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Safety and Efficacy of Endovascular Treatment of Previously Clipped Aneurysms:

A Systematic Review and Meta-Analysis
Ondra Petr1,4, Lucie Petrová4,5, Ond�rej Bradá�c4, Bernhard Glodny2, Michael Edlinger3, Claudius Thomé1
-BACKGROUND/OBJECTIVE: The safety and efficacy of
endovascular treatment of previously clipped aneurysms
have not been well-established. We conducted a sys-
tematic review of the literature to evaluate the outcomes
of endovascular treatment of previously clipped
aneurysms.

-METHODS: A systematic search of MEDLINE, Embase,
Scopus, and the Web of Science was performed for studies
published until October 2017. We included studies with ‡2
patients that described endovascular treatment of previ-
ously clipped aneurysms. A random-effects meta-analysis
was used to pool the following outcomes: technical suc-
cess, aneurysm occlusion/recurrence/rebleed, ischemic/
thrombotic/thromboembolic events, neurologic/procedure-
related morbidity/mortality, and favorable neurologic out-
comes. We performed subgroup analyses by aneurysm
rupture status on presentation to the endovascular pro-
cedure, treatment timing, and by aneurysm location (ante-
rior vs. posterior circulation).

-RESULTS: In total, 27 studies with 271 patients were
included. Overall complete occlusion was 76.1% (95%
confidence interval [CI] 0.676e0.836) and technical success
was 97.9% (95% CI 0.958e0.993). Combined procedure-
related morbidity/mortality was 4.5% (95% CI 0.024e
0.073). There were no statistically significant differences in
any of the safety and efficacy outcomes by aneurysm
location. Overall long-term favorable neurologic outcome
was 78.5% (95% CI 0.732e0.834). All included studies are
retrospective.
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-CONCLUSIONS: Our meta-analysis demonstrated that
endovascular treatment is acceptably safe and effective. It
is important to point out that the complication rate of
treatment of these aneurysms is not negligible. These
findings should be considered when deciding the best
therapeutic strategy. Our findings may suggest that endo-
vascular treatment of previously clipped aneurysms should
only be considered in circumstances in which conserva-
tive management seems to be unsafe.
INTRODUCTION
neurysm remnants or recurrences are associated with a
permanent risk of hemorrhage from rupture, possibly
Aleading to serious or even fatal sequelae.1-7 Albeit low, the

risk of rupture after incomplete clip obliteration remains or even
increases with time.5,8 In the contemporary era of aneurysm
treatment, sufficient aneurysm occlusion can be achieved with
both surgical and endovascular treatment strategies or their
combination.9 In general, the endovascular modality is associated
with substantially greater rates of aneurysm recurrences and
retreatments. However, the incidence of aneurysm remnants
after microsurgical clipping is not negligible either, occurring
between 1.7% and 19%.2-4,6,10-16

For the treatment of previously clipped aneurysm recurrences,
attendant scar formation of the arachnoid can render microsur-
gical dissection highly demanding, representing one of the most
difficult procedures in aneurysm surgery.5,17,18 The treatment
policy in these patients has not been established yet.19 In general,
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progressive technological advances of endovascular treatment
continue to make sufficient aneurysm occlusions possible for a
growing number of patients to be treated with a variety of
endovascular strategies. Over the last 2 decades, several
series have detailed techniques, results, and complications of
an endovascular approach for previously clipped
aneurysms.8,9,16,20-30 However, most of these series are
small,9,20,22,24,26,29 and it is difficult to judge the complication
rates and outcomes for treatment of previously clipped aneurysms.
Thus, we conducted a systematic review of the literature to eval-
uate the safety and efficacy of endovascular treatment of previously
clipped aneurysms analyzing outcomes by aneurysm rupture
status, location, and timing of treatment.
METHODS

A comprehensive review of the literature was performed using the
keywords “intracranial aneurysm,” “clip,” “surgical,” “surger,”
“regrowth,” “recur,” “incomplete,” “residual,” “remnant,”
“retreat,” “reoperat,” “endovascular,” “stent,” “coil,” “flow divert,”
“diversion,” “occlude,” “occlusi,” and “emboli” in both “AND” and
“OR” combinations, to search Pubmed, Ovid Medline, Ovid
Embase, Scopus, and Web of Science. Inclusion criteria were the
following: English language, 2 or more patients, studies published
until October 2017 with adequate data on postoperative complica-
tions, outcome, and aneurysm occlusion rate. The exclusion criteria
were the following: case reports; in vitro, cadaveric, or animal
studies; review articles; guidelines; technical notes; and studies in
which all patients were selected because of a certain location of
aneurysms or with only one specific treatment modality.
The electronic search was supplemented by contacting experts

in the field and reviewing the bibliographies of included studies
for relevant publications. Abstracts, methods, results, figures, and
tables of full text for detailed review were searched by 2 inde-
pendent reviewers (O.P. and L.C.) for data on the preoperative
clinical condition, aneurysmal occlusion technique, occlusion
rates, treatment-related morbidity and mortality, and procedure-
related complications. The reference lists of retrieved articles
also were screened for additional studies. Furthermore, in case of
multiple publications from the same institution and or the same
authors, only the most recent and updated study was considered
to avoid inclusion of overlapping patients.
For each study, the following descriptive clinical and anatomical

information was extracted: patient demographics, initial clinical
status (subarachnoid hemorrhage [SAH]), location and size of
aneurysms, time interval between initial surgical treatment and
subsequent endovascular procedure, endovascular indications,
and technique. We studied the following outcomes: preoperative
morbidity, aneurysm rebleeding, aneurysm recurrence, complete
occlusion at last follow-up, long-term favorable neurologic
outcome, long-term neurologic morbidity, long-term neurologic
mortality, perioperative or periprocedural morbidity, perioperative
or periprocedural mortality, perioperative or periprocedural
stroke, and technical success.
Preoperative morbidity was defined as a Hunt & Hess classifi-

