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Objectives: To determine the diagnostic accuracy of magnetic resonance angiography (MRA) compared to 
intra-arterial digital subtraction angiography (DSA) in detection of intracranial aneurysms in those suffering 
from acute subarachnoid hemorrhage (SAH). 
Methods: This observational diagnostic study was performed at a tertiary teaching hospital and reference center 
in Shiraz, Iran. We included 55 patients who presented to our center with the diagnosis of acute SAH. All the 
patients underwent MRA and DSA during their hospital course in order to detect the intracranial aneurysms. 
The time-of-flight MRA protocol was used and the results were compared to the results of DSA as the gold 
standard test. Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) were 
calculated for MRA. 
Results: The mean age of the patients was 46.3 ± 7.9 including 26 (47.3%%) men and 29 (52.7%) women. In 
46 patients, 51 intracranial aneurysms were diagnosed by DSA (5 patients had two aneurysms). No evidence of 
intracranial aneurysm was found in 9 patients with subarachnoid hemorrhage. MRA correctly identified 42 of 
the 51 aneurysms (sensitivity 82%) and missed 9 small aneurysms (less than 10 mm). MRA revealed one false- 
positive finding, resulting in a specificity of 88.8%. The PPC and NPV for MRA were 97% and 47%, respectively. 
The diagnostic accuracy per aneurysm was 0.83 for MRA. 
Conclusion: High sensitivity and specificity of MRA compared to DSA in diagnosis of intracranial aneurysms 
in those with acute SAH indicate that MRA could be reliably used as a diagnostic tool for this purpose. However 
we cannot recommend it as a routine substitute for DSA before surgery. 
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Introduction 

erebral aneurysms with a prevalence of 0.5-5% 

of the general population are common vascular 

anomalies of intracranial arteries. They have a greater 

incidence in women and increasing incidence with 

advancing age [1,2]. A ruptured  cerebral aneurysm 

results in significant morbidity and mortality: 30-day 

mortality can be as high as 60% and the rebleeding 

rate  is 10% to  50% during  the  first 6 months  in 

untreated  patients [3-6]. The most prominent  role 

for computed tomography (CT) in the patients with 

a cerebral aneurysm is to identify acute subarachnoid 

hemorrhage (SAH), which is clearly disclosed as areas 

of increased density within the sulci and  cisternal 

spaces. 

Because of its high spatial resolution, intra-arterial 
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digital subtraction  angiography (DSA) is the  gold 

standard for detecting intracranial aneurysms [3,4]. 

This technique is the imaging modality of choice for 

the  visualization of aneurysms or  other  causes of 

hemorrhage, and may also be used as a treatment tool. 

Despite these advantages of intra-arterial  DSA and 

modern developments in the achievement of cerebral 

angiography, the risk of neurological complications 

associated with this procedure cannot be overlooked 

[5,6].  The  invasive nature  of  DSA may  provoke 

transient or permanent neurological deficits such as 

infarction secondary to catheter clot embolus [6,7]. 

A low but important risk of complications is related 

to contrast reaction, and arterial puncture, catheter 

handling, vagal inhibition and bacteremia are other 

disadvantages [7-10]. 

During the last two decades, interest has increased in 

the use of noninvasive imaging to detect intracranial 

aneurysms. Computed tomography angiography 

(CTA)  is  a  noninvasive  imaging  modality  that 

does not require arterial puncture or catheter 

manipulation [11]. Magnetic resonance angiography 

(MRA) is also a noninvasive imaging technique based 

on the detection of blood flow within the cerebral 

vessels. Its considerable advantage is that  it is able 

to produce source images that can be used in two- 

and  three-dimensional  modes.  Artifact  formation 

due  to  flow phenomena  and  patient  motion,  in 

addition to extended acquisition time, are the major 

disadvantages of MRA [12,13]. 

Advances in magnetic resonance imaging (MRI) and 

MRA have produced valuable technologies that show 

details of intracranial vascular diseases noninvasively 

[14]. Although MRA is not sensitive enough to detect 

calcifications and acute subarachnoid bleeding, it is 

a powerful modality in detecting cerebral vascular 

lesions of the central nervous system [15,16]. 

Advanced MRA techniques can thus provide valuable 

morphological and physiological information about 

vascular diseases [17,18]. 

