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Objective : The purpose of this study is to assess the usefulness of three-dimensional computed tomography angiography
(3D-CTA) as a postoperative follow-up examination after intracranial aneurysms have been clipped.

Methods : Between January 2002 and June 2005, 522 consecutive patients received treatment for intracranial aneurysms. A
retrospective analysis of 310 patients with postoperative 3D-CTAs was performed to evaluate aneurysmal remnants and de
novo aneurysms. This study was conducted in 271 patients with at least immediate and é-month routine 3D-CTAs for postoperative
clipped aneurysm and 39 patients with 30-CTAs for clipped aneurysm before 2002 when there was no 3D-CTA in our hospital.
Results : Eight patients had abnormal CT angiographic findings. Aneurysm remnants were revealed in 4 patients and de
nova aneurysms were discovered in 5 patients. Two patients were found at the postoperative 6-month 3B-CTA performed
routinely. In 1 patient, the aneurysm was demonstrated on the way to the examination of syncope. In 2 patients, the author
recornmended 3D-CTA although there was no symptorn because the patients had visited our institute long time ago 5.1,
4.5 years). Of the 8 patients, 2 remnants and 1 de novo aneurysm were treated by endovascular treatment. Three de novo
aneurysms at the middle cerebral artery and 1 pericallosal artery aneurysm were treated by direct clipping because these
aneurysms were not suitable for the endovascular treatment in point of anatomical configuration. One patient with both
remnant and de novo aneurysm was treated conservatively.

Conclusion : 3D-CTA is an available, non-invasive diagnostic tool for the postoperative follow-up examination of aneurysmal

state in patients after clipping.
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Introduction

M ost intracranial aneurysms are treated perfectly and
permanently. However, aneurysms treated with clip
placement may rupture or regrow. Even when surgeons are
competent and have extensive experience with aneurysm s-
urgery, there arc sometimes surprising findings of incomplete
occlusion of the aneurysm, unplanned vessel occlusion, or de
novo aneurysms. Postoperative angiography can solve these
problems and possibly prevent their sequelae but has its own
risks”. Therefore, not all centers perform routine postoperative
angiography on all patients'®. A noninvasive, available modality
to screen patients after clipping may solve this problem. Recently,
three-dimensional computed tomography angiography(3D-

CTA) has proved valuable in pre- and postoperative evaluation
of intracranial aneurysm, although cerebral digital subtraction
angiography(DSA) remains the standard of reference®®'".
In this study, the authors suggest that 3D-CTA in patients
who underwent aneurysm surgery is a useful method to ev-
aluate the clipped aneurysm and identify de novo aneurysm.

Materials and Methods

\ x T e retrospectively evaluated the hospital records of all

patients admitted to our hospital who underwent
treatment for intracranial aneurysms between January 2002
and June 2005. During 3.5 years, 522 consecutive patients
reccived treatment for intracranial aneurysms. A retrospective
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analysis of 310 patients with postoperative 3D-CTAs was
performed to evaluate ancurysmal remnants and de novo
aneurysms. Postoperative 3D-CTAs were performed to ide-
ntify the clipped state of the intracranial aneurysm at least
immediately and 6-month routinely after aneurysm clipping
and additionally, when neurosurgeon wanted to evaluate cl-
ipped aneurysm instead of DSA. This study was conducted
in 271 patients with at least immediate and 6-month routine
3D-CTAs for postoperative clipped aneurysm and 39 patients
with 3D-CTAs for clipped aneurysm before 2002 when there
was no 3D-CTA in our hospital. During the same period 212
other patients received treatment, but did not undergo pos-
toperative 3D-CTA. The reason for not having the examination
was : a lack of information and understanding about 3D-CTA
in the beginning period and needs of DSA in case of rebleeding,
postembolization state, and inevitable residual neck. Of course
these 212 patients have not been
included in the series studied here.

