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Endovascular treatment of a ruptured aneurysm arising from the proximal end
of a partial vertebrobasilar duplication with a contralateral prominent persistent primitive

hypoglossal artery: illustrative case
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BACKGROUND Ruptured aneurysms associated with a partial vertebrobasilar duplication or a persistent primitive hypoglossal artery (PPHA) have
been reported. Only rarely has endovascular treatment of ruptured aneurysms in association with both vascular variations been reported.

OBSERVATIONS A 66-year-old woman experienced the sudden onset of a severe headache caused by a subarachnoid hemorrhage. Cerebral
angiograms demonstrated a prominent PPHA originating from the left internal carotid artery at the C2 vertebral level and a partial vertebrobasilar
duplication between the hypoplastic right vertebral artery and proximal basilar artery with a small aneurysm at the proximal end of the duplication from
where the anterior spinal artery originated. The left vertebral artery was aplastic. A microcatheter was introduced into the aneurysm via the PPHA
under the control of high blood flow, using a balloon-assisted technique. The aneurysm was completely obliterated with a coil. Although small cerebellar
and cerebral infarcts developed during the procedure, the patient was discharged without neurological symptoms.

LESSONS To avoid serious neurological complications, precise analysis of the complex vascular anatomy, including the anterior spinal artery and
hemodynamics, is clinically important for endovascular therapy of cerebral aneurysms in patients with an association between a partial vertebrobasilar

duplication and a PPHA.

https://thejns.org/doi/abs/10.3171/CASE20108
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Persistent carotid-basilar connections have a low prevalence,
and a persistent primitive hypoglossal artery (PPHA) is extremely
rare.’ Most carotid-basilar connections are incidental findings. How-
ever, a high incidence of PPHAs has been associated with cerebral
aneurysms."? Hypoplasia or aplasia of the vertebral artery (VA) is a
common finding in patients with a PPHA," requiring precise analysis
of the vascular anatomy and hemodynamics when treating a rup-
tured aneurysm in these patients.

The primitive lateral basilovertebral anastomosis (PLBA) is an
embryonic, longitudinal, anastomotic channel of the vertebrobasilar

system. It can influence the formation of a partially duplicated vertebro-
basilar junction with an associated cerebral aneurysm at the junction.®
Here, we report the case of a patient with an endovascularly
treated ruptured aneurysm arising from the proximal end of the right
partial vertebrobasilar duplication, which is the prominent left
PPHA-basilar artery (BA) junction, with an aplastic left VA.

lllustrative Case
A 66-year-old woman who was hyperlipidemic experienced the
sudden onset of a severe headache. She was transferred to the

ABBREVIATIONS 3D = three dimensional; AICA = anterior inferior cerebellar artery; ASA = anterior spinal artery; BA = basilar artery; CT = computed tomography;
CTA = computed tomography angiography; DSA = digital subtraction angiography; ICA = internal carotid artery; PCoA = posterior communicating artery;

PHA = primitive hypoglossal artery; PICA = posterior inferior cerebellar artery; PLBA = primitive lateral basilovertebral anastomosis; POA = primitive otic or acoustic
artery; PPHA = persistent primitive hypoglossal artery; ProA = proatlantal intersegmental artery; PTA = primitive trigeminal artery; SAH = subarachnoid hemorrhage;

TCA = trigeminocerebellar artery; VA = vertebral artery.
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FIG. 1. Left: CT scan of the brain on admission showing an SAH, hy-
perattenuated basal cisterns. Right: A source image of 3D-CTA dem-
onstrating the left PPHA (arrow) entering into the skull through the left
hypoglossal canal.

