
Introduction

Intracranial aneurysms are acquired lesions that are
most commonly located at the branching points of the
major arteries coursing through the subarachnoid space
at the base of the brain [1]. Autopsy and angiographic
studies indicate that between 3.6% and 6% of the
population harbor an intracranial aneurysm [2].

Subarachnoid hemorrhage (SAH), mostly due to
rupture of an intracranial aneurysm, has an incidence of

6–8 per 100,000 person years, peaking in the sixth dec-
ade of life and accounting for a quarter of cerebrovas-
cular deaths [3]. Although the management of patients
with ruptured intracranial aneurysms has passed
through a phase of rapid evolution and modification, the
overall morbidity and mortality rates following aneu-
rysm rupture remain high [4, 5]. One of the most
important objectives in the management of aneurysmal
SAH is to prevent aneurysm re-bleeding and delayed
cerebral ischemia caused by arterial vasospasm. Most
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Abstract This study was aimed at
establishing whether magnetic reso-
nance angiography (MRA) can be
applied to planning and performing
surgery on ruptured intracranial
aneurysms, especially in the early
phase, without recourse to intra-
arterial digital subtraction angiog-
raphy (IA-DSA). From February
1998 to August 2001, in all patients
presenting with a subarachnoid
hemorrhage, MRA was performed
first. A three-dimensional
time-of-flight MRA protocol with
T2-weighted coronal and axial ima-
ges was used. If MRA demonstrated
an aneurysm, surgery was under-
taken. IA-DSA was limited to
patients with negative or inconclu-
sive MRA findings. We compared
MRA images with operative findings
in positive patients and with IA-
DSA in negatives. IA-DSA was
considered the gold standard when
MRA findings were inconclusive. In
this study, 205 consecutive patients

(mean age 52.7 years, 69% women)
were included. In 133 patients
(64.9%) MRA demonstrated an
aneurysm, directly followed by neu-
rosurgical intervention. In 33 pa-
tients (16.1%) MRA findings were
categorized as inconclusive. In 39
patients (19.0%) MRA results were
negative. No false-negative ruptured
aneurysms were selected by MRA.
In only one patient surgical inter-
vention was performed based on
false-positive MRA findings. MRA
can replace IA-DSA as a first diag-
nostic modality in the selection of
patients suitable for surgical treat-
ment of ruptured intracranial aneu-
rysms.
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neurosurgeons, therefore, justify early detection and
surgical obliteration of any aneurysm, especially in
patients in a good clinical state [6].

Because of its unsurpassed resolution, intra-arterial
digital subtraction angiography (IA- DSA) is the gold
standard in diagnosing intracranial aneurysms. IA-DSA
has been the imaging modality of choice for many years,
because it is reliable in the detection of aneurysms or
other sources of hemorrhage, and because it can be used
as a treatment tool. The latter is particularly advanta-
geous since the recent publication in Lancet of results
from the international subarachnoid aneurysm trial
(ISAT) [7], showing that endovascular treatment should
be the first line of treatment for ruptured cerebral
aneurysms that have a suitable morphology.

Despite these advantages of IA-DSA and despite
modern advances in the performance of cerebral angi-
ography [8–12], the risk of neurological complications
associated with this procedure is not negligible [13–21].
With the development of three-dimensional (3D) mag-
netic resonance angiography (MRA) and computerized
tomographic angiography (CTA), the absolute reliance
on IA-DSA for aneurysm detection and surgical plan-
ning is changing. Both diagnostic modalities have been
used successfully as an alternative to IA-DSA for the
surgical management of aneurysmal subarachnoid
hemorrhage [22–26]. In the present study, we investi-
gated whether (a) 3D time-of-flight (TOF) MRA is a
reliable assessment tool in detecting or ruling out rup-
tured intracranial aneurysms; and whether (b) 3D TOF
MRA can replace IA-DSA in the selection of patients
suitable for surgical treatment of ruptured intracranial
aneurysms. Furthermore, we checked the clinical out-
come of the patients with an MRA-based diagnosis of
ruptured aneurysm.

