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ABSTRACT
　　The purpose of this study was to evaluate the long-term safety and efficacy of venous sac and 
feeding artery embolization with detachable coils for treating pulmonary arteriovenous malformations 
(PAVMs).　From 1998 through 2011, we treated 18 PAVMs in 11 patients (4 men and 7 
women ; mean age, 52.0 years) and embolized all venous sacs with detachable coils while controlling 
blood flow with a balloon catheter and afterward deploying fibered platinum coils or fibered detachable 
coils in the feeding arteries.　We then retrospectively assessed the safety and efficacy of this treat-
ment over time in all patients.　We successfully embolized PAVMs without serious complications.　
In 9 of 11 patients, the mean PaO2 increased from 73.8 mmHg before treatment to 91.7 mmHg after 
treatment (P=0.005).　In 8 of 11 patients, the mean shunt ratio on technetium–macroaggregated al-
bumin scintigraphy improved from 16.0% before treatment to 7.0% after treatment (P<0.05).　No 
patient had symptoms of recurrence during a mean follow-up period of 51.8 months.　Long-term fol-
low-up showed that the treatment of PAVMs with venous sac embolization using detachable coils 
followed by feeding artery embolization is safe and effective and prevents reperfusion.
� (Jikeikai Med J 2012 ; 59 : 37-43)
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Introduction

Pulmonary arteriovenous malformations (PAVMs) are 

direct communications between pulmonary arteries and 

veins with no normal capillary bed1,2.　Of patients with 

PAVMs, about 70% have hereditary hemorrhagic telangiec-

tasia (HHT) in Western countries.　The rate is lower in 

Asians than European people.　And about 30% of people 

with HHT have PAVM in Asian countries.　Symptoms of 

PAVMs depend on the size and number of lesions1-4.　Typi-

cal manifestations are dyspnea caused by right-to-left shunt 

and neurologic disorders caused by paradoxical embolism.　
Approximately 18% of patients with PAVM experience 

stroke, and 9% experience cerebral abscess3,4.

Surgical resection has long been the standard treat-

ment for PAVMs.　Minor lung resection may be curative 

for a PAVM that is solitary, small, and peripheral.　Howev-

er, invasive therapy, such as lobectomy and segmentectomy, 

is often needed depending on the size, number, and location 

of lesions5.

Portmann first reported embolotherapy with metallic 

coils for PAVMs in 19776.　Use of stainless steel coils or 

detachable balloons has been reported since the early 1980s7,8.　
Endovascular therapy is the current method of choice for 

treating PAVMs3,4.　The most serious complication of this 

procedure is infarction of various organs, including stroke 
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caused by systemic migration of embolic coils via the right-

to-left shunt9,10.　Unintentional embolization of the proxi-

mal normal branch can also occur, and reperfusion occurs in 

as many as 17% of PAVMs after initially successful 

treatment11,12.　To avoid these complications and to reduce 

the risk of reperfusion, we performed venous sac emboliza-

tion with detachable coils while controlling blood flow with 

a balloon catheter and then embolized the feeding artery 

with fibered platinum coils or fibered detachable coils.　To 

assess the long-term safety and efficacy of this treatment, 

we evaluated clinical variables, including decreased PaO2 or 

SpO2 and findings of 3-dimensional (3D) computed tomog-

raphy (CT) and 99mTc–macroaggregated albumin (MAA) 

scintigraphy, in patients in follow-up examinations at least 9 

months after their initially successful treatment with this 

routine procedure.

Materials and Methods

Patients

From 1998 through 2011, we treated 18 PAVMs in 11 

patients (4 men and 7 women ; age range, 15 to 77 years, 

mean age, 52.0 years).　The PAVMs had been detected 

with examinations for cerebral infarction (3 patients), dys-

pnea on exertion (3 patients), and cerebral abscess (1 pa-

tient) and had been incidentally detected with chest radiog-

raphy or CT in 4 asymptomatic patients, 1 of whom had 

HHT.

None of the patients had causes of dyspnea on exertion 

or abnormality of PaO2 other than PAVM on chest radiogra-

phy or CT, and none had other causes of right-to left shunt, 

such as liver cirrhosis.　Pulmonary function testing was 

not performed.

We confirmed all diagnoses of PAVM with 3D contrast-

enhanced CT and performed embolotherapy when the di-

ameter of feeding arteries exceeded 3 mm8,13,14.　Three pa-

tients were treated for multiple PAVMs, and 1 of these 

patients had a PAVM of complex type.　Each of the other 8 

patients was treated for a single lesion of simple type15-17.

