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BACKGROUND AND PURPOSE: Postsurgical evaluation of patients with intracranial aneu-
rysms is important because there is a risk of regrowth and subarachnoid hemorrhage from
residual aneurysms. We assessed the role and value of 3D angiography in this evaluation.

METHODS: Images from both 3D angiography and digital subtraction angiography (DSA)
were preoperatively obtained in 71 consecutive patients with 88 intracranial clipped aneurysms.
We analyzed the incidence of postoperative residual aneurysms and compared the 3D angio-
graphic and DSA images in these patients.

RESULTS: With 3D angiography, 37 residual aneurysms were found among 88 clipped
aneurysms. These comprised 12 large residual necks and 25 small, dog-eared remnants. DSA
demonstrated 12 large, residual necks and only six small, dog-eared remnants. 3D angiography
also demonstrated the clips, aneurysms, and parent arteries simultaneously, enabling us to
appreciate the clip-aneurysm configuration completely.

CONCLUSION: 3D angiography allowed us to detect more residual aneurysms after surgical
clip placement than did conventional DSA, although none of those detected on only 3D
angiography were judged to require additional treatment. 3D angiography may provide baseline
data for the long-term follow-up of postsurgical aneurysms.

An accurate postoperative assessment of aneurysm
obliteration after clip placement of the aneurysm
neck is essential in treating patients with intracranial
aneurysms. Regrowth and bleeding of aneurysms
from a residual neck have been reported (1–3). Post-
operative conventional angiography is generally ac-
cepted as a standard tool for evaluating aneurysms
after neck clip placement because MR and CT an-
giography have their limitations. The purpose of our
study was to assess he value of 3D angiography after
intracranial aneurysm clip placement.

Methods

Case Collection
We reviewed 71 consecutive cases with 88 clipped cerebral

aneurysms that underwent postoperative angiography with ro-

tational angiography and 3D reconstruction (3D angiography)
between December 2001 and September 2003. Follow-up an-
giography was recommended in all patients who underwent clip
placement for intracranial aneurysms; however, some declined.
Our series comprised 51 women and 20 men aged 24–74 years.
Thirty-three aneurysms were located in the middle cerebral
artery, 26 were in the anterior cerebral artery, 23 were in the
internal carotid artery (ICA), and six were in the posterior
circulation.

The interval between surgery and angiography ranged from
1 day to 13 years. We divided the cases into two groups
according to this interval: 1) an immediate follow-up group in
which the angiography was performed within a month of sur-
gery and 2) a delayed follow-up group in which the angiography
was performed 1 month or more after the operation. Forty-
nine cases with 55 clipped aneurysms were allocated to the first
group, and 22 cases with 33 clipped aneurysms to the second.

The clips applied were mainly Yasargil clips (Aesculap;
Center Valley, PA) made of a cobalt alloy (Phynox) or a
titanium alloy. For giant aneurysms, we used Sugita clips
(Mizho America; Beverly, MA) made of a cobalt chrome alloy
(Elgiloy) or a titanium alloy.

Angiography

Angiographic examinations were performed by using a com-
mercially available biplanar angiographic unit (Integris Allura;
Philips Medical Systems, Best, the Netherlands) with an image
intensifier matrix of 1024 � 1024. In performing digital sub-
traction angiography (DSA), we tried to optimize the angle to
define the clip–aneurysm relationships as well as possible. Usu-
ally, we referenced the angle from rotational angiography.
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During rotational angiography, the C arm rotated over a
240° range at a speed of 55° per second for about 4.4 seconds.
Contrast medium (Iomeron, 300 mg of iodine per mL; Bracco,
Milan, Italy) was injected at a flow rate of 4–5 mL per second,
which resulted in total injected volumes of 16–20 mL for each
rotational angiographic session in the ICA. A flow rate of 2.5–3.5
mL per second resulted in total injected volumes of 10–14 mL
into the vertebral artery. Sometimes, a 1-second exposure delay
was applied to allow an aneurysm to be fully filled. Image data
were transferred to a workstation (Octane; Silicon Graphics,
Mountain Hill, CA) to reconstruct the 3D images with volume
(Integris 3D-RA software, release 3.2, Octane; Silicon graphics).
We analyzed snapshots, which consisted of six basic views (ante-
rior, posterior, both lateral, superior, and inferior views) and views
from arbitrary angles and cutting views to visualize the clip–
aneurysm configurations well.

