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Abstract

The persistent primitive trigeminal artery (PPTA) is the most common carotid-basilar anastomosis, and the incidence of cerebral
aneurysms associated with the PPTA is approximately 4%. Since PPTA aneurysms often have a wide neck and other vascular
anomalies, endovascular treatment using an adjunctive technique is the current first-line therapy. Here, we report a case of PPTA
aneurysm treated by coil embolization with a stent-assisted technique. A detailed evaluation of the size and course of all vessels
and collateral flow, including the Allcock test and balloon test occlusion, is necessary when deciding on the treatment strategy.
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Introduction

The persistent primitive trigeminal artery (PPTA) is the most
common carotid-basilar anastomosis, and its prevalence has
been reported to be between 0.1 and 0.6% [4]. A recent study
reported that the incidence of cerebral aneurysms associated
with PPTA was approximately 4%, similar to that of patients
in the general population [3, 12]. Although endovascular treat-
ment is currently the first-line therapy for PPTA aneurysms,
these aneurysms usually have a wide neck and are often con-
comitant with other vascular anomalies [7, 14]. Therefore, a
detailed assessment of their anatomy is necessary, including a
preoperative Allcock test and balloon test occlusion (BTO).
Here, we report a case of PPTA aneurysm successfully treated
with stent-assisted coil embolization, and provide a literature
review of endovascular treatment for PPTA aneurysms.
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Case presentation

A 68-year-old woman with a 1-year history of left abducens
nerve palsy was admitted to our institute for treatment of a
large aneurysm in the left internal carotid artery (ICA)-PPTA
bifurcation (Fig. 1a, b). The aneurysm measured 12.7 mm x
8.6 mm, and the diameter of its neck was 6.8 mm. The PPTA
was classified as lateral type and Saltzman type 1. An Allcock
test in the preoperative angiography revealed that although the
basilar artery (BA) was hypoplastic, there was anterograde
flow in the BA (Fig. 1c). Because the aneurysm had a wide
neck and its neck completely rode on the PPTA, we decided
on coil embolization with a stent-assisted technique (SAT) and
double-catheter technique. One week before the procedure,
100 mg of aspirin and 75 mg of clopidogrel were administered
to the patient. Under general anesthesia, a 7-Fr Roadmaster
guiding catheter (Goodman, Aichi, Japan) was placed in the
right ICA. An Excelsior XT-27 microcatheter (Stryker
Neurovascular, Fremont, CA, USA) was advanced to the left
P1 segment, and a Headway- 17 microcatheter (MicroVention
TERUMO, Tustin, CA, USA) was placed in the aneurysm.
Then, a Neuroform 4.5 mm x 30 mm (Stryker Neurovascular,
Fremont, CA, USA) was deployed from the PPTA to the ICA
to preserve the PPTA (Fig. 1d). An Excelsior SL-10
microcatheter 45° (Stryker Neurovascular, Fremont, CA,
USA) was placed in the aneurysm through the stent struts.
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Fig. 1 Cerebral angiography and 3D digital subtraction angiography
(DSA) show an internal carotid artery (ICA)-persistent primitive
trigeminal artery (PPTA) bifurcation aneurysm with a broad neck,
completely riding on the PPTA (a, b). An Allcock test shows
anterograde flow through the hypoplastic basilar artery (BA) (c). After

Using the double-catheter technique, coil embolization was
performed mainly using HydroFrame and HydroSoft coils
(MicroVention Terumo, Tustin, CA, USA), and the treatment
resulted in almost complete obliteration (Fig. 1e, f). Although
the abducens nerve palsy was not improved, there was no
recurrence 1 year after the procedure.

Discussion

This is the first reported case of stent-assisted coil embo-
lization in which a stent was deployed in the PPTA to
preserve the parent artery. Unlike other bifurcation-type
aneurysms, PPTA aneurysms have several anatomical fea-
tures, and a detailed assessment is thus necessary before
treatment. The PPTA is divided into two groups, the me-
dial and lateral types. In the medial type, the PPTA runs
superior to the abducens nerve and pierces the dura to-
ward the BA. In the lateral type, the PPTA runs
inferolaterally to the abducens nerve and pierces the dura
just medial to the trigeminal nerve. A large aneurysm may
cause a mass effect in the cavernous sinus, such as
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a microcatheter is placed in the aneurysm, a 4.5 mm x 30 mm Neuroform
is deployed to cover the neck. Next, another microcatheter is placed in the
aneurysm though the stent struts (d). Using the double-catheter technique,
coil embolization is performed and results in almost complete obliteration

(e, )

oculomotor and abducens nerve palsy [8]. Moreover, in
the lateral type, the PPTA branches off a perforating ar-
tery to the pons, and it may therefore be possible for
occlusion of the PPTA to cause an ischemic lesion in
the brainstem [5, 10]. In our case, the PPTA was the lat-
eral type and the patient presented with abducens nerve
palsy. The abducens nerve palsy might have persisted af-
ter treatment because the aneurysm projection was
superolateral, and the mass effect with coils to the
abducens nerve persisted for a long time.