Before and after treatment, we measured PaO2 and 

Table 1.　Clinical characteristics of patients with PAVM

Patient Age (years)/Sex Symptom Number of PAVMs PaO2 (mm Hg) Shunt fraction (%)

  1 65/F Cerebral infarction 5 62.6 30.0

  2 65/F Cerebral infarction 3 72.1 13.7

  3 60/M Cerebral infarction 1 85.6 15.0

  4 57/F Dyspnea on exertion 1 72.1 not available 

  5 61/F Dyspnea on exertion 1 69.7 13.4

  6 15/M Dyspnea on exertion 1 76.9 32.1

  7 34/M No symptom 1 70.9 11.6

  8 48/F No symptom, HHT 1 96.0   7.3

  9 37/M Brain abscess 4 49.6 15.1

10 51/F No symptom 1 84.6   9.7

11 77/F No symptom 1 83.5   8.3

Fig. 1.　Embolization of a PAVM with a large venous sac and 
drainage vein of a 34-year-old man.　A, B.  A PAVM 
with a venous sac 26 mm in diameter is seen in the 
right S8 on 3D CT and right pulmonary angiography.　
C.  Embolization of the venous sac with GDCs under 
flow control with a balloon catheter avoided coil migra-
tion via the right-left shunt.　D.  Embolization of the 
venous sac and feeding artery was confirmed with pul-
monary angiography after the procedure.
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used 99mTc-MAA scintigraphy to measure the shunt fraction.　
We calculated the right-to-left shunt fraction with the modi-

fied Gates method10,18-21 and the percentage of the 99mTc-

MAA shunt fraction as : (total body count – total lung 

counts)/total body counts × 100 = percent right-to-left 

shunt10,18-21.　The data were analyzed with the Mann-Whit-

ney U-test.　Table 1 shows the characteristics of each pa-

tient.

Embolization technique

After applying local anesthesia around the right femo-

ral vein, we inserted a 7-Fr 25-cm sheath using Seldinger’s 

method and administered a single intravenous dose (3,000 

units) of heparin and then 1,000 units per hour during the 

procedure.　We performed initial pulmonary arteriography 

by digital subtraction angiography using a 7-Fr Berman an-

giographic balloon catheter (Arrow International, Inc., 

Reading, PA, USA).　The images were used to measure 

the size of the feeding artery and venous sac and to analyze 

the angioarchitecture of the PAVMs.　We then exchanged 

the 7-Fr Berman angiography catheter for a 7-Fr balloon 

wedge-pressure catheter (Arrow International, Inc.), 

through which we advanced a 2.5-Fr microcatheter coaxial-

ly into the venous sac of the PAVM.　We first embolized 

the venous sac with Guglielmi detachable coils (GDCs) 

(Boston Scientific Corp., Natick, MA, USA, until 2010, 

Stryker Neurovascular, Fremont, CA, USA, since 2011) or 

interlocking detachable coils (IDCs) (Boston Scientific 

Corp.) to make a scaffold to prevent coil migration and then 

deployed fibered platinum GDC Vortx (Boston Scientific 

Corp. until 2010, Stryker Neurovascular since 2011), or In-

terlock (Boston Scientific Corp.) in the feeding artery (Fig. 

1, 2).　We used GDC Vortx or Interlock to avoid embolizing 

the proximal normal branch, especially when the feeding 

artery was short (Fig. 3).

Definition of success

The PAVMs were embolized until completely occluded, 

as indicated by disappearance of the drainage vein from the 

venous sac, except backflow from normal pulmonary veins, 

on pulmonary angiography during the procedure.　Clinical 

success was defined as the disappearance of symptoms, the 

Fig. 2.　Embolization of a PAVM with a small, tortuous feeding 
artery in a 37-year-old man.　A, B.  Three PAMVs 
were confirmed with 3D CT and left pulmonary 
angiography.　B.  Feeding arteries were small and tor-
tuous on selective angiography of the left A10.　C.  We 
successfully inserted a 2.5-Fr microcatheter into the 
venous sac and embolized the venous sac and feeding 
arteries.

Fig. 3.　Embolization of a PAVM with a short feeding artery.　
Left pulmonary angiogram of a 48-year-old woman.　A, 
B.  A PAMV with a short feeding artery (arrow) was 
observed in the right S6 with 3D CT and left pulmonary 
angiography.　C.  We successfully inserted a 2.5-Fr 
microcatheter into the venous sac.　D.  We embolized 
the venous sac and feeding artery with detachable coils 
and fibered platinum coils and avoided embolization of 
the proximal normal branch.
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absence of new symptoms, and an increased PaO2 or a de-

creased shunt fraction on 99mTc-MAA scintigraphy.