cation and/or World Federation of Neurosurgical Societies classi-
fication of SAH of 3 or more. Good neurologic outcome was
defined as a modified Rankin Scale score of 2 or less or as a
e138 www.SCIENCEDIRECT.com WORLD NE
Glasgow Outcome Scale score of 4 and 5. In cases in which these 2
scales were not available, favorable neurologic outcome was
determined if the study used terms such as “no morbidity,” “no
worsening,” or “good recovery.” Long-term neurologic morbidity
was defined as either a modified Rankin Scale score greater than
2, a Glasgow Outcome Scale score less than 4, or worsening of
pretreatment status of the patient after endovascular procedure,
relative to the preoperative baseline score. Aneurysm occlusion
was defined as complete occlusion confirmed by imaging exami-
nation (digital subtraction angiography, computed tomography
angiography, or magnetic resonance angiography) after the
endovascular procedure. Perioperative/periprocedural complica-
tions and perioperative/periprocedural stroke were defined as
those occurring within 30 days of the endovascular procedure.
We performed 5 subgroup analyses in this study: 1) a subgroup

analysis by aneurysm rupture status on presentation to the
endovascular procedure; 2) a subgroup analysis by timing of
endovascular treatment after surgery (early treatment within 1
month after the last surgery and the late intervention group treated
on afterwards); 3) a subgroup analysis by aneurysm location
(anterior vs. posterior circulation); 4) a subgroup analysis of 2
most common aneurysm locations in the anterior circulation
(anterior communicating artery [AComA] vs. middle cerebral
artery [MCA]); and 5) a subgroup analysis by endovascular tech-
niques (simple coiling vs. flow diversion).
Statistical Analysis
All included studies were noncomparative. From each study, we
estimated the cumulative incidence (event rate) and 95% confi-
dence interval (CI) for each outcome. Event rates for each inter-
vention were pooled in a meta-analysis across studies with the
random-effects model.31 Subgroup interactions were conducted
via an interaction test as described by Altman and Bland.32 For
all outcomes, we quantified between-study heterogeneity using a
homogeneity test based on Cochrane’s Q statistics and by calcu-
lating the I2 statistics.33,34 Anticipating heterogeneity between
studies, we chose this model a priori because it incorporates
within-study variance and between-study variance. We were un-
able to test for publication bias due to the noncomparative nature
of these studies.
RESULTS

Literature Review
Initial comprehensive literature search yielded 1215 articles. In
total, 66 studies were removed as case reports. On initial abstract
and title review, 1048 were excluded as they were deemed not
relevant to the current study. Five studies were removed as du-
plicates, and 96 studies were reviewed in additional detail. A total
of 21 studies were removed as only conference abstracts, and 33
studies were excluded although they dealt with endovascular
treatment of previously clipped aneurysms, however, without any
information about study population, aneurysm rupture status,
periprocedural, and/or postoperative outcome of the patients.
Fifteen studies were removed because they were technical notes.
A flow diagram describing our literature search process is
provided in Supplementary Figure 1.
UROSURGERY, https://doi.org/10.1016/j.wneu.2018.02.103
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In total, 27 studies with 271 patients undergoing endovascular
treatment of previously clipped aneurysms were included; 68 pa-
tients (25.1%) presented with ruptured intracranial aneurysms, 118
patients (43.5%) presented with unruptured intracranial aneu-
rysms, and in 85 patients (31.4%) the preoperative rupture status
was not specified. There were 217 intracranial aneurysms of the
anterior cerebral circulation and 39 aneurysms were located in the
posterior circulation. A total of 15 aneurysms were not classified
due to missing published data. Data are summarized in
Supplementary Table 1.8,9,16,20-30,35-47

Overall Outcome of Endovascular Treatment of Previously Clipped
Aneurysms
When we considered all patients receiving endovascular treatment
of previously clipped aneurysms, complete occlusion rate was
76.1% (95% CI 0.676e0.836), and technical success rates were
97.9% (95% CI 0.958e0.993). Pretreatment morbidity was 27.8%
(95% CI 0.211e0.351) and perioperative mortality was 3.0% (95%
CI 0.012e0.055). Combined procedure-related morbidity and
mortality rates were 4.5% (95% CI 0.024e0.73). Intraprocedural
aneurysm rupture/perforation rate was 3.4% (95% CI
0.015e0.058). Thrombotic events occurred in 3.8% (95% CI
0.016e0.068) and thromboembolic events in 2.6% (95% CI
0.008e0.052). Perioperative stroke/hemorrhage was documented
in 5.6% (95% CI 0.032e0.086). Aneurysm recurrence rates were
7.2% (95% CI 0.040e0.112) and rebleeding rates were 2.7% (95%
CI 0.010e0.051). Overall long-term favorable neurologic outcome
rates were 78.5% (95% CI 0.732e0.834). These data are summa-
rized in Supplementary Table 2.

Outcome by Rupture Status
When we considered endovascular treatment of previously clipped
aneurysms by rupture status, complete occlusion rate was 69.9%
(95% CI 0.552e0.828) in the ruptured group and 80.6% (95% CI
0.684e0.905) in the unruptured group. Similarly, technical suc-
cess rates were 94.9% (95% CI 0.878e0.992) in the ruptured group
and 91.4% (95% CI 0.807e0.983) in the unruptured group. Pre-
treatment morbidity was 45.9% (95% CI 0.303e0.619) in the
ruptured group and 20.4% (95% CI 0.131e0.288) in the unrup-
tured group (P ¼ 0.003). Perioperative mortality was 9.5% (95% CI
0.029e0.188) in the ruptured group and 3.2% (95% CI 0.005e
0.075) in the unruptured group. Combined procedure-related
morbidity and mortality rates were 5.1% (95% CI 0.008e0.122)
in the ruptured group and 7.8% (95% CI 0.034e0.138) in the
unruptured group. Intraprocedural aneurysm rupture/perforation
rates were 6.8% (95% CI 0.016e0.145) in the ruptured group and
3.8% (95% CI 0.009e0.085) in the unruptured group. Thrombotic
events occurred in 6.3% (95% CI 0.014e0.139) in the ruptured
group and 3.1% (95% CI 0.005e0.075) in the unruptured group.
Perioperative stroke/hemorrhage occurred in 7.9% (95% CI

0.023e0.160) in the ruptured group and 4.8% (95% CI 0.014e
0.098) in the unruptured group. Aneurysm recurrence rates were
8.5% (95% CI 0.019e0.186) in the ruptured group and 5.1% (95%
CI 0.014e0.107) in the unruptured group. There were no sub-
stantial differences in any of the safety and efficacy outcomes by
rupture status. No aneurysm in the ruptured and the unruptured
group bled after treatment, and statistical rebleeding rates were
5.0% (95% CI 0.004e0.130) in the ruptured group and 3.1% (95%
WORLD NEUROSURGERY 114: e137-e150, JUNE 2018
CI 0.004e0.077) in the unruptured group. In the context of pre-
treatment morbidity, patients presenting with ruptured aneurysms
had significantly lower rates of overall long-term favorable
neurologic outcome (70.9%, 95% CI 0.589e0.817) compared with
those with unruptured aneurysms (85.5%, 95% CI 0.781e0.917)
(P ¼ 0.045). These data are summarized in Supplementary
Table 3.

