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BACKGROUND Unlike in aneurysms of the adult-type posterior cerebral artery (PCA), in aneurysms of the fetal-type PCA, parent artery occlusion
(PAO) results in vascular insufficiency and major ischemic strokes. Preservation or reconstruction of fetal-type PCAs is necessary to prevent these
complications. Furthermore, it is necessary to select an appropriate bypass method and approach for revascularization of the PCA.

OBSERVATIONS The authors report 2 cases of aneurysms of fetal-type PCAs that were successfully treated with PAO with revascularization. A 38-
year-old man with a large unruptured right PCA aneurysm at the postcommunicating (P2) segment underwent trapping with superficial temporal
artery-PCA bypass via the anterior temporal and subtemporal approaches. In addition, a 45-year-old woman with a left PCA aneurysm at the
quadrigeminal (P3)—cortical (P4) segments resulting in subarachnoid hemorrhage underwent proximal clipping of the P3 segment via the occipital
interhemispheric approach with an occipital artery—PCA bypass. Although she had perforator infarction, major ischemic stroke was prevented, and

aneurysm occlusion was accomplished in both cases.

LESSONS Aneurysms of fetal-type PCAs pose a risk of ischemia due to PAO. The combined use of bypass and revascularization should be considered
to prevent major ischemic stroke after occlusion of the fetal-type PCA. However, perforator infarction is a concern.

https://thejns.org/doi/abs/10.3171/CASE21240
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Posterior cerebral artery (PCA) aneurysms are infrequent lesions,
accounting for approximately 0.7%-2.3% of all intracranial aneurysms.
The treatment of PCA aneurysms is occasionally complicated because
of the high frequency of fusiform aneurysms and proximity to important
neuroanatomical structures.’ Trapping is widely considered a safe and
effective strategy for fusiform and large to giant aneurysms of the adult-
type PCA. However, clinical experience suggests that trapping of aneur-
ysms of the feta-type PCA leads to poor clinical outcomes owing to
insufficient collateral circulation.® Therefore, reconstruction of the parent
artery is particularly important while repairing aneurysms of the fetal-type
PCA*®  The approach to PCA aneurysms varies greatly depend-
ing on the site. Furthermore, bypass revascularization of the PCA is

rarely performed, and there are few reports on its indications and
therapeutic effects."° The pterionallanterior temporal approach
(ATA) and subtemporal approach are selected for aneurysms in the
precommunicating (P1)-postcommunicating (P2) and P2-quadrige-
minal (P3) segments, and the posterior interhemispheric approach
is selected for aneurysms in the P3-cortical (P4) segments.>'® A
combination of approaches provides sufficient space for revasculari-
zation procedures or clipping.®"!

We report 2 cases of aneurysms of the fetal-type PCA treated
with bypass surgery. In addition, we reviewed the treatment strate-
gies for microsurgical approaches, including revascularization of
aneurysms of fetal-type PCAs.

ABBREVIATIONS 3D-CTA = three-dimensional computed tomography angiography; ATA = anterior temporal approach; DSA = digital subtraction angiography;
ICG = indocyanine green; MRI = magnetic resonance imaging; OA = occipital artery; P1 segment = precommunicating segment; P2 segment = postcommunicating
segment; P3 segment = quadrigeminal segment; P4 segment = cortical segment; PAO = parent artery occlusion; PCA = posterior cerebral artery; SCA = superior

cerebellar artery; STA = superficial temporal artery.
INCLUDE WHEN CITING Published June 21, 2021; DOI: 10.3171/CASE21240.
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FIG. 1. Case 1. A: Preoperative 3D-CTA showing a large fusiform aneurysm in the right PCA (P1-P2 segments). B: T2-weighted MRI
showing the aneurysm near the peduncle of the midbrain. C: PCA (arrow) proximal to the aneurysm (asterisk) identified via the ATA.

D: The PCA (arrow) distal to the aneurysm (asterisk) identified via the subtemporal approach. E: Clipping of the PCA distal (white arrow) to
the aneurysm (asterisk) after STA-PCA bypass (black arrows). F: Postoperative 3D-CTA shows disappearance of the aneurysm and good
bypass patency.

lllustrative Cases

Two patients with aneurysms of fetal-type PCAs were treated with
bypass surgery. The patient in case 1 underwent trapping with superfi-
cial temporal artery (STA)-PCA bypass for a large P2 aneurysm. The
patient in case 2 underwent proximal occlusion with occipital artery
(OA)-PCA bypass for a P3-P4 aneurysm. In these cases, preopera-
tive balloon test occlusion was not performed because both false-
positive and false-negative test results have been reported previ-
ously.™™ Informed consent was obtained from both patients.

