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Abstract:

Pulmonary arteriovenous malformations are abnormal connections between a pulmonary artery and a pulmonary vein
that can lead to ischemic stroke and brain abscess due to right-to-left shunting of blood. Embolization is currently
considered the first treatment option for pulmonary arteriovenous malformations owing to its minimal invasiveness.
This review updates the indications and techniques for the embolization of pulmonary arteriovenous malformations
and determines the persistence of pulmonary arteriovenous malformations following embolization based on the most

recent literature.
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Clinical Features of Pulmonary Arteriovenous
Malformations (PAVMs)

Pulmonary arteriovenous malformations (PAVMs) are ab-
normal connections between a pulmonary artery and a pul-
monary vein and usually bypass the capillary bed to induce
right-to-left shunting of blood. This can lead to symptoms
depending on the degree of blood shunting [1-3]. PAVMs
are often asymptomatic, but they can also be associated with
various clinical symptoms. When left untreated, PAVMs can
result in serious complications. The risk of symptoms is
considered related to the correlation between the size of the
PAVM and the degree of right-to-left shunting, which can
limit oxygenation and natural filtration in the lung. Conse-
quently, patients may present with varying degrees of dysp-
nea, cyanosis, clubbing, or chest pain [2, 3]. Furthermore,
migraines are recognized as a common neurologic symptom
of PAVMs [1]. More serious recognized complications in-
clude brain abscess, paradoxical embolism resulting in
stroke or transient ischemic attack, and, less frequently, he-
moptysis or intrapulmonary hemorrhage [4, 5]. While un-
common, massive hemoptysis or hemothorax has also been
reported [6]. In patients with PAVM, pregnancy may be a
risk factor for hemoptysis; three of the seven women de-
scribed in the literature as having massive hemoptysis were
pregnant [6]. Pregnancy can expand PAVMs due to in-

Interventional Radiology 2023; 8(2): 56-63
https://doi.org/10.22575/interventionalradiology.2021-0030
https://ir-journal.jp/

creased cardiac output, blood volume, and hormone-related
changes in the vasculature.

Most PAVMSs are congenital, and a tight association
(47%-90%) with hereditary hemorrhagic telangiectasia
(HHT), also known as Osler-Weber-Rendu syndrome, has
been described in the literature [7-12]. HHT is an autosomal
dominant disorder associated with the mutation of one of
the following proteins: endoglin (HHT1 subtype) or activin
A receptor type II-like 1 (HHT2 subtype) [13, 14]. Among
the recognized subtypes of HHT, HHT1 is most strongly as-
sociated with PAVMs [15]. In a small percentage, a muta-
tion in SMAD4 is also observed [16].

Prior to 1977, surgery was the only method for pulmo-
nary arteriovenous malformation treatment, including liga-
tion, excision, lobectomy, segmentectomy, and pneumonec-
tomy [17]. Video-assisted thoracic surgery has been reported
for PAVMs [18] and involves a short procedural time with
neither irradiation nor the requirement for life-long follow-
up. Meanwhile, embolization is currently considered the
standard of care for PAVM treatment owing to its minimal
invasiveness [19].

Indication of Embolization for PAVMSs

Embolization should be performed for PAVMs in patients
that exhibit symptoms such as ischemic stroke. The indica-
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tions for embolization of asymptomatic PAVMs have been a
contentious issue since the description of the so-called “3-
mm guideline.” In 1992, Rosenblatt et al. [20] presented an
abstract that described 17 patients each with a single domi-
nant PAVM. Eight of these patients had evidence of stroke
on brain magnetic resonance imaging, and four had clini-
cally evident stroke and a feeding artery measuring from 2.9
to 4.5 mm. The 3-mm guideline was established based on
these cases and has subsequently been cited in numerous ar-
ticles. Dramatic technological advances since the establish-
ment of the 3-mm guideline, including refinements in digital
subtraction angiography (DSA), catheter systems, micro-
catheters, and coils, have made it possible to treat PAVMs
with feeder vessels < 1.5 mm [21]. Furthermore, reports of
symptomatic paradoxical embolization in patients with <3-
mm feeding arteries have been published, and paradoxical
embolization has been found to occur independent of the
feeding artery diameter [22, 23]. Consequently, the potential
need to treat PAVMs in the sub-3-mm feeder range was ac-
knowledged by the originators of the 3-mm guideline in
2006 [24]. Furthermore, the 2009 HHT treatment guidelines
recognized that it is appropriate to treat PAVM with feeders
<3 mm [25]. Because a 3-Fr microcatheter has a diameter of
1 mm, it is theoretically possible to treat PAVMs with a
feeding artery of 1 mm [26]. Although embolization is tech-
nically possible, even for small PAVMs, catheterization
through a small and tortuous feeding artery is challenging
and includes the risk of vessel injury during catheter and
microguidewire manipulation. The persistence rate following
embolization is reportedly high for small PAVMs [27];
therefore, the indication of embolization for small PAVMs
should be carefully considered.