Timing of Treatment
There was no significant difference in rates of preoperative
morbidity between patients receiving early endovascular treatment
(<4 weeks after surgery) (39.5%, 95% CI 0.223e0.580) and those
undergoing late treatment (25.7%, 95% CI 0.171e0.354)
(P ¼ 0.162). Long-term favorable neurologic outcome was 74.4%
in patients receiving early endovascular treatment (95% CI 0.595e
0.870) and 82.3% in patients undergoing late endovascular treat-
ment (95% CI 0.729e0.902). Ultimately, there were no significant
differences in procedure-related complication rates, aneurysm
recurrence rates, or technical success rates between groups. These
data are summarized in Supplementary Table 4.

Outcome by Location
When we considered endovascular treatment of both anterior and
posterior circulation groups, there were no statistically significant
differences in any of the safety and efficacy outcomes by aneurysm
location. Of note, there was a trend in greater rates of complete
aneurysm occlusion favoring the anterior circulation aneurysms
compared with those in the posterior circulation (79.3% vs. 56.4%,
P ¼ 0.083). Aneurysm recurrence rates were 5.7% (95% CI
0.021e0.107) in the anterior circulation group and 8.6% (95% CI
0.000e0.236) in the posterior circulation group. Long-term favorable
neurological outcome rates reflected the rates of preoperative
morbidity without substantial differences between groups (82.6% in
the anterior circulation group and 75.2% in the posterior circulation
group). Data are summarized in Supplementary Table 5.
When we considered 2 most common aneurysm locations in the

anterior circulation (AComA vs. MCA), there were no statistically
significant differences in any of the safety and efficacy outcomes
by this aneurysm location. Of note, aneurysm recurrence rates
were 19.9% (95% CI 0.034e0.435) for MCA aneurysms. This may
be a possible consequence of lower rates of complete aneurysm
occlusion in these aneurysms (68.0%, 95% CI 0.355e0.938). Data
are summarized in Supplementary Table 6.

Outcome by Endovascular Techniques
There were no statistically significant differences in any of the
safety and efficacy outcomes by used endovascular techniques.
Not surprisingly, preoperative morbidity was greater in patients
receiving simple coil embolization (33.9%, 95% CI 0.255e0.428)
compared with those undergoing flow diversion treatment (8.6%,
95% CI 0.000e0.228) (P ¼ 0.001). Complete occlusion rates were
slightly greater (82.4%, 95% CI 0.558e1.000) in the flow diversion
group compared with those in the simple coiling group (74.6%,
95% CI 0.600e0.869). Ultimately, both endovascular techniques
showed very high rates of technical success (96.1% in the simple
coiling group and 95.8% in the flow diversion group). These data
are summarized in Supplementary Table 7.
www.WORLDNEUROSURGERY.org e139
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DISCUSSION

In combining outcome data from 27 studies, this systematic
review and meta-analysis of 271 patients receiving endovascular
treatment after microsurgical clipping of intracranial aneurysms
provides representative data on treatment safety and efficacy.
Despite the challenging character and technical difficulties asso-
ciated with retreatment procedures in patients with previously
clipped aneurysms we have demonstrated that, in general, endo-
vascular treatment is technically feasible with very high rates of
technical success of more than 95% and complete aneurysm
occlusion of more than 75%, and safe with good long-term
neurologic outcomes of approximately four fifths of patients.
However, it is important to point out that the complication rate of
endovascular treatment of these aneurysms is not negligible.
Thus, consideration of treatment should be performed on a case-
by-case basis.
Our subgroup analysis of rupture status found no difference in

technical or angiographic outcomes in the treatment of both
ruptured or unruptured aneurysms suggesting that endovascular
treatment of previously clipped aneurysms is safe and effective
disregarding whether the aneurysm is ruptured or not.
Not surprisingly, there was a trend toward greater rates of

preoperative morbidity in patients receiving endovascular treat-
ment within the first 4 weeks after surgery, most likely associated
with complexity and demanding character of aneurysms that
require additional treatment in defiance of previous surgery.
Oftentimes, the consequential endovascular procedures of these
aneurysms represent an emergency treatment. Correspondingly,
long-term favorable neurologic outcome was slightly lower in
these patients. Importantly, endovascular treatment of both
anterior and posterior circulation aneurysms after clipping had
similar high rates of technical success, sufficient rates of aneurysm
occlusion, and acceptable rates of long-term favorable neurologic
outcome. In addition, comparing treatment outcomes of 2 most
common aneurysms in the anterior circulation, there were no
statistically significant differences in any of the safety and efficacy
outcomes for both AComA and MCA aneurysms. Yet, of special
relevance to aneurysm recurrence are rather higher rates of reap-
pearance of MCA aneurysms, reaching up to 20% of all cases.
Ultimately, both analyzed endovascular techniques simple

coiling and flow diversion seem to be very reliable and efficient.
There was a slight indication of greater efficacy for flow diversion
procedures compared with simple coil embolization in terms of
higher rates of aneurysm occlusion and lower rates of recurrences.
These findings are important as they suggest that endovascular

treatment of previously clipped aneurysms is feasible if necessary.
Yet, these findings may suggest that endovascular treatment of
previously clipped aneurysms should only be considered in
circumstances where conservative management seems to be
unsafe, i.e., rupture risk seems relevant.
Treatment of intracranial aneurysms aims at completely oblit-

erating their lumen, thus permanently excluding the entire
aneurysm from the arterial circulation.4,8,35,48 Although micro-
surgical clipping is usually successful in achieving this goal,
estimates of aneurysm remnants after clip obliteration range from
4% to 8%.1-4,10-15,49 Yet, it is difficult to determine an accurate
remnant rate due to the lack of imaging follow-up in most
e140 www.SCIENCEDIRECT.com WORLD NE
instances, subjective self-reporting of complete versus incomplete
clip obliteration, and relatively poor resolution of an intraoperative
angiogram as opposed to that performed in a state-of-the-art
biplanar angiographic suite.50

