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ABSTRACT

BACKGROUND AND PURPOSE: Outcomes of endovascular treatment of very small intracranial aneurysms are still not well-character-
ized. Recently, several series assessing coil embolization of tiny aneurysms have presented new promising results. Thus, we performed a
systematic review and meta-analysis of studies evaluating endovascular treatment of very small intracranial aneurysms.

MATERIALS AND METHODS: We conducted a computerized search of Scopus, Medline, and the Web of Science for studies on endo-
vascular treatment of very small (�3 mm in diameter) intracranial aneurysms published between January 1996 and May 2015. Using a
random-effects model, we evaluated clinical and angiographic outcomes.

RESULTS: Twenty-two studies with 1105 tiny aneurysms (844 ruptured and 261 unruptured) endovascularly treated were included. Post-
operative and long-term complete occlusion was achieved in 85% (95% CI, 78%–90%) and 91% (95% CI, 87%–94%) of aneurysms, respec-
tively. The recanalization rate was 6% (95% CI, 4%–11%) and retreatment occurred in 7% (95% CI, 5%–9%) of cases. Seventy-nine percent
(95% CI, 64%– 89%) of patients had good neurologic outcome at long-term follow-up. Intraprocedural rupture occurred in 7% (95% CI,
5%–9%) of the coiling procedures, while thromboembolic complications occurred in 4% (95% CI, 3%– 6%).

CONCLUSIONS: Coil embolization of very small intracranial aneurysms can be performed safely and effectively. In the case of unruptured
aneurysms, procedure-related complications are not negligible. Patients and providers should consider such risks when engaged in a shared
decision-making process.

ABBREVIATION: IA � intracranial aneurysm

Endovascular treatment is now the standard of care for most

intracranial aneurysms (IAs).1,2 Despite endovascular treat-

ment being safe with low morbidity and mortality rates, in certain

groups of aneurysms, a detailed risk-benefit assessment of this

treatment must be considered.3 Coil embolization of very small

IAs (�3 mm) is particularly challenging due to the thin fragile

wall of small IAs, with limited space to obtain a stable microcath-

eter position for coil deployment.4-6 In the Barrow Ruptured An-

eurysm Trial, very small aneurysm size was one of the main rea-

sons for the high crossover rate from the coiling to the clipping

group.2 A previous meta-analysis that included only 7 studies

observed a relatively high complication rate, especially in terms of

periprocedural rupture risk.7 Since then, several technologic im-

provements, including better microcatheters and steerable soft

microguidewires, compliant and easier-to-navigate balloons, and

the availability of newer distal access catheters and very small

endovascular coils have been developed, which may have en-

hanced our ability in coiling very small aneurysms. Since pub-

lication of the previous meta-analysis, many recent series have

outlined results and complications in this specific subset of

aneurysms.

In an attempt to examine the current safety and efficacy of

endovascular treatment of tiny intracranial aneurysms, we per-

formed an updated systematic review and meta-analysis of the

literature addressing the endovascular treatment of very small in-

tracranial aneurysms. We also compared results from studies in-

cluded in a previously published meta-analysis from 20107 with

more recently published studies to determine whether there have

been improvements in outcomes with time. We hypothesized that
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recently published studies would demonstrate lower intraopera-

tive rupture rates and higher rates of aneurysm occlusion.

MATERIALS AND METHODS
Literature Search
Studies were identified by a search of Scopus, Medline, and the

Web of Science for studies on the endovascular treatment of very

small (�3 mm in diameter) intracranial aneurysms published

between January 1996 and May 2015. The search was performed

by using the following keywords: “cerebral aneurysm,” “intracra-

nial aneurysm,” “coil,” “small,” “tiny,” and “endovascular” in

both AND and OR combinations. The eligibility assessment of the

articles was initially performed independently by 2 authors (W.B.

and V.N.Y.). In case of disagreement, a third author (G.L.) was

consulted for a final decision. Reference lists of included articles

were scanned as an additional means of identifying articles.

