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Abstract: Ruptured aneurysms of the lateral spinal artery (LSA) causing subarachnoid hemorrhage
(SAH) are exceptionally rare. Unlike common aneurysms in the circle of Willis, LSA aneurysms
present unique diagnostic and therapeutic challenges due to their complex anatomy. We reviewed the
literature, examining case reports detailing LSA aneurysm occurrences, diagnoses, treatments, and
complications, and our subsequent analysis highlights the clinical presentations, imaging findings,
treatment methods, and anatomical features of the LSA. We identified 10 patients from 7 case reports
of LSA aneurysm presenting with SAH, and combined with the present case, this comprised a
total of 11 patients. An initial CT angiography identified LSA aneurysm in only 2 of 11 patients,
while 5 cases were detected in transfemoral cerebral angiography. Seven patients had stenosis or
occlusion of nearby arteries. Among the 10 patients treated, 7 underwent microsurgical clipping,
and 3 had endovascular treatment; complications included PICA infarction and subdural hematoma.
LSA aneurysms, though rare, should be considered in differential diagnoses of posterior fossa SAH.
An accurate diagnosis often requires repeated imaging. It is proposed to individualize treatment
strategies based on the unique anatomical structure and hemodynamic conditions of each patient,
utilizing both endovascular and surgical approaches. Understanding the vascular anatomy and
collateral pathways of the LSA is crucial for improving diagnostic accuracy and treatment outcomes.

Keywords: lateral spinal artery aneurysm; subarachnoid hemorrhage; cerebral angiography; posterior
spinal artery

1. Introduction

The lateral spinal artery (LSA) is a critical component of the spinal vascular network,
bridging extradural and intradural blood supplies. It originates from the intradural segment
of the vertebral artery (VA) at the C1 level and travels caudally and laterally, aligning with
the pathway of the spinal component of the 11th cranial nerve [1,2]. The LSA is strategically
positioned between the dentate ligament and the posterior spinal nerve roots, and it extends
its influence through connections with the posterior inferior cerebellar artery (PICA) and
posterior radicular branches, particularly at the C2 level [3–7]. Additionally, the LSA
contributes to the vascular architecture by forming significant pial anastomoses with the
contralateral system and developing posterior medullary superficial arteries in the lower
medulla oblongata [1,2]. Importantly, it forms anastomoses with the posterior spinal
artery (PSA) around the C4 or C5 level, which are crucial for its role in supporting the
neurovascular integrity of the spinal and cerebellar regions [3,5–7].

Clinically, aneurysms involving the LSA are rare but noteworthy due to their potential
to present with severe complications such as subarachnoid hemorrhage (SAH), which
accounts for approximately 1% of all SAH cases [2,5,8]. The complexity of these aneurysms
is highlighted by their associations with conditions such as arteriovenous malformations
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(AVMs), spinal dural arteriovenous fistulas (AVFs), and aortic coarctation, making isolated
saccular spinal artery aneurysms extremely rare and clinically significant [1,5,9–11].

The limited number of reported LSA aneurysm cases, combined with the LSA’s
complex anatomical structure, poses significant challenges in achieving accurate diagnoses
and determining effective treatment strategies [5]. To address these challenges, we aim to
synthesize various reports to enhance the anatomical understanding of the LSA, devise
methods to improve diagnostic accuracy, and propose imaging techniques for evaluating
patients with posterior fossa SAH based on the recent literature. Utilizing the precise
anatomical information obtained, we seek to predict and manage potential postoperative
complications and side effects, thereby improving outcomes through the selection of
appropriate treatment methods.

This article aims to explore the complex vascular role of the LSA and discusses the
surgical and therapeutic strategies that arise from the intricate interplay of anatomy and
pathology in this critical area of the craniocervical junction. Through this exploration, we
aim to enhance the understanding of and improve outcomes for conditions associated with
the LSA.

2. Method
2.1. Literature Search and Selection

This review article systematically examined the existing research on SAH resulting
from LSA aneurysm rupture. We conducted a comprehensive search using databases such
as PubMed, Google Scholar, and Web of Science. The search terms included “lateral spinal
artery aneurysm”, “SAH”, “LSA aneurysm SAH”, and “cervico-cranial junction vascular
anatomy”. We focused on articles published within the last 25 years to ensure that the
review covers the most recent and relevant studies.

2.2. Inclusion and Exclusion Criteria
2.2.1. Inclusion Criteria

This study included original articles, literature reviews, and case reports discussing
LSA aneurysm and associated SAH, providing detailed anatomical or clinical insights.

The diagnostic method was confirmation via transfemoral cerebral angiography
(TFCA), with no discrepancies between LSA and PSA.