emergency department of Tachikawa General Hospital. Brain com-
puted tomography (CT) revealed a subarachnoid hemorrhage
(SAH) (Fig. 1 left). Subsequent three-dimensional (3D)-CT angiog-
raphy (CTA) demonstrated a prominent left PPHA, which originated
from the left internal carotid artery (ICA) at the C2 vertebral level
and entered the skull through the left hypoglossal canal (Fig. 1
Right, arrow). A small cerebral aneurysm was also demonstrated in
the anterior wall of the PPHA-BA junction, with an aplastic left VA.
Digital subtraction angiography (DSA) and 3D-rotational angiog-
raphy confirmed the presence of the left PPHA (Fig. 2A-C, arrows
and Fig. 2D) and the aneurysm (2.8 mm x 2.7 mm x 2.4 mm). In
addition, cerebral angiograms demonstrated a right vertebrobasilar
anastomosis between the hypoplastic right VA and the proximal BA,
and the left trigeminocerebellar artery (TCA) originating from the
distal portion of the BA (Fig. 2C, paired arrowheads, and Fig. 2D).
The anterior spinal artery (ASA) originated from the posterior as-
pect of the left PPHA-BA junction (Fig. 2C, small arrows, and Fig.
2E, arrows), which is the proximal end of the right vertebrobasilar
anastomosis, with the partial remnant right PLBA between the hy-
poplastic right VA and the right anterior inferior cerebellar artery
(AICA) as a partial vertebrobasilar duplication (Fig. 2D). The com-
mon trunk of the left AICA—posterior inferior cerebellar artery
(PICA) originated from the BA at the level of the distal end of the
duplication (Fig. 2D). The left posterior communicating artery
(PCoA) was not demonstrated.

The aneurysm was small and had a broad neck; therefore, treat-
ment via stent-assisted coiling was initially planned. The patient
was administered general anesthesia and heparin. A 90-cm 6-Fr
Roadmaster TH2 catheter (Goodman) was introduced into the left
PPA through the left ICA. However, high blood flow through the
PPHA hampered the stent-assisted technique. A balloon-assisted
technique was then attempted, using an inflated balloon catheter
(Sceptor C, 4.0 mm x 10 mm, Terumo). An Excersior SL-10 cath-
eter (Stryker) was then guided into the aneurysm with a CHIKAI-14
black soft tip guidewire (Asahi Intech), and the aneurysm was
successfully embolized through the catheter with a 2.0-mm x
2.0-mm x 6.0-cm Axium Prime HELICAL coil (eV3 Covidien).
Complete obliteration of the aneurysm was confirmed on the DSA
performed immediately after the procedure.
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Antiplatelet therapy was started the next moming with clopidogrel,
75 mg/day, and cilostazol, 200 mg/day. A CT scan obtained the
next day showed small infarcts in the left cerebellar hemisphere,
in the distribution of the left AICA-PICA, and the left occipital lobe.
Review of the DSA performed immediately after the procedure
confirmed occlusion of the common trunk of the left AICA-PICA
(Fig. 3, paired arrows). The patient exhibited no neurological signs
or symptoms and was discharged after she achieved a modified
Rankin Scale score of 0. At discharge, fluid-attenuated inversion
recovery images from magnetic resonance imaging of the brain
identified these small infarcts (Fig. 4).

Discussion

Observations

Our patient developed a ruptured aneurysm from the anterior
wall of the proximal end of the right partial vertebrobasilar duplica-
tion, where the left PPHA-BA junction was located. In the duplica-
tion, a persistent segment of the right-side PLBA connected the
hypoplastic right VA and right AICA. The left VA was aplastic, and
the ASA originated from the posterior aspect of the proximal end of
the duplication. In order to avoid serious neurological complications,
precise analysis of the complex vascular anatomy, including the
ASA and hemodynamics, is essential in endovascular therapy for
patients with various posterior circulation. Ruptured aneurysms as-
sociated with a partial vertebrobasilar duplication or a PPHA have
been reported; however, case reports focusing on the origin of the
ASA and endovascular treatment of ruptured aneurysms in associ-
ation with both vascular variations are extremely limited.

Lessons

The primitive trigeminal artery (PTA), primitive otic or acoustic ar-
tery (POA), primitive hypoglossal artery (PHA), and proatlantal inter-
segmental artery (ProA) are persistent fetal anastomoses existing
between the carotid and vertebrobasilar arteries.*® These emerge
at the 4- to 5-mm embryonic stage and regress roughly at the rate
at which the PCoAs and VAs develop. The rarest, and the first to
disappear, is the POA, followed by the PHA, PTA, and ProA.® Oc-
casionally, the persistence of these vessels is noted after birth and
into adult life. A PPHA is one of these rare embryological remnants,
and hypoplasia or aplastic VAs are common in patients with a
PPHA." Proposed criteria for the anatomical and angiographic defi-
nitions of a PPHA are as follows: 1) the artery arises from the ICA
at the C1-3 level, 2) the PPHA enters the skull via the hypoglossal
canal, 3) the BA is filled only beyond the point of entry of the
PPHA, and 4) there is no PCoA.* Our patient satisfied all four crite-
ria. Despite a low angiographic incidence (0.05%),% cases of more
than 160 patients with a PPHA have been reported.® Our patient
developed a ruptured aneurysm from the anterior wall of the left
prominent PPHA-BA junction. The left VA was aplastic, and the
ASA originated from the posterior aspect of the junction.