Importantly, the natural history of incompletely clipped aneu-
rysms or rather aneurysm recurrences after surgical treatment over
many years is not fully elucidated. Several studies and reports have
indicated that the risk of hemorrhage from postsurgical residual
aneurysms ranges from 0.4% to 1.9% per year.2-6,10,51 For
example, in a series of 329 patients, Drake and Vanderlinden2

identified 43 residual aneurysms in which 12 patients (27.9%)
presented with recurrent bleeding. In another study, based on
data of 715 patients over a mean follow-up period of 8 years,
Feuerberg et al.3 derived an annual risk of rebleeding from
residual aneurysms after surgical treatment of up to 0.8% per
year. Lin et al.4 further refined the understanding of the risk
associated with aneurysm remnants by demonstrating that the
risk was not limited to large remnants only but also applied to
neck remnants as small as 1e2 mm. Their study analyzed 19
patients who had presented with regrowth of aneurysmal sacs
from residual necks after clipping. Sixteen patients in that study
had 1- to 2-mm postoperative remnants after initial clipping.
The majority of patients in their study had SAH at their second
presentation. The average time to second presentation with SAH
was 9 years (range, 3e24 years).
It is worthy of notice that some authors18,50 categorized the

aneurysm recurrences into 3 types. In particular, type I involved a
recurrence at the proximal end of the clip tines, type II at the distal
end, and type III lateral to the tines.50 Spiotta et al.50 reported that
the most common type of recurrence was that arising distal to the
clip tines (46.1%), and the least frequently encountered recurrence
was that arising proximal to the tines (19.2%). Laterally located
recurrences were found in 34.6% of cases. Type I recurrences
were identified at a posttreatment interval of 8.1 � 9 years
(mean � SD), type II recurrences at 11.5 � 7 years, and type III
recurrences were identified with the longest time interval at 16.3
� 5 years. In our meta-analysis we were not able to perform the
subgroup analysis according to the aforementioned recurrence
types due to insufficient data and/or small numbers of included
aneurysms.
Although small, the risk of hemorrhage after incomplete

aneurysm clipping remains and can result in serious and even fatal
consequences.2-5,7 Of note, some authors postulated that younger
people are at greater risk of developing larger aneurysms from tiny
remnants.4,52 In addition, enlarging remnants can produce
compressive symptoms from local mass effect.2,5,8 Consequently,
treatment of the aneurysm remnants is usually advocated, espe-
cially in young people.2-4

Although much attention has been drawn to the challenges
inherent to surgical treatment of recurrent or inadequately coiled
aneurysms,53 much less is known about coiling of previously
clipped aneurysms. This largely reflects the rarity of the event.9

Previous studies have demonstrated that the rate of recurrent
aneurysms located at the clip was 0.26%e0.52% per year,10,51

whereas the incidence of de novo unruptured aneurysms at a
different location from the original site was found to be between
0.37% and 1.8% per year.10,51,54-57
UROSURGERY, https://doi.org/10.1016/j.wneu.2018.02.103
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Of note, it is important to consider the fact that a majority of
unruptured recurrences do not require or undergo retreatment,
and re-rupture rates of aneurysm recurrences are generally
low.58,59 When deciding which patients should undergo retreat-
ment of previously clipped aneurysms, it is essential to consider
the morbidity associated with retreatment in the context of the
“natural history” of the aneurysm recurrences after surgical
treatment. As for ruptured recurrences or remnants, immediate
treatment is taken for granted irrespective of chosen therapy
approach.
Formerly, reoperations were the primary treatment method for

residual or recurrent aneurysms, which occasionally results in
poor clinical outcomes.2,4,6 The reported rates of surgery-related
morbidity and mortality are very inhomogeneous and range
between 0% and 43%.2,4,17,18,30,60-63 In defiance of the limited
number of previously published studies that dealt with this topic,
it is generally accepted that the surgical treatment of previously
clipped aneurysms is one of the most difficult procedures in
aneurysm surgery and is associated with substantial
procedure-related complications. For example, Drake and Van-
derlinden2 reported a 7% rate for major morbidity and 5.2% for
mortality in one of the largest series of reoperated patients
performed thus far. Poor clinical outcomes also were observed
in several other studies.4,5 In addition, previous surgical reports
have detailed the numerous problems that can occur during the
microsurgical dissection of previously clipped recurrent aneu-
rysms, such as scar tissue and adhesions especially around the
aneurysm prolonging duration of surgery, or the presence of the
initial clip that hampered the application of another clip.5,17,61

In comparison, endovascular treatment offering a solution for
many of the aforementioned difficulties has been reported as a
very promising, safe, and effective procedure for treating recurrent
aneurysms.23,27 Furthermore, some authors advocate the opinion
that endovascular treatment should be considered first for suitable
recurrent aneurysms.30

However, to date, there has been little evidence beyond single-
center case series to support this. Our study found that the
complication rates from treatment of these aneurysms were not
negligible, reaching up to 8% of patients harboring unruptured
previously clipped aneurysms. This morbidity is likely due to
complex aneurysm configuration, in most cases influenced by the
clip blade, resulting in extremely irregular and shallow aneurysm
morphology and a rigid aneurysm neck for conventional coiling.28

