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Introduction

Cerebral unruptured aneurysms (UA) smaller than 5 to 7mm
are not usually indicated for surgical treatment according to
the present Japanese guidelines.1 The growth and rupture
rates of small UA (SUA) are generally low.2–6 However,
knowledge of the presence of UA may lead to substantial
stress and anxiety for the patient and affect their perspective

regarding treatment.7 Technical difficulties in embolization
of SUA include obtaining a stable microcatheter position and
selecting coils for packing.8–10 If SUA are treated, the risk of
treatment must be weighed against their benign natural
course. In contrast, if coils are placed in SUA, late occlusion
often develops.11–13 Besides, after coil-only embolization for
SUA, continuous antiplatelet agents are seldom required. If
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Abstract Objective When small unruptured aneurysms (SUA) are embolized by coils, manipu-
lation of the microcatheter and coil is limited because of their small size. Previous
studies suggested that themorphology of the artery and aneurysm is important. In the
present study, we clarified the morphological factors affecting coil-only embolization
of SUA.
Patients and Methods We retrospectively identified 17 patients who underwent
embolization for unruptured aneurysm with a maximum diameter less than 5mm. We
investigated the following: (1) the relationships among dome/neck ratio (D/N),
height/neck ratio (H/N), height/dome ratio (H/D), projection of aneurysm-parent
artery, and adverse events, (2) immediate and late occlusion, and (3) number of coils.
Results (1) Adverse events developed in three cases in which the H/D was smaller
than 1 (p< 0.02). There was a significant difference in the rate of adverse events by
projection of the aneurysm-parent artery (p<0.03), (2) Occlusion rate: Immediately
after coil embolization, 71% (12/17) were neck remnant; however, 88% (15/17) of SUA
became complete occlusion in the follow-up term, and (3) 1.5�0.6 coils were used.
Conclusion To achieve successful coil-only embolization in SUAs, it is important to
select aneurysms for which the projection of the parent artery is suitable for embol-
izing and the H/D ratio is larger than 1. In SUAs, occlusion develops naturally after coil
embolization.
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only coil embolization can be safely performed for SUAs, it
can be good therapy.

When SUA are embolized by coils, manipulation of the
microcatheter and coil is limited because of their small size.
Therefore, the morphology of the artery and aneurysm is
important; however, a few studies have been published.8,9,14

In the present study, we clarified the morphological factors
affecting coil embolization of SUA and treatment result.

Materials and Methods

We retrospectively identified all patients who underwent
embolization for UA with a maximum diameter less than
5mm measured by digital angiography between
March 2019 and November 2021. Fusiform aneurysms
and pseudoaneurysms were excluded. Seventeen SUAs for
which coil embolization were performed were included in
this study. Indications for treatment were dome/neck ratio
(D/N) and/or height/neck ratio (H/N) were more than 1, and
the aneurysmwas enlarged, the bleb was deformed, and the
patient strongly desired treatment. Patient ages were
60.6�10.8 years, the average size was 3.5�0.7mm, H/N

was 1.5�0.3, D/N was 1.3�0.3, and height/dome ratio
(H/D) was 1.2�0.4. SUAs were in the posterior circulation
(n¼7), the internal carotid artery (n¼5), the anterior
communicating artery (n¼3), and the middle cerebral
artery (n¼2). To assess the effects of aneurysm and parent
artery projection, we classified SUA into three categories:
type 1—same projection: aneurysm axis and parent artery
axis were on the same arc both anteroposterior and lateral
projections, type 2—not same projection: aneurysm axis
and parent artery axis were not on the same arc either the
anteroposterior or lateral projection, and type 3—not same
projection in short segment: aneurysm axis and parent
artery axis were not on the same arc either or both the
anteroposterior or/and lateral projection in the short seg-
ment (►Fig. 1). These aneurysms required complex micro-
catheter shaping at a short distance. Type 3 projection
aneurysm is difficult to insert a microcatheter into the
aneurysm and decide the position to secure the micro-
catheter. SUA with type 3 is usually not indicated for coil
embolization, except in patients that strongly request treat-
ment. Aneurysms were type 1 (n¼10), type 2 (n¼4), and
type 3 (n¼3) (►Table 1).

Fig. 1 Schema of aneurysm and parent artery projection type 1: same projection: aneurysm axis and parent artery axis were on the same arc
both anteroposterior and lateral projections, type 2: not same projection: aneurysm axis and parent artery axis were not on the same arc
either the anteroposterior or lateral projection, and type 3: not same projection in short segment: aneurysm axis and parent artery axis were not
on the same arc either or both the anteroposterior or/and lateral projection in the short segment. These aneurysms required complex
microcatheter shaping at a short distance. Type 3 projection aneurysm is difficult to insert a microcatheter into the aneurysm and decide
position to secure the microcatheter.
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All patients were pretreated with dual antiplatelet thera-
py (clopidogrel and aspirin) at daily doses (clopidogrel 75mg
PO and aspirin 100mg PO) for 1 week. All patients received
general anesthesia and systemic heparin therapy with an
intravenous bolus dose of 3,000 U, followed by an infusion of
1,000 U/hour and activated clotting time maintained over
250 seconds. Via transfemoral access, a guide catheter was
positioned into the vessel of interest, and working views
were obtained in both the anteroposterior and lateral pro-
jections. Through the guide catheter, microcatheters were
navigated into the aneurysm. In three patients, a balloonwas
placed in front on the neck. When necessary, balloon infla-
tion was used to stabilize the microcatheter to avoid coil
protrusion and achieve hemostasis when the SUA ruptured.
The size of the first coil was chosen based on the average
value of the aneurysmal sac. All coils were bare coils. After
coil placement, when intraaneurysmal flow clearly de-
creased, the procedure was finished. Antiplatelet agents
were stopped after coil embolization except in one patient
with moyamoya disease.

