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Background: To investigate the safety and e ficacy of endovascular
embolization of very tiny (≤2 mm) intracranial aneurysms with sin-
gle coil and summarize experience.Methods: A retrospective analysis
was performed for 15 consecutive patients with very tiny aneurysms
treatedbycoil embolizationaloneor stent-assistedcoil embolization
between January 2017 and January 2020. 15 patients with six unrup-
tured aneurysms and nine ruptured aneurysmswere included in this
study. There were eight males and seven females with a mean age
of 50.0 ± 5.2 years (range 41 to 57 years old). Intraoperative com-
plications, imaging outcomes, clinical outcomes and follow-up data
were analyzed. Results: All aneurysms were embolized with a single
coil. Lvis stents were used in all coil assisted embolizations. The em-
bolization success ratewas 100%. The average volume embolization
ratio (VER) of aneurysm embolization was 53.7 ± 25.5%. An intra-
operative aneurysm re-rupture complication occurred in one patient
(6.7%). 11 patients (73.3%) had immediate complete occlusion a ter
embolization. A ter a mean follow-up period of 6.7± 1.4 months, 13
patients (86.7%) had complete occlusion. Nopatients had aneurysm
re-rupture, an ischemic event or recurrence during follow-up. All pa-
tients achieved favorable clinical outcomes with a modified rankin
scale (MRS) of 0–2. Conclusions: This study demonstrates that en-
dovascular embolization of very tiny intracranial aneurysms with a
single coil is safe and e fective. However, the follow-up period was
not long enough and studies with larger numbers of patients are re-
quired. The summary of experience reported here is expected to pro-
vide significant patient benefits.
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1. Introduction
The phrase “intracranial aneurysm” refers to the abnormal

bulge formed by gradual expansion of the vascular wall under
the continuous action of hemodynamics [1]. The incidence of
aneurysms in the population is about 1–3.2% [2, 3]. They are
most commonly observed in people of age 40–60 years and
more commonly in women than men [2, 4]. Patients with
aneurysms often have a history of hypertension and smok-
ing [2]. Once an aneurysm ruptures, a subarachnoid hemor-
rhage (SAH) occurs, and the high disability rate andmortality
associated with this severely affects patient prognosis. Tiny

aneurysms are a special type of intracranial aneurysm. With
a maximum diameter <3 mm, the term “tiny aneurysm” has
been widely recognized [5–7].

Patients with such a rupture are usually confirmed during
a hospital visit by the clinical symptoms caused by a SAH. Pa-
tients with an unruptured tiny aneurysm are generally iden-
tified by a screening brain checkup, incidental examination,
or other unspecified symptoms [8]. With the development of
medical imaging technologies such as digital subtraction an-
giography (DSA) and three dimensional digital subtraction
angiography (3D-DSA) reconstruction now widely used in
clinical practice, increased numbers of tiny aneurysms are be-
ing identified [9, 10]. Nowadays, treatment methods include
conservative medication and surgical or endovascular treat-
ment [11, 12]. Surgical clipping and endovascular emboliza-
tion are the accepted treatment methods.

Currently, the international subarachnoid aneurysm trial
(ISAT) has been the largest, multi-center and prospec-
tive randomized controlled treatment study for compar-
ison of surgical clipping with endovascular embolization
of aneurysms. It includes 2143 patients with ruptured
aneurysms in theUnitedKingdomandmanyEuropean coun-
tries. The results of 10–18 years of long-term follow-up sug-
gest that patients undergoing embolization exhibit a lower
disability rate and mortality compared with these who un-
dergo clipping. The probability of aneurysm re-rupture is
very low. Endovascular embolization has become the main
treatment for intracranial aneurysms in Europe, and 85% of
patients in the United Kingdom have received endovascu-
lar embolization for ruptured aneurysms [13, 14]. However,
tiny aneurysms were not included in that study. No author-
itative demonstration has been made to clarify the most ad-
vantageous way to treat tiny aneurysms.