Consequently, this leads to use of more challenging endovascular
techniques in the majority of cases.
The latter facts notwithstanding, it is worth noticing that in the

last 2 decades, remarkable progress with numerous technological
advances continue to make it possible for a growing number of
patients with cerebral aneurysms including oddly configured ones
to be successfully treated with a variety of endovascular strate-
gies.16,28,30,64-67 This particularly applies to one of the most
contemporary endovascular means—flow diversion technique. For
example, Ding et al.36 demonstrated the safety and feasibility of
Pipeline device in complex recurrent intracranial aneurysms after
previous microsurgical clipping. Likewise, Dornbos et al.37

stated that endovascular treatment of recurrent aneurysms with
the pipeline embolization devices after previous endovascular
coiling, flow diversion, or microsurgical clipping is associated
WORLD NEUROSURGERY 114: e137-e150, JUNE 2018
with a high rate of complete occlusion and minimal morbidity.
In our meta-analysis, we found overall rates of technical success
as high as 97%. These findings strongly support statements of the
latter studies.
Given the reported high rates of surgery-related complications

in numerous previous studies2,4,17,18,30,60-63 compared with our
aforementioned findings, we can conclude that the endovascular
treatment of previously clipped aneurysms is safe and highly
effective and should be considered as a first-line choice for these
aneurysms. This may not apply to very early reoperations after
incomplete aneurysm clipping, in which scarring is not an issue.
Data on initial revision surgery, however, are lacking.
With regard to the aneurysm recurrence interval, several studies

have reported 3 years at the lower end of the time frame for de
novo aneurysm rupture, but most recurrences seem to occur more
than 10 years after the initial surgical treatment.18,51,61 Many
authors, including those in our department, suggest that
screening for newly formed aneurysms or rather aneurysm re-
currences should be carried out within 3e5 years after the initial
surgery,29,30,68 and follow-up imaging should be repeated for more
than 10 years.69 In addition, Tsutsumi et al.70 reported that more
frequent follow-up angiography (e.g., every 3 years) may be indi-
cated for patients with incompletely clipped aneurysms. Wermer
et al.71 recommended follow-up examinations every 5 years,
particularly in young women with SAH. Accordingly, continuous
long-term follow-up seems to be necessary even in aneurysms
treated with clipping.5,29,51,52

Ultimately, the decision regarding whether to treat unruptured
recurrences with endovascular therapy, surgical approach, or to
manage it conservatively should be taken on a case-by-case basis
considering anatomical factors such as aneurysm location, feasi-
bility of coiling, and local neurosurgical and endovascular exper-
tise. Likewise, it is essential to consider the morbidity associated
with retreatment in the context of the “natural history” of the
aneurysm recurrences after surgical treatment.
Finally, endovascular and surgical approaches are not mutually

exclusive, and complex intracranial aneurysms are sometimes best
treated by combining both treatment strategies.8,16,53,72-74 Surgical
and endovascular techniques can be successfully integrated into a
single therapeutic plan, the order of the interventions depending
on the particular characteristics of each patient.16,72,73

Study Heterogeneity
Significant heterogeneity (I-squared value over 50% and P value for
Cochrane Q test <0.05) was not noted in any of combined ana-
lyses. I-squared values are summarized in Supplementary
Tables 2e5.

Strengths and Limitations
Our study is the first meta-analysis studying outcomes of endo-
vascular management of previously clipped aneurysms. Because of
the large sample size, we were able to compare outcomes by
aneurysm rupture status, timing of treatment, aneurysm location,
and draw a number of important conclusions. Other strengths of
our study include the following: following an a priori established
protocol, the comprehensive literature search that involves mul-
tiple databases, and the process of study selection that was
performed by independent reviewers thus fulfilling the PRISMA
www.WORLDNEUROSURGERY.org e141
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(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines.

We acknowledge that our meta-analysis has several limitations.
Indications for treatment, primary clinical status, and outcome
assessment differed across studies. Yet, the finding that all studies
produced consistent results and described similar treatment
experience and postoperative/postprocedural outcomes reassure
us that these methodologic differences do not negate the validity
of the meta-analysis. Our study also suffers from publication bias,
as retrospective case series are prone to high rates of publication
bias. In addition, because the majority of studies included in our
meta-analysis are retrospective, noncomparative case series,
meaningful direct comparison options between treatment mo-
dalities and patient groups are limited. Finally, our study may not
include all reported cases of endovascular treatment for previous
surgically treated aneurysms. The reasons for that are insufficient
or missing data on aforementioned analyzing outcomes (especially
e142 www.SCIENCEDIRECT.com WORLD NE
in large prospective trials), or methodology of the meta-analysis
itself.

CONCLUSIONS

Our meta-analysis of 271 patients receiving endovascular treatment
after microsurgical clipping of intracranial aneurysms demon-
strated that despite the challenging character and technical diffi-
culties associated with retreatment procedures, endovascular
treatment is technically feasible, acceptably safe, and effective.
However, it is important to point out that the complication rates
from treatment of these aneurysms are not negligible. These
findings should be considered on a case-by-case basis when
deciding the best therapeutic strategy for treatment of aneurysm
recurrences after microsurgical clipping. Our findings may sug-
gest that endovascular treatment of previously clipped aneurysms
should only be considered in circumstances in which conservative
management seems to be unsafe.
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SUPPLEMENTARY DATA
Potentially relevant citations after case reports (66) 
removed

(n = 1149)

Records excluded: 
duplicates (n = 5)
on basis of titles and abstracts (1048)

(n = 1053)

Full-text articles retrieved for more detailed 
evaluation
(n = 96)

Studies included in meta-analysis
(n = 27)

Articles excluded:
Conference abstracts only (n = 21)
Insufficient details on study 
population, treatment and/or 
postoperative outcome (n = 33)
Technical notes (n = 15)

(n = 69)

Records identified thru database searching
(n = 1215)

Supplementary Figure 1. A flow diagram describing our comprehensive literature search.
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Supplementary Table 1. Study Characteristics

