
rial blood), and pulmonary angiography[13,14]. On multi-
slice CT, the characteristic afferent and efferent vessels to 
the PAVM sac will often be visible (Figure 5)[15,16]. Finally, 
pulmonary angiography is performed with catheterization 

through the femoral vein and selective contrast injection 
in both pulmonary arteries in at least two projections, and 
if  needed additional projections in the anatomic position, 
that best profiles the artery and its entrance into the mal-
formation.

All patients with HHT and their closest relatives, 
patients with hepatorenal syndrome, with unexplained 
dyspnoea on exertion, cerebral abscess or stroke should 
be screened for PAVM.

EMBOLIZATION METHODS
In 1977, percutaneous transluminal embolization of  PAVM 
was introduced as a treatment option[17,18]. This treatment 
has since shown to be effective with a high success rate 
and few complications[2,3,19-22], and has therefore replaced 
surgery as the first-line treatment. The advantages of  em-
bolization are that the afferent feeding artery to the PAVM 
is occluded as close as possible to the PAVM sac and at the 
same time spares the adjacent normal pulmonary arteries 
(Figures 2, 3B, 6 and 7). Furthermore, selective, percutane-
ous, transluminal embolization is a minimally invasive pro-
cedure which is performed under local analgesia and with-
out need of  convalescence. Embolization is performed 
using transfemoral venous access to the pulmonary arter-
ies. A 7F J-shaped guiding catheter with a 5F diagnostic 
vertebral J-shape or another appropriate shape according 
to the angulation of  the target vessels inside is then insert-
ed. A curved hydrophilic guidewire is used inside the cath-
eters for crossing the right-sided heart chambers and for 
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Figure 4  Pulmonary arteriovenous malformations in both lungs, visible 
on the chest X-ray.

Figure 5  Computed tomography of the chest showing pulmonary arterio-
venous malformations with afferent and efferent vessels.
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Figure 3  Multiple pulmonary arteriovenous malformations. A: In both lungs; B: 
Multiple pulmonary arteriovenous malformations (PAVM) after embolization. One 
small PAVM on the right side has been left untreated because of small sized feed-
ing artery (arrow).
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selective catheterization of  the pulmonary artery branches. 
Coils can be delivered through the diagnostic catheter and 
microcoils through a microcatheter inside the diagnostic 
catheter. Use of  coaxial or triaxial catheters allow for pre-
cise placement of  the coils. After embolization, the PAVM 
usually shrinks and leaves a fibrous scar. Transcatheter 
embolization is established as the preferred treatment for 
PAVM which have one (simple) (Figures 6 and 7) or more 
(complex) (Figure 2) feeding arteries of  more than 3 mm 
or smaller if  amenable to embolization[2]. Embolization is 
usually performed with coils, but years ago detachable sili-
cone balloons were also used[13,14,23]. Pushable coils come 
in all sizes and a huge variety of  shapes. They are easy 
to deliver through a diagnostic or microcatheter and are 
relatively cheap. Careful “packing” and cross-sectional oc-
clusion by the coils is essential for embolization. It can be 
achieved using the “anchor” or “scaffold” technique[4] and 
may reduce the recanalization rate. Recanalization or pri-
mary insufficient embolization after use of  coils has, how-
ever, been described in about 8%-15% of  cases[19,20,24-26]. 
Detachable coils are even more precise and safe to deliver 
and can be retracted and replaced if  necessary before fi-
nal delivery, but they are more expensive and are usually 
not routinely used. Vascular plugs are increasingly used[27] 
(Figures 7 and 8). The vascular plug is a self-expandable, 
cylindrical nitinol wire-mesh occlusion device. A micro-
screw is welded to the plug and attached to a delivery wire. 

They are available in diameters of  4-22 mm and the new-
est versions pass through 5-8F catheters or long sheaths. 
They are also detachable and can be retracted, removed, 
exchanged or repositioned very precisely and safely be-
fore final delivery by a precise, controlled detachment. In 
tortuous and small calibrated vessels, coils are preferred 
because they are more flexible during delivery through 
the catheter and available in small sizes. In most cases, 
multiple coils are necessary to achieve complete occlusion 
while one plug often will do the job, and it is more time 
consuming to deliver multiple coils than one plug. The 
potential for recanalization or incomplete occlusion by the 
plug is probably lower than that of  the coils, especially if  it 
is not possible to pack the coils properly. Personal experi-
ence with and preference for a certain device will often be 
decisive for the choice made.
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Figure 7  Embolization of simple pulmonary arteriovenous malformations 
with vascular plug.
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Figure 6  Simple pulmonary arteriovenous malformations. A, B: Before embolization; C: After selective catheterization of the feeding artery; D: After embolization 
with coils (arrow).
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Figure 8  One version of a vascular plug.