In the case of a tiny aneurysm both surgical clipping and
endovascular embolization are highly difficult due to their
size and thin walls with most presenting with a wide neck
[5, 15, 16] and are also associated with morbidity [17–19].
In the case of surgical clipping, the tiny size of the aneurysm
makes it difficult to clip firmly. Complete occlusion of tiny
aneurysms requires part of the parent artery to be clipped,
otherwise the clip may be unstable and even fall off. Ad-
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ditionally, during aneurysm clipping, the clip may tear the
neck of an aneurysm, which may result in aneurysm rup-
ture during surgery. In the case of endovascular emboliza-
tion, a tinier aneurysm body increases the difficulty of placing
a micro-catheter into the aneurysm. Thus a micro-catheter
may not remain in a stable position and result in instability
of detached coils in an aneurysm. Further, aneurysms are
more likely to rupture during endovascular embolization and
it may also be difficult to fill an aneurysm with coils resulting
in treatment failure. Such intraoperative aneurysm rupture
is a severe complication and is associated with high rates of
disability and mortality [20, 21].

Recently, for endovascular treatment of tiny aneurysms
there has been great progress with the development of
intervention-related equipment and materials, assisted by
accumulated operative experience and improved operative
techniques. Many studies have verified that the endovascular
treatment of tiny aneurysms achieves a low incidence of com-
plications and a higher rate of cure [5–7]. Very tiny intracra-
nial aneurysms (maximum diameter <2 mm) are not rare in
clinical practice. It is necessary for the treatment of these
aneurysms to prevent re-rupture and improve the clinical
prognosis of patients but it has higher operative difficulty and
risk. In this study, the clinical, imaging and follow-up data
of 15 patients with very tiny intracranial aneurysms treated
by coil embolization were analyzed. The safety and efficacy
of endovascular embolization for these very tiny aneurysms
were evaluated and the relevant treatment experiences sum-
marized.

2. Materials andmethods
A retrospective analysis of patients treated for very tiny

aneurysms between January 2017 and January 2020 by coil
embolization alone or stent-assisted coil embolization was
performed. This study was approved by the Ethics Com-
mittee of The First Affiliated Hospital of Kunming Medi-
cal University. The patients were informed and they signed
a fully-informed consent form. 15 consecutive eligible pa-
tients including six unruptured aneurysms and nine ruptured
aneurysms were included in this study. There were eight
males and seven females (mean age 50.0 ± 5.2 years, range
41–57 years old). Patients with ruptured aneurysms pre-
sented with headache as the first symptom and were diag-
nosed with subarachnoid hemorrhage by computerized to-
mography scan. Patients with unruptured aneurysms were
found by computed tomography angiography or magnetic
resonance angiography due to unrelated symptoms such as
headache and dizziness. The Hunt-Hess grade was used to
assess the patients’ medical condition. This resulted in four
grade one and grade two patients and one grade three patient.
The Modified Fisher Scale was applied to evaluate the risk of
cerebral vasospasm. Six patients were classified as grade one,
two patients as grade two and one patient as grade three. All
patients were diagnosed with a very tiny aneurysm by DSA.
The maximum diameter of an aneurysm ranged from 1.1 to

2.0 mm (average diameter 1.83 ± 0.27 mm). Six aneurysms
were on the left side and nine were on the right side. Twelve
aneurysms were located in the anterior circulation and three
were located in the posterior circulation (Tables 1,2).
2.1 Inclusion criteria

Patients with a maximum aneurysm diameter ≤2 mm
based on DSA; those who were treated by endovascular em-
bolization and those with a completed follow-up were in-
cluded.
2.2 Exclusion criteria

Patients with treatment by conservative observation or
surgical clipping; those complicated by vascular malforma-
tion and other cerebrovascular diseases; and those who failed
to complete the follow-up were excluded.
2.3 Treatment of very tiny aneurysm

