
NNeeuurroollooggiiaa  ii  NNeeuurroocchhiirruurrggiiaa  PPoollsskkaa 2013; 47, 118

Correspondence address: Przemys³aw Kunert, Katedra i Klinika Neurochirurgii, Warszawski Uniwersytet Medyczny, ul. Banacha 1A, 02-097 Warszawa, 
fax +48 22 658 36 53, e-mail: pkunert@wp.pl

AAbbss tt rraacctt

BBaacckkggrroouunndd  aanndd  ppuurrppoossee::  The aim of this retrospective study
was to assess the effectiveness of aneurysm clipping by com-
puted tomography angiography (CTA) in a long-term fol-
low-up.
MMaatteerriiaall  aanndd  mmeetthhooddss::  The CTA examination was performed
in 119 patients who had 143 aneurysms clipped. The exami -
na tions were performed 3 to 11 years (mean 6 years) after
clipping using a GE Lightspeed PRO16 scanner. 
RReessuullttss:: In all cases but one, good quality CTA images, suit-
able for evaluation of the arteries around the clip site, were
obtained. Complete aneurysm closure without neck remnant
or regrowth was confirmed in 137 (96%) aneurysms. In 4
(3%) cases, neck remnants were detected (2 on the anterior
com municating artery [AComA] and 2 on the middle cere-
bral artery [MCA]). A total clip slippage from the aneurysm
dome was revealed in 1 case. One case of aneurysm re-rup-
ture was noted, 11 years after clipping. The rebleeding was
caused by AComA aneurysm regrowth. Among these 6 pa -
tients with unsatisfactory clipping, 2 required further treat-
ment and 4 remain under observation. Nineteen ‘de novo’
aneurysms in other locations were found in 14 (12%) patients.
Summing up all of the pathological findings in the study
group, there were 18 (15%) patients who needed further ma -
nagement including close surveillance or re-treatment.
CCoonncclluussiioonnss:: Computed tomography angiography is a simple
and reliable method of aneurysm clipping evaluation. The long-
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SStt rreesszzcc zzeenniiee

WWssttêêpp  ii cceell  pprraaccyy::  Celem niniejszej retrospektywnej pracy by³a
ocena skutecznoœci klipsowania têtniaków wewn¹trzczaszko-
wych w odleg³ym terminie po operacji za pomoc¹ angiografii
tomografii komputerowej (angio-TK). 
MMaatteerriiaa³³  ii mmeettooddyy:: Angio-TK wykonano u 119 pacjentów ze
143 zaklipsowanymi têtniakami. Badania przeprowadzano
w ci¹gu 3–11 lat od operacji (œrednio 6 lat) aparatem CT GE
Lightspeed PRO16. 
WWyynniikkii:: U wszystkich pacjentów, poza jednym, uzyskano obra-
zy pozwalaj¹ce na wiarygodn¹ ocenê naczyñ w pobli¿u za³o -
¿onego klipsa. Spoœród 143 zaklipsowanych têtniaków, w 137
(96%) przypadkach stwierdzono prawid³owe zamkniêcie, bez
cech odtwarzania siê ani pozosta³oœci têtniaka. Pozosta³oœæ szyi
klipsowanego têtniaka (2 na têtnicy ³¹cz¹cej przedniej i 2 na
têtnicy mózgu œrodkowej) stwierdzono w 4 przypadkach.
W jednym przypadku uwidoczniono ca³kowite zsuniêcie siê
klipsa z têtniaka têtnicy ³¹cz¹cej przedniej. W okresie objêtym
analiz¹ zanotowano jeden przypadek nawrotowego krwotoku
podpajêczynówkowego po 11 latach od operacji. Powodem by³
odrost têtniaka têtnicy ³¹cz¹cej przedniej. Spoœród 6 chorych
z niezadowalaj¹cym zaklipsowaniem, 2 wymaga³o dalszego
leczenia, a 4 – obserwacji. U 14 (12%) pacjentów wykryto 
19 têtniaków de novo w innych lokalizacjach, z których 18 nie
wymaga³o leczenia. Bior¹c pod uwagê wszystkie nieprawid³o -
woœci naczyniowe w badanej grupie, 18 (15%) pacjentów wy -
maga³o dalszej obserwacji lub leczenia. 
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IInnttrroodduuccttiioonn  

