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ABSTRACT 

The aim of this study is to examine morphology of 
intracranial aneurysm with neck indistinguishable 
from surrounding artery branches by cerebral an- 
giography and discuss whether such aneurysms can 
be treated by interventional embolization. 6 patients 
who had not been treated by embolization due to ir- 
regular wide-necked aneurysms indistinguishable 
from surrounding artery branches by cerebral angio- 
graphy received craniotomy for aneurysm clipping. 
The operations succeeded. Morphologically, neck 
width and location of the aneurysms were carefully 
observed and photographed from different directions 
and multi-angles during operation. The intraopera- 
tive findings were compared with the preoperative 
CTA and DSA images. Walls of the 6 patients’ aneu- 
rysms tightly clung to or adhered to surrounding 
branches and oppressed the branches into arcs, simi- 
lar to the aneurysm walls in shape, and arterial 
branches and aneurysm walls suffered from segmen- 
tal adhesion. In addition, abnormalities of communi- 
cating arteries to vary degrees were observed in 4 
patients. However, after successful surgical clipping, 
it was revealed that the aneurysms would have been 
better treated by embolization since they are basically 
saccular aneurysms with regular sizes. Deformations 
in preoperative angiography may be due to anatomi- 
cal variations of surrounding vessels near the aneu- 
rysms, aneurysm wall oppression or incomplete ad- 
hesion of surrounding arterial branches. Such de- 
formations can be recognized by careful observation 
in preoperative angiography from different directions 
and multi-angles.  
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1. INTRODUCTION 

Intracranial aneurysm is a fairly common malformation 
and it occurs in approximately 5% of the general popula- 
tion [1,2]. It is often asymptomatic until the time of rup- 
ture, causing bleeding into the brain or the space closely 
surrounding the brain. Subarachnoid hemorrhage (SAH) 
associated with aneurysmal rupture is potentially lethal 
with a mortality rate of 50 percent or more and many 
patients who survived the initial hemorrhage have shown 
permanent disability [3]. Due to increased knowledge of 
natural history and prevalence of aneurysms, and ad- 
vances in imaging technologies, early detection of un- 
ruptured asymptomatic intracranial aneurysms has in- 
creased significantly in recent years [4]. An unbiased 
assessment of most appropriate treatment option for the 
malformation is crucial to achieve a favorable outcome 
for patients. However, the choice of open surgery verses 
embolization treatment option in aneurysm management, 
whether ruptured or unruptured, remains a challenging, 
and often an individualized decision making with fol- 
lowing factors, such as age, past medical history, medi- 
cal/neurological conditions and interpretation of preop- 
erative angiography, plays an important role for both 
surgeons and patients as well as their family members.  

Here we report that during a period from Feb 2011 to 
Feb 2012 at our hospital, we had performed clipping op- 
erations for 136 patients with ruptured intracranial aneu- 
rysms. Among their family members, 6 patients had 
strongly requested for embolization treatment; however, 
it was found in those patients by preoperative cerebral 
angiography that irregular wide-necked aneurysms were 
not distinguished from surrounding artery branches. Al- 
though based on the observations, 6 patients then re- 
ceived craniotomy for aneurysm clipping, during opera- 
tion it was clearly observed that the intracranial aneu- 
rysms were regular in size and saccular in nature. They 
would have been better treated by embolization, instead 
of open surgery, suggesting that the interpretation of 
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preoperative angiography plays an even more important 
role in treatment options for patients suffered from in- 
tracranial aneurysm. Deformations in the preoperative 
angiography can be recognized by more careful observa- 
tion from different directions and angles. 

2. METHODS 

This study was approved by Fuzhou General Hospital 
Institutional Review Board and the board has waived the 
need for written informed consent from the participants. 
6 patients, 4 males and 2 females, aged 34 - 56 years 
with a mean age of 44.6 years, were hospitalized, and all 
in emergency SAH admission. Time of onset was 1 - 10 
days with an average of 3.3 days. The main symptoms 
included severe headache, seizure, stiff neck and vision 
problems. Neuroimaging examinations were performed 
upon admission and Computed Tomographic Angiogra- 
phy (CTA) examinations clearly showed SAH at cerebral 
base cistern in all 6 patients, 3 cases with a small amount 
of hematoma in the anterior longitudinal fissure cistern 
near prefrontal brain, and one case with hematoma near 
lateral fissure cistern. All patients were also examined by 
Digital Subtraction Angiography (DSA). 

