Post N Med 2017; XXX(04): 183-188

©Borgis

*Maryla Kuczynska, Anna Drelich-Zbroja, Michat Sojka, Krzysztof Pyra, tukasz Swiattowski, Tomasz Jargietto

Revision of facts on pulmonary arteriovenous malformations
— experience with embolization techniques

Przeglad aktualnej wiedzy dotyczacej malformacji ptucnych — doswiadczenia
wiasne w embolizacji przetok tetniczo-zylnych

Department of Interventional Radiology and Neuroradiology, Medical University in Lublin
Head of Department: Professor Matgorzata Szczerbo-Trojanowska, MD, PhD

Keywords

arteriovenous malformations, pulmonary

arteriovenous fistulas, therapeutic

embolization, AMPLATZER occluder, coil

Stowa kluczowe

malformacije tetniczo-zylne, ptucne
przetoki tetniczo-zylne, embolizacja,
okluder AMPLATZER, spirale

Conflict of interest
Konflikt interesow

None
Brak konfliktu intereséw

Address/adres:

*Maryla Kuczynska

Department of Interventional Radiology
and Neuroradiology

Medical University in Lublin

ul. K. Jaczewskiego 8, 20-094 Lublin
tel. +48 (81) 724-41-54

fax +48 (81) 724-48-00
mst@radiology.com.pl

Summary

Introduction. Pulmonary arteriovenous malformations are pathological direct con-
nections between arterial and venous circulation, bypassing capillary networks. The con-
sequences of the occurring right-to-left shunt comprise systemic hypoxemia and loss
of pulmonary vascular filtration properties, which pose a risk of serious life-threatening
neurologic complications because of paradoxical embolism. 60-90% of PAVMs appear to
be a manifestation of the underlying Hemorrhagic Hereditary Telangiectasia. Treatment
is introduced as protective measures against life-threatening hemorrhagic or neurologic
symptoms, and presently transcatheter embolization proved to be a method of choice.

Aim. The aim of this study was to discuss the efficacy and technical details of the se-
lected current approaches to PAVM treatment with respect to the angioarchitecture of the
fistulae, based on the literature review and clinical experience.

Material and methods. We performed a retrospective investigation of 5 patients with
radiologically confirmed presence of pulmonary arteriovenous malformations. In each case,
transcatheter embolization of the feeding artery with use of AMPLATZER vascular plug
and/or coils and micro coils was executed. Technical success and presence of procedural
and periprocedural complications were assessed with respect to technique of embolization
and angioarchitecture of lesions. Pre- and post-procedural selective pulmonary angiogra-
phies were implemented to visualize lesions and assess technical success, respectively.

Results. Technical success was achieved in all cases. No procedural or periprocedural
complications were observed.

Conclusions. Embolization of the feeding artery is a highly-effective treatment option
in case of pulmonary vascular malformations. AMPLATZER vascular occluder is a conveni-
ent device allowing for almost immediate occlusion of the supplying vessel to the PAVM.
However, limited selection of device characteristics (i.e. diameter) favors coil embolization
in case of feeding artery size less than 3 mm.

Streszczenie

Wstep. Przetoki tetniczo-zylne krazenia ptucnego stanowig bezposrednie potaczenia
pomiedzy naczyniami tetniczymi i zylnymi, z pominieciem naczyn mikrokrazenia. Powsta-
jacy w konsekwencji przeciek prawo-lewy moze prowadzi¢ do hipoksemii systemowe;j
oraz utraty wtasciwosci filtracyjnych ptucnego tozyska naczyniowego, co z kolei stwarza
zagrozenie pojawienia sie zagrazajgcych zyciu komplikacji neurologicznych, wywotanych
obecnoscig zatorow paradoksalnych. Sposréd ptucnych malformacii tetniczo-zylnych
okoto 60-90% pojawia sie w przebiegu dziedzicznej teleangiektazji krwotocznej. Celem
leczenia przetok jest zapobieganie potencjalnie $miertelnym powiktaniom natury krwo-
tocznej lub neurologicznej, a metody embolizacji naczyniowej stanowig metode z wyboru.

