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Abstract

Purpose To evaluate the usefulness of hydrogel-coated

coils for preventing recanalization after coil embolization

of pulmonary arteriovenous malformations (PAVMs).

Materials and Methods Thirty-seven consecutive patients

with 57 untreated PAVMs underwent coil embolization

with hydrogel-coated coils between January 2013 and Jun

2017. The mean age was 49 years (range 9–83 years), and

there were seven male patients and 30 female patients. The

median size of the feeding artery was 3.7 mm (range

1.5–6.1 mm), and the median size of the venous sac was

9.3 mm (range 2.6–36.6 mm). For all PAVM, embolization

was attempted using 0.018-in. hydrogel-coated coils with

or without other coils (0.0135–0.018-in. bare platinum

coils and fibered platinum coils). Technical success rate,

recanalization rate, and complications were evaluated.

Technical success was defined as completion of

embolization using hydrogel-coated coils. Recanalization

was evaluated with time-resolved magnetic resonance

angiography and/or pulmonary angiography.

Results In 56 of 57 PAVMs, embolization was success-

fully performed with hydrogel-coated coils. Therefore, the

technical success rate was 98% (56/57). The number of

PAVMs at risk was 56, 42, 18, and 12 at 0, 12, 24, and

36 months, respectively. There was no recanalization with

a mean follow-up period of 19 months (range

2–47 months) in 56 PAVMs embolized with hydrogel-

coated coils. There were no major complications. As a

minor complication, local pain was observed in 8 of 43

sessions (19%) after embolization.

Conclusions Hydrogel-coated coils may be useful for

preventing recanalization after the embolization of

PAVMs.
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Introduction

Pulmonary arteriovenous malformations (PAVMs) are

abnormal fistulas that appear between the pulmonary

arteries and veins that bypass the normal capillaries [1, 2].

In this condition, the lung loses its ability to filter emboli

and bacteria, which can then pass directly into the systemic

circulation, causing stroke or cerebral abscess [3]. Coil

embolization is widely performed for PAVMs; however,

persistence of PAVM can be a problem after embolization.

This has been attributed to recanalization, in which

PAVMs are perfused due to flow through a previously

placed coil nest; pulmonary-to-pulmonary reperfusion, in

which the embolized feeder remains occluded but there are

small feeders from adjacent normal pulmonary arteries;

incomplete primary treatment, in which there are previ-

ously untreated feeders of a complex PAVM; and systemic-
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to-pulmonary reperfusion, in which PAVMs persist via a

systemic arterial feeder but are not seen on pulmonary

arteriography [2]. Among these causes of persistence,

recanalization is the most frequent cause [2], and it can

lead to the risk of stroke or cerebral abscess. To prevent

recanalization, the feeding artery of a PAVM should be

embolized tightly [4].

Meanwhile, hydrogel-coated coils consist of a layer of

hydrogel polymer surrounding a platinum metal core and

can fully expand within 20 min upon contact with blood

[5]. There is a nearly fivefold higher filling volume for the

0.018-in. coil than for platinum coils of the same size, and

they have mostly been used in neurointerventional proce-

dures and are useful for preventing recanalization of

cerebral aneurysms [6–8].

The purpose of this study was to evaluate the usefulness

of hydrogel-coated coils in preventing recanalization after

coil embolization of PAVMs.

Materials and Methods

This retrospective study was approved by an institutional

review board. Each patient provided written informed

consent to undergo the procedure. Between January 2013

and Jun 2017, 37 consecutive patients with 57 untreated

PAVMs underwent coil embolization with hydrogel-coated

coils. According to a recent article [9], coil embolization

was attempted for all PAVMs diagnosed as accessible in

CT regardless the diameter of the feeding artery. All

PAVMs could be followed after embolization and were

included in this study. The mean age was 49 years (range

9–83 years), and there were seven male patients and 30

female patients. Fifty PAVMs had a single feeding artery

(simple type), and 7 PAVMs had multiple feeding arteries

(complex type). The median size of the feeding artery was

3.7 mm (range 1.5–6.8 mm), and the median size of the

venous sac was 9.3 mm (range 2.6–36.6 mm). Details of

the patients and PAVMs are summarized in Table 1. For all

PAVM, embolization was attempted using 0.018-in.

hydrogel-coated coils with or without other coils:

0.0135–0.018-in. bare platinum coils and fibered platinum

coils. In four patients, 3 PAVMs were embolized in one

session, and in five patients, 2 PAVMs were embolized in

one session. Thus, the total session number was 43. All

procedures were performed by a single operator (M.S.),

who had 14 years of experience in diagnostic and inter-

ventional radiology, with assistants (T.H., M.M.).