The gold standard for the detection of cerebral aneu -
rysms and also for checking the accuracy of aneurysm
clipping is digital subtraction angiography (DSA) [1].
However, due to its invasiveness, DSA has not been
widely used as a follow-up examination to assess the long-
term effectiveness of aneurysm clipping [2]. The in tro-
duction of computed tomography angiography (CTA)
for detecting intracranial aneurysms has made it possi-
ble to limit the invasiveness of the diagnostics, compared
to DSA. High sensitivity and specificity of CTA have
recently been proven for detecting very small aneurysms
[3,4] and as a useful diagnostic modality to check aneu -
rysm occlusion after clipping [5,6]. Due to simplicity
and availability, CTA is now widely used in the diagno-
sis of patients after subarachnoid haemorrhage (SAH),
and the use of this method is encouraged to control the
completeness of aneurysm clipping. A similar trend to -
ward less invasive methods can be seen in interventional
radiology, where the long-term results of coiling can be
effectively evaluated with magnetic resonance angiogra-
phy (MRA) instead of DSA [7]. 

Knowledge of remote results of aneurysm clipping
is mandatory, due to the development of endovascular
modalities. Several years ago, the neurosurgical com-
munity demanded from interventional radiologists
a long-term evaluation of coiling effectiveness. Cur-
rently, this is well documented [7] and it should be
balanced by an objective assessment of clipping dura-
bility. Thus, we initiated long-term follow-up exami-
nations in patients after aneurysmal subarachnoid
haemorrhage treated by clipping. The aim of the study
was to evaluate the efficacy and durability of clipping
by means of a CTA examination performed many years
after surgery.

MMaatteerriiaall  aanndd  mmeetthhooddss

Patients were qualified for this retrospective study if
at least three years had passed since the clipping of rup-
tured intracranial aneurysm. Exclusion criteria were
severe general and neurological conditions at the time
of discharge from hospital. Invitations for a follow-up
CTA examination were sent to 208 patients who under-
went surgery between 1998 and 2005. The clips used
before 1998, made of a different alloy, caused significant
artefacts in CTA scans that hindered adequate evalua-
tion of the arteries around the clip site. In the study
group, all but one aneurysm were clipped with Yasargil
titanium clips. 

One hundred and twenty patients responded to the
invitation letter, of whom 2 patients were excluded from
the study because of possible allergy to contrast me dium.
CTA was performed in 119 patients, including 118 in -
vited patients and one patient who was admitted urgent-
ly with an aneurysm re-rupture. At the time of surgery,
pa tients ranged in age from 18 to 72 years (mean 
49 years). The patients were operated on by five neuro-
sur geons. The follow-up period ranged from 3 to 11 years
(mean 6.4 years). Before treatment 99 (83%) patients
had a single aneurysm and 20 (17%) had multiple
aneurysms, including 15 with two, 4 with three and 
1 with four aneurysms. A total of 119 patients had 145
aneu rysms (119 ruptured and 26 unruptured), of which
143 were clipped, 1 was coiled and 1 unruptured aneu -
rysm is being observed due to its small size (Table 1).

All the examinations were performed with a GE
Lightspeed PRO16 scanner using the following scan-
ning parameters: helical mode, 120 kV, smart mA (100-
300 mA), pitch 0.938:1, slice thickness 0.625 mm. Intra-
venous contrast medium was administered in all of the
cases (Iomeron 400, Bracco-Altana Pharma, 50-60 ml,
speed 4 ml/s). Post-processing reconstructions were

term follow-up CTA confirmed the permanent and complete
obliteration of 96% of the aneurysms. The rate of unsatisfac -
tory aneurysm closure was 4%, but only 1.4% needed re-treat-
ment during a mean follow-up of 6 years. The annual risk of
aneurysm re-rupture was 0.1%.
KKeeyy  wwoorrddss:: intracranial aneurysm, aneurysm clipping, com-
puted tomography angiography.