Cel pracy. Celem niniejszego opracowania byto przedstawienie aspektéw technicz-
nych i skuteczno$ci wybranych, aktualnych metod leczenia przetok tetniczo-zylnych kra-
zenia ptucnego w odniesieniu do ich angioarchitektury, w oparciu o przeglad dostepnej
litearatury i doSwiadczenia wtasne.

Materiat i metody. Przeprowadzono retrospektywna ocene 5 przypadkoéw klinicznych
pacjentéw z radiologicznie potwierdzonym rozpoznaniem malformacji tetniczo-zylnej
w tozysku ptucnym. W kazdym z powyzszych przypadkéw zastosowano leczenie w formie
embolizacji naczynia doprowadzajacego z wykorzystaniem zatyczek AMPLATZER i/lub
spiral oraz mikrospiral. Ocene sukcesu technicznego przeprowadzonych interwencji oraz
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ewentualng obecno$¢ powiktan zabiegowych i okotozabiegowych oceniono w odniesie-
niu do zastosowanej techniki zabiegu oraz struktury naczyniowej malformaciji. Angiografia
przed- i pozabiegowa zostaty wykonane u wszystkich pacjentéw, aby odpowiednio: uwi-
docznié¢ patologiczne zmiany oraz oceni¢ stopien powodzenia procedury.

Wyniki. We wszystkich przypadkach osiggnieto petny sukces techniczny. Nie zaob-
serwowano wystgpienia powiklan podczas przeprowadzanych zabiegéw ani powiktan

okotozabiegowych.

Whnioski. Embolizacja tetnicy doprowadzajacej jest wysoce efektywng metoda zaopa-
trywania ptucnych przetok tetniczo-zylnych, a okludery AMPLATZER stanowig wygodne
rozwigzanie, gwarantujgce niemal natychmiastowe zamkniecia naczynia zaopatrujgcego
malformacje. Jednakze, ze wzgledu na ograniczony wybor specyfikacji (zwtaszcza $redni-
cy) ww. urzadzen, embolizacja z uzyciem spiral jest podstawowg metodg zaopatrywania
tetnic doprowadzajgcych o $rednicy ponizej 3 mm.

INTRODUCTION

Pulmonary arteriovenous malformations (PAVMs)
are pathological direct connections between arte-
rial and venous circulation, bypassing capillary net-
works that occur with estimated prevalence of 1 in
100,000 (1). The consequences of the occurring
right-to-left shunt comprise not only impaired blood
oxygenation mechanisms leading to systemic hypox-
emia (more pronounced if diameter of the feeding ar-
tery exceeds 5 mm), but even more importantly, loss
of pulmonary vascular filtration properties which pose
a risk of serious life-threatening neurologic complica-
tions because of paradoxical embolism (2, 3).

Occurrence

A considerable majority of PAVMs (i.e. 60-95%)
appear to be a manifestation of the underlying Hem-
orrhagic Hereditary Telangiectasia (HHT), otherwise
known as Osler-Weber-Rendu syndrome (2-5). Con-
versely 15 to 50% of patients diagnosed with HHT
develop PAVMs over lifetime (6). In this autosomal
dominant, often underdiagnosed condition, with es-
timated prevalence of 1 in 5000 individuals, vascular
malformations are often multiple and occur not only
in the setting of pulmonary circulation, but also with-
in brain, gastrointestinal tract and liver. The diagnosis
of HHT is typically based upon clinical appearance as
approximately 90% of patient will meet Curagcao Cri-
teria (tab. 1) by the age of 40 (3, 5). However, these
require presence of epistaxis and/or teleangiectases
— symptoms that rarely occur in children and young
adults. Genetic testing is therefore the most suitable di-
agnostic tool in those groups of patients. Despite some
particular genes involvement in development of certain
HHT types (tab. 2), there are no common mutations
that can be easily distinguished. A unique, private mu-
tation is rather present among members of each of the
affected families. The remaining 10% of PAVMs are ac-
quired fistulae, mostly associated with development of
hepatopulmonary syndrome in cirrhotic patients. How-
ever, their appearance may also be attributed to mitral
valve stenosis, trauma, actinomycosis, tuberculosis
and schistosomiasis. No differences were observed
in terms of radiologic and histologic appearance be-
tween idiopathic and hereditary PAVMs (3, 5, 7).
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Tab. 1. Curagao Diagnostic Criteria for Hereditary Hemorrhagic
Telangiectasia (HHT)

