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BACKGROUND AND PURPOSE: Multi-section CT has great potential for use in vascular
studies. Our purpose was to determine the accuracy of multi-section CT angiography in
detecting cerebral aneurysms compared with digital subtraction angiography or surgery.

METHODS: One hundred consecutive patients who underwent multi-section CT angiography
and either digital subtraction angiography or surgery were included in the study. Multi-section
CT angiography and digital subtraction angiography results were evaluated independently by
different neuroradiologists who performed aneurysm detection, quantitation, and character-
ization by using 2D multiplanar reconstructions, 3D maximum intensity projection, and
volume-rendered techniques.

RESULTS: When using intra-arterial digital subtraction angiography or surgery, 113 aneu-
rysms (true positives and false negatives) were detected in 83 of the 100 patients. A total of 106
aneurysms (true positives) were confirmed by using digital subtraction angiography or surgery,
or both. Seven aneurysms were missed when using multi-section CT angiography. Eight
aneurysms were not confirmed by digital subtraction angiography and were considered to be
false positive evaluations. The sensitivity for detecting aneurysms <4 mm, 4 to 10 mm, and >10
mm on a per-aneurysm basis was 0.84 (95% confidence interval: 0.72, 0.92), 0.97 (95% confi-
dence interval: 0.91, 0.99), and 1.00 (95% confidence interval: 0.88, 1.00), respectively. The
sensitivity, specificity, and accuracy of multi-section CT angiography for detecting aneurysms
on a per-patient basis were 0.99 (95% confidence interval: 0.96, 1.00), 0.88 (95% confidence
interval: 0.69, 0.94), and 0.98 (95% confidence interval: 0.95, 1.00), respectively.

CONCLUSION: Multi-section CT angiography has a high sensitivity in detecting aneurysms
(especially aneurysms >3 mm). However, CT angiography is currently not sensitive enough to
replace digital subtraction angiography.

One of the most frequent causes of subarachnoid
hemorrhage is ruptured aneurysm (1–4). Ruptured
aneurysms not only cause subarachnoid hemorrhage
but can also cause subdural or intracerebral hemato-
mas (5–8). Intracranial hematomas may exacerbate
deterioration of the patient’s condition and may re-
quire emergency surgical decompression. Cerebral
digital subtraction angiography has been used as the
criterion standard for aneurysm detection. The main
advantages of digital subtraction angiography are the
high resolution achieved by most systems, generally

providing 0.3 mm resolution by using a 1024 � 1024
matrix, and the lack of venous contamination. Digital
subtraction angiography has several disadvantages
other than time delay, including invasiveness because
of the required arterial puncture and intra-arterial
catheter manipulation, high skill level to perform the
procedure, and relatively high cost. The risk of per-
manent neurologic complication associated with dig-
ital subtraction angiography in patients with sub-
arachnoid hemorrhage, cerebral aneurysm, and
arteriovenous malformation has been reported to be
0.07% (9).

Helical CT angiography is a noninvasive volumetric
imaging technique. Images can be relatively safely
obtained without the need for arterial puncture or
catheter manipulation. CT angiography is not associ-
ated with significant patient risks other than those
associated with the administration of iodinated con-
trast media. Once the images are acquired, CT an-
giography data can be evaluated in almost unlimited
projections in 2D and 3D formats. This is an impor-
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tant advantage of CT angiography over conventional
digital subtraction angiography, although during the
past few years, it has become more commonplace to
perform 3D rotational angiography. For these rea-
sons, helical cerebral CT angiography has been widely
used in the detection of intracranial aneurysms, with
a reported sensitivity of 70–96% (10–15).

Multi-section CT scanners are fundamentally im-
proved over single section CT scanners in three ways:
faster speed, longer distance, and better section thick-
ness (16). The high gantry speed of the multi-section
CT scanner permits helical scanning to be performed
with a smaller section thickness than is possible with
conventional helical CT. As a result, nearly isovolu-
metric data (i.e., improved resolution in the z axis)
can be obtained (17). The purpose of this study was to
assess the diagnostic accuracy of four-section CT an-
giography for the detection of cerebral aneurysms.