2.2.2. Exclusion Criteria

The exclusion criteria were as follows: dural AVF, AVM, anterior spinal artery aneurysm,
posterior spinal artery aneurysm at the cervico-cranial junction, and others (e.g., extracra-
nial PICA and radiculomedullary artery).

2.3. Data Extraction and Analysis

Data extraction from the selected case reports was performed systematically. Key
information such as the clinical presentation, diagnostic methods, treatment options, and
outcomes of lateral spinal artery aneurysms with SAH was collected.

3. Results

References for this review were found according to the inclusion/exclusion criteria.
There were some cases of SAH caused by ASA, PSA, radiculomedullary AVM, and dural
AVF at the cervico-cranial junction, but there were only seven references in total related
to LSA aneurysm rupture. This included six case reports and one literature review with a
case series, comprising a total of 10 patients.

3.1. Case Series

The patients’ clinical condition, the location of the aneurysm and the surrounding
structures, the treatment methods and timing of diagnosis, and any complications are
described in Table 1.
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Table 1. Summary of patients with LSA aneurysms [5–8,10,12,13].

Patient Number
(No.) Age/Sex H-H

Grade a
Location of
Aneurysm

Other Vascular
Disease at VBJ

Time of
Treatment

Treatment for
Ruptured LSA

An.

Complications
Related to
Treatment

1. Chen et al. [5] 72/F 3 Rt. LSA Bilat. VA
stenosis Promptly

Coil
embolization

Internal trapping
(LSA)

PICA
infarction

2. Chen et al. [5] 69/F 3 Lt. LSA Lt. VA stenosis One month
later

Endovascular
treatment failed
Microsurgical

clipping

Subdural
hematoma

3. Kubota et al.
[6] 59/F NA Rt. LSA Rt. PICA

occlusion 25 days after
Surgical

aneurysmal
resection

Disturbed
consciousness

4. Kurita et al.
[12] 61/M 1 Rt. LSA None

1st: on the
day of adm
2nd: 3 days

later

Microsurgical
clipping (twice) None

5. Morigaki et al.
[7] 78/F 4 Lt. LSA Bilat. VA

occlusion Promptly

Coil
embolization

Internal trapping
(LSA)

PICA
infarction

6. Germans et al.
[8] 49/M 2 Lt. LSA Lt. PICA

occlusion Promptly

Microsurgical
clipping +

anastomosis
(LSA and PICA)

None

7. Papadimitriou
K et al. [13] 74/F 3 Rt. LSA None 2 weeks later Microsurgical

clipping None

8. Song, Y et al.
[10] 55/M 2 Lt. LSA None 2 weeks later Microsurgical

clipping None

9. Song, Y et al.
[10] 64/M 1 Lt. LSA Bilat. VA

stenosis 1 week later Microsurgical
clipping None

10. Song, Y et al.
[10] 73/F 1 Rt. LSA None 19 days later Transfer Transfer

11. Present case 51/F 2 Rt. LSA Rt. V4 aplasia On the day of
adm

Proximal
occlusion (LSA) None

Abbreviations: H-H grade = Hunt and Hess grade; VBJ = vertebrobasilar junction; VA = vertebral artery;
PICA = posterior inferior cerebellar artery; LSA = lateral spinal artery; Bilat = bilateral; Rt = right; Lt = left;
An = aneurysm; NA = Not Applicable; adm = admission. a Hunt and Hess grade: 0 = unruptured; 1 = asymp-
tomatic or minimal headache; 2 = nuchal rigidity, cranial nerve palsy, moderate–severe headache; 3 = drowsiness,
mild focal deficit, lethargy; 4 = stupor, severe hemiparesis, vegetative disturbance.

Briefly, there were four male (36.4%) and seven female (63.6%) patients, with a median
age of 64 years (range 49~78 years old). Except for one patient who was transferred to
another hospital, all others received treatment and were followed up. Of the 11 patients,
10 had Hunt and Hess grade (H-H grade) 1 to 3, and 1 had H-H grade 4. Excluding 1 patient
who was lost to follow-up, 9 out of 10 patients (90%) had good outcomes, and the remaining
patient deteriorated due to a different cause.

In the case series, only two cases (No. 6 and No. 11) were suspected to have LSA
aneurysms based on the initial computed tomography (CT) angiography upon admission.
In addition, in five cases (No. 1, No. 4, No. 5, No. 8, and No. 9), the LSA aneurysm was
detected during the first TFCA. Thus, in seven cases, the LSA aneurysm was promptly
identified, and in two cases (No. 8 and No. 9), delayed microsurgical clipping was
performed after the discontinuation of antiplatelet medication.
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In two cases (No. 2 and No. 7), the LSA aneurysm was detected during the second
TFCA, and in one case (No. 3), it was discovered during the fourth TFCA. The last case
(No. 10) was identified after three CT angiography and two TFCA examinations.