The common trunk of the left AICA-PICA of the patient in this re-
port originated from the BA at the level of the distal end of the par-
tial vertebrobasilar duplication. In addition, the left TCA branched
off from the distal portion of the BA and perfused the part of the
cerebellum that is normally supplied by the AICA. The course of the
TCA was confirmed by source images of 3D-CTA in contact with
the root of the left trigeminal nerve. The TCA has rarely been de-
scribed in reports, and it has not been well recognized as a cere-
bellar artery.”® The TCA may be regarded as an AICA with a high
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FIG. 2. A: Lateral view of the left carotid artery angiogram (DSA) demonstrating the PPHA originating from the
left ICA at the C2 vertebral level (arrows). The PCoA is not visible. A small aneurysm arises from the anterior
wall of the junction of the left PPHA and the BA (arrowhead). B: Lateral view of the selective PPHA (arrows)
angiogram (DSA) showing the aneurysm (arrowhead) at the junction. Dimensions of the aneurysm are 2.8 mm
x 2.7 mm x 2.4 mm. C: Anteroposterior view of the selective PPHA angiogram (DSA) demonstrating the an-
eurysm (/arge arrowhead) at the junction of the left PPHA (large arrows) and the BA, which is the proximal end
of a partial vertebrobasilar duplication, and the left TCA originating from the distal BA (double arrowheads). The
ASA originates from the junction of the left PPHA and BA (small arrows). D: Anterior view of the selective
PPHA angiogram (3D-rotation angiogram). The aneurysm (arrowhead) is located in the anterior wall of the prox-
imal end of the partial vertebrobasilar anastomosis composed of the right (R)-VA, the R-AICA, and a partially
persistent segment of the R-PLBA between them, as the right partial vertebrobasilar duplication. The proximal
end of the duplication is the junction of the left (L)-PPHA and the BA. The common trunk of the left (L)-AICA-
PICA originates from the BA at the level of the distal end of the duplication. The L-TCA originates from the distal
segment of the BA. E: Magnified posterior view of the selective PPHA angiogram (3D-rotation angiogram)
showing the ASA (black arrows) originating from the posterior aspect of the proximal end of the duplication,

which is the junction of the left PPHA and the BA.

origin. If only the rostral segment of the PTA regresses, the distal seg-
ment persists and develops as the TCA, representing a caudal remnant
of the PTA."® Coexistence of different persistent primitive arteries on the
same side is extremely rare®'® and association of the TCA with a
PPHA or other persistent primitive arteries has not been reported.

The incidence of cerebral aneurysms associated with a persistent
PTA is approximately 4%, similar to that of the general population;"”
however, the incidence that is associated with a PPHA is much higher
(26.9%-27.6%)."% Of these aneurysms, 31.4% are located at the
PPHA-BA junction and 53% are found in the posterior circulation.*
Hemodynamic stress and/or inherent fragility of the vascular wall may
play a role in ruptured aneurysms associated with persistent carotid-
basilar connections, including a PPHA."™* In an autopsy case of SAH
associated with multiple cerebral aneurysms in the anterior circulation
and coexisting with the left PPHA, aplastic left VA, and hypoplastic
right VA, a microscopic examination revealed atherosclerotic changes
in the PPHA and true aneurysmal changes in multiple aneurysms,
with defects in the tunica media at all arterial bifurcations, without
early aneurysmal changes.'?

