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Abstract

AIM To report our preliminary experience using a Micro

Vascular Plug (MVP) deployed through a 2.8Fr micro-

catheter for the treatment of pulmonary arteriovenous

malformations (PAVMs) in a cohort of patients affected by

Hereditary Haemorrhagic Telangiectasia (HHT).

Materials and Methods Four consecutive female patients

(mean age 38.0 years; range 25–55 years) with PAVMs

diagnosed on echocardiogram/bubble test and contrast-en-

hanced CT (CECT) underwent MVP embolization. One

patient was symptomatic with recent transient ischaemic

attack. Follow-up was undertaken at 1-month post-proce-

dure with CECT to assess PAVMs permeability and MVP

positioning and at 1-, 6-, and 12-month post-procedure,

with echocardiography/bubble test and standard neurolog-

ical history, to confirm absence of right-to-left shunts and

recurrent symptoms.

Results Eight PAVMs were treated in 4 patients over 5 inter-

ventional sessions (mean 1.6 PAVMs per session). All PAVMs

were simple, with mean feeding artery diameter of 4.25 mm.

Eight 6.5 mm MVPs were deployed in total (one per lesion).

Technical success was 100%. Mean procedural time and

patient dose per session were 70 min (range 40–70 min) and

53418 mGy.cm2 (range 6113–101628 mGy.cm2), respec-

tively. No signs of reperfusion neither of MPV migration were

noted at 1-month CECT follow-up. At early follow-up (mean

3.75 months; range 1–12 months), clinical success was 100%

with no evidence of recurrent right-to-left shunt, and no neu-

rological symptoms. No immediate or late complications were

observed.

Conclusions MVP embolization of PAVMs appears tech-

nically feasible, safe, and effective at early follow-up.

Further prospective studies are required to confirm long-

term safety and efficacy of this promising technique.
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Introduction

Pulmonary arteriovenous malformations (PAVMs) are

uncommon lesions characterized by anomalous communica-

tions between pulmonary arteries and veins; 80% occur in

association with Hereditary Haemorrhagic Telangiectasia

(HHT), a rare autosomal dominant disorder in which small-

vessel dysplasia predisposes to recurrent epistaxis, muco-cu-

taneous telangiectasia, and visceral AVMs [1, 2]. PAVMs

bypass pulmonary capillaries and form a right-to-left shunt,

resulting in complications including haemorrhage, cyanosis,

and paradoxical emboli (e.g. stroke, cerebral abscess) [3, 4].

Treatment is imperative to avoid morbidity.

Endovascular embolization is the treatment of choice, and

has been shown to ameliorate symptoms and prevent com-

plications [5]. Anatomically, PAVMs comprise one or more

feeding arteries, an aneurysmal sac (or dilated vascular

plexus), and one or more draining veins; 80% are ‘‘simple’’

(single feeding artery); the remainder are ‘‘complex’’ (mul-

tiple/multilobar vessels) [1]. The aim of treatment is to

selectively occlude distally the feeding vessel(s) as close as

possible to the sac, and to avoid systemic device migration.

Several devices have been employed including various coils

[6–11], micro-coils [12], and vascular plugs [13–15]—with

plugs increasingly preferred [14]. However, even the latest

generation may be unsuitable for small lesions with tortuous

feeding vessels [16], and alternatives have been sought.

Micro Vascular Plugs (MVPs) represent a novel

detachable, re-sheathable embolic device composed of a

self-expanding nitinol cage partially covered by a polyte-

trafluoroethylene (PTFE) membrane [17]. The design

enables controlled deployment/repositioning, rapid vascu-

lar occlusion, and compatibility with standard micro-

catheters for easy navigability within tiny, tortuous vessels

[18]. Early reports have demonstrated good technical fea-

sibility and short-term efficacy in the abdominal and

cerebral circulation, and a recent report has successfully

applied the technique to PAVMs [17–20].

The aim of this study is to present our preliminary experi-

ence of MVP embolization of PAVMs, and discuss technical

aspects, advantages, and limitations of this novel technique.

Materials and Methods

Study Population

This retrospective study was undertaken with the Institu-

tional Review Board approval.