Embolic Materials

The choice of embolic material is an important issue.
Coils and plugs are the most common embolic materials for
PAVM embolization. Gelatin sponge, particles, and liquid
embolic materials are not used for the embolization of
PAVMs due to the high risk of migration to the pulmonary
vein.

Coils are permanent embolic agents that cause vessel oc-
clusion by inducing thrombosis. They can be divided into
pushable and detachable coils. The advantages of pushable
coils include their ready availability, reasonable cost, and
ease of use. However, one disadvantage of pushable coils is
that it is not possible to reposition them once they have
been deployed, and coil migration to the pulmonary vein is
thus possible in PAVM embolization. Detachable coils are
deployed through a variety of mechanisms, including me-
chanically, via electric heating, electrolysis, and hydrostatic
means. They offer the advantage of being repositionable be-
fore a successful deployment of the coils. However, their
disadvantages include high cost and a long time requirement
for setup. Furthermore, in the use of detachable coils, con-
tinuous saline flushing of the microcatheter lumen is neces-
sary to prevent thrombus formation. Pushable coils can be
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safely deployed via an anchor or scaffold technique using
detachable coils. In the anchor technique, the coil tip is pur-
posely anchored in a small side branch proximal to the fis-
tulous point of the PAVM, and the body of the coil then
prolapses into the feeding artery. This securing of the tip in
a side branch minimizes the risk of inadvertent coil dislodg-
ment [28]. In the scaffold technique, the first positioned coil
creates a scaffold that blocks other devices. The optimal oc-
clusion of the feeding artery can thus be achieved by pack-
ing devices with decreasing diameters [29].

Various coil types have been developed, including bare
platinum coils, fibered coils, and hydrogel-coated coils. Bare
platinum coils can only partially embolize vessels via pure
mechanical occlusion. Thus, although all coil embolization
depends on the ability of the patient to form a thrombus or
any coagulopathic status, bare platinum coils in particular
depend on this mechanism more. However, if it was possible
to tightly embolize the vessel, there would be less thrombo-
sis formation. Fibered coils have been shown to induce
thrombosis more effectively than bare coils [30], but it
means that they are more dependent on thrombus formation
to occlude the vessel, and it may be a risk of recanalization
following PAVM embolization. Hydrogel-coated coils have a
layer of hydrogel polymer that surrounds the platinum metal
core and can fully expand within 20 min of contact with
blood [31]. Hydrogel-coated 0.018-in. coils have a nearly
fivefold higher filling volume than platinum coils of the
same size. They thus provide a greater volume of occlusion
than regular coils and are not dependent on thrombus forma-
tion [32]. Hydrogel-coated coils have been suggested to be
useful for preventing recanalization following PAVM em-
bolization because they can tightly embolize the malforma-
tions with less thrombus formation [33]. However, hydrogel-
coated coils have some disadvantages, such as the rigidity of
the coil, limitation of repositioning time, and need for a
relatively large microcatheter.