Methods

From August 1999 through August 2003, 218 consecutive
patients who underwent unenhanced CT of the head and multi-
section CT angiography were retrospectively evaluated. Among
the 218 patients, 100 (44 men and 56 women; median age, 52
years; age range, 24–76 years) who underwent multi-section
CT angiography and digital subtraction angiography or surgery
were included in the study. Fifty-four (54%) of these 100
patients had subarachnoid hemorrhage, and multi-section CT
angiography was performed usually within an hour after the
determination of subarachnoid hemorrhage to evaluate for the
presence of aneurysms. If the CT angiography was performed
during off-hours, the study was evaluated by a neuroradiology
fellow or neuroradiology staff, usually within an hour. In 18
patients, multi-section CT angiography was performed to eval-
uate aneurysms suspected based on CT findings (n � 8) or MR
angiography findings (n � 10), which were obtained for non-
specific symptoms such as headache, dizziness, or visual distur-
bances. In 17 patients, the indication for multi-section CT
angiography was headache. The remaining 11 patients had a
variety of indications, including visual disturbances, ischemia,
vertigo, tumor, trauma, ptosis, mental status changes, hemipa-
resis, and dizziness. All patients underwent multi-section CT
angiography according to the same protocol (described below).

Multi-section CT angiograms were obtained with a four-
channel multi-row detector CT scanner (Somatom Plus Four
Volume Zoom; Siemens Medical Systems, Forchheim, Ger-
many). Typically, CT angiography was initiated 15 to 20 sec-
onds after the start of an IV infusion of nonionic iodinated
contrast material. Contrast material (ioversol, [Optiray 320];
Mallinckrodt Inc., St. Louis, MO) was injected at a rate of 5
mL/s, for a total scanning time of 15 to 20 seconds, with the use
of a power injector (Medrad, Pittsburgh, PA) and an 18- or
20-gauge needle inserted in the antecubital vein. The volume of
iodinated contrast material in each study was typically 90 to 100
mL. The scanning parameters included 120 kV, 225 mA, sec-
tion thickness of 1.25 mm, reconstruction interval of 1 mm, and
table speed of 2 to 3 mm/s. The scan revolution time was 0.5
seconds. Data for CT angiography were obtained in a cau-
docranial direction. 3D reconstructions were performed on
Vitrea 2 workstations (Vital Images Inc., Plymouth, MN) by
using preset volume-rendered and maximum intensity projec-
tion display algorithms. It took approximately 2 to 3 seconds to
generate the 3D reconstructions on the workstation. After-
ward, the neuroradiologists (M.T., A.M.) could manipulate the
images in a near-infinite number of projections with varying
amounts of time needed for review (usually 5–10 minutes). The

source images and multiplanar reformations also were re-
viewed on the workstations by an experienced neuroradiologist.

Digital subtraction angiography was performed with femoral
catheterization by the Seldinger technique with a biplane dig-
ital subtraction angiography unit (Toshiba CAS-30B; Toshiba
Co., Tochigi-Ken, Japan). Three- or four-vessel angiograms
were obtained in anteroposterior, lateral, and bilateral oblique
projections (�45 degrees and �45 degrees) for each catheter-
ization. Six to 9 mL of nonionic contrast material (Optiray 320)
was used for each injection. Digital subtraction angiography
was performed with a 33-cm field of view and a 1024 � 1024
matrix. The spatial resolution was 0.32 � 0.32 mm. The size of
each aneurysm was calculated after correction of magnification
factor on digital subtraction angiography. The largest diameter
of each aneurysm was measured and graded as large (�10
mm), medium (4–10 mm), or small (�4 mm). The presence or
absence of aneurysms and the aneurysm location and size,
when present, were established by an experienced neuroradi-
ologist who did not participate in interpretation of the multi-
section CT angiography findings for the same patient. Digital
subtraction angiography findings, when available, or operative
and surgical results were accepted as the criterion standard.

For statistical analysis, 2 � 2 tables of the true positive, false
positive, true negative, and false negative cases of multi-section
CT angiography, as compared with digital subtraction angiog-
raphy or surgery results, were constructed. Sensitivity, specific-
ity, positive and negative predictive values, and accuracy were
calculated on per-aneurysm and per-patient bases. The detec-
tion of at least one aneurysm was assumed positive for the 100
patients (i.e., the diagnosis of any one aneurysm would lead to
conventional angiography, coil neuroembolization, or surgery)
when calculating the statistical data on a per-patient basis.
Exact 95% confidence intervals based on binomial probabilities
were calculated.