Review of electronic records identified four consecutive

female patients (mean age 38.0 ± 12.7 years; range

25–55 years; Table 1) affected by HHT and treated for one or

more PAVMs between February 2015 and June 2016. One

patient was symptomatic with recent transient ischaemic

attack (temporary, self-limiting right hemiparesis); the

remainder was asymptomatic. Patients were referred for

embolization following discussion between the attending

pulmonologist and treating interventional radiologist, in order

to prevent future cerebrovascular accidents. All PAVMs were

confirmed on echocardiography/bubble test showing right-to-

left shunts and using contrast-enhanced computed tomogra-

phy (CECT) in order to localize lesions and assess the num-

ber/size of feeding arteries and draining veins.

PAVM Embolization Procedure

All procedures were performed in an angiographic room

equipped with a flat-panel C-arm Cone Beam CT system

(Philips Healthcare, the Netherlands). XperCT and Embo-

Guide tools (Philips Healthcare, the Netherlands) were

available in the angiographic unit.

For bilateral PAVMs, staged embolization was per-

formed by treating one side per session to minimize the risk

of bilateral post-embolization chest pain/pleural effusion.

Anticoagulants were stopped 5 days prior, and blood

clotting parameters were tested 24 h pre-procedure,

ensuring minimum prothrombin time of 50% and platelet

count of 50000/mm3 according to the Society of Inter-

ventional Radiology (SIR) guidelines [21]. Antibiotic

prophylaxis was administered prior to the procedure and

5000UI heparin was administered i.v. intra-procedurally.

The right femoral vein was cannulated using a 6Fr Super

Sheath introducer (Boston Scientific, Marlborough, MA,

USA), and a 4Fr Imager TM II pig-tail catheter (Boston Sci-

entific, Marlborough, MA, USA) was advanced into the target

main pulmonary artery. Pulmonary angiography with 3D

rotational acquisition was performed 5 s following the injection

of 40 ml of contrast at 8 ml/s. Data were post-processed using

Embo-Guide software (Philips Healthcare, Best, the Nether-

lands) to confirm presence of PAVMs, automatically delineate

the feeding arteries, and generate a continuous 3D Road-Map to

optimize endovascular navigation and reduce contrast admin-

istration, procedural time, and radiation exposure [22].

A 6Fr Neuron catheter (Penumbra Inc, Alameda, Cali-

fornia, USA) was then exchanged over the guidewire and

advanced (with continuous heparinated saline flushing—

2500UI/1000 ml saline—through a Y connector to avoid

clots formation inside the catheter and to reduce the risk of

neurological complications) to the level of the target pul-

monary artery branch, in order to improve stability for

selective catheterisation.

A 2.8 Fr Progreat micro-catheter (Terumo Corporation,

Tokyo, Japan; inner diameter 0.02700) was co-axially

positioned as distally as possible within the feeding artery;

an MVP-5 delivery system (Reverse Medical Corporation,

Irvine, CA, USA) was advanced and unsheathed to occlude
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the target vessel (i.e. feeding artery). Selective angiogram

was performed using 1 ml of contrast injected via a Y

connector, to confirm vascular occlusion. The MVP was

then deployed using the proprietary detachment system;

and a final angiogram was obtained after 3–4 min to con-

firm satisfactory position and feeding artery occlusion

(Fig. 1).

Following the procedure, patients were admitted to a

recovery ward for observation and discharged after 24-h

when medically fit.

Follow-up

All patients underwent clinical review by the treating

interventional radiologist, and echocardiography with

bubble test, at 1-, 6-, and 12-month post-procedure in order

to assess clinical evolution (neurological symptoms asses-

sed using standard neurological history), and confirm

absence of right-to-left shunts.

CECT was obtained 1-month post-procedure to rule out

MPV migration distally from the feeding artery and to

assess PAVMs occlusion.

Data collection and analysis

Demographics, number/location of PAVMs, size of feeding

arteries and draining vein (axial diameter on pre-procedural

CECT), procedural time (between initial and final angio-

grams), patient dose (dose area product—DAP-calculated

Table 1 Population and procedural data

Patients Sex, age N. of treated

PAVMs

Pulmonary

Lobe

Feeding

artery (mm)

Draining

vein (mm)

Plug size

(mm)

Technical

success

Follow-up

(months)

1 F, 25 1 RI 4 6 6.5 Yes 1

2 F, 33 1 LS 5 7 6.5 Yes 3

3 F, 39 4 RI 4 7 6.5 Yes 12

RS 3 6 6.5 Yes

RI 3 6 6.5 Yes

LI 5 7 6.5 Yes

LI 5 7 6.5 Yes

4 F, 55 1 RS 5 7 6.5 Yes 1

Mean (SD) 38.0 (12.7) 4.25 (0.9) 6.6 (0.5) 3.75 (4.8)

RI right inferior, LS left superior, RS right superior, LI left inferior

Fig. 1 A Angiogram showing 2

PAVMs in the anterobasal

segment of the left inferior lung

lobe with feeding arteries

measuring 3 and 3.5 mm

(arrowheads), respectively.