Amplatzer Vascular Plugs (AVPs) (St. Jude Medical, Min-
neapolis, MN) include a family of expandable nitinol mesh
vascular occlusion devices [32] and widely used for PAVM
embolization [34, 35]. Although AVPs are relatively expen-
sive, they may reduce the need for multiple individual coils
and hence are potentially more cost effective. The MVP Mi-
cro Vascular Plug (Covidien, Irvine, CA) is a new detach-
able nitinol skeleton plug that is partially coated with
polytetrafluoroethylene, and thus, they can induce immediate
occlusion despite procedural anticoagulation. These plugs
have been shown to be useful for PAVM embolization [36,
37]. However, the use of plugs requires advancing a rela-
tively large delivery catheter into the feeding artery of the
PAVM, which is difficult in cases with a tortuous feeding ar-
tery. In addition, they cannot embolize the sac of PAVMs. In
our opinion, plugs may be appropriate when embolization of
the feeding artery is performed and the feeding artery is
large and straight, but coils should be selected when emboli-
zation from the sac is performed or the feeding artery is
small or tortuous. However, the choice of embolic material
remains a controversial issue, and further research that com-
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Figure 1. Pattern of persistence.

A) Recanalization; PAVMs are perfused through previously placed embolic materials. Pre-

venting this requires tighter PAVM embolization.

B) Pulmonary-to-pulmonary reperfusion; the embolized feeding artery remains occluded,

but small feeding arteries from the adjacent normal pulmonary arteries are present. Prevent-

ing this may require sac embolization or distal feeding artery embolization.

C) Systemic-to-pulmonary reperfusion; PAVMs persist via a systemic arterial feeder. Pre-

venting this may require sac embolization or distal feeding artery embolization.

D) Incomplete primary treatment; for a PAVM with multiple feeders, some feeders remain

untreated. Preventing this requires careful interpretation of CT images before embolization

to identify all feeding arteries.

pares coils and plugs is therefore required.

Complications and Persistence after Embolization

Complications of embolization

Pleurisy is the most common complication of emboliza-
tion, occurring in 14%-31% of patients [38, 39], but most
cases improve with conservative management. The most
feared complication of embolization is migration of air,
thrombus, or embolic material into the systemic arterial cir-
culation, which can result in ischemic stroke or myocardial
infarction [28]. Pulmonary hypertension rarely develops in
patients who have undergone PAVM embolization, so car-
diac failure can develop in patients with pulmonary hyper-
tension [28]. As PAVM rupture can occur during emboliza-
tion due to injury of the PAVM during catheterization, care-
ful manipulation is essential.
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Pattern of persistence

After successful embolization, the persistence of PAVMs
is an important concern. Persistence can be categorized into
the following patterns (Fig. 1): 1) recanalization (PAVMs are
perfused through previously placed embolic materials), 2)
pulmonary-to-pulmonary reperfusion (the embolized feeding
artery remains occluded, but small feeding arteries from the
adjacent normal pulmonary arteries are present), 3)
systemic-to-pulmonary reperfusion (PAVMs persist via a
systemic arterial feeder), and 4) incomplete primary treat-
ment (there are previously untreated feeders of a PAVM
with multiple feeders) [40]. A recent report described reca-
nalization as the most frequent pattern of persistence, occur-
ring in 98% (60/61) of persistent PAVMs diagnosed via an-
giography [41].

The cause of recanalization is considered to be the resolu-
tion of thrombus in the embolized PAVM. The pulmonary
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Figure 2. A 55-year-old woman presented with untreated PAVM in the right middle lobe.

A) CT shows the PAVM in the right middle lobe (arrow).
B) Pulmonary angiography shows the PAVM (arrow).

C) After coil embolization, complete occlusion of the PAVM is confirmed.

D) CT at 42 months following coil embolization shows reduction of the sac, but the reduction rate is 36%, and per-

sistence is suspected (arrow).

E) TR-MRA at 44 months following coil embolization obviously shows persistence.

F) Pulmonary angiography at 44 months following coil embolization confirms persistence.

vasculature is more compliant than the systemic vasculature,
and this compliance has been attributed to arterial wall elas-
ticity and vessel size [42]. The pulmonary artery may be
distended following coil embolization, leading to coil elon-
gation. In addition, the thrombus can spontaneously resolve
in the pulmonary artery owing to its potent fibrinolytic ac-
tivity [43]. PAVMs therefore need to be embolized more
tightly to prevent recanalization. On the other hand, the
cause of pulmonary-to-pulmonary reperfusion and systemic-
to-pulmonary reperfusion may be related to embolization of
the feeding artery at a proximal site [44]. Sac embolization
or distal feeding artery embolization may thus be required to
prevent such a reperfusion. Incomplete primary treatment
can occur in a PAVM with multiple feeders; thus, careful in-
terpretation of images from computed tomography (CT) be-
fore embolization is important to identify all feeding arter-
ies.