Saltzman’s classification should also be considered for
endovascular treatment. In Saltzman’s type 1, the proxi-
mal BA and the posterior communicating artery (PcomA)
may be hypoplastic. As the blood flow from the ICA to
the PPTA is the main supply for the brainstem and cer-
ebellar cortex, sacrificing the PPTA in endovascular
treatment is not recommended. In Saltzman’s type 2,
the posterior cerebral artery receives blood flow from
the PcomAs, and the BA receives anterograde flow
through the VAs [8]. Internal trapping that includes the
PPTA may be acceptable, although there remains a risk
of brainstem infarction. In our case, the PPTA was
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classified as Saltzman’s type 1, and the BA was hypo-
plastic, so preservation of the PPTA was taken into con-
sideration when choosing treatment.

Onizuka et al. reported that preoperative BTO is important
when choosing the optimal methods for coil embolization
[11]. The advantages of BTO are that it enables evaluation
of whether or not (1) the BA is supplied by the anterograde
flow through the VAs, (2) there is enough collateral flow via
the AcomA or the external carotid artery during ICA occlu-
sion, and (3) if neck plasty under the balloon remodeling tech-
nique (BRT) is available. As described above, if there is no
anterograde flow in the BA, PPTA occlusion can cause
brainstem infarction, resulting in severe neurological deterio-
ration. Instead of BTO, the Matas and Allcock tests are also
useful, as was true in our case.

Table 1 presents a summary of coil embolization for
PPTA aneurysms since 2000 combined with our cases
(the first case is shown as case 1, and the second case
is not shown here) [1, 2, 5-7, 9, 11, 13, 15, 16]. Of
these, seven (58%) cases required an adjunctive tech-
nique, such as BRT or SAT, because they include rela-
tively wide-necked aneurysms (median 4.5 mm). PPTA
occlusion was performed in three cases, all of which
were Saltzman’s type 2. Complete obliteration was
achieved in eight (67%) cases immediately after coil em-
bolization, and no periprocedural complications were ob-
served. Cranial nerve symptoms were improved in all
cases except ours.

We propose an endovascular treatment strategy for
PPTA aneurysm based on the results of the Allcock test
or BTO. In cases in which the posterior circulation mainly
depends on the blood flow through the PPTA and there is
no sufficient anterograde flow in the BA during ICA oc-
clusion, coil embolization with the BRT or SAT is recom-
mended to preserve the PPTA (Fig. 2a). In contrast, in
cases in which the Allcock test or BTO demonstrates that
there is sufficient anterograde flow in the BA through the
VA and in which preservation of the PPTA is also thought
to be difficult, internal trapping of the PPTA is a treatment
option (Fig. 2b). There remains the risk of brainstem in-
farction, however, due to the occlusion of branches for the
pons, especially in the lateral type. For treatment of wide-
necked aneurysm, we initially chose the BRT, especially
in ruptured cases because stent placement requires long-
term dual antiplatelet therapy, which increases the risk of
hemorrhagic complications. The SAT is favorable, how-
ever, in cases in which the aneurysmal neck completely
rides on the PPTA (as in our case) and in cases where
neck plasty with an occlusion balloon are thought to be
difficult. Flow diverter placement is a potential alternative
strategy. It can reduce the mass effect immediately, which
can decompress cranial nerves earlier in cases with cranial
nerve palsy.

PPTA aneurysms treated with coil embolization since 2000

Table 1

Results Complications Follow-up  Clinical

Treatment

Neck diameter

(mm)

Maximum size
(mm)

Evaluation of
collaterals

Saltzman’s

type

Location

Symptom

Age,
sex

Author, year

outcome

CO, OM

None

CO

SAT

4.5

Not described

ICA-PPTA 2

SAH

58, F

Mohammed,

2002
Li, 2004

Improved

Not

None

PPTA DF

Not described

Not described Not described

ICA-PPTA 2

Epistaxis

51, F

described
CO, 6M
Not

occlusion

SAT

IT

Improved

None

DF

32

Not described

BTO

ICA-PPTA 2
ICA-PPTA 2

Headache

28, F
17, F

Zhao, 2005

Improved

None

CO

Not described

Not described

CNG palsy

Onizuka, 2006

described
DF, 4W

Not

DF None

Simple
BRT

Not described

8
4

Not described
Not described

ICA-PPTA 2
BA-PPTA 1

SAH
SAH

64, F

Sherkat, 2009
Aguiar, 2011

None

CO

53,F

described

Not

None

CO

BRT

4.8

Allcock test

1

PPTA

AH

S

71, F

Kai, 2011

described

CO, 6M

trunk
PPTA

Improved

None

CO

Simple

Narrow

Allcock test

1

60,F  CCF, CNo6

Yoshida, 2011

Improved
Improved

CO, 6M
CO, 6M

None
None

CO

Simple
Dual SAT, IT CO

Not described

2.8

7
9

Not described
Not described

2
2

trunk

PPTA
trunk

palsy

N
44, M Headache

66, F

Ladner, 2013
Ajeet, 2016
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