Among the 11 cases, vascular abnormalities were observed in 7 of them. Six cases
showed severe stenosis or occlusion of the VA, with enlargement of the LSA, through
which the PICA was reconstituted. In the present case, although there was VA aplasia, the
ipsilateral PICA was supplied by the contralateral VA, with no direct connection between
the LSA and PICA. In the remaining four cases (No. 4, No. 7, No. 8, and No. 10), no direct
connection between the PICA and LSA was observed.

Including this case, a total of 10 out of 11 cases were treated by microsurgical clipping
(7 cases) or endovascular treatment (3 cases). One case (No. 10) was transferred to another
hospital and was not followed up. Among the clipping cases, five cases used the suboc-
cipital craniotomy approach, one case used the far lateral transcondylar approach (No. 7),
and the approach for the remaining case was not described (No. 3). In addition, three cases
(No. 6, No. 7, and No. 8) additionally underwent C1 hemilaminectomy, and patient No. 6
underwent vascular anastomosis between the LSA and PICA. In the case of No. 4, the LSA
aneurysm was not observed during the first clipping attempt but was successfully treated
in the second attempt. Among the three cases treated with endovascular treatment, internal
trapping was performed in two patients (No. 1 and No. 5), including the aneurysm, while
the present case involved proximal occlusion.

Postoperative complications occurred in a total of four cases. PICA infarction occurred
in two cases where internal trapping was performed via the endovascular approach. Among
these, patient No. 1 required cerebellar decompression, and in the microsurgical group,
patient No. 2 developed a postoperative subdural hematoma and underwent burr hole
trephination. Furthermore, two patients (No. 2 and No. 7) required external ventricular
drainage due to acute hydrocephalus, and two patients developed chronic hydrocephalus
and received a ventriculoperitoneal shunt (No. 3) and a lumboperitoneal shunt (No. 5).

Regarding clinical outcomes, six patients had no neurologic deficit, while four patients
experienced deficiencies such as hemiplegia. Three patients showed improvement during
follow-up, and one case (No. 2) resulted in death due to acute embolic occlusion of the
superior mesenteric artery, which was unrelated to the treatment.

3.2. Case Description
3.2.1. Clinical Presentation

A 51-year-old woman experienced a sudden onset of severe headache with posterior
neck pain. Her past medical history was notable for chronic alcoholism and hepatitis. On
admission, she presented with mild drowsiness but no overt neurological deficits. An
immediate brain CT scan was performed, revealing a diffuse subarachnoid hemorrhage in
the posterior cranial fossa.

3.2.2. Radiological Findings

The initial CT scan displayed acute SAH in the posterior fossa and around the mid-
brain, accompanied by a small intraventricular hemorrhage (IVH) (Figure 1A). There was
also evidence of mild hydrocephalus. CT angiography revealed aplasia of the right V4 seg-
ment of the VA, which terminated as the posterior meningeal artery (PMA). Additionally, a
fine irregular vessel with a tiny suspected aneurysm measuring 1.5 mm was identified at
the right cerebellomedullary cistern (Figure 1B,C).
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We elected to treat this patient via an endovascular approach. A 6F sheath (Terumo, 

Tokyo, Japan) was placed, and a 6F Envoy guiding catheter (Codman Neurovascular, 
Raynham, MA, USA) was positioned in the right V2 segment of the VA. A Synchro2® 
guidewire (Stryker Neurovascular, Cork, Ireland) was used to navigate an Excelsior SL-
10 microcatheter (Stryker Neurovascular) to the distal V3 segment of the VA, followed by 
selective angiography. The dissection segment appeared long and irregular. Given the 
impossibility and high risk of advancing the microcatheter to the aneurysm, a decision 
was made to proceed with proximal occlusion. The microcatheter was carefully advanced 
to the proximal dissection point, and coiling was successfully performed using a Target 
Helical NANO (1 mm/1 cm) coil (Stryker Neurovascular) (Figure 3A). A control angi-
ography revealed residual contrast filling in the dissection segment and aneurysm, alt-
hough the blood flow was significantly reduced. Five-minute and ten-minute delayed 
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Figure 1. (A) Initial CT scan displays SAH (arrow) in the posterior fossa and around the midbrain.
CT angiography reveals a tiny suspected aneurysm (arrow) at the right cerebellomedullary cistern in
axial (B) and coronal views (C).