Study Selection
Consecutive case series studying the endovascular treatment of

very small intracranial aneurysms (�3 mm in diameter) with �10

patients were included in this meta-analysis. Participants of any

age with very small saccular IAs were considered. Studies address-

ing dissecting or “blister” IAs were excluded because these lesions

have unique natural histories and pathologic characteristics. Se-

ries studying IAs in a specific location were also excluded to avoid

selection bias.

Patients were divided into 3 groups: 1) unruptured coiled an-

eurysms, 2) ruptured coiled aneurysms, and 3) stent-assisted

coiled aneurysms, ruptured and unruptured. Patients who re-

ceived a stent without coiling were added to the stent-assisted

group. In 1 article, 1 patient was treated with Onyx (Covidien,

Irvine, California), thus excluding the article from our analysis.

No patients were treated with flow-diverting stents.

Data Abstraction
Information was extracted through a prespecified data-extraction

protocol. From each included study, we collected the following

data: 1) immediate and long-term angiographic occlusion, 2)

technical success, 3) recanalization rate, 4) retreatment rate, 5)

morbidity and mortality related to the procedure, 6) procedure-

related rupture, 7) procedure-related thromboembolism, 8)

long-term neurologic outcome, and 9) neurologic outcome at

discharge.

The angiographic outcome data were divided into 2 groups:

complete or near-complete angiographic occlusion and in-

complete occlusion. Results reporting the angiographic find-

ings by using the Raymond grading system (class 1, complete

obliteration; class 2, neck remnant; class 3, aneurysm remnant)

were translated to our methods as follows: Classes 1 and 2 were

considered complete or near-complete angiographic occlu-

sion, and class 3 was included in the incomplete-occlusion

group.

The technical success was assessed in only prospective analysis

or studies that reported failure of the endovascular treatment at-

tempt. Hemorrhagic or ischemic events were not imputed to rup-

ture or thromboembolism related to the procedure if they were

not clearly described as a consequence of the procedure. With

regard to the clinical outcome, only studies using the Glasgow

Outcome Scale or the modified Rankin Scale were included. Good

neurologic outcome was considered for grades 4 and 5 in the

Glasgow Outcome Scale and for grades 0 and 1 in the mRS. Pro-

cedure-related morbidity and mortality were defined as morbid-

ity or mortality related to thromboembolic or bleeding complica-

tions that occurred during the procedure.

We also compared results from studies included in a previ-

ously published meta-analysis from 2010 (time period 1) with

more recently published studies (time period 2) to determine

whether there were improvements in outcomes with time.7 For

this comparison, we studied only outcomes of the pooled rup-

tured/unruptured group.

Statistical Analysis
All included studies were noncomparative. We estimated from

each cohort the cumulative incidence (event rate) and 95% con-

fidence interval for each outcome. Event rates for each interven-

tion were pooled in a meta-analysis across studies by using the

random-effects model.8 Anticipating heterogeneity among stud-

ies, we chose this model a priori because it incorporates within-

study variance and between-study variance. Heterogeneity of the

treatment effect across studies was evaluated by using the I2

statistic.9 We considered an I2 statistic of �50% to indicate

substantial heterogeneity. We were unable to test for publication

bias due to the noncomparative nature of the studies. The meta-

analysis was performed by using the statistical software package

Comprehensive Meta-Analysis, Version 3.0 (Englewood, New

Jersey).

RESULTS
Characteristics of Included Studies
The literature search yielded 1046 articles, of which 22 met our

inclusion criteria. A summary of the literature search process is

FIG 1. Flow diagram of the search strategy and study selection.
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provided in Fig 1. All 22 studies included were single-center

case series. Nine studies provided data on only ruptured IAs, 2

provided data on only unruptured IAs, and 11 included both

ruptured and unruptured aneurysms. A total of 1105 intracra-

nial aneurysms that received endovascular treatment (844 rup-

tured and 261 unruptured) were included in this meta-analy-

sis. Stent-assisted coil embolization was performed in 86 cases.

