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Abstract 
Background: Based on numerous reports citing high sensitivity and specificity of 
non-invasive imaging [e.g. computed tomography angiography (CTA) or magnetic 
resonance angiography (MRA)] in the detection of intracranial aneurysms, it has 
become increasingly difficult to justify the role of conventional angiography [digital 
subtraction angiography (DSA)] for diagnostic purposes. The current literature, 
however, largely fails to demonstrate the practical application of these technologies 
within the context of a “real-world” neurosurgical practice. We sought to determine 
the proportion of patients for whom the additional information gleaned from 3D 
rotational DSA (3DRA) led to a change in treatment.
Methods: We analyzed the medical records of the last 361 consecutive patients 
referred to a neurosurgeon at our institution for evaluation of “possible intracranial 
aneurysm” or subarachnoid hemorrhage (SAH). Only those who underwent non-
invasive vascular imaging within 3 months prior to DSA were included in the 
study. For asymptomatic patients without a history of SAH, aneurysms less than 
5 mm were followed conservatively. Treatment was advocated for patients with 
unruptured, non-cavernous aneurysms measuring 5 mm or larger and for any 
non-cavernous aneurysm in the setting of acute SAH.
Results: For those who underwent CTA or MRA, the treatment plan was changed 
in 17/90 (18.9%) and 22/73 (30.1%), respectively, based on subsequent information 
gleaned from DSA. Several reasons exist for the change in the treatment plan, 
including size and location discrepancies (e.g. cavernous versus supraclinoid), or 
detection of a benign vascular variant rather than a true aneurysm.
Conclusions: In a “real-world” analysis of intracranial aneurysms, DSA continues 
to play an important role in determining the optimal management strategy.
Key Words: Aneurysm, angiography, computed tomography angiography, 
magnetic resonance angiography
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INTRODUCTION

The non-trivial risk of conventional catheter angiography 
[digital subtraction angiography (DSA)][1] combined with 
the increasing sophistication of computed tomography 
(CT) and magnetic resonance (MR) technology has fueled 
the popularization of non-invasive angiographic imaging 
and has raised questions regarding the role of DSA in the 
diagnosis of cerebral aneurysms.[2] A busy cerebrovascular 
neurosurgeon at a high-volume referral center will often 
be asked to evaluate patients with a suspected aneurysm 
or other vascular anomaly as diagnosed by CT or MR 
angiography (CTA or MRA) and will have to make a 
decision about how to proceed with this data and best 
manage the patient. As non-invasive imaging technology 
steadily improves and ultimately approaches the accuracy 
of DSA for the detection of aneurysms, physicians will 
be expected to limit the number of catheter angiograms 
performed for diagnostic purposes. The current literature, 
however, seems to focus on the specificity of CTA/MRA 
in an idealized situation, where the highest quality 
equipment generates images that are interpreted by the 
most experienced neuroradiologists – a scenario that is 
admittedly rare in the everyday, neurovascular practice. 
Based on the perception that clinically meaningful 
discrepancies between the non-invasive imaging diagnosis 
and the findings on conventional angiography are more 
common than what might be expected from a reading 
of the literature, we sought to determine the proportion 
of patients for whom the additional information gleaned 
from conventional angiography led to a change in 
treatment plan.

MATERIALS AND METHODS

Using CPT billing codes, a list of all patients of the two 
senior authors (RAM, MJA), who had undergone digital 
subtraction cerebral angiography (DSA) at our institution 
in the period between January 2008 and December 
2009, was generated. Institutional review board (IRB) 
approval was obtained for this retrospective chart review 
(#100769). From this list, we isolated those patients with 
a presumptive diagnosis of intracranial aneurysm based 
on either CTA or MRA performed within 90 days of 
initial DSA. In some of the patients, DSA was performed 
for follow-up purposes after aneurysm coiling, and in 
these cases, the initial diagnostic DSA was analyzed and 
compared with the non-invasive imaging at the time of 
first presentation. None of the initial angiographic studies 
included in this analysis dated back to before 2005.

These patients were then further subdivided based on 
whether there was clinical or radiological evidence of 
aneurysmal rupture or subarachnoid hemorrhage (SAH), a 
critical consideration in devising a management strategy. 
Aneurysm size was recorded as the greatest measurable 

diameter and location was noted, especially taking care to 
differentiate between cavernous and supraclinoid internal 
carotid artery (ICA) aneurysms. On a per-patient basis, 
non-invasive imaging findings were then compared to the 
“gold standard” 3D rotational DSA (3DRA) diagnosis to 
determine whether the new information gleaned from 
catheter angiography led to a change in management.