Results
When using intra-arterial digital subtraction an-

giography or surgery, 113 aneurysms were detected in
83 of the 100 patients (Figs 1–3). Eight aneurysms
that were identified on multi-section CT angiograms
were not found on digital subtraction angiograms and
were considered as false positive results. Classifica-
tion of the sites and sizes of the aneurysms, charac-
teristics of the aneurysms, and the patient data are
summarized in Table 1. In 15 (six men and nine
women; median age, 42 years; age range, 25–72 years)
of the 100 patients, no aneurysm was identified by
using multi-section CT angiography and digital sub-
traction angiography. The main indication for multi-
section CT angiography for these patients was sub-
arachnoid hemorrhage (10 [67%] of 15 patients). The
second most common indication was headache (three
[20%] of 15 patients).

The most common location for aneurysms �4 mm
was the middle cerebral artery (bi-/trifurcation)
(19%). The primary location for aneurysms between 4
and 10 mm was the posterior communicating artery
(22%). The most common locations for aneurysms
�10 mm were the bi-/trifurcation of the middle cere-
bral artery (18%) and the supraclinoid segment of the
internal carotid artery (18%). Thirty-one (27%) of
113 aneurysms were read as �4 mm; 60 (53%) were
read as being between 4 and 10 mm; and 22 (20%)
were read as �10 mm. Five of the eight false positive
aneurysms were �4 mm, and three were between 4
and 10 mm. A total of 106 (94%) of 113 aneurysms
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that were found by using digital subtraction angiog-
raphy or surgery were detected by multi-section CT
angiography (true positives). True positive and false
negative statistical results on a per-aneurysm basis are
presented in Table 2. The most frequent location of
false positive interpretation was the supraclinoid seg-
ment of the internal carotid artery (Table 3). Seven
aneurysms (false negatives) were missed when using
multi-section CT angiography. The primary reason
for missing aneurysms on multi-section CT angio-
grams (seven total) seems to be the close proximity to
bone in addition to the small size of the aneurysms
(four aneurysms). Additionally, another single basilar
tip aneurysm was missed because of its very small size.
One aneurysm was not identified because of the large
amount of hemorrhage obscuring the aneurysm. An-
other aneurysm was not identified on multi-section
CT angiograms because of an atypical configuration
(Table 4). In retrospective evaluation, only the aneu-
rysm with atypical configuration (a 4-mm posterior
communicating artery aneurysm) was clearly identi-
fied. Other aneurysms that were missed on multi-
section CT angiography could not be clearly identi-
fied in retrospective evaluation.

The sensitivities of multi-section CT angiography on a
per-aneurysm basis for aneurysms �4 mm, between 4
and 10 mm, and �10 mm were 0.84 (26 of 31; 95%

confidence interval: 0.72, 0.92), 0.97 (58 of 60; 95%
confidence interval: 0.91, 0.99), and 1.00 (22 of 22;
95% confidence interval: 0.88, 1.00), respectively. De-
tails of the accuracy of multi-section CT angiography on
a per-aneurysm basis are explained in Table 5. The
sensitivity, specificity, and accuracy of detection of an-
eurysms on a per-patient basis were 0.99 (95% confi-
dence interval: 0.96, 1.00), 0.88 (95% confidence inter-
val: 0.69, 0.94), and 0.98 (95% confidence interval: 0.95,
1.00), respectively. The positive predictive value and
negative predictive value of detecting aneurysms on
multi-section CT angiography on a per-patient basis
were 0.98 (95% confidence interval: 0.96, 0.99) and 0.94
(95% confidence interval: 0.74, 0.99), respectively.