CTA examination was performed by GE 16-Detector 
Row CT scanner (Light speed) with scanning range from 
base of the skull to top. An 80 - 100 ml bolus of non- 
ionic contrast agent (300 - 370 mgI/ml) was intrave- 
nously injected with a high-pressure syringe at a rate of 
3.0 - 3.5 ml/sec at antecubital vein and the delay time 
was 16 - 21 sec. Data acquisition was performed with a 
nominal section thickness of 1.25 mm, a table feed of 
13.75 mm per rotation, and a 0.8 sec rotation time (pitch, 
1.375). The x-ray tube voltage setting was 120 kV, and 
mean tube current was 265 mA (range, 250 - 280 mA). 
After scan the data were transferred to AW4.2 worksta- 
tion, bone or boneless 3-D images were reconstructed, 
respectively, and multi-directional and multi-angle im- 
ages were obtained. 

DSA examination (2D-DSA and 3D-DSA) was per- 
formed using GE Innova 3100 IQ and Mark V high- 
pressure syringe. The Seldinger technique was used for 
conducting Femoral artery puncture and placing 5F arte- 
rial sheath at the puncture site. The 5F single curved im- 
aging tube went through bilateral internal carotid artery, 
vertebral artery for conventional 2D DSA. 8 ml of non- 
ionic contrast agent iopromide with iodine concentration 
at 370 mgI/ml was injected at a rate of 6 ml/sec for in- 
ternal carotid artery and 6 ml of the same contrast agent 
was administered at a rate of 4 ml/sec for vertebral artery, 
respectively. If an aneurysm or a highly suspected case 
was found, rotational DSA 3D images (40 degree/sec, 5 
ml/sec for 4 sec) were acquired. 20 ml of the contrast 
agent was injected at a rate of 5 ml/sec for internal ca- 
rotid artery for 4 sec and 15 ml of the contrast agent was 

administered at a rate of 3 ml/sec for vertebral artery for 
5 sec. The rotational angiography digital data were trans- 
ferred to AW4.2 workstation and images were recon- 
structed by shaded surface display (SSD), transparency 
and Navigater techniques. 

For those aneurysms with irregular wide-neck or neck 
indistinguishable from surrounding artery branches by 
preoperative angiography, aneurysm clipping craniotomy 
was performed. During surgery, aneurysm morphology, 
its neck width, and whether its wall was connected di- 
rectly with surrounding branch lumen, were observed 
carefully and photographed in order to compare them 
with preoperative CTA and DSA images, respectively, as 
well as to assess whether embolization treatment would 
be an alternative option for the patients.  

3. RESULTS 

The cerebral angiography performed on the 6 patients 
clearly revealed intracranial aneurysms, including 5 
cases of anterior communicating artery aneurysm and a 
case of middle cerebral artery aneurysm. It was observed 
by rotational 3D-DSA that all 6 cases of aneurysm were 
located at the artery bifurcation with a wide and fuzzy 
neck, and irregular body size, and the aneurysm wall 
“adhered” to, therefore was indistinguishable from adja- 
cent artery branches, rendering it difficult to determine 
the aneurysm neck width and define clear boundary be- 
tween the aneurysm wall and the surrounding branches. 
In addition, it was even observed that some artery 
branches were derived from the aneurysm wall (Figures 
1(A) and (B) and Figures 2(A) and (B), arrow). Based 
on the observations, surgical craniotomy was chosen for 
aneurysm clipping for the patients, although whose fam- 
ily members strongly requested for embolization treat- 
ment.  