WWnniioosskkii::  W ocenie autorów angio-TK jest wygodnym i wia-
rygodnym sposobem kontroli po operacjach zaklipsowania 
têtniaka. Odleg³e badania angio-TK wykaza³y, ¿e klipsowanie
ca³kowicie i trwale wy³¹cza z kr¹¿enia 96% têtniaków. Odse-
tek nie zadowalaj¹cego zaklipsowania wyniós³ 4%, ale tylko
1,4% pacjentów wymaga³o dalszego leczenia w okresie obser-
wacji wynosz¹cym œrednio 6 lat. Ryzyko ponownego krwoto-
ku z zaklipsowanego têtniaka wynios³o 0,1% na rok.

SS³³oowwaa  kklluucczzoowwee::  têtniak wewn¹trzczaszkowy, klipsowanie,
angiografia TK.

Durability of aneurysm clipping
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made on an Advantage Windows 4.3 workstation with
dedicated 3D software for neuroimaging. The results
of the CTA studies were evaluated independently by
a team of two radiologists and a team of two neuro -
surgeons. In cases of disagreement, the results were
interpreted jointly with the participation of the senior
neuro surgeon (AM). The assessment of each CTA
examination included analysis of 2D scans and 3D re -
con structions.

Neither digital subtraction angiography nor CTA
was performed routinely in the early period after clip-
ping. We reviewed the descriptions of the surgical pro-
cedures to see if there had been any difficulties, for exam-
ple, to see if neck remnants had been intentionally left.

RReessuullttss

We did not observe any complications after intra-
venous administration of the contrast medium. In all
but one patient, good quality CTA images were
obtained, suitable for the evaluation of arteries around
the clip site. In one case, significant artefacts around
the clips were visible, but in spite of this, aneurysm
regrowth was clearly visible, and so the patient was not
excluded from the analysis. Of the 143 clipped
aneurysms in 137 (96%) cases, complete aneurysm clo-
sure without residual neck or aneurysm regrowth and
with normal filling of the arteries at the clip site were
confirmed. Unsatisfactory clipping of 6 (4.2%)
aneurysms included: clip dislocation with aneurysm
renewal in 1 (0.7%), aneurysm regrowth with rebleed-
ing in 1 (0.7%) and neck remnants in 4 (2.8%) cases.
Two (1.4%) aneurysms required re-treatment and 
4 (2.8%) neck remnants needed further surveillance.
Four of the six unsatisfactory clipped aneurysms were
located on AComA and two on MCA. 

CClliipp  sslliippppaaggee

In one case (0.7%) a total clip dislocation from the
aneurysm dome was found (Fig. 1I). The aneurysm was
located on AComA. For accurate interpretation, the fol-
low-up CTA was compared with preoperative CTA and
the surgery report was also analysed. In the preopera-
tive study, the aneurysm looked the same. There was no
inconsistency between preoperative CTA and the intra-
operative image. There were no rebleeding episodes and
no perceptible enlargement of the aneurysm during 
3 years of follow-up. The aneurysm was successfully re-
treated with endovascular implantation of a flow-divert-
er stent. 

AAnneeuurryyssmm  rree--rruuppttuurree

Only one (0.7%) case of recurrent SAH was noted
during the period of interest. This patient underwent
surgery for ruptured AComA aneurysm 11 years ago.
The cause of rebleeding was aneurysm regrowth at the
site of previous clipping (Fig. 1G-H). The recurrent
SAH and source of rebleeding were established based
on clinical symptoms, CT scan and CTA examination.
The patient was operated on again. During the same
procedure the aneurysm regrowth and unruptured ‘de
novo’ MCA aneurysm were clipped and the patient was
discharged from hospital in good condition. This one

Gender 

Male 33

Female 86

Age at presentation [years]; mean (range) 49 (18-72)

Follow-up duration [years]; mean (range) 6.4 (3-11)

Age at study entry [years]; mean (range) 55 (23-81)

Number of aneurysms

Clipped 143

Coiled 1 (middle cerebral artery)

Observed 1 (middle cerebral artery)

Total 145

Number of aneurysms per patient

One 99 

Two 15 

Three 4 

Four 1 

Location of clipped aneurysms

Anterior cerebral artery 2 (1.4%)

Anterior communicating artery 38 (26.6%)

Pericallosal artery 3 (2.1%)

Internal carotid artery 43 (30.0%)

Middle cerebral artery 52 (36.4%)