For 10 (19%) of 54 patients with subarachnoid hem-
orrhage, no aneurysms were detected by using multi-
section CT angiography and digital subtraction angiog-
raphy. The hemorrhages in each of these patients were
adjacent to the brain stem and were considered to be
nonaneurysmal perimesencephalic hemorrhages. In 42
(78%) of 54 patients with subarachnoid hemorrhage,
aneurysms were confirmed by digital subtraction an-
giography or surgery. In two (4%) patients with sub-
arachnoid hemorrhage, although multi-section CT
angiography detected aneurysms (anterior communi-
cating artery, 2 mm; internal carotid artery supracli-
noid segment, 3 mm), these aneurysms could not be

FIG 1. Images obtained in a 45-year-old woman with severe headache.
A, Unenhanced CT scan of the head shows subarachnoid hemorrhage in the right

sylvian fissure (arrow), with mild hydrocephalus. R, right; P, posterior.
B, 3D volume-rendered image (lateral) shows inferiorly and posteriorly directed saccular

aneurysm at the origin of the right posterior communicating artery (arrow). S, superior; I,
inferior; P, posterior; A, anterior.

C, Preoperative right internal carotid digital subtraction angiogram (right anterior oblique
projection) shows inferiorly and laterally directed saccular aneurysm at the origin of the
posterior communicating artery (arrow).

D, Intraoperative right internal carotid digital subtraction angiogram (anteroposterior
projection) shows successful clip placement in the posterior communicating artery
aneurysm.
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confirmed by using digital subtraction angiography
and were considered as a false positive evaluation for
the purpose of this study. Of 42 patients with sub-
arachnoid hemorrhage and aneurysm shown by digi-
tal subtraction angiography or surgery, 26 (62%) were
female and 16 (38%) were male patients. A total of 53

aneurysms were detected via digital subtraction an-
giography or surgery in the 42 patients who had sub-
arachnoid hemorrhage. Of the 53 aneurysms in pa-
tients with subarachnoid hemorrhage, nine (17%)
were �4 mm in size, 35 (66%) were between 4 and 10
mm, and nine (17%) were �10 mm.

FIG 2. Images obtained in a 49-year-old
woman with severe headache.

A, Unenhanced CT scan of the head
shows subarachnoid hemorrhage in the
left cerebellopontine angle cistern (arrow).

B, 3D volume-rendered image (pos-
teroanterior) shows superiorly, medially,
and anteriorly directed saccular aneurysm
(white arrow), which is incorporated into
the origin of posterior inferior cerebellar
artery (black arrow). S, superior; I, inferior;
R, right; L, left.

C, Preoperative left vertebral artery dig-
ital subtraction angiogram (anteroposte-
rior projection) shows saccular aneurysm
projecting superiorly and medially at the

origin of the posterior inferior cerebellar artery. Note the hypoplastic P1 segment of the posterior cerebral artery.
D, Intraoperative left vertebral artery digital subtraction angiogram (anteroposterior projection) shows successful clip placement in the

aneurysm without occlusion of the posterior inferior cerebellar artery.

FIG 3. Images obtained in a 41-year-old woman with headache.
A, 3D volume-rendered image (posteroanterior) shows aneurysm at the origin of the left superior cerebellar artery (arrow). S, superior;

I, inferior; R, right; L, left.
B, Maximum intensity projection image (anteroposterior) shows aneurysm at the origin of the left superior cerebellar artery (arrow). S,

superior; I, inferior; R, right; L, left.
C, Left vertebral artery digital subtraction angiogram (anteroposterior projection) shows aneurysm at the origin of the left superior

cerebellar artery. This patient underwent attempted treatment by GDC embolization. However, the aneurysm was thrombosed during
the procedure before coil embolization. The patient was followed up and did not have any significant complaint as of the time of this
writing.
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Discussion
The performance of helical CT has improved dur-

ing the past 8 years, with faster gantry rotation, more
powerful X-ray tubes, and superior interpolation al-
gorithms. However, probably the most significant ad-
vance in CT angiography has been the recent intro-
duction of multi-section CT scanners. Currently
capable of acquiring multiple channels of helical data

simultaneously, multi-section CT scanners have
achieved the greatest incremental gain in scan speed
since the development of helical CT. These machines
have profound implications for clinical CT scanning.