Medical records and imaging were reviewed, and tech-

nical success rate, recanalization rate, details of used coils

(type, number, length, and volume) and complications were

evaluated. Technical success was defined as completion of

embolization for PAVM using hydrogel-coated coils.

Recanalization was evaluated with time-resolved magnetic

resonance angiography (TR-MRA) and/or pulmonary

angiography (PAG). Coil volume was calculated assuming

a cylindrical coil shape using the formula: coil vol-

ume = p 9 (coil radius)2 9 (coil length) for each coil. In

this calculation, the volume of the hydrogel-coated coils

was calculated assuming full hydrogel polymer expansion.

Complications that required extended hospitalization or an

advanced level of care or resulted in permanent adverse

sequelae or death were classified as major complications,

and the remaining complications were considered minor

[10].

Coil Embolization Technique

All procedures were approached via the femoral vein with

an 8-Fr sheath (SuperSheath; Medikit, Tokyo, Japan). To

prevent the formation of a thrombus during the procedure,

3000 units (1000 units/mL) of heparin were administered

intravenously, with an additional 1000 units added every

hour. The triaxial system was introduced for the procedure.

An 8-Fr balloon catheter (Optimo; Tokai Medical, Kasu-

gai, Japan) was placed at the segmental pulmonary artery,

followed by a 4-Fr catheter (Multi-purpose; Terumo,

Tokyo, Japan, or Cerulean G; Medikit) and a 2.2-Fr

microcatheter (Progreat b3; Terumo). Saline flushing was

performed for each lumen during the procedure to prevent

thrombus formation. An 8-Fr balloon catheter was used to

occlude the blood flow of PAVM to prevent paradoxical

embolization and migration of coils to the venous side and

also as a backup in case of perforation. Deep advancement

of the 4-Fr catheter was attempted for good support of the

microcatheter. Coil embolization was attempted using

hydrogel-coated coils (AZUR; Terumo), bare coils (IDC;

Table 1 Details of patients and PAVMs

Patients (n = 37) Male/female 7/30

Age# 49 (9–83)

PAVMs (n = 57) Type

Simple/complex 50/7

Location

RUL/RML/RLL/LUL/LLL 4/14/19/9/11

Sizeb

Feeding artery (mm)c 3.7 (1.5–6.8)

Venous sac (mm) 9.3 (2.6–36.6)

Follow-up period (months)a 19 (2–47)

aValues are reported as mean (range)
bValues are reported as median (range)
cThe size of the largest feeding artery was used for the complex type

RUL right upper lobe, RML right middle lobe, RLL right lower lobe,

LUL left upper lobe, LLL left lower lobe
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Boston Scientific Corporation, Natick, MA or Target;

Stryker, Fremont, CA) and/or fibered coils (Interlock;

Boston Scientific Corporation, or Trufill; Codman &

Shurtleff, Raynham, MA). All used coils were chosen by

the operator (M.S.).

In all procedures, embolization was performed in the

following manner. At first, the microcatheter was advanced

to the entrance of the venous sac, and several coils were

placed until the operator could feel slight resistance to

make a scaffold in venous sac. Then, the microcatheter was

pulled back to the distal feeding artery and embolization

was continued. To make tight packing of the distal feeding

artery, we attempted to place the hydrogel-coated coils at

the distal feeding artery instead of the venous sac. It was

also because hydrogel-coated coils were relatively stiff and

had a possibility of venous sac injury.

