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	 Summary
	 Background:	 Recanalization occurs occasionally, following coil embolization of pulmonary arteriovenous 

malformations (PAVM), and can lead to ischemic stroke; therefore re-embolization is important. A 
1.9-Fr. no-taper microcatheter that can be inserted into a 2.7-Fr. microcatheter (named the triaxial 
system) has recently become available, and contributes to super-selective catheterization for small 
or tortuous vessels. The aim of this study was to evaluate the usefulness of re-embolization for 
recanalization of PAVM using the triaxial system.

	 Material/Methods:	 Recanalization was diagnosed in 8 patients with 13 PAVMs between June 2011 and November 
2012, and re-embolization was attempted with a conventional microcatheter at first in all 13 
PAVMs. However, in three of them it failed with the conventional microcatheter, and then the 
system was exchanged to the triaxial system. Thus, re-embolization using the triaxial system was 
performed in 3 PAVMs of 3 female patients, with a median age of 63 years (range, 46–73 years). We 
assessed technical success, complications, and outcome.

	 Results:	 The disappearance of recanalization was confirmed by angiography in all re-embolization 
procedures (technical success rate was 100%). Re-embolization was then successfully achieved 
inside the original coils, and no branch artery of normal lung tissue was embolized. There were no 
complications related with this procedure. The blood flow of recanalization was decreased in all 
cases in a follow-up of 27-33 months (median, 31).

	 Conclusions:	 Triaxial system appears to be useful for recanalization of PAVM, especially in difficult cases with a 
conventional system.
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Background

Recanalization after coil embolization of pulmonary arte-
riovenous malformations (PAVM) is problematic because it 
can cause ischemic stroke or brain abscess [1]. The recanal-
ization rate has recently been shown to be relatively high 
[2–6]. Thus, re-embolization is very important. A 1.9-Fr. 
no-taper microcatheter that can be inserted into a 2.7-Fr. 
microcatheter (named the triple co-axial [triaxial] system) 
was shown to contribute to superselective catheterization 
[7–10]. The aim of this study was to describe the re-embo-
lization technique for recanalization of PAVM using the tri-
axial system.

Material and Methods

This retrospective study was approved by the Institutional 
Review Board, and written informed consent was obtained 
from each patient before the procedure. Recanalization was 
found using time-resolved MR angiography (TR-MRA) or pul-
monary angiography in 8 patients with 13 PAVMs between 
June 2011 and November 2012. Recanalization was diagnosed 
when the venous sac and the draining vein were detected in 
the pulmonary arterial phase of TR-MRA. In all 13 PAVMs, re-
embolization was first attempted with a conventional micro-
catheter. However, in only 3 PAVMs it was difficult to re-
embolize them with the conventional microcatheter because 
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of vessel tortuosity or instability of the microcatheter. That is 
when the system was changed for the triaxial system.

Therefore, re-embolization using the triaxial system was 
performed in 3 PAVMs of 3 female patients, with a median 
age of 63 years (range, 46–73 years). In those 3 cases, the 
initial embolization was performed with a conventional 
microcatheter using 0.018-inch fibered coils and 0.0135-
inch bare coils, and only the feeding artery was embolized. 
Then, recanalization was diagnosed in TR-MRA within a 
follow-up of 25–55 months (median, 42).

We assessed technical success, complications related 
with that procedure, and outcome. Technical success was 
defined as the disappearance of recanalization on digital 
subtraction angiography (DSA).