Table 1 provides a summary of included studies.

Study Outcomes

Coil Embolization: Technical Success and Angiographic Out-
comes. Technical success for endovascular treatment was

achieved in 92% of the coiled IAs (95% CI, 88%–95%). Immedi-

ate postoperative angiography demonstrated a complete occlu-

sion rate of 85% (95% CI, 78%–90%). At long-term (�6-month)

angiographic follow-up, 91% (95% CI, 87%–94%) of aneurysms

had complete or near-complete occlusion. The recanalization rate

was 6% (95% CI, 4%–11%). The retreatment rate was 7% (95%

CI, 5%–9%).

When we compared coiled ruptured and unruptured IAs, re-

sults from immediate postcoiling angiography demonstrated

similar rates of occlusion, with 85% (95% CI, 77%–91%) for the

unruptured coiled group and 88% (95% CI, 79%–93%) for rup-

tured aneurysms. For long-term (�6-month) angiographic out-

come, 86% (95% CI, 80%–90%) of ruptured aneurysms had

complete or near-complete occlusion. Overall recanalization

and retreatment rates were 6% and 7%, respectively. Overall

long-term (�6-month) occlusion rates were 91% (95% CI,

85%–94%).

Coil Embolization: Clinical Outcomes and Complications. Neu-

rologic outcomes were reported at the time of discharge and at

long-term (�6-month) follow-up. Eighty-two percent (95% CI,

64%–91%) of patients were discharged in good neurologic con-

dition. Long-term (�6-month) good neurologic outcome was

79% (95% CI, 64%– 89%). For patients with ruptured IAs, the

rate of good neurologic outcome at discharge was 65% (95% CI,

30%– 89%) and the rate of long-term (�6-month) good neuro-

logic outcome was 74% (95% CI, 59%– 85%). Not enough data

were available for individual analysis of unruptured IAs for neu-

rologic outcomes.

With regard to procedure-related complications, intrapro-

cedural rupture was identified in 7% (95% CI, 5%–9%) of the

coiling procedures, while thromboembolic complications oc-

curred in 4% (95% CI, 3%– 6%) of cases. Coiled ruptured

aneurysms had procedure-related rupture in 9% (95% CI, 6%–

12%) of cases and thromboembolic events in 4% (95% CI,

2%–9%). For unruptured IAs, the rate of rupture during coil

embolization was 6% (95% CI, 3%–12%) and thromboem-

bolic complications occurred in 4% (95% CI, 1%–13%). The

mortality rate related to the coil embolization was 3% (95% CI,

2%–5%), while the morbidity rate was 2% (95% CI, 2%– 4%).

For patients with ruptured IAs, the procedure-related mortal-

ity and morbidity were 4% (95% CI, 2%–7%) and 3% (95% CI,

2%–5%), respectively. For patients with unruptured aneu-

rysms, procedure-related morbidity was 2% (95% CI, 1%–

12%) and procedure-related mortality was 2% (95% CI, 1%–

13%). These data are summarized in Table 2.

Stent-Assisted Coil: Outcomes. Among patients treated with

stent-assisted coiling, immediate complete occlusion occurred

in 70% (95% CI, 52%– 84%) of cases. Long-term (�6-month)

complete occlusion was 93% (95% CI, 81%–98%). For rup-

tured IAs, angiographic outcomes showed immediate and

Table 1: Summary of studies evaluating the endovascular treatment of very small intracranial aneurysms

Study
No. of

Patients
Patient Age
Range (yr)

Sex
(M/F)

IA Size (mm)
(Mean)

Follow-Up
(mo) (Mean)

No. of
Ruptured

IAs

No. of
Unruptured

IAs
Total No.