Follow-Up Examinations for Recanalization

Follow-up examinations including TR-MRA were basi-

cally planned at 2, 6, and 12 months, and every 12 months

thereafter, but it was adjusted according to subsequent

embolization sessions in patients with multiple PAVM and

individual patients’ situations. The median number of fol-

low-up examinations was 3 (range 1–7), and the median

periods of the first, second, third, fourth, fifth, sixth, and

seventh follow-up examinations were 2, 6, 12, 18, 29, 32,

and 41 months after coil embolization. On TR-MRA,

recanalization was defined as simultaneous enhancement of

the feeding artery and draining vein or enhancement of the

venous sac in the pulmonary arterial phase (before visu-

alization of the normal pulmonary vein) [11–14]. In

patients with multiple PAVMs, not all of the PAVMs could

be embolized in a single session; thus, those that were

previously embolized were evaluated by using PAG during

subsequent embolization sessions, instead of TR-MRA.

PAG was only performed in patients who required addi-

tional embolization, which was planned 1–4 months after

the first session. Recanalization was defined as simultane-

ous enhancement of the feeding artery and draining vein or

the venous sac [13]. Follow-up images were interpreted for

recanalization by two radiologists (M.S. and T.K., with 14

and 12 years of experience, respectively, in diagnostic and

interventional radiology). Any discrepancies were resolved

through consensus.

Image Acquisition and TR-MRA Reconstruction

All TR-MRAs were performed on a 1.5-T MR system

(Achieva; Philips Healthcare, Best, The Netherlands) or a

3.0-T system (Skyra; SIEMENS, Erlangen, Germany,

Ingenia; Philips Healthcare). TR-MRA was acquired using

a 3D-T1-weighted fast-field echo sequence; the parameters

were based on a previously reported method [13]. The

achieved temporal resolution was 1.7 s for Achieva and

Ingenia and 1.0 s for Skyra. Consecutive 3D volume

images (25 images for Achieva and Ingenia and 30 images

for Skyra) were acquired immediately after injection of

contrast media (0.1 mmol/kg Gd-chelate, Magnevist;

Bayer HealthCare, Whippany, NJ, USA) at a flow rate of

2 mL/s, followed by a saline flush of 30 mL during breath-

holding. All source images from each frame were recon-

structed with a maximum intensity projection algorithm.

Both source images and their maximum intensity projec-

tion images were evaluated to diagnose recanalization.

Results

In 56 of 57 PAVMs, embolization was successfully per-

formed with hydrogel-coated coils. Therefore, the technical

success rate was 98% (56/57). However, in one patient

with two PAVMs, the placement of a hydrogel-coated coil

failed for one of the PAVMs, because, although the

diameter of the feeding artery was 2 mm, the minimum

size of hydrogel-coated coils in our country was 3 mm at

that time. The coil could not be placed successfully and

retrieved. So, embolization was performed without hydro-

gel-coated coils, and bare coils and fibered coils were used

instead; thereafter, no persistence was observed with

43 months follow-up. The number of PAVMs at risk was

56, 42, 18, 12, and 0, at 0, 12, 24, 36, and 48 months,

respectively. In 56 PAVMs embolized with hydrogel-

coated coils, there was no recanalization with a mean fol-

low-up period of 19 months (range 2–47 months) (Figs. 1,

2). Furthermore, there was no other type of persistence

such as pulmonary-to-pulmonary reperfusion, incomplete

primary treatment, and systemic-to-pulmonary reperfusion

during this period. The used coils are as follows: hydrogel-

coated coils, bare coils, and fibered coils in 47; hydrogel-

coated coils and bare coils in 5; hydrogel-coated coils and

fibered coils in 3; and hydrogel-coated coils only in 1. The

coil details are shown in Table 2. The median number of

hydrogel-coated coils was 4, the median total length of the

hydrogel-coated coils was 60 cm, and the median volume

of hydrogel-coated coils was 342 mm3. The median per-

centage of hydrogel-coated coils used was 32% (range

10–100%) in number, 35% (8.4–100%) in length, and 75%

(32–100%) in volume.