Re-embolization technique with triaxial system

All procedures were approached via the femoral vein with 
an 8-Fr. sheath. An 8-Fr. balloon catheter (Optimo; Tokai 
Medical, Kasugai, Japan) was then introduced into the pul-
monary artery, followed by a 4-Fr. catheter (MP1; Terumo, 
Tokyo, Japan) and a conventional microcatheter at first. 
When it was difficult to perform re-embolization with the 
conventional microcatheter, it was changed for the triax-
ial system: it consisted of a 2.7-Fr. microcatheter (Sniper 
2 high-flow; Terumo, Tokyo, Japan) and a 1.9-Fr. no-taper 
microcatheter (MARVEL; Tokai Medical, Kasugai, Japan). 
The 1.9-Fr. no-taper microcatheter was advanced along 
with the 0.014-inch microguidewire (BEGIN; ASAHI INTEC, 
Nagoya, Japan), followed by the 2.7-Fr. microcatheter along 
with the 1.9-Fr. no-taper microcatheter. The 1.9-Fr. no-
taper microcatheter was advanced again, with good support 
from the 2.7-Fr. microcatheter. When the microcatheter was 
placed in the aimed position, coil embolization was per-
formed using 0.010-inch coils such as Guglielmi Detachable 
Coil (GDC; Stryker, Fremont, CA, USA) and Cerecyte coil 
(Micrus Endovascular, San Jose, CA, USA) with inflation of 
the balloon in the 8-Fr. balloon catheter to prevent carrying 
the thrombus to the pulmonary vein, where it may cause 
cerebral infarction. Saline was dripped during coil emboli-
zation to prevent thrombus formation inside the microcath-
eter. The coils were placed as tight as possible until com-
plete cessation of blood flow was obtained at the end of the 
re-embolization procedure on DSA. After re-embolization, 
TR-MRA was planned for follow-up examinations at 1–3 
months, 5–7 months, and every 12 months.

Results

Details of re-embolization and the treatment results are 
summarized in Table 1. The size of the feeding vessel of 
recanalized PAVM ranged from 3.2 to 4.1 mm (median, 3.8). 
The number of coils used ranged from 8 to 10 (median, 8), 
and coil length ranged from 200 to 460 mm (median, 420). 
All re-embolization procedures were performed success-
fully, and the disappearance of recanalization was con-
firmed by DSA (Figure 1). Thus, the technical success rate 
was 100%. Furthermore, microcatheters could be advanced 
in all cases into the original coils. Re-embolization was 
then successfully achieved inside the original coils, and 
no branch artery of normal lung tissue was embolized. No 
complications such as chest pain, pleural effusion, or cer-
ebral infarction were observed during or after re-emboliza-
tion in any case. All patients did well after re-embolization 
in a follow-up of 27–33 months (median, 31). In all cases, a 
slight blood flow was found on TR-MRA but it was lesser 
than before re-embolization, and it was then followed up.

Discussion

Recanalization of the coils used to embolize PAVMs is 
a well-known phenomenon, with reported rates vary-
ing from 4% to 19% [2–6]. Lee et al. [1] reported that 7 
of 45 patients (16%) with large PAVMs had reperfusion 
after transcatheter embolotherapy, and ischemic strokes 
occurred in 2 of those patients (4%). Thus, the initial embo-
lization should be performed appropriately to prevent reca-
nalization, and careful follow-up after the initial procedure 
is important to identify recanalization of PAVM as early as 
possible. Furthermore, re-embolization for recanalization 
should be performed.

Regarding the initial embolization, embolization using 
both an Amplatzer vascular plug and coils has recently 
been reported to prevent recanalization [11]. However, the 
Amplatzer vascular plug is not covered by health insurance 
in our country at present. Hayashi et al. [12] demonstrated 
that coil embolization of not only the feeding artery, but 
also the venous sac of PAVM contributed to a higher rate of 
avoided recanalizations than coil embolization of the feed-
ing artery only. For a follow-up examination, CT may be 
not enough to identify recanalization of PAVM because of 
metal artifacts that occur after coil embolization. On the 
other hand, MR angiography has recently been shown use-
ful after coil embolization [13–15]. Kawai et al. [16] have 

Case Age Sex Location Size of FA 
(mm)

No. of 
coils

Length of 
coils (mm)

Clinical 
success

Level of 
embolization

Patency of 
normal branch Outcome Follow-up 

(mo)

1 63 F RLL 3.8 8 200 Yes Inside of original 
coils Yes Decreased 33

2 46 F LLL 3.2 10 460 Yes Inside of original 
coils Yes Decreased 31

3 73 F LUL 4.1 8 420 Yes Inside of original 
coils Yes Decreased 27

Table 1. Details of re-embolization and treatment results.