Fundamental theoretical advantages of multi-sec-
tion CT over single section CT include substantially
shorter acquisition times, retrospective creation of
thinner or thicker sections from the same raw data,
improved 3D rendering with diminished artifacts, and
decreased contrast dose. Although these features will
likely be important to many applications of CT scan-
ning (16, 18–21), the greatest impact has been on CT
angiography. The ability of acquiring thinner overlap-
ping images with a multi-section CT scanner, without
increasing the data acquisition time, theoretically al-
lows improved quality and spatial resolution of the
2D and 3D reconstructions.

Single section CT angiography has had limited sen-
sitivity in detecting aneurysms �3 mm (10, 22). Win-
termark et al (23) recently reported sensitivity, spec-
ificity, and accuracy of 94.8%, 95.2%, and 94.9%,
respectively, in detecting aneurysms by using multi-
section CT angiography on a per-aneurysm basis. Ex-
cellent correlation was shown between aneurysm size
assessed by multi-section CT angiography and digital
subtraction angiography in that study; however, the
exact values of sensitivity, specificity, and accuracy, as
related to aneurysm size, were not available. In the
current study, the sensitivity, specificity, and accuracy
of detecting aneurysms �4 mm were 0.84, 0.75, and
0.80, respectively. Also, five aneurysms �4 mm were
missed by multi-section CT angiography in the cur-
rent study. In addition to small size, the main reason
aneurysms �4 mm were missed was their close prox-
imity to bone (Table 4). For aneurysms �3 mm,
detection accuracy was much higher and was consis-
tent with the literature (10, 11). The sensitivity, spec-
ificity, and accuracy of detecting aneurysms between 4
and 10 mm were 0.97, 0.83, and 0.94, respectively.
Two aneurysms �3 mm were missed by multi-section
CT angiography. One of them was a 4-mm posterior
communicating artery aneurysm, which had atypical
configuration. The other was a 4-mm aneurysm lo-
cated in the posterior caudal loop of the posterior
inferior cerebellar artery. The apparent reason this
aneurysm was missed was large hemorrhage in the

TABLE 1: Characteristics of Patients and Aneurysms

Aneurysm
Size (mm)

Aneurysm
Number

Mean
Age � SD (yr)

%
Female

Most Common Indication for
MSCTA (%)

Most Common
Location (%)

�4 36 50 � 12 60 Subarachnoid hemorrhage (46) MCA Bi/Tri (19)
PcoA (14)
AcoA (14)

4–10 63 55 � 11 60 Subarachnoid hemorrhage (58) PcoA (22)
AcoA (13)
MCA Bi/Tri (8)

�10 22 53 � 14 45 Subarachnoid hemorrhage (41) MCA Bi/Tri (18)
ICA SC (18)
PcoA (14)

Note.—MSCTA indicates multi-section CT angiography; MCA Bi/Trif, bifurcation/trifurcation of middle cerebral artery; PcoA, posterior
communicating artery; AcoA, anterior communicating artery; ICA SC, supraclinoid segment of internal carotid artery.

TABLE 2: Aneurysm Detection by Multi-Section CT Angiography

True Positive False Negative

�4 mm 26 5
4–10 mm 58 2
�10 mm 22 0
Total 106 7

TABLE 3: Characteristics of False Positive Evaluations (n � 8)

Location Size (mm)

Supraclinoid segment of ICA 4
Supraclinoid segment of ICA 3
Supraclinoid segment of ICA 2
Bi-Trifurcation of MCA 4
P2 segment of PCA 6
ICA (para-ophthalmic) 2
Anterior communicating artery 2
Posterior communicating artery 2

Note.—ICA indicates internal carotid artery; MCA, middle cere-
bral artery; PCA, posterior cerebral artery.

TABLE 4: Data for Missed Aneurysms (n � 7)

Location
Size

(mm)
Main Reason for Missed

Aneurysm

Posterior communicating
artery

4 Atypical configuration

Posterior inferior cerebellar
artery

4 Obscured by hemorrhage

ICA (para-ophthalmic) 3 Small, adjacent to bone
Posterior communicating

artery
2 Very small, adjacent to bone

ICA (cavernous segment) 2 Very small, adjacent to bone
Anterior choroidal artery 2 Very small, adjacent to bone
Basilar tip 1 Very small

Note.—ICA indicates internal carotid artery.
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posterior fossa obscuring the visualization of the dis-
tal posterior inferior cerebellar artery branches. For
aneurysms �10 mm, the accuracy was 1.00. The 22
aneurysms were detected with 100% sensitivity. The
largest was 40 mm in diameter, located in the proxi-
mal segment of the basilar artery.

