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Abstract

Introduction CT angiography (CTA) is increasingly used as
primary diagnostic tool to replace digital subtraction angiog-
raphy (DSA) in patients with subarachnoid hemorrhage
(SAH). However, 3D rotational angiography (3DRA) has
substituted DSA as a reference standard. In this prospective
observational study, we compare CTA with 3DRA of all cere-
bral vessels in a large cohort of patients with SAH.

Methods Of 179 consecutive patients with SAH admitted be-
tween March 2013 and July 2014, 139 underwent 64- to 256-
detector row CTA followed by complete cerebral 3DRA with-
in 24 h. In 86 patients (62 %), 3DRA was performed under
general anesthesia. Two observers from outside hospitals
reviewed CTA data.

Results In 118 of 139 patients (85 %), 3DRA diagnosed the
cause of hemorrhage: 113 ruptured aneurysms, three arterial
dissections, one micro-arteriovenous malformation (AVM),
and one reversible vasoconstriction syndrome. On CTA, both
observers missed all five non-aneurysmal causes of SAH.
Sensitivity of CTA in depicting ruptured aneurysms was
0.88-0.91, and accuracy was 0.88-0.92. Of 113 ruptured an-
eurysms, 28 were <3 mm (25 %) and of 95 additional aneu-
rysms, 71 were <3 mm (75 %). Sensitivity of depicting aneu-
rysms <3 mm was 0.28-0.43. Of 95 additional aneurysms, the
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two raters missed 65 (68 %) and 58 (61 %). Sensitivity in
detection was lower in aneurysms of the internal carotid artery
than in other locations.

Conclusion CTA had some limitations as primary diagnostic
tool in patients with SAH. All non-aneurysmal causes for
SAH and one in ten ruptured aneurysms were missed. Perfor-
mance of CTA was poor in aneurysms <3 mm. The majority of
additional aneurysms were not depicted on CTA.

Keywords Comparative studies - CT angiography - 3D
rotational angiography - Intracranial aneurysms -
Subarachnoid hemorrhage

Introduction

Subarachnoid hemorrhage is a serious disease with high mor-
bidity and mortality. Approximately 80 % of subarachnoid
hemorrhages are caused by ruptured intracranial aneurysms
[1]. Early endovascular or surgical treatment is advocated to
prevent recurrent hemorrhage. The standard of detection and
anatomic evaluation of intracranial aneurysms has long been
digital subtraction angiography (DSA). With modern multi-
detector CT techniques, noninvasive pretreatment assessment
of intracranial aneurysms is considered equally diagnostic to
DSA by many authors [2]. At some institutions, multi-detector
CT angiography (CTA) has replaced DSA in the preoperative
evaluations of patients with intracranial aneurysms.

Many previous studies comparing the diagnostic accuracy
in depicting intracranial aneurysms of CTA with DSA have
been conducted [2]. However, the value of CTA in patients
with acute subarachnoid hemorrhage remains controversial
because of methodological weaknesses in many studies. For
example, most studies excluded CT studies with poor image
quality because of patient motion. With modern 3D rotational
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angiography (3DRA), substantially more aneurysms can be
depicted than with conventional 2D DSA but most studies
have used 2D DSA as standard reference [3—5]. In most stud-
ies, other possible causes of subarachnoid hemorrhage, like
arterial dissections, arteriovenous malformations (AVM),
moyamoya syndrome, dural fistula, or reversible vasospasm
syndrome, are disregarded.

In this study, we evaluate the diagnostic accuracy of CTA
in the detection of intracranial aneurysms or other vascular
disorders in a large consecutive cohort of patients with acute
subarachnoid hemorrhage. In particular, we compare daily
practice CTA acquired with three different multi-detector CT
scanners with 64-, 128-, and 256-detector rows with 3DRA
under optimal conditions, including general anesthesia in
intubated and uncooperative patients.

Materials and methods
Patient population

This observational study with prospectively collected data
was compliant with institutional privacy policy. The Institu-
tional Review Board gave exempt status for approval and
informed consent.