of IAs
Suzuki et al, 200622 21 31–86 5:16 2.6 25 21 0 21
Nguyen et al, 20084 60 24–92 – 2.7 – 60 0 60
Chen et al, 200823 11 26–73 8:3 2.7 5.3 10 1 11
van Rooji et al, 200910 187 11–78 51:136 �3 6 149 47 196
Yang et al, 200924 12 23–88 4:8 2.6 13.4 12 0 12
Brinjikji et al, 20107 71 37–86 10:61 2.7 10.6 24 47 71
Pierot et al, 201025 51 – 10:41 �3 – 0 51 51
Chae et al, 201026 30 28–81 11:19 �3 13.3 5 26 31
Ioannidis et al, 201015 94 27–80 27:67 �3 23 85 12 97
Fang et al, 201027 19 38–63 5:14 2.8 14.1 20 0 20
Zang et al, 201028 11 25–55 1:10 �3 7.4 10 1 11
Hwang et al, 201129 38 24–70 12:26 2.5 14.8 23 20 43
Hong et al, 201130 51 17–71 22:29 2.4 14 51 0 51
Iskandar and

Nepper-Rasmussen, 20113
107 – 34:73 �3 9 87 24 111

Lu et al, 201211 46 27–83 22:24 2.5 46.7 29 23 52
Mohammadian et al, 201331 21 19–72 22:18 �3 15 21 0 21
Chung et al, 201332 72 – 24:48 2.8 – 72 0 72
Starke et al, 201214 91 – 26:65 2.8 9.5 91 0 91
Li et al, 201433 16 33–62 7:9 1.7 7.7 16 0 16
Dalfino et al, 201418 20 27–80 5:15 2.7 17 17 3 20
Jindal et al, 201534 12 19–70 2:10 2.25 9.25 6 6 12
Yu et al, 201517 35 41–68 23:12 2.6 12–24 35 0 35
Total 1076 844 261 1105
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long-term complete occlusion rates of 68% (95% CI, 49%–

82%) and 93% (95% CI, 79%–98%), respectively. Intraproce-

dural rupture rates were 6% (95% CI, 1%–34%), and throm-

boembolism occurred in 13% (95% CI, 4%–33%) of cases. The

incidence of IA recanalization with stent deployment was 14%

(95% CI, 4%– 43%), and the retreatment rate was 3% (95% CI,

0%–34%).

Comparison of Outcomes across Time. When we compared out-

comes between studies included in the prior meta-analysis and

those included in the current meta-analysis, angiographic out-

comes were superior in studies included in the prior meta-analy-

sis because initial complete/near-complete angiographic occlu-

sion rates were 89.0% compared with 85.0% in recently published

series (P � .004).7 Long-term (�6-month) good clinical outcome

rates were similar between studies (93.0% for time period 1 and

94.0% for time period 2). Procedure-related rupture rates were

significantly lower in more recent studies (7.0% versus 3.0%, P �

.007). Retreatment rates were similar between time periods (5.0%

for time period 1 and 4.0% for time period 2, P � .93). These data

are summarized in Table 3.

Study Heterogeneity
No I2 statistics were higher than 50%, indicating substantial het-

erogeneity, for any outcomes in unruptured aneurysms or

in stent-assisted coil–treated aneurysms. I2 statistics were higher

than 50%, indicating substantial heterogeneity, for the following

outcomes in ruptured aneurysms: complete/near-complete initial

occlusion and good neurologic outcome at discharge. I2 statistics

were higher than 50%, indicating substantial heterogeneity, for

the following outcomes in all aneurysms: initiation complete/

near-complete occlusion, long-term

good neurologic outcome, and recanali-

zation. These data are summarized in

Table 2.