epistaxis spontaneous, recurrent nose bleeds
teleangicctases multiple at characteristic sites (lips, oral
© 9 cavity, nose, fingers)
_E gastrointestinal telangiectasia, pulmo-
& | visceral lesions nary arteriovenous malformation (AVM),
hepatic/cerebral/spinal AVM
family histor first degree relative with HHT according
Y y to these criteria
%’ definite 3 or more criteria are fulfilled
o
S, | possible/suspected 2 criteria are present
<
B | unlikely 1 or none criteria are present

Tab. 2. Genes involved in Hereditary Hemorrhagic Telangiec-
tasia

HHT 1 ENG endoglin gene

HHT 2 ACVRL1 activin A receptor like type 1 gene
HHT W't.h juvenile SMAD4 SMAD family member 4 gene
polyposis

Angioarchitecture and classification

80-85% of PAVMs present with simple angioar-
chitecture. It means that there is only one feeding
artery (FA) to the arteriovenous sac, and a single
draining vein. In 15-20% cases multiple feeding
and/or draining vessels are present — these PAVMs
are referred to as complex malformations. In the
above mentioned, the simple sac may be septet or
multichanneled, or replaced with plexiform tangle of
tortuous, dilated vessels (2, 5, 6, 8).

PAVMs may be also classified as single and mul-
tiple focal or diffuse (up to 5% of patients). Whereas
the former two definitions are quite clear and intui-
tive, the latter had been subject to discussion. Diffuse
PAVMs were first characterized by Faughnan et al. as
a condition in which all segmental branches of one or
more lobes were diffusely involved by small malforma-
tions (3). However, this interpretation was questioned
a few years later by Pierucci et al. who described the
diffuse pattern of involvement in a more restrictive
manner. The new definition simply required reporting
on diffuse involvement of particular segments. This
was due to the fact, that except for diffusely engaged
segmental arteries, many patients simultaneously pre-
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sented with normal segmental arteries in the same
lobe. Such modification allows to distinguish between
multiple focal and diffuse lesions, which has its implica-
tions in treatment approach and clinical outcomes (9).

Clinical presentation and complications

PAVMs is a pathology with unpredictable natural his-
tory. Although the majority of lesions — simple in nature
and of small size — remain asymptomatic for a long time,
the associated mortality risk reaches 15%. A consider-
able risk of morbidity associated with neurologic com-
plications persists as well. The peak of clinical mani-
festations of PAVMs occurs at four to six decade in as
many as 70% of patients, who often require treatment at
this point (4, 5, 10). Symptoms of systemic hypoxemia,
including dyspnea, cyanosis, fatigue, exercise intoler-
ance and eventual heart failure predominate, but do not
pose the most danger to health and life of the affected
individual (5). The greatest risk is associated with hem-
orrhagic consequences of PAVM rupture (i.e. hemop-
tysis, hemothorax) and/or neurologic manifestations of
paradoxical emboli (i.e. transient ischemic attack (TIA),
ischemic stroke or brain and systemic abscesses) (2, 5).
It had been proven as well that pregnancy is a significant
risk factor for development of complications (11, 12).
As stated above, patients with diffuse patter of PAVM
involvement are more prone to occurrence of serious,
life-threatening complications, especially when lesions
are located bilaterally (9).

Diagnosis and treatment

According to the latest international guidelines on
diagnosis and management of HHT, the reference di-
agnostic tests for pulmonary malformations comprise
unenhanced thin-cut computed tomography (CT) and
angiography. However, it has been postulated that
transthoracic contrast echocardiography (TTCE) with
agitated saline may be a useful screening tool in sus-
pected patients. The examination is considered positive
in case of detection of air bubbles within left atrium due
to existence of intrapulmonary shunt. All positive out-
comes must be confirmed with reference CT (3, 7, 11).

The aforementioned high incidence of PAVMs
among patients with HHT implies careful screening for
the disease in individuals with PAVMs who have not
been previously diagnosed with Osler-Weber-Rendu
syndrome (3, 7, 11).

