
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Durability of endovascular treatment for intracranial aneurysms

Ferns, S.P.

Publication date
2010

Link to publication

Citation for published version (APA):
Ferns, S. P. (2010). Durability of endovascular treatment for intracranial aneurysms. [Thesis,
fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/durability-of-endovascular-treatment-for-intracranial-aneurysms(599fbba4-e9ad-4950-a866-6bf2b2edd0c5).html


2 Coiling of intracranial 

aneurysms

A systematic review on initial 

occlusion and reopening and 

retreatment rates

S.P. Ferns

M.E.S. Sprengers

W.J.J. van Rooij

G.J.E. Rinkel

J.C. van Rijn

S. Bipat

M. Sluzewski

C.B.L.M. Majoie

2 Coiling of intracranial 

aneurysms

A systematic review on initial 

occlusion and reopening and 

retreatment rates

S.P. Ferns

M.E.S. Sprengers

W.J.J. van Rooij

G.J.E. Rinkel

J.C. van Rijn

S. Bipat

M. Sluzewski

C.B.L.M. Majoie

aanpassingen sandra.indd   17 8/10/10   6:54 PM



aanpassingen sandra.indd   18 8/10/10   6:54 PM



Chapter 2 Coiling of intracranial aneurysms 19

abstract

background and purpose
The proportion of incompletely occluded aneurysms after coiling varies widely between 

studies. To assess overall outcome of coiling, we systematically reviewed the literature 

to determine initial occlusion, reopening, and retreatment rates of coiled aneurysms 

according to predefined criteria and subgroups.

methods
We searched PubMed and EMBASE (January 1999 to September 2008) for studies 

of >50 coiled aneurysms. Two reviewers independently extracted data. We grouped 

studies reporting on only ruptured aneurysms, posterior circulation aneurysms, and 

studies with large proportions of aneurysms >10 mm to assess possible determinants 

for incomplete occlusion, reopening, and retreatment.

results
Forty-six studies totaling 8161 coiled aneurysms met inclusion criteria. Immediately 

after coiling, 91.2% (95%CI, 90.6%- 91.9%) of the aneurysms were adequately occluded. 

Aneurysm reopening occurred in 20.8% (95% CI, 19.8%- 21.9%) and retreatment was 

performed in 10.3% (95% CI, 9.5- 11.0%). Reopening rate was lower in studies reporting 

on ruptured aneurysms only compared with all studies (11.4% versus 20.8%; relative 

risk, 0.55; 95% CI, 0.47- 0.64) and higher in studies focusing on posterior circulation 

aneurysms compared with studies with >85% anterior circulation aneurysms (22.5% 

versus 15.5%; relative risk, 1.5; 95% CI, 1.2- 1.7). Regression analysis showed higher 

retreatment rates with increasing proportion of aneurysms >10 mm (β= 0.252; 95% CI, 

0.073- 0.432). We could not find a relation between reopening and type of coils used.

conclusions
At follow-up, one fifth of all coiled intracranial aneurysms shows reopening of which 

half is retreated. Possible risk factors for aneurysm reopening are location in the 

posterior circulation and size >10 mm. To confirm our findings, a meta-analysis on 

individual well-reported patient data is desirable.
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Durability of endovascular treatment for intracranial aneurysms20

introDuction

Endovascular treatment with coils has become an established treatment modality 

for both ruptured and unruptured intracranial aneurysms.1,2 Coiling has several 

shortcomings. Not all aneurysms can be occluded completely at first treatment, 

leaving the patient at risk for early recurrent hemorrhage in case of a recently ruptured 

aneurysm.1 Another drawback is the possibility of reopening of an initially adequately 

occluded aneurysm with time.3–13 

Possible determinants for initial incomplete aneurysm occlusion are unfavorable 

aneurysm anatomy and vessel geometry and types of coils that are used. Possible risk 

factors for reopening of a coiled aneurysm over time are large aneurysm size,7,14,15 

presence of intraluminal thrombus,12 low packing density,11,16 initial incomplete 

occlusion,17,18 duration of follow-up,6,7 ruptured aneurysms,19 location in the posterior 

circulation,3 and a large neck–dome ratio.20,21 The actual influence of risk factors for 

incomplete occlusion and reopening remains obscure. As a consequence, the yield and 

implication of long-term imaging follow-up is largely unclear and an optimal follow-up 

protocol for individual patients is hard to define.