The cerebral angiography results revealed that the right VA terminated as the PMA.
Just before its connection to the PMA, a small irregular branch was identified, exhibiting
multifocal severe stenoses and dilatations (Figure 2A). The terminal portion of this irregular
branch contained a relatively large aneurysm with partial contrast filling, suspected to be the
ruptured aneurysm based on three-dimensional rotational angiography (3D-RA) (Video S1).
Additionally, bilateral PICAs originated from the contralateral VA (Figure 2B).
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Figure 2. (A) Cerebral angiography reveals a small irregular branch exhibiting multifocal severe
stenoses and dilatations (arrow) in routine AP and lateral views. (B) Bilateral PICAs originate from
the contralateral VA.

3.2.3. Endovascular Treatment

We elected to treat this patient via an endovascular approach. A 6F sheath (Terumo,
Tokyo, Japan) was placed, and a 6F Envoy guiding catheter (Codman Neurovascular,
Raynham, MA, USA) was positioned in the right V2 segment of the VA. A Synchro2®

guidewire (Stryker Neurovascular, Cork, Ireland) was used to navigate an Excelsior SL-10
microcatheter (Stryker Neurovascular) to the distal V3 segment of the VA, followed by
selective angiography. The dissection segment appeared long and irregular. Given the
impossibility and high risk of advancing the microcatheter to the aneurysm, a decision was
made to proceed with proximal occlusion. The microcatheter was carefully advanced to the
proximal dissection point, and coiling was successfully performed using a Target Helical
NANO (1 mm/1 cm) coil (Stryker Neurovascular) (Figure 3A). A control angiography
revealed residual contrast filling in the dissection segment and aneurysm, although the
blood flow was significantly reduced. Five-minute and ten-minute delayed angiograms
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showed progressive flow reduction and slowdown. The final angiogram confirmed the
absence of flow through the dissection segment at the coiling site (Figure 3B).
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a coil was cautiously inserted (arrowhead), focusing on the proximal dissection point in oblique view.
(B) Delayed angiograms showed progressive flow reduction, and the final angiogram confirmed no
flow through the dissection segment at the coiling site.

3.2.4. Postoperative Course

Magnetic resonance imaging (MRI) performed four days after the endovascular proce-
dure revealed no infarcts in the PICA territory or brainstem. TFCA performed at one week
showed complete occlusion of the lateral spinal artery aneurysm. The patient’s conscious-
ness was clear, and her headache gradually improved without any neurological deficits. On
the 14th day, she was discharged from the hospital due to an improved SAH resolution and
hydrocephalus on the initial CT. At the 12-month follow-up, MRI and magnetic resonance
angiography showed no further infarctions or de novo aneurysms.

3.3. Relationship between PICA, LSA, and PSA

The LSA originates from either the PICA or the intradural VA. It descends parallel
to the spinal component of the 11th cranial nerve, posterior to the dentate ligament, and
anterior to the posterior spinal nerve roots up to the C4 level [3,14]. The LSA supplies the
lateral and posterior surfaces of the spinal cord and anastomoses with the PICA and other
regional arteries [1,3].

The classification was simplified based on the relationship between the PICA, LSA,
and PSA (Figure 4). The PICA usually originates from the V4 segment of the VA. The PSA
arises from the extradural segment of the VA and runs parallel to it, and then it splits into
two branches: a descending posterolateral branch and an ascending branch that merges
with the PICA (Figure 4A). The LSA is the outermost of the three cervical spinal arteries.
It forms multiple segmental connections with the VA from C1 to C4, and it also creates a
cranial anastomosis with the PICA (Figure 4B).
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spinal artery; 6 = anterior spinal artery.

4. Discussion

The LSA plays a crucial role in the spinal vascular system, yet its precise definition
and function often provoke debate due to its complex interactions with other spinal and
cerebral arteries. Typically emerging from the intradural segment of the VA at the C1 level,
the LSA travels laterally around the spinal cord and converges with the PSA near the
C4 and C5 vertebrae [1,2]. It then rises to form an anastomosis with the PICA, which is
essential for supplying blood to the medulla [1,15]. Despite its critical role in vascularizing
the spine and medulla, the LSA’s small size and complex anatomy make it difficult to
clearly visualize on imaging studies like CT or MR angiography.

Due to various unknown causes, the occurrence of a lateral spinal artery aneurysm
within the complex vascular structure can lead to intracranial hemorrhage, such as SAH, at
the craniocervical junction. In this case series of seven patients, stenosis or occlusion of the
VA or PICA was observed around the LSA aneurysm. In addition, in some cases of V4 VA
occlusion or severe stenosis, the distal V4 VA was being reconstituted through the LSA or
PICA, or the PICA was being formed through the LSA [5,6,8,12]. This indicates that the
LSA is integrated into a collateral system with adjacent vascular structures. Therefore, this
finding suggests that stenosis or occlusion of the primary vessel may impose hemodynamic
stress on the collateral vessels, potentially contributing to the development of vascular
complications such as aneurysms [6–8]. However, in four cases, no distinct angiographic
connection between the PICA and LSA was observed, and they originated independently,
suggesting that other causes such as dissection should also be considered.

