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Abstract

Neuroimaging is a critical element in evaluating and treating patients with cerebral aneurysms. Each neuroimaging
technique has unique strengths, weaknesses, and current developments. In this review, we discuss the utility of two
primary noninvasive radiological techniques—computed tomography angiography (CTA) and magnetic resonance
angiography (MRA)—as well as of digital subtraction angiography (DSA) for evaluation of cerebral aneurysms. These
techniques allow comprehensive evaluation of aneurysm size, location, rupture status, and other imaging
characteristics that guide clinicians to make appropriate and timely treatment recommendations.
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Background
Subarachnoid hemorrhage from rupture of an intracra-
nial aneurysm is a devastating condition associated with
approximately 50 % overall mortality and high survivor
morbidity despite advances in treatment [1]. Although
population studies have estimated the overall prevalence
of intracranial aneurysms to be 3.2 % [2], the overall in-
cidence of subarachnoid hemorrhage secondary to
aneurysmal rupture in a population study spanning 21
countries was relatively low at approximately 9 per
100,000 persons per year, although rates differed by
country (e.g., Japan and Finland had the highest rates at
22.7 and 19.7, respectively) [3].
The International Study of Unruptured Incidental An-

eurysms (ISUIA) demonstrated that the location and size
of incidentally found, unruptured cerebral aneurysms
were predictive of risk of future rupture [4]. Aneurysms
that have already ruptured have a much higher risk of
re-hemorrhage [5, 6]. Additionally, the angiomorphology
of the aneurysm has also been posited to influence
future hemorrhage risk factors, such as irregular domes
[7, 8], daughter sacs [9], and low wall shear stress [10].
Thus, it is critically important to accurately characterize
aneurysmal morphology to guide treatment, making

neuroimaging a critical element in evaluating and treat-
ing patients with cerebral aneurysms. Each neuroimag-
ing technique has unique strengths, weaknesses, and
current developments. Three major imaging methods
are used for neuroimaging of cerebral aneurysms: com-
puted tomography angiography, magnetic resonance
angiography, and digital subtraction angiography. In this
article, the authors review and compare imaging modal-
ities used to evaluate intracranial aneurysms with
particular focus on how each affects surgical or endovas-
cular management.

Computed tomography and CT angiography
Evaluation of subarachnoid hemorrhage
A non-contrast-enhanced CT scan is commonly used as
the first-line imaging modality for evaluating subarach-
noid hemorrhage (Fig. 1a). This technology is rapid, in-
expensive, and widely available. In the acute setting, the
higher attenuation of hemorrhage compared with
surrounding parenchyma allows 100 % sensitivity of
subarachnoid hemorrhage if performed within the first
six hours [11]. Additionally, the distribution of the
hemorrhage can often predict the location of the under-
lying aneurysm, and CTs can determine the presence of
intraventricular hemorrhage and degree of hydroceph-
alus, which can have significant impact on prognosis and
treatment (Fig. 1a).
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Although CT is an excellent modality for evaluating
acute subarachnoid hemorrhage, in the subacute setting,
from six hours to one week after hemorrhage, the ability
to detect subarachnoid hemorrhage with CT drops dra-
matically because of the brain’s normal degradation of
hemorrhagic blood products. An older study investigated
the ability to detect subarachnoid hemorrhage of varying
chronicity on CT and found 100 % sensitivity within two
days, but sensitivity dropped to 85 % after five days,
50 % after one week, and 30 % after two weeks [12, 13].
A more recent study with newer technology also demon-
strated difficulty detecting subacute and chronic sub-
arachnoid hemorrhage, with only 36.4 % sensitivity after
five days [14]. Thus, if a patient presents several days
after ictus, a negative non-contrast CT is commonly
supplemented with a lumbar puncture to evaluate for
xanthochromia. Alternatively, CT angiography (CTA)
has also been used to increase the detection rate of rup-
tured cerebral aneurysms in instances where there is a
high index of clinical suspicion and a negative non-
contrast CT. McCormack et al. [15] reported that a
negative non-contrast CT followed by a negative CT
angiogram carries a post-test probability of 99.43 % of be-
ing negative for aneurysmal subarachnoid hemorrhage.
The investigators argued that a lumbar puncture in this
setting would carry a less than 1 % probability of detecting
subarachnoid hemorrhage and that patients should be in-
formed of the low probability when lumbar puncture is
offered.