Diagnosis of persistence and persistence rate

Because persistent PAVMs can potentially cause neu-
rologic complications [45], diagnosis of the persistence of
PAVMs during follow-up is crucial. To accurately diagnose
persistence, DSA is considered the most sensitive modality
for examining blood flow through PAVMs [38]. However,
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DSA is an invasive procedure and is thus not commonly
performed in clinical practice. CT; therefore, is routinely
performed after embolization to diagnose persistence based
on the size reduction of the sac or draining vein [44-51]. As
an issue of CT diagnosis, evaluating size reductions is often
difficult due to metal artifacts from coils and the fact that
the size of the draining veins does not reflect blood flow
through the embolized PAVM, because the vein can be
drained from the normal pulmonary parenchyma. In the lit-
erature, persistence has been defined as <70% reduction of
the sac or the draining vein of a PAVM [45, 49, 50]. How-
ever, it has recently been reported that the diagnostic accu-
racy of CT was 82%, when the cutoff value of the reduction
rate was set to 55%, which produced the highest accuracy,
and the diagnostic accuracy of CT was 70%, when the cut-
off value of the reduction rate was set to 70% [41]. The re-
sults of this receiver operating characteristic analysis were
similar to those in recent studies [52, 53], which suggests
that a cutoff value of 55% may be appropriate for CT diag-
nosis.

As an alternative to DSA for screening after coil emboli-
zation, time-resolved magnetic resonance angiography (TR-
MRA) with gadolinium contrast medium has become a valu-
able option owing to its high sensitivity for detecting blood
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Figure 3. A 67-year-old woman presented with untreated PAVM in the right middle lobe.

A) CT shows the PAVM in the right middle lobe (arrow).
B) TR-MRA shows the PAVM (arrow).
C) Pulmonary angiography shows the PAVM (arrow).

D) Complete cessation of blood flow in the PAVM is confirmed following coil embolization.

E) CT at 41 months following coil embolization shows an artifact from coils, making persistence determination diffi-

cult.

F) TR-MRA at 41 months following coil embolization shows disappearance of the PAVM without any coil artifacts.

flow (Fig. 2) [54]. In magnetic resonance (MR) imaging,
platinum coils, which have relatively low paramagnetic char-
acteristics, are known to produce very few artifacts (Fig. 3)
[55-57]. TR-MRA has been reported to be more useful than
CT for diagnosing the persistence of PAVM following coil
embolization, with higher diagnostic specificity, positive pre-
dictive values, and sensitivity [55]. In addition, a recent arti-
cle reported that TR-MRA has high accuracy (93%) for di-
agnosing persistence after PAVM embolization when using
DSA as the reference standard [41].

Historically, the persistence rate was usually evaluated via
CT, with persistence rates reportedly up to 19% [44-47]. Re-
cently, using TR-MRA, the persistence rate was reported to
be 49% at 24 months following embolization [58]. However,
this result was from a study with a small number of cases.
On the other hand, a recent study evaluated the persistence
rate in a large number of cases via CT, TR-MRA, and DSA
[41]. For CT with a cutoff value of 70%, the 12-, 24-, 48-,
and 96-month persistence rates were 29%, 46%, 66%, and
86%, respectively, and for CT with a cutoff value of 55%,
the persistence rates were 23%, 33%, 50%, and 62%, re-
spectively. For TR-MRA, the 12-, 24-, 48-, and 96-month
persistence rates were 8%, 12%, 26%, and 53%, respec-
tively. For DSA, the 12-, 24-, 48-, and 96-month persistence
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rates were 10%, 25%, 31%, and 53%, respectively.
Factors of persistence

