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Key Clinical Message

Accurately identifying the ruptured aneurysm in patients with subarachnoid
hemorrhage and multiple aneurysms is critical to prevent rebleeding and opti-
mize outcomes. Vessel wall MRI with contrast can aid in pinpointing the culprit
aneurysm, informing a tailored surgical or endovascular management strategy
for these complex cases. In patients with subarachnoid hemorrhage (SAH) and
multiple intracranial aneurysms, MRI with contrast and DSA are crucial for iden-
tifying the ruptured aneurysm, guiding a shift from endovascular to microsurgical
clipping. Successful single-session treatment and absence of postsurgical deficits
highlight the effectiveness of a multidisciplinary approach. Further research on

optimal strategies is needed.

Abstract

Multiple intracranial aneurysms make up approximately 20% of cases of aneu-
rysmal SAH. In patients with aneurysmal SAH and multiple intracranial aneu-
rysms, definite treatment of the ruptured aneurysm causing SAH is of the highest
priority. However, identifying the bleeding source can be challenging, and it may
not be recognizable by the hemorrhage pattern. Misdiagnosis and mistreatment
of a ruptured aneurysm in a patient with multiple aneurysms can lead to bleed-
ing recurrence and an undesirable outcome. We report a 65-year-old woman
who presented with severe sudden onset headache. Neuroimaging studies re-
vealed diffuse SAH and concurrent PICA and ACom aneurysm with triplicate
A2. However, the ruptured aneurysm responsible for the patient's symptoms was
not obvious based on routine neuroimaging studies. Magnetic resonance imag-
ing with contrast was performed, revealing circumferential enhancement of the
PICA aneurysm. In this report, we demonstrate the real-world effect of vessel
wall MRI with contrast on decision-making regarding identifying the ruptured
aneurysm and surgical planning in cases of multiple aneurysms. Furthermore,
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1 | INTRODUCTION

Aneurysmal subarachnoid hemorrhage (SAH) is a life-
threatening condition that results from the rupture of an
intracranial aneurysm. Up to 20% of patients with SAH
have multiple intracranial aneurysms (MIAs), which pose
a challenge in the definitive treatment of the ruptured an-
eurysm." Identifying the bleeding source in patients with
MIAs is crucial to prevent bleeding recurrence and im-
prove outcomes.

Alexis Hadjiathanasiou et al. reported that size, shape,
and location are essential factors in differentiating rup-
tured aneurysms." In another study, size ratio was found
to be the best predictor among individual morphologic at-
tributes.” Daan Backe et al. concluded that size ratio >1.3
and irregular shape were associated with aneurysm rup-
ture independent of aneurysm size and location, with the
largest aneurysm not being the culprit in 29% of patients.’
Matouk employed vessel wall MRI to study patients with
SAH who had MIAs. They showed that enhancement in
the wall of the aneurysms was associated with their rup-
ture.* Another study demonstrated that focal aneurysm
wall enhancement (AWE) accompanied by intramural
thrombus of the aneurysms suggested the presence of
rupture points.” Shunsuke Omodaka et al. reported that
circumferential wall enhancement in the aneurysm is
associated with rupture of intracranial aneurysm inde-
pendent of aneurysm size and patient characteristics.® A
recent meta-analysis on more than 500 aneurysms com-
ing from six studies showed that aneurysm wall enhance-
ment (AWE) was highly sensitive in screening unstable
intracranial aneurysms (95%). Additionally, the absence
of AWE was strongly associated with stability (negative
predictive value of 96%).

Definitive treatment of the ruptured aneurysm is of
the highest priority in patients with aneurysmal SAH.
However, identifying the bleeding source in patients with
MIAs can be challenging and not recognizable by the
hemorrhage pattern. Advances in imaging techniques,
such as vessel wall MRI, have shown promising results
in identifying the site of rupture in patients with MIAs.
Further studies are needed to validate the diagnostic accu-
racy of these techniques and to determine their role in the
management of patients with MIAs.

we show that MRI and aneurysm wall enhancement could be a promising option
in detecting ruptured aneurysms in cases of multiple aneurysms.

aneurysmal subarachnoid hemorrhage, multiple intracranial aneurysms, ruptured aneurysm,

2 | CASE HISTORY/EXAMINATION
A 65-year-old woman with unremarkable past medical
history presented to our center with a severe sudden onset
headache. She was alert and oriented (Glasgow Coma
Score: 15/15), and her neurological examination was
unremarkable.