Patients with other presumptive diagnoses leading to the 
performance of DSA, such as intracranial arteriovenous 
malformation (AVM) or fistulae, were not considered 
in this study. Patients with a presumptive diagnosis of 
aneurysm based on contrast-enhanced CT or MR (as 
opposed to actual CTA or MRA) were also excluded, 
as were those who had undergone DSA at an outside 
hospital before transfer to our institution. In patients 
who underwent DSA, 3D rotational image acquisition 
(3DRA) was performed without exception in the region 
of the supposed anomaly found by CTA or MRA.

Of the SAH patients, most were emergently transferred to 
our institution and underwent in-house CT/CTA scanning 
which was read by one of our attending neuroradiologists. 
Of those without a history of hemorrhage, most were 
referred electively to neurosurgical clinic from an 
outside hospital with non-invasive imaging suggestive of 
intracranial aneurysm. Many of the patients in the latter 
group arrived to clinic either with actual films, a compact 
disc with digital images, or merely a printed radiological 
report. When only a printed report was available, every 
attempt was made to contact the referring hospital and 
request that actual images be sent for review. In the event 
that outside images were unobtainable, the presumptive 
diagnosis was recorded in whatever detail was included 
on the printed, outside hospital report.

In any patient with acute SAH as determined by 
clinical and radiological criteria, treatment rather than 
observation was recommended for any non-cavernous, 
intracranial aneurysm detected regardless of size. In the 
case of unruptured aneurysms, any aneurysm measuring 
less than 5 mm was deemed reasonable to observe, while 
treatment was generally recommended for any aneurysm 
that was 5 mm or greater. No patient with a cavernous 
aneurysm was offered treatment. No distinction was 
made between anterior circulation and posterior 
circulation aneurysms in terms of the decision to treat 
versus observe. The presence of daughter sacs or irregular 
morphology that might influence an interventionist to 
be more aggressive with treatment was not considered in 
this study.

RESULTS

Three hundred sixty-one patients underwent DSA during 
the time period of the study (January 2008–December 
2009). Of these, 163 patients had undergone CTA or 
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MRA within 3 months prior to DSA, a requirement for 
inclusion in the study; these patients either suffered from 
acute SAH (65/163) or were seen electively in clinic for a 
presumptive diagnosis of “possible intracranial aneurysm.” 

Based on the new information gleaned from DSA, the 
plan of treatment was changed in 17/90 (18.9%) patients 
who had undergone CTA [Table 1] and 22/73 (30.1%) 
patients who had undergone MRA [Table 2]. Combining 

Table 1: Discrepancies leading to changes in management: Computed tomography angiography versus digital subtraction 
angiography

Patient # SAH CTA diagnosis DSA diagnosis Size Location

1 Y 8 mm left posterior communicating 
artery (PCOM) aneurysm

8 mm left PCOM aneurysm, 2 mm ophthalmic 
aneurysm

Small Supraclinoid internal 
carotid artery (ICA)

2 Y 5 mm left internal carotid artery 
aneurysm, just proximal to the PCOM

5 mm left ventral supraclinoid ICA aneurysm, 
1.5 × 4 mm left PCOM aneurysm, left ventral 
supraclinoid ICA microaneurysm

Small Supraclinoid 
ICA

3 Y Mildly bulbous basilar tip 8 × 7 mm ruptured anterior communicating 
artery (ACOM) aneurysm

Medium ACOM

4 N 15 mm fusiform right distal ICA 
aneurysm

No evidence of aneurysm; non-aneurysmal 
fusiform dilation

n/a Cavernous ICA

5 Y 4.7 mm aneurysm of the right anterior 
cerebral artery/anterior communicating 
artery complex

5 mm right ACOM aneurysm, fusiform 
aneurysm off the branch of right pericallosal 
artery

Small ACOM

6 N 5 mm left PCOM aneurysm 4.5 mm left PCOM aneurysm Small Supraclinoid ICA

7 N 3 mm left PCOM aneurysm 5 mm left PCOM aneurysm Small Supraclinoid ICA

8 N 5 mm basilar apex aneurysm Basilar apex fusiform dilation n/a Basilar tip

9 N 8 mm right M1 bifurcation aneurysm 7 mm right middle cerebral artery (MCA) 
aneurysm, 5 mm left dorsal variant ophthalmic 
segment aneurysm, 3 mm each right MCA 
aneurysms