Follow-up was performed by MRI including time-of-
flight,15–17 two-way plain X-ray, and neurological examina-
tion on the next day and after 1 week, 3 months, 6 months,
and every year. Aneurysm occlusion was evaluated using
Raymond’s 3-grade scale: complete occlusion (CO), neck
remnant (NR), and dome filling (D). Statistical analysis was
performed using chi-squared test. Significance was p-value
less than 0.05. We investigated the following: (1) Relation-
ships among D/N, H/N, H/D, projection of aneurysm-parent
artery (types 1, 2, and 3), and adverse events. Adverse events
include intraoperative rupture, intraoperative vascular oc-
clusion even if these could be controlled, and temporary or
permanent neurological deficit. (2) Immediate and late
occlusion. (3) Mean number of coils for embolization.

The researchwithin our submission has been approved by
ethics institutional review board of Shizuoka Red Cross
Hospital (authorization number 2019-36).

Results

Results are shown in ►Tables 1–3.

1: Adverse events developed in three cases in which the
H/Dwas smaller than 1, whichwas statistically significant
(p<0.02). There was a significant difference in the rate of
adverse events among type 1, type 2, and type 3 SUAs
(p<0.03). As adverse events, there were two cases of
aneurysm rupture during the procedure (one [case 12]
was internal carotid artery—paraclinoid aneurysm and
one [case 11] was basilar artery—superior cerebellar
artery aneurysm [the neck was on the superior cerebellar
artery]), even though these adverse events could be
controlled. One One patient [case 10] of internal carotid
artery—ophthalmic artery aneurysm (the neckwas on the
ophthalmic artery) developed permanent quadrantanop-
sia (mRS1). No other patients showed permanent neuro-
logical deficits. All patients returned to their original
occupations (mRS � 1) (►Table 3).

2: Occlusion rate: Immediately after coil embolization,
71% (12/17) were NR, but 88% (15/17) of SUA became CO
within 2�2 months and CO continued until 18�12
months. In NR cases, NR was less than 1mm and did
not recanalize. No SUA were retreated.
3: Number of coils: 1.5�0.6 coils were used for
embolization.

Representative Cases

Case 16: A 62-year-oldmale patient complained of dizziness.
MRA showed basilar artery aneurysm of 3.0mm diameter,
H/N 1.5, D/N 1.2, H/D 1.3, and type 1 (aneurysm axis and
parent artery axis were on the same arc). Aneurysm was
embolized safely by only one coil and no neurological deficit
remained. After coil embolization, aneurysmwas not seen by
MR angiography (►Fig. 2).

Case 12: A 62-year-old female patient complained of
dizziness. MRA showed right internal carotid artery para-
clinoid aneurysm of 3.9mm diameter, H/N 1.4, D/N 1.5, H/D
0.9, and type 3 (aneurysm axis and parent artery axis were
not on the same arc in the short segment). Aneurysm rupture
was developed during the procedure although hemorrhage
was stopped by placement of one coil and no permanent
neurological deficit remained. After coil embolization, MR
angiography revealed that the aneurysm was not seen
(►Fig. 3).

Discussion

Cerebral UAs smaller than 5 to 7mm are generally not
indicated for surgical treatment according to the present
Japanese guidelines.1 Backes et al reported that the rate of UA
growth is 12% and the rupture rate is 1%.2 Guresir et al3

reported an annual incidence of subarachnoid hemorrhage
of 0.2% in UA smaller than 7mm. The UCAS Japan investi-
gators reported an annual rupture rate of 0.34% of 3 to 4mm
aneurysms.5 Murayama et al reported that the annual rup-
ture rate of SUA is 0.33%.4 Thus, if SUA are treated, the risks of
treatment must be weighed against the benign natural
course.

Table 2 Relationship among height-dome ratio, aneurysm
projection, and adverse events

Adverse events þ Adverse events -

Height/dome< 1 3 2

Height/dome � 1 0 12

p< 0.02 (chi-squared test).