The purpose of this systematic review of the literature was to assess the overall 

proportion of coiled aneurysms that is incompletely occluded at initial treatment, the 

proportion of aneurysms that reopens over time, and the proportion of aneurysms 

that is retreated. In addition, we aimed to assess whether rupture status, location in 

posterior or anterior circulation, use of standard or modified coils, aneurysm size, and 

duration of follow-up influenced the occurrence of these events.

methoDs

literature search
We searched PubMed and EMBASE from January 1999 through September 2008. 

The following key words as MESH terms and text words were used in relevant 

combinations: “subarachnoid hemorrhage,” “intracranial aneurysm,” “endovascular 

treatment,” and “coiling” in both “AND” and “OR” combinations. The search was 

restricted to human studies in English, German, Spanish, and French. To assess 

eligibility, 2 reviewers (M.E.S.S. and S.P.F.) independently checked all abstracts and 

retrieved full-text articles on inclusion criteria using a standardized data extraction 

form.
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Chapter 2 Coiling of intracranial aneurysms 21

eligibility
We included studies of >50 patients and imaging follow-up with angiography or MR 

angiography. Studies using standard coils and modified coils (polyglycolic acid-coated 

coils such as Matrix [Boston Scientific, Freemont, Calif], Nexus [EV3, Irvine, Calif], 

Cerecyte [Micrus Endovascular, San Jose, Calif], and Hydrocoils [MicroVention, Aliso 

Viejo, Calif]) were considered for inclusion. Studies that included traumatic, dissecting, 

mycotic, and flow-related aneurysms and studies that included parent vessel coil 

occlusions and retreatments after previous coilings were only considered eligible when 

these aneurysms and treatments could be separated from the entire cohort. Initial 

treatment results and duration and results of follow-up imaging had to be clearly 

described.

selection of studies and data extraction
From the studies that met the inclusion criteria, 2 reviewers (M.E.S.S. and S.P.F.) 

independently extracted relevant data. Demographics included number of patients, 

gender, age, number and location of included aneurysms, number of ruptured and 

unruptured aneurysms, and aneurysm size. We extracted mean size of the aneurysms 

and, if possible, we dichotomized sizes in ≤10 mm and >10 mm. Data extracted for 

the coil procedure included type of coils used and initial aneurysm occlusion status. 

Occlusion status initially and at follow-up was classified as complete (100%, total), 

near complete (neck remnant, dog-ear, 90% to 98%), or incomplete (aneurysm 

remnant, residual aneurysm filling, <90%). The term “adequate occlusion” was used 

for completely and near completely occluded aneurysms. Subsequently, aneurysm 

occlusion status was categorized on a 2-point scale (adequate versus incomplete 

occlusion) and a 3-point scale (complete, near complete, and incomplete occlusion). 

Follow-up data included mean, median, and range of follow-up duration and number 

of patients with follow-up. We interpreted terms as “aneurysm recurrence,” “new filling 

of aneurysm lumen,” “recanalization,” and “regrowth” as reopening of the aneurysm. 

Numbers of retreatments were recorded. If data were presented graphically or as 

percentages, crude numbers were deducted or calculated. When the same patient 

population was the subject of several publications, only the study with the largest 

sample size was included.
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Data analysis
Cumulative data on initial aneurysm occlusion and occlusion at follow-up, reopening, 

and retreatment were calculated as proportions with corresponding 95% confidence 

intervals (CI). We multiplied the number of aneurysms by the average duration 

of follow-up to obtain the total number of aneurysm years of follow-up. To assess 

whether location in posterior circulation, rupture status, and type of coil that was 

used were risk factors for initial incomplete occlusion, reopening, and retreatment, we 

determined occurrence of these events in studies reporting on these data. We used the 

χ2 test to assess differences for all outcomes and we calculated relative risks (RR) with 

corresponding 95% CIs of risk factors for reopening and retreatment alone. 