Medium Supraclinoid ICA

10 Y 10 mm superior cerebellar artery (SCA) 
aneurysm, 12 mm right ophthalmic 
and supraclinoid ICA aneurysm, 4 mm 
left supraclinoid internal carotid artery 
aneurysm, 2 mm right cavernous ICA 
aneurysm

Rupture of 9.5 mm left superior cerebellar 
artery aneurysm, 11 mm right dorsal variant 
ophthalmic segment internal carotid artery 
aneurysm, 3 mm small left dorsal variant 
ophthalmic segment ICA aneurysm

Medium SCA

11 Y No evidence of aneurysm 4.6 × 5.2 mm left MCA bifurcation aneurysm Small MCA

12 N 5 mm aneurysm of the left superior 
cerebellar artery

No evidence of aneurysm n/a SCA

13 Y 7 mm and 9 mm two fusiform 
aneurysms of the distal left internal 
carotid artery, 5 mm and 3 mm two 
additional aneurysms

4 mm and 3 mm bilateral carotid aneurysms, 
and 9 mm and 7.8 mm fusiform aneurysmal 
dilatations, 5 mm dorsal left carotid PCOM 
aneurysmal rupture

Small Supraclinoid ICA

14 Y 15 mm lobular aneurysm of the 
supraclinoid left internal carotid artery

10 mm ruptured dorsal variant ophthalmic 
segment aneurysm, 6 mm ventral variant left 
ophthalmic segment aneurysm

Medium Supraclinoid ICA

15 N 5 mm left distal fusiform vertebral 
artery aneurysm

Focal ectasia of vertebral artery, also seen in 
both ICAs

n/a PICA/vert

16 Y 8 mm ICA aneurysm, basilar artery tip 
aneurysm, right supraclinoid PCOM 
aneurysm

9 mm ruptured right narrow-necked anterior 
choroidal artery aneurysm, 8 mm smooth, wide-
necked right PCOM aneurysm, 7 mm smooth 
basilar apex aneurysm, 5 mm left smooth 
wide-necked PCOM aneurysm, 4 mm left 
smooth wide-necked anterior choroidal artery 
aneurysm, 5 mm left smooth wide-necked 
clinoid segment/ophthalmic segment aneurysm

Medium Supraclinoid ICA

17 N 3 mm left PCOM aneurysm 5 mm left PCOM aneurysm Small Supraclinoid ICA
ACOM: Anterior communicating artery, ICA: Internal carotid artery, MCA: Middle cerebral artery, PCOM: Posterior communicating artery, SCA: Superior cerebellar artery, 
SAH: Subarachnoid hemorrhage, CTA: Computed tomography angiography, DSA: Digital subtraction angiography
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the results of both non-invasive imaging types, the 
plan of treatment was changed in 39/163 (23.9%) 
after performing DSA. Infundibuli, vessel loops, and 
fenestrations were among the benign anatomic variants 
erroneously read as “possible aneurysm” by non-invasive 
imaging. Vessel infundibuli were found in 3 (1.8%) of the 
patients in this study after performing 3DRA. Vessel loops 
and vessel fenestrations misinterpreted as aneurysms were 
found in 3 (1.8%) and 1 (0.6%) members of the total 

cohort, respectively. A discrepancy in largest aneurysmal 
dimension between DSA and non-invasive imaging was 
the most common reason for a change in treatment plan, 
especially in incidentally discovered aneurysms in which 
5 mm was used as a size cut-off. Discrepancies between 
non-invasive imaging and DSA occurred most often at 
the supraclinoid ICA segment [Table 3] for aneurysms 
measuring 5 mm or less [Table 4]. 

Table 2: Discrepancies leading to changes in management: Magnetic resonance angiography versus digital subtraction 
angiography