Between March 2013 and July 2014, 179 patients with
SAH were admitted. Diagnosis of SAH was established with
CT scan or lumbar puncture. Four patients with SAH directly
proceeded to angiography without CTA. Of the remaining 175
patients, 139 underwent CTA followed by 3DRA within 24 h.
In 36 patients, 3DRA was not performed because of
perimesencephalic hemorrhage pattern (n=15), moribund
clinical condition (r=10), trauma and SAH (n=9), or doubtful
positive liquor puncture (n=2). There were 99 women (71 %)
and 40 men (29 %) with a mean age of 58+12 years. In 86
patients (62 %), 3DRA was performed under general anesthe-
sia. CTA was done under general anesthesia in 1 patient.

CT angiography

CTA was performed on either one of three CT scanners: Philips
Brilliance iCT 256-detector row, Philips Ingenuity 128-detector
row (Philips Healthcare, Best, The Netherlands), and Siemens
SOMATOM Definition AS 64-detector row (Siemens, Erlang-
en, Germany). Volume CT was routinely performed at 130 mA
and 100-120 kVp. Collimation, rotation time, and pitch were
optimized for the individual CT scanner according to recom-
mendations of the manufacturer. A 90-mL dose of iodinated
contrast medium (iopromide, 270 mg of iodine/mL, Visipaque
270; GE Healthcare, Cork, Ireland) was injected at a rate of
4.0 mL/s into an antecubital vein via a 20-gauge catheter,
followed by 40 mL of saline solution. CT scanning was trig-
gered by using a bolus-tracking technique, with the region of
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interest placed in the aortic arch. Image acquisition started 8 s
after the attenuation reached the predefined threshold of 130—
150 HU. The scanning time was approximately 5.0-7.0 s. Im-
ages were reconstructed with a 0.9- to 1.0-mm section thickness
and a 0.45- to 0.5-mm increment with an UB or 126f kernel.
Volume CT dose index and dose-length product were 25.3—
26.7 mGy and 475-576 mGy-cm, respectively.

3D rotational angiography

Angiography was performed on a biplane angiographic sys-
tem (Allura Xper FD 20/10, Philips Healthcare, Best,
The Netherlands). In 86 uncooperative or intubated patients
(62 %), 3DRA was performed under general anesthesia. A
single 3D rotational angiographic run was acquired of both
internal carotid arteries and one vertebral artery with hand
injection of 12-20 mL of contrast material. When the contra-
lateral distal vertebral artery was not visualized, an additional
2D biplane run was performed of this vertebral artery. The
tube rotation arc was 240° (one rotation used), with a rotation
time of 4.1 s. The images were reconstructed in a 256 %256
matrix. The rotational angiographic data were transferred to an
independent workstation (Integris 3D, Philips Healthcare) for
instant generation of 3D reformatted images. When possible,
angiography was followed immediately by endovascular
treatment under general anesthesia. Patients with aneurysms
not suitable for coiling were scheduled for surgery.

Analysis of CT angiography

CTA data were reformatted on an independent 3D workstation
(Philips IntelliSpace Portal). Maximum intensity projection,
volume rendering, and multiplanar reformatting was per-
formed by three neuroradiologists (WR, JP, and MS with 12,
10, and 12 years of post-processing experience). Source im-
ages, post-processed images, and 3D reconstructions with
bone removal were transferred to a picture archiving and com-
munication system (PACS) (IDS7, Sectra, Linkdping, Swe-
den). Native CTs and CTA data were collected in a dedicated
work list in PACS and were reviewed by two observers from
outside hospitals (SR with 4 years experience and MES with
15 years experience). Both observers had all raw data and
reconstructions available and could make new recon-
structions on the 3D workstation. Both observers were
blinded for additional imaging or clinical findings. An-
eurysms were allocated according to 18 predefined lo-
cations and in four vascular territories: anterior cerebral
artery, middle cerebral artery, internal carotid artery, and
posterior circulation. Aneurysms were classified as rup-
tured or as additional unruptured. Other vascular disor-
ders were separately recorded.



Neuroradiology (2015) 57:1239-1246

1241

Analysis of 3D rotational angiography

3D reformatted images were reviewed on the workstation by
the senior author (WR with 26 years experience in neuroradi-
ology) and served as reference standard. Presence, location,
and size of aneurysms were recorded in a database. Aneu-
rysms were allocated to one of 18 predefined locations. In
patients with multiple aneurysms, the ruptured aneurysm
was identified based on bleeding pattern on CT, aneurysm
size, and angiographic morphology. Other vascular disorders
that might be responsible for the subarachnoid hemorrhage
such as arterial dissections, arteriovenous malformations,
moyamoya phenomenon, or reversible vasospasm syndrome
were separately recorded. In patients without an obvious vas-
cular disorder that might be responsible for the SAH, 3DRA
was repeated after 1 week.