In this case series, two cases (18.2%) were suspected to have lateral spinal artery
aneurysms based on CT angiography immediately upon admission [8]. Additionally, in
five cases (45.5%), LSA aneurysm was not identified on the initial CT angiography but
was detected on TFCA [5,7,10,12]. Therefore, seven patients (63.6%) had LSA aneurysms
detected very quickly after the onset of SAH. Another two cases were found on the second
TFCA, one case was found on the fourth TFCA, and the remaining one was identified
after three CT angiography and two TFCA examinations (1 week~1 month) [5,6,10,13].
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Repeated imaging over time increases the likelihood of identifying these aneurysms, which
are often missed on the first scan due to their fine vascular structure and the potential
presence of thrombus within the aneurysm obscuring the contrast [10,16,17]. In addition,
even when LSA aneurysms are promptly detected, it may be difficult to clearly distinguish
their relationship with the surrounding complex vascular structures using CT angiography
or TFCA. In such cases, cerebral angiography confirmed the LSA aneurysm, particularly
through the use of a superselective injection of the parent vessel [6].

Additionally, in the case series, there were no instances of this specific examination
method, but Hiramatsu et al. analyzed the LSA anatomy using contrast-enhanced cone-
beam CT (CE-CBCT) to study craniocervical junction AVF [18]. They performed CE-CBCT
imaging after obtaining 3D-RA by infusing a 20% iodine contrast medium with a concentra-
tion of 300 mg/mL at a flow rate of 2.0 mL/s, with a 4.0 s delay and a total volume of 48 mL.
Although it might have been easier to identify the structure if the LSA feeders in AVFs
were more likely to be enlarged compared to LSA aneurysms, their method (CE-CBCT) was
definitely superior to other imaging techniques [18]. Additionally, Tomoyuki Tsumoto et al.
reported that high-resolution CBCT helps in identifying the shunt point of dural AVF [19].
T. Hiu et al. referred to the examination using the CBCT system as DynaCT and stated that
it aids in the reliable visualization of small vessels and fine osseous structures, particularly
in the diagnosis of dural AVF [20]. Furthermore, T.D. Aadland et al. noted that, in the
case of spinal dural AVF, CBCT angiography improves visualization for precise anatomic
characterization [21]. Additionally, arterial spin labeling (ASL) MRI could be helpful in
situations where it is challenging to clearly evaluate the underlying causes due to fine
vessels and complex collateral systems. Matteo De Simone et al. discussed the usefulness
and role of ASL MRI in cerebral AVM [22]. They reported that ASL MRI, being noninvasive
and having fewer complications compared to cerebral angiography, is beneficial for an
acute diagnosis and functional assessment in shunt diseases. Therefore, persistent clini-
cal suspicion and follow-up imaging through various diagnostic methods are crucial for
the accurate diagnosis of LSA aneurysms in patients who do not show clear evidence of
aneurysms on their initial scans. Emerging noninvasive imaging techniques like ASL MRI
could be helpful in distinguishing the presence of shunt diseases in complex structures such
as AVM or dural AVF. Specifically, a superselective injection of the parent vessel through
cerebral angiography is thought to be highly beneficial for accurate diagnosis, and although
further research is needed, CE-CBCT can also be helpful.

The management of LSA aneurysms encompasses three primary modalities: endovas-
cular coil embolization, microsurgical clipping, and conservative treatment. Conservative
management may be considered for patients with poor overall health; however, proactive
intervention is typically advised to mitigate the risk of re-rupture [10]. The endovascular
approach is often preferred for aneurysms in the posterior circulation due to its minimally
invasive nature and association with favorable outcomes [23]. Additionally, if the parent
vessel is intact and there is sufficient collateral circulation, the likelihood of infarction is
reduced [4]. However, this method can be particularly challenging in the case of LSA
aneurysms due to the tortuous anatomy and very small diameter of the LSA, especially
when there is stenosis or occlusion of the parent artery [5]. These anatomical complexities
can impede the successful navigation and deployment of endovascular devices. When
endovascular access is not feasible due to these anatomical constraints, surgical clipping via
suboccipital craniectomy becomes a viable alternative [5,6,10,12]. However, even though it
facilitates direct access and secure aneurysm exclusion, it carries the potential for increased
procedural morbidity, and sparing the very small collateral vessels and protecting cranial
nerves can be challenging [5,10,23].