Patient # SAH MRA diagnosis DSA diagnosis Size Location

18 N 5 mm left ICA cavernous aneurysm 3.7 mm left superior hypophyseal aneurysm Small Supraclinoid ICA

19 N 7 mm cavernous ICA aneurysm 7 mm PCOM aneurysm Medium Supraclinoid ICA

20 N 4 mm ACOM aneurysm 5 mm ACOM aneurysm Small ACOM

21 N 3 mm left cavernous aneurysm 5 mm left ophthalmic aneurysm Small Supraclinoid ICA

22 N 4 mm ACOM aneurysm 7 mm ACOM aneurysm, 2–3 mm SCA/PCA 
aneurysm, 3–4 mm P1/P2 junction aneurysm

Medium ACOM

23 N 4 mm supraclinoid right ICA aneurysm 6 mm right superior hypophyseal aneurysm Medium Supraclinoid ICA

24 N 3 mm basilar tip aneurysm 5 mm right PCOM aneurysm Small Supraclinoid ICA

25 N 4.5 mm left cavernous or clinoidal 
segment ICA aneurysm

6.1 mm left superior hypophyseal artery 
aneurysm

Medium Supraclinoid 
ICA

26 N 4 mm right PCOM aneurysm 5 mm ventral variant right ICA ophthalmic 
segment aneurysm

Small Supraclinoid ICA

27 N 6.8 mm ACOM aneurysm 4 mm ACOM aneurysm Small ACOM

28 N 6 mm right posterior inferior cerebellar 
artery (PICA) aneurysm

Kinking and hairpin loop of right vertebral artery; 
no evidence of aneurysm

n/a PICA/vertebral

29 N 6 mm ACOM aneurysm; 2 mm small 
P1/P2 aneurysm

4.5 mm ACOM aneurysm Small ACOM

30 N 4 mm ophthalmic aneurysm 6 mm right ophthalmic aneurysm Medium Supraclinoid ICA

31 N 4.8 mm basilar apex aneurysm 5.1 mm basilar apex aneurysm Small Basilar tip

32 N 4 mm cavernous and 5 mm ICA 
bifurcation aneurysm

7 mm left PCOM aneurysm, 5 mm superior 
hypophyseal aneurysm

Medium Supraclinoid ICA

33 N 6 mm left MCA aneurysm, 4 mm right 
ICA terminus aneurysm

5 mm right PCOM aneurysm, 5 mm left MCA 
bifurcation aneurysm

Small Supraclinoid ICA

34 Y 24 mm right MCA trifurcation 
aneurysm

22 mm right MCA bifurcation aneurysm, 2 mm 
left MCA bifurcation aneurysm

Small MCA

35 N 6 mm right cavernous aneurysm 6 mm right ophthalmic segment ICA aneurysm, 
<3 mm left ventral variant ICA aneurysm

Medium Supraclinoid ICA

36 N Possible small right MCA origin 
aneurysm

5 mm right PCOM aneurysm Small Supraclinoid ICA

37 Y 3 mm right PCOM aneurysm No evidence of aneurysm n/a Supraclinoid ICA

38 N 8 mm right para-ophthalmic aneurysm, 
6 mm left supraclinoid aneurysm, 
fusiform dilatation of the petrous 
aspect of the right ICA

8 mm wide-necked right dorsal variant 
ophthalmic segment ICA aneurysm, 3 mm 
dorsal variant right supraclinoid ICA aneurysm, 
carotid dissection left cervical ICA with 14 
mm pseudoaneurysm, 8 mm wide-necked left 
ophthalmic segment ICA aneurysm

Medium Supraclinoid ICA

39 N 4.5 mm aneurysm extending off 
cavernous carotid on the left medially, 
possible small basilar tip aneurysm

6.2 mm left superior hypophyseal artery 
aneurysm

Medium Supraclinoid ICA

ACOM: Anterior communicating artery, ICA: Internal carotid artery, MCA: Middle cerebral artery, PCOM: Posterior communicating artery,  PICA: Posterior inferior cerebellar 
artery, SAH: Subarachnoid hemorrhage, MRA: Magnetic resonance angiography, DSA: Digital subtraction angiography
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DISCUSSION

The overall sensitivity of single-slice CTA in the 
detection of intracranial aneurysms has typically been 
reported between 77% and 100% and the specificity 
between 79% and 100%,[3-6] with diagnostic accuracy 
decreasing significantly for small aneurysms less than 3 
mm in diameter.[6,7,24] The relatively recent introduction 
of multidetector row, spiral CTA has led to improved 
resolution and prompted some claims that CTA achieves 
“equivalent diagnostic accuracy to that of conventional 
DSA in the detection of (some) aneurysms”.[8,9] However, 
even with modern, state-of-the-art, 64-slice multidetector 
CT scanners, the sensitivity for the detection of 
aneurysms less than 3 mm is still felt to be less than 
90%.[10] For medium and large aneurysms, MRA has 
comparable sensitivity to CTA. However, for aneurysms 
less than 5 mm, most studies have shown CTA to be 
superior, with MRA sensitivity dropping off to 56%.[11,13,15] 
In a recent article by Schwab et al., significant 
discrepancies were found in nearly 60% of cases when 
comparing MRA to DSA in the detection of intracranial 
aneurysms. Most of the discordance between these 
imaging modalities occurred in the setting of small 
aneurysms (i.e. less than 5 mm) or for lesions located at 
the anterior communicating artery (ACOM)  complex.[20] 

