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INTRODUCTION

Recent studies have suggested that wall enhancement of intracranial saccular aneurysms in high-
resolution magnetic resonance vessel wall imaging (MR-VWI) might be an indicator of aneurysm 
rupture and the rupture site.[10,11] This modality is especially useful in patients with subarachnoid 
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Background: Wall enhancement of intracranial saccular aneurysms in high-resolution magnetic resonance vessel 
wall imaging (MR-VWI) might indicate a ruptured aneurysm. Therefore, this study aimed to determine the 
diagnostic ability of wall enhancement to detect the ruptured aneurysms among multiple aneurysms.

Methods: Patients with subarachnoid hemorrhage (SAH) and multiple intracranial aneurysms who underwent 
MR-VWI before craniotomy and clipping were included in the study. Three-dimensional T1-weighted fast spin-
echo sequences were obtained before and after gadolinium injection. Aneurysm rupture was estimated based 
on the subarachnoid clot distribution, aneurysmal contours, and MR-VWI findings. We selectively performed 
surgical clipping and confirmed the rupture site intraoperatively.

Results: Thirteen patients with SAH with 13 ruptured and 17 unruptured aneurysms were treated at out facility. 
The accuracy rate of rupture site diagnosis using MR-VWI was 69.2% (9/13 cases). Each unruptured aneurysm 
was equally or more strongly enhanced in the other four cases than the ruptured aneurysms. In three of the 
four unruptured aneurysms with positive MR-VWI findings, atherosclerosis of the aneurysmal wall was observed 
during simultaneous or elective clipping surgery. Further, clipping surgery was performed without intraoperative 
rupture in two cases with the help of MR-VWI findings.

Conclusion: Correct diagnosis of the rupture site using MR-VWI alone was unreliable due to false positives 
caused by the wall enhancement of unruptured aneurysms with atherosclerosis. Therefore, ruptured aneurysms 
should be detected using more information in addition to MR-VWI images. MR-VWI may be advantageous to 
determine surgical strategies when managing patients with SAH and multiple aneurysms.
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hemorrhage (SAH) and multiple aneurysms. However, in 
standard clinical practice, it is often difficult to differentiate a 
ruptured aneurysm from co-existing unruptured aneurysms 
due to multiple aneurysm enhancements and to determine 
the risk of rupture from the aneurysmal contour, hemorrhage 
distribution, and the inconsistent results of the MR-VWI. The 
enhancement rate of ruptured and unruptured aneurysms 
has been previously discussed, but the diagnostic ability of 
wall enhancement to detect ruptured aneurysms among 
multiple aneurysms and the clinical application of MR-VWI 
has not been sufficiently explored.

Information regarding the rupture site before surgery 
might be essential to establish the operative strategy and 
safely perform the procedure. However, the advantages of 
performing MR-VWI in conjunction with clipping surgery 
have not yet been reported.

In this study, we report our findings of the diagnostic 
accuracy rate of MR-VWI and discuss the clinical advantages 
of this technique.

MATERIALS AND METHODS

Preoperative MR-VWI protocol

MR-VWI was performed on a 3T MRI scanner (Verio or 
Skyra, SIEMENS, Erlangen, Germany) and comprised a 
T1-weighted black-blood three-dimensional (3D) volume 
isotropic fast spin-echo (FSE) acquisition sequence. The 
imaging parameters were echo time/repetition time: 20/600 
ms; matrix: 256 × 256; field of view: 190 × 190  mm; voxel 
size: 0.4 × 0.4 × 0.5 mm; and, acquisition time: 5 min 41 s. 
3D T1-weighted FSE sequences were obtained before and 
after intravenous contrast injections of a dose (0.1 mmol/kg) 
of gadobutrol (Gadovist; Bayer, Leverkusen, Germany). The 
images were evaluated by two neurosurgeons and two 
experienced neuroradiologists. The enhancements were 
classified as “strong,” “faint,” and “no” enhancement (strong 
enhancement: definite enhancement equal to that of the 
choroid or venous plexus; faint enhancement: increased 
signal intensity of wall compared to the precontrast scan) 
according to Nagahata et al.[11]

Patient population

Our study included patients with SAH and multiple 
intracranial saccular aneurysms who had undergone MR-
VWI before craniotomy and clipping surgery at our institute 
between January 1, 2016, and December 31, 2020. We 
evaluated the aneurysms that appeared to be ruptured before 
surgery based on hemorrhage distribution, aneurysmal shape 
or size, and MR-VWI findings to establish the treatment 
strategy. After clipping surgery, the modified Rankin scale 
(mRS) score was determined during hospital discharge, and 

surgical complications, including intraoperative ruptures, 
were used as outcome measures.