Statistical analysis

Quantitative variables were expressed as mean+standard devia-
tion, and categorical variables were expressed as frequencies or
percentages. In this study, 3DRA was considered a diagnostic
standard for the evaluation of cerebral aneurysms and other vas-
cular disorders. Sensitivity, specificity, and accuracy of CTA in
depicting the cause of SAH and aneurysms (overall, <3 and
4 mm and larger) were calculated on per-patient basis. Agree-
ment between the two raters was assessed using kappa statistics
(poor agreement, £=0; slight agreement, x=0.01-0.20; fair
agreement, £=0.21-0.40; moderate agreement, x=0.41-0.60;
good agreement, £=0.61-0.80; and excellent agreement, x=
0.81-1.00). Statistical analysis was performed with MedCalc
statistical software version 14.12.0 (MedCalc Software bvba,
Ostend, Belgium; http://www.medcalc.org; 2014).

Results
Results of 3DRA

In 118 of 139 patients (85 %), 3DRA diagnosed the cause of
hemorrhage in 114 patients at initial 3DRA and in 4 after
repeated 3DRA. There were 113 patients with a ruptured an-
eurysm, 2 patients with a supraclinoid carotid artery dissec-
tion, 1 patient with a vertebral dissection, 1 patient with a
cervical micro-AVM, and 1 patient with a reversible vasocon-
striction syndrome (this patient also had a 3-mm middle cere-
bral artery aneurysm not considered the cause of hemorrhage).
In 25 patients, initial 3DRA was negative. In 9 patients with
probable perimesencephalic bleeding pattern, 3DRA was not
repeated. In 16 patients with definite aneurysmal bleeding
pattern, repeated 3DRA showed a ruptured aneurysm that
was not visible on first 3DRA in four: 8-mm supraclinoid
dissection aneurysm (Fig. 1), 1-mm distal superior cerebellar

artery aneurysm, 2-mm posterior communicating aneurysm,
and 1-mm Al aneurysm (Fig. 2). 3DRA detected 208 aneu-
rysms (113 ruptured, 94 additional, and one unruptured) in
114 patients. Sixty-two patients had one aneurysm (54 %),
24 patients had two aneurysms (21 %), 16 patients had three
aneurysms (14 %), 11 patients had four aneurysms (10 %),
and 1 patient had five aneurysms (0.9 %). Of 113 ruptured
aneurysms, 28 were <3 mm (25 %), and of 95 additional
aneurysms, 71 were <3 mm (75 %).

Diagnostic performance of CTA

Results of CTA of both readers are summarized in Tables 1
and 2.

Results of CTA in detecting the cause of SAH

Of 139 patients with a SAH who underwent 3DRA and CTA,
a cause for the SAH was established in 118 patients.

Both raters missed all five non-aneurysmal causes (cervical
micro-arteriovenous malformation (AVM), vertebral dissec-
tion, two supraclinoid carotid artery dissections, and revers-
ible vasoconstriction syndrome).

Rater 1 missed ten of 113 ruptured aneurysms (9 %): two
posterior communicating artery aneurysms (2 and 6 mm), two
anterior communicating aneurysms (2 and 3 mm), two superior
cerebellar artery aneurysms of 1 mm (Fig. 3) and 2 mm, one
posterior inferior cerebellar artery (PICA) aneurysm (2 mm),
one Al aneurysm (I mm), one pericallosal artery aneurysm
(2 mm), and one basilar tip aneurysm (7 mm). Rater 1 diag-
nosed three false-positive findings: one dural fistula, one arte-
riovenous malformation, and one middle cerebral artery
aneurysm.

Rater 2 missed 14 of 113 ruptured aneurysms (12 %): five
anterior communicating artery aneurysms (2, 2, 3, 3, and 6 mm),
four posterior communicating aneurysms (2, 2, 5, and 5 mm),
two superior cerebellar artery aneurysms (1 and 2 mm), one Al
aneurysm (1 mm), one PICA aneurysm (2 mm), and one
pericallosal artery aneurysm (2 mm). Rater 2 diagnosed three
false-positive aneurysms: one basilar tip aneurysm, one posterior
communicating aneurysm, and one PICA aneurysm.