While sensitivity and specificity have been the measure 
of diagnostic accuracy in numerous prior reports, we 
sought to analyze non-invasive imaging on the basis of 

whether or not the plan of treatment was changed in 
light of the additional information provided by DSA. We 
felt this analysis would be unique to other studies as it 
will provide practitioners with some practical information 
about how to confront patients who arrive to their clinic 
with a presumptive diagnosis of “possible intracranial 
aneurysm”. Acute SAH patients were also included in 
this analysis to increase the power of the study; however, 
there is significantly less controversy regarding the role 
for conventional angiography in these patients, for both 
diagnosis and treatment.

The decision of whether to treat an aneurysm is based 
on several patient factors (e.g. age, comorbidities, history 
of SAH) as well as features of the particular aneurysm 
(e.g. size, location, morphology). The procedural risk of 
securing the aneurysm must be weighed carefully against 
the natural history of the lesion.[16] For the purposes of 
providing a practical comparison between non-invasive 
imaging modalities and DSA, we simplified the decision-
making process by considering only 1) presence of acute 
SAH, 2) aneurysm size, and 3) aneurysm location. Our 
decision-making algorithm deserves some explanation 
as it is somewhat simplified and cannot be used as a 
hard and fast guideline as much as a reasonable albeit 
somewhat arbitrary recommendation.

In terms of ruptured aneurysms, treatment was 
recommended for all aneurysms detected regardless 
of size. The most common scenario in which 3DRA 
provided additional information that changed the 
treatment plan was in the case of very small aneurysms 
(e.g. 1–3 mm) for which the sensitivity of CTA and MRA 
is known to be less than 90%.[1] In the setting of SAH, 
discrepancies in size between non-invasive modalities and 
DSA did not frequently lead to a change in treatment. 
If CTA detected a 3-mm aneurysm, for example, while 
3DRA revealed a 5-mm aneurysm, treatment would be 
advocated in either case to prevent re-hemorrhage.

In the case of a patient with an unruptured aneurysm, 
size discrepancy was the most common reason for a 
change in treatment. According to our algorithm, a 
3-mm unruptured aneurysm detected by CTA would 
reasonably be observed. If subsequent 3DRA, however, 
revealed that the aneurysm was indeed 5 mm or larger 
in greatest diameter, this new information would 
prompt a recommendation to treat. If however, a 2-mm 
aneurysm was detected with CTA or MRA, which on 
3DRA was in fact revealed to be merely a vessel loop 
or infundibulum, this discrepancy would not actually 
change the recommendation as either diagnosis would 
be observed rather than treated. The use of a 5-mm-size 
cut-off, based on a recent paper by Solomon et al., is 
controversial and not meant to be taken as an absolute 
guideline.[17] It underscores the importance, however, 
of aneurysm size as one of the most critical factors 

Table 3: Location of discrepant aneurysms by magnetic 
resonance angiography and computed tomography 
angiography

Location CTA MRA

ACOM 2 4
Supraclinoid ICA 9 15
Cavernous ICA 1 0
Middle cerebral artery 1 1
Basilar tip or superior cerebellar artery 3 1
PICA/vertebral 1 1
ACOM: Anterior communicating artery, ICA: Internal carotid artery,  
PICA: Posterior inferior cerebellar artery, CTA: Computed tomography angiography, 
MRA: Magnetic resonance angiography

Table 4: Percentage of discrepancies depending on 
aneurysm size

Size DSA # Percentage of 
discrepancies

Small (0–5 mm) 19 49
Medium (5–10 mm) 14 37
Large (11–15 mm) 0 0
DSA: Digital subtraction angiography
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in the determination of whether to treat or observe an 
asymptomatic, unruptured aneurysm. Naturally, the more 
precise we can be in our determination of aneurysm 
size, the better recommendations we can make for our 
patients.