All study participants provided informed consent, and the 
appropriate ethics review board approved the study design.

Surgical procedures

Distal anterior cerebral artery (ACA) and anterior 
communicating artery (A-com) aneurysms were 
usually treated through the basal interhemispheric 
approach.[15] Other anterior circulation aneurysms 
were clipped using frontotemporal craniotomy and the 
transsylvian approach. The subarachnoid space was dissected 
as widely as possible to expose the aneurysms along the 
afferent and efferent arteries. Proximal to the aneurysm, we 
secured the proximal artery and the aneurysm’s neck distal 
from the expected rupture point. Furthermore, we exposed 
the aneurysm wall as widely as possible and then clipped it 
at the neck to avoid intraoperative rupture. An experienced 
neurosurgeon (JM or KY) confirmed that the rupture 
point was sealed by a hemostatic clot during the clipping 
surgery.[7], We carefully observed the characteristics of the 
wall in aneurysms with enhancement.

RESULTS

Thirteen patients with SAH had 13 ruptured and 17 unruptured 
aneurysms. The mean age was 64.1 years (range 33–83 years). 
The mean size of the ruptured aneurysms was 5.5 mm (range 
1.5–11  mm) and the median time from rupture to surgery 
was 21.5 h (range 3.5–336 h). All 13 ruptured aneurysms had 
wall enhancement; conversely, this enhancement was only 
seen in five (29.4%) unruptured aneurysms. Strong and faint 
enhancement was seen in nine (69.2%) and four (30.8%) of 
ruptured aneurysms, and three (17.6%) and two (11.8%) of 
unruptured aneurysms, respectively.

Nine ruptured aneurysms (69.2%) had the greatest wall 
enhancement among the coexisting aneurysms. The other 
four ruptured aneurysms (30.8%) did not have a greater 
enhancement than each enhanced unruptured aneurysm. In 
three of the five unruptured aneurysms with positive MR-
VWI, atherosclerosis of the aneurysmal wall was observed 
during simultaneous or elective clipping surgery.

One patient (7.7%) had an intraoperative rupture, and the 
other four patients experienced surgical complications: one 
case of anosmia, two asymptomatic infarctions, and one 
symptomatic infarction. In total, 11  patients (84.6%) had a 
favorable outcome (mRS: 0–2) at hospital discharge [Table 1].

We concluded that the patient-based diagnostic accuracy 
rate of ruptured aneurysms using MR-VWI was 69.2% 
(9/13  cases). The aneurysm-based sensitivity, specificity, 
positive predictive value (PPV), and negative predictive 
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value (NPV) of MR-VWI in predicting aneurysm rupture 
are shown in [Table 2]. PPV and specificity were 72.2% and 
70.6% in our study, and 80.0% and 81.9% in the previous 
study with similar proportion of ruptured aneurysms,[11] 
respectively.

Case presentations

Case 1: Multiple aneurysms in a single approach route

A 66-year-old female presented with a persistent headache. 
Initial 3D computed tomography angiography (3D-CTA) 
12 days after the headache onset showed a thin subarachnoid 
clot in the interhemispheric fissure and two bilateral ACA 
aneurysms [Figures 1a and b]. The aneurysm on the left 
side appeared to be ruptured, giving an irregular contour 
on 3D-CTA and strong wall enhancement on the MR-VWI 
[Figure 1c]. The patient underwent clipping surgery through 
an interhemispheric approach on day 14.

We first reached proximal to the deeply located left aneurysm 
without focusing on the right aneurysm [Figure 1d]. We 
exposed the proximal artery (left A2) and the surrounding 
structure of the left ACA aneurysm and clipped it carefully 
[Figures 1e and f]. Next, the right aneurysm was also 
clipped. No surgical complications, including intraoperative 
rupture, were observed. The patient recovered well and was 
discharged (mRS: 1).