MRA was used as the initial imaging tool in acute
SAH for several reasons. During the study period, we
had no ability to perform CTA at our department.
Furthermore, our study was performed before the
results of ISAT were published, and it was not yet
known that coiling is the first line of treatment for
ruptured aneurysms, which favors first performing
IA-DSA instead of MRA. Besides that, in our hospital
most ruptured intracranial aneurysms are still treated
surgically, and endovascular coiling is restricted to a
highly selected patient population, mainly patients with
aneurysms of the basilar artery.

Material and methods

Patient population

University Hospital Groningen is the reference center
for intracranial aneurysm surgery for the northern
provinces of the Netherlands. Starting in February 1998,

all patients admitted to our hospital with an SAH con-
secutively underwent MR angiography as a first diag-
nostic tool. MRA was performed to select patients
suitable for surgical clipping of a ruptured intracranial
aneurysm. SAH was suspected on clinical grounds and
confirmed by un-enhanced computed tomography (CT)
and/or demonstration of blood and blood pigments by
lumbar puncture. The study included 205 patients: 63
men and 142 women, with ages ranging 10–79 years
(mean 52.7 years (+/) 12.4 SD). The clinical condition
at admission of each patient presenting with SAH was
categorized according to the original Hunt and Hess
grading system [27]. When the condition of the patient
changed between admission and operation, we adopted
the condition just before surgery for the evaluation
(Table 1).

Treatment protocol

All patients were under continuous observation in a
neurosurgical intensive care unit until a few days after
surgery. Medical consultations for perioperative care
were obtained. While awaiting surgery, patients with an
SAH were treated with calcium channel blockers. The
presence of arterial vasospasm, suspected clinically and
confirmed by transcranial Doppler examination, was an
indication for triple-H therapy (induced hypervolemia,
hemodilution and hypertension), preferably starting
after surgery.

CT of the head was performed at admission and
repeated after any clinical deterioration. All patients
underwent MR angiography within 3 days after admis-
sion. If necessary, appropriate sedation was adminis-
tered before the MR study. IA-DSA was restricted to
patients in whom MRA was inconclusive or negative.

The patients were operated for clipping of the aneu-
rysm as soon as possible after the diagnosis was estab-
lished. Delayed operation was preferred for patients
with poor clinical grading or for patients already with

Table 1 Clinical status of 205 consecutive patients

Clinical characteristic Value

Age (years)
Range 10–79
Mean (SD) 52.7 (12.4)

Sex
Male 63
Female 142

Hunt and Hess grade
1 108
2 49
3 45
4 2
5 1
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signs of vasospasm. Some of the late operations were
due to delayed referral to our hospital. In patients with
Hunt and Hess grades 3 and 4 and a large life-threat-
ening intracerebral hematoma, an emergency operation
was performed. The quality of the recovery in patients
with an MRA-based diagnosis of ruptured aneurysm
was estimated using the Glasgow Outcome Scale (GOS)
at 2 months follow-up [28].

Image acquisition

The T2 and the MRA sequence were carried out on a 1.5-
T Siemens Magnetom Vision. The T2-TSE slices (TR
(repetition time) / TE (echo time) = 3,500/22–90 ms) in
axial and/or coronal planes were constructed with a
512 · 512 matrix, followed by the 3D-TOF MR angio-
grams (FISP 3D); TR/TE = 35/6.4 ms; flip angle 20�;
matrix=160 · 512; magnetization transfer (MT) pre-
pulse; time for acquisition (TA) = 6.44 min, 24 slices
with 1.5 mm effective thickness. No contrast was used.
Spin-echo T1-weighted images were also obtained.

The intra-arterial DSA studies were produced on a
digital angiography system (Siemens Multiskop with
InfiMed image processing) with a 512 · 512 pixel ma-
trix. Selective three-or four-vessel angiography using a
standard projection format (anteroposterior, lateral
and reverse-oblique) was performed initially and addi-
tional views were performed, if required, to identify the
parent vessel and aneurysm neck more clearly. The
amount of contrast medium (Omnipaque 300 in a 1:1
dilution) was 12 ml for each series, and the injection
rate 10 ml/s when the tip of the catheter was placed
proximal to the carotid bifurcation. Injections into the
vertebrobasilar system had a rate of 8 ml/s to an
overall amount of 8 ml.