In addition to image quality, radiologist experience has 
been shown to be an important factor in the sensitivity 
and specificity of non-invasive imaging for the detection 
of aneurysms.[6] Regarding image quality, the referring 
hospitals in this study featured a range of CT scanning 
capabilities [Table 5]. Many of the hospitals that refer 
patients to our institution are small, regional hospitals 
with only a 16-slice multidetector CT scanner, and so 
it may be inappropriate to apply the same expectations 
of diagnostic accuracy to these scans as it would be to 
a state-or-the-art 64-slice multidetector CT scanner.[18,20] 
Of course, another option would be to repeat a CTA 
in a patient who presents with a low-quality scan 
and a presumptive diagnosis of “possible intracranial 
aneurysm.” At our institution, however, there is a 
bias toward performing DSA to settle equivocal cases. 
Furthermore, many of the outside reports were generated 
by a radiologist without special training in neuroradiology. 
Radiologist expertise has been shown to factor into the 
accuracy of aneurysm detection in a prior series.[6]

Given the significant morbidity and mortality of SAH, 
missing the diagnosis of a cerebral aneurysm can have 
disastrous consequences for the patient. In many 
patients, the knowledge of harboring an untreated 
intracranial aneurysm led to anxiety and lower quality of 
life scores, particularly in psychosocial domains.[12] Failure 
to recognize a sentinel bleed or detect an intracranial 
aneurysm remains among the most common reasons for 
medical malpractice litigation in neurosurgery.[21-23] 3DRA 
continues to appeal to practitioners and patients alike 
when the possibility of an aneurysm has been raised both 
to avoid litigation and allay patient concerns.

Limitations
This retrospective chart review has a number of 
limitations and caution must be exercised in drawing 
firm conclusions from this data. First of all, in many 
of these cases, while the 3DRA was specifically focused 
on aneurysm detection, the non-invasive imaging may 
have been performed for other indications (e.g. MRI/
MRA for headache). Naturally, we can expect a bias in 
favor of 3DRA image quality since the angiographer 
is specifically trying to rule in or rule out the diagnosis 
of aneurysm and is unlikely to terminate the procedure 
until adequate images have been obtained. Although 
3DRA was generally performed at our institution to settle 
equivocal cases, repeating non-invasive imaging under 
idealized conditions (i.e. with state-of-the-art technology 
and neuroradiology expertise) may also have been a 
reasonable approach.

Secondly, it is not clear as to what extent the data may 
apply to specialists at other institutions. The decision 
to treat or observe an aneurysm is complex. Although a 
simple and rational algorithm was presented here, other 
specialists may use a different size cut-off or any number 
of other variables in making the decision to intervene.

There was a delay in up to 90 days between non-invasive 
imaging and 3DRA. Little is known about the growth rate 
of aneurysms, but it is certainly possible that some of the 
size discrepancies between imaging modalities could be 
attributed to this time delay.

Although a formal cost analysis was not performed as 
part of his study, the additional information provided by 
3DRA image acquisition comes at a significant expense. 
At the authors’ institution, the “total research cost” for 
CTA is $773.28 (CPT 70496). MRA costs $760.88 (CPT 
70544). The overall cost for DSA, however, is much 
greater, ranging from $7000 to $10,000 depending on the 
number of vessels catheterized. In the current healthcare 
environment, focused on cutting costs, these differences 
must be taken into consideration.

Cerebral angiography is not without complications, 
and thus, in order to justify such an intervention, the 
benefits of the procedure must significantly outweigh its 
risks.[14] Previously published data from our institution 
report a postoperative complication rate of 0.43% of 
the procedures performed. Only 0.04% of all procedural 
complications were considered to cause major permanent 
disability.[19] It is important to have a frank conversation 
with each patient to obtain informed consent and explain 
the justification for performing an invasive procedure.

CONCLUSIONS

Although reports of very high sensitivity and specificity 
are often quoted in the literature for the detection of 
cerebral aneurysms by non-invasive imaging, we found 

Table 5: Top eight referring institution CT capabilities

Institution CT capabilities (slices)

Hospital 1 40
Hospital 2 64
Hospital 3 64
Hospital 4 16
Hospital 5 4

16
Dual-source 128

Hospital 6 4
64

Hospital 7 16
64

Hospital 8 16
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a significant proportion of patients for whom the 
additional information gleaned from DSA led to a change 
in treatment plan. Despite greater invasiveness and 
increased risk to the patient, 3DRA remains a useful and 
critically important tool in the detection and treatment 
of cerebral aneurysms.
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