Case 1
Clinical Examination

A 38-year-old man was incidentally diagnosed with a large unrup-
tured right P2 aneurysm. Three-dimensional computed tomography
angiography (3D-CTA) revealed an aneurysm that was approximately
1 cm superior to the posterior clinoid process and a fetal-type PCA
(Fig. 1A and B). The aneurysm was fusiform, and we scheduled trap-
ping of the aneurysm with a right STA-PCA (P2) bypass.

Operation

Both ends of the aneurysm and the anastomotic site could not be
adequately exposed using a single surgical approach. Therefore, two
approaches (the ATA and subtemporal approach) were used. First, the
frontal and parietal branches of the STA were prepared. Next, fronto-
temporal craniotomy was performed, the sylvian fissure was dissected,
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and the right P1-P2 junction of the PCA and proximal side of the
aneurysm were identified using the ATA (Fig. 1C). The distal side of
the aneurysm could be exposed, but there was insufficient space for
bypass. Therefore, STA-PCA (P2) bypass and distal ligation were per-
formed via the subtemporal approach (Fig. 1D and E). After STA-PCA
(P2) bypass, patency was confirmed using indocyanine green (ICG)
imaging, and proximal ligation was performed via the ATA. Sensory
evoked potentials, motor evoked potentials, and visual evoked poten-
tials were stable during surgery.

Postoperative Course

Postoperative 3D-CTA showed good patency of the bypass and no
residual aneurysm (Fig. 1F). Magnetic resonance imaging (MRI) revealed
no cerebral infarctions. The patient was discharged to home without any
neurological deficits.

Case 2
Clinical Examination

A 45-year-old woman was diagnosed with a left P3-P4 aneurysm
leading to subarachnoid hemorrhage, which was suspected to have
occurred approximately 1 month earlier (Fig. 2A). Digital subtraction
angiography (DSA) revealed a partially thrombosed aneurysm and
fetal-type PCA. DSA further revealed that the parietooccipital and cal-
carine arteries originated from the aneurysm dome (Fig. 2B). We
scheduled trapping of the aneurysm with a left OA-PCA (P4) bypass.



FIG. 2. Preoperative and intraoperative findings of case 2. A: Computed tomography showing a thrombosed aneurysm and unclear sub-
arachnoid hemorrhage on the left side. B: Left internal carotid angiogram showing a large thrombosed aneurysm in the P3-P4 segments of
the PCA. C: The P3 segment of the PCA (asterisk) proximal to the aneurysm identified via the occipital interhemispheric approach. D: The
branches of the OA (black and white arrows) anastomosed to the calcarine artery (white asterisk) and the parietooccipital artery (black
asterisk). E: ICG angiography showing good patency of bypass (white and black arrows). The white asterisk shows the calcarine artery,
and the black asterisk shows the parietooccipital artery. F: Clip (arrow) applied to the proximal side of the aneurysm (asterisk).

Operation

The aneurysm and site of anastomosis were exposed using an
occipital interhemispheric approach. First, the main trunk and branches
of the OA were prepared. Next, a left occipital craniotomy was per-
formed, the occipital interhemispheric fissure was dissected, and the
PCA proximal to the aneurysm was exposed (Fig. 2C). The sites of
anastomoses of the parietooccipital and calcarine arteries were identi-
fied, and the main trunk of the OA was anastomosed to the calcarine
artery. After OA-PCA (calcarine artery) bypass, patency was confirmed
using ICG imaging. Thereafter, another branch of the OA was anasto-
mosed to the parietooccipital artery, and patency was again confirmed

using ICG (Fig. 2D and E). Since the dome of the aneurysm was not
filed during ICG imaging, only the easily exposed calcarine artery was
ligated just distal to the aneurysm (Fig. 2F). Sensory evoked potentials,
motor evoked potentials, and visual evoked potentials were stable dur-

ing surgery.

Postoperative Course

Postoperative DSA showed good patency of the bypass and no
residual aneurysm. MRI showed a small perforator infarction in the
left thalamus (Fig. 3) but no deterioration in the postoperative modi-
fied Rankin Scale scores.