Detection of cerebral aneurysm
CTA is performed on multi-detector helical CT scanners
that allow multi-planar reformats, sub-millimeter slice
thickness, and 3D reconstructions (Fig. 2a, b). Several
investigators have demonstrated that current multi-
detector scanners have a spatial resolution that can

reliably diagnose aneurysms greater than 4 mm with
nearly 100 % sensitivity [16–18]. A meta-analysis that
surveyed studies performed on 64-slice CT scanners
with sub-millimeter resolution used for detection of
cerebral aneurysms showed a pooled 97 % sensitivity
rate for all aneurysm sizes [19]. For aneurysms 3 mm
and smaller, however, early CT technology has been
shown to be inadequate, with sensitivity numbers as low
as 84 % from four-channel multi-row detector CT scan-
ners (Fig. 1b) [20]. Studies with recent technology have
shown more promising results, with up to 99.6 % sensi-
tivity on 16-slice CT scanners [21]. Xing et al. [17] dem-
onstrated an even higher sensitivity for small aneurysms
on a 64-slice CT scanner than conventional non-
rotational digital subtraction angiography; however,
Wang et al. [22] demonstrated an 81.8 % sensitivity for
aneurysms smaller than 3 mm when performed on a
320-slice CT.

Current developments
As CT technology continues to advance with increas-
ingly higher numbers of detectors, scans can be per-
formed more quickly with thinner collimation, higher
resolution, and better contrast bolus timing. Further in-
creases in spatial resolution will likely allow greater sen-
sitivity in detecting smaller aneurysms and small
associated branch vessels. Time-resolved CTA, or 4D-
CTA, is a technique that can evaluate the flow dynamics
of aneurysms by obtaining multiple acquisitions of a re-
gion of interest for a period of time. It has the ability to
separate different blood flow phases and can identify an-
eurysms previously difficult to distinguish from sur-
rounding vessels, such as in the case of intranidal
aneurysms associated with arteriovenous malformations
[23]. Additionally, specific features now discernible on
electrocardiogram-gated 4D-CTA can detect aneurysm

Fig. 1 Ruptured left internal carotid artery dorsal variant aneurysm. a Head CT scan demonstrating diffuse, hyperdense subarachnoid
hemorrhage. b Sagittal reconstruction of a CTA of the left internal carotid artery, which did not demonstrate the aneurysm. The aneurysm was
also not identified on axial or coronal projections. c Left internal carotid artery digital subtraction angiogram demonstrating a 2.6 × 1.2-mm blister
aneurysm (white arrow)
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pulsations with the cardiac cycle and are currently being
investigated for higher risk of growth and rupture [24].
Another recent development involves the use of compu-
tational fluid dynamics, which seeks to simulate blood
flow within the aneurysm to calculate variables that
would presumably correlate with rupture risk such as
aneurysmal wall shear stress and peak wall tension.
These simulations are subject to a wide range of math-
ematical assumptions and there has yet to be a consen-
sus methodology for predicting rupture [25]. Certainly,
computational fluid dynamics offers significant promise
in the future to assist with the management of cerebral
aneurysms.

Magnetic resonance imaging and MR
angiography
Evaluation of subarachnoid hemorrhage
The use of MRI for evaluation of cerebral aneurysms is
continually and rapidly evolving. MRI has advantages
over CTA in that it does not use ionizing radiation and
offers the ability to obtain images without the need for
administration of intravenous contrast agents. Fluid-
attenuated inversion recovery (FLAIR) sequences pro-
duce strong T2 weighting while suppressing the cerebro-
spinal fluid (CSF) signal and can be particularly useful
for detecting subarachnoid hemorrhage, especially in the
subacute period. In a study of patients with acute and

subacute subarachnoid hemorrhage, da Rocha et al. [26]
demonstrated a 100 % sensitivity for detection of sub-
arachnoid hemorrhage with FLAIR compared with a
66 % sensitivity on CT. Gradient-echo T2*-weighted im-
aging was found to be superior to FLAIR for detection
of subarachnoid hemorrhage of even older age [14].
However, because of the higher cost and longer acquisi-
tion times, MRI is not considered the initial diagnostic
test of choice and is usually reserved for patients with a
high pre-test probability of aneurysmal subarachnoid
hemorrhage and a negative initial work-up with CT
scans and/or cerebral angiography. It has the added
benefit of screening for other pathologies that may
present with similar symptoms, some of which may also
produce hyperintense sulcal signal on FLAIR such as
meningitis, meningeal carcinomatosis, leptomeningeal
metastasis, subdural hematoma, adjacent neoplasms,
and dural venous thrombosis.