The influence of aneurysm size >10 mm on the risk of reopening and retreatment 

was assessed with linear regression analysis with proportion of aneurysms >10 mm as 

the independent variable and reopening and retreatment rates as outcomes. The lack of 

fixed follow-up duration in most studies precluded analysis of the correlation between 

increasing duration of follow-up and reopening and retreatment rate.

figure 1. Flow chart showing search strategy
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results

search results
The initial search in PubMed and EMBASE yielded 2830 articles (Figure 1). Of all 

articles 2749 were excluded based on review of titles and abstracts. The most frequent 

reasons for exclusion were lack of imaging follow-up and sample size <50 patients. 

Of the 81 full-text publications, 35 were excluded; 19 studies did not clearly describe 

follow-up duration, 5 studies did not report initial occlusion results, 5 studies did 

not separately report a subgroup treated with parent artery occlusion, 4 studies had 

included retreated aneurysms in the final aneurysm occlusion rates, and 3 studies were 

excluded because of double publication of the same sample.22–24 Finally, 46 studies 

were included. Four of the 46 studies compared 2 groups of aneurysms with separately 

reported patient and aneurysms characteristics and follow-up results.25–28 

All included 46 studies are available in the supplemental appendix.

baseline characteristics
Baseline characteristics of the 46 studies that reported on 8161 coiled aneurysms are 

displayed in Table 1. In 42 studies with 7865 aneurysms, 5141 (65.4%) aneurysms were 

ruptured and 2724 (34.6%) aneurysms were unruptured. Of all 8161 aneurysms, 6241 

(76.5%) had imaging follow-up for a total of 8328 aneurysm years. Mean duration of 

follow-up ranged from 4.6 to 38 months with an average of the mean of 14.1 months. 

Most studies lacked fixed follow-up intervals. 

In 37 studies with 6968 aneurysms, 4640 aneurysms were located in the anterior 

circulation (66.7%) and 2328 (33.3%) in the posterior circulation. In 20 studies with 

3288 aneurysms, mean aneurysm size ranged from 5 to 11 mm with an average of the 

mean of 7 mm. In 29 studies with 5302 aneurysms, 1239 (23.4%) were >10 mm. 

In 31 studies with 6226 aneurysms, treatment was performed with standard 

bare platinum coils. In 6 studies with 482 aneurysms, treatment was performed with 

modified coils.
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Durability of endovascular treatment for intracranial aneurysms26

treatment results

Initial aneurysm occlusion
Initial aneurysm occlusion status was reported in 37 studies with 6991 aneurysms on a 

3-point scale. Complete initial occlusion was reported in 4355 aneurysms (62.3%; 95% 

CI, 61.2- 63.4%), near complete occlusion in 2065 aneurysms (29.5%; 95% CI, 28.5- 

30.6%), and incomplete occlusion in 571 aneurysms (8.2%; 95% CI, 7.5- 8.8%; Table 

2). Converting these results into a 2-point scale and adding the results of 9 studies with 

1049 aneurysms that reported on a 2-point scale resulted in all 46 studies with 8040 

aneurysms (121 aneurysms were excluded due to incomplete reporting of occlusion 

results in 2 studies). Initial aneurysm occlusion was adequate in 7335 aneurysms 

(91.2%; 95% CI, 90.6- 91.9%) and incomplete in 705 aneurysms (8.8%; 95% CI, 8.2- 

9.4%).

Aneurysm occlusion at follow-up
Aneurysm occlusion at follow-up was reported in 19 studies with 2882 aneurysms on a 

3-point scale. Occlusion was complete in 1772 aneurysms (61.5%; 95% CI, 59.7- 63.3%), 

near complete in 654 aneurysms (22.7%; 95% CI, 21.2- 24.2%), and incomplete in 456 

aneurysms (15.8%; 95% CI, 14.5- 17.2%). Converting these results into a 2-point scale 

and adding the results of 8 studies with 777 aneurysms that reported on a 2-point 

scale resulted in 27 studies with 3659 aneurysms. Adequate aneurysm occlusion was 

reported in 3054 aneurysms (83.4%; 95% CI, 82.3- 84.7%) and incomplete occlusion in 

605 aneurysms (16.6%; 95% CI, 15.3- 17.7%; Table 2).