EMBOLIZATION RESULTS
Technical success with occlusion of  the feeding artery 
is achieved in about 95%-100% of  cases in experienced 
hands[13,14,28]. A significant reduction of  the pulmonary 
shunt after embolotherapy has been demonstrated by con-
trast echocardiography and by raised arterial blood partial 
pressure of  oxygen[13,14,19]. Furthermore, the majority of  
patients experience a higher functional level and better 
performance after treatment[14,19]. Embolization is a safe 
treatment and complications and adverse effects during 
and after PAVM embolization are not severe. Side effects 
of  this therapy are seen in about 10%-20% of  cases[2,13]. 
Self-limited pleurisy with or without a small pulmonary 
infiltration and respiratory chest pain usually starting 2-4 d 
after treatment is seen in 10%-15%[2,14], precordial pain in 
2%-5%, primary coil dislocation or malpositioning during 
delivery in 4%. Catheter-induced bradycardia and ectopic 
heart beats are common during catheterization but are 
self-limiting and will disappear after removal or replace-
ment of  the catheter from the heart. A transient rise in 
temperature for 1 or 2 d is common following emboliza-
tion (post embolization syndrome). Secondary dislocation 
of  coils after deployment and mortality have never been 
reported in relation to this treatment[2,20]. Clinical and 
anatomical evaluation after embolization of  PAVM is im-
portant to detect persistent or reperfused lesions because 
of  recanalization, presence of  accessory feeding arteries, 
pulmonary collateral vessels, and bronchial collateral ves-
sels and growth of  non-embolized lesions. These patients 
will often have symptoms but a significant minority are 
asymptomatic[29].

CONCLUSION
Embolization of  PAVM is a definitive treatment and is 
a well-established method with a significant effect on 
oxygenation of  the blood and prophylactic effect on para-
doxical emboli to the brain. It is a minimally invasive, safe 
and lung-preserving treatment with high effectiveness and 
low morbidity and mortality. Patients with HHT and their 
first degree relatives should be screened for PAVM.

REFERENCES
1	 Kjeldsen AD, Oxhøj H, Andersen PE, Green A, Vase P. Prev-

alence of pulmonary arteriovenous malformations (PAVMs) 
and occurrence of neurological symptoms in patients with 
hereditary haemorrhagic telangiectasia (HHT). J Intern Med 
2000; 248: 255-262

2	 White RI Jr, Pollak JS, Wirth JA. Pulmonary arteriovenous 
malformations: diagnosis and transcatheter embolotherapy. J 
Vasc Interv Radiol 1996; 7: 787-804

3	 White RI Jr, Lynch-Nyhan A, Terry P, Buescher PC, Farmlett 
EJ, Charnas L, Shuman K, Kim W, Kinnison M, Mitchell SE. 
Pulmonary arteriovenous malformations: techniques and 
long-term outcome of embolotherapy. Radiology 1988; 169: 
663-669

4	 White RI Jr. Pulmonary arteriovenous malformations: how 
do I embolize? Tech Vasc Interv Radiol 2007; 10: 283-290

5	 Guttmacher AE, Marchuk DA, White RI Jr. Hereditary hem-

orrhagic telangiectasia. N Engl J Med 1995; 333: 918-924
6	 Daina E, D'Ovidio F, Sabbà C. Introduction: hereditary hem-

orrhagic telangiectasia as a rare disease. Curr Pharm Des 2006; 
12: 1171-1172

7	 Kjeldsen AD, Vase P, Green A. Hereditary haemorrhagic 
telangiectasia: a population-based study of prevalence and 
mortality in Danish patients. J Intern Med 1999; 245: 31-39

8	 Gossage JR, Kanj G. Pulmonary arteriovenous malforma-
tions. A state of the art review. Am J Respir Crit Care Med 1998; 
158: 643-661

9	 Brusgaard K, Kjeldsen AD, Poulsen L, Moss H, Vase P, Ras-
mussen K, Kruse TA, Hørder M. Mutations in endoglin and 
in activin receptor-like kinase 1 among Danish patients with 
hereditary haemorrhagic telangiectasia. Clin Genet 2004; 66: 
556-561

10	 Govani FS, Shovlin CL. Hereditary haemorrhagic telangiec-
tasia: a clinical and scientific review. Eur J Hum Genet 2009; 
17: 860-871

11	 Kjeldsen AD, Møller TR, Brusgaard K, Vase P, Andersen PE. 
Clinical symptoms according to genotype amongst patients 
with hereditary haemorrhagic telangiectasia. J Intern Med 
2005; 258: 349-355

12	 Faughnan ME, Palda VA, Garcia-Tsao G, Geisthoff UW, Mc-
Donald J, Proctor DD, Spears J, Brown DH, Buscarini E, Ches-
nutt MS, Cottin V, Ganguly A, Gossage JR, Guttmacher AE, 
Hyland RH, Kennedy SJ, Korzenik J, Mager JJ, Ozanne AP, 
Piccirillo JF, Picus D, Plauchu H, Porteous ME, Pyeritz RE, 
Ross DA, Sabba C, Swanson K, Terry P, Wallace MC, Wester-
mann CJ, White RI, Young LH, Zarrabeitia R. International 
Guidelines for the Diagnosis and Management of Hereditary 
Hemorrhagic Telangiectasia. J Med Genet 2009; Epub ahead of 
print