Basilar artery 2 (1.4%)

Posterior inferior cerebellar artery 2 (1.4%)

Vertebral artery 1 (0.7%)

TTaabbllee  11.. Patients’ characteristics

Przemys³aw Kunert, Marek Prokopienko, Magdalena Gola, Tomasz Dziedzic, Maciej Jaworski, Andrzej Marchel
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FFiigg..  11..  A) Giant, ruptured aneurysm of the right MCA and unruptured aneurysm of the left MCA. B) The same patient. Follow-up CTA showed no evidence of residual
aneurysm 3 years after clipping (black arrow). Elective coiling of the unruptured aneurysm of contralateral MCA was performed. Assessment of coiling effectiveness is
not possible in CTA because of artefacts (white arrow). C) Satisfactory follow-up CTA after right MCA and left ICA aneurysms clipping. D) Neck remnant after right MCA
aneurysm clipping (white arrow) and new, small aneurysm of the left ICA just above PComA arising. CTA was performed 4 years after surgery. E) Neck remnant after
AComA aneurysm clipping (black arrow). This is the first follow-up CTA, 6 years after surgery. F) The same aneurysm in magnification. Slow regrowth of the aneurysm
in the future is suspected; thus the patient requires further observation. G) A case of rebleeding 11 years after clipping. The cause of re-rupture was AComA aneurysm
regrowth at the previous clip site (white arrow). ‘De novo’ aneurysm of the right MCA (black arrow). H) Early follow-up CTA after re-operation (clipping of renewed
AComA and ‘de novo’ MCA aneurysms). The quality of both reconstructions is poor, because of artefacts from older clips. I) Clip slippage (white arrow) and AComA
aneurysm renewal. J-L) Small ‘de novo’ aneurysms (arrows) in distant locations from previously clipped aneurysms
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case of rebleeding gives an annual rate of re-rupture 
of 0.13% during 762 person-years and 0.1% during 
931 aneurysm-years of follow-up.

NNeecckk  rreemmnnaannttss

In 4 (2.8%) cases, neck remnants were detected. 
Two of them were located on AComA and two on MCA
(Fig. 1D-F). However, we cannot be sure whether these
findings were definitely remnants or regrowths, because
early vascular imaging was not performed. On the other
hand, based on an analysis of preoperative aneurysm
shape and operative descriptions, we assume that small
remnants could remain in these cases. This could be
expected due to a complex anatomical configuration and
the narrowing of the parental artery was avoided by means
of incomplete neck clipping. The follow-up period was
4-9 years (mean 6 years) in this subgroup. None of these
patients required re-treatment because of the small size
of the remnants. Subsequent CTA after 1 year was car-
ried out in each of them and no remnant enlarged. Fur-
ther screening at annual intervals was recommended.

‘‘DDee  nnoovvoo’’  aanneeuurryyssmmss

Nineteen new aneurysms in other locations, not vis-
ible in the preoperative studies, were found in 14 (12%)
patients (Fig. 1J-L). Eleven patients had single ‘de novo’
aneurysms, two patients had 2 and one patient had 4. In
this subgroup, one ‘de novo’ aneurysm of the MCA was
clipped taking the opportunity during surgery of re-rup-
tured AComA aneurysm (Fig. 1G-H). The remaining
aneurysms are followed up with periodical CTA. 
The issue of ‘de novo’ aneurysms will be elaborated in
a separate study. 

Summing up all of the pathological findings in the
study group, there were 18 (15%) patients who required
further management including active observation or re-
treatment (12 patients with ‘de novo’ aneurysm forma-
tion, 4 with unsatisfactory clipping and 2 with both; see
Fig. 1D-G).

Infundibular origin of the posterior communicating
artery (PComA) was noted in 9 cases (see Fig. 1F close
to the clip site on the left side). These were not regard-
ed as pathology that required subsequent screening tests.
However, differentiation between ‘de novo’ aneurysm
and infundibular origin of PComA was the only cause
of disagreement between the radiology and neurosurgi-
cal teams. Five such cases were ultimately found to be
infundibula.  

