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The Stent-Assisted Coil-Jailing Technique Facilitates 
Efficient Embolization of Tiny Cerebral Aneurysms
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Objective: Tiny cerebral aneurysms are difficult to embolize because the aneurysm’s sac is too small for a single small coil, 
and coils within the aneurysm may escape from the confinement of a stent. This study was performed to introduce the 
stent-assisted coil-jailing technique and to investigate its effect on the coil embolization of tiny intracranial aneurysms. 
Materials and Methods: Sixteen patients with tiny intracranial aneurysms treated with the stent-assisted coil-jailing 
technique between January 2011 and December 2013 were retrospectively reviewed and followed-up.
Results: All aneurysms were successfully treated with the coil-jailing technique, and at the end of embolization, complete 
occlusion of the aneurysm was achieved in 9 cases (56.3%), incomplete occlusion in 6 (37.5%), and partial occlusion in 1 
(6.3%). Intraprocedural complications included acute thrombosis in one case (6.3%) and re-rupture in another (6.3%). 
Both complications were managed appropriately with no sequela. Follow-up was performed in all patients for 3–24 months 
(mean, 7.7 months) after embolization. Complete occlusion was sustained in the 9 aneurysms with initial complete 
occlusion, progressive thrombosis to complete occlusion occurred in the 6 aneurysms with initial near-complete occlusion, 
and one aneurysm resulted in progressive thrombosis to complete occlusion after initial partial occlusion. No migration of 
stents or coils occurred at follow-up as compared with their positions immediately after embolization. At follow-up, all 
patients had recovered with no sequela.
Conclusion: The stent-assisted coil-jailing technique can be an efficient approach for tiny intracranial aneurysms, even 
though no definite conclusion regarding its safety can be drawn from the current data.
Index terms: Tiny intracranial aneurysm; Stent-assisted coiling; Redundant coil tails; Coil migration
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INTRODUCTION

Endovascular coil embolization of ruptured and 
unruptured cerebral aneurysms has become an efficient 

alternative technique to surgical clipping (1). However, 
endovascular coiling of very small aneurysms remain 
controversial (2-5) because of technical difficulties and 
the high risk of procedure-related rupture in spite of the 
improvement of endovascular devices and techniques (2). 
In these cases, surgical clipping is also prone to technical 
difficulty, because very small aneurysms are often thin-
walled and too small to accept a clip without narrowing 
or tearing the parent artery (6). Although the likelihood 
of rupture of small, unruptured intracranial aneurysms 
(< 7 mm) is very low in both patients with or without 
a history of subarachnoid hemorrhage (7), there is no 
evidence confirming the benign natural course of very small 
unruptured aneurysms or the advantage of conservative 
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treatment over endovascular management. Recent studies 
by van Rooij et al. (4) and Gupta et al. (8) revealed that 
very small aneurysms constituted 15% and 7% of overall 
ruptured aneurysms, respectively. Moreover, a Korean single 
center study regarding the size and location of ruptured 
aneurysms demonstrated that very small aneurysms (less 
than 3 mm in diameter) constituted 7.9% of overall 
ruptured aneurysms and that small aneurysms (≤ 7 mm) 
constituted 66% of all ruptured aneurysms (9). This 
indicates that very small ruptured aneurysms are not an 
infrequent clinical occurrence, and that the incidence of 
rupture of these aneurysms is higher than expected. Thus, 
the treatment of very small aneurysms, especially those that 
rupture, is necessary to prevent the rupture or re-rupture 
of these aneurysms. The stent-assisted coiling technique 
is essential for the embolization of small aneurysms due 
to its wide neck and small size. However, coil migration 
from the small stent-encaged aneurysm cavity through 
the stent mesh is also possible because the stent mesh is 
usually greater than 2 mm in diameter, leading to distal 
embolization of arteries (10, 11). To make things worse, 
it is very difficult to choose a coil of appropriate size to 
completely pack the small aneurysm cavity, especially for 
tiny aneurysms less than 2 mm in diameter. In China, the 
available smallest coil (1.5 mm x 1 cm) is only able to 
partially pack a tiny aneurysm sac, and second coil would 
be too large to completely insert into the sac, potentially 
resulting in a rupture of the aneurysm if inserted forcefully. 
Forceful insertion of the second coil may also squeeze 
the first coil through the stent mesh, leading to severe 
consequences. If a coil is too long for the tiny aneurysm 
sac, it has to be replaced by a shorter one, thus making 
the procedure longer and possibly adding complications. 
To solve the problems associated with embolizing small 
or tiny aneurysms, we designed the stent-assisted coil-
jailing technique to intentionally jail redundant coil 
segments for a simple and complete embolization of the 
tiny cerebral aneurysm. In this technique, if the coil is 
too long for a tiny aneurysm, the redundant coil segment 
(tail) will be deliberately left and jailed between the stent 
and the parent artery wall at the end of the embolization 
procedure to simplify the procedure and prevent possible 
complications caused by the replacement of coils. This 
study was performed to introduce the stent-assisted coil-
jailing technique for intentional redundant coil jailing and 
to investigate its effect on the coil embolization of tiny 
intracranial aneurysms. 