If MRA is to replace intra-arterial DSA in the detection 

and characterization of intracranial aneurysms, the 

sensitivity and specificity of these modalities should 

be at least as good as those of DSA. Our purpose here 

was to assess the diagnostic accuracy of MRA in the 

diagnosis of cerebral aneurysms, and to compare and 

contrast MRA and DSA for this purpose. 

 
Materials and Methods 

Study population 

This was an observational diagnostic accuracy study 

being performed Nemazee Hospital in Shiraz is the 

reference center for intracranial aneurysm surgery for 

about total population  of about 5,000,000. Patients 

admitted to our hospital with non-traumatic SAH or 

intracranial hemorrhage,intraventricular hemorrhage 

or infarction underwent diagnostic intracranial DSA 

and MRA. Subarachnoid hemorrhage was suspected 

on the basis of clinical presentation and confirmed by 

unenhanced CT. This study included 55 patients (26 

men and 29 women) with an age range of 22–75 years 

(mean, 46.3 ± 7.9 years). 

All the patients were monitored  in a neurosurgical 

intensive care unit.  Computed  tomography  of the 

head was done on admission and repeated after any 

clinical deterioration.  All patients  underwent  DSA 

within 3 days after admission. Our analysis included 

patients  who  underwent cerebral  angiography  for 

possible intracranial aneurysm. The exclusion criteria 

were poor   grade   of   subarachnoid   hemorrhage, 

absolute contraindication  for one of the modalities, 

and age more than 75 years. In patients whose clinical 

situation was stable we did MRA if DSA was negative 

or  inconclusive. In  most  patients  MRA was done 

before DSA, or within a maximum of 1 week after 

DSA. If only MRA or DSA was done, these patients 

were excluded  from  our  analysis. Two  additional 

patients were excluded because of incomplete DSA 

secondary to technical problems. All procedures were 

done in accordance with the guidelines of the Ethics 

Committee of Shiraz University of Medical Sciences. 

All the  patients  provided  their  informed  written 

consents. 

 
Imaging protocols 

Three-dimensional  time of flight MR angiograms 

(3D-TOF MRA) were obtained at 1.5 Tesla with a 

repetition time (TR) = 23 and echo time (TE) = 6.9, 

flip angle 20°, a 512 ×  256 matrix, magnetization 

transfer (MT) prepulse, and field of view 18 cm over 

24 slices with 1.7 mm effective thickness. No contrast 

was used. Post-processing consisted of 60° maximum 

intensity  projections  (MIP)  at  six increments  for 

360° around the head, in both left-to-right and head- 

to-foot  rotations.  Images were reconstructed  from 

the whole data set without  editing. Source images 

were viewed on a routine  basis. Intra-arterial  DSA 

studies were done on a digital angiography system 

(Philips Arcu 48). We used elective three- or four- 

vessel angiography with a standard projection format 

(anteroposterior,  lateral  and  reverse-oblique), and 

additional views were obtained, if required, to identify 

the parent  vessel and aneurysm neck more clearly. 

The amount  of contrast medium (Omnipaque  240 

at a 1:1 dilution) was 12 ml for each series, and the 

injection rate was 10 ml/s with the tip of the catheter 

placed proximal to the carotid bifurcation. Injections 

into the vertebrobasilar system were performed at a 

rate of 8 ml/s to a total amount  of 8 ml. Magnetic 

resonance data were recorded by a radiologist with 
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Aneurysm           No of aneurysms      No of aneurysms 

location                (%) in DSA               (%) in MRA 
MCAa                                  15 (29.4%)                10 (23.8%) 

ACAb                                    5 (9.8%)                    5 (11.9%) 

ACoMc                               15 (29.4%)                14 (33.3%) 

PCoMd                               7 (13.7%)                  4 (9.5%) 

ICAe                                       6 (11.7%)                  6 (14.2%) 

Basilar                  3 (5.9%)                   3 (7.1%) 

Vertebral              0 (0%)                       0 (0%) 

Ophthalmic          0 (0%)                       0 (0%) 

Choroidal             0 (0%)                       0 (0%) 

Total                      51 (100%)                 42 (100%) 

 

 

 

experience in image postprocessing; he was aware of 

the CT results including the sites of SAH and severity 

of hemorrhage. 