In our case, although the lateral spinal artery had a highly tortuous course and a very
small vessel diameter, we decided to attempt proximal occlusion. This decision was based
on the anatomical configuration where bilateral PICAs originated from the contralateral
vertebral artery, and the ipsilateral VA terminated as the PMA. Given this unique vascular
arrangement, where no direct connection between the LSA and PICA was observed, we
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thought that the likelihood of brainstem infarction was low, even if proximal occlusion
was performed. Consequently, we performed proximal occlusion of the LSA, achieving
complete occlusion of the ruptured aneurysm without occurrences of brainstem infarction
or postoperative complications. However, as observed in patients No. 1 and No. 5 in
the case series, when the LSA has direct connections with the PICA, distal VA, or BA,
performing internal trapping can lead to PICA infarction [5,7]. This suggests that complex
micro-collaterals may exist between the VA, PICA, LSA, and PSA, indicating that, if the
LSA is the primary blood supplier, internal trapping could lead to brainstem ischemia, even
if retrograde filing is present. This risk highlights the importance of carefully evaluating
the vascular anatomy before deciding on treatment, especially in cases where the PICA or
distal VA is reconstituted through very small LSA or PSA vessels [8].

In conclusion, the lateral spinal artery’s complex anatomy and integration into the
spinal and cerebral vascular systems make it a challenging but critical vessel to understand
and manage, particularly in cases of aneurysm. Persistent clinical suspicion, advanced
imaging techniques, and a thorough understanding of the patient’s vascular anatomy
are essential for an accurate diagnosis and effective treatment. The decision between
endovascular and surgical approaches should be carefully considered based on the specific
anatomical features and the potential risks of each method. Further research utilizing
techniques such as 3D-RA and CE-CBCT may provide additional insights and improve the
management of these complex cases [18–21]. Generally, LSA aneurysms are extremely rare,
while dural AVFs or arteriovenous malformations are relatively more common. Therefore,
further analysis of and research on these conditions could lead to the development of better
diagnostic methods for LSA aneurysms and related vascular abnormalities.

5. Limitation

This study has several limitations. First, LSA aneurysms are extremely rare, resulting
in a limited number of cases, making it difficult to generalize the findings. Second, this
study is based on a retrospective literature review and case reports, lacking a systematic
analysis comparing various treatment methods and long-term outcomes. Lastly, due
to the variability in patients’ anatomical structures and hemodynamic conditions, the
selection and outcomes of treatment methods can differ, making it challenging to establish
standardized treatment protocols.

6. Conclusions

LSA aneurysms are rare and pose significant diagnostic challenges due to their com-
plex anatomical relationships. In instances of SAH in the posterior fossa, while non-
aneurysmal SAH remains a possibility, it is imperative to consider and investigate other
potential causes through repeated and meticulous imaging studies. A comprehensive
evaluation of the collateral circulation with surrounding vessels is essential before selecting
the appropriate treatment modality. This thorough approach is crucial for minimizing
surgical complications and achieving optimal patient outcomes.
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Abbreviations

LSA lateral spinal artery
VA vertebral artery
PICA posterior inferior cerebellar artery
ASA anterior spinal artery
PSA posterior spinal artery
PMA posterior meningeal artery
SAH subarachnoid hemorrhage
ICH intracerebral hemorrhage
IVH intraventricular hemorrhage
AVF arteriovenous fistula
AVM arteriovenous malformation
CT computed tomography
MRI magnetic resonance imaging

References
1. Siclari, F.; Burger, I.M.; Fasel, J.H.; Gailloud, P. Developmental anatomy of the distal vertebral artery in relationship to variants of

the posterior and lateral spinal arterial systems. AJNR Am. J. Neuroradiol. 2007, 28, 1185–1190. [CrossRef] [PubMed]
2. Wang, C.X.; Cironi, K.; Mathkour, M.; Lockwood, J.; Aysenne, A.; Iwanaga, J.; Loukas, M.; Bui, C.J.; Dumont, A.S.; Tubbs, R.S.

Anatomical Study of the Posterior Spinal Artery Branches to the Medulla Oblongata. World Neurosurg. 2021, 149, e1098–e1104.
[CrossRef] [PubMed]

3. Lasjaunias, P.; Vallee, B.; Person, H.; Ter Brugge, K.; Chiu, M. The lateral spinal artery of the upper cervical spinal cord. Anatomy,
normal variations, and angiographic aspects. J. Neurosurg. 1985, 63, 235–241. [CrossRef] [PubMed]

4. Mercier, P.H.; Brassier, G.; Fournier, H.D.; Picquet, J.; Papon, X.; Lasjaunias, P. Vascular microanatomy of the pontomedullary
junction, posterior inferior cerebellar arteries, and the lateral spinal arteries. Interv. Neuroradiol. 2008, 14, 49–58. [CrossRef]
[PubMed]

5. Chen, C.C.; Bellon, R.J.; Ogilvy, C.S.; Putman, C.M. Aneurysms of the lateral spinal artery: Report of two cases. Neurosurgery 2001,
48, 949–953. [CrossRef] [PubMed]

