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Abstract

Initial three-dimensional computed tomography and cerebral angiography fail to identify any aneu-
rysm in 20% of cases of subarachnoid hemorrhage. Basilar artery (BA) perforator aneurysms are rare,
and approximately 30%-60% were not identified by initial angiography. A 71-year-old male was trans-
ferred with a sudden onset of headache and loss of consciousness. Computed tomography demon-
strated subarachnoid hemorrhage, but no ruptured aneurysm was detected. Repeat preoperative cere-
bral angiography indicated a bifurcation aneurysm of the circumflex branch of the superior cerebellar
artery perforator, but microsurgical observation identified the BA perforator aneurysm. If the location
of the BA perforator aneurysm cannot be clearly identified, as in this case, repeat angiography should
be considered, and the treatment strategy should be decided based on a detailed consideration of the

site of the aneurysm.
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Introduction

Subarachnoid hemorrhage (SAH) of unknown etiology is
classified into perimesencephalic and non-perimesence-
phalic types based on the findings of computed tomogra-
phy (CT). As nonperimesencephalic SAH is often caused by
the rupture of a cerebral aneurysm and carries a poor
prognosis due to rebleeding, identifying the rupture point
is important. No aneurysm is detected in approximately
20% of SAH cases by the initial three-dimensional (3D) CT
angiography or cerebral angiography.” In particular, aneu-
rysms of the perforator of the basilar artery (BA) are diffi-
cult to diagnose because of their small size, and their
shape may undergo changes caused by thrombosis.” We
experienced a rare case of SAH in which repeat preopera-
tive angiography showed an aneurysm of the superior cere-
bellar artery (SCA) perforator, but the actual aneurysm lo-
cation was on the BA perforator in the intraoperative find-
ings.

Case Report

A 71-year-old male was transferred to our hospital after
experiencing a sudden onset of headache and loss of con-
sciousness. The patient’s consciousness level was Glasgow
Coma Scale (GCS) 12 (E3V4M5) and his blood pressure
was 210/120 mmHg on admission. Laboratory evaluations
did not show any abnormalities. He had a medical history
of hypertension and angina after percutaneous coronary
intervention. Head CT demonstrated SAH (Hunt and Kos-
nik Grade IV; World Federation of Neurosurgical Societies
Grade IV) extending from the premedullary cisterns supe-
riorly into the bilateral sylvian fissures and interhemi-
spheric fissure (Fisher Group 3) (Fig. la). However, 3D CT
angiography of the cerebral vessels demonstrated no clear
evidence of a ruptured cerebral aneurysm.

A digital subtraction angiography (DSA) performed on
the day after admission found no cerebral aneurysm (Fig. 1
b). Repeat conventional angiography showed no obvious
aneurysm on day 5, but multiplanar reconstruction (MPR)
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Fig. 1 a:Head CT scan demonstrated diffuse SAH in the perimesencephalic cistern (Fisher group 3). b: DSA showing no cerebral
aneurysm on day 1. c: MPR angiogram on day 5 showed a tiny aneurysm (arrow) between the BA and the left SCA. d: MPR angio-
gram on day 14 showed an aneurysm (arrow) with a neck on the SCA, which was slightly different from the finding on day 5. e: Se-
lective angiogram (MIP axial view) using a microcatheter on day 21 revealed the aneurysm (arrow) between the SCA (small arrow)
and the circumflex branch of the SCA perforator (arrowhead). f: The aneurysm (arrow) was below the posterior clinoid process

(red arrowhead).

angiography showed a tiny aneurysm between the BA and
the left SCA (Fig. 1c). However, since the origin of the
aneurysm was not clear, no treatment strategy could be
established. MPR angiography on day 14 showed an aneu-
rysm with a neck on the SCA, which was slightly different
from the findings on day 5 (Fig. 1d). Sedative and analge-

sic care was performed for 14 days after the onset. The pa-
tient’s level of consciousness improved to GCS 14 (E4V4M
6) on day 18. On day 25, selective angiography of the distal
side of the BA was performed using a microcatheter to ex-
amine the origin of the aneurysm in more detail. These
findings suggested a diagnosis of a bifurcation aneurysm
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Fig. 2 a, b: Pre-clipping surgical views showing that the neck of the aneurysm was located on the basilar artery perforator. c, d:
Post-clipping surgical views showing that only the rupture point was clipped.

between the SCA and the circumflex branch of the SCA
perforator (Fig. le). The aneurysm of the SCA perforator
was judged difficult for endovascular intervention, so neu-
rosurgical treatment was planned.

A subtemporal transtentorial approach was planned
based on the height relationship between the aneurysm
and the posterior clinoid process (Fig. 1f). Cerebral aneu-
rysm clipping was performed on day 42. The intraoperative
findings showed that the aneurysm neck originated from
the BA perforator. The location of the aneurysm was dif-
ferent from that of the bifurcation aneurysm of the cir-
cumflex branch of the SCA perforator detected by preop-
erative cerebral angiography (Fig. 2a, b). However, clipping
of the neck of the aneurysm was not possible due to its lo-
cation on the BA perforator and the need to preserve this
vessel. Consequently, the rupture point was clipped (Fig. 2
¢, d). The postoperative course was uneventful, but the pa-
tient’s level of consciousness deteriorated to GCS 11 (E3V4
M4) and a follow-up CT demonstrated hydrocephalus. Ven-
triculoperitoneal shunting was performed on day 63. The
patient was transferred to another hospital to continue re-
habilitation on day 85 with a modified Rankin Scale (mRS)
score of 2. His final consciousness level was GCS 14 (E4V4
M6). Three months after rehabilitation, his mRS had im-
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proved to 0.