Viewing and postprocessing

In order to ensure reproducibility, visualizations of MR
data were produced by two experienced neuroradiolo-
gists with considerable experience in image postpro-
cessing and who had been informed of the initial CT
results, including the sites of SAH and degree of hem-
orrhage. Both workstation displays and hard copy
images were used. Postprocessing consisted of 60�
maximum intensity projections (MIP) at six increments
for 360� around the head, in both a left-to-right rotation
and a head-to-foot rotation. MIP reconstructions were
made of the whole data set without editing. Source
images were viewed on a routine basis.

The presence of an aneurysm, its site and the parent
artery were analyzed. If multiple aneurysms were de-
tected, the usual criteria were applied in an attempt to
decide which aneurysm was responsible for the hemor-
rhage. These criteria included the CT findings (distri-

bution of blood) and the size and irregularity of the
aneurysm.

We compared 3D MRA images with surgical findings
in positive cases. In negatives, we compared 3D TOF
MRA findings with IA-DSA results. If MRA results were
considered indeterminate, IA-DSAwas the gold standard
in the detection or exclusion of aneurysms. IA-DSA was
performed and evaluated by the same neuroradiologists.
Both the MRA and IA-DSA diagnosis was based on
consensus between the two neuroradiologists. All diag-
nostic findings were discussed with the neurosurgeons,
who decided which information was sufficient for them.

Results

In 205 patients the MRA results were categorized into:
proven aneurysm (n=133 (64.9%)); indeterminate
(n=33 (16.1%)); or negative for aneurysm (n=39
(19.0%)). MRA was classified as inconclusive if the
neuroradiologist was not certain about the MRA diag-
nosis after discussion with the neurosurgeon.

Positive MRA result

In the MRA-proven aneurysms, 133 ruptured aneu-
rysms and 26 associated un-ruptured aneurysms were
diagnosed. The distribution of the aneurysm location
and size is shown in Table 2. The preoperative and
peroperative findings are summarized in Table 3.

Surgery confirmed 132 ruptured aneurysms that
were predicted by MRA, while one proved to be false
positive. The patient in whom surgery was based on

Table 2 Distribution of cerebral aneurysms in 205 patients

Number of aneurysms

Site MRA
positive

MRA
inconclusive

MRA
negative

Anterior communicating artery 62 18 –
Middle cerebral artery 49 6 –
Posterior communicating artery 27 8 2
Internal carotid artery 9 8 –
Anterior cerebral artery 2 0 –
Posterior cerebral artery 0 1 –
Ophthalmic artery 5 1 –
Anterior choroidal artery 1 2 –
Posterior inferior cerebellar artery 1 0 –
Basilar artery 1 0 –
Vertebral artery 1 0 –
Superior cerebellar artery 0 1 –
Pericallosal artery 1 0 –
Size (mm) –
<10 146 39 2
10–15 11 4 –
15–24 2 2 –
>25 0 0 –
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false-positive MRA findings, presented in Hunt and
Hess grade 1 and had had a warning leak a few weeks
prior to admission to the hospital. Lumbar puncture
demonstrated blood pigments, while CT was negative.

Although an aneurysm of the middle cerebral artery
was diagnosed on the MR images, a tortuous loop was
demonstrated at surgery (Fig 1). Additionally, no sur-
rounding blood or other bleeding source was shown.
No IA-DSA examination was performed postopera-
tively.

At surgery, we checked the presence of 15 of the 26
associated un-ruptured aneurysms detected on MRA.
The remaining 11 aneurysms were not verified, because
in these patients the surgical approach for the ruptured
aneurysms was not suited for the un-ruptured aneu-
rysms. Two aneurysms appeared false positive on
MRA (two anterior communicating arteries). One of
these lesions proved to be an infundibular dilatation,
which was not suitable for surgical clipping. During
surgical exploration of the other lesion, torsion of an

Table 3 Comparison of preoperative and peroperative findings
distributed over two subgroups