6. Kubota, H.; Suehiro, E.; Yoneda, H.; Nomura, S.; Kajiwara, K.; Fujii, M.; Fujisawa, H.; Kato, S.; Suzuki, M. Lateral spinal artery
aneurysm associated with a posterior inferior cerebellar artery main trunk occlusion. Case illustration. J. Neurosurg. Spine 2006, 4,
347. [CrossRef] [PubMed]

7. Morigaki, R.; Satomi, J.; Shikata, E.; Nagahiro, S. Aneurysm of the lateral spinal artery: A case report. Clin. Neurol. Neurosurg.
2012, 114, 713–716. [CrossRef] [PubMed]

8. Germans, M.R.; Kulcsar, Z.; Regli, L.; Bozinov, O. Clipping of Ruptured Aneurysm of Lateral Spinal Artery Associated with
Anastomosis to Distal Posterior Inferior Cerebellar Artery: A Case Report. World Neurosurg. 2018, 117, 186–189. [CrossRef]
[PubMed]

9. Karakama, J.; Nakagawa, K.; Maehara, T.; Ohno, K. Subarachnoid hemorrhage caused by a ruptured anterior spinal artery
aneurysm. Neurol. Med.-Chir. 2010, 50, 1015–1019. [CrossRef] [PubMed]

10. Song, Y.; Lee, K.; Park, H.; Hwang, S.H.; Baek, H.J.; Park, I.S. Surgical Treatment of Ruptured Aneurysms of Lateral Spinal Artery
Presenting as Intracranial Subarachnoid Hemorrhage: Case Series and Literature Review. J. Korean Neurosurg. Soc. 2024, in press.
[CrossRef] [PubMed]

11. Handa, T.; Suzuki, Y.; Saito, K.; Sugita, K.; Patel, S.J. Isolated intramedullary spinal artery aneurysm presenting with quadriplegia.
Case report. J. Neurosurg. 1992, 77, 148–150. [CrossRef]

12. Kurita, M.; Endo, M.; Kitahara, T.; Fujii, K. Subarachnoid haemorrhage due to a lateral spinal artery aneurysm misdiagnosed as a
posterior inferior cerebellar artery aneurysm: Case report and literature review. Acta Neurochir. 2009, 151, 165–169. [CrossRef]
[PubMed]

13. Papadimitriou, K.; Quach, E.T.; Golub, D.; Patsalides, A.; Dehdashti, A.R. Far Lateral Approach With C1 Hemilaminotomy for
Excision of a Ruptured Fusiform Lateral Spinal Artery Aneurysm: 2-Dimensional Operative Video. Oper. Neurosurg. 2024, 27, 375.
[CrossRef]

14. Lasjaunias, P.; Berenstein, A. Arterial Anatomy: Introduction. In Surgical Neuroangiography: 1 Functional Anatomy of Craniofacial
Arteries; Lasjaunias, P., Berenstein, A., Eds.; Springer: Berlin/Heidelberg, Germany, 1987; pp. 1–32.

https://doi.org/10.3174/ajnr.A0498
https://www.ncbi.nlm.nih.gov/pubmed/17569985
https://doi.org/10.1016/j.wneu.2020.12.161
https://www.ncbi.nlm.nih.gov/pubmed/33422714
https://doi.org/10.3171/jns.1985.63.2.0235
https://www.ncbi.nlm.nih.gov/pubmed/4020445
https://doi.org/10.1177/159101990801400107
https://www.ncbi.nlm.nih.gov/pubmed/20557786
https://doi.org/10.1097/00006123-200104000-00057
https://www.ncbi.nlm.nih.gov/pubmed/11322459
https://doi.org/10.3171/spi.2006.4.4.347
https://www.ncbi.nlm.nih.gov/pubmed/16619685
https://doi.org/10.1016/j.clineuro.2011.12.003
https://www.ncbi.nlm.nih.gov/pubmed/22257516
https://doi.org/10.1016/j.wneu.2018.06.085
https://www.ncbi.nlm.nih.gov/pubmed/29935320
https://doi.org/10.2176/nmc.50.1015
https://www.ncbi.nlm.nih.gov/pubmed/21123989
https://doi.org/10.3340/jkns.2024.0040
https://www.ncbi.nlm.nih.gov/pubmed/38887807
https://doi.org/10.3171/jns.1992.77.1.0148
https://doi.org/10.1007/s00701-009-0183-y
https://www.ncbi.nlm.nih.gov/pubmed/19209383
https://doi.org/10.1227/ons.0000000000001113