Gregg suggested that some variations in the vertebrobasilar cir-
culation might be associated with a partially persistent PLBA.® The
PLBA can participate in the formation of a partially duplicated verte-
brobasilar junction, a variant that needs to be distinguished from a
basilar fenestration.® The latter results either from the nonfusion of
the ascending rami of the dorsal branch of the ProA (proximal fen-
estration) or from the partial or complete nonfusion of the paired
longitudinal neural arteries (distal fenestration) in the 7- to 12-mm-
long embryo when the embryonal carotid-basilar connections begin
to regress and disappear.>* Conversely, in a vertebrobasilar dupli-
cation, the lateral limb is made of a persistent segment of the
PLBA, whereas the medial limb corresponds to the normal vertebro-
basilar junction.® In our patient, the normal vertebrobasilar junction
was replaced by the prominent PPHA-BA junction.

BA fenestrations are most frequently located in the proximal BA
trunk, close to the junction of the VAs (73%), and 35.5% have been
associated with vertebrobasilar junction aneurysms. Histopathological
examinations of intracranial fenestrations have demonstrated struc-
tural defects in the media of the medial walls at the two ends of the
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FIG. 3. Anteroposterior view of the selective PPHA artery angiogram
(DSA) after coil embolization showing a coil successfully introduced into
the aneurysm and obstruction of the common trunk of the L-AICA-PICA
(clouble arrows).

fenestration. These muscular gaps and increased hemodynamic
stresses have been suggested as factors involved in the high inci-
dence of aneurysms at the proximal end.? In this patient, partial ver-
tebrobasilar duplication was formed between the distal right VA and
proximal BA. The ruptured aneurysm developed from the anterior
wall of the proximal end of the duplication. A similar cerebral aneur-
ysm arising from the proximal end of a partial vertebrobasilar duplica-
tion without a PPHA has been documented in the literature.® In our
patient, the considerably complex hemodynamics associated with par-
tial vertebrobasilar duplication and the prominent PPHA seemed to
contribute to the development and rupture of the aneurysm at the
proximal end of the duplication, where the left PPHA-BA junction is,
and to the occurrence of asymptomatic ischemic complications in the
posterior circulation, including the left AICA-PICA distribution.

Recently, endovascular therapies have reportedly been per-
formed for cerebral aneurysms associated with the PPHA and BA
fenestration* and for those associated with the fenestration or dupli-
cation of the VA."™ In cases of prominent PPHA with bilateral hypo-
plastic and/or aplastic VAs, as described here, control of the high
blood flow through the PPHA is imperative for successful endovas-
cular therapy. In the patient described in this report, the insertion of
a microcatheter into the cerebral aneurysm was difficult without the
balloon-assisted technique because of high blood flow. Although the
technique had a risk for ischemic complication in the posterior circu-
lation by obstructing the high blood flow to the BA through the
PPHA, coil embolization was successfully achieved in a short time
without serious complications using this technique.

In most cases, the ASA is formed by the fusion of the left and right
trunks originating from the VAs.''® The arteries in the posterior
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FIG. 4. Fluid-attenuated inversion recovery images of the brain at dis-
charge showing small infarcts in the left cerebellar hemisphere in the
L-AICA-PICA distribution and the left occipital lobe.

circulation show greater anatomical variations than cerebral arteries
in other locations. The ASA is no exception, and it originates as a sin-
gle trunk in some cases.™ " In the case of occlusion of the VA where
there is bilateral participation of the main ASA trunk, the medulla ob-
longata might still receive adequate blood supply from the opposite
ramus via collateral branches. Unfortunately, with endovascular ther-
apy, devastating complications can occur. These are often related to
direct obliteration of the ASA at its origin or to secondary thrombus
extension involving the ASA origin," in particular with a single trunk,
as in the case described in this report. If the aneurysm were larger
and its neck wide, a flow division technique would be used as an al-
ternative endovascular treatment even though it has inherent risks,
such as occlusion of the single trunk of the ASA as a side branch of
the prominent PPHA.® The origin of the ASA has not been investi-
gated in patients with a PPHA. The left VA was aplastic and the right
VA was hypoplastic in our patient. The PPHA-BA junction was the
proximal end of the partial vertebrobasilar duplication where the right
VA was connected to the junction from which the ASA originated.
Therefore, the ASA could receive blood flow through the right VA dur-
ing the balloon-assisted procedure.

In particular, endovascular iatrogenic occlusion of the origin of the
ASA, or its ramus, is commonly employed as therapy for aneurysms of
the vertebrobasilar system. Knowledge of anatomical variations, including
the origin and course of the ASA, as presented here, has critical clinical
importance for surgery and endovascular procedures involving this area.
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