All patients underwent aneurysm embolization under
general anesthesia. Femoral artery puncture was performed
using the modified Seldinger puncture technique in the pa-
tient’s right inguinal region. According to the patient’s vas-
cular conditions, a 6F short sheath or a 6F long sheath was
placed in the right femoral artery. After systemic hepariniza-
tion, a 6F guiding catheter was placed by guide wire and a
5F angiographic catheter by using the coaxial technique. The
guiding catheter was placed in the lacerum segment of the
internal carotid artery (C3) or the transversary segment of
the vertebral artery (V2). Under the procedure, the micro-
wire guided the micro-catheter to reach the aneurysm neck.
If necessary, steammolding of themicro-catheter tipwas per-
formed according to the angle between the aneurysm and
parent artery and the bending morphology of the parent
artery. According to the shape and size of the aneurysm,
after adjusting the micro-catheter tip to be stabilized at the
aneurysm neck, a coil of appropriate size was placed into
the aneurysm body. Subsequently, cerebral angiography was
performed to confirm that neither the parent nor distal ar-
teries were affected and the coil was detached to complete
the embolization. For some wide-necked aneurysms it was
difficult to perform embolization by coiling alone. In these
cases, stent-assisted coil embolization was performed. After
selecting the appropriate Lvis stent according to the width
of the aneurysm neck and the diameter of the parent artery
measured by angiography, the procedure employed a micro-
wire to guide the stent catheter to the distal parent artery.
The stent was introduced into the stent catheter and then re-
leased across the aneurysm neck based on the condition of
aneurysm embolization. All operations included in this study
were completed by three neurosurgeons, each of whom inde-
pendently completed more than 100 cases of interventional
operations annually.
2.4 Perioperative drug use methods

Preoperative: (1) Dual antiplatelet therapy: Patients re-
quiring stent-assisted coil embolization received an oral load-
ing dose of aspirin 300mg combinedwith clopidogrel 225mg
to prevent intraoperative thrombosis. For patients receiving
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Table 1. Patients’ basic data and characteristics of very tiny intracranial aneurysms.
Patient number Sex Age (y) Ruptured or not H-H grade MFS Side Location Length × Width (mm) Neck (mm)

1 M 48 Unruptured — — R ACOA 2.0 × 1.6 1.7
2 M 40 Unruptured — — L ICA 2.0 × 1.9 1.9
3 F 57 Unruptured — — R ICA 1.4 × 1.4 1.8
4 F 53 Unruptured — — R MCA 1.6 × 1.6 1.7
5 F 48 Unruptured — — R ICA 2.0 × 1.9 1.8
6 M 46 Unruptured — — R ICA 2.0 × 1.8 2.0
7 M 52 Ruptured 2 2 L ACA 0.8 × 1.1 1.3
8 F 48 Ruptured 1 1 R PCOA 1.8 × 1.9 1.9
9 F 41 Ruptured 1 1 R ICA 1.9 × 2.0 2.0
10 F 55 Ruptured 2 1 L ACOA 1.9 × 1.8 1.9
11 M 51 Ruptured 2 1 R ACA 1.8 × 1.4 1.2
12 F 48 Ruptured 2 1 R PCOA 1.9 × 1.8 2.0
13 M 52 Ruptured 1 2 L ACOA 1.8 × 1.7 1.8
14 F 55 Ruptured 1 1 L PCOA 2.0 × 1.8 2.0
15 M 57 Ruptured 3 3 L ACOA 1.9 × 2.0 2.0

M, male; F, female; H-H grade, Hunt-Hess grade; MFS, Modified Fisher Scale grade; R, right; L, left; ACOA, anterior communicating artery;
ICA, internal carotid artery; MCA, middle cerebral artery; ACA, anterior cerebral artery; PCOA, posterior communicating artery.

embolization by coiling alone, dual antiplatelet therapy was
not given. (2) Anti-vasospasm: Intravenous pumping of ni-
modipine was routinely given to the patient to alleviate va-
sospasm.

Intraoperative: (1) Systemic heparinization: The first
heparin dose (IU) was 2/3 × the patient’s body weight (kg)
× 125 IU. Then, half of the previous dose was given every
hour, with a minimum of 1250 IU and this dose was main-
tained. (2) Intraoperative thrombosis: The released stent or
coil protrusion into the parent artery induced acute throm-
bosis. Intraoperative thrombolysis was performed by intra-
venous pumping of tirofiban (glycoprotein IIb/IIIa receptor
antagonist). (3) Intraoperative unexpected stent placement:
For patients who were not expected to receive a stent and
were not given dual antiplatelet therapy, intravenous pump-
ing of tirofiban prevented acute thrombosis if stent-assisted
coiling embolization had to be performed. (4) Contrast agent
use: Preoperative hematological testswere performed; Iover-
sol was used in patients with good renal function or under 70
years of age; alternatively, iodixanol was used in patients with
renal insufficiency or 70 years old and above.