DISCUSSION
Our updated meta-analysis of endovas-

cular coiling of very small intracranial

aneurysms demonstrated that coil em-

bolization is effective, with angiographic

occlusion rates of �90%. However,

complications rates were not negligible

at 6.5% for ruptured and 5% for unrup-

tured aneurysms. Intraoperative rup-

ture rates have decreased with time suggesting that technologic

improvements may be enhancing patient outcomes. When we

compared earlier experiences with more recent ones, there has

been some improvement in complication rates as a result of newer

technologic advances5 and increased experience, which makes en-

dovascular coil embolization a safe treatment technique in pa-

tients with ruptured very small aneurysms. Our results suggest

that endovascular treatment of very small unruptured aneurysms

should be pursued only in exceptional cases, given the very low

risk of rupture of these aneurysms.

Our results showed high rates of complete or near-complete

occlusion, both immediately following treatment and at follow-

up. Technical success was achieved in 92% of patients, and recan-

alization rates were low. Only 7% of aneurysms were retreated

with coiling or microsurgical clipping. In the prior meta-analysis

including 7 studies, we reported slightly higher occlusion rates at

short- and long-term, possibly due to factors related to publica-

tion and selection bias.7 Recently published series are reporting

complete occlusion rates as high as 96% in the immediate post-

operative setting and 94% in the long-term.10 Our report might

be influenced by different treatment strategies adopted in the in-

cluded studies. For example, Lu et al11 suggested that complete

coil occlusion of the aneurysm sac is not necessary to achieve good

long-term outcomes. For challenging aneurysms with a very high

rate of intraprocedural rupture, they suggested an initial partial

occlusion, allowing progressive stable thrombus formation and

complete occlusion in the long-term.

Intraprocedural rupture is a feared complication in the endo-

vascular treatment of tiny aneurysms.4,7,12 Nguyen et al4 found a

relative risk of intraprocedural rupture of 5.2 (95% CI, 2.2–12.8)

Table 2: Meta-analysis outcomes
Unruptured Aneurysms,

(%) (95% CI) I2
Ruptured Aneurysms,

(%) (95% CI) I2
All Aneurysms,

(%) (95% CI) I2

Complete angiographic occlusion
Initial 85 (77–91) 40 88 (79–93) 71 85 (78–90) 76
Long-term 90 (44–99) 49 86 (80–90) 45 91 (87–94) 45

Periprocedural outcomes
Rupture 6 (0–13) 0 9 (6–12) 0 7 (5–9) 0
Thromboembolism 4 (1–8) NA 4 (2–9) 0 4 (3–6) 0

Morbidity 2 (1–12) NA 3 (2–5) 0 2 (2–4) 0
Mortality 2 (1–13) NA 4 (2–7) 0 3 (2–5) 0
Long-term favorable neurologic outcome – – 74 (59–85) NA 79 (64–89) 83
Recanalization – – 9 (5–17) 28 6 (4–11) 54
Retreatment – – 7 (3–14) 12 7 (5–9) 14

Note:—NA indicates not available.

Table 3: Outcomes by time period
Time Period 1

% (95% CI)
Time Period 2

% (95% CI) P Value
Initial complete/near complete occlusion 89.0 (82.0–96.0) 85.0 (79.0–91.0) .004
Initial incomplete occlusion 9.0 (2.0–16.0) 15.0 (9.0–21.0) .002
Long-term complete/near complete occlusion 93.0 (90.0–97.0) 94.0 (90.0–97.0) .12
Long-term good neurologic outcome 85.0 (74.0–95.0) 77.0 (53.0–100.0) .12
Procedure-related morbidity 2.0 (0.0–3.0) 2.0 (1.0–3.0) .94
Procedure-related mortality 2.0 (0.0–3.0) 2.0 (0.0–3.0) .81
Procedure-related rupture 7.0 (4.0–10.0) 3.0 (2.0–4.0) .007
Procedure-related thromboembolism 1.0 (0.0–3.0) 3.0 (2.0–5.0) .06
Recanalization 2.0 (0.0–4.0) 5.0 (2.0–9.0) .004
Retreatment 5.0 (3.0–8.0) 4.0 (2.0–5.0) .93
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when comparing IAs of �3 mm versus �3 mm. However, there