FIG. 3. Postoperative examination of case 2. A: Postoperative left internal carotid angiogram showing
absence of aneurysm at the clipped portion (arrow). High signal intensity in the occipital lobe is caused by
retraction. B: Postoperative left external carotid angiogram showing the PCA (white arrows) visualized from
the bypass to the posterior side of the clipped portion (black arrow). C: Postoperative diffusion-weighted
imaging showing perforator infarction involving the left thalamus (arrow). High signal intensity in the occipital

lobe is caused by retraction.
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Discussion PCA is associated with a risk of infarction. Eighteen patients who under-

Review of Treatment for Fetal-Type PCA Aneurysm went treatment for aneurysms of fetal-type PCAs have been reported
Parent artery occlusion (PAQ) is an effective treatment for fusiform previously. Of these 18 patients, cerebral infarction occurred in 11
aneurysms in the PCA. However, PAO for aneurysms of the fetal-type of the 15 patients who had undergone PAO without revasculari-

TABLE 1. Review of fetal-type PCA aneurysms treated with PAO

Authors Age (yrs), Size (mm), Symptom GOS
& Yr Sex Presentation Location Shape Treatment Infarction Due to Infarction  Score
Lazinski et al., 48, M SAH, blurred P2-P3 20, dissecting PAO (EVT) Occipital Hemianopia* N/A
2000™ vision lobe*
Kocaeli et al., 21, M Headache P2 22, fusiform PAO (EVT), None None 4t
2009"® OA-PCA
Chang et al, 25, F Numbness, P2-P3 Giant, fusiform PAO (EVT), Occipital lobe, EDH; sinus 1
2010 ataxia OA-PCA cerebellum thrombosis
Liu et al,, 46, F Headaches P2-P3 Medium, PAO (EVT) None None 5
2011 dissecting
56, M SAH, P1-P2 Medium, PAO (EVT) None None 5
hemiparesis dissecting
Taqi et al., 25, M SAH, P3 11, fusiform PAO (EVT) None None 5
2011 hemiparesis
Lv et al,, 43, F Headache, P2 14 x 15, N/A PAO (EVT) None Hemianopiat N/A
2012° blurred vision
46, F Motor P2 8 x 7, N/A PAO (EVT) Occipital Hemianopiat N/A
weakness lobet
53, M Headache P2 12 x 13, PAO (EVT) PCA territory Hemianopia N/A
fusiform
Xu et al., 57, M SAH, IVH P2 Medium, PAO (EVT) Thalamus, Paralysis, 3
20152 saccular occipital lobe hemianopia
64, F SAH P2 Medium, PAO (EVT) Thalamus, Paralysis, 4
saccular occipital lobe hemianopia
77, F SAH P2 Medium, PAO (EVT) Thalamus, Paralysis, 3
saccular occipital lobe hemianopia
49, F SAH P2 Medium, PAO (EVT) Thalamus, Paralysis, 3
fusiform occipital lobe hemianopia
Matsumura 53, F Paralysis P1-P2 245 x 20, PAO (EVT) Thalamus, Paresthesia, 5
et al., saccular PCA territory hemianopia
2016° 58, F SAH P2 6.1 x 5.3, PAO (EVT) Thalamus, Paralysis, 3
saccular PCA territory hemianopia
Goehre et al., N/A SAH, IVH P3 Medium, PAO (EVT) PCA territory None 5
2016" saccular
Qin et al., 38, M SAH P2 Medium, PAO (EVT) None None 5
2017"7 fusiform
Isozaki et al., 49, M Diplopia P2 6, fusiform PAO (EVT), None None 5
2016 OA-PCA
bypass
Present study 38, M Asymptomatic P2 Large, PAO, STA-PCA None None 5
fusiform bypass
45 F SAH P3-P4 Large, PAO, OA-PCA Thalamus Paresthesia 4
fusiform bypass

EDH = epidural hematoma; EVT = endovascular treatment; IVH = intraventricular hemorrhage; GOS = Glasgow Outcome Scale; N/A = not available; SAH = subarach-
noid hemorrhage.

* Developed after PAO and persisted at 7 months.