3 | METHODS

A brain computed tomography (CT) scan revealed diffuse
SAH (Fisher grade 2), which was more prominent in the
interpeduncular, crural cistern, and right Sylvian fissure
(Figure 1). Brain CT angiography (CTA) revealed two an-
eurysms in the anterior medullary segment of the right
posterior inferior cerebellar artery (PICA) and anterior
communicating artery (ACom), with an anomalous an-
terior cerebral artery (triplicate A2 segment) (Figure 2).
However, the pattern of SAH on the initial brain CT scan
failed to identify the culprit aneurysm. In cases of ruptured
anterior communicating artery aneurysms, SAH is more
pronounced in the suprasellar cistern, third ventricle, and
interhemispheric fissure, while in ruptured PICA aneu-
rysms, SAH is more prominent in the fourth ventricle, med-
ullary cistern, and posterior fossa. Therefore, we decided to
perform MRI with contrast to identify the ruptured aneu-
rysm based on the enhancement of the aneurysm walls. In
the coronal plane, wall enhancement in the ACom aneu-
rysm was limited to the dome, while the PICA aneurysm
had circumferential wall enhancement (Figure 3).

Two days after her admission, a digital subtraction an-
giography (DSA) of the right vertebral artery was carried
out, which showed that the PICA aneurysm had grown in
comparison with the previously mentioned CTA. Primary
coiling of the PICA was then carried out, achieving com-
plete aneurysm occlusion (Figure 4). After coiling the
PICA aneurysm, we focused on the ACom aneurysm. In a
DSA carried out through the right internal carotid artery,
we detected involvement of one of the A2 arteries in the
aneurysm neck, which changed the management from
endovascular to microsurgical clipping (Figure 5).

Two days after coil embolization of the PICA aneu-
rysm, the patient underwent microsurgical clipping of the
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FIGURE 1 Diffuse subarachnoid hemorrhage (SAH) in the right Sylvian fissure, suprasellar cistern, interpeduncular and ambient
cistern are shown. (A) SAH is visible in the prepontine and lateral medullary cistern. (B, C) SAH is visible in the interpeduncular and crural

and right Sylvian cistern.

FIGURE 2 Brain CT angiography showing two aneurysms
in the P1 segment of the right posterior inferior cerebellar artery
and anterior communicating artery (ACom), with an anomalous
anterior cerebral artery (triplicate A2 segment).

AComA aneurysm. Her head was fixed in a Sugita frame,
and a 4 x4 cm craniotomy through the right lateral supra-
orbital approach was performed. The Sylvian fissure was
widely dissected, and the AComA complex, including
bilateral Als, three A2s, right recurrent Heubner artery,
AComA and aneurysm, were exposed. The proximal and
distal aneurysm neck were then exposed and dissected
from surrounding structures. There was no evidence in
favor of rupture of the AComA aneurysm. Using a straight
clip, we secured the aneurysm.

3.1 | Outcome and follow-up

Four days following microsurgical clipping, the patient
was discharged home without any neurological deficit.

Postoperative imaging of the AComA clip and brain CT
scan revealed complete occlusion of the aneurysm and no
visible infarction (Figure 6).

4 | DISCUSSION

MIAs are more prevalent in women and older patients.
Patients with MIAs are generally more likely to have a
hereditary susceptibility for IA, and longitudinal studies
showed a higher rate of aneurysm growth.® Endovascular
techniques might be a particularly suitable method for
treating multiple intracranial aneurysms.’