Study

History
of
SAH

Total No.
Patients
with

Aneurysm
Remnants

No. Analyzed
Patients

/Endovascularly
Treated
Remnants

No. Analyzed
Endovascularly

Treated
Ruptured
Remnants

No. Analyzed
Endovascularly

Treated
Unruptured
Remnants

Overall No.
Endovascular
Procedures

No.
Patients.
with >1
SAH

Female
/Male

Mean
Age,
Years

No.
Remnants
in Anterior
Circulation

No.
Remnants
in Posterior
Circulation

Initial
Mean

/Median
Aneurysm

Size,
mm, Before

First
Treatment

Mean
/Median
Remnant
Size, mm

Mean
Follow-Up
Length,
Months

Mean Time
Interval
Between

Surgery and
Endovascular
Re-Treatment,

Months
Study
Type

Fraser
et al., 199438

1/2 2 2 1 1 2 0 1/1 49 (47e51) 1 1 15 N/A 12 9 days R

Forsting
et al., 199639

2/2 2 2 1 1 2 1 1/1 37 (36e37) 2 0 N/A N/A 4.5 (0e9) 6 (0.3e12) R

Thielen
et al., 199735

5/8 8 8 0 8 12 0 4/4 43 (25e65) 6 2 12.7
(6e35)

8.0 (5e14) 28 (1 weeke
63 months)

69.1 (3 weekse14.5 years) R

Bavinzski
et al., 199940

4/4 4 4 4 0 4 3 4/0 50 (41e71) 4 0 N/A N/A 20 (12e24) 141 (0e300) R

Pierot
et al., 199941

1/3 3 3 1 2 5 0 2/1 48 (42e57) 2 1 N/A 4 (3e5.5) 6 (3e15) 49,5 (3e96) R

Cekirge
et al., 200042

4/4 4 4 4 0 4 0 0/4 49 (40e58) 4 0 N/A N/A N/A 76.7 (2e168) R

Asgari
et al., 200243

0/4 4 4 0 4 4 0 2/2 43 (32e62) 4 0 N/A N/A 12 2.1 weeks (11e21 days) R

Bendok
et al., 200220

3/5 5 5 3 2 5 N/A 2/3 56 (50e65) 2 3 N/A N/A N/A 67.7 (0.5e288) R

Rabinstein
et al., 20028

13/21 21 21 4 17 21 2/21 13/8 51 (25e84) 14 7 9.9
(3e35)

6.4 (3e14) 21 (0.3e66) 1 daye26 years R

Hoh
et al., 200321

N/A 25 11 N/A N/A 11 N/A 16/9 47 (24e69) N/A (19) N/A (6) N/A 11 (4e26) N/A 79.2 (0.3e300) R

Kang
et al., 200444

4/13 13 9 3 6 9 0 N/A N/A 9 4 N/A N/A 15,4 (2e70) 17.7 months (0 daye65 months) R

Lubicz
et al., 200422

8/8 8 8 3 5 8 3/8 7/1 38 (14e50) 8 0 9.9
(3e17)

5.8 (4e10) 19 N/A R

Mangiafico
et al., 200523

12/12 12 12 3 9 12 3/12 9/3 56 (28e80) 12 0 11.0
(4 e21)

8.5 (3e18) 22 (3e48) N/A R

Rothemeyer
et al., 200524

3/3 3 3 3 0 3 3 3/0 36 (28e42) 3 0 N/A N/A N/A N/A R

Sato
et al., 200625

N/A 10 7 N/A N/A 7 N/A N/A N/A N/A N/A N/A N/A N/A N/A R

Lim
et al., 200826

6/6 6 6 2 4 6 N/A 5/1 54 (37e70) 6 0 7
(3e14)

N/A 16.8 (11e26) N/A R

Kim
et al., 201027

22/24 24 24 8 16 24 8/24 13/11 52 (31e71) 24 0 8.3
(3e15)

6.5 (2e18) 24 (3e82) 30.4 (8 dayse114) R

Spiotta
et al., 20119

6/7 7 7 N/A N/A 7 N/A 5/2 56.9 (�9) 7 0 N/A N/A N/A 138 (4e240) R

Ding
et al., 201436

2/2 2 2 0 2 2 0 2/0 54 (45e63) 2 0 N/A 18 (15e21) 8.5 (6e11) 20 years (17e23) R
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Li
et al., 201328

24/31 31 31 16 15 31 N/A 20/11 58 (39e75) 29 2 7.9
(2e19)

5.7 (2e14) 32.9 (3e115) 19 R

Chung
et al., 201429

8/8 8 8 4 4 8 4/8 5/3 62 (39e69) 8 0 7.2
(3e12)

6.3 (3.5e8.3) 37.3 (6e96) 82.8 (0.5e228) R

Adeeb
et al., 201645

N/A 7 7 1 6 7 0 7/0 50 (33e69) 5 2 N/A 9 (4e18) 7.6 (3e12) 12.9 years (5e20) years R

Hokari
et al., 201630

9/10 10 10 6 4 10 6/10 9/1 67 (48e81) 9 1 N/A 7.1 (3.5e12) N/A 183.6 (48e372) R

Kühn
et al., 201746

3/6 6 6 0 6 6 0 N/A N/A 6 0 N/A N/A 10.8 (0e12) 51 (3e192) R

Dornbos
et al., 201737

1/4 4 5 0 5 5 0 4/0 45 (12e57) 5 0 N/A 8.7 (4.1e15.3) 28.5 (22e37) 88.8 (7e204) R

Gross
et al., 201716

42 60 60 N/A N/A 59 (7) 36/24 52 (� 15) 44 15 N/A N/A 52.8 N/A R

Ito
et al., 201747

2/2 2 2 1 1 2 0 2/0 52 (42e62) 1 1 N/A N/A N/A N/A R

SAH, subarachnoid hemorrhage; R, retrospective; P, prospective; N/A, not available.
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Supplementary Table 2. Overall Outcomes

All Patients

Overall % (95% CI) Raw Proportion I2

Preoperative morbidity (SAH H&H III-V) 27.8% (0.211e0.351) 40/146 0.0%

Procedure-related morbidity/mortality 4.5% (0.024e0.073) 7/268 0.0%

Perioperative mortality 3.0% (0.012e0.055) 4/237 0.0%

Aneurysm rupture/perforation during treatment 3.4% (0.015e0.058) 4/269 0.0%

TIA 3.2% (0.014e0.057) 5/268 0.0%

Thrombus 3.8% (0.016e0.068) 4/208 0.0%

Thromboembolic 2.6% (0.008e0.052) 1/208 0.0%

Neurologic morbidity/mortality at last follow-up 19.7% (0.149e0.249) 49/253 3.2%

Complete aneurysm occlusion at last follow-up 76.1% (0.676e0.836) 139/182 28.8%

Aneurysm recurrence 7.2% (0.040e0.112) 13/196 0.0%

Aneurysm rebleed 2.7% (0.010e0.051) 2/238 0.0%

Perioperative stroke/hemorrhage 5.6% (0.032e0.086) 11/268 0.0%

Number of treatment repetitions 5.2% (0.028e0.083) 14/269 4.1%

Technical success 97.9% (0.958e0.993) 269/271 0.0%

Favorable neurologic outcome at last follow-up 78.5% (0.732e0.834) 197/251 2.5%

CI, confidence interval; SAH, subarachnoid hemorrhage; H&H, Hunt and Hess score; TIA, transient ischemic attack.