Follow-up

If patients had symptoms, decreased PaO2 or SpO2, or 

an increased shunt fraction on 99mTc-MAA scintigraphy, we 

suspected recurrence or the development of a new lesion 

and confirmed our suspicion with 3D CT.　Following previ-

ous reports that described long-term outcomes after embo-

lotherapy with minimum follow-up of 9 months22-25, we de-

fined long-term as 9 months or more and investigated 

patient outcomes thereafter.

Results

Embolotherapy was successful in all patients, with no 

serious complications, such as systemic migration of coils.　
One patient with multiple lesions underwent embolothera-

py 3 times.　The only minor complication was transient 

hemisensory disturbance in 1 patient which resolved 

spontaneously.　Embolization of the proximal normal 

branch did not occur in any case.

We confirmed the resolution of symptoms in the 3 pa-

tients who had dyspnea on exertion.

We measured PaO2 in 10 of 11 patients ; postoperative 

PaO2 was not measured in 1 patient.　We confirmed an in-

crease in PaO2 in 9 of 10 patients and improved shunt frac-

tion in the tenth patient.　The mean PaO2 increased from 

73.8 mm Hg (range, 49.6 to 84.6 mm Hg) before treatment 

to 91.7 mm Hg (range, 82.2 to 108.4 mm Hg) after treat-

ment (P = 0.005) (Fig. 4).

The mean right-to-left shunt fraction on 99mTc-MAA 

scintigraphy decreased from 16.0% (range, 7.3% to 30.0%) 

before treatment to 7.0% (range, 0% to 12.2%) after treat-

ment (P < 0.05) in 8 of 11 patients ; 1 patient did not un-

dergo scintigraphy, and the postoperative fraction was not 

measured in the other 2 patients (Fig. 5).

No patient showed symptoms of recurrence or the de-

velopment of new lesions during the mean follow-up period 

of 51.8 months (range, 9-141 months).　In 1 patient with-

out HHT (patient 7), a small PAVM that had a feeding ar-

tery smaller than 2 mm in diameter was not treated.　The 

absence of change in this lesion had been confirmed with 

follow-up 3D CT.　All patients were followed up for more 

than 9 months, and, as of this writing, we continue to follow 

up 6 patients ; 1 patient died of uterine cancer.

Discussion

1.　Indications for embolotherapy for PAVMs

We performed embolotherapy when the diameter of 

the feeding artery exceeded 3 mm, despite a recent report 

Fig. 4.　The PaO2 increased in 10 patients and was not mea-
sured postoperatively in 1 patient.

Fig. 5.　The shunt fraction decreased on 99mTc-MAA scintigra-
phy in 8 patients.　One patient did not undergo scin-
tigraphy, and the postoperative shunt fraction was not 
measured in 2 patients.
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describing paradoxical embolization as independent of the 

diameter of the feeding artery8,13,14,26.　Although the 2009 

treatment guidelines for HHT support the treatment of a 

PAVM with a feeding artery exceeding 2 mm in diameter27, 

most reports describe this treatment as appropriate, specifi-

cally for patients with HHT.　Only 1 of our patients had 

HHT (patient 8).　Indications for treatment of patients 

without HHT remain unclear.　In 1 patient without HHT 

(patient 7), preoperative CT pulmonary angiography 

showed a small ipsilateral PAVM that had not been apparent 

on unilateral pulmonary angiography during the procedure.　
Remy and colleagues have reported detection of 38.5% of 

PAVMs with only CT using contrast enhancement ; 

pulmonary angiography failed to demonstrate lesions small-

er than 5 mm2.　In our series some small PAVMs detected 

with preoperative CT could not be detected with pulmonary 

angiography ; as a result, they could not be treated.　How-

ever, we believe that we should treat small PAVMs that 

have feeding arteries smaller than 2 mm in diameter and 

that can be observed on pulmonary angiography.

2.　Improvement of symptoms and PaO2

Endovascular therapy is the current treatment of 

choice for PAVMs3,4, and venous sac embolization is report-

edly effective28,29.　In all our study patients, we confirmed 

the successful embolization of PAVMs on the basis of the 

disappearance of the venous sac and drainage vessels dur-

ing the procedure and the resolution of symptoms in symp-

tomatic patients.　We measured PaO2 in 10 of 11 patients, 

observed an increase in PaO2 in 9 of the 10, and confirmed a 

decreased shunt fraction in the patient in tenth patient.　
We did not observe recurrence of symptoms, including ce-

rebral infarction and brain abscess, during follow-up.　Our 

findings are similar to those of previous reports of venous 

sac embolization28,29.