Analysis of Residual Aneurysms

Two neuroradiologists (M.H.H., B.J.K.) interpreted the
DSA and 3D angiographic images, focusing on any residual
aneurysms. Each study was not read independently. We classi-
fied residual (or recurrent) aneurysms into the two groups: 1)
aneurysms with a large residual neck or recurrent aneurysms
and 2) aneurysms with a small, dog-ear residue (1) (Figs 1 and
2). We also compared the abilities of DSA and 3D angiography
to depict the residual aneurysms.

Results
In this series of 71 consecutive cases with 88 clipped

cerebral aneurysms, 37 residual (or recurrent) aneu-
rysms (42%) were detected by means of 3D angiog-
raphy. DSA depicted 18 of the 37 residual aneurysms
(Table). Twenty-seven of 55 aneurysms (49%) in the
immediate follow-up group proved to have residual
portions that the clips did not cover completely. DSA
identified 11 of these residual aneurysms. Further-
more, DSA showed only three of 19 small, dog-eared
remnants. On the other hand, 3D angiography

showed all residual aneurysms (i.e., small dog-eared
remnants or large residual necks and/or sacs).

Overall, 13 residual aneurysms were found in the
anterior cerebral artery, 11 were in the middle cere-
bral artery, 10 were in the internal cerebral artery,
and three were in the posterior circulation. Twelve
large residual neck or recurrent aneurysms were vi-
sualized during DSA and 3D angiography. Of 25
small, dog-eared remnants, only four were detected
on DSA, whereas 3D angiography depicted all 25.

No further treatments were performed for small,
dog-eared remnants. However, four large residual
aneurysms were embolized with detachable coils and
occluded completely.

The number of clips used in this series was one in
58 cases, two in 24 cases, and three or more in six
cases. 3D angiography demonstrated the aneurysm–
clip configuration well, irrespective of the type or
number of clips applied and the complexities of the
aneurysms or clips applied (Figs 3 and 4). In cases of
complex aneurysms and multiple clips (as well as with
single clips) 3D angiography helped us understand
the complex anatomy by providing various angles and
by allowing visualization of clips and vessels at the
same time. This ability was especially useful for un-
derstanding the anatomy of aneurysms with three or
more clips.

Discussion
By simultaneously rotating the X-ray tube and im-

age intensifier during the intra-arterial injection of
contrast media, rotational angiography and 3D recon-
structed images enables us to obtain accurate infor-
mation regarding the cerebral arteries and their
branches; thus, we can visualize them from different
perspectives, avoiding vessel overlap (4–8). One

FIG 1. Case 21. Large residual aneurysm.
A and B, Postoperative DSA image (A) and 3D angiogram (B) obtained 6 months after surgery for a posterior communicating artery

aneurysm shows residual aneurysm.
C, Posterior 3D angiogram reveals the relationship of the clip, residual aneurysm, posterior communicating artery, and anterior

choroidal artery.
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study (8) demonstrated excellent correlation of 3D
angiographic images with surgical findings in intracra-
nial aneurysms. To our knowledge, ours is the first
report on the application of 3D angiography for the
evaluation of postoperative intracranial aneurysms.