MATERIALS AND METHODS

This retrospective study was approved by the hospital 
ethics committee for scientific research, and all of the 
patients signed the informed consent for endovascular 
embolization of their tiny cerebral aneurysms with 
the stent-assisted coil-jailing technique. Tiny cerebral 
aneurysms are defined as those having a sac ≤ 2 mm in 
diameter as measured on a three-dimensional image. 
The inclusion criteria for this study were: tiny cerebral 
aneurysms less than 2 mm in diameter, with a wide neck, 
and treated with the coil-jailing technique. Tiny aneurysms 
treated without the coil-jailing technique were excluded. 
There were 16 consecutive patients, 7 males and 9 females 
(age range, 33–62 years; mean, 45), harboring tiny 
intracranial ruptured aneurysms treated with the coil-jailing 
technique between January 2011 and December 2013 
(Table 1). The locations of the tiny intracranial aneurysms 
were the anterior communicating artery (4 patients), the 
posterior communicating artery (6 patients), the middle 
cerebral artery (4 patients), and the ophthalmic artery (2 
patients). The greatest diameter of the aneurysms was ≤ 2 
mm, and the dome-neck ratio was smaller than 1.5 in 14 
aneurysms and larger than 1.5 in 2. All the aneurysms were 
seen ruptured at admission, with Hunt-Hess grades of I in 5 
patients, II in 7, III in 3, and IV in 1. All patients received 
endovascular embolization of the aneurysms 1–15 (mean, 
4.9) days after subarachnoid hemorrhage and were followed-
up subsequently. The materials used for embolization 
included the Solitaire stent (eV3 Inc., Plymouth, MN, USA), 
the Enterprise stent (Codman, Raynham, MA, USA), and 
Microplex coils (MicroVention Inc., Tustin, CA, USA). 

Embolization Procedure
All the procedures were performed under general 

anesthesia. All patients received antiplatelet medications 
before the procedure, with 300 mgs of each of clopidogrel 
and aspirin administered 30 minutes before the procedure. 
After the coil was inserted into the aneurysm cavity, a 
bolus of 3000 IU heparin was infused before the stent 
was deployed. Subsequently, 1000 IU heparin was infused 
per hour during the procedure. The Seldinger technique 
was employed to puncture the femoral artery, and digital 
subtraction angiography was performed. The best projection 
position was chosen to clearly show the relationship of 
the aneurysm neck and the parent artery and the angle 
formed between the aneurysm’s parent artery and the major 
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artery. After a microcatheter containing the stent and 
another microcatheter containing the coil both reached 
the aneurysm’s location, the coil was partially inserted into 
the aneurysm cavity and the stent was deployed from the 
microcatheter to cover the aneurysm orifice. In this way, the 
microcatheter containing the coil was constrained between 
the parent artery wall and the deployed stent. Deployment 
of the coil continued until the aneurysm sac was completely 
or almost completely packed by the coil, at which point, 
further packing of the coil was difficult. At this time, the 
coil pusher was secured and the microcatheter containing 
the coil was slightly withdrawn so that the distal marker of 
the microcatheter overlapped with the detachment marker 
of the coil. Then, the coil was detached and the redundant 
coil tail remained outside the aneurysm’s sac, thus being 
encaged between the stent and the parent artery wall to 
prevent possible coil migration out of the aneurysm’s sac 
through the stent mesh. 