The presence of definite aneurysm was determined 

on a two-point scale of confidence, with 1 indicating 

definite presence and 2 indicating definite absence. 

The following parameters were recorded: i) presence 

or absence of aneurysm, ii) location, size and shape, 

and iii) the relationship of the aneurysm with the 

parent and nearby vessels. If multiple aneurysms were 

detected, the usual criteria were used to decide which 

aneurysm was responsible for the hemorrhage. These 

criteria  included  the  CT  findings (distribution  of 

blood) and the size and irregularity of the aneurysm. 

All aneurysm sites and sizes were recorded on an 

ad hoc  data  collection form. The site and  size of 

the  internal carotid  artery  (ICA)  bifurcation  and 

ICA siphon, the middle cerebral artery (MCA), the 

anterior cerebral artery (ACA), the posterior cerebral 

artery (PCA), the vertebral artery, the basilar artery, 

the  anterior  communicating artery  (ACAM), and 

the  posterior  communicating artery (PCAM) were 

recorded.  The  size of  aneurysms  was recorded  as 

maximum dimension smaller than 10 mm (a), 10–25 

mm (b), or larger than 25 mm (c) 

 
Statistical Analysis 

Statistical analysis 

A 2×2 table consisting of true positive, false positive, 

true negative and false negative was used to compare 

MRA with the  gold standard  DSA. Sensitivity, 

specificity, positive  and  negative predictive  values 

(PPV and NPV), and accuracy were calculated and 

compared on a per-patient and per-aneurysm basis. 

 
Results 

A total  number  of 51 aneurysms were visualized 
 

Table 1. Location of aneurysms in patients  examined with digital 

subtraction angiography (DSA) and magnetic resonance angiography 

(MRA). 

with DSA in 46 (83 %) of 55 patients (Table 1). In five 

patients, two aneurysms were present. No aneurysm 

was found with DSA in 9 patients. Thirty-eight (74 

%) of the 51 aneurysms were smaller than 10 mm, 

and 11 (22 %) were between 10 mm to 25 mm. There 

were two giant aneurysms (larger than 25 mm). Forty- 

two of  51 aneurysms (82%)  were visualized with 

MRA (Table 1). All aneurysms 10 mm or larger were 

visualized in 3D reconstructions  or source images. 

Nine small aneurysms (less than 10 mm) were not 

visualized in MRA. 

Overall sensitivity and  specificity, as well as the 

positive and the negative predictive values for MRA, 

were calculated. The sensitivity of MRA in detecting 

intracerebral aneurysms was 0.82, and specificity was 

0.89. The positive and negative predictive values for 

MRA were 0.93 and  0.47, respectively. Aneurysms 

were closely related with parental vessels and adjacent 

structures.  Details of  the  false-negative and  false- 

positive results of MRA are given in Table 2. 

This technique produced 9 false negative readings, 

all of which were for aneurysms smaller than 10 mm. 

Five (55%) of the 9 false-negative MRA readings were 

related to MCA aneurysms; three (33%) to PCAM, 

and  1 (12%) to an ACAM aneurysm. We found  1 

false-positive reading in MRA. Follow-up MRI with 

contrast for basilar tip aneurysm showed this finding 

to  correspond  to  the remnant  of a small calcified 

craniopharyngioma in close contact with the circle of 

Willis. Small aneurysms were detected substantially 

less well with MRA than aneurysms measuring 10 to 

25 mm and larger. There was a trend toward greater 

diagnostic accuracy for vertebrobasilar and ACA 

circulation aneurysms compared to MCA or PCAM 

aneurysms. 

 
Discussion 

Intra-arterial  DSA is the gold standard  for 

evaluating intracranial  vessels, but  this  procedure 

is invasive, involving risks of complications such as 

arterial  puncture,  emboli,  dissection,  hemorrhage 

and  septicemia, which can be prevented  by using 

noninvasive imaging tools [7,9,10]. Magnetic 

resonance angiography offers benefits such as its lower 

cost and the absence of procedure-associated risk of 

stroke and arterial injury. Another benefit of MRA is 
 

   

Table 2. Location of 9 false-negative findings for aneurysm with 

magnetic resonance angiography. 
 

