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BACKGROUND Cerebral aneurysms of perforating arteries are rare and can be difficult to detect on computed tomography angiography (CTA) and
digital subtraction angiography. Treatment is challenging and associated with a significant risk of morbidity. Endovascular treatment of a
thalamoperforating artery (TPA) aneurysm within the midbrain has not previously been reported.

OBSERVATIONS A 13-year-old girl with no previous medical history presented with unconsciousness and anisocoria. Head computed tomography
showed a right midbrain hemorrhage. CTA showed a midbrain arteriovenous malformation fed by a TPA aneurysm arising from the P1 segment of the
right posterior cerebral artery. The feeder had a small distal aneurysm, which increased in size over time. Endovascular embolization was then
performed.

LESSONS Cerebral aneurysms of perforating arteries are rare and can be difficult to treat. This is the first report of the endovascular treatment of a
TPA aneurysm within the midbrain. Understanding the individual patient’s brainstem perforator anatomy and the associated blood flow is essential
before occluding a TPA aneurysm to avoid causing ischemia or infarction. Arteriovenous malformation embolization within the brainstem should be
avoided because of interperforator anastomoses.

https://thejns.org/doi/abs/10.3171/CASE23294
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Cerebral aneurysms of perforating arteries are rare and can be
difficult to detect on computed tomography angiography (CTA) and
digital subtraction angiography. Treatment is challenging and asso-
ciated with a significant risk of morbidity.1 We report a patient with
a brainstem arteriovenous malformation (AVM) associated with a
ruptured thalamoperforating artery (TPA) aneurysm, which in-
creased in size over time and was treated with endovascular feeder
embolization using a coil and glue.

Illustrative Case
A 13-year-old girl with no previous medical history presented to

our hospital with unconsciousness and anisocoria. Head computed

tomography showed a right midbrain hemorrhage with extension
into the ventricles and obstructive hydrocephalus (Fig. 1A). CTA
revealed a midbrain AVM fed by a TPA aneurysm arising from the
P1 segment of the right posterior cerebral artery (PCA; Fig. 1B).
The distal portion of the TPA feeder was mildly dilated. This small
aneurysm was considered the source of the hemorrhage (Fig.
1C–F). The AVM nidus was small and located within the right mid-
brain near the red nucleus. Venous drainage was into both basal
veins (Spetzler-Martin grade III). The patient was treated with
rapid placement of an external ventricular drain into the right lat-
eral ventricle and aggressive control of hypertension. Although no
rehemorrhage occurred, the distal feeder aneurysm increased in

ABBREVIATIONS AVM 5 arteriovenous malformation; BA 5 basilar artery; CTA 5 computed tomography angiography; PCA 5 posterior cerebral artery;
PComA 5 posterior communicating artery; TPA 5 thalamoperforating artery.
INCLUDE WHEN CITING Published October 9, 2023; DOI: 10.3171/CASE23294.
SUBMITTED June 6, 2023. ACCEPTED August 11, 2023.
© 2023 The authors, CC BY-NC-ND 4.0 (http://creativecommons.org/licenses/by-nc-nd/4.0/)

J Neurosurg Case Lessons | Vol 6 | Issue 15 | October 9, 2023 | 1

J Neurosurg Case Lessons 6(15):CASE23294, 2023
DOI: 10.3171/CASE23294

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.3171/CASE23294


size over time (6 mm on day 29). Endovascular embolization was
performed on day 34.

After the induction of general anesthesia, a 6-Fr Roadmaster
(Goodman) was placed in the left vertebral artery. A Guidepost 130
distal access catheter (Tokai Medical Products) was placed in the
basilar artery (BA) through a Marathon microcatheter (Medtronic)
and a Chikai 10 microguidewire (Asahi Intecc). We tried to navigate
the microcatheter into the TPA, but a severe bend in the TPA just
distal to its origin precluded the BA approach. Then, a 6-Fr Launcher
(Medtronic) was placed in the petrous portion of the right internal ca-
rotid artery. A Guidepost was placed just proximal to the bifurcation
of the right posterior communicating artery (PComA). A Marathon mi-
crocatheter with a Chikai 10 microguidewire was navigated into the
TPA just proximal to the aneurysm through the PComA (Fig. 2A–D).