Angiographic Results and Follow-Up
Aneurysm occlusion at the end of embolization procedure 

and at follow-up was considered complete when the 
aneurysm cavity and neck were fully packed with no filling 
of the aneurysm’s sac by contrast material; near complete 

when the sac was occluded, but a neck remnant was 
present; and partially complete when there was persistent 
opacification of a sac remnant. Aneurysm recurrence was 
considered present when a previously completely occluded 
aneurysm exhibited partial or small neck recanalization 
during follow-up or when the size of the neck remnant of 
a previously near-completely occluded aneurysm increased 
in size during follow-up angiography. Angiographic follow-
up was performed at 3 and 6 months and yearly thereafter 
to determine the occlusion status of the aneurysms. Clinical 
outcomes were evaluated with the Glasgow Outcome Scale. 

RESULTS

The embolization procedure was performed 0–15 days 
after subarachnoid hemorrhage, and no re-rupture was 
observed during this period. All 16 tiny ruptured aneurysms 
were embolized successfully with only one coil by the 
stent-assisted coil-jailing technique, and the redundant 
coil tail was intentionally jailed between the stent and 
the parent artery wall in all cases (Table 1, Figs. 1-3). At 
the end of embolization, complete occlusion was achieved 
in 9 aneurysms (56.3%), near complete occlusion in 6 
(37.5%), and partial occlusion in 1 (6.3%). Intraprocedural 

Table 1. Characteristics of Patients and Tiny Aneurysms Treated with Stent-Assisted Coil-Jailing and Follow-Up Results

No./
Age (y)/

Sex

HH 
Grade 

Aneurysm 
Location

Aneurysm 
Size (mm)

Neck 
Size 
(mm)

Stent 
Type

Coil 
Size 

Operation 
Day after 

SAH

Occlusion 
Degree

Complication
Follow-Up 
Time (m)

Follow-Up 
Result

1/46/M I Ophthalmic 1.8 x 1.9 1.5 Enterprise 1.5 mm x 3 cm 7 days Near complete
Intraprocedural  
  thrombosis 

6 Complete

2/58/F III PCom 1.8 x 1.6 1.4 Enterprise 1.5 mm x 3 cm 2 days Complete None 6 Complete
3/43/M II ACom 1.5 x 1.7 1.4 Enterprise 1.5 mm x 2 cm 2 days Complete None 12 Complete
4/56/M I MCA 1.5 x 1.5 1.2 Enterprise 1.5 mm x 2 cm 13 days Complete None 6 Complete
5/55/M II ACom 1.5 x 1.7 1.3 Enterprise 1.5 mm x 2 cm 3 days Complete None 3 Complete

6/60/F IV PCom 1.3 x 1.5 1.5 Solitaire 1.5 mm x 2 cm 1 day Complete
Intraprocedural  
  rupture

6 Complete

7/56/M I PCom 2.0 x 1.5 2.0 Enterprise 1.5 mm x 3 cm 15 days Complete None 12 Complete
8/57/F II ACom 1.6 x 2.0 2.0 Enterprise 1.5 mm x 3 cm 3 days Partial None 6 Partial
9/62/F III PCom 1.7 x 1.4 1.5 Solitaire 1.5 mm x 2 cm 1 day Complete None 6 Complete
10/61/F II PCom 1.8 x 1.5 1.6 Enterprise 1.5 mm x 3 cm 7 days Complete None 6 Complete
11/37/F II ACom 1.7 x 1.5 1.3 Solitaire 1.5 mm x 2 cm 4 days Complete None 24 Complete
12/57/M II MCA 0.75 x 1.5 1.2 Solitaire 1.5 mm x 2 cm 2 days Near complete None 3 Complete
13/62/F III PCom 1.7 x 1.2 1.2 Solitaire 1.5 mm x 2 cm 2 days Near complete None 6 Complete
14/58/F II MCA 1.5 x 2.0 2.0 Enterprise 1.5 mm x 2 cm 10 days Near complete None 10 Complete
15/54/M I MCA 1.8 x 1.6 1.5 Solitaire 1.5 mm x 3 cm 3 days Near complete None 4 Complete
16/33/F I Ophthalmic 1.5 x 1.4 1.5 Solitaire 1.5 mm x 2 cm 4 days Near complete None 7 Complete

Note.— ACom = anterior communicating artery, DSA = digital subtraction angiography, HH grade = Hunt and Hess grade, MCA = middle 
cerebral artery, PCom = posterior communicating artery, SAH = subarachnoid hemorrhage
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complications included acute thrombosis in one case (6.3%) 
(Fig. 2) and re-rupture in another (6.3%), caused by a 
microguidewire puncture in a case with an acute angle. 
Both complications were managed appropriately with no 
permanent sequela. 