13	 Andersen PE, Kjeldsen AD, Oxhøj H, Vase P. Percutaneous 
transluminal treatment of pulmonary arteriovenous malfor-
mations. J Interv Radiol 1999; 14: 164-170

14	 Andersen PE, Kjeldsen AD, Oxhøj H, Vase P, White RI Jr. 
Embolotherapy for pulmonary arteriovenous malformations 
in patients with hereditary hemorrhagic telangiectasia (Ren-
du-Osler-Weber syndrome). Acta Radiol 1998; 39: 723-726

15	 White RI Jr, Pollak JS. Pulmonary arteriovenous malforma-
tions: diagnosis with three-dimensional helical CT--a break-
through without contrast media. Radiology 1994; 191: 613-614

16	 Tsunezuka Y, Sato H, Tsukioka T. Strategy for 3-D computed 
tomography diagnosis and treatment of small pulmonary 
arteriovenous fistula. Scand Cardiovasc J 2000; 34: 90-91

17	 Portsman W. Therapeutic embolization of arteriovenous 
pulmonary fistula by catheter technique. In: Kelop O, editor. 
Current concepts in pediatric radiology. Berlin: Springer Ver-
lag, 1977: 23

18	 Taylor BG, Cockerill EM, Manfredi F, Klatte EC. Therapeutic 
embolization of the pulmonary artery in pulmonary arterio-
venous fistula. Am J Med 1978; 64: 360-365

19	 Andersen PE, Kjeldsen AD. Clinical and radiological long-
term follow-up after embolization of pulmonary arteriove-
nous malformations. Cardiovasc Intervent Radiol 2006; 29: 70-74

20	 Lee DW, White RI Jr, Egglin TK, Pollak JS, Fayad PB, Wirth 
JA, Rosenblatt MM, Dickey KW, Burdge CM. Embolotherapy 
of large pulmonary arteriovenous malformations: long-term 
results. Ann Thorac Surg 1997; 64: 930-939; discussion 939-940

21	 Dutton JA, Jackson JE, Hughes JM, Whyte MK, Peters AM, 
Ussov W, Allison DJ. Pulmonary arteriovenous malforma-
tions: results of treatment with coil embolization in 53 pa-
tients. AJR Am J Roentgenol 1995; 165: 1119-1125

22	 Haitjema TJ, Overtoom TT, Westermann CJ, Lammers JW. 
Embolisation of pulmonary arteriovenous malformations: 
results and follow up in 32 patients. Thorax 1995; 50: 719-723

23	 Andersen PE, Kjeldsen AD. Long-term follow-up after em-
bolization of pulmonary arteriovenous malformations with 
detachable silicone balloons. Cardiovasc Intervent Radiol 2008; 

343 September 28, 2010|Volume 2|Issue 9|WJR|www.wjgnet.com

Andersen PE et al . Interventional treatment of pulmonary arteriovenous malformations



31: 569-574
24	 Sagara K, Miyazono N, Inoue H, Ueno K, Nishida H, Nakajo 

M. Recanalization after coil embolotherapy of pulmonary ar-
teriovenous malformations: study of long-term outcome and 
mechanism for recanalization. AJR Am J Roentgenol 1998; 170: 
727-730

25	 Wirth JA, Pollak JS, White RI Jr. Pulmonary arteriovenous 
malformations. In: George RB, Douglas G, Campbell GD Jr, 
editors. Current pulmonology and critical care medicine. St. 
Louis: Mosby Year-Book, 1996: 261–298

26	 Mager JJ, Overtoom TT, Blauw H, Lammers JW, Westermann 
CJ. Embolotherapy of pulmonary arteriovenous malforma-

tions: long-term results in 112 patients. J Vasc Interv Radiol 
2004; 15: 451-456

27	 Andersen PE, Kjeldsen AD. Occlusion of pulmonary arterio-
venous malformations by use of vascular plug. Acta Radiol 
2007; 48: 496-499

28	 Iqbal M, Rossoff LJ, Steinberg HN, Marzouk KA, Siegel DN. 
Pulmonary arteriovenous malformations: a clinical review. 
Postgrad Med J 2000; 76: 390-394

29	 Pollak JS, Saluja S, Thabet A, Henderson KJ, Denbow N, 
White RI Jr. Clinical and anatomic outcomes after embolo-
therapy of pulmonary arteriovenous malformations. J Vasc 
Interv Radiol 2006; 17: 35-44; quiz 45

S- Editor  Cheng JX    L- Editor  Webster JR    E- Editor  Zheng XM

344 September 28, 2010|Volume 2|Issue 9|WJR|www.wjgnet.com

Andersen PE et al . Interventional treatment of pulmonary arteriovenous malformations