DDiissccuussssiioonn

DDuurraabbiilliittyy  ooff  aanneeuurryyssmm  cclliippppiinngg

In the past, the only examination for evaluation of
the efficacy of aneurysm clipping was DSA. However,
DSA has not been widely performed in long-term fol-
low-up due to its invasiveness. Over the last two decades,
more publications on this topic have appeared because
of the need for comparison of the efficacy of two modal-
ities: clipping and coiling [8-11]. In a series of DSA
performed in the Barrow Neurological Institute (Phoe -
nix, USA) at a mean of 4.4 years post surgery, the over-
all risk of regrowth of totally closed aneurysm was 1.5%
and the annual risk of ‘de novo’ aneurysm formation was
1.8%. The overall risk of enlargement was 25% for small
neck remnants and 75% for broad-based residua [8].
In a series of 136 patients with 166 clipped aneurysms,
Akyüz et al. found no aneurysm regrowth, two ‘de novo’
aneurysms and one enlargement out of 5 residual
aneurysms, at a mean of 3.9 years after surgery [9].
Tsutsumi et al. reported 3 aneurysm regrowths out of
125 completely clipped, during a mean follow-up of 
9 years. The overall risk of aneurysm regrowth was 2.9%
during this period and the risk of ‘de novo’ aneurysm
formation was 0.89% per year [10]. In our series, per-
manent and complete obliteration of aneurysm was con-
firmed in 96% of cases.

RReeccuurrrreenntt  ssuubbaarraacchhnnooiidd  hhaaeemmoorrrrhhaaggee

The most important aspect of follow-up testing is
the risk of recurrent SAH. The highest risk of post-pro-
cedural rebleeding is reported in the first year after treat-
ment and based on ISAT and CARAT studies, and this
is estimated to be 1.7-1.8% [12,13]. The CARAT in -
vestigators, who focused on events after 1-year follow-
up, reported that the risk of rebleeding is very low for
both coiled and clipped aneurysms. They noted no case
of rebleeding (> 1 year after treatment) in 439 patients
after clipping, during a mean follow-up of 6.1 years
(annual risk – 0%) and only 1 case of rebleeding in 
173 pa tients after coil embolisation during a mean fol-
low-up of 5.2 years (annual risk – 0.1%) [12]. In the
material of Schaafsma et al. the overall rate of rebleed-
ing was 0.7% and 3% within the first 8 years after coil-
ing and clipping, respectively [14]. Kakinuma et al.
reported 7 rehaemorrhages (including 5 from ‘de novo’
and 2 from regrowth of clipped aneurysms) in 482 pa -

Przemys³aw Kunert, Marek Prokopienko, Magdalena Gola, Tomasz Dziedzic, Maciej Jaworski, Andrzej Marchel
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tients, at a mean interval of 7.3 years after clipping.
Annual risk of subsequent SAH from both ‘de novo’
aneurysms and regrowths was 0.2% [15]. In our series,
the overall and annual risk of aneurysm re-rupture were
0.7% and 0.1% respectively.

In the CARAT study, the degree of aneurysm occlu-
sion was the most important factor influencing the risk
of re-rupture [16]. They reported 19 post-procedural
haemorrhages in a series of 1001 patients with coiled
and clipped aneurysms, during a mean follow-up of 
4 years. The overall risk of re-rupture was 1.1% for
aneurysms completely occluded and 17.6% for remnants
> 30% of the initial aneurysm volume.

Despite the low risk of subsequent haemorrhage, it
is emphasised that this is still higher than in the gene ral
population. Some authors postulate closer surveillance
of those patients including periodic performance of CTA
or MRA, and DSA in cases where residual neck is
known [15]. However, the benefit of routine long-term
screening in every patient after clipping is questionable,
in the light of possible complications from preventive
DSA and re-treatment [17]. Moreover, most of the
findings will probably never need treatment. In our
opinion, the low risk of rehaemorrhage, reported by us
and recent literature [18], warrants a more conserva-
tive approach. The use of periodic CTA is justified in
cases where incomplete aneurysm occlusion is known or
suspected and if risk factors for rebleeding and ‘de novo’
aneurysms exist, including hypertension, family history
of aneurysms, autosomal-dominant polycystic kidney
disease or a history of smoking or multiple aneurysm
[8,19-21]. However, special attention should be given
to patients who experienced SAH at a young age. 
The mean follow-up in most of the reported series does
not exceed 10 years [8-10,14,16,21], whereas the major-
ity of us probably remember patients with rebleeding 
> 10 years after clipping. It is noteworthy that in the
series of Wermer et al. all three definite aneurysm
regrowths were discovered in the second decade after
SAH [21]. In the series of Nakase et al. the average
time for the formation of recurrent aneurysms was 
10.1 years after initial surgery [22]. Tsutsumi et al.
reported an increasing risk of SAH in the second decade
after clipping [23]. Therefore, imaging of the brain
arteries in patients with long life expectancy performed
at longer intervals (e.g. 10 and 20 years after clipping)
may be more reasonable than performing it only in the
first few years [10].