Treatment is introduced as protective measures
against life-threatening hemorrhagic or neurologic
symptoms (5, 13, 14). This implies that even asymp-
tomatic lesions are managed in adult patients, contrary
to children and individuals with diffused pattern of the
disease - in these two cases treatment is delayed un-
til symptoms occur. Because PAVMs are classified as
high-flow malformations, the greater diameter of FA re-
sults in greater risk of dislodgement of thrombotic ma-
terial. Therefore, it is generally accepted that all PAVMs
with diameter of FA exceeding 3 mm are treated (2, 3,
9, 14). However, some of the authors argue that smaller

diameter of the supplying vessel fails to prevent from
migration of bacteria and, as a result — cranial and sys-
temic abscesses (3, 14).

Historically, all PAVMs were treated by surgical
means, however, presently transcatheter emboliza-
tion proved to be highly-effective, organ-sparing first-
line treatment and surgery is reserved only to PAVMs
amenable to embolization. In many sites, the procedure
is carried out under local anesthesia, on outpatient ba-
sis (4, 10, 11). Several minimally invasive approaches
to embolization have been proposed depending most-
ly on PAVM angioarchitecture, with feeding artery em-
bolization serving as the gold standard. The embolic
materials used nowadays include pushable and inter-
locking detachable coils (IDC), as well as AMPLATZER
Vascular plugs. The mechanism of action and hemo-
dynamic effects of the latter resemble mechanism of
detachable balloons which were withdrawn from the
market. The results of procedures carried out with AM-
PLATZER devices are very promising, with the report-
ed rates of immediate technical success of 100%, low
reperfusion rates of 0-7% and rare occurrence of seri-
ous complications (6, 10, 15).

General rule is that all the devices used must be
chosen with certain degree of oversizing (about 20%)
with reference to FA diameter measured on CT scans
and deployed within 1 cm or beyond from origin of
any major arterial branch supplying normal lung tis-
sue that arise from the FA. To prevent recanalization,
dense, cross-sectional packing of the embolic devices
is highly advised (10, 15, 16). In case of coil deploy-
ment, it is achieved by first creating a wire mesh with
stiffer coils of greater radial force to prevent migration
of smaller IDCs. Even though successive generations
of AMPLATZER plugs are designed to fit FA of small-
er diameter, in cases of tortuous, small-calibrated FA
— coil embolization is preferred (7, 16).

Recent publications indicate a novel device — ArtVen-
tive Endoluminal Occlusion System (EOS) — to possibly
become a strong competitor for coils and AMPLATZER
plugs. Initial experience proves ArtVentive EOS to reduce
the time of radiation exposure, present with easier de-
ployment technique as compared to AMPLATZER device
and result in immediate occlusion of the vessel (6).

Another approach to PAVM management is the
vascular sac embolization. This method proved to
be effective in cases of high-flow malformations with
large-diameter out-flow vessels or short feeders. The
comparative study of efficacy of FA embolization (FAE)
and venous sac embolization by Hayashi et al. showed
reperfusion to occur only after FAE (17). The potential
risks associated with this particular method, i.e. rupture
of venous sac during coil deployment or dislodgement
of thrombotic material formed during procedure may
be easily overcome with use of soft, compliant IDCs
and flow control with balloon, respectively (2, 10, 17).
The main disadvantage if the procedure seems to be
a large number of coils used, prolonging the proce-
dure time and exposition to radiation, as well as its
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unsuitability in cases of: diffuse or complex PAVMs,
presence of clot within sac or sacs exceeding 3 cm
diameter (10, 17).

Follow-up

Long-term, careful radiologic follow-up is neces-
sary due to high recurrence rates, either to technical
failure, reperfusion or growth of previously negligible
PAVMs (10). Although angiography seems to be the
most sensitive and specific means of radiologic control,
it is reserved only for patients who return for succes-
sive stages of treatment, due to its invasive nature and
radiation exposure (18). Therefore, the unenhanced
thin-slice CT of the chest remains the most commonly
applied method. However, certain authors report the
method’s low sensitivity and specificity (19). Control
CT scans should be performed at 6-12 months after
embolization and every 3-5 years thereafter (3, 5, 10).
In case of diffuse PAVMs, which pose a great risk to af-
fected patients, a yearly follow-up is recommended (9).