Case 2: Multiple aneurysms, including a multi-lobulated 
aneurysm

A 73-year-old female with complaints of acute headache 
was found to have a distributed subarachnoid clot 
predominantly on the right side of the initial CT scan on 
day 0 [Figure 2a]. The 3D-CTA demonstrated a multi-
lobulated A-com aneurysm and a right internal carotid 
artery aneurysm at the bifurcation of the posterior 
communicating artery [Figure 2b]. The patient underwent 
clipping surgery on day 1. In this case, we could estimate 
that the A-com aneurysm was ruptured, given its irregular 
contour and the wall enhancement on the MR-VWI. We 
strategically selected the basal interhemispheric approach 
because of the complex shape of the A-com aneurysm.

The A-com aneurysm had a multi-lobulated shape with 
a bleb on the left side, and it was difficult to identify the 
rupture point solely based on 3D-CTA findings. In this case, 
however, we were able to presume that the rupture point 
would be located on the right side of the aneurysm, based 
on the strong enhancement on the MR-VWI [Figure 2c]. We 
exposed the aneurysm, starting from the left side [Figures 
2d and e], extending to the right, and finally accomplishing 
the neck clipping [Figure 2f]. The right side of the aneurysm 
was composed of a fragile wall and had a rupture site covered 
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Table 2: Diagnostic accuracy rate of aneurysm rupture using MR-VWI.

Our study: Proportion of ruptured aneurysms 43.3%
Ruptured Unruptured

VWI (+) 13 5 18 (PPV 72.2%)
VWI (−) 0 12 12 (NPV 100%)

13 (Sensitivity 100%) 17 (Specificity 70.6%) 30
Previous study of Nagahata et al.:[11] Proportion of ruptured aneurysms 42.4%

Ruptured Unruptured

VWI (+) 60 15 75 (PPV 80.0%)
VWI (−) 1 68 69 (NPV 98.6%)

61 (Sensitivity 98.4%) 83 (Specificity 81.9%) 144
MR-VWI: Magnetic resonance vessel wall imaging, PPV: Positive predictive value, NPV: Negative predictive value

with a hemostatic clot. Intraoperative rupture did not occur. 
The patient’s postoperative course was uneventful, and she 
was discharged home (mRS: 0).

Case 10: Difficulty in identifying the ruptured aneurysm

A 58-year-old male presenting with acute headache was 
found to have SAH, a right middle cerebral artery (MCA), 
and an A-com aneurysm on 3D-CTA image on day 0 
[Figures 3a and b], and he received clipping surgery on day 1. 

It was difficult to determine which aneurysm was ruptured 
since the CT scan showed a diffuse subarachnoid clot and 
the MR-VWI showed enhancement on both aneurysms 
[Figures 3c and d]. Therefore, we strategically chose the right 
frontotemporal craniotomy and the transsylvian approach to 
treat both aneurysms simultaneously. During surgery, it was 
found that the MCA aneurysm with stronger enhancement 
had an atherosclerotic wall and was unruptured [Figure 3e], 
while the A-com aneurysm with fainter enhancement was 

Figure 1: Multiple aneurysms in a single approach route. Case 1. A 66-year-old female underwent clipping surgery for bilateral distal anterior 
cerebral artery (ACA) aneurysms. (a) Computed tomography (CT) image shows a thin subarachnoid clot in the interhemispheric fissure. 
(b and c) Three-dimensional CT angiography and magnetic resonance-vessel wall imaging shows bilateral ACA aneurysms. The left ACA 
aneurysm has a more irregular shape and stronger wall enhancement (arrowhead) and rupture is suspected. (d) At first, the right ACA 
aneurysm in front of the surgical field (green asterisk) was checked and found to be unruptured during surgery. (e) Next, we were able to 
expose the proximal artery (left A2; arrow) and the neck of the left ACA aeurysm (blue asterisk) widely without focusing on the right ACA 
aneurysm. (f) After clipping, the top of the aneurysm that is covered with a hemostatic clot (double arrow) is confirmed to be the rupture 
point.
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fed
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covered with a hemostatic clot, indicating the rupture point 
[Figure 3f]. Both aneurysms were safely clipped. The patient 
developed asymptomatic cerebral infarction but recovered 
and was discharged (mRS: 1).