MRI/MRA aneurysm detection
The use of time-of-flight (TOF) sequences on MRA
eliminates the need for administration of contrast
agents, which may be contraindicated in patients with
renal failure or contrast allergy (Fig. 3a, b and Fig. 4).
A meta-analysis of MRA studies for evaluating aneu-
rysms demonstrated that contrast-enhanced MRA
(CE-MRA) and TOF had similar sensitivity for the

Fig. 2 Unruptured right internal carotid artery aneurysm. a Axial CT angiogram demonstrating 3-mm blister aneurysm (arrow). b Coronal CT
angiogram reconstruction of the aneurysm (arrow). c Right internal carotid artery digital subtraction angiogram of the blister aneurysm (arrow).
d 3D reconstruction during diagnostic cerebral angiogram of the aneurysm (arrow)
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detection of aneurysms [27]. CE-MRA, however, was
found to be superior to TOF sequences because of its
ability to eliminate flow-related artifacts and spin sat-
uration [28]. Although CE-MRA had a lower spatial
resolution compared with CT angiography (0.7 × 0.7 ×
0.8 versus 0.35 × 0.35 × 0.8 mm), the images were
qualitatively graded to be comparable with similar
diagnostic results (Fig. 4) [29]. Small branch vessels
were also reportedly better visualized on 3 T MRA

over CTA, because of the lack of venous contrast
contamination and in spite of lower spatial resolution
[30]. Despite these findings, MRA is generally not the
diagnostic test of choice for the evaluation of cerebral
aneurysms in the acute setting and is reserved as a
screening test or for follow-up, where avoiding re-
peated ionizing radiation and/or contrast nephropathy
is important.
As MRA technology continues to improve, spatial

resolution and sensitivity to smaller aneurysms is also
expected to improve. With current sequences, the spatial
resolution at 1.5 T is often as low as 1 mm [31], whereas
at 3 T the spatial resolution can be as low as 0.6–
0.7 mm while preserving the signal-to-noise ratio [32].
Radiologists also unanimously report significantly better
visualization of aneurysms at 3 T. A meta-analysis by
Sailer et al. [27] that evaluated the sensitivity of MRA
for detection of cerebral aneurysms found a trend to-
wards significance in better detection of smaller aneu-
rysms on 3 T versus 1.5 T scanners (p = 0.054). This
study reported a pooled sensitivity of 1.5 T and 3 T scan-
ners of approximately 95 % for all aneurysms. Although
the above study showed that 90 % of aneurysms that
were missed were smaller than 5 mm in size, the pooled
sensitivity for detecting aneurysms smaller than 3 mm
was still 86 %.

Fig. 3 Unruptured 8 × 4-mm left posterior communicating artery aneurysm. a 3D TOF MRA demonstrating irregular 8-mm aneurysm (arrow).
b 3D MRA reconstruction of the aneurysm (arrow). c Left internal carotid artery digital subtraction angiogram of the aneurysm (arrow). d 3D
reconstruction during diagnostic cerebral angiogram of the posterior communicating artery aneurysm (arrow)

Fig. 4 MRA scan of aneurysms. a Axial TOF MRA demonstrates a left
ophthalmic artery aneurysm (arrow). Although it avoids the use of
contrast, the longer acquisition time introduces some motion
artifact. b Contrast-enhanced axial MRA in the same patient with less
motion artifact of the aneurysm (arrow)
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Future developments
Although ISUIA argued that aneurysms smaller than 7 mm
have very low rates of hemorrhage [4], the majority of rup-
tured aneurysms tend to be small [33]. There is a current
unmet need to identify signs of high rupture risk in these
small aneurysms. The pathophysiology of aneurysm growth,
wall thinning, and rupture involves multiple histologic
changes including endothelial disruption, collagen loss, and
inflammatory cell migration [34]. Current imaging cannot
detect these changes, but contrast agents could permeate
through the disrupted endothelium into the aneurysm wall
or even the surrounding CSF. Researchers have recently
developed black-blood T1-weighted MRI sequences that
help identify rupture site in patients with aneurysmal sub-
arachnoid hemorrhage by demonstrating the inflamed, en-
hancing wall of the recently ruptured aneurysm. These
techniques can identify the causative rupture site in patients
with multiple intracranial aneurysms, allowing for more ac-
curate and timely treatment [35].
Aneurysmal wall enhancement correlates with previous