Aneurysm location                 No of aneurysms (%) 
 

MCAa
 

 

5 (55% ) 
 

 
 

aMiddle cerebral artery; bAnterior cerebral artery; cAnterior communicating 

artery; 
dPosterior communicating artery; eInternal carotid artery 

 

PCoMb                                                                 3 (33 %) 
 

ACoMc                                                                 1 (12 %) 
aMiddle cerebral artery; bPosterior communicating artery; 
cAnterior communicating artery 
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that views can be stored and used by technicians and 

physicians after the patient has left, and interactive 

viewing among different users is possible. A distinct 

advantage of MRA is that it can be used for patients 

with a critical status in conjunction with anesthetic 

equipment. 

Although MRA is an effective diagnostic procedure 

to detect cerebrovascular disease, this modality still 

has important  limitations in visualizing intracranial 

vascular abnormalities. Our study attempted to assess 

the  efficacy of  MRA in  detecting  and  delimiting 

intracranial  aneurysms when the 3D TOF method 

was used together with MIP post-processing 

enhancements that offer several advantages over 

conventional MRA [15,17-19]. 

Certain limitations of MRA can affect its efficacy 

in  detecting  intracranial  aneurysms. For  example, 

small aneurysms less than 3 mm, distant aneurysms 

and small vascular lesions such as vasculitis may be 

overlooked [16,20]. Loop formation and overlapping 

vessels have been identified as the main sources of false- 

positive and false-negative results. To overcome these 

problems, techniques based on the use of source and 

reconstructed images such as MIP and multiplanar 

reconstruction  may  be  helpful  [11,14,21,22]. Our 

study  used  advanced  post-processing  with  MIP 

to  improve  visualization of the  aneurysms in  our 

patients. The accuracy of intracranial aneurysm 

detection   can   be   increased   with   combinations 

of post-processing methods and improved data 

acquisition  systems in  MRA, including the  use of 

thin slices, the magnetization transfer phenomenon 

or phase-contrast MRA to reduce background signal 

detection  [11,21,23]. Recent blinded-reader  studies 

have reported mean sensitivities of 63% to 93% for 

the detection of intracranial aneurysms with 3D TOF 

MRA or MIP, and mean specificities of 92% to 100% 

[20,24-28]. 

Nine  symptomatic  aneurysms  that  were  missed 

by  MRA were smaller than  10  mm  in  diameter. 

The stagnant flow close to the aneurysm may make 

small aneurysms  invisible secondary  to  decreased 

MRA signal intensity. We found that 38 (72%) of 51 

aneurysms were small (<10 mm), and the sensitivity of 

detection of small aneurysms was 76% (versus 100% 

for larger aneurysms). Small aneurysms are much 

harder to detect than larger ones, and the accuracy in 

detecting small aneurysms has been reported to be as 

low as 56% with MRA [22] Most of the false-negative 

results in this study were caused by aneurysms smaller 

than 10 mm, especially aneurysms smaller than 6 mm. 

In general, MRA was better at detecting aneurysms 

larger than 10 mm in patients with acute SAH. 

Although  the  sensitivity  and  positive  predictive 

value of MRA in the present study were acceptable, 

we cannot recommend it as a safe substitute for DSA 

to detect small aneurysms in patients with acute SAH. 

However, MRA is a useful alternative for aneurysms 

larger than  10 mm  or as a noninvasive method  in 

critically ill patients or in patients for whom DSA 

is  contraindicated.   The   low  negative  predictive 

value (47%) showed that negative results with MRA 

should be re-evaluated with DSA to seek out intra- 

cranial aneurysms. For patients with SAH in whom 

an aneurysm is strongly suspected, we believe that 

although MRA can help to rule out the existence of 

an aneurysm larger than 10 mm reliably, DSA should 

be carried out if the MRA findings are negative but 

insufficiently conclusive to rule out the possibility of 

a smaller aneurysm. 

Our study points to a number of important 

considerations regarding the use of MRA to detect 

intracerebral  aneurysms.  First, diagnostic  accuracy 

is substantially limited by aneurysm size. Second, at 

certain sites, particularly in areas of vessel overlap 

or MCA bifurcation, MRA may miss some lesions. 

Therefore, caution should be exercised in the 

interpretation of small aneurysms arising from the 

MCA bifurcation or in vessels that overlap, such as 

the internal carotid artery bifurcation or the posterior 

communicating artery. 
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