3.　Improved shunt fraction using 99mTc-MAA 

We confirmed improved shunt fraction in all patients 

who underwent scintigraphy before and after treatment.　
To our knowledge, no previous study has evaluated shunt 

fraction with 99mTc-MAA or has focused on assessing out-

comes of venous sac embolization.　Two-thirds of the 

mechanism of reperfusion is the recanalization of the ini-

tially occluded artery ; the other third is the development 

of accessory vessels or bronchial arteries11,12,30, which are 

easily detected with CT.　However, detachable coils in the 

venous sac create metallic artifacts, disturb sac decompres-

sion, and make detecting recanalization on CT more 

difficult.　Because 99mTc-MAA scintigraphy is not affected 

by the condition of the venous sac, it can help detect reper-

fusion10,18-21.

4.　Venous sac embolization

The most serious complication of embolotherapy of a 

PAVM is systemic migration of embolic coils9,10, which oc-

curs in 0.7% to 3.0% of procedures8,9,13,31.　Use of detach-

able coils in a venous sac is a reliable means of preventing 

systemic migration of coils deployed in feeding arteries.　
Controlling blood flow with a balloon catheter permits safe 

deployment of detachable coils in the venous sac.　Recent-

ly some authors have described embolotherapy with Am-

platzer vascular plugs (AVPs).　Systemic migration of 

AVPs has not been reported ; however, deployment of AVP 

distal to feeding arteries is often difficult, especially when 

the feeding artery is small and tortuous32,33.　Regardless of 

the shape or diameter of the feeding arteries, we success-

fully advanced the microcatheter into all venous sacs.

The numbers of detachable coils in the venous sac 

should be reduced, because of problems of procedure time, 

radiation exposure, and cost.　It just makes a scaffold to 

prevent migration of coil, although the coils in feeding ar-

teries are strongly pushed out, but dense coil packing in the 

venous sac is not needed.

5.　Complications

One of our patients had the minor complication of tran-

sient hemisensory disturbance.　Some authors have feared 

that thrombi on coils would migrate into the systemic circu-

lation and cause cerebral infarction10,34.　We believe this 

was the case in our patient with transient hemisensory dis-

turbance, which resolved spontaneously.　Our patients had 

no other minor complications, including self-limiting 

pleurisy27.　We did not observe major complications.　
Prompt use of intravenous heparin is needed in this 

procedure.　Coley and Jackson34 and Takahashi et al.29 have 

described the risk of rupture of the venous sac during 

embolization.　In our experience, we find the variety of 

shapes and the softness of GDCs make them superior to 

IDCs for safe deployment to prevent rupture of the venous 

sac.



K. Shimizu, et al.42 Vol. 59, No. 3 & 4

6.　‌�Avoiding embolization of the proximal normal branch and 

reperfusion

Reperfusion occurs in as many as 17% of PAVMs after 

initially successful treatment using coil.　When emboliza-

tion with both coils and AVPs is performed, the rate of re-

canalization has been reported to be 5%35,36.　Milic et al. 

have described a significant association between recanaliza-

tion and proximal placement of coils within the feeding 

artery12.　More-distal and tighter placement of appropri-

ately sized coils in the feeding artery is needed to avoid re-

canalization and embolization of the proximal normal 

branch.　The strong thrombogenicity of fibered GDCs or 

interlocking coils enables the use of shorter coils to emboli-

ze the feeding artery, which is especially useful when feed-

ing arteries are short to avoid embolization of the proximal 

normal braches.　To our knowledge, the use of fibered de-

tectable coils to embolize feeding arteries has not been re-

ported.

7.　Long-term follow-up

We observed no recurrence of symptoms in any patient 

during a mean follow-up period of 51.8 months (range, 9 to 

141 months).　Although several reports of long-term fol-

low-up of large groups of patients have described reperfu-

sion22,31,37, to our knowledge, there have been no reports of 

long-term follow-up after venous sac embolization.　Dur-

ing a follow-up period similar to that of earlier reports, we 

did not observe reperfusion.

Using detachable coils to embolize the venous sac is a 

reliable means of preventing systemic migration of coils, 

and the tight deployment of appropriately sized coils in the 

feeding artery avoids embolization of the proximal normal 

branch.　Long-term follow-up confirmed that this proce-

dure reduces the risks of complications and recanalization.

Authors have no conflict of interest.
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