rupture, with some enhancement (strong or weak) identi-
fied in 98.4 % of ruptured aneurysms and no enhancement
identified in 81.9 % of unruptured aneurysms [36].
Aneurysm wall permeability can also be quantified using
dynamic contrast-enhanced (DCE)-MRI and the perfusion
parameter Ktrans, which is a size-independent predictor of
rupture risk [37]. Additional imaging protocols are being
developed to help further characterize aneurysms and
identify characteristics associated with rupture risk. High-
field-strength 7 T MRI scanners have an extremely high
signal-to-noise ratio, allowing the spatial resolution
needed to detect variations in aneurysm wall thickness,
which may be a marker of rupture risk [38]. Other proto-
cols can define aneurysmal wall motion abnormalities as-
sociated with higher risk of rupture [39]. Another
advanced imaging technique combines MRA with post-
processing algorithms from computational fluid dynamics
to create 4D flow modeling [40, 41]. Time-resolved MRA,
or 4D MRA, directly measures flow velocities and shear
stresses within an aneurysm [42]. This may allow for the
identification of the inflow zone of aneurysms and may
guide endovascular treatment [43, 44].

Digital subtraction angiography
Digital subtraction angiography (DSA) is typically per-
formed using femoral catheterization with a biplane unit
with rotational/3-dimensional capabilities. The catheter
is guided to each of the major cerebral arteries, and io-
dinated contrast is injected while obtaining various 2D
views, with rotational angiography used to create a 3-
dimensional model of the vessels.
Considered the reference standard for evaluating intra-

cranial aneurysms, DSA has high spatial resolution to

identify aneurysms that may be missed on CTA or MRA
(Figs. 1, 2 and 3). It also has the temporal resolution to
separately evaluate the arterial, capillary, and venous
phases of the injection. Similar to CTA, DSA requires
the use of ionizing radiation and iodinated contrast. In
addition, this procedure is invasive and requires operator
expertise to guide the catheter to the major intracranial
vessels while minimizing the risk of stroke, vascular in-
jury, femoral artery occlusion, or retroperitoneal
hematoma. A review of eight prospective and seven
retrospective studies to determine the complication rate
of DSA for evaluation of carotid stenosis demonstrated a
mortality rate of 0.06 % and a rate of permanent neuro-
logic deficit from stroke of 1 % [45]. Another study
showed greater re-hemorrhage rates when DSA was
used to evaluate ruptured aneurysms within the first six
hours post ictus [46]; however, as these are operator-
dependent procedures, overall risks may be related to
operator expertise, with reports of complication rates of
DSA for various indications below 0.3 % [47].
In addition to conventional DSA, 3-dimensional rota-

tional angiography (3DRA) further increases the sensitivity
of small aneurysms less than 3 mm in size (Figs. 1 and 2).
van Rooij et al. [48] demonstrated that the addition of
3DRA identified 94 additional aneurysms in the evaluation
of 350 target aneurysms initially screened by CTA/MRA.
The mean size of these additional aneurysms was 3.54 mm,
with the smallest detected aneurysm at 0.5 mm. Twenty-
seven of these 94 aneurysms (mean size 1.94 mm) were
even missed on DSA without 3DRA. Compared with 64-
and 256-detector-row CTA, 3DRA is superior in detecting
aneurysms 3 mm and smaller [49] and should be used
when CT and/or MRI fails to demonstrate an aneurysm in
the setting of spontaneous subarachnoid hemorrhage. Even
when DSA fails to demonstrate an aneurysm in the setting
of spontaneous subarachnoid hemorrhage, delayed repeat
imaging is indicated. One literature review identified 37 an-
eurysms out of 368 angiography-negative subarachnoid
hemorrhage patients on delayed, repeat DSA from one to
six weeks after their initial study [50]. The higher resolution
of DSA also allows for better neck characterization to guide
endovascular versus open surgical treatment and better
visualization of associated branch vessels [30].

Conclusion
It is important to accurately determine the size, morph-
ology, location, and rupture status of a cerebral aneurysm
and/or to identify specific imaging characteristics that
may portend a higher risk of rupture so that potential
treatment can be guided more accurately. While CT, MRI,
and DSA are excellent tools at our disposal to identify
subarachnoid hemorrhage and cerebral aneurysms, future
advances will likely allow for faster, safer, and more accur-
ate identification of cerebral aneurysms.
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