CClliipp  sslliippppaaggee

In the era of new generation titanium clips, this phe-
nomenon is extremely rare. However, in older series it
was occasionally reported in control DSA or as a cause of
rebleeding [24-27]. Possible causes of clip slippage may
be different, mostly aneurysm- and clip-dependent [28].

AAnneeuurryyssmm  rreemmnnaannttss

Due to the fact that we did not perform early control
CTA or DSA after clipping, we cannot definitely pred-
icate whether those 4 (3%) remnants were only residua
or regrowths. A slow enlargement of the neck remnants
also cannot be excluded. However, analysis of the oper-
ation descriptions suggested that a part of the aneurysm
could remain in these cases because of complex vascular
anatomy and the risk of parental artery narrowing. In
early postoperative angiograms a residual filling of the
aneurysmal neck after clipping is visible in about 5% of
the cases in the reported series [2,29] and those patients
should be followed with closer surveillance. 

Four of six aneurysms with unsatisfactory clipping
were located on AComA. This represents 11% of all
AComA aneurysms, and 2 remnants located on MCA
represent 4% of all MCA aneurysms. The MCA and
AComA locations are particular and clipping is still the
preferred method for these aneurysms, because open
surgery allows better control of the vascular anatomy
and multiple corrections of the clip position are possi-
ble until final clip placement. However, sometimes leav-
ing part of the neck, intentionally, is reasonable. Thus
in such technically demanding aneurysms, early CTA
or DSA is indicated for confirmation of its total oblit-
eration or as a baseline study for subsequent examina-
tions. According to our results, AComA and MCA
aneurysms seem to be more prone to incomplete clip-
ping and these locations require special supervision. 

There is a technical problem of treatment of aneu -
rysm remnants after clipping. The risk of rebleeding is
influenced by the remnant size [16]. Small ‘dog-eared’
remnants are challenging to eliminate and therefore
attempts of treatment only for ‘radiological outcome’
improvement would probably create a higher risk of
complications when compared to the potential benefit.
The remnants we found in our series do not need any
treatment because of their small size, although they will
be followed up with subsequent CTA. We intend to
treat, after detection of progression, those remnants that
will be technically possible to treat.

Durability of aneurysm clipping
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Summing up all of the pathological findings in our
series, as many as 15% of the patients require further
surveillance or treatment. Similarly, Wermer et al. report-
ed different kinds of aneurysms (‘de novo’, remnants,
regrowths, already known, etc.) in 112 (18%) patients
in a series of 610 patients, after a mean follow-up of 
8.9 years. However, they also proved that a significant
number of those findings were already visible in retro-
spect. Nevertheless, they conclude that the development
of intracranial aneurysms is more of a continuous process
than a once-in-a-lifetime event [21]. We agree with this
thesis; however, the high efficacy of clipping and the low
risk of rebleeding argue for long-term screening only in
a selected group rather than in all patients.

IInnffuunnddiibbuullaarr  ddiillaattaattiioonnss

Infundibulum at the origin of the posterior commu -
nicating artery was not regarded as a significant patho -
logy and further screening was not recommended to 
the patient. However, formation of ‘de novo’ aneu rysm
from the infundibulum is rarely reported and pe rio dic
imaging for dilatations of 3 mm or more may be reason -
able [30]. On the other hand, the resolution of CTA
allows the visualisation of the origin widening while the
distal course of the small-calibre artery may not be vis-
ible. Then the infundibulum may be wrongly judged as
an aneurysm formation [31], although in order to avoid
doubt, the precise rendering and assessment of a CTA
scan are usually sufficient [32].