B Embo-Guide post-processing

images automatically depicting

the feeding artery (blue line) of

one of the two PAVMs (blue

ball). C Selective angiography

of one of the two PAVMs

performed via the 2.8Fr micro-

catheter. D Two MVP devices

in the feeding arteries (one for

each artery/PAVM). E Final

angiography after embolization

obtained from the main left

pulmonary artery shows

complete occlusion of both

PAVMs
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using proprietary angiographic software), technical success

and complications, and clinical outcomes were evaluated

using retrospective chart review.

Technical success was defined as accurate selective and

distal (\1 cm from PAVM sac) MVP deployment in the

feeding artery, with complete devascularisation of the

aneurysmal sac and draining vein on final angiogram.

Complications were classified according to the SIR

grading system [21].

Clinical success was defined as absence of clinical

symptoms and echocardiographic right-to-left shunt at last

available follow-up.

In the end, at 1-month CECT follow-up, complete

PAVMs occlusion was granted when no CE was noted in

the draining vein; at the same time, MPV migration was

granted if the MPV moved distally from the feeding artery.

Results

Eight PAVMs were treated in 4 patients over 5 interven-

tional sessions (mean 1.6 PAVMs per session). One patient

presented with 5 PAVMs requiring two therapeutic ses-

sions (one for each side). All PAVMs were simple, with a

single feeding artery and draining vein. Lesions were

located in the right inferior (37.5%), left inferior (25%),

right superior (25%), and left superior (12.5%) lobes. Mean

diameter of feeding arteries was 4.25 mm. A single

6.5 mm (unconstrained diameter) MVP was deployed in

each case (8 in total; Table 1).

Technical success was 100%, with satisfactory MVP

position and complete devascularisation of all PAVMs on

final angiography. No cases required MVP repositioning, or

placement of multiple devices. Mean procedural time and

patient dose per session were 70 ± 18.7 min (range

40–70 min) and 53418 ± 40211 mGy.cm2 (range

6113–101628 mGy.cm2), respectively.

One-month CECT follow-up revealed complete PAVMs

devascularisation and absence of MPV migration in all

cases.

At early follow-up (mean 3.75 months; range

1–12 months), clinical success was 100% with no evidence

of right-to-left shunt on echocardiograms, and no neuro-

logical symptoms. No immediate or late complications

were observed.

Discussion

Endovascular therapy of high-flow PAVMs presents sig-

nificant challenges due to the high risk of device migration;

the need for precise positioning close to the aneurysmal sac

to avoid non-target embolization and late recanalization

[23] and difficult access via diminutive, tortuous feeding

vessels [16]. It is imperative to select an appropriate

embolic device based on anatomy (feeding artery diameter,

landing-zone length, and tortuosity of access), technical

ease, and long-term outcomes.

Historically, pushable steel coils were initially used with

good vascular occlusion. However, there was a significant

risk of migration, non-target vessel occlusion, and delayed

recanalization [6–9]. The introduction of the Amplatzer

Vascular Plug (AVP) and detachable/interlocking coils

made the procedure safer and easier, enabling precise

placement/repositioning, and a lower risk of migration

[9–11, 14–16, 24, 25]. In particular, AVPs have offered

procedural simplicity with deployment of a single device,

and good long-term outcomes with recanalization rates of

only 5–7% (particularly when ‘‘backed-up’’ with coils)

[9, 13, 15, 16, 24, 25]. Latest-generation devices have

further improved accessibility of remote lesions: the AVP-

IV (4Fr, inner diameter 0.038 inches) is navigable for the

majority of lesions; the development of 0.018 inch coils

delivered through 3–4 Fr micro-catheters has enabled

access to more remote, tortuous feeding vessels [12].

Nevertheless, both coils and AVPs present limitations.