Postoperative: (1) Anti-vasospasm: following endovas-
cular embolization of the aneurysm, a patient was contin-
uously perfused with nimodipine by intravenous pump for
one week. This was then changed to nimodipine tablets
by oral administration for a further two weeks to prevent
postoperative cerebral vasospasm. (2) Dual antiplatelet ther-
apy: For patients with stent-assisted coil embolization, as-
pirin 100 mg/day combined with clopidogrel 75 mg/day was
given postoperatively for three months, followed by aspirin
alone for six months; the drug dose was adjusted according to
DSA reexamination.

2.5 Postoperative evaluation and follow-up
The imaging and clinical outcomes of patients and follow-

up data were recorded. The degree of aneurysm occlusion
was roughly calculated by using VER proposed by Yamazaki
[22]. It was also evaluated by DSA based on the Raymond-
Roy Occlusion Classification. Grade 1, complete occlusion,
defined as the aneurysm neck and aneurysm body are not
filled with contrast medium; Grade 2, near-complete occlu-
sion, defined as the contrast agent fills up the aneurysm neck
but not the aneurysm body; Grade 3, incomplete occlusion,
defined as the aneurysm body is clearly filled with contrast
medium. The patients’ clinical outcome was evaluated by the
MRS. MRS included 0: No symptoms; 1: No significant dis-
ability; 2: Slight disability; 3: Moderate disability; 4: Moder-
ately severe disability; 5: Severe disability; 6: Dead. Follow-
up was performed through return visits and phone calls.

3. Results
The very tiny aneurysms of all 15 patients underwent

endovascular embolization successfully by coiling alone and
stent-assisted coiling. The minimum coil used was 1 mm ×
1 cm and the maximum coil was 1.5 mm × 3 cm. The av-
erage VER of aneurysm embolization was 53.7 ± 25.5%. All
aneurysms were embolized with single coil and to assist coil
embolization Lvis stents were used in all patients. The suc-
cess rate of embolization was 100%. The aneurysms of six
patients were embolized by coiling alone and nine patients
received stent-assisted coiling embolization. A complica-
tion that involved an intraoperative aneurysm re-rupture oc-
curred for one patient (6.7%) (Fig. 1). Complete occlusion af-
ter embolization was noted in 11 patients (73.3%) (Fig. 2) and
near-complete occlusion was noted in three patients (20%),
while one patient (6.7%) had an incomplete occlusion. The
follow-up period ranged from four to ten months and DSA
was performed in each patient. After a mean follow-up pe-
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Table 2. Clinical data of of endovascular coil embolization and patients’ follow-up.
Patient
number

Coil size
(mm/cm)

VER (%) Stent
Operation-related
complication

RROC after
embolization

MRS at
discharge

F-U periods
(m)

RROC at F-U MRS at F-U

1 1.5 × 2 43.4 Lvis None 1 0 6 1 0
2 1.5 × 3 46.9 Lvis None 3 0 7 3 0
3 1 × 1 41.1 Lvis None 2 0 6 2 0
4 1.5 × 2 55.1 — None 1 0 6 1 0
5 1.5 × 3 49.4 Lvis None 1 0 8 1 0
6 1.5 × 2 34.7 Lvis None 1 0 8 1 0
7 1 × 1 139.4 Lvis None 1 0 6 1 0
8 1.5 × 3 52.1 Lvis None 2 1 10 1 0
9 1.5 × 3 44.5 — None 1 1 6 1 0
10 1.5 × 2 36.6 — None 1 0 8 1 0
11 1.5 × 2 62.6 — None 1 2 7 1 0
12 1.5 × 3 55 Lvis None 1 0 6 1 0
13 1.5 × 3 65 — Intraoperative re-rupture 2 1 4 1 0
14 1.5 × 2 34.7 Lvis None 1 1 6 1 0
15 1.5 × 3 44.5 — None 1 3 7 1 0

VER, volume embolization ratio; RROC, Raymond-Roy Occlusion Classification; MRS, Modified Rankin Scale; F-U, Follow-Up.

riod of 6.7 ± 1.4 months, 13 patients (86.7%) had complete
occlusion (Fig. 3). Two patients (13.3%) had near-complete
occlusion and one patient (6.7%) had incomplete occlusion.
No patients had re-rupture, an ischemic event or recurrence
during follow-up. All patients achieved favorable clinical
outcomes with a modified Rankin scale score of 0–2 (Ta-
bles 1,2).