There were no major complications. Local pain, as a

minor complication, was observed in 8 of 43 sessions

(19%) after embolization and was controllable with an

analgesic. Overall, the mean follow-up period was

19 months (range 2–47 months). Of the 56 PAVMs, 41

were monitored using TR-MRA only, and 15 were moni-

tored with both TR-MRA and PAG. One patient each was
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lost after the follow-up TR-MRA at 2, 2, 2, and 17 months,

with no recanalization or other persistence. The remaining

33 patients were continuously followed.

Discussion

In the present study, there was no recanalization in all

PAVMs embolized with hydrogel-coated coils. We think

the expanded hydrogel polymer contributes to increased

coil volume and tightly embolizes the PAVM. In the lit-

erature, higher packing density was reported with hydro-

gel-coated coils than with bare coils in embolization of

elastase-induced saccular aneurysms in rabbits.

Furthermore, histological analysis of aneurysms embolized

with hydrogel-coated coils indicated that most of the

aneurysm cavity was filled with expanded hydrogel [15].

Thus, in our study also, we believe there was a consider-

able amount of expanded hydrogel polymer in the feeding

artery of the PAVMs, which could achieve tight mechan-

ical occlusion without the aid of thrombus formation; as a

result, recanalization was not likely. Furthermore, it was

reported that hydrogel-coated coils caused more tissue

reaction and organization compared with bare platinum

coils in a rat aneurysm model, possibly owing to observed

elastic lamina damage and vascular smooth muscle cell

proliferation [16]. So, it may contribute to preventing

recanalization in PAVM.

Fig. 1 A 57-year-old woman presented with untreated PAVM of the

left lower lobe. A Time-resolved magnetic resonance angiography

(TR-MRA) shows a PAVM in the left lower lobe (arrow). B Angiog-

raphy of the left pulmonary artery shows a PAVM (arrow); then the

feeding artery from the anteromedial basal segmental artery (arrow

head) was selected and embolization was performed with bare coils,

fibered coils, and hydrogel-coated coils. C Angiography after the

embolization shows complete occlusion of the PAVM. D TR-MRA

28 months after coil embolization shows no recanalization
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The so-called ‘‘3-mm guideline’’ is a well-known indi-

cation that recommends embolization for feeding vessels

C 3 mm to treat PAVM. However, there have been reports

of symptomatic paradoxical embolization in patients with

only sub-3-mm feeding arteries [9, 17, 18], and the recent

developments of microcatheters, guidewires, and coils

make it possible to treat PAVM with feeders smaller than

3 mm in diameter. As a result, the potential need to treat

PAVMs in the sub-3-mm feeder range was also acknowl-

edged by the originators of the 3-mm guideline in 2006

[19]. The 2009 hereditary hemorrhagic telangiectasia

treatment guidelines now acknowledge that it is appropri-

ate to treat PAVM with feeders smaller than 3 mm [20].

Trerotola et al. [9] has now also stated that any accessible

PAVM should be treated. Thus, we have included small

PAVMs that were indicated for embolization. However, in

one small PAVM of our study, hydrogel-coated coils could

not be placed, and conventional coils had to be used. The

diameter of the feeding artery of the PAVM was 2 mm, but

the minimum size of hydrogel-coated coils in our country

at that time was 3 mm, and thus it was difficult to place it.

However, because 2-mm hydrogel-coated coils are now

available, we believe that small PAVMs can also be suc-

cessfully embolized with hydrogel-coated coils. On the

other hand, hydrogel-coated coils have high coil rigidity,

and it can cause microcatheter kickback [21]. Thus, we

think that deep advancement of a 4-Fr catheter is important

for good support of the microcatheter.

In this study, we placed some coils inside the venous sac

to make a scaffold so as to embolize the feeding artery

tightly. It has been reported that embolization of both the

feeding artery and venous sac may be useful [22–24], and

some authors recommended tightly packing the venous sac

[23]. However, doing it needs many coils and has a high

cost. Thus, we think tight embolization of the distal feeding

artery is appropriate, and placing some coils in the venous

sac to make a scaffold is useful to accomplish this. In this

study, the median percentage of used hydrogel-coated coils

was 35% in length, but the hydrogel-coated coils could be

expanded, so the median percentage of hydrogel-coated

coils was 75% in volume. In addition, we aimed to place

the hydrogel-coated coils at the distal feeding artery instead

of the venous sac. Therefore, in the distal feeding artery,

we believe the volume of hydrogel-coated coils is much

higher, and thus tight embolization can be achieved effi-

ciently. Although hydrogel-coated coils are expensive

(approximately 1200 US dollars per coil), a median of 4

hydrogel-coated coils were used in our study. We think the

cost is reasonable, considering the cost of re-embolization

and burden that is placed on patients.