From admission of the patients to performing crani- 
otomy the average time was 7.3 h. Microsurgical opera- 
tion via pterional approach was performed. The aneu- 
rysm and the surrounding artery branches were exposed 
and carefully separated. It was found clearly during op- 
eration that walls of the 6 patients’ aneurysms were 
tightly clung to or adhered to the surrounding artery 
branches, which were oppressed into arcs, similar to the 
aneurysm walls in shape. In 4 cases, the aneurysm walls 
were easily separated from the adjacent artery branches 
and the aneurysms became completely free (Figures 1(C) 
and (D)). However, in another 2 cases, the arterial 
branches and the aneurysm walls suffered from segmen- 
tal adhesion (Figures 2(C) and (D)) and it was further 
observed that the aneurysm wall was not connected di- 
rectly with the branched arteries. On both sides of the 
aneurysm neck enough space was created, suitable for 
aneurysm clipping. The aneurysms then were success- 
fully clipped and the clipping of the aneurysm caused its  
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Figure 1. Preoperative CTA, DSA angiography and intraopera- 
tive findings of the anterior communicating artery aneurysms. 
The preoperative CTA (A) and DSA (B) revealed that the an- 
eurysms were located at the artery bifurcation with a wide neck 
and irregular body size, and the aneurysm wall was indistin- 
guishable from the adjacent artery branches, which appeared to 
be derived from the aneurysm wall. However, during operation, 
it was observed that the anterior artery aneurysm was regular 
cystic in shape and the aneurysm wall oppressed around the 
artery branches (C). The clipping of the aneurysm caused its 
neck retracted (D). In addition, it was shown that the left ante- 
rior communicating artery appeared abnormal with fenestration 
(D, arrow) and its branches were in close proximity with the 
aneurysm wall. 
 
neck retracted. However, the aneurysm wall still partly 
adhered to the branched artery walls. In addition, in 4 
cases, variations of anterior communicating artery in 
varying degrees, such as duplication and fenestration, 
were found (Figure 1(D), arrow). 

After successful clipping, it was observed that the an- 
eurysm morphology belonged to regular cystic appear- 
ance in shape with smaller neck, suitable for emboliza- 
tion. The 6 patients recovered and were discharged from 
hospital in about 3 weeks. 

4. DISCUSSION 

Interventional treatment has gradually become an impor- 
tant method of aneurysm management and virtually al- 
most 100% of aneurysms have been occluded by emboli- 
zation in recent years [5]. However, with regard to wide- 
necked and large aneurysms, current technical limitations 
in embolization technology have prevented complete and 
durable aneurysm occlusion [6]. It is generally believed 
that contraindications of embolization include the fol- 
lowing: aneurysm is too small in size (<2 mm); intuba- 
tion artery is with severe hardening distortions or  

 

Figure 2. Preoperative CTA, DSA angiography and intraopera-
tive findings of the right middle cerebral artery aneurysm. The 
preoperative CTA (A) and DSA (B) revealed that the size of the 
right middle cerebral artery aneurysm was irregular with a wide 
neck and the aneurysm wall was indistinguishable from adja-
cent arterial branches (arrows). During operation, it was ob-
served that the right middle cerebral artery aneurysm was 
regular cystic in shape and the aneurysm wall adhered to the 
artery branches (C). On both sides of the aneurysm neck 
enough space was created because of incomplete adhesion and 
the aneurysm was clipped successfully (D). 
 
severe vasospasm and micro-catheter is difficult to enter 
the aneurysm cavity; artery is ruptured of a serious con- 
dition and the clinical symptoms reach Hunt and Hess 
Scale 5 [7]; prolonged clotting time, coagulation disor- 
ders, and liver and kidney failure limit the use of the 
contrast agent; contrast agent allergy or there is a clear 
history of allergies; when performing angiography cavity 
and neck of aneurysm is indistinguishable from adjacent 
arteries and there are artery branches derived from aneu- 
rysm cavity or neck, unsuitable for embolization treat- 
ment [8,9]. The last contraindication is similar to our 
preoperative observations in this study and that was why 
the craniotomy was chosen over embolization for the 6 
patients involved.  