The evaluation of the result of aneurysm clip place-
ment is important because the complete exclusion of
aneurysms from the circulation is the aim of the
operation. Moreover, reports have described rebleed-
ing and the enlargement of incompletely clipped an-
eurysms after surgery (1–3). Sindou et al (3) sug-
gested a classification scheme for residual aneurysms:
grade I, less than 50% neck implantation; grade II,
more than 50% neck implantation; grade III, residual
lobe from a multilobulated sac; grade IV, residual

FIG 2. Small, dog-eared remnant aneurysm.
A—C, Case 24. Postoperative DSA (A) performed 8 days after surgery for anterior and posterior communicating artery aneurysms

shows no residual. Anterior 3D angiogram (B) shows the vessels and clips in the two aneurysms well. Posterior 3D angiogram (C) reveals
a tiny, dog-ear remnant in the anterior communicating artery region (arrow).

D–F, Case 5. Postoperative DSA (D) of a clipped anterior communicating artery aneurysm shows no definite residual. Anterior oblique
and posterior oblique 3D aneurysms (E, F) reveal a residual aneurysm near the ends of the clips and its relationship with a fenestration.

TABLE 1: Detection of residual aneurysms with DSA and 3DA

Group* and Residual
Aneurysms DSA 3D Angiography

Immediate (27 of 55)
Small 3 19
Large 8 8

Delayed (10 of 33)
Small 1 6
Large 4 4

Total (37 of 88) 16 37

* Immediate is the immediate follow-up group in which angiogra-
phy was performed within 1 month of surgery, and delayed, delayed
follow-up group in which angiography was performed at least 1 month
after surgery. Small, is a small, dog-ear remnant aneurysm, and large, a
large residual neck and/or sac.
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portion of the sac less than 75% of the aneurysmal
size; and grade V, residual portion of the sac more
than 75% of the aneurysmal size. The suggested
causes of incomplete clip placement were: 1) insuffi-
cient exposure of the aneurysm neck due to incom-
plete removal of the anterior clinoid process, 2) a
polylobulated sac with a large neck implanted on a
dysplastic arterial segment, 3) a large neck partly
implanted on the infundibulum, 4) a large dysplastic
neck in close contact with perforators, and 5) a large
atheromatous neck (3).

The reported incidences of residual aneurysms are
between 4% and 8% (1, 3, 9–12), and the risk of
bleeding from residual aneurysm is believed to be
1–2% (1, 9). The incidence of recurrent aneurysm

after successful clip placement has been reported to
be 1.5–2.9% (1, 13).

Conventional angiography has been regarded as
the criterion standard for the postoperative evaluation
of clipped aneurysms. However, the detection of a small
remnant of an aneurysm is often difficult because of the
clip mass and because of overlap with cerebral arteries.
In our series, the incidence of residual aneurysm after
surgery was 42% (37 of 88 aneurysms clipped). In the
immediate follow-up group, the rate was 49% (27 of 55
aneurysms clipped), which was far higher than inci-
dences reported earlier (1, 3, 9–12). This increased rate
of detecting residual aneurysms may be attributed to
the excellent image quality and the various viewing an-
gles provided by 3D angiography. In the present series,

FIG 3. Case 47. Giant aneurysm of the ICA.
A and B, Anterior and posterior 3D angiograms show the aneurysm in the supraclinoid region, displacing the anterior cerebral artery

upward.
C, Section through the aneurysm neck shows its broad nature.
D, Postoperative DSA shows well-reconstructed ICA and small residue in the proximal part of the aneurysm.
E and F, Anterior and inferior postoperative 3D angiograms reveal seven clips, without artifact, used for reconstruction of the ICA and

proximal residual aneurysm.
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DSA depicted fewer than half (i.e., 18) of the 37 residual
aneurysms demonstrated on 3D angiography and only
four of 25 small, dog-eared remnants, even though the
DSA studies were optimized by rotation angiograms,
referencing adequate angles from the latter. It is possi-
ble that the DSA examinations would have demon-
strated even fewer of the residual aneurysms without the
optimization. 3D angiography allows the angles neces-
sary to check residual aneurysms, and it allows avoid-
ance of overlapping cerebral vessels. If required, over-
lapping vessels can be deleted from the images to allow
more accurate definition of the aneurysmal residue.
Moreover, 3D angiography demonstrated cerebral ves-
sels, the aneurysmal residue, and the clips simulta-
neously. Thus, the clip–aneurysm configuration can be
appreciated in its entirety, especially in cases of complex
aneurysms and multiple clips.