T Baseline.

t Insufficient leptomeningeal collateral circulation.
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zation,"*5""7 and symptoms were reported in 6 of the 11 cases

(Table 1). The remaining 3 patients underwent internal trapping with
OA-PCA bypass, which prevented cerebral infarction in 2 cases.’ 81
Although in some patients with fetal-type PCA, PAO did not cause cere-
bral infarction,"™" it is difficult to predict these ischemic complica-
tions,">®%° and recurrence or rupture of the aneurysm is more
common without PAQ.>"67

Observations

Anatomical differences in the PCA have been shown to influence
the cerebral collateral circulation.'®?"?2 The proportion of fetal variants
has been estimated to be 11%—46% on the basis of previous anatomi-
cal and angiographic studies.'®?' The malformation or absence of the
P1 segment in fetal-type PCAs reduces collateral circulation, resulting
in altered blood supply to the rostral territory of the thalamus.>? Anas-
tomotic collateral channels are not easily recognizable on routine sub-
traction angiography and cannot be adequately evaluated prior to a
planned artery occlusion.? Therefore, it is difficult to determine whether
PAO would be tolerated, especially in the case of an aneurysm of a
fetal-type PCA.

The surgical approach for PCA aneurysms was selected on the
basis of the morphology and location of the aneurysm (Fig. 4). From
the point of view of bypass surgery, the ATA could obtain a working
depth similar to that of the subtemporal approach. However, identify-
ing the distal end of the aneurysm and obtaining sufficient space for
bypass would have been difficult in case 1.2%* The subtemporal
approach can provide enough space for revascularization procedures.
However, the high position of the PCA and the presence of the tem-
porobasal bridging vein complicate this approach to the PCA by
necessitating retraction of the temporal lobe with the possibility of
causing contusion and neurological deficits.2° The posterior interhe-
mispheric approach is appropriate for the distal segment of the
PCA.% This approach provides a relatively wide working space, and
bypass surgery is easily performed. Furthermore, it avoids injury to
the temporobasal bridging veins encountered during conventional

STA-superior cerebellar artery (SCA)/STA-PCA bypass through the
subtemporal approach.2” However, this approach does not permit
control of the proximal PCA.

Bypass surgery can prevent hemodynamic ischemia after sacrific-
ing the fetal-type PCA.22*® However, infarction of the perforating
artery territory caused by the blind end of the fetal-type PCA is an
unsolved problem.®° Furthermore, high incidences of surgical compli-
cations of STA-SCA and STA-PCA bypass surgeries have been
reported, with the most frequent complications being hematoma and/
or edema caused by temporal lobe retraction.'®%° Recently, combined
surgical bypass and endovascular PAO procedures have been
reported, which could prevent deep operative fields. However, antith-
rombotic therapy induces hemorrhagic complications.’'%3" Of note,
suitable approaches and techniques can prevent serious operative com-
plications. For aneurysms of fetal-type PCAs, bypass surgery should be
considered to prevent ischemic complications, regardless of the results
of balloon test occlusion.™

Treatment modalities that preserve the parent artery of fusiform
aneurysms include stent-assisted coiling and flow diverters. Stent-
assisted coiling for the treatment of complex PCA aneurysms is safe
and durable, with a relatively low rate of complications and a relatively
high rate of complete occlusion at the long-term follow-up.®*** However,
cases of recurrence and postoperative rebleeding have been reported.>"”
Flow diverters have a high complete aneurysm occlusion rate. Both of the
cases presented could have been freated with flow diverters. However,
they are associated with higher complication rates, especially in PCA
aneurysms. PCA aneurysms are frequently fusiform, large, and long.
These induce clot formation and require the placement of multiple long
flow diverters. More metal within the parent artery may result in an
increased risk of thromboembolic events for the parent artery and the per-
forators.>** Furthermore, in the acute phase of ruptured aneurysms, a
hypercoagulable status could be a risk factor for stent thrombosis. In addi-
tion, high-intensity antiplatelet therapy can increase the risk of hemorrhagic
complications.®**" Fusiform and ruptured cases are at risk for requiring
flow diverter placement. Our first case was fusiform and our second case

I @ Pterional/ Anterior temporal approach

I (2 Subtemporal approach

I ® Posterior interhemispheric approach

®

D@2 w=» STA-PCA

= OA-PCA

FIG. 4. Approach to each segment of the PCA and bypass options for each approach. P2A = anterior post-
communicating segment; P2B = posterior postcommunicating segment.
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was ruptured, both of which indicated the need for bypass and revasculari-
zation. This method is also a useful alternative for patients who may not
be eligible for endovascular treatment, such as those who are unable to
take antiplatelet drugs.

Lessons

There is a higher risk of ischemia after PAO in aneurysms of

fetal-type PCAs than in aneurysms of adult-type PCAs. Therefore,
concurrent bypass should be considered; however, the approach
differs greatly depending on the site of the aneurysm. Ischemia can
be prevented by choosing the appropriate approach and bypass,
but the problem of perforator infarction remains unsolved.
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