Coiling typically requires multiple devices, and often,

longer procedure times. There remains a small risk of

migration [10, 13], and reported recanalization rates were

higher than AVPs (4 vs. 19%) [5, 9, 16] including at long-

term follow-up (37 PAVMs embolized with coils, 21 with

AVPs type I, II, and IV; median follow-up 7.8 and

6.9 years in the coil and AVP group, respectively) [14],

although definitive proves are lacking. Some authors

applied a combined technique (AVP plus coiling) in order

to reduce the recanalization rate of the feeding artery [15];

we did not use such technique since the MPV is a partially

PTFE-covered device. AVPs require a rigid delivery sys-

tem and even the AVP-IV may be unsuitable for small,

tortuous feeding vessels. Finally, both devices are clotting-

based, and the risk of distal embolization cannot be ruled

out completely [9].

Micro Vascular Plugs (MVPs) appear to combine the

efficacy of AVPs with the navigability of micro-coils. The

controllable mechanical detachment system enables precise

placement/repositioning; ‘‘check angiography’’ may be

performed pre-deployment to assess effects on vascular flow

[19], which should stop immediately after MPV positioning

in the vessel before deployment, since it is a partially covered

device. If blood flow does not immediately stop, this means

that the size of the device is underestimated compared to the

diameter of the target vessel; therefore, a potential migration

may occur if the device is deployed. In this case, the device

must be retracted and exchanged with a bigger one. During

such process, blood clotting and distal embolization may

theoretically occur; however, such risk is theoretical and
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may occur also with other occluding devices (e.g. coils,

AVP). Accordingly, any kind of device repositioning must

be avoided and, precise vessel sizing is mandatory on pre-

procedural imaging in order to select the best fitting device,

including MPVs.

The design offers intrinsic radial force, is suitable for short

landing zones, and only one device is usually required [17]. It

is recommended for 1.5–5 mm vessels, and is delivered

through a standard micro-catheter over a 0.018 nitinol wire,

allowing distal embolization in remote, tortuous vessels [19].

Finally, the PTFE coating facilitates mechanical occlusion,

minimizing risk of clot embolization [18].

To our knowledge, only Conrad et al. have utilized

MPVs for PAVMs [20]. In a recent report of 7 cases with

20 PAVMs, authors successfully placed 21/23 MVPs with

immediate cessation of flow [20] and no significant early

complications. However, there was one case of delayed

device migration at 3 months, possibly due to a relatively

under-sized plug [26]. To our knowledge, there are no

reports of this technique in the European literature.

We utilized 8 MVPs to treat 8 PAVMs in 4 HHT

patients with tortuous pulmonary vascular anatomy, with

100% technical success and no immediate complications.

Procedures were rapid and relatively easy, and we posi-

tioned devices close to the aneurysmal sac with high con-

fidence, thanks to the precise deployment system and

ability to perform pre-deployment angiography. At short-

term follow-up (mean 3.75 mo), clinical success was

100%, with no recurrent neurological symptoms and nor-

mal echocardiogram/bubble test. Moreover, at 1-month

CECT, no signs of MPV migration were noted in all cases.

Our results appear promising, corroborate the previous

study [20], and add to the emerging literature supporting

this novel technique.

Limitations include retrospective design and the small

sample of simple PAVMS only, limiting generalizability.

We did not perform long-term CT follow-up, limiting

anatomic assessment of migration and therapeutic success

[7]. However, echocardiogram/bubble test has high sensi-

tivity and negative predictive value [4] and excludes clin-

ically significant treatment failure. Respiratory status was

not formally assessed because patients were either

asymptomatic or had previous neurological events; there-

fore only neurological symptoms were reviewed. More-

over, our follow-up period has short- and long-term risk of

migration and recanalization has not been assessed. In

particular, although MPV is a partially PTFE-covered

device thus reducing the risk of recanalization, confirma-

tion with long-term data is mandatory to prove this aspect.

Finally, our follow-up was obtained with CECT even

though recent advances enable radiation- and contrast-free

imaging of PAVMs with MRI [27, 28]; this point may be

particularly useful in patients affected by HTT and PAVMs

due to their young age.

In conclusion, MVP embolization of PAVMs appears

technically feasible, simple to perform, safe, and effective

at early follow-up. The device may combine the safety and

efficacy of vascular plugs with the manoeuvrability of

coils, and could represent the future device of choice for

challenging PAVMs. Further prospective studies are

required to confirm the long-term safety and efficacy of this

novel and promising technique.
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