The AMPLATZER Vascular Plugs (St. Jude Medical,

St. Paul, MN) is a malleable nitinol basket that forms to the

shape of the vessel, and it occludes the vessel by inducing

thrombus. It has been reported as a useful material for

PAVM with low persistence rates (0–7%) with computed

tomography (CT) evaluation [25–29]. In our country,

however, AMPLATZER Vascular Plug has only recently

been covered by health insurance. Therefore, further

comparative studies should be necessary. The MVP Micro

Vascular Plug (MVP; Covidien, Irvine, CA) is a detachable

nitinol skeleton plug partially coated with polytetrafluo-

roethylene. Potential advantages of the MVP include

microcatheter deployment, resheathability, immediate

occlusion despite procedural anticoagulation, and dimin-

ished metal artifacts compared with coils on follow-up CT

imaging. Initial experiences of MVP for PAVM were

reported with good results [30, 31]. Unfortunately, its use

has not yet been allowed in our country, but it should be a

promising material because it can occlude vessels without

bFig. 2 A 40-year-old woman presented with untreated complex

PAVM of the right lower lobe. A Time-resolved magnetic resonance

angiography (TR-MRA) shows a PAVM in the right lower lobe

(arrow) with two feeding arteries (arrow heads). B Angiography

shows the PAVM (arrow) with two feeding arteries (arrow heads).

C First, a feeding artery from the anterior basal segmental artery

(arrow head) was selected, and then, embolization was performed

with bare coils, fibered coils, and hydrogel-coated coils. D Second,

another feeding artery from the medial basal segmental artery (arrow

head) was selected, and embolization was performed in the same

manner. E TR-MRA 21 months after coil embolization shows no

recanalization

Table 2 Details of coils used

for PAVMs embolized with

hydrogel-coated coils

Total Bare Fibered Hydrogel

Number 13 (4–49) 4 (0–25) 5 (0–30) 4 (1–17)

% 25 (0–76) 40 (0–77) 32 (10–100)

Length (cm) 168 (20–947) 85 (0–835) 13.5 (0–181) 60 (4–239)

% 47 (0–88) 8.2 (0–51.6) 35 (8.4–100)

Volume (mm3)a 462 (41–1997) 86 (0–1352) 12 (0–187) 342 (23–1400)

% 19 (0–68) 30 (0–25) 75 (32–100)

All figures are median and range
aFor calculation of hydrogel-coated coil volumes, full expansion of the coils was assumed
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the aid of thrombosis, and further studies should be

required.

CT was routinely performed during follow-up exami-

nation, and recanalization was evaluated using the size of

the draining vein and venous sac. Occlusion was diagnosed

based on shrinkage after embolization, and the recanal-

ization rate was reported to be up to 19% in some studies

[4, 19, 32–34]. However, it was recently reported that TR-

MRA is superior to CT for diagnosing recanalization of a

PAVM, due to its high sensitivity in detecting flow and

very few artifacts from platinum coils [11–14]. On the

other hand, using TR-MRA, the recanalization rates are

reportedly much higher than the previously reported; the

rates at 3, 6, 12, and 24 months were 8, 27, 36, and 49%,

respectively, for 12 untreated PAVMs, and 50, 50, 92, and

100%, respectively, for 12 recanalized PAVMs [12]. In the

present study, recanalization was evaluated with TR-MRA

and/or PAG, and there was no recanalization even with this

more accurate evaluation method. So, we believe

embolization with hydrogel-coated coils is very effective to

prevent recanalization. Initial experience with hydrogel-

coated coils for embolization of 9 PAVMs has been

reported, with good results; the median shrinkage rate of

the venous sac size was 95% on CT during a median fol-

low-up period of 10 months (range 6–18 months) [21]. Our

study would emphasize the usefulness of hydrogel-coated

coils with a larger patient number, longer follow-up peri-

ods, and more reliable evaluation using TR-MRA and/or

PAG.