The kappa coefficient between the two raters in establish-
ing the cause of SAH was 0.83 (95 % CI, 0.73-0.93), indicat-
ing excellent agreement.

Results of CTA in aneurysm detection

Diagnostic performance of CTA in aneurysms <3 and >3 mm
is displayed in Table 1 and diagnostic performance per loca-
tion in Table 2. Sensitivity and specificity of detecting aneu-
rysms larger than 3 mm was good especially in the anterior
and middle cerebral artery territory. Sensitivity in detection
was lower in aneurysms of the internal carotid artery than in
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later demonstrates an 8-mm dissecting aneurysm of the supraclinoid carotid artery (arrow)

other locations (Fig. 4). Diagnostic value was low in detecting
aneurysms <3 mm (Fig. 3). Diagnostic value was also low in
detecting additional aneurysms, as the majority of additional
aneurysms were <3 mm. The kappa coefficient between the
two raters in detecting all aneurysms was 0.75 (95 % CI, 0.67—
0.83), indicating good agreement, and in detecting additional
aneurysms, kappa coefficient was 0.40 (95 % CI, 0.19-0.60),
indicating fair agreement.

Clinical relevance of missed vascular disorders on CTA

Rater 1 missed all five non-aneurysmal causes of SAH and ten
ruptured aneurysms. Furthermore, 58 of 95 (61 %) additional

aneurysms were missed on CTA. Twelve of 55 missed addi-
tional aneurysms in 10 patients were treated either by coiling
or clipping. Five additional aneurysms in 4 patients were not
treated because these patients died during hospital admission.
Thirteen aneurysms in 14 patients are monitored by MR an-
giography (MRA). Treatment was judged not necessary in 25
aneurysms in 21 patients.

Rater 2 missed all five non-aneurysmal causes of SAH and
14 ruptured aneurysms. Furthermore, 65 of 95 (68 %) addi-
tional aneurysms were missed on CTA. Seventeen of 68
missed additional aneurysms in 14 patients were treated either
by coiling or clipping. Six additional aneurysms in 4 patients
were not treated because these patients died during hospital

Fig. 2 A 56-year-old woman with acute SAH. a Repeat 3DRA 1 week after ictus demonstrates a 1-mm aneurysm on the Al (arrow). b 3DRA after

clipping confirms obliteration of the small aneurysm (arrow)
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Table 1 Results of CT
angiography in depicting Sensitivity Specificity PPV NPV Accuracy
aneurysms
Cause of SAH
Rater 1 0.88 (0.80-0.93) 0.87 (0.66-0.97) 0.97 (0.92-0.99) 0.57 (0.39-0.74) 0.87
Rater 2 0.84 (0.76-0.90) 0.87 (0.66-0.97) 0.97 (0.92-0.99) 0.51 (0.35-0.68) 0.84
All aneurysms
Rater 1 0.68 (0.61-0.74) 0.78 (0.56-0.92) 0.97 (0.92-0.99) 0.21 (0.13-0.31) 0.69
Rater 2 0.59 (0.52-0.66) 0.74 (0.52-0.90) 0.95 (0.90-0.98) 0.17 (0.10-0.25) 0.61
Ruptured aneurysms
Rater 1 0.91 (0.84-0.96) 0.96 (0.78-0.99) 0.99 (0.95-1) 0.69 (0.50-0.84) 0.92
Rater 2 0.88 (0.80-0.93) 0.87 (0.66-0.97) 0.97 (0.92-0.99) 0.59 (0.41-0.75) 0.88

Additional aneurysms

Rater 1 0.38 (0.28-0.49)
Rater 2 0.31 (0.22-0.41)
Aneurysms

<3 mm

Rater 1 0.43 (0.33-0.53)
Rater 2 0.28 (0.19-0.38)
Aneurysms

>3 mm

Rater 1 0.90 (0.83-0.95)
Rater 2 0.86 (0.79-0.92)

0.83 (0.61-0.95)
0.87 (0.6-0.97)

0.83 (0.61-0.94)