Conventional angiography is not without risk. In a
review article, cerebral angiography reportedly has a
1% risk of a disabling neurologic deficit and a �0.1%
risk of mortality (14), which has prompted the devel-
opment of noninvasive means for evaluating intracra-
nial aneurysms (15–19). Despite efforts made, the
role of MR angiography and CT angiography appear
to be limited to the pretreatment evaluation of cere-
bral aneurysms at best. Postsurgical evaluation of
intracranial aneurysms with MR angiography has
never been satisfactory because of metal artifact.
Moreover, flow void artifacts in MR angiography may
erroneously suggest severe stenosis of the parent ar-
tery. In addition, there is a concern about possible clip
motion with MR angiography, and vascular injury due
to clip movement might bring about a fatal outcome
(20). Currently, aneurysm clips made of pure titanium

FIG 4. Case 65. Dolichocarotid aneurysms.
A–C, Anterior and posterior preoperative DSA and 3D angiographic views show a complex aneurysms involving the distal ICA.
D, On postoperative DSA, it is hard to see which part of the aneurysms is clipped.
E and F, Anterior and posterior 3D angiograms reveal that the lateral part of the aneurysms is clipped, and part of ICA is included within

the end of the clip.
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are available, and they are known to display no trans-
lational attraction on MR imaging systems, unlike
those made of stainless steel alloys, cobalt alloys, or
cobalt chrome alloys (21). However, pure titanium
clips are not without susceptibility artifacts or radio-
frequency shielding effects. Recently, efforts have
been made to reduce metal artifacts on MR images,
especially in the field of vascular stents (22–24); how-
ever, these are not applicable to the postsurgical eval-
uation of intracranial aneurysms.

Several articles regarding the evaluation of intra-
cranial aneurysms with CT angiography have been
published (25–34). However, to our knowledge, only
one report commented on its use for the follow-up of
postsurgical patients (35). Severe beam-hardening ar-
tifact renders CT angiograms diagnostically useless.
Fortunately, Cho et al (35) reduced artifacts and
improved the quality of CT angiography images by
using only titanium clips.

Postsurgical evaluation of patients with intracranial
aneurysms is a starting point for their long-term fol-
low-up, and 3D angiography provides the most accurate
and valuable information in this respect. Therefore, 3D
angiography may become the criterion standard for
evaluating postsurgical intracranial aneurysms, although
current 3D angiography seems to have no diagnostic
effect with regard to retreatment because all retreated
aneurysms were also found with DSA. Reports regard-
ing the long-term outcome of small, dog-eared rem-
nants found on 3D angiography are anticipated.

Conclusion

Tiny dog-eared remnants are well visualized on 3D
angiography, and the absence of a residual aneurysm
can be confirmed by using its facility to view various
angles. Moreover, 3D angiography facilitates under-
standing of clip–aneurysm configurations in complex
aneurysms and in those involving multiple clips.
Therefore, postoperative angiography may provide
ample information if it is combined with 3D angiog-
raphy, and this technique has a role postoperatively in
patients with cerebral aneurysms. 3D angiography
also allowed the detection of more residual aneu-
rysms after surgical clip placement than did conven-
tional DSA, although none of those detected on only
3D angiography were judged to require additional
treatment. We believe that 3D angiography may pro-
vide baseline data for long-term follow-up of postsur-
gical aneurysms. 3D angiography may become the
criterion standard for evaluating postsurgical intra-
cranial aneurysms.
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