4. Discussion
In recent years with the development of 3D-DSA technol-

ogy the detection rate of tiny intracranial aneurysms is in-
creasing, but their natural history remains unclear [23, 24].
Sonobe’s study reported the annual rupture rate of single and
multiple unruptured small aneurysms were 0.34% and 0.95%
[25]. The results of their incidence in various studies are
different. Iskandar’s study [26] of 956 cases of intracranial
aneurysms showed that tiny aneurysms accounted for 11.6%
of all aneurysms, unruptured tiny aneurysms accounted for
16.1% of unruptured aneurysms and ruptured tiny aneurysms
accounted for 10.8% of ruptured aneurysms. Weir [27] ana-
lyzed 507 cases of intracranial aneurysms and found the inci-
dence of tiny aneurysms was 13.2%, including 9.1% unrup-
tured tiny aneurysms and 4.1% ruptured ones. Rooji [28]
studied 1295 cases of intracranial aneurysms and found that
tiny aneurysms accounted for 15.1%, unruptured and rup-
tured tiny aneurysms accounted for 3.6% and 11.5% respec-
tively. Very tiny aneurysms are different, characteristically
exhibiting a smaller aneurysm body, wide neck and thin wall,
so their treatment is correspondingly more challenging than
that of tiny aneurysms. The uncertain natural history of tiny
unruptured cerebral aneurysms make their management re-
mains controversial [5, 29]. PHASES risk scores and UIATS
scores are used to assess the aneurysm rupture risk [30, 31].
Both of the scores indicated that a smaller aneurysm had a
lower rupture rate. But other risk factors including patient

population, hypertension, age, earlier SAH and aneurysm lo-
cation should be taken into account during the development
of individualized treatment strategies.

4.1 Endovascular treatment

Although it is unclear whether unruptured tiny intracra-
nial aneurysms need treatment or not [32], the necessary
treatment of ruptured tiny aneurysm is beyond doubt. En-
dovascular treatment of very tiny aneurysms is almost iden-
tical to that for tiny aneurysms and there are many treat-
ment methods. Currently, treatment methods primarily in-
clude coil embolization alone, stent-assisted coil emboliza-
tion, multi-stent placement, covered stent placement and
liquid embolic agent embolization [26, 33, 34]. However,
each of these treatment methods have both advantages and
disadvantages. Under the premise of stable embolization
of aneurysm, it is the opinion of the authors that coil em-
bolization alone would be the best choice. Coil emboliza-
tion significantly reduces the risk of aneurysm rupture and
is also the most widely used endovascular treatment for
aneurysms. The placement of stents may lead to intraopera-
tive vasospasm, inducing acute and chronic stent thrombosis
and long-term stent intimal hyperplasia [35, 36]. Stent mal-
position and incomplete stent expansion also bring greatly in-
creased technical challenges [37]. Further, patients require
antiplatelet drugs for extended periods, increasing the risk
of hemorrhagic events [38]. The placement of multi-stents
across the aneurysm neck can significantly reduce the blood
flow into an aneurysm, playing a role in blood flow diversion
and promoting thrombosis in the aneurysm [39]. The over-
lap of multi-stents greatly reduces the possibility of a small
coil protruding into the parent artery and can stabilize any
coil in the aneurysm, while the risk of using a stent use can-
not be ignored. Liquid embolic agents can be used for em-
bolization of tiny aneurysms [34, 40], where the biggest risk
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Fig. 1. Patient 13. (A) 3D reconstruction showing a very tiny aneurysm in the left anterior communicating artery. (B) DSA showing the aneurysm. (C) DSA
showing the intraoperative aneurysm re-rupture. (D) DSA showing the aneurysm embolized. (E) DSA showing the aneurysm after 4 months.