0.90 (0.76-0.97)
0.91 (0.75-0.98)

0.25 (0.16-0.36) 0.47
0.24 (0.15-0.34) 0.42

0.91 (0.79-0.97) 0.25 (0.16-0.37) 0.50

0.83(0.61-0.95)  0.87(0.70-0.96) 021 (0.13-0.31) 038
0.96 (0.78-0.99)  0.99 (0.95-1) 0.67 (0.48-0.82) 091
091 (0.72-0.99)  0.98 (0.93-1) 0.58 (0.41-0.75)  0.87

admission. Twenty aneurysms in 14 patients are monitored by
MRA. Treatment was judged not necessary in 28 aneurysms
in 22 patients.

Discussion

In this prospective study comparing CTA and 3DRA, we
found that diagnostic performance of CTA in a clinical setting
of patients with SAH is hampered by limitations. In 139 pa-
tients, all five non-aneurysmal causes of SAH and one in ten

ruptured aneurysms were missed. Moreover, the majority of
aneurysms that were additionally found on 3DRA were
missed on CTA. Although positive predictive value of CTA
seems acceptable both in very small and larger aneurysms, the
exclusion of vascular pathology with CTA is unreliable. Over-
all, 3040 % of aneurysms diagnosed on 3DRA were missed
on CTA. Most missed aneurysms were <3 mm but some
missed aneurysms were 6—7 mm large in patients with poor
image quality.

Our findings are in contrast to many previous studies. Sev-
eral meta-analyses of the accuracy of CTA for diagnosing

Table 2 Diagnostic performance

of CTA in detecting aneurysms Sensitivity Specificity PPV NPV Accuracy
per location in major vascular
territories Anterior cerebral A
Rater 1 0.76 (0.64-0.86) 1(0.88-1) 1(0.93-1) 0.65 (0.49-0.79) 0.84
Rater 2 0.65 (0.52-0.77) 1(0.88-1) 1(0.91-1) 0.57 (0.42-0.71) 0.76
Internal carotid A
Rater 1 0.55 (0.42-0.68) 0.89 (0.72-0.98) 0.92 (0.78-0.98) 0.48 (0.34-0.62) 0.66
Rater 2 0.38 (0.26-0.52) 0.97 (0.82-0.99) 0.96 (0.79-0.99) 0.43 (0.31-0.56) 0.57
Middle cerebral A
Rater 1 0.77 (0.63-0.87) 0.89 (0.72-0.98) 0.93 (0.81-0.99) 0.68 (0.50-0.82) 0.81
Rater 2 0.66 (0.52-0.78) 0.86 (0.68-0.96) 0.90 (0.76-0.97) 0.58 (0.42-0.73) 0.57
Posterior circulation
Rater 1 0.55(0.36-0.72) 1(0.88-1) 1(0.81-1) 0.65 (0.49-0.79) 0.75
Rater 2 0.51 (0.33-0.69) 0.86 (0.68-0.96) 0.81 (0.58-0.94) 0.61 (0.45-0.76) 0.68

A artery, PPV positive predictive value, NPV negative predictive value. 95 % CI between brackets
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Fig. 3 A 1-mm ruptured aneurysm on the superior cerebellar artery
missed on CTA in a 51-year-old man (arrow)

intracranial aneurysms have been published [2, 6—8] with
pooled sensitivities and specificities of >95 % in the most
recent studies [2, 7]. There are several factors that can explain
this discrepancy in sensitivity to detect the ruptured aneurysm
in our study and in previous studies. First, in our study, we
used 3DRA under optimal clinical circumstances as a refer-
ence standard. It has been shown that 3DRA detects substan-
tially more aneurysms than conventional 2D DSA, the refer-
ence used in almost all previous studies [3—5]. The complete
cerebral vasculature was imaged with 3DRA in all patients.
The majority of 3DRAs were performed under general anes-
thesia thereby eliminating image degradation by patient mo-
tion. This resulted in excellent 3D image quality with high
aneurysm conspicuity; even l-mm aneurysms were easily