Follow-up was performed for 3–24 months (mean, 7.7 

months) after embolization. All patients had angiographic 
follow-up post-embolization. Complete occlusion remained 
in 9 aneurysms with initial complete occlusion, progressive 
thrombosis to complete occlusion occurred in 6 aneurysms 
with initial near complete occlusion, and the same 
occlusion status was seen in one aneurysm with initial 

A

C

B

D
Fig. 1. 58-year-old woman (patient 2) had sudden headache, nausea and vomiting for 18 hours.
A. Tiny left posterior communicating artery aneurysm was shown. B. 1.5 mm x 3 cm coil was inserted into the aneurysm’s sac and coil tail was 
constrained between stent and wall of internal carotid artery to increase coil stability. C. Deployed coil and its tail form shape of comma (arrow). 
D. Follow-up six months later revealed complete occlusion of aneurysm. Arrows indicate markers on distal and proximal ends of stent. 
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partial occlusion. No migration of stents or coils occurred 
at follow-up compared with immediately after embolization. 
At follow-up, all patients had recovered with no sequela. 

DISCUSSION

This study introduced the stent-assisted coil-jailing 
technique and investigated its effect on the embolization of 
tiny intracranial aneurysms in 16 cases, with the redundant 
coil tail jailed between the stent and the parent artery wall 
for efficient and complete embolization, as well as for the 
prevention of possible coil migration through the stent 
mesh. After 3–24 months of follow-up, all the stents and 
coils remained in position with no delayed distal migration 

or recurrence. 
Intraprocedural rupture of aneurysms is one of the most 

severe complications and may be caused by perforation 
from the microcatheter or micro-guidewire. It may also 
occur during coil placement. When embolizing tiny 
intracranial aneurysms, it is better not to use the micro-
guidewire to select the aneurysm sac because the tip of 
the micro-guidewire could be inserted into the aneurysm 
sac. Instead, the microwire tip should be placed near the 
aneurysm’s orifice and kept there during the guidance of 
the microcatheter. Moreover, the tip of the microcatheter 
should be appropriately shaped for good maneuverability. 
When inserting the coil into the aneurysm sac, partial 
coil loop deployment outside the aneurysm sac before 

A

C

B

D
Fig. 2. 46-year-old man (patient 1) who had subarachnoid hemorrhage was referred to our hospital for embolization of ruptured 
tiny aneurysm. 
46-year-old man (patient 1) had tiny ruptured aneurysm at right ophthalmic artery segment of internal carotid artery (A). B. Aneurysm was 
treated with stent-assisted coiling technique. Small 1.5 mm x 2 cm coil was inserted into aneurysm’s sac, and coil tail was compressed against 
wall of internal carotid artery by stent. Arrow indicates coil and constrained coil tail forming shape of comma. C. After stent was deployed, 
thrombi formed (small arrows) and 3000 IU heparin was infused together with 20 U urokinase. Bigger arrow indicates that anterior cerebral artery 
did not display very well because of thrombi. D. Fifteen minutes later, thrombi disappeared and patient was discharged with no sequela. Anterior 
cerebral artery was well displayed after thrombolysis (big arrow).
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entering the sac is safer and the tip of the coil in a small 
curved loop will not puncture the aneurysm wall, thus 
preventing possible re-rupture caused by coil puncture. If 
intraprocedural re-rupture of aneurysms is caused by the 
microcatheter or coils, continued coil packing inside the 
aneurysm sac usually stops the bleeding. If the re-rupture 
was caused by the micro-guidewire, the microcatheter 
should be advanced into the aneurysm sac for coil packing, 
however, if the microcatheter cannot be navigated into the 
aneurysm’s sac for packing, further manipulation of both the 
microcatheter and the micro-guidewire should be stopped. 
This is because the rupture caused by the micro-guidewire 
is usually small and non-life-threatening especially for small 
aneurysms, and further maneuvering may cause greater 
damage to the aneurysm wall and subsequent excessive 
bleeding. Temporary occlusion of the parent artery may also 
be useful in addition to some generalized measures like 
induced hypotension and reversal of heparin. 