Our study has several limitations. First, the single-cen-

tered retrospective design was a key limitation. Second, the

TR-MRA equipment and spatial and temporal resolutions

varied among the patients. Third, 41 of the 56 PAVMs

were evaluated with TR-MRA only and were not confirmed

by PAG. Forth, this is not a comparative study, so it is

uncertain whether the hydrogel-coated coils are really

superior to the other coils.

In conclusion, hydrogel-coated coils appear to be useful

for preventing recanalization after the embolization of

PAVMs; however, further prospective comparative studies

are needed to investigate the long-term outcomes.

Compliance with Ethical Standards

Conflict of interest Masashi Shimohira was supported by the Grant-

in-Aid for Young Scientists B (15K19806) of the Japan Science and

Technology Agency (JST), Japan. Other authors have no conflict of

interest.

Ethical Approval All procedures performed in this study involving

human participants were in accordance with the ethical standards of

the institutional and/or national research committee and with the 1964

Helsinki Declaration and its later amendments or comparable ethical

standards.

Informed Consent Informed consent was obtained from all indi-

vidual participants included in the study.

Open Access This article is distributed under the terms of the

Creative Commons Attribution 4.0 International License (http://

creativecommons.org/licenses/by/4.0/), which permits unrestricted

use, distribution, and reproduction in any medium, provided you give

appropriate credit to the original author(s) and the source, provide a

link to the Creative Commons license, and indicate if changes were

made.

References

1. White RI Jr, Pollak JS, Wirth JA. Pulmonary arteriovenous

malformations: diagnosis and transcatheter embolotherapy.

J Vasc Interv Radiol. 1996;7:787–804.

2. Woodward CS, Pyeritz RE, Chittams JL, Trerotola SO. Treated

pulmonary arteriovenous malformations: patterns of persistence

and associated retreatment success. Radiology. 2013;269:919–26.

3. Chick JFB, Reddy SN, Pyeritz RE, Trerotola SO. A survey of

pulmonary arteriovenous malformation screening, management,

and follow-up in hereditary hemorrhagic telangiectasia centers of

excellence. Cardiovasc Intervent Radiol. 2017;40:1003–9.

4. Milic A, Chan RP, Cohen JH, Faughnan ME. Reperfusion of

pulmonary arteriovenous malformations after embolotherapy.

J Vasc Interv Radiol. 2005;16:1675–83.

5. Cantón G, Levy DI, Lasheras JC. Changes in the intraaneurysmal

pressure due to HydroCoil embolization. AJNR Am J Neurora-

diol. 2005;26:904–7.

6. Cloft HJ, Investigators HEAL. HydroCoil for endovascular

aneurysm occlusion (HEAL) study: 3–6 month angiographic

follow-up results. AJNR Am J Neuroradiol. 2007;28:152–4.

7. White PM, Lewis SC, Gholkar A, et al. Hydrogel-coated coils

versus bare platinum coils for the endovascular treatment of

intracranial aneurysms (HELPS): a randomised controlled trial.

Lancet. 2011;377:1655–62.

8. Gunnarsson T, Tong FC, Klurfan P, Cawley CM, Dion JE.

Angiographic and clinical outcomes in 200 consecutive patients

with cerebral aneurysm treated with hydrogel-coated coils. AJNR

Am J Neuroradiol. 2009;30:1657–64.

9. Sacks D, McClenny TE, Cardella JF, Lewis CA. Society of

interventional radiology clinical practice guidelines. J Vasc Interv

Radiol. 2003;14:S199–202.

10. Trerotola S, Bernhardt B, Pyeritz R. Outpatient single-session

pulmonary arteriovenous malformation embolization. J Vasc

Interv Radiol. 2009;20:1287–91.

11. Kawai T, Shimohira M, Ohta K, et al. The role of time-tesolved

MRA for post-treatment assessment of pulmonary arteriovenous

malformations: a pictorial essay. Cardiovasc Intervent Radiol.

2016;39:965–72.