LLiimmiittaattiioonnss  ooff  ccoommppuutteedd  ttoommooggrraapphhyy  aannggiiooggrraapphhyy

A few comparative studies on CTA and DSA for the
evaluation of aneurysm clipping have been published
over the last decade. The sensitivity and specificity of
CTA for detecting neck remnants were reported to be
60-100% and 83-100%, respectively [5,6,33-36]. Along
with the development of new CT devices, high accura-
cy of CTA has recently been reported [5,6,37]. CTA is
less time consuming and highly cost-effective, when
compared to DSA [5,6]. Due to less invasiveness, its
routine use after clipping is recommended by some
authors [5,6,38]. However, different drawbacks of CTA
should be mentioned. Technical difficulties, such as the
acquisition of images too late, and clip or motion arte-
facts, may be a cause of limited image quality [5]. The ac -
curacy of the image is influenced by the number of clips
used. The more clips, the more artefacts there are and
the worse is the quality of the CTA image [34]. Arte-

facts, if any, are usually insignificant if a titanium-alloy
clip was used [37]. However, assessment of the nearest
proximity to the clip (≤ 2 mm) may be doubtful as well
[34,39]. In contrast, cobalt-alloy clips entail signifi -
cant artefacts and the CTA image may not be reliable
(Fig. 1G-H). However, even in such cases, special tech-
niques make it possible to subtract them [37,40].

Based on clinical and phantom research by van der
Schaaf et al., the quality of image around the clip site is
negatively influenced by many factors, including increas-
ing pitch (particularly > 0.6), lower kilovoltage peak,
cobalt-alloy clip and parallel clip direction to the scan
plane. For minimising the artefacts they proved the supe-
riority of the following settings: a pitch of 0.6, 140 kVp,
370 mgI/mL contrast medium [39]. 

However, the influence of the angle between the clip
branches and the examination plane on the readability of
images is still unclear. When the clip-gantry angle is close
to 0 degrees, artefacts are significant in the axis of the clip,
but laterally from its branches the image is adequate. Con-
versely, in oblique orientations of the clip (30-60 degrees),
the image quality may generally be better, but artefacts
appear laterally from the clip and can hamper the evalu-
ation of the most important area [41,42].

For these reasons, DSA is still considered as the gold
standard. Many authors recommend its use to confirm
the pathology seen in CTA or if its image is doubtful
[5,6,34,38]. The comparison of CTA and DSA was not
the aim of our study. However, in our experience, high
quality images were acquired in all cases of titanium clips,
allowing trustworthy evaluation of the arterial patency
and the completeness of aneurysm obliteration close to
the clip. Moreover, we have used CTA for diagnosing
patients with SAH and planned surgery without DSA
for almost 10 years. It is our belief that the quality of
CTA is sufficient for these purposes in most cases and
the use of DSA may be limited to doubtful cases [43]. 

LLiimmiittaattiioonnss  ooff  oouurr  rreesseeaarrcchh

Our series contains only 58% of the patients invited
to the study. Unfortunately, most long-term follow-up
analyses encompass only a proportion of treated patients
[2,10,11,15,21]. The unexplored groups include patients
who died of various causes (possibly also due to rebleed-
ing), severely disabled patients at discharge, and those
who were not interested in invasive screening tests. Some
series set age limitations, e.g. 18-70 years old [21].
Hence, such analyses, including ours, have limited reli-
ability and may be liable to error. Despite these imper-
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fections, which are difficult to avoid, the long-term analy-
ses are useful because the potential preventive treatment
is reasonable, especially in patients in good condition with
long life expectancy.

CCoonncclluussiioonnss

Computed tomography angiography is a simple and
reliable method of aneurysm clipping evaluation. Long-
term follow-up CTA confirmed permanent and com-
plete obliteration in 96% of aneurysms. The rate of un -
satisfactory aneurysm closure was 4%, but only 1.4%
needed re-treatment during a mean follow-up of 6 years.
The annual risk of rebleeding due to aneurysm regrowth
was 0.1%. The satisfactory durability of clipping justi-
fies long-term screening only in patients with risk fac-
tors for rebleeding.
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