Reopening and retreatment rates
Reopening rate was reported in 42 studies with 5926 aneurysms. Retreatment rates 

were reported in 41 studies with 5582 aneurysms (Table 2). At a mean follow-up 

ranging from 4.7 to 38 months (Figure 2), 1235 of 5926 aneurysms reopened and 572 of 

5582 aneurysms were retreated. Reopening rate was 20.8% (95% CI, 19.8- 21.9%) and 

retreatment rate was 10.3% (95% CI, 9.5%- 11.0%).

Ruptured aneurysms
Nine studies with 1786 aneurysms reported on ruptured aneurysms only. These studies 

had significantly higher proportions of initially and at follow-up adequately occluded 

aneurysms (95.9% versus 91.2% and 90.3% versus 83.4%) and lower reopening 

and retreatment rates (11.4% versus 20.8% and 7.2% versus 10.3%) compared with 
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Chapter 2 Coiling of intracranial aneurysms 27

figure 2. Proportion of reopening (%) of studies reporting reopening

AA: number of aneurysms per study with imaging follow-up; FU: follow-up; mo: months

aanpassingen sandra.indd   27 8/10/10   6:54 PM



Durability of endovascular treatment for intracranial aneurysms28

all studies. Relative risk for reopening of aneurysms in studies with only ruptured 

aneurysms was 0.55 (95% CI, 0.47- 0.64) and for retreatment 0.70 (95% CI, 0.37- 0.86) 

compared with studies including ruptured as well as unruptured aneurysms (Table 2).

Posterior versus anterior circulation aneurysms
Six studies that reported on 862 aneurysms located in the posterior circulation only 

were compared with 8 studies reporting on 1901 aneurysms with >85% of aneurysms 

located in the anterior circulation. There was no difference in proportion adequate 

initial occlusion (91.6% versus 92.1%), but the proportion of posterior circulation 

aneurysms adequately occluded at follow-up was lower (70.4% versus 92.6%), and 

reopening and retreatment rates were higher (22.5% versus 15.5% and 14.5% versus 

6.5%) compared with studies with >85% anterior circulation aneurysms. Relative risk 

for reopening of studies reporting on posterior circulation aneurysms was 1.45 (95% 

CI, 1.23- 1.72) and for retreatment 2.22 (95% CI, 1.73- 2.86) compared with studies 

including >85% anterior circulation aneurysms (Table 2).

Standard platinum coils versus modified coils
Proportion of aneurysms with initial adequate occlusion was significantly lower for 

aneurysms treated with modified coils compared with aneurysms treated with standard 

platinum coils (88.8% versus 92.1%; relative risk, 0.96; 95% CI, 0.93- 0.996). At follow-

up, the proportion of aneurysms with adequate occlusion was not different (85.9% 

versus 86.8%) and reopening and retreatment rates were not different (21.6% versus 

20.1% and 11.7% versus 9.6%; Table 2).

Aneurysm size >10 mm
In 29 studies, the proportion of aneurysms >10 mm was reported; there were no 

studies with exclusively small or only large aneurysms. Of these 29 studies, 27 reported 

reopening rate and 24 reported retreatment rate. We created a scatter plot with 

reopening rate and retreatment rate as dependent variables and proportion aneurysms 

>10 mm as the independent variable (Figure 3). Regression analysis showed increasing 

reopening rates with increasing proportions of aneurysms >10 mm (β= 0.124; 95% CI, 

-0.165- 0.414) and increasing retreatment rate in studies with increasing proportions of 

aneurysms >10 mm (β= 0.252; 95% CI, 0.073- 0.432). The β indicates that for 1% more 

aneurysms >10 mm, reopening increases with 0.12% and retreatment increases with 

0.25%.
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figure 3. Regression analysis: reopening and retreatment rates in studies with increasing proportions of 

aneurysms >10 mm
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Discussion

Our review of >8000 coiled intracranial aneurysms shows that 91% of aneurysms 

were adequately occluded at initial treatment. At follow-up of various intervals, 

83% of treated aneurysms were adequately occluded. Reopening occurred in 21% of 

aneurysms and 10% of aneurysms were retreated. The difference between proportion of 

aneurysms with reopening (21%) and proportion of aneurysms with retreatment (10%) 

indicates that not all reopenings were retreated. Some reopened aneurysms may not 

be judged suitable for retreatment because of unfavorable geometry, small size, or high 

anticipated risk of retreatment. 