To prevent distal migration of the glue cast, the aneurysm was
first coiled with a Barricade complex 3.0 mm � 4.0 cm coil (Block-
ade Medical; Fig. 2E). The second coil could not be inserted into
the aneurysm. Then, 33% diluted n-butyl 2-cyanoacrylate 0.07 ml
was applied proximal to the aneurysm (Fig. 2F). Left vertebral
angiography after the procedure revealed the feeder occlusion
(Fig. 2G).

Diffusion-weighted magnetic resonance imaging after the proce-
dure showed no evidence of cerebral infarction (Fig. 2H). Stereotac-
tic AVM radiosurgery was performed later. At the 6-month follow-up,
the patient had recovered completely except for a mild right oculo-
motor palsy and mild hemiparesis.

Patient Informed Consent
The necessary patient informed consent was obtained in this

study.

Discussion
Observations

Perforating artery aneurysms may arise from branches of
the BA around the midbrain and anterior to the pons.1–4 They
are occasionally observed in patients with moyamoya disease,
who develop collateral circulation via perforating branches;
however, aneurysms within the brainstem have not previously
been reported.3 To the best of our knowledge, this is the first
report of the endovascular treatment of a TPA aneurysm within
the midbrain.

Several previous case reports and series have discussed the
treatment of perforating artery aneurysms.1–8 Many patients were
treated conservatively, and, in most cases, the aneurysms resolved
at between 6 weeks and 16 months of follow-up. Because the natu-
ral history of perforating artery aneurysms remains unclear, conser-
vative treatment may be a feasible option. However, rebleeding can
occur during the acute or subacute phase, which may result in per-
manent neurological deficit.4 During the acute phase, our patient re-
ceived conservative treatment because of the potential spontaneous
resolution of the aneurysm and the risk of perforator infarction asso-
ciated with endovascular intervention. Nevertheless, the aneurysm
exhibited progressive enlargement over time. Given that the risk of

FIG. 1. A: Noncontrast head computed tomography (CT) shows midbrain hemorrhage with intraventricular extension.
B: Contrast-enhanced head CT shows a suspected AVM nidus (white arrow). C and D: Angiographic studies on
day 1 showed an AVM (black arrow) fed by a right TPA (white arrowheads) with a small distal aneurysm (white arrows).
E and F: Studies on day 29 showed the AVM (black arrow), feeder (white arrowheads), and increased aneurysm size
(white arrows).
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rupture appeared to surpass the risk of treatment, we decided to
perform endovascular therapy during the subacute phase.

Perforating artery aneurysms may not be detected on initial angi-
ography. In almost half of cases, two or more angiographic studies
are needed to detect the aneurysm.1,2,4,6–8 When a perforating ar-
tery aneurysm is suspected and no aneurysm is detected, repeat
angiography should be considered to prevent delayed diagnosis
and treatment.

Treatment of TPA aneurysms is challenging because a perfora-
tor infarction can be fatal or neurologically devastating. TPA aneur-
ysms most frequently arise from the P1 segment of the PCA, which
is the segment located between the basilar bifurcation and the ori-
gin of the PComA.9 The TPAs enter the posterior perforated sub-
stance between the cerebral peduncles and the mamillary bodies
and supply the midbrain and diencephalon. The midbrain perfora-
tors have an average diameter of 255 mm and supply the central
and paramedian midbrain.9,10 They are very thin, located deep
within the brain, and supply vital structures; therefore, aneurysms
associated with them are extremely difficult to treat.