Adverse events þ Adverse events -

Type 1 0 10

Type 2 1 3

Type 3 2 1

p< 0.03 (chi-squared test).
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Table 3 Details of cases with adverse events

Case 10:
46-year-old male patient, left internal carotid artery–ophthalmic artery bifurcation aneurysm, 3.2mm.
Aneurysm was detected at brain screening.
H/N: 0.7, D/N: 1.4, H/D: 0.5, type 3 parent artery, neck was on ophthalmic artery
Guiding catheter: 7F Optimo, left internal carotid artery
Microcatheter: Headway duo, Microguide wire: Chikai
Balloon protection by Syouryu 7�7mm
Embolization:

Target 360 3� 6
Target nano 2�3, Ophthalmic artery was occluded.
After coil embolization, quadrantanopia was developed

Present: He works as usual and drives a car by himself, mRS 1

Case 11:
48-year-old male patient, basilar artery–superior cerebellar artery aneurysm, 2.7mm,
He examined an MRI due to headache.
H/N: 1.6, D/N: 1.8, H/D: 0.9, type 2 parent artery, neck was on superior cerebellar artery
Guiding catheter: 7F Fubuki, left vertebral artery
Microcatheter: SL-10 straight, Microguide wire: Chikai
Embolization:

Galaxy: 2.5� 3.5, rupture was developed
Galaxy: 2.5� 2, settled in subarachnoid space
Target 360 2.5� 4, Target nano: 1� 2, aneurysm coil embolization
After coil embolization, ventricular drainage was performed.

Present: He works as a taxi driver, mRS 0

Case 12:
62-years-old female patient, right internal carotid artery paraclinoid aneurysm, 3.9mm,
Aneurysm was detected at brain screening. She was eager for treatment.
H/N: 1.4, D/N: 1.5, H/D: 0.9. type 3
Guiding catheter: 8F Optimo, right internal carotid artery
Microcatheter: SL10 straight, 3D form change, Microguide wire: Chikai
Balloon protection by Syouryu 7�7mm
Embolization:

Target 360 3� 6 trial, rupture was developed
Hemostasis was performed by balloon inflation
Target 360 2� 8, aneurysm embolization

Present: She works as a pharmacist, mRS 0

Fig. 2 Case 16, a 62-year-old male patient, 3-mm basilar aneurysm. (A, B) MR angiography, white arrow shows an aneurysm. (C, D) angiography
before surgery. (E) angiography during surgery. (F, G) follow-up MR angiography.
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Previous studies demonstrated that coil embolization is
feasible and there are low morbidity and mortality rates for
UA between 5 and 10mm.18However for SUAs, small size is a
factor negatively affecting coil embolization. Van Rooij et al
reported that procedural rupture occurred in 15 of 196 (7.6%)
ruptured or unruptured aneurysms of 3mm or less.19 Pop
et al reported thrombotic complications were more frequent
(7%) and neurological morbidity was (2.8%) after SUA treat-
ment.13 Kawabata et al reported that among 1,406 emboli-
zation procedures of UA, small dome size was a factor for
intraoperative rupture.10 Jindal et al reported 3% of ischemic
events and 1% of hemorrhage.20 Spinotta et al reported 8.7%
of serious adverse events.21 In this study, although all
patients became under mRS 1, adverse events sometimes
happened.

The projection of SUA and the parent artery are signifi-
cantly associated with the embolization rate,8,9,14,22 that
means difficulty of embolization. Birkenes et al reported
anterior communicating aneurysms with anterior projec-
tion, that means aneurysm axis and parent artery axis
were on the same arc and had a higher embolization rate
than other projections.8 Singh et al reported that proximal

vessel tortuosity was an important factor.22We clarified that
there was a significant association among adverse events,
and projection of the aneurysm and parent artery in SUAs. In
type 3 SUAs, adverse events must have sometimes occurred
because embolization is difficult. Another factor for adverse
events of the coil embolization of SUAs is presumed to be the
small H/D ratio.Wehad clarified that D/NandH/N ratios over
1.5 are good indicators in UA larger than 5mm.18 In addition,
this study clarified that the H/D ratio is important for SUA. In
SUA with an H/N ratio of less than 1, coils must be placed
orthogonally against the axis of the parent artery. For SUAs,
horizontal placement of coils is often difficult with standard
three-dimensional coils.

In contrast, once coils were placed, SUA naturally
occluded. Feng et al reported that among 56 SUA without
complete occlusion, 43 (76.8%) had progressive occlu-
sion.11 Pop et al reported that only 1.5% of SUA needed
retreatment.13 In this study, long-term follow-up showed
88% complete occlusion rate. The mean number of coils
was 1.5�0.6. In this study, it was clarified that intra-
aneurysmal thrombosis progressed spontaneously even
with a small number of coils in SUAs.

Fig. 3 Case 12, 62-year-old female patient, right internal carotid paraclinoid portion aneurysm of 3.9mm. (A) MR angiography, white arrow
shows an aneurysm. (B–E) angiography during surgery. (F) follow-up MR angiography.
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Because this study had a limited number of cases, we
believe that it should be considered in future by increasing
the number of cases.

Conclusion

To achieve successful embolization in SUAs, it is important to
select aneurysms for which the projection of the parent
artery and aneurysm is type 1 or type 2, and the H/D ratio
is larger than 1. In SUAs, occlusion develops naturally after
coil embolization.
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