Fig. 2. Patient 12. (A) 3D reconstruction showing a very tiny aneurysm in the right posterior communicating artery. (B) DSA showing the aneurysm. (C)
DSA showing the process of embolizing the aneurysm. (D) DSA showing the aneurysm embolized.

is the difficulty of controlling the flow direction of the em-
bolic agent where it may flow into the parent artery and block
the distal branch vessels to cause cerebral infarction. Gener-
ally, the application of a covered stent is the last choice [33].
The covered stent is the non-self-expandable stent, which is
pre-installed on a balloon. Since the covered stent is harder
than the conventional stents, the balloon filling and releasing
the covered stent is easy to damage the blood vessels, and it is

easy to block the branches of the parent artery. In this study,
the first two treatment methods were used. Considering the
side effects of stent placement, coil embolization alone should
be implemented whenever possible. Stent-assisted emboliza-
tion is an option where a coil cannot be stably placed in the
aneurysm body and there is a risk of protrusion into the par-
ent artery.
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Fig. 3. Patient 7. (A) DSA showing a very tiny aneurysm on the ACA. (B) DSA showing the process of embolizing the aneurysm. (C) DSA showing the
aneurysm embolized. (D) DSA showing the aneurysm after 6 months.

4.2 Intraoperative complications

Endovascular treatment of very tiny aneurysms is not only
difficult but also has a known failure rate [26, 41]. Although
all aneurysms in this study were successfully embolized, the
occurrence of intraoperative complications is an extremely
awkward problem with an intraoperative aneurysm rup-
ture one of the most severe complications of embolization.
Nguyen’s study [42] revealed that the rate of intraopera-
tive tiny aneurysm rupture was significantly higher than that
of a non-tiny aneurysm. Brinjikji [5] analyzed 71 patients
with a tiny aneurysm and discovered that the intraopera-
tive aneurysm rupture rate was 8.3%. Rooij [28] investi-
gated 196 cases of tiny aneurysms, and the intraoperative
aneurysm rupture rate was 7.7%. A meta-analysis by Ya-
maki [43] included 22 studies and suggested the intraoper-
ative rupture rate was 7%. The very tiny aneurysms are not
only smaller, but also further increase the difficulty and risk of
coil embolization. The narrow operative space in a very tiny
aneurysm makes it easier for micro-catheters, micro-wires
and coil to pierce the aneurysm wall [5]. Additionally, it is
difficult for the micro-wire to guide the micro-catheter into
an aneurysm and the micro-catheter to reach a steady state in
an aneurysm. Very tiny aneurysms can often be embolized
by one or two coils. There is a dilemma if one coil does not
provide complete occlusion, whereas, two coils do not com-
pletely fill the aneurysm. Blind filling of two coils may lead to
either intraoperative aneurysm rupture or coil displacement
[44]. The space for simultaneous placement of the micro-
catheter tip and coil in an aneurysm is extremely limited,
making it difficult for a micro-catheter to be stably placed
into an aneurysm. In the acute phase of SAH, the occurrence
of cerebral vasospasm boosts the incidence of intraoperative
aneurysm rupture. In the present study, only one patient ex-
hibited an intraoperative rupture, a much lower incidence
than reported by the other cited studies. This single case was
caused by the failure of a timely and effective withdrawal of
themicro-catheter tip while the coil filled the aneurysm, with
the result that the coil pierced the aneurysm wall. The VER
of patient aneurysm embolization was 65%, which may have
been the result not of wrong coil choice but misoperation. It