The clinical consequences of intraprocedural rupture are 
variable, ranging from minimal to massive subarachnoid 
hemorrhage (3, 12). A small-sized aneurysm is considered 
a risk factor (13, 14), with the reported rate of procedural 
rupture of small aneurysms more than twice (7.7%) or 
five times (11.7%) as high as the rate of larger aneurysms 
(4, 12). Two factors that may play a role in the relatively 
higher rupture risk of very small aneurysms are the direct 
transmission of force via the microcatheter and coils 
toward the aneurysm, as well as the structural limitation 

of currently available microcatheters and coils (15). The 
structural limitation is caused by the difference of the 
distance between the distal end of the distal markers of 
the microcatheter and the detachment zone of the coil 
in currently available devices, which indicates the need 
for device refinement and the importance of selecting 
proper microcatheters and coils (15). However, delicate 
maneuvering of therapeutic devices like microcatheters and 
coils is more important to prevent intraoperative rupture, 
and tiny aneurysms require greater control due to the 
extremely limited space within the aneurysm’s sac. If the 
coil is too long to stay completely within the tiny aneurysm 
sac, trying to insert the full coil into the sac may result in 
aneurysm re-rupture. However, jailing of the redundant coil 
tail between the stent and the arterial wall would be able 
to solve the problem of a longer coil unsuitable for the tiny 
aneurysm sac. 

Another significant complication during endovascular 
treatment of cerebral aneurysms is thromembolism, and the 
related intraarterial or systemic application of glycoprotein 
IIb/IIIa inhibitor during embolization is an effective 
and safe method to treat the complication (16-18), even 
though there was a report about fatal re-bleeding from 
the ruptured aneurysm in patients treated with abciximab 
for a thromboembolic event during coil embolization (19). 
In our series, the case with intraprocedrual thrombosis 
was managed with an intravenous injection of tirofiban 
hydrochloride until the thrombus disappeared. 

A B
Fig. 3. 57-year-old woman had sudden headache and nausea (patient 8).
A. 57-year-old woman had tiny ruptured anterior communicating artery aneurysm (patient 8). B. Aneurysm was treated with stent-assisted 
coiling technique. Small 1.5 mm x 3 cm coil was inserted into aneurysm’s sac and coil tail was compressed between stent (arrows) and vessel 
wall.



Korean J Radiol 15(6), Nov/Dec 2014 kjronline.org856

Li et al.

Recurrence in embolized aneurysms is possible in the 
chronic stage after endovascular embolization, especially 
for large/giant aneurysms (20). The reported incidence 
of recurrence for large aneurysms (larger than 10 mm in 
diameter) is as high as 50.6% while that of small aneurysms 
(less than 10 mm in diameter) is only 21.3% (21). No 
recurrence was found in our series during the follow-up, 
however, long-term follow-up may detect recurrences. 
Moreover, the long-term rate of recurrence for tiny 
aneurysms has not been reported yet. Even with a stent to 
confine the coil within the small aneurysm sac, delayed coil 
migration through the stent mesh has been reported several 
months after stent-assisted coil embolization in two small 
aneurysms (10, 11). Long-term follow-up is still necessary 
to confirm the occlusion status of the aneurysms and the 
stability of the coils within the aneurysm sac. 

Although the stent-jailing technique has been available 
for years, our coil-jailing technique is a renovation because 
it permanently jails the coil tail between the stent and the 
arterial wall. This technique is useful for the dense packing 
of the aneurysm, preventing the delayed coil escaping from 
the stent confinement and avoiding the replacement of 
an inappropriate coil, which might cause complications, 
thus simplifying the procedure. If the selected coil is too 
long for the aneurysm, one does not have to replace the 
longer coil with a shorter one, instead the redundant coil 
tail is jailed between the stent and the arterial wall, saving 
time and preventing possible complications related to 
the replacement of the longer coil. This refinement to the 
technique has not been reported previously and this article 
serves to remind researchers of this renovation to simplify 
the embolization procedure, as well as to prevent delayed 
coil migration through the stent mesh.

This study has some limitations. First, it has a limited 
number of patients. A large number of patients should 
be included in future studies of tiny aneurysms treated 
by the use of the stent-assisted coil-jailing technique. 
Second, a long-term follow-up should be performed to 
confirm the results and possible recurrence rate. Third, a 
randomized controlled study should be performed strictly 
for confirmation of the effect of the coil-jailing technique 
in embolizing tiny intracranial aneurysms as compared to 
other techniques that do not use coil-tail-jailing, such as 
coiling alone or stenting alone. 

In conclusion, the stent-assisted coil-jailing technique 
may be an efficient approach for the treatment of tiny 
intracranial aneurysms even though no definite conclusion 

regarding its safety can be drawn presently because of the 
small size of the patient cohort and short follow-up period 
in this study. 
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