Results

cclusion of the dome and the sac of the aneurysm could

be confirmed in all 3D-CTAs. Eight patients (6 female
and 2 male) had postoperative CT angiographic abnormality
among 310 patients who underwent aneurysm clipping and
were evaluated with postoperative 3D-CTA after clipping of
aneurysms. Their age ranged from 36 to 61 years, with a mean
age of 50.1 years (Table 1).

In all 8 patients, abnormal findings of 3D-CTAs were ch-
ecked at the out-patient dlinics. Three patients were diagnosed
by 3D-CTA to investigate the cause of mild headaches. Two
patients were found at the postoperative 6-month 3D-CTA
performed routinely. In 1 patient, the aneurysm was demons-
trated on the way to the examination of syncope. In 2 patients,
the author recommended 3D-CTA although there was no

Table 1. Clinical features of 8 patients with remnants and de novo aneurysms detected with follow-up three-
dimensicnal computed tomography angiography

All structures except for bones

Sex/Age  Aneurysm Interval

and arteries adjacent to the ane- Case wear)  OriginalSte  (years) Presentation  Remnant De Novo  Treatment
urysms were removed by a manual ] M/61 ACOM 45 longterm FU  ACOM no GDC
cutaway technique. Inall cases, it~ 5 wye1 MCA 95 Syncope no ACOM GbC
was necessary to meticulously study 3 Fla4 PCOM 53 Headache no MCA Clipping
the obtained images with mutip- 4 F/36 PCOM 0.5 Routine F/U PCOM no GDC
lanar viewing and different rota- 5 F/52 PCOM 5.1 Long term F/U no MCA Clipping
tions before conclusion could be 6 F/a3 ACOM 10.0 Headache no MCA Clipping
drawn. Comparison with preop- 7 F/51 PCOM 20 Headache PCOM Oph  Observation
8 F/53 Pericallosal 0.5 Routine FU  Pericallosal no Clipping

erative DSA and postoperative
3D-CTA was performed to find
aneurysm remnant and de novo
aneurysm by an experienced ne-
uroradiologist and neurosurgeons.

«M=mde : F=femaie; ACOM=anierior communicating artery; MCA=middle cerebral artery; PCOM=posterior communicaling
artery; Oph=ophthalmic artery; FU=follow up; GDC=Guglielmi detachable coiling

Aneurysm remnant was defined as
a residual bulge on the clipping
simulation images. 16-channel m-
ultidetector computed tomogra-
phy angiography(MDCTA) has
been used for postoperative 3D-
CTA in our hospital since 2002.
One of the advantages of MDCTA

over single-detector CT is its use

Fig. 1. Three—dimensional computed tomography
| angiography(3D—CTA} and digital subtraction an—
giography (DSA} of a 61—year—old male {case no.
| 1). A: 3D—CTA image obtained 4.5 years after s—

| urgery for anterior communicating arery{ACOM)
aneurysm shows a bilobulated regrowth aneurysm
(arrow) clipped with titanium clip {arow head). No
metallic arifact from the aneurysm clip is noted. B
DSA of the left infemal carotid artery(ICA), lateral
view, revedls regrowth aneurysm with its dome di—
rected upward based on the incomplete clipping
(arrow head) ot ACOM site. C © Post embolization
DSA of the left ICA, anterior—posterior view for d
coiled ACOM aneurysm shows no definite residual.