Recent publication by Kawai et al. presents a new
method of PAVM follow-up, which constitutes time-re-
solved magnetic resonance angiography. Not only it
proved to be effective, but also a promising tool which
over time may become a new standard diagnostic
measure requiring further investigation (18, 20).

AIM

The aim of this study was to discuss the efficacy and
technical details of the selected current approaches to
PAVM treatment with respect to the angioarchitecture
of the fistulae, based on the literature review and clini-
cal experience.

MATERIAL AND METHODS

We performed a retrospective investigation of 5 pa-
tients with radiologically confirmed presence of pulmo-
nary arteriovenous malformations based on computed
tomography, who were treated in our Department by
feeding artery embolization between July 2010 and
July 2016 (4 of the patients were treated between 2 Feb
2016 and 6 July 2016 — representing the most recent
experiences).

Tab. 3. Patient and procedure characteristics

AMPLATZER vascular plugs (AVP) Il or 4 were em-
ployed in two patients, coil and micro coil embolization
was performed in two patients, whereas combination of
AVP4 and coil embolization was employed in the remain-
ing one patient. Technical success (defined as occlusion
of the feeding artery with no evidence of flow through the
AVM) and presence of procedural and periprocedural
complications were assessed with respect to technique
of embolization and angioarchitecture of lesions.

All the procedures were performed under local an-
esthesia, with the right femoral vein approach being
preferred for access with Seldinger method. A pre-pro-
cedural selective pulmonary arteriography was per-
formed via 5 Fr pig-tail catheter. After visualization of
PAVMs, selective catheterization of the feeding arteries
was performed in each case, with subsequent deploy-
ment of occluding device (coils and/or AVP) (figures 1
and 2a-c depict subsequent stages of embolization
with AVPII).

In all cases a control angiography was performed to
confirm vessel occlusion.

Patient and procedure details are found in table 3.

Fig. 1. 3D reconstruction of angio-CT in venous phase — a pulmo-
nary arteriovenous aneurysmal malformation is visible

Age Sex Pattern of Number and location Angioarchitecture Device used Follow-u
(years) PAVMs location of embolized PAVMs of embolized lesions P
77 F single unilateral 1 RLL 1 simple (aneurysmal) AVPII CT after 12 months
. . 1LUL 1 complex Coils and micro | 2nd stage of embolization
*
36 F multiple bilateral 4LLL 4 simple coils after 3 months
. . 1LLL . .
24 F multiple bilateral 3 simple AVP4 and coils
2RLL
22 M | multiple bilateral 1RLL 1 simple colsandmicro | CTafter 12 months
27 F single unilateral 1LLL 1 simple AVP4

F — female; M — male; PAVM — pulmonary arteriovenous malformation; LUL — left upper lobe; LLL - left lower lobe; RLL - right lower lobe; AVP — Am-
platzer Vascular Plug; CT — computed tomography
*Patient with confirmed diagnosis of Hereditary Hemorrhagic Telangiectasia
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Fig. 2a-c. Successive steps of fistula embolization with use of vascular occluder: a) pre-procedural selective angiography of the right pul-
monary artery visualized aneurysmal fistula; b) 5Fr catheter introduced selectively to the feeding artery; c) control angiography depicted
complete occlusion of the feeding artery with 10 mm Amplatzer Vascular Plug II.

RESULTS

Immediate technical success was achieved in the to-
tal of 5 patients and 11 PAVMs (100%). 10 of 11 PAVMs
were localized within lower lobes, with predominance of
the left side (7 PAVMSs). No procedural or periprocedural
complications were observed. Four patients were referred
for a follow-up chest CT after 12 months. One patient (with
confirmed HHT diagnosis) was referred for the second
stage of embolization after 3 months, due to numerous,
symptomatic bilateral PAVMSs. In our case series neither
the angioarchitecture and location of PAVMSs, nor emboli-
zation method influenced the technical success rates.