Supplementary Table 3. Outcome by Rupture Status

Ruptured Unruptured

POverall % (95% CI) Raw Proportion I2 Overall % (95% CI) Raw Proportion I2

Preoperative morbidity (SAH H&H III-V) 45.9% (0.303e0.619) 23/48 24.6% 20.4% (0.131e0.288) 18/94 0.0% 0.003

Procedure-related morbidity/mortality 5.1% (0.008e0.122) 0/55 0.0% 7.8% (0.034e0.138) 5/98 0.0% 0.591

Perioperative mortality 9.5% (029e0.188) 3/48 0.0% 3.2% (0.005e0.075) 0/98 0.0% 0.188

Aneurysm rupture/perforation during treatment 6.8% (0.016e0.145) 1/55 0.0% 3.8% (0.009e0.085) 1/99 0.0% 0.482

TIA 5.1% (0.008e0.122) 0/55 0.0% 6.0% (0.022e0.115) 4/99 0.0% 0.839

Thrombus 6.3% (0.014e0.139) 1/55 0.0% 3.1% (0.005e0.075) 0/99 0.0% 0.438

Thromboembolic 5.1% (0.008e0.122) 0/55 0.0% 3.1% (0.005e0.075) 0/99 0.0% 0.618

Neurologic morbidity/mortality at last follow-up 29.6% (0.178e0.429) 17/55 14.5% 14.5% (0.083e0.219) 13/96 0.0% 0.032

Complete aneurysm occlusion at last follow-up 69.9% (0.552e0.828) 26/37 0.0% 80.6% (0.684e0.905) 61/75 31.4% 0.256

Aneurysm recurrence 8.5% (0.019e0.186) 2/40 0.0% 5.1% (0.014e0.107) 2/86 0.0% 0.510

Aneurysm rebleed 5.0% (0.004e0.130) 0/45 0.0% 3.1% (0.004e0.077) 0/91 0.0% 0.684

Perioperative stroke/hemorrhage 7.9% (0.023e0.160) 2/55 0.0% 4.8% (0.014e0.098) 2/99 0.0% 0.482

Number of treatment repetitions 5.1% (0.008e0.122) 0/55 0.0% 5.7% (0.020e0.110) 5/99 0.0% 0.901

Technical success 94.9% (0.878e0.992) 55/55 0.0% 91.4% (0.807e0.983) 93/101 55.7% 0.526

Favorable neurologic outcome at last follow-up 70.9% (0.589e0.817) 39/55 2.1% 85.5% (0.781e0.917) 83/96 0.0% 0.045

CI, confidence interval; SAH, subarachnoid hemorrhage; H&H, Hunt and Hess score; TIA, transient ischemic attack.

e148 www.SCIENCEDIRECT.com WORLD NEUROSURGERY, https://doi.org/10.1016/j.wneu.2018.02.103

ORIGINAL ARTICLE

ONDRA PETR ET AL. COILING OF PREVIOUSLY CLIPPED ANEURYSMS

www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2018.02.103


Supplementary Table 4. Outcome by Timing of Endovascular Treatment

Early Treatment (<4 Weeks) Late Treatment (>4 Weeks)

POverall % (95% CI) Raw Proportion I2 Overall % (95% CI) Raw Proportion I2

Preoperative morbidity (SAH H&H III-V) 39.5% (0.223e0.580) 12/31 15.2% 25.7% (0.171e0.354) 23/90 5.9% 0.162

Procedure-related morbidity/mortality 7.9% (0.013e0.186) 1/35 0.0% 3.0% (0.004e0.073) 0/97 0.0% 0.331

Perioperative mortality 5.7% (0.003e0.154) 0/35 0.0% 4.0% (0.009e0.087) 2/97 0.0% 0.746

Aneurysm rupture/perforation during treatment 5.7% (0.003e0.154) 0/35 0.0% 4.1% (0.010e0.089) 1/98 0.0% 0.775

TIA 5.7% (0.003e0.154) 0/35 0.0% 5.7% (0.019e0.110) 4/98 0.0% 0.995

Thrombus 5.7% (0.003e0.154) 0/35 0.0% 3.5% (0.007e0.080) 1/98 0.0% 0.670

Thromboembolic 5.7% (0.003e0.154) 0/35 0.0% 3.0% (0.004e0.073) 0/98 0.0% 0.595

Neurologic morbidity/mortality at last follow-up 25.6% (0.130e0.405) 9/34 1.3% 16.8% (0.098e0.252) 15/96 7.2% 0.265

Complete aneurysm occlusion at last follow-up 84.0% (0.693e0.949) 24/28 0.0% 68.4% (0.515e0.833) 44/64 47.3% 0.160

Aneurysm recurrence 5.8% (0.002e0.164) 0/31 0.0% 6.9% (0.023e0.136) 4/76 0.0% 0.888

Aneurysm rebleed 5.5% (0.002e0.155) 0/33 0.0% 3.0% (0.003e0.078) 0/83 0.0% 0.670

Perioperative stroke/hemorrhage 7.9% (0.013e0.186) 1/35 0.0% 4.9% (0.015e0.100) 3/98 0.0% 0.565

Number of treatment repetitions 5.7% (0.003e0.154) 0/35 0.0% 5.6% (0.017e0.112) 5/98 5.4% 0.984

Technical success 92.7% (0.824e0.991) 34/35 0.0% 97.0% (0.927e0.996) 98/98 0.0% 0.372

Favorable neurologic outcome at last follow-up 74.4% (0.595e0.870) 25/34 1.3% 82.3% (0.729e0.902) 80/96 19.4% 0.362

CI, confidence interval; SAH, subarachnoid hemorrhage; H&H, Hunt and Hess score; TIA, transient ischemic attack.