of “thinner beam collimation”, by
which the metallic artifact caused
by surgical clips can theoretically
be reduced. Postoperative DSA
had to be performed when 3D-
CTA images were not normal or
when the neck of the aneurysm
cannot be evaluated due to the clip
artifact,
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Fig. 2. Three—dimensional computed fomography angiography(3D—
CTA) and digital subfraction angiography(DSA} of a 43-year—old
femdle (case no. ). A : 3D~CTA image obfdined 10 vears offer surgery
for anterior communicating artery{ACOM) aneurysm with skainless clip
(arrow) shows perfect clipping for ACOM aneurysm and de novo an—
eurysm of the middle cerebral artery(MCA)(arrow head). B : DSA of the
left ICA, anterior view, revedls a de novo aneurysm {(arow head) with
s dome directed upward at MCA site. C Postoperative 3D—CTA image
revedls no rest of the aneurysm after clipping for MCA and ACOM
aneurysms. The stainiess clip applied 10 years ago for ACOM aneurysm
hos severe artifact around clipped aneurysm compared to that of
titanium clip 1 year ago for MCA aneurysm.

symptom because the patients had visited our institute several
years ago.

The distribution of the de novo aneurysms diagnosed in 5
patients was as follows : middle cerebral artery aneurysm in 3
cases, anterior communicating artery(ACOM) aneurysm in 1
case, and ophthalmic artery aneurysm in 1 case. Four regrowth
or remnant aneurysms were identified by 3D-CTA. Two pat-
ients had posterior communicating artery(PCOM) aneurysms, 1
patient had pericallosal artery aneurysm, and 1 case had ACOM.
One of 2 patients with regrowth aneurysms at the PCOM had
a de novo aneurysm at the ophthalmic artery as well.

Among 8 patients with abnormal CTA findings, 2 remnants
(case 1 and 4) and 1 de no aneurysm (case 2) were treated by
endovascular treatment (Fig. 1). Three de novo aneurysms at

the middle cerebral artery (case 3, 5, and 6) and 1 pericallosal

3D CT Angiography | SH Park, et al.

artery aneurysm (case 8) were treated by direct dipping because
these aneurysms were not suitable for the endovascular treat-
ment in point of anatomical configuration (Fig. 2). One patient
with both remnant and de novo aneurysm was treated con-
servatively because we thought that remnant neck of aneurysm
and de novo aneurysm were small and in an unruptured benign
state. The aneurysm remnant has been decided to be followed
up the evolution of the remnant of the neck of the aneurysm.
There was no interval change on 3D-CTA at the follow-up
study performed 1.5-year postoperatively.

After diagnosing remnant or de novo aneurysms by 3D-CTA,
we immediately performed DSA to get precise information
about intracranial circulation. All 8 patients had good outcomes
(according to the Glasgow outcome scale). There were no co-
mplications associated with the performance of 3D-CTA.

Discussion

he incidence and long-term outcome of aneurysm re-

mnants after clipping are now of the greatest concern.
The reported incidence of a remnant aneurysm in pacients after
surgical clipping of an intracranial aneurysm ranged from 3.8%
to 8%°%'9. The risk of hemorrhage from aneurysm remnant
has been estimated at approximately 0.5% to 1.9% per year”.
Aneurysm regrowth from a residual neck is clinically significant
in that a potentially fatal SAH may subsequently occur. In
addition, reoperation for aneurysm remnants presents technical
difficulties. The only way to be completely sure that no an-
eurysm remnant exists is to confirm that fact on postoperative
DSA. Cerebral angiography performed after aneurysm surgery
can identify potential causes of morbidity and mortality, such
as an aneurysm remnant or vessel occlusion. Macdonald et al.
reported an 8% incidence of unexpected residual and unclipped
aneurysms on postoperative DSA in a series of 67 consecutive
patients with 78 aneurysms'”.

Routine postoperative DSA, however, adds risk and financial
burden to the majority of patients whose aneurysms prove
to be adequately obliterated. To solve the problem of posto-
perative confirmation for aneurysms, 3D-CTA and magnetic
resonance angiography(MRA) have been used to evaluate in-
tracranial circulation®>'", Whether the risk of DSA and the
value of noninvasive methods including 3D-CTA or MRA
in the follow-up studies are acceptable may still be controv-
ersial. Cloft et al. reported the risk of DSA was 0.07%, which
seems to justify DSA as an acceptable examination in the de-
tection of de novo aneurysms or regrowth of original aneur-
ysms”. Because DSA has its own risks, Kassell proposed a
standard of practice in which postoperative DSA should be
limited to : (1) all patients with new unexplained postoperative
neurological deficits, (2) all patients in whom difficulty is
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encountered at the time of surgery®. Therefore, many neur-
osurgeons are provided safely with more useful information
after an aneurysm was clipped through advanced noninvasive
3D-CTA and MRA.