A recent study examined factors affecting persistence, in-
cluding sex, age, presence of HHT, number of PAVMs (sin-
gle or multiple), location of PAVM, type of PAVM (simple
or complex), size of feeding artery, size of sac, and location
of embolization (feeding artery or sac, proximal or distal to
the last normal branch of the pulmonary artery from the
feeding artery) [41]. The authors concluded that emboliza-
tion of the distal position to the last normal branch of the
pulmonary artery was a significant factor for preventing per-
sistence. “Shunting point” occlusion is generally recognized
as important when embolizing AVMs in various organs. In
PAVMs, the location of the last normal branch of the pul-
monary artery is used as a landmark to determine the

“shunting point.” The last normal branch of the pulmonary
artery is reported to arise from the sac, the junction of the
sac and feeding artery, and the feeding artery in 39%, 51%,
and 10% of cases, respectively [59]. Therefore, sac emboli-
zation is required to occlude the shunting point in most
PAVMs, in which the last normal branch of the pulmonary
artery is in the sac or junction. However, in the remaining
PAVMs, in which the last normal branch of the pulmonary
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Figure 4. A 24-year-old man presented with untreated PAVM in the left upper lobe.

A) CT shows the PAVM in the left upper lobe (arrow) and the last normal branch of the pulmonary artery (arrow

head).

B) Pulmonary angiography shows the PAVM (arrow). The microcatheter should be attempted to advance beyond the

last normal branch of the pulmonary artery (arrow head).

C) Then, the microcatheter (small arrow) is then advanced to the sac of the PAVM through a 4-Fr catheter (large ar-

row) under inflation of an 8-Fr balloon catheter (arrowhead).

D) Coil embolization is then performed from the sac to the feeding artery of the PAVM.

E) Complete occlusion of the PAVM is confirmed, and no persistence is evident on follow-up after 36 months.

artery is in the feeding artery, sac embolization may not be
necessary, which can decrease the cost and duration of the
procedure.

Technique of Embolization for PAVMs in Our In-
stitution

The embolization technique for PAVMs in our institution
is presented in Fig. 4. An 8-Fr sheath (SuperSheath;
Medikit, Tokyo, Japan) is first introduced into the femoral
vein. To prevent the formation of a thrombus during the pro-
cedure, 3000 units (1000 units/mL) of heparin are intrave-
nously administered, with an additional 1000 units added
every hour, to achieve an activated clotting time of >200 s.
An 8-Fr balloon catheter (Optimo; Tokai Medical Products,
Aichi, Japan, or FlowGate; Stryker Neurovascular, Fremont,
CA) is placed at the segmental pulmonary artery, followed
by a 4-Fr catheter (C2; Medikit, or Cerulean G; Medikit)
and a 2.2-Fr microcatheter (Progreat 33; Terumo, Tokyo, Ja-
pan). An 8-Fr balloon catheter is then used to occlude the
flow of blood from the PAVM to prevent paradoxical em-
bolization and migration of coils to the venous side. This
also acts as a backup in case of perforation. Deep advance-
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ment of the 4-Fr catheter can also be attempted to provide
additional support for the microcatheter. We usually em-
bolize the PAVM from the sac to the feeding artery beyond
the last normal branch of the pulmonary artery and always
use coils (AZUR; Terumo, IDC; Boston Scientific Corpora-
tion, Natick, MA, Target; Stryker Neurovascular, Interlock;
Boston Scientific Corporation, or Trufill; Codman Neurovas-
cular, Johnson & Johnson Medical, Raynham, MA, or Tor-
nado; Cook, Inc., Bloomington, IN) instead of plugs because
plugs need a relatively large delivery catheter and cannot
embolize the sac. First, the microcatheter is advanced to the
sac, and several bare coils are placed until the operator can
feel slight resistance, creating a scaffold within the sac. The
microcatheter is then pulled back to the distal feeding artery,
and embolization is continued using hydrogel-coated or
fibered coils to ensure tight packing to prevent persistence.
Continuous saline flushing is performed for each lumen dur-
ing the procedure to prevent thrombus formation.

Summary

Embolization is an effective treatment for PAVMs, but it
is important to monitor persistence after the procedure. TR-



Interventional Radiology 2023; 8(2): 56-63

https://doi.org/10.22575/interventionalradiology.2021-0030

MRA appears to be an appropriate method for diagnosing
persistence. Moreover, embolization of the distal position to
the last normal branch of the pulmonary artery is crucial for
the prevention of persistence.
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