Supplementary Table 5. Outcome by Aneurysm Location

Anterior Circulation Posterior Circulation

POverall % (95% CI) Raw Proportion I2 Overall % (95% CI) Raw Proportion I2

Preoperative morbidity (SAH H&H III-V) 25.1% (0.167e0.345) 32/124 22.9% 34.6% (0.159e0.559) 6/18 0.0% 0.394

Perioperative mortality 3.9% (0.013e0.077) 2/140 0.0% 10.4% (0.006e0.273) 1/18 0.0% 0.358

Procedure-related morbidity/mortality 5.5% (0.023e0.097) 4/140 0.0% 8.3% (0.000e0.217) 0/18 0.0% 0.628

Thrombus/thromboembolic events 3.8% (0.012e0.075) 2/140 0.0% 8.3% (0.000e0.217) 0/18 0.0% 0.435

Complete aneurysm occlusion at last follow-up 79.3% (0.679e0.888) 76/96 38.5% 56.4% (0.321e0.793) 8/14 0.0% 0.083

Aneurysm recurrence 5.7% (0.021e0.107) 4/110 0.0% 8.6% (0.000e0.236) 0/15 0.0% 0.652

Aneurysm rebleed 2.9% (0.006e0.066) 0/120 0.0% 8.6% (0.000e0.236) 0/15 0.0% 0.358

Perioperative stroke/hemorrhage 5.2% (0.022e0.095) 4/140 0.0% 8.3% (0.000e0.217) 0/18 0.0% 0.601

Technical success 96.2% (0.924e0.987) 141/143 0.0% 91.7% (0.783e1.000) 18/18 0.0% 0.440

Favorable neurologic outcome at last follow-up 82.6% (0.760e0.883) 115/138 0.0% 75.2% (0.547e0.913) 14/18 0.0% 0.452

CI, confidence interval; SAH, subarachnoid hemorrhage; H&H, Hunt and Hess score.
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Supplementary Table 6. Outcomes of AComA Versus MCA Aneurysms

AComA MCA

POverall % (95% CI) Raw Proportion I2 Overall % (95% CI) Raw Proportion I2

Preoperative morbidity (SAH H&H III-V) 35.2% (0.230e0.485) 16/47 0.0% 34.0% (0.138e0.573) 5/15 0.0% 0.922

Perioperative mortality 7.7% (0.021e0.161) 2/52 0.0% 8.8% (0.000e0.232) 0/16 0.0% 0.885

Procedure-related morbidity/mortality 6.2% (0.014e0.136) 1/56 0.0% 8.8% (0.000e0.232) 0/16 0.0% 0.701

Thrombus/thromboembolic events 6.2% (0.014e0.136) 1/56 0.0% 8.8% (0.000e0.232) 0/16 0.0% 0.701

Complete aneurysm occlusion at last follow-up 77.8% (0.606e0.914) 32/41 32.9% 68.0% (0.355e0.938) 5/7 0.0% 0.561

Aneurysm recurrence 6.8% (0.012e0.157) 1/45 0.0% 19.9% (0.034e0.435) 2/13 0.0% 0.229

Aneurysm rebleed 4.6% (0.004e0.121) 0/49 0.0% 8.3% (0.000e0.232) 0/15 0.0% 0.575

Perioperative stroke/hemorrhage 5.3% (0.009e0.123) 0/56 0.0% 8.8% (0.000e0.232) 0/16 0.0% 0.598

Technical success 92.6% (0.848e0.979) 56/58 0.0% 91.2% (0.768e1.000) 16/16 0.0% 0.845

Favorable neurologic outcome at last follow-up 73.8% (0.616e0.844) 41/55 6.8% 81.4% (0.600e0.964) 13/15 0.0% 0.488

AComA, anterior communicating artery; MCA, middle cerebral artery; CI, confidence interval; SAH, subarachnoid hemorrhage; H&H, Hunt and Hess score.

Supplementary Table 7. Outcomes by Endovascular Techniques

Simple Coiling Flow Diversion

POverall % (95% CI) Raw Proportion I2 Overall % (95% CI) Raw Proportion I2

Preoperative morbidity (SAH H&H III-V) 33.9% (0.255e0.428) 36/107 0.0% 8.6% (0.000e0.228) 1/19 0.0% 0.001

Perioperative mortality 6.6% (0.028e0.117) 5/117 0.0% 4.4% (0.000e0.155) 0/19 0.0% 0.624

Procedure-related morbidity/mortality 5.9% (0.024e0.106) 4/124 0.0% 4.4% (0.000e0.155) 0/19 0.0% 0.739

Thrombus/thromboembolic events 3.8% (0.011e0.078) 2/124 0.0% 4.4% (0.000e0.155) 0/19 0.0% 0.892

Complete aneurysm occlusion at last follow-up 74.6% (0.600e0.869) 60/84 50.9% 82.4% (0.558e1.000) 15/18 44.0% 0.553

Aneurysm recurrence 5.2% (0.015e0.105) 3/93 0.0% 4.6% (0.000e0.163) 0/18 0.0% 0.909

Aneurysm rebleed 3.6% (0.008e0.081) 1/102 0.0% 4.6% (0.000e0.163) 0/18 0.0% 0.821

Perioperative stroke/hemorrhage 6.7% (0.030e0.117) 6/124 0.0% 4.4% (0.000e0.155) 0/19 0.0% 0.603

Technical success 96.1% (0.921e0.988) 124/126 0.0% 95.8% (0.852e1.000) 20/20 0.0% 0.938

Favorable neurologic outcome at last follow-up 80.6% (0.715e0.884) 90/113 24.8% 90.8% (0.759e1.000) 17/18 0.0% 0.176

CI, confidence interval; SAH, subarachnoid hemorrhage; H&H, Hunt and Hess.
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