12. Shimohira M, Kawai T, Hashizume T, et al. Reperfusion rates of

pulmonary arteriovenous malformations after coil embolization:

evaluation with time-resolved MR angiography or pulmonary

angiography. J Vasc Interv Radiol. 2015;26:856–64.

13. Kawai T, Shimohira M, Kan H, et al. Feasibility of time-resolved

MR angiography for detecting recanalization of pulmonary

arteriovenous malformations treated with embolization with

platinum coils. J Vasc Interv Radiol. 2014;25:1339–47.

14. Boussel L, Cernicanu A, Geerts L, et al. 4D time-resolved

magnetic resonance angiography for noninvasive assessment of

pulmonary arteriovenous malformations patency. J Magn Reson

Imaging. 2010;32:1110–6.

15. Ding YH, Dai D, Lewis DA, Cloft HJ, Kallmes DF. Angiographic

and histologic analysis of experimental aneurysms embolized

854 M. Shimohira et al.: Usefulness of Hydrogel-Coated Coils in Embolization…

123

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


with platinum coils, matrix, and HydroCoil. AJNR Am J Neu-

roradiol. 2005;26:1757–63.

16. Zhang C, Chaudhary N, Gemmete JJ, Thompson BG, Xi G,

Pandey AS. Reactive tissue proliferation and damage of elastic

lamina caused by hydrogel coated coils in experimental rat

aneurysms. J Neurointerv Surg. 2014;6:480–6.

17. Todo K, Moriwaki H, Higashi M, Kimura K, Naritomi H. A small

pulmonary arteriovenous malformation as a cause of recurrent

brain embolism. AJNR Am J Neuroradiol. 2004;25:428–30.

18. Shovlin CL, Jackson JE, Bamford KB, et al. Primary determi-

nants of ischaemic stroke/brain abscess risks are independent of

severity of pulmonary arteriovenous malformations in hereditary

haemorrhagic telangiectasia. Thorax. 2008;63:259–66.

19. Pollak JS, Saluja S, Thabet A, Henderson KJ, Denbow N, White

RI Jr. Clinical and anatomic outcomes after embolotherapy of

pulmonary arteriovenous malformations. J Vasc Interv Radiol.

2006;17:35–44.

20. Faughnan ME, Palda VA, Garcia-Tsao G, et al. International

guidelines for the diagnosis and management of hereditary

haemorrhagic telangiectasia. J Med Genet. 2011;48:73–87.

21. Osuga K, Kishimoto K, Tanaka K, et al. Initial experience with

use of hydrogel microcoils in embolization of pulmonary arteri-

ovenous malformations. Springerplus. 2014;3:609.

22. Hayashi S, Baba Y, Senokuchi T, Nakajo M. Efficacy of venous

sac embolization for pulmonary arteriovenous malformations:

comparison with feeding artery embolization. J Vasc Interv

Radiol. 2012;23:1566–77.

23. Kajiwara K, Urashima M, Yamagami T, et al. Venous sac

embolization of pulmonary arteriovenous malformation: safety

and effectiveness at mid-term follow-up. Acta Radiol.

2014;55:1093–8.

24. Dinkel HP, Triller J. Pulmonary arteriovenous malformations:

embolotherapy with superselective coaxial catheter placement

and filling of venous sac with Guglielmi detachable coils. Radi-

ology. 2002;223:709–14.

25. Letourneau-Guillon L, Faughnan ME, Soulez G, et al.

Embolization of pulmonary arteriovenous malformations with

amplatzer vascular plugs: safety and midterm effectiveness.

J Vasc Interv Radiol. 2010;21:649–56.

26. Tapping CR, Ettles DF, Robinson GJ. Long-term follow-up of

treatment of pulmonary arteriovenous malformations with

AMPLATZER Vascular Plug and AMPLATZER Vascular Plug

II devices. J Vasc Interv Radiol. 2011;22:1740–6.

27. Rabellino M, Serra M, Peralta O, et al. Early experience with the

AMPLATZER vascular plug IV for the occlusion of pulmonary

arteriovenous malformations. J Vasc Interv Radiol.

2014;25:1333–7.
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