DISCUSSION

In patients with SAH and multiple intracranial aneurysms, 
surgeons can often misdiagnose a ruptured aneurysm 
as an unruptured aneurysm and leave it untreated. This 
diagnosis may result in a fatal aneurysm rupture. However, 
it is not always easy to distinguish a ruptured aneurysm from 
coexisting unruptured aneurysms.

In the present study, we have determined the diagnostic 
accuracy rate of MR-VWI in predicting ruptured aneurysms. 
Our findings indicate that while MR-VWI may be useful in 
determining surgical strategies in handling patients with SAH, 
it must be combined with other methods to detect aneurysm 
successfully and cannot be a stand-alone technique.

In 1985, Nehls et al. reported that 93.3% of aneurysms 
with irregular shape and 83.3% of larger aneurysms were 
ruptured. However, the diagnostic utility of subarachnoid 
clot distribution on a CT scan as a biomarker was seen in 
only 45% of cases. The ruptured and unruptured aneurysms 
were either equal or inconsistent in size and shape in 24.4% 
of cases.[12]

Recently, it has been reported that the wall enhancement of 
cerebral aneurysms on MRI provides additional information 
for detecting the location of aneurysm rupture. Nagahata 
et al. found strong and faint enhancement on the MR-VWI 
in 73.8% and 24.6% of ruptured aneurysms and 4.8% and 
13.3% of unruptured aneurysms, respectively.[11] However, 
to the best of our knowledge, no reports have compared the 
differences between ruptured and co-existing unruptured 
aneurysms using MR-VWI. We determined the patient-
based diagnostic accuracy rate of MR-VWI to be 69.2%, 
which is lower than the aneurysm-based PPV or specificity 
of the previous study [Table 2],[11] and is lower than that of 
conventional diagnostic methods.[12] Therefore, we conclude 
that it is helpful when MR-VWI findings are combined with 
other techniques of identification. If the ruptured aneurysm 
is still unknown, treatment of multiple aneurysms in the 
acute phase is required.

As a note of MR-VWI interpretation, smaller aneurysms 
tend to have weak enhancement even in a 3T-MRI study,[11] 

but MR-VWI is sometimes advantageous in detecting 
small ruptured aneurysms, such as blood blister-like 
aneurysms.[5] On the other hand, wall enhancement of larger 
aneurysms (>7 mm) has a small association with aneurysm 
rupture.[14] This may be because larger aneurysms tend to 
show stagnation of the contrast material and an uniform 
wall enhancement regardless of ruptured or unruptured 

Figure  2: Multiple aneurysms, including a multi-lobulated aneurysm. Case 2. A  73-year-old female underwent clipping surgery for a 
multi-lobulated anterior communicating artery (A-com) aneurysm. (a) Computed tomography (CT) image reveals a subarachnoid clot 
predominantly on the right side. (b and c) Three-dimensional CT angiography image shows a multi-lobulated A-com and a right internal 
carotid artery aneurysm. The right side of the A-com aneurysm (blue arrow) has strong wall enhancement and is estimated to be the rupture 
point, but the lower and left side (green arrow) has no enhancement on magnetic resonance-vessel wall imaging. (d and e) Intraoperative 
view through the basal interhemispheric approach. At first, we approached the safer left side and were able to expose the proximal artery (left 
A1; white arrow) and the left neck near the left bleb (green arrowhead). (f) Next, we exposed the right neck carefully and clipped the multi-
lobulated A-com aneurysm in a lump. The right side of the aneurysm (blue asterisk) with vessel wall enhancement is composed of a very thin 
wall and has the rupture point covered with a hemostatic clot.
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state. Moreover, as shown in the three aneurysms in our 
series, the walls of some unruptured aneurysms with 
atherosclerosis or inflammation occasionally have strong 
or focal enhancement.[1,3,4,9,13] The MCA aneurysm in case 
10 had an uniform wall enhancement and stagnation of the 
contrast material, probably for the above two reasons: large 
size and atherosclerosis [Figure 3].