Ruptured
aneurysms

Un-ruptured
aneurysms

Total

Detected 133 26 159

Verified (%) 133 (100) 15 (58) 148
Surgically clipped 132 15 147
Correctly predicted 132 13 145
False positive 1 2 3
False negative 0 2 2

Fig. 1 False-positive MRA
findings. A ruptured aneurysm
on the right side of the middle
cerebral artery (arrow) was
diagnosed by MRA. At surgery
a tortuous loop was seen. Upper
right and upper left are source
images. Bottom right and bot-
tom left are MIP reconstruc-
tions
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adhesive anterior communicating complex was shown,
with absence of an aneurysm. Two false-negative
intracranial aneurysms (one middle cerebral artery and
one anterior cerebral artery) were found in two pa-
tients. Both aneurysms were smaller than 3 mm in
diameter.

Indeterminate MRA result

In 33 patients IA-DSA was performed because of
inconclusive MRA findings. In the majority of these
patients, IA-DSA was performed, because more infor-
mation was required regarding the presence or the rel-
ative location and orientation of an aneurysm within the
skull (Table 4). It is known that the quality of the MRA
examination can be degraded because of the inability of
the patient to cooperate. At our department, where
anesthetic facilities are well-organized, MRA can even
be performed on critically ill patients. In only two
patients IA-DSA was performed because of considerable
motion artifacts on MRA. Because no problems were
noticed in even potentially risky patients (Hunt and Hess
grades 2 and 3), we have not stated the number of
patients that required sedation or anesthesia for
performing the MRA examination.

In 24 patients (73%) IA-DSA confirmed the results of
MRA. In five patients there was doubt about the pres-
ence of an aneurysm (three located on the posterior
communicating artery, one on the anterior communi-
cating artery and one on the anterior choroidal artery).
Subsequent IA-DSA examination was negative. In four
patients MRA had false-negative results (two aneurysms
on the sinus cavernosus, one on the anterior choroidal
artery and one on the posterior communicating artery).
The false-negative aneurysms were all smaller than
5 mm and asymptomatic. Two of them were treated
surgically.

IA-DSA showed 28 ruptured and 17 associated
un-ruptured aneurysms, confirmed at surgery in 28
patients and was negative in the remaining five patients
(Table 2).

Negative MRA result

In the 39 negative cases, IA-DSA was performed as the
gold standard, which confirmed the MRA findings in 37
patients (Table 2). In one patient, IA-DSA showed an
aneurysm of the posterior communicating artery, pre-
sumably the aneurysm that had bled. However, sub-
sequent surgical intervention resulted in a negative
exploration. During surgery a small loop of the posterior
communicating artery was shown. Additionally, no
surrounding blood or other bleeding source was seen.

In another patient, an aneurysm of the posterior
communicating artery, which was not considered
responsible for the SAH, was diagnosed with IA-DSA.
The presence of this asymptomatic aneurysm was
checked and confirmed with surgery 2 months after the
SAH.

Clinical outcome of patients with an MRA-based
diagnosis of ruptured aneurysm

The preoperative Hunt and Hess grades and the clinical
outcome as expressed by the GOS are outlined in
Table 5. In the majority of patients (n=128) the follow-
up was in the University Hospital Groningen. In the
remaining five patients the GOS was determined at time
of discharge from the hospital, because follow-up was
lost (n=3) or performed in another hospital (n=2).
Most patients (77%) had been treated within 3 days
after the last bleeding. At follow-up 86.5% of patients
were in a favorable condition (in Table 5, indicated
by ‘‘good recovery’’ and ‘‘moderately disabled’’). The
mortality rate was 4.5%, and the morbidity rate
(‘‘severely disabled’’ and ‘‘vegetative state’’), 9.0%.
There were no complications associated with the
performance of 3D MRA.