It is well known that CTA and DSA (including 2D- 
and 3D-DSA) are very useful detection tools for diagno- 
sis of intracranial aneurysms in neurosurgery [1]. It is 
also paramount important to examine by angiography the 
morphology, neck width and location of the aneurysm 
prior to making treatment decisions. Although CTA is 
able to show the morphology of aneurysm and reveal its 
relations with adjacent blood vessels, sometimes it is 
with difficulty to find aneurysms in small sizes (2 - 3 
mm). Therefore, DSA is still recognized as the gold 
standard for diagnosis of intracranial aneurysm because 
of its high image resolution (down to 0.3 mm in size) and 
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high degree of sensitivity and specificity [10], which can 
be used to more carefully analyze preoperative images as 
it overcomes overlapping of vascular structures and ob- 
serves aneurysm and its boundary with the surrounding 
artery branches from a full range of six directions and 
multi-angles. We herein suggest that preoperative CTA 
and DSA angiographic images should be reviewed inde- 
pendently by at least two experienced radiologists. The 
multiplanar reconstruction and source images should be 
always analyzed in conjunction with the corresponding 
3D images because of misinterpretation potential. The 
radiologists assess whether intra-arterial CTA is superior, 
equal, or inferior to DSA with regard to the depiction and 
delineation of morphology, neck width and location of 
the aneurysm. The morphology indicates the aneurysm 
contour, which includes the number of lobes of the an- 
eurysm. The neck width referred to the size of aneurysm 
neck: narrow, medium, wide, or irregular. The location 
refers to the relationship between the aneurysm and its 
surrounding artery branches, including the middle cere- 
bral artery bifurcation, anterior and posterior communi- 
cating arteries, branches derived from the aneurysm, and 
duplication or fenestration [11]. The final interpretation 
should be obtained by consensus and k statistics are used 
to assess inter-observer reliability for aneurysm charac- 
teristics [12].  

In this study, anterior communicating artery aneurysm, 
often related with the anterior communicating artery 
anatomy abnormities, was accounted for as much as five 
cases (83%). It is well known that up to 85% of patients 
with the anterior communicating artery aneurysm suffer 
A1 segment dysplasia, or even complete absence of the 
segment, i.e., internal carotid artery “three-pronged” de- 
formity, which is one of the most common variations 
[13]. Another variation of anterior communicating artery 
such as duplication or fenestration, accounts for 10% - 
40% of patients [14]. Normally there is only one anterior 
communicating artery, but sometimes it occurs with 2 - 3 
duplications or fenestration, as is the case for patients 
involved in this study (Figure 1(D), arrow), making it 
more difficult to correlate the preoperative angiography 
with the intraoperative findings. The surgical craniotomy 
confirmed that due to the duplication or fenestration of 
the anterior communicating artery, and the aneurysm 
wall and the anterior communicating artery in close pro- 
ximity (with or without adhesion), the aneurysm walls 
can oppress the anterior communicating arteries into arcs, 
similar to themselves in shape. Meanwhile, the aneurysm 
neck opening and the anterior communicating artery bi- 
furcation starting point anatomically were on the same 
surface, leading to the side-by-side appearance of the 
aneurysm cavity and the anterior communicating artery 
in the preoperative angiography. Furthermore, the images 
of the aneurysm cavity and the surrounding branch lu- 

mens (i.e., the anterior communicating arteries) appeared 
superimposed, causing volume increase for the aneurysm 
images and resulting in doubtful images (artifacts); for 
example, vague irregular and wide-necked aneurysms 
were shown and the anterior communicating artery ap- 
peared derived from the aneurysm wall. In addition, it 
was found that in 2 patients the middle cerebral artery or 
anterior communicating artery and the aneurysm walls 
suffered from segmental adhesion and the aneurysm wall 
oppressed the surrounding artery branches into similar 
arc shape. However, during surgery we found that the 
adhesion was incomplete and often easier to separate. 

For some older patients with less severe SAH bleeding, 
if preoperative angiography showed the aneurysm neck 
or wall indistinguishable from surrounding artery 
branches and there existed arterial anatomic variations, it 
may be possible that incomplete adhesion between the 
aneurysms and the artery branches as well as oppression 
from the aneurysms is involved. Neurosurgeons and ra- 
diologists should analyze preoperative image data more 
carefully from different directions and multi-angles as 
described earlier in this section, not rule out intervene- 
tional embolization treatment option easily, and choose 
most appropriate treatment to achieve a favorable out- 
come for the patients involved.  

5. CONCLUSION 

Our present study is provided to raise awareness for non- 
optimized correlation between preoperative angiography 
and intraoperative findings with regard to treatment op- 
tions for patients suffered from intracranial aneurysms. 
Deformations in preoperative angiography may be due to 
anatomical variations of the surrounding artery branches 
near the aneurysms and aneurysm wall oppression or 
incomplete adhesion of the arterial branches. Such de- 
formations can be recognized by more careful observa- 
tion in preoperative angiography from different direc- 
tions and multi-angles. 
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