should be noted that improvement of interventional equip-
ment and endovascular embolization technology also con-
tribute to reduced intraoperative rupture. In this regard, the
author’s experience can be summarized as follows: (1) Only
one appropriate size of coil is used for aneurysm emboliza-
tion; the diameter of the coil should be slightly larger than
that of the aneurysm and a longer coil is selected to form
the basket and cover the aneurysm neck. An inappropriately
sized coil and particularly more than one coil will increase
the risk of intraoperative rupture. (2) The tip of the micro-
wire should not be placed into the aneurysm body while the
micro-wire guides the micro-catheter to the aneurysm. The
guides should first be withdrawn into the micro-catheter at
the aneurysm neck. Then, the micro-catheter tip should be
placed at the aneurysm neck. When filling the aneurysm, the
micro-catheter should be slowly withdrawn while releasing
the coil so as to avoid the coil piercing the aneurysm. (3)
The micro-catheter tip should be shaped appropriately ac-
cording to the angle between aneurysm and parent artery and
the shape of parent artery as to effectively place the tip of
the micro-catheter at the aneurysm neck. (4) The use of a
small, short and flexible coil can effectively reduce intraoper-
ative rupture of these aneurysms. Intraoperative thrombosis
is also a complication of tiny aneurysm embolization [43, 45].
There was no case of intraoperative thrombosis in this study.
Intraoperative thrombosis is mainly related to stent appli-
cation, coil protruding into parent artery, insufficient an-
tiplatelet therapy [35, 46, 47], atherosclerotic plaques, insuffi-
cient anticoagulation, longer operative time, or cerebral va-
sospasm. Once intraoperative thrombosis occurs, intravas-
cular super-selective thrombolysis should be performed in
time [48, 49], and mechanical thrombectomy should be per-
formed if necessary [50].

4.3 Complete occlusion

Complete occlusion is essential for ruptured tiny intracra-
nial aneurysms. Residual aneurysm body or neck will lead
to re-rupture or long-term recurrence after embolization. In
this study, the average VER of aneurysm embolization was
53.7 ± 25.5%. But the actual VER was probably lower due
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to error in the calculation method and the placement of part
of the coil into the aneurysm neck. 13 patients achieved
complete occlusion after an average 6.7± 1.4 month follow-
up. The stents used in this study were self-expanding Lvis
stents. These are widely used in the coil embolization of tiny
aneurysms because of their smaller mesh diameter (1 mm)
and higher metal coverage. Studies have demonstrated that
the use of Lvis stents in the treatment of ruptured intracranial
aneurysms also has good reliability [51–54]. Lvis stents im-
prove the complete occlusion rate of tiny aneurysms by cov-
ering the aneurysm neck and effectively avoid the coil pro-
truding into the parent artery. The blood flow velocity in
the aneurysm neck and the pressure of blood flow in blood
vessels are crucial factors affecting the long-term recurrence
of aneurysms [55]. The high metal coverage of Lvis stents
plays a positive role in blood flow diversion and can change
the hemodynamics of the aneurysm neck [56, 57]. Although
most of the very tiny aneurysms are wide-necked, coil em-
bolization was not stent-assisted when the aneurysms could
be coil-embolized alone and the coil didn’t escape from the
aneurysm. Considering that the use of stent can boost the risk
of intraoperative thrombosis and long-term ischemic events,
patients need to take antiplatelet drugs for a very long time.
As a result, single coils were selected to embolize these tiny
aneurysms as frequently as possible. The coil selected should
completely fill the aneurysm body and neck. In the pro-
cess of embolization, the semi-stent jailing technique of the
Lvis stent is used to suppress the prominent coil outside the
stent if there is a part of the coil protruding into the parent
artery. Consequently, intraoperative thrombosis induced by
a prominent coil can be avoided and the aneurysm neck can
be further repaired.

5. Limitations
This study had several limitations. It was a retrospec-

tive institutional study that may lead to patient selection bias.
Prospective and multi-center studies are needed. The study
only included 15 patients and the sample size was too small.
Studies of large sample size are also required. The study
follow-up period was 6.7 ± 1.4 months, which was both
short and insufficient and a longer-term follow-up should
be undertaken to record the future condition of patients and
aneurysms. Furthermore, this study only analyzed patients
with very tiny aneurysms treated by endovascular emboliza-
tion. Patients with treatment by surgical clipping or conser-
vative observation should also be included to quantify any
treatment differences.

6. Conclusions
This study demonstrates that endovascular embolization

of very tiny intracranial aneurysms with single coil is safe and
effective. But the follow-up period is not long enough and
studieswith larger numbers of patients are needed. Summing
up operative experience, improving operative skills and ap-
plication of advanced instruments will effectively bring great

benefits to patients. Endovascular embolization for very tiny
intracranial aneurysms with single coil could achieve very
satisfactory results.
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