Vasospasm as a postoperative complication was the
main cause of serious failures in the group of patients
that was severely disabled at follow-up. Six patients
died: two due to fatal vasospasm; one due to arterial
vasospasm and pneumonia; one due to carcinoma of the
pancreas; one due to myocardial infarction and one due

Table 4 Indications for IA-DSA examination in 33 patients

Number

Location and orientation
of aneurysm

18

Presence of arterial vasospasm 6
Differentiation infundibulum,
vessel loop and aneurysm

5

Movement artifacts 2
Metallic artifacts 1
Extravascular clots 4
Intra-aneurysmal thrombus 1

Note that more than one indication was possible in a patient

Table 5 Clinical outcome of 133 patients related to preoperative
Hunt and Hess grade (GR good recovery,MDmoderately disabled,
SD severely disabled, VS vegetative state, D dead)

Hunt and
Hess grade

GR MD SD VS D

1 45 10 4 0 2
2 16 10 3 0 1
3 16 16 4 0 3
4 0 2 0 0 0
5 0 0 1 0 0
Total cases (%) 115 (86.5%) 12 (9.0%) 0 (0) 6 (4.5%)
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to pulmonary embolism. Permission for autopsy was
refused in all six patients.

Summary

MRA had a positive predictive value for detection of
ruptured aneurysms for 99% (132/133), with surgery as
the gold standard. The negative predictive value of
MRA for ruling out ruptured aneurysms was 100%,
with IA-DSA as the gold standard. In 16.1% (33/205) of
the included patient population, the MRA was consid-
ered inconclusive, necessitating further diagnostic
investigation by IA-DSA. In this category IA-DSA
confirmed MRA in 73% of patients. No mortality or
morbidity was associated with the performance of 3D
MRA.

Discussion

Imaging tools of intracranial aneurysms

IA-DSA is considered the gold standard for evaluating
the intracranial vessels. However, this procedure is
invasive and accompanied by radiation exposure and
not without risk: cerebral embolus, dissection, rupture
of cerebral arteries and hemorrhage, arterial vasospasm,
or systemic complaints have been described [13–21]. The
risk of complications accompanied by IA-DSA can be
avoided if arteriography can be replaced by a reliable
noninvasive imaging modality. The diagnostic accuracy
of 3D CTA has been shown to be compatible with IA-
DSA [29–31]. The results of the study of Matsumoto
et al., who performed aneurysm surgery in the acute
stage in patients with ruptured cerebral aneurysms by
using 3D CTA, were encouraging [26].

Recent blinded-reader studies have reported mean
sensitivities of 63–93% for detection of intracranial
aneurysms using 3D TOF MRA and/or MIP and mean
specificities for exclusion of aneurysms of 92–100% [32–
38]. When 3–5 mm was considered the critical size for
detection, sensitivities increased to 86–100% [34, 35, 38,
39]. Various reports examined the value of MRA with
regard to patients with acute SAH [40–43]. The MRA in
all these studies was read on an emergency basis by one
or several radiologists and subsequently compared to the
IA-DSA results, the latter serving as the reference
standard. They established sensitivities for detection of
ruptured aneurysms of between 81% and 100%. Wil-
cock et al. found the specificity to be 100% [43]. In the
blinded multireader study of Jäger et al., IA-DSA was
deliberately not chosen to represent the reference stan-
dard, and the clinical course and surgical findings were
used to explain significant differences between the
readings of MRA and IA-DSA [44]. Analysis of the data

showed that MRA was able to detect aneurysms not
seen on IA-DSA. This finding had already been reported
by Curnes et al. [45].

A distinct advantage of MRA is that views can be
produced in an automated fashion by a technician after
the patient has left the imager and can be supplemented
by interactive viewing on a workstation, if necessary.
MRA can be performed within 20 min, advancing early
decision-making. At our department, where anesthetic
facilities are well-organized, MRA can even be per-
formed on critically ill patients.

MRA-based surgery of intracranial aneurysms

Unlike previous studies, we included all patients con-
secutively suitable for neurosurgical intervention as first
treatment choice when a probable ruptured intracranial
aneurysm was diagnosed by MRA. Only a few studies
have been set up to establish whether satisfactory MRA
images can be obtained to perform surgery on ruptured
intracranial aneurysms without recurring to IA-DSA in
the acute phase of illness. In the study of Keogh et al., 21
out of 30 patients for whom a diagnosis of an anterior
midline aneurysm was made on MRA were selected to
undergo surgery based on MRA images alone [22].