Both 3D-CTA and MRA provided important information
after an aneurysm was clipped, consistent with the information
derived from DSA. The main advantage of MRA compared
with CTA is that the bone does not disturb the images. As well,
an interesting application for MRA is the follow-up investi-
gation of patients who have been treated with plantinum co-
ils'®. Recently, it was also shown that the artifacts caused by
titanium clips in MRA were smaller than those caused by clips
made of other alloys'?. Howeves, the artifacts caused by tit-
anium clips still made the evaluation of the occlusion of the
dome and the neck of the aneurysm impossible in MRA. In
our opinion, MRA is not a good modality for evaluation of
the surgical clipping site in patients after surgical clipping of
intracranial aneurysms because the image quality of MRA is
severely degraded by the paramagnetic artifact of the clip. The
CTA images from 16-channel MDCTA were not severely
degraded by the presence of nearby aneurysm clips because
of their thin bean collimation (0.625mm). With the increase
in the number of detectors, MDCTA scanners provides thinner
slice thickness and higher temporal resolution, which may
lead to fewer metallic artifacts from aneurysm clips. MRA
may be an another option if the aneurysm dip is MR-compa-
tible, however, documentation of compatibility is problematic,
as untoward outcomes are possible even with close scrutiny.
Klucznik et al. reported the death of a patient during MR
imaging to verify clip placement, despite careful attempts to
document the type of clip that had been placed'”. Therefore,
it is reccommended that patients with aneurysm clips should
be avoided MR imaging if at all possible.

3D-CTA scems to be a much more valuable tool for non-
invasive evaluation of the presence of a residual sac during the
immediate postoperative period and for long-term follow-
up of patients after clip placement. Postoperative 3D-CTA
has also several advantages compared to DSA : (1) scanning
time is short compared with DSA, (2) 3D images rotated th-
rough 360 degrees provide a better view of the anatomy of the
aneurysm and the surrounding vessels, and (3) the risk of stroke
with DSA can be avoided. A major limitation of postoperative
3D-CTA has been the significant array of artifacts produced
by clips that have been used for treatment of cerebral aneury-
sms. With the postoperative patient, metal artifacts can severely
degrade image quality even though modern technique such as
MDCTA might lessen image degradation. Tsutsumi et al.
suggested that 3D-CTA was less likely to be eligible in patients
with an aneurysm clip, so de novo aneurysms located distant
from the clip should be able to be monitored with this less-
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invasive methods, as well as untreated aneurysm and wrapped
ancurysm'”. To overcome this problem in postoperative pa-
tients, titanium clips have been developed (Fig. 2). Several
studies have demonstrated that titanium clips have significantly
fewer artifacts on CTA". Kato et al. reported that titanium
clips produced only limited artifacts and yielded improved
images in patients who had undergone aneurysm clipping”.
On the other hand, depending on the location of the aneurysm,
the artifact obscures important anatomy. Of all arterial seg-
ments, the Al segment in patients with a clipped ACOM
ancurysm is the most difficult to evaluate because of the close
anatomical relationship between the aneurysm, the afferent
and efferent vessels, and the clips. Therefore, it can be an im-
portant key to carefully inspect the source images prior to 3D
visualization to check for the occurrence of artifacts around
the clip. The artifact from aneurysm clip on CTA can be de-
creased further by certain maneuvers during scanning of the
patients. Brown et al. described a head tilt technique for use
with CTA that reduced beam-hardening artifacts in patients
with aneurysm clips”. This technique directed the artifacts
away from pertinent anatomy, thus increasing the chance of
diagnostic accuracy.