Studies with exclusively ruptured aneurysms had higher adequate occlusion rates 

both initially and at follow-up compared with all studies and lower reopening and 

retreatment rates. Although several studies state that rupture of the aneurysm is a risk 

factor for reopening of coiled aneurysms,7,19 our review could not confirm this finding. 

It is likely that higher proportions of large and posterior localization in unruptured 

aneurysms explain the higher rate of reopening of unruptured aneurysms.29 Because 

we had no data on individual patients or individual aneurysms but only aggregated 

data per study population, we could not assess whether indeed these factors explain the 

observed difference in reopening between ruptured and unruptured aneurysms. 

Studies with exclusively posterior circulation aneurysms had higher proportions 

of incompletely occluded aneurysms at follow-up with higher proportions of reopening 

and retreatment compared with the studies with >85% anterior circulation aneurysms. 

This is in concordance with previous studies.3,15,30 A possible explanation is that surgery 

is less likely an option in posterior circulation aneurysms. This could imply that also 

posterior circulation aneurysms with unfavorable configuration are coiled, whereas 

aneurysms with unfavorable configuration in the anterior circulation are clipped. 

Studies with aneurysms treated with modified coils did not show higher 

occlusion rates compared with studies using standard platinum coils. In fact, initial 

occlusion rates were less favorable. At follow-up, reopening and retreatment rates 

were comparable to standard platinum coils. This is consistent with a recent review 

regarding this subject.31 The lower rate of initial occlusion with modified coils may be 

explained by the inferior handling properties caused by increased stiffness and friction 

or because the aneurysms treated are the aneurysms with a less favorable geometry or 

larger ones, which might introduce a selection bias. A limitation of this review is that 
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Durability of endovascular treatment for intracranial aneurysms32

different kinds of modified coils were grouped together and that results might thus not 

apply to specific types of coils. 

A higher retreatment rate was found in studies with increasing proportion of 

aneurysms >10 mm. Large aneurysm size is a well-established risk-factor for reopening 

and retreatment, in part explained by lesser packing density and a higher proportion 

of aneurysms with intraluminal thrombus.7,11,14,15 We could not assess an association of 

increased reopening and retreatment rates with longer duration of follow-up, because 

fixed follow-up intervals were lacking. An analysis with mean duration of follow-up 

would not be meaningful. Although we did put all studies that reported reopening and 

their available follow-up duration into a forest plot, this also shows that there is no 

association or even trend in reopening and increasing follow-up duration (figure 2). 

This study had several limitations. Although our search was extensive, there is a 

chance that some studies were not included. The available literature is limited by a lack 

of randomized studies, lack of standard definitions, lack of fixed follow-up intervals, 

absence of details of individual patients, and no description of selection of patients. 

Reporting quality in most studies was poor allowing aggravated data extraction only. In 

addition, data were not reported in a standardized way and follow-up intervals varied 

widely. Reopening, retreatment, or recurrent hemorrhage could not be ascribed to 

individual patients or aneurysms, making it difficult to statistically assess possible risk 

factors for these events. A recent study provides future authors with detailed reporting 

standards of endovascular repair of saccular intracranial cerebral aneurysms.32 

conclusions

With this review, we have given an overview of the literature concerning aneurysm 

occlusion, reopening, and retreatment. To asses the value of long-term imaging follow-

up, the timing of occurrence of reopening should be known and studies with fixed 

follow-up intervals are needed. Future research should be focused on patients and 

aneurysms with specific risk factors for reopening and recurrent hemorrhage. With this 

information, customized follow-up protocols can be designed resulting in better patient 

care and reduced costs.
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