Fig. 4 A 63-year-old woman
with a ruptured large middle
cerebral artery aneurysm. a CTA
demonstrates the large right
middle cerebral artery aneurysm;
there are no visible additional
aneurysms. b 3DRA of the left
internal carotid artery reveals a
4-mm additional para-ophthalmic
carotid artery aneurysm (arrow),
not visible on CTA
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detected (Figs. 2 and 3). For example, in our patient cohort,
we found mean 1.8 aneurysm per patient (208 aneurysms in
114 patients) while in a comparable, although retrospective,
study by Lu et al. [9], a mean 1.1 aneurysm per patient was
found (459 aneurysms in 407 patients), which is substantially
lower than in our study. Second, in patients with aneurysmal
SAH and initial 3DRA negative findings, 3DRA was repeated
1 week later. Third, CTA was performed 24/7 in a daily clin-
ical setting on three scanners with 64-, 128-, and 256-detector
rows. Some CTA studies had poor image quality because of
patient motion or suboptimal contrast bolus timing, and these
studies were not excluded. This explains why both observers
missed some larger aneurysms. Our findings suggest that pre-
vious data in general overestimate the diagnostic performance
of CTA in patients with SAH. Next to publication bias [2],
methodology in many studies favors good results of CTA, for
example, by using suboptimal reference standards such as 2D
DSA and operative findings [14, 15], exclusion of poor qual-
ity CTAs [6], exclusion of previously coiled or clipped pa-
tients [6], retrospective study design [14, 16], selection of
patients with aneurysms only [17], only performing angiogra-
phy in patients with negative or inconclusive CTA [15], or
comparing DSA and CTA in CT-negative but CSF-positive
patients only [18]

Performance of CTA in our study was poor in detecting
non-aneurysmal causes of SAH: both observers missed one
cervical micro-AVM, one reversible vasospasm syndrome,
and three arterial dissections. Little is known in literature
about sensitivity of CTA in arterial dissections since most
studies of CTA in patients with SAH excluded other causes
than aneurysms. In one study, CTA missed most carotid artery
dissections causing SAH [10]. There are no data about CTA
and SAH from vertebral artery dissections.

CTA was also poor in depicting aneurysms of <3 mm. In
our patient cohort, a quarter (28 of 113) of ruptured aneurysms
was <3 mm. Most additional aneurysms were <3 mm, and
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most of these additional aneurysms were missed on CTA
(Fig. 4). Previous studies also found low sensitivities for de-
tecting small aneurysms on CTA [11, 12], especially, as in our
study, aneurysms located on the internal carotid artery [13].
This poor performance of CTA in small aneurysms makes
CTA less suitable as a primary diagnostic tool in patients with
SAH. Detecting all aneurysms that are present is important in
clinical practice. Additional aneurysms can be treated at the
same time as the ruptured aneurysm, either by a surgical or
endovascular approach. Given the morbidity and costs asso-
ciated with cerebral aneurysm treatment, accurate detection of
all aneurysms before making a treatment decision is essential.
Many missed additional aneurysms on CTA in our study were
actually treated with clipping or coiling, either in the same
session as the ruptured aneurysm or later after evaluation in
a multidisciplinary team of neurosurgeons, neuroradiologists,
and neurologists.

Our data indicate that CTA is not suitable to replace 3DRA
in the diagnostic work-up of patients with SAH. Too many
aneurysms remain undetected, and other causes of SAH be-
sides aneurysms are generally missed. Ruling out vascular
pathology with CTA is impossible. At best, CTA can be useful
to obtain a quick general impression of the vascular pathology,
for instance, in patients who need emergency evacuation of a
cerebral hematoma before angiography can be performed.
When CTA identifies the ruptured aneurysm, 3DRA may be
limited to the vessel harboring the aneurysm in selected pa-
tients for example very old patients in poor clinical condition.
The use of CTA is even questionable in patients with SAH and
a low a priori chance of having an aneurysm such as
patients with trauma and SAH and patients with a
perimesencephalic bleeding pattern. In these patients,
CTA as a sole diagnostic tool may provide a false sense
of security.

We agree with several of our colleagues who question the
role of CTA in patients with SAH because both in patients
with negative and positive CTA, catheter angiography still
needs to be performed [19-21]. Although CTA is considered
anoninvasive investigation, the extra load of contrast material
can have a negative effect on renal function. In patients with
SAH, CTA should be interpreted with restraint and 3DRA of
at least the one cerebral vessel with the ruptured aneurysm
should follow in all patients. Exclusion of vascular pathology
with CTA is impossible.
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