J. Clin. Med. 2024, 13, 4910 11 of 11

15. Chonan, M.; Nishimura, S.; Kimura, N.; Ezura, M.; Uenohara, H.; Tominaga, T. A ruptured aneurysm arising at the leptomeningeal
collateral circulation from the extracranial vertebral artery to the posterior inferior cerebellar artery associated with bilateral
vertebral artery occlusion. J. Stroke Cerebrovasc. Dis. 2014, 23, e135–e139. [CrossRef] [PubMed]

16. Kitanaka, C.; Sasaki, T.; Eguchi, T.; Teraoka, A.; Nakane, M.; Hoya, K. Intracranial vertebral artery dissections: Clinical,
radiological features, and surgical considerations. Neurosurgery 1994, 34, 620–626; discussion 626–627. [CrossRef]

17. Kado, K.; Hirai, S.; Kobayashi, S.; Kobayashi, E.; Yamakami, I.; Uchino, Y.; Saeki, N.; Yamaura, A. Potential role of the anterior
spinal artery in preventing propagation of thrombus in a therapeutically occluded vertebral artery: Angiographic studies before
and after endovascular treatment. Neuroradiology 2002, 44, 347–354. [CrossRef] [PubMed]

18. Hiramatsu, M.; Sugiu, K.; Yasuhara, T.; Hishikawa, T.; Haruma, J.; Nishi, K.; Yamaoka, Y.; Ebisudani, Y.; Edaki, H.; Kimura,
R.; et al. Angioarchitecture of the Normal Lateral Spinal Artery and Craniocervical Junction Arteriovenous Fistula Using
Contrast-enhanced Cone-beam CT. Clin. Neuroradiol. 2023, 33, 375–382. [CrossRef] [PubMed]

19. Tsumoto, T.; Tsurusaki, Y.; Tokunaga, S. Transvenous Embolization Using Cone-beam CT and 3D Roadmap Function for Dural
Arteriovenous Fistulas. J. Neuroendovasc. Ther. 2017, 11, 240–245. [CrossRef]

20. Hiu, T.; Kitagawa, N.; Morikawa, M.; Hayashi, K.; Horie, N.; Morofuji, Y.; Suyama, K.; Nagata, I. Efficacy of DynaCT Digital
Angiography in the Detection of the Fistulous Point of Dural Arteriovenous Fistulas. Am. J. Neuroradiol. 2009, 30, 487. [CrossRef]

21. Aadland, T.D.; Thielen, K.R.; Kaufmann, T.J.; Morris, J.M.; Lanzino, G.; Kallmes, D.F.; Schueler, B.A.; Cloft, H. 3D C-Arm
Conebeam CT Angiography as an Adjunct in the Precise Anatomic Characterization of Spinal Dural Arteriovenous Fistulas. Am.
J. Neuroradiol. 2010, 31, 476. [CrossRef]

22. De Simone, M.; Fontanella, M.M.; Choucha, A.; Schaller, K.; Machi, P.; Lanzino, G.; Bijlenga, P.; Kurz, F.T.; Lövblad, K.-O.; De
Maria, L. Current and Future Applications of Arterial Spin Labeling MRI in Cerebral Arteriovenous Malformations. Biomedicines
2024, 12, 753. [CrossRef] [PubMed]

23. Peluso, J.P.; van Rooij, W.J.; Sluzewski, M.; Beute, G.N. Distal aneurysms of cerebellar arteries: Incidence, clinical presentation,
and outcome of endovascular parent vessel occlusion. AJNR Am. J. Neuroradiol. 2007, 28, 1573–1578. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.08.028
https://www.ncbi.nlm.nih.gov/pubmed/24321776
https://doi.org/10.1227/00006123-199404000-00008
https://doi.org/10.1007/s00234-001-0734-2
https://www.ncbi.nlm.nih.gov/pubmed/11914814
https://doi.org/10.1007/s00062-022-01218-2
https://www.ncbi.nlm.nih.gov/pubmed/36219219
https://doi.org/10.5797/jnet.oa.2016-0091
https://doi.org/10.3174/ajnr.A1395
https://doi.org/10.3174/ajnr.A1840
https://doi.org/10.3390/biomedicines12040753
https://www.ncbi.nlm.nih.gov/pubmed/38672109
https://doi.org/10.3174/ajnr.A0607
https://www.ncbi.nlm.nih.gov/pubmed/17846215

	Introduction 
	Method 
	Literature Search and Selection 
	Inclusion and Exclusion Criteria 
	Inclusion Criteria 
	Exclusion Criteria 

	Data Extraction and Analysis 

	Results 
	Case Series 
	Case Description 
	Clinical Presentation 
	Radiological Findings 
	Endovascular Treatment 
	Postoperative Course 

	Relationship between PICA, LSA, and PSA 

	Discussion 
	Limitation 
	Conclusions 
	References