have been improvements in the procedural rupture rates with

time. In a prior study, we reported an intraprocedural rupture

rate of 10.7% of the ruptured IAs during the coiling procedure

compared with 9% in the current study.7 The first large series

addressing the endovascular treatment of tiny IAs reported an

11% rate of procedure-related rupture, 5 times higher compared

with larger IAs.4 However, recent reports have demonstrated con-

siderably lower risk, with rates of approximately 3%– 4%. Im-

provements in technologies with smaller and softer coils, in addi-

tion to increased operator experience, have likely contributed to

this finding.5 New strategies and decisions by operators to avoid

procedural rupture, such as partial initial occlusion of the sac as

the treatment goal11 and a lower threshold to convert to micro-

surgical clipping,13,14 may be contributing to decreasing compli-

cation rates as well.

High rates of procedural rupture are expected in the treatment

of tiny IAs. The smaller size of the aneurysm sac limits the move-

ment of the microcatheter; thus, any unexpected movement dur-

ing catheter positioning or coil deployment can result in rupture

of the aneurysm sac.10,15 Cases of intraprocedural perforation are

generally managed through reversal of anticoagulation followed

by coiling of the aneurysm. The placement of a balloon at the side

of the IA neck to stop hemorrhage has been advocated; however,

the use of additional adjunctive devices during treatment of very

small intracranial aneurysms has been associated with increased

complication rates in some studies.4,10,16

Although very helpful in packing coils and, in some cases,

diverting flow from the aneurysmal sac,17 stent placement has

been associated with higher periprocedural complication rates in

the endovascular treatment of tiny IAs, as demonstrated in our

study.4,18 Lower rates of immediate angiographic occlusion were

likely due to the less attenuated tamponade required for satisfac-

tory results in stent-coiling procedures. Most interesting, recana-

lization rates were higher for aneurysms treated with stent-as-

sisted coiling. The higher recanalization rate in the stent-assisted

group might be related to antiplatelet therapy required with the

use of intraluminal stents and the wider neck size of aneurysms

requiring stent-assisted treatment.

In the management of very small unruptured intracranial an-

eurysms, it is very important to consider the natural history of

these aneurysms. Sonobe et al,19 reported an annual risk of rup-

ture of 0.34% and 0.95% for single and multiple unruptured small

aneurysms, respectively. Moreover, on the basis of the Popula-

tion, Hypertension, Age, Size of Aneurysm, Earlier Subarachnoid

Hemorrhage from Another Aneurysm, and Site of (PHASES) An-

eurysm score,20 patients with aneurysms of �7 mm in diameter

were subject to 0%–7% risk of rupture within 5 years according to

the patient’s risk factors. Therefore, the very low probability of

rupture in these aneurysms must be considered against the risk of

procedural complications and the morbidity/mortality rates related

to treatment. Given the low risk of rupture, very small unruptured

aneurysms should not be treated except in selected cases.21

Limitations
Our study has limitations. Fifteen of 22 included studies were

retrospective; this feature might influence the outcomes pre-

sented and increase the publication bias. A wide methodologic

variability was found among studies, especially in assessing angio-

graphic and clinical outcomes. Thus, for certain analyses, a lim-

ited number of studies were included. Moreover, lack of details

about patients also hindered our analysis. The specific locations of

IAs were not assessed in this meta-analysis due to lack of available

data. Finally, the long-term angiographic and clinical outcomes

were evaluated at different times in the studies analyzed. Publica-

tion bias is another limitation of this study. Nevertheless, our

meta-analysis is currently the largest study assessing the endovas-

cular treatment of very small intracranial aneurysms with �1000

included patients.

CONCLUSIONS
On the basis of our results, we conclude that the coiling of very

small intracranial aneurysms can be performed safely and effec-

tively with favorable long-term angiographic and neurologic out-

comes. However, complications rates were not negligible at 6.5%

for ruptured and 5% percent for unruptured aneurysms. These

findings highlight the importance of individualized decision-

making based on aneurysm natural history and treatment risks.
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