Detecting ruptured aneurysms in patients with nu-
merous intracranial aneurysms is a difficult task in
clinical practice.'® This requires the use of advanced
diagnostic methods to effectively plan for surgery.
Misdiagnosis of the culprit aneurysm can have severe
consequences for the patient, such as rebleeding and
death. Although aneurysms accompanied by anoma-
lies in the ACom complex are more likely to be rup-
tured, this is not enough to single out the ruptured
aneurysm.'' Therefore, there is a pressing need for ad-
vanced imaging techniques that offer enhanced diag-
nostic accuracy.

However, digital subtraction angiography has been
widely regarded as the most reliable method for seeing an-
eurysms.'>"> However, DSA frequently fails to definitely
determine which aneurysm has ruptured, particularly
when the features of the bleeding are unclear or when the
aneurysms are located close together.

High-resolution vessel wall imaging using MRI
has emerged as a promising tool in the preopera-
tive assessment. The intramural hematoma associ-
ated with recent rupture exhibits hyperintensity on



HOSSEINI ET AL.

40f7 -
| I R
Wl LEY*C inical Case Reports ~

FIGURE 5 Digital subtraction angiography, performed
through the right internal carotid artery, shows involvement of one
of the A2 arteries in the aneurysm neck, which changed the surgical
management from endovascular to microsurgical clipping.

FIGURE 3 Coronal images of T2-
weighted and T1-weighted MRI with
gadolinium show (A, B) circumferential
enhancement of the posterior inferior
cerebellar artery aneurysm and (C, D)
minimal enhancement of the ACom
aneurysm.

FIGURE 4 Digital subtraction
angiography of the right vertebral artery
demonstrates (A) pre-coiling and (B) post-
coiling of the posterior inferior cerebellar
artery.

T1-weighted sequences post-contrast, providing valu-
able clues to identify the rupture site among multiple
aneurysms.'*'?

Moreover, there is a correlation between imaging fea-
tures, such as enhancement patterns and artery wall char-
acteristics shown on MRI, and the instability and risk of
rupture in aneurysms. This correlation supports the use
of these imaging features in guiding therapeutic decision-
making. Incorporating vascular wall MRI into the di-
agnostic algorithm might greatly improve the ability to
identify the site of the ruptured aneurysm, hence optimiz-
ing the surgical strategy to minimize further bleeding and
optimize patient outcomes.'®"’

In our case report, we demonstrated the utility of vessel
wall MRI with contrast for surgical planning in instances
involving multiple aneurysms. The high sensitivity of this
imaging technique in distinguishing between ruptured
and unruptured aneurysms allows for a more targeted
and informed approach to treatment. Surgical planning
benefits immensely from the ability to accurately identify
the culprit aneurysm, guiding the selection of appropriate
interventions and minimizing the risk of postoperative
complications.
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The application of MRI has uncovered morphological
features that could differentiate between ruptured and un-
ruptured aneurysms. For example, ruptured aneurysms
often display irregular or lobulated contours and aneu-
rysmal wall enhancement, associating these MR imaging
features with recent rupture. Furthermore, the presence of
a “daughter sac” or localized outpouching has also been
associated with rupture points in aneurysms. MRI's abil-
ity to detail these characteristics without the invasiveness
of DSA renders it an attractive adjunct, especially consid-
ering that the typical clinical sequence of computed to-
mography and CT angiography may not always clarify the
rupture site.” 1819

The primary limitations include variations in field
strengths and scanning protocols, the frequent lack of
blood suppression techniques, and the interval between
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gadolinium administration and subsequent post-contrast
vessel wall imaging.

5 | CONCLUSION

This case report emphasizes the importance of identify-
ing the site of rupture in patients with SAH and multi-
ple intracranial aneurysms. The use of MRI with contrast
and DSA proved to be useful in identifying the ruptured
aneurysm and changing the surgical management from
endovascular to microsurgical clipping. The success-
ful treatment of both aneurysms in one session and the
absence of neurological deficits post-surgery demon-
strate the effectiveness of a multidisciplinary approach
to the management of patients with multiple intracranial

FIGURE 6 Postoperative CT angiography imaging confirms complete occlusion of the anterior communicating artery aneurysm.
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aneurysms. Further studies are warranted to investigate
the optimal treatment strategies for patients with SAH
and multiple intracranial aneurysms.
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