In this study, the multi-section technique enables
sub-millimeter resolution of vascular structures pro-
viding high accuracy of detection of intracranial an-
eurysms that have a diameter �4 mm (97% sensitiv-
ity). Our study showed that even for aneurysms �4
mm, the sensitivity and accuracy can be as high as
84% and 80%, respectively. The greatest improve-
ment in detection of cerebral aneurysms with CT
angiography seems to be in small size aneurysms in
our study compared with the previous single section
CT angiography studies. As the size of the aneurysm
increases, the sensitivity of detecting aneurysms does
not significantly differ between our results and the
results of the previous single section CT angiography
studies. This may be related to an equivalent amount
of volumetric data being obtained by single section
CT angiography, and although single section CT an-
giography takes longer, equivalent data may be ob-
tained in an increased amount of time. However, it is
likely that more isotropic data and sub-millimetric
resolution with higher spatial resolution of multi-
section CT angiography compared with single section
CT angiography is more important in the detection of
small size aneurysms.

Important preoperative information, such as aneu-
rysm dimensions and relation to the parent artery, is
well visualized by using CT angiography. Gonzales-
Darder et al (24) reported the microsurgical manage-
ment of cerebral aneurysms based on CT angiography
without preoperative digital subtraction angiography
in 46 cases. Their results showed the valuable ana-
tomic information provided by CT angiography. The
sensitivity for diagnosis of ruptured aneurysms in
their series was 100%, and the overall sensitivity was
90.4% (24). In the present study, eight patients with
aneurysms in multi-section CT angiography under-
went surgery without digital subtraction angiography,
and surgery confirmed the size and location of the
aneurysms. The smallest sized aneurysm in this sur-
gical group measured 2 mm and was located in the
M1 segment of the middle cerebral artery.

Recently, 3D rotational digital subtraction angiog-
raphy has entered clinical use because of its shorter
reconstruction time and more robust equipment (25).

3D digital subtraction angiography and digital sub-
traction angiography together can depict more intra-
cranial aneurysms than digital subtraction angiogra-
phy alone (26, 27). Traditionally, 2D digital
subtraction angiography has been considered the cri-
terion standard in detection of cerebral aneurysms.
However, finding more aneurysms together with 3D
rotational digital subtraction angiography supported
that 2D digital subtraction angiography alone is not
necessarily an ideal criterion standard for imaging
cerebral aneurysms. In our study, eight presumed
aneurysms (noted on CT angiograms), including
those in two patients with subarachnoid hemorrhage,
were not shown by digital subtraction angiography.
Unfortunately, these patients did not undergo surgery
and probable false negative results of digital subtrac-
tion angiography could not be confirmed. These an-
eurysms were considered as false positive interpreta-
tions of multi-section CT angiography for the purpose
of this study. Five of the eight aneurysms were �4
mm. The most common location of false positive
aneurysms was the supraclinoid segment of the inter-
nal carotid arteries. We speculate that the main rea-
son for false positive interpretation of the aneurysms
in the supraclinoid segment was low location (adja-
cent to the clinoid process) of the aneurysms, and the
clinoid process may have caused bony artifacts with
false aneurysm appearance. In addition, digital sub-
traction angiography procedures were performed by
using the conventional method without 3D rotational
angiography in all these patients. The sensitivity of
detecting aneurysms on multi-section CT angiograms
may have been even higher (especially for those �4
mm) if 3D digital subtraction angiography had been
performed in these patients. Therefore, the theoreti-
cal criterion standard for detecting cerebral aneu-
rysms should be preferably surgery or at least the
combination of 3D rotational and 2D digital subtrac-
tion angiography.