We considered several technical aspects when treating our pa-
tient. The first was whether occluding the parent TPA would result
in infarction. Variations in the TPAs have been classified in several
studies.9,11–13 Lang and Brunner11 described four types: type 1,
multiple branches arising from each side; type 2, a single branch or
couple of branches on one side and multiple branches on the other;
type 3, a thick branch on each side; and type 4, one large stem on
one side supplying both sides. The artery of Percheron is known as

a single TPA trunk that supplies both sides of the paramedian thala-
mus and rostral midbrain.14 Type 4 or Percheron-type TPAs should
not be occluded, because bilateral infarction may result. In our pa-
tient, TPAs arose from both P1 segments, which suggested that the
risk of bilateral infarction was relatively low.

Lee et al.15 reported an anterior TPA aneurysm related to bilat-
eral internal carotid artery occlusion, which was treated with endo-
vascular glue embolization of the parent artery. The procedure was
performed under local anesthesia to enable temporary occlusion
testing. During temporary occlusion of the anterior TPA, the patient
did not develop any neurological deterioration, and embolization us-
ing a detachable coil and 20% diluted glue was completed. We per-
formed our procedure with the patient under general anesthesia
owing to the patient’s young age, so temporary occlusion testing
was not performed. However, local anesthesia should be consid-
ered in most patients to enable temporary occlusion testing and
minimize the risk of infarction. Neurophysiological monitoring can
also be helpful to minimize the risk of infarction and should be con-
sidered in some cases. In our case, however, because the aneu-
rysm was located in the brainstem, neurophysiological monitoring
could not be performed.

The second aspect we considered was whether the glue material
would migrate into other perforators. Approximately 79% of TPAs anas-
tomose with other perforators arising from the BA, superior cerebellar
artery, and PComA.16,17 Therefore, the risk of distal glue migration into
other perforators and consequent brainstem infarction was present. To
prevent this, we coiled the aneurysm before glue embolization.

FIG. 2. A: Anteroposterior left vertebral angiography (VAG) during endovascular treatment shows the right TPA feeder (white arrowhead). B: Coronal CTA
shows the severe medial bend in the feeding artery (white arrow) that precluded navigation of the microcatheter via the BA. C: Lateral view of VAG with
carotid compression shows the right PComA. D: Lateral view of VAG shows the microcatheter just proximal to the aneurysm. E and F: Right oblique views
of VAG show aneurysm coiling (white asterisk) and glue application (black asterisk). G: Right oblique view of left VAG after embolization shows disappear-
ance of the aneurysm and persistence of the nidus. H: Diffusion-weighted imaging after the procedure shows no cerebral infarction.
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Third, we were unable to navigate the microcatheter to the aneu-
rysm via the vertebral artery because of a severe medial bend at
the TPA origin. Few previous studies have commented on the angle
of the TPA at its origin. However, although the PCA runs around
the brainstem in an outward direction, the TPA often courses inward
to enter the posterior perforated substance.9,10,13,16 Consequently,
branching can exhibit a steep trajectory. Therefore, approaching the
TPA from the posterior circulation can be challenging. Although the
left PComA was not developed in our patient, catheter guidance via
the right PComA was possible. This route can serve as an alterna-
tive for catheter navigation into P1 perforators (Video 1).

VIDEO 1. Clip showing intraoperative digital subtraction
angiography. The microcatheter could not be navigated via the
BA because of the severe medial bend of the
thalamoperforating feeder artery at its origin. A microcatheter
was guided via the right PComA to reach the aneurysm. The
aneurysm was first coiled. Then, n-butyl 2-cyanoacrylate was
applied proximal to the aneurysm. Anteroposterior view of left
VAG after the procedure showed disappearance of the
aneurysm. Click here to view.

Lessons
Perforating artery aneurysms are rare and can be difficult to

treat. Those arising in the posterior circulation may require interven-
tion, although spontaneous remission is possible. To the best of our
knowledge, this is the first report of the endovascular treatment of a
TPA aneurysm within the midbrain. Understanding the individual pa-
tient’s brainstem perforator anatomy and the associated blood flow
is essential before occluding a TPA to avoid causing ischemia or an
infarction. AVM nidus embolization within the brainstem should be
avoided because of interperforator anastomoses.
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