DISCUSSION

Transcatheter embolization of the feeding artery is
a first-line treatment of pulmonary arteriovenous mal-
formations. The effectiveness of the procedure may be
assessed in terms of technical, radiologic and clinical
success or failure. The immediate technical success is
defined as the occlusion of FA visible on angiogram ob-
tained just after embolization. Radiologic success eval-
uation is strongly connected to follow-up studies (4).
Permanent success is assessed during consecutive
CT scans, with generally accepted criteria as follows:
disappearance or apparent reduction of the AVP rem-
nant (30-70% shrinkage is accepted as the cut-off value
depending on literature source) for unenhanced imag-
ing, along with lack of enhancement of the AVP sac and
adjacent draining vein — in contrast-enhanced tomogra-
phy scans (2, 5, 10, 12, 18, 21). Alternatively, no residual
perfusion on angiography was also considered accept-
able in those followed with this modality (5). Finally, clin-
ical success is equal to symptoms resolution (4).

According to literature, the overall immediate tech-
nical success of the procedure, regardless of the de-
vice used, amounts to 80-100% (5, 8, 10, 14, 15, 21).

Nonetheless, it should be emphasized that the statisti-
cal data concerning effectiveness of embolization tech-
niques are based on mostly retrospective, observation-
al case series, thus susceptible to bias (11).
Unfortunately, the encouraging immediate success
rates do not always translate to long-term effective-
ness, which as reported by Remy-Jardin et al. reach-
es 75%, as observed during 10-year follow-up with
CT (10, 12). In addition, it has been shown in a study
on 112 patients, that long-term success rates depend
on whether all angiographically visualized PAVMs
were embolized (14). Persistence rates vary between
25-58% depending on study, however usually does not
exceed 8% (1, 10). In addition, follow-up evaluation
with time-resolved MR angiography or pulmonary an-
giography revealed even higher reperfusion rates (18).
As shown by numerous studies, there are several
mechanisms underlying reperfusion, with recanali-
zation being responsible for 63-100% cases (10, 15,
16, 21). However, the overall incidence of recanalization
amounts approximately 8-10% of all embolized PAVMs
and seems to be higher in presence of complex an-
gioarchitecture (14). Recanalization more often occurs
after coil embolization than vascular plugs implemen-
tation (1). This occurrence is mainly technique-related
and may develop due to the impaired thrombus forma-
tion when insufficient number of coils is deployed (re-
sulting in poor coil packing) or the coil elongation oc-
curs (4, 5, 18). Sometimes spontaneous recanalization
is observed, which results from coil compaction (20).
Other reperfusion mechanisms comprise missed or
newly formed accessory artery, presence of bronchial or
systemic collateral to the AVP sac (left-to-left shunt) and pul-
monary artery-o-pulmonary artery collateral flow (4, 5, 15).
Additionally, coil embolization has two main techni-
cal limitations, i.e. 1) once deployed, the position of
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device cannot be changed, and 2) sacrifice of vessels
supplying normal lung tissue may be unavoidable due
to use of common anchor and scaffold fixation tech-
niques, which prevent device migration (1).

In spite of its simplicity and possibility of multiple repo-
sitioning before final deployment, AMPLATZER Vascular
Plugs are not infallible as well (21-23). According to Fidel-
man et al. AVPs do not provide complete long-term occlu-
sionofthefeedingartery. Therefore,ithad been proposedto
decrease chances of reperfusion through additional depo-
sition of coils, in the more proximal aspect of the FA (16).
Furthermore, there are some serious difficulties related to
reaching distally located, thin-walled PAVMs. However,
this may be overcome by AVP4, which is characterized
by lower profile (which makes them suitable to occlude
< 6 mm vessels) and its delivery requires use of smaller
sheaths and guiding catheters than previous AVP gener-
ations (2, 15).

At this point, it should be mentioned that enlargement
of PAVMs (previously smaller than the threshold of CT
detection) to a size requiring treatment is more common
than reperfusion of the previously-treated ones. It occurs
in approximately 18% of PAVMs - twice the collective
number of reperfusion and persistence cases. It prob-
ably results from physiologic pressure due to redistri-
bution of blood flow after embolization of other PAVMs,
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