Although the sensitivity of detecting aneurysms (es-
pecially small size aneurysms) increases with the use
of multi-section CT scanners, there are several rea-
sons why CT angiography has not replaced digital
subtraction angiography in aneurysm detection. Prob-
ably, the most important reason is that ruptured an-
eurysms cause substantial death and disability, and
the consequences of failing to properly diagnose a
ruptured aneurysm are potentially dire. The relatively
small risk of permanent neurologic complication is
justified by the potentially dire consequences of fail-

TABLE 5: Accuracy of Multi-Section CT Angiography on a per-Aneurysm Basis

Size (mm) Sensitivity Specificity PPV NPV Accuracy

�4 0.84 (26/31) 0.75 (15/20) 0.84 0.75 0.80
0.72, 0.92 0.56, 0.88 0.72, 0.92 0.56, 0.88 0.69, 0.91

4–10 0.97 (58/60) 0.83 (15/18) 0.95 0.88 0.94
(0.91, 0.99) 0.64, 0.92 0.90, 0.98 0.68, 0.97 0.88, 0.99

�10 1.00 (22/22) 1.00 (15/15) 1.00 1.00 1.00
(0.88, 1.00) 0.83, 1.00 0.88, 1.00 0.83, 1.00 0.84, 1.00

Note.—PPV indicates positive predictive value; NPV, negative predictive value. Numbers in parenthesis indicate numbers of aneurysms, and
numbers on second line indicate 95% confidence intervals.
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ing to diagnose a ruptured cerebral aneurysm. An-
other reason why CT angiography has not replaced
digital subtraction angiography in aneurysm detection
is that cerebral aneurysms increasingly undergo en-
dovascular treatment. This treatment necessitates
digital subtraction angiography, so in patients who are
expected to be candidates for endovascular therapy,
CT angiography would be an unnecessary extra step.
Also, CT angiography does not have as much spatial
resolution as digital subtraction angiography has.
Small, yet vital, arteries (such as perforating arteries)
adjacent to aneurysms are important for treatment
planning and may not be revealed by CT angiography.

We recognize that our study has some limitations.
With a high suspicion of the presence of aneurysms, a
high rate of accuracy could result because of observer
expectation bias. Because of the inclusion criteria, the
population we studied had a high prevalence of an-
eurysms (83%), which might cause such bias. Previous
publications have theorized that increasing disease
prevalence can lead to an apparent improvement in
the sensitivity and specificity of a diagnostic examina-
tion (28). Such an increased prevalence could have
led to an apparent improvement in the sensitivity and
specificity of multi-section CT angiography in our
study, because none of the patients was asymptom-
atic. Our study population included patients with a
variety of symptoms (which may have been related to
aneurysm), although most (54%) had subarachnoid
hemorrhage. Therefore, the relatively high preva-
lence of subarachnoid hemorrhage in our population
may have influenced the sensitivity and specificity of
detection of cerebral aneurysms by multi-section CT
angiography.

Another limitation of our study was that not all
patients who had multi-section CT angiography un-
derwent digital subtraction angiography. If there was
a low suspicion of cerebral aneurysm depending on
the patient’s symptoms and if the multi-section CT
angiography results were negative, the clinicians were
occasionally reluctant to proceed to digital subtrac-
tion angiography. For example, only 100 of 218 pa-
tients who had multi-section CT angiograms under-
went digital subtraction angiography or surgery in our
study population. This may also have been a cause of
expectation bias and overestimation of the sensitivity.

Another limitation of our study was that each study
(multi-section CT angiography or digital subtraction
angiography) was evaluated by only one neuroradi-
ologist who did not participate in the evaluation of
corresponding multi-section CT angiography or digi-
tal subtraction angiography in the same patient, and
hence interobserver variability could not be calcu-
lated. This may be important in the reproducibility of
the results of our study.

Conclusion
Multi-section CT angiography is a promising non-

invasive screening method for the detection of cere-
bral aneurysms. With the increase in the number of
detectors, more isotropic voxel data will be available,

likely reducing partial volume effect. This will further
increase the quality of 2D and 3D CT angiography
images. Faster gantry speed will lessen the amount of
necessary IV contrast material and will result in bet-
ter discrimination of arteries from venous structures.
However, CT angiography is currently not sensitive
enough to replace digital subtraction angiography for
the detection of cerebral aneurysms. Digital subtrac-
tion angiography plus rotational digital subtraction
angiography remain the criterion standard method in
detecting cerebral aneurysms.
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