FA – feeding artery; RLL– right lower lobe; LLL – left lower lobe; LUL – left upper lobe.
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recently reported on the usefulness of TR-MRA in diagnos-
ing reperfusion of PAVM after coil embolization, compared 
with CT. That is why that technique was used to detect 
recanalization in our hospital.

In re-embolization of recanalization of PAVMs, coils that 
had already been placed in the initial procedure, make re-
embolization difficult [3]. The tip of the catheter should 
be placed in the distal end of the original coil to obtain 
enough space for coil embolization. However it is not easy 
to go through the original coils. Thus, re-embolization 
may be performed from inside of the original coils, and 

Figure 1. �A 73-year-old woman presented with PAVM in the left 
upper lobe. (A) Angiography of the initial embolization 
showed PAVM. (B) Angiography after the initial 
embolization revealed that PAVM was completely 
embolized using coils. (C) Contrast-enhanced MRI 
performed 42 months after the initial coil embolization 
showed recanalization (arrow). (D) Angiography 
before re-embolization showed recanalization. (E) Coil 
embolization was performed using the triaxial system. The 
1.9-Fr. no-taper microcatheter (arrow) could be inserted 
into the original coils with good support from the 2.7-Fr. 
microcatheter (arrow head). (F) Angiography after re-
embolization showed a complete cessation of blood flow. 
The normal branch of the pulmonary artery was saved.
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the microcatheter should be advanced into interstices of 
the original coils as deeply as possible. When the feeding 
artery is straight, a conventional microcatheter may be suf-
ficient. However, when the feeding artery is tortuous, it 
is difficult to advance the microcatheter into the original 
coil because it is likely to jump to the parent artery. On the 
other hand, the microcatheter technique has recently been 
improved further, and the triaxial system has been shown 
to be a good method for superselective catheterization in 
transcatheter arterial chemoembolization for hepatocellu-
lar carcinoma, embolization of type II endoleaks following 
endovascular aneurysm repair, and embolization for lower 
gastrointestinal bleeding [7–10]. With this new system, the 
2.7-Fr. microcatheter can have good stability and provide 
good support to the 1.9-Fr. no-taper microcatheter. Thus, it 
is easy to advance the 1.9-Fr. no-taper microcatheter into 
the original coils even though the microguidewire was not 
inserted deeply (Figure 2). Furthermore, during coil emboli-
zation, the 2.7-Fr. microcatheter can prevent the 1.9-Fr. no-
taper microcatheter from kickback, and it should be possi-
ble to perform coil embolization tightly.

In this study, however, we observed a slight blood flow in 
the re-embolized arteries in all 3 cases during a follow-up 
of 27–33 months (median, 31). We found repeat re-embo-
lization difficult because there was not enough margin to 
embolize in the feeding artery. Furthermore, with TR-MRA, 
the blood flow was lesser than before re-embolization, and 
the risk of paradoxical embolization appeared to be low. 
Although complete disappearance of the recanalized blood 
flow was not obtained, it might not have been possible to 
decrease the blood flow without using the triaxial system, 
because it was difficult to place a conventional microcath-
eter inside the original coils in these cases. Therefore, we 
believe that the triaxial system is a useful technique in 
cases in which advancing a conventional microcatheter is 
difficult and it contributes to decreasing the risk of para-
doxical embolization.

Conclusions

In conclusion, we consider the triaxial system to be useful 
for catheterization, as it may contribute to successful re-
embolization for recanalization of PAVM.

Conventional system

Microguidewire

1.9-Fr. no-traper
microcatheter

2.7-Fr. microcatheter
Triaxial system

Conventional
microcatheter

Figure 2. �Sketch showing the advantage of the 
triaxial system. In re-embolization 
for recanalization of PAVM, the 
microguidewire cannot be inserted 
deeply due to the original coils. In such 
cases, if a conventional system is used, 
the microcatheter might jump more 
distally to the ostium of the feeding 
artery. With the triaxial system, the 
2.7-Fr. microcatheter would stabilize 
and provide good support to the 1.9-Fr. 
no-taper microcatheter, and it would 
be easy to insert the 1.9-Fr. no-taper 
microcatheter into the feeding artery.
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