From a technical point of view, MR-VWI enables us to 
strategically select the proper approach route and surgical 
procedure to manage ruptured aneurysms when there 
are multiple intracranial aneurysms. For example, in 
the case ten patient, two aneurysms, both of which had 
an indistinguishable wall enhancement but were simple 
in shape, were treated simultaneously using a single 
approach. On the other hand, in the case 2 patient , basal 
interhemispheric approach was selected to accommodate a 
complex-shaped A-com aneurysm.[15] To avoid dissecting 
the rupture point before securing the proximal arteries, 
we also decided on the surgical steps for dissection with 
reference to the MR-VWI findings. In addition, it seems 
sufficient to confirm the aneurysm rupture intraoperatively 
when multiple aneurysms are present in a single approach 

route; however, as shown in our patient with bilateral distal 
ACA aneurysms (case 1), MR-VWI findings related to the 
ruptured aneurysm may allow surgeons to treat it safely 
without focusing on the unruptured aneurysm.

The incidence of intraoperative rupture during clipping 
surgery for ruptured aneurysms has been reported to be 
14.3–20%;[2,6,8] however, it was 7.7% in this study using MR-
VWI. There are various reasons for intraoperative rupture, 
including technical problems, but in situations where the 
rupture point is misdiagnosed, dissection may lead to 
intraoperative rupture.

The aneurysms that were preoperatively estimated to be 
unruptured using MR-VWI did not rupture. None of our 
patients experienced serious surgical complications, and the 
outcomes were generally favorable (mRS: 0-2) at discharge.

Craniotomy and MR-VWI combine well since they allow for 
the aneurysm rupture to be confirmed with greater certainty 
than preoperative observation, and further treatment can 
be added on when necessary. However, when performing 
endovascular treatment for patients with SAH and multiple 
aneurysms, MR-VWI findings should be interpreted very 

Figure  3: Difficulty in identifying the ruptured aneurysm. Case 10. A  58-year-old male underwent clipping surgery for a right middle 
cerebral artery (MCA) and an anterior communicating artery (A-com) aneurysm. (a) Computed tomography (CT) image shows a diffuse 
subarachnoid clot. (b) Three-dimensional CT angiography image demonstrates the two aneurysms of the right MCA (white arrow) and 
the A-com (blue arrow). (c and d) Both aneurysms have wall enhancement on magnetic resonance-vessel wall imaging (MR-VWI) (right 
MCA: white arrow indicates strong wall enhancement and enhancement in the lumen; A-com: blue arrow indicates faint wall enhancement). 
(e) Intraoperative photograph using a right transsylvian approach in order to treat both aneurysms simultaneously. The MCA aneurysm 
(white asterisk) is found to have a circumferential atherosclerotic unruptured wall. (f) The A-com aneurysm (blue asterisk) is covered with 
a hemostatic clot (blue arrowhead) and is presumed to be ruptured. Both aneurysms were clipped and complete hemostatic surgery was 
performed without relying on MR-VWI data.
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carefully when we selectively coil one targeted aneurysm 
among multiple aneurysms since it is not possible to confirm 
beforehand that if the targeted aneurysm is indeed ruptured 
or not. It should be remembered that positive MR-VWI 
findings indicate surgery, but negative MR-VWI findings 
cannot preclude surgery. Simultaneous coiling of multiple 
aneurysms in a single endovascular surgery session is 
necessary in such cases.

The limitations of this study should be discussed. It should be 
noted that this was a retrospective study with a small number 
of patients and the single-center study. In addition, there was 
a selection bias since cases treated with endovascular surgery 
were excluded from this study, and comprehensive judgment 
of the ruptured aneurysm and selection of the approach route 
is subjective to some extent. Future research is needed on 
how MR-VWI influences clinical decisions and what results 
are produced.

CONCLUSION

The diagnostic accuracy rate of aneurysm rupture using MR-
VWI alone is unreliable due to false positives caused by the 
enhancement of unruptured aneurysms with atherosclerosis. 
Therefore, ruptured aneurysms should be confirmed using 
additional information, especially if we intend to treat them 
selectively. However, MR-VWI may provide a technical 
advantage in determining the surgical strategy and deciding 
on the optimal operative procedures to manage patients 
with SAH and multiple aneurysms. We expect that this small 
study will lead to more routine use of multiple modalities to 
determine aneurysm rupture and to further studies on MR-
VWI interpretation and clinical application.
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