Sankhla et al. studied 51 patients presenting with
SAH by MRA. The MRA results were considered sat-
isfactory in 38 patients, and in 20 of them early surgical
obliteration was possible based on MRA results [23].
Watanabe et al. performed surgery in 106 patients pre-
senting with SAH, using 3D TOF and MIP [24]. In 48
patients (45.3%) the anatomy around the aneurysms
was so typical that clipping was carried out without
additional information from IA-DSA and/or comput-
erized tomography angiography. In another study of
Keogh et al., 122 patients presenting with SAH were
considered for MRA studies [25]. Fifty-five of these
patients showing aneurysms on MRA were clinically
able to undergo early surgery, and their MRA images
were considered satisfactory for surgical planning.

Implications of present study

Loop formation and overlap of vessels have been
described as main causes of false-positive and false-
negative interpretations [25, 35]. In the present study,
this diagnostic limitation of MRA led to two negative
surgical explorations, of which one concerned a rup-
tured aneurysm. Furthermore, in five patients IA-DSA
examination had to be performed, because MRA was
unable to differentiate a tortuous loop or infundibular
dilatation from an aneurysm. Review of source images
or images from a selective (partial or target) MIP
method, in which part of the source data is processed
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separately, may help to overcome these problems [34].
In one patient we also faced this diagnostic prob-
lem with IA-DSA examination. This has also been
described earlier by others [44, 45].

In the present study MRA missed seven asymptom-
atic aneurysms that were smaller than 5 mm in diameter.
Two of these were discovered during surgery and sub-
sequently clipped. Five aneurysms were diagnosed after
IA-DSA examination, and three of them were also
treated surgically. Decreased MRA signal intensity,
which could be explained by stagnant flow near the
aneurysm, may render small aneurysms invisible [36]. As
mentioned before, 3 mm seems to be the threshold size
for detection of aneurysms by MRA.

However, asymptomatic aneurysms smaller than
3 mm are probably not important clinically [46, 47].
More important, no ruptured aneurysms were missed.
This result may suggest that a negative MRA in a
patient presenting with acute SAH, and thus a high pre-
diagnostic suspicion of ruptured aneurysm, is reliable
and may replace IA- DSA.

In the present study, in 19% of patients MRA was
considered inconclusive, mainly because more informa-
tion was required regarding the presence or relative
location and orientation of the aneurysm. This finding
may be influenced by the learning curve of the neuro-
radiologists with the MRA technique, and, in the
beginning, some uncertainty in neurosurgeons about
performing surgery based on MRA results alone. In
73% of patients IA-DSA confirmed the MRA results.

The mortality (4.5%) and morbidity (9.0%) rates of
the present study are beneficial and acceptable when
compared with the results from the study of Edner et al.,

in which IA-DSA was routine in all cases [48]. In their
series, favorable outcomes, as measured with the GOS at
6 months, were 82 out of 122 patients (67%), with 76%
treated within 1 week after the last bleeding. The mor-
tality and morbidity rates were16% and 17%, respec-
tively.

Some comments can be made with regard to the
present study. The prevalence of ruptured intracranial
aneurysms in the total number of patients examined is
78% (160/205), which is comparable with other published
data [49]. Hence, our study shows that MRA is useful for
diagnosis in patients with a high suspicion of a ruptured
aneurysm, i.e., in patients presenting with an SAH. The
ability of MRA to correctly detect an aneurysm could
change when MRA is used in patients with different
pretest probabilities for an intracranial aneurysm. In our
study, the radiologist had been informed of the initial CT
results. CT findings, although not considered essential,
can be of help in confirming the region of interest, by
demonstrating the anatomical site of the intracerebral
clot or concentration of subarachnoid blood.

In conclusion, in this study we included 205 patients
with an SAH for MRA examination and investigated
whether MRA could replace IA-DSA in the selection of
patients suitable for surgical treatment of ruptured
aneurysms. Only one false surgical indication was
determined by MRA and no false negatives were
selected by MRA. A minority of the MRA results were
considered insufficient, making performance of IA-DSA
necessary. We conclude, that IA-DSA can be replaced
by 3D TOF MRA as the first diagnostic modality in the
selection of patients suitable for clipping of ruptured
aneurysms.
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