An additional benefit of postoperative 3D-CTA is that we
have detected de novo aneurysms that were not visualized on
the preoperative films. Rauzzino et al. emphasized the need for
high quality preoperative angjography to prevent missing an-
curysms™®. In our study, de novo aneurysms were carefully
examined by comparing the additional DSA following 3D-
CTA with the previous DSA obtained before clipping to co-
nfirm diagnosis of doubtful de novo aneurysm.

In these days, 3D-CTA is not yet permitted as a part of the
routine postoperative regimen for several reasons in other ins-
titute. The technique still does not provide information equiv-
alent to that provided by DSA, and 3D-CTA requires relatively
large amount of contrast medium. Furthermore, the contrast
bolus used in the study increases the risk of performing DSA
immediately in a patient with a questionable finding on 3D-
CTA. Despite of these disadvantages, the use of postoperative
3D-CTA as a first screening method to avoid the unnecessary
use of DSA would be still of high value and would help control
the clipped aneurysms postoperatively. If 3D-CTA depicts a
probable or definite residual sac, DSA should be performed.
However, if the postoperative 3D-CTA images are not degraded
by beam-hardening artifact and show no residual sac of an
ancurysm, the DSA can be omitted. In our study, the authors
suggest that after an aneurysm has been clipped postoperative
3D-CTA provides lots of valuable information concerning the
clipped aneurysm and other major vessels therefore, postop-
erative 3D-CTA promises to become a part of the postoperative
routine examination after an aneurysm has been clipped.



Conclusion

~CTA is a promising, safe diagnostic modality for po-
3 stoperative examination of clipped aneurysm and ass-
essment of de novo aneurysm after clipping. We suggest that
3D-CTA can be routinely performed instead of postoperative
DSA for patients who have undergone aneurysm surgery.
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Commentary

he authors reviewed the patients of clipped aneurysm

with postoperative three-dimensional computed tom-
ography angiography(3D-CTA) and evaluate the usefulness
of 3D-CTA as postoperative method. This study was perfo-
rmed through 310 patients with postoperative 31D CTA during
3.5 years, and result shows 8 patients of aneurysmal remnants
and de novo aneurysms.

Three-dimensional computed tomography angiography
(3D-CTA) is usually a valuable method for noninvasive pr-
eoperative evaluation of aneurysms. But, the postoperative
role of 3D-CTA is not clear. “Operation” means not only
clipping of aneurysm and also includes endovascular embo-
lization of aneurysm. In this way, result of this study will give
a valuable meaning for follow up of operation.

As authors mentioned in a discussion, comparing of con-
ventional digital subtraction angiography(DSA), 3D CTA
has short scanning time, 360 degree rotating better view and
reducing risk of stroke. But, major limitation as a follow up
method is artifacts produced by clip and coil. Even if there
were many methods to overcome this problem, close anato-
mical relationship of small vessel and small aneurysms (esp-
ecially, anterior communicating artery aneurysm) cannot be
clearly elucidated. If there are some doubts of abnormality in
3D-CTA, conventional digital subtraction angiography(DSA)
must be followed to confirm abnormality. And, other problems
in the postoperative role of 3D-CTA are relatively high false
positive and negative detection rate of aneurysms and vague
vessel anatomy imaging adjacent bone structure (for example,
proximal internal cerebral arteries). Therefore, in spite of good
results from this study, the postoperative role of 3D-CTA seems
to be limited up to now.

But, this study shows the possibility of 3D-CTA as a pos-
toperative method, if further development to overcome above
problems, 3D-CTA will be promising and safe modality to

assessment of remnant and de novo aneurysm after operations.

Sung-Kyun Hwang, M.D.
Department of Neurosurgery, Ewha Womans University