Discussion

BA perforator aneurysms are rare, and the pathophysiol-
ogy is unknown.”” BA perforator aneurysms tend to be
small with fusiform type, and the angiographical findings
change over time.” The size of BA perforator aneurysm is
often <3-7 mm in diameter.” Most BA perforator aneu-
rysms are located on the BA perforator and not on the BA
trunk. The first case was reported in 1996," and the num-
ber of cases may have increased over the last few years
possibly due to advances in diagnostic technologies, such
as 3D CT angiography, magnetic resonance angiography,
and conventional angiography. BA perforator aneurysm
may have been treated as SAH of unknown etiology before
1996. Our review identified 19 papers and 54 cases and
analyzed 55 cases, including this case. Initial angiography
failed to identify about 30%-60% of BA perforator aneu-
rysm.” Our review found that the initial angiography failed
in 34 cases (62%) (Table 1)."*" Therefore, repeat angiogra-
phy is recommended within 7 days."” In our case, repeat
angiography was performed on day 5, and MPR angiogra-
phy demonstrated the aneurysm. Since the origin of the
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Table 1 Clinical characteristics of 34 patients with ruptured BA perforator aneu-
rysms diagnosed as unverified aneurysm on initial angiography

Case Author/year Age Locatio.n.of aneu- Time until ar.leu—
no. (yrs) rysmoriginonBA*  rysm detection
1 Ghogawala et al./1996" 56 Distal 9 days

2 Hamel et al./2005” 51 Middle N/A

3 Sanchez-Mejia and Lawton/2007° 27 Distal 2 months

4 68 Proximal 2 months

5 Mathieson et al./2010” 51 Middle N/A

6 Nyberg et al./2013® 45 Middle 2 months

7 65 Middle 9 weeks

8 62 Distal 2 weeks

9 55 Distal 7 days

10  Apoketal./2013” 65 Distal 5 days

11 Chavent et al./2014? 55 Distal 8 days

12 39 Distal 8 days

13 56 Distal 8 days

14 Chalouhi et al./2014'% N/A  Middle 3 days

15 Sivakanthan et al./2015™ 45 Distal N/A

16 N/A Distal N/A

17 N/A  Distal N/A

18 Forbrig et al./2016™ 72 Distal 18 days
19 59 Distal 13 days

20 65 Middle 8 days

21 53 Distal 47 days

22 Satti et al./2017") 52 Middle 8 days

23 Buell et al./2018' N/A  Middle 6 days

24 N/A  Middle 5 days

25 N/A Distal 7 days

26 N/A Distal 5 days

27 N/A Middle 5 days

28 59 Distal 5 days

29 69 Distal 2 months

30 65 N/A N/A

31 57  Distal N/A

32 62 N/A N/A

33 Enomoto et al./2020% 60 Distal 39 days

34 Present case 71 Distal 5 days

*Location of aneurysm origin on BA defined as proximal from vertebral artery union to anterior
inferior cerebellar artery, middle from anterior inferior cerebellar artery to SCA, and distal from

SCA to BA top.
N/A, not available

aneurysm was unclear and the form of the aneurysm
could change, treatment was not performed at this point,
and angiography was repeated in this case. However, the
aneurysm was identified within 7 days in only 12 of the 26
cases (46%), excluding 8 of the 34 cases in which the time
to identify the aneurysm was unknown in the papers.
Aneurysms were identified within 1 month in 18 cases

(69%). No significant difference in outcome was observed
between the groups in which the aneurysm was identified
and those in which it was not identified within 1 month.
No optimal treatment strategy has been accepted for BA
perforator aneurysms. Conservative treatment was given in
23 of the 55 cases (42%) and resulted in rebleeding in 2
cases (8%). Endovascular treatment (EVT) was performed
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Table 2 Previous and present cases of surgical treatment and EVT for BA perforator aneurysms
Case Location of Det.ec.ti.on Time until _ Perforator Ischem_ic
Ho. Author/year (yrs) aneurysm ' on .1n1t1al aneurysm Treatment Rebleeding preserved com.ph- Outcome
origin on BA* angiogram detection cation

1 Ghogawala et al./1996" 56  Distal N 9 days Surgery N Y N GOS 5
2 Hamel et al./2005 51  Middle N N/A Surgery N N N N/A

3 Sanchez-Mejia and 27  Distal N 2months  Surgery Y N N mRS 0

Lawton/2007°

4 68  Proximal N 2 months  Surgery Y N N N/A

5 2 Middle N/A N/A Surgery N N/A N mRS 0
6  Mathieson et al./2010” 51 Middle N N/A Surgery N N N mRS 0
7 Chen et al./20129) 66  Middle Y N/A EVT N N N GOS 4
8 Nyberg et al./2013" 45  Middle N 2months  EVT N Y N GOS 5
9 65  Middle N 9 weeks EVT N N N GOS 5
10 Dingetal./2013" 58  Middle Y N/A EVT N N Y GOS 3
11 62  Distal N 2 weeks EVT N N Y GOS 3
12 Gross et al./2013™) 52  Distal Y N/A Surgery N N N mRS 1
13 Apoketal./2013” 65  Distal N 5 days Surgery N N Y mRS 4
14  Chavent et al./2014” N/A  Middle N 3 days EVT N Y N mRS 0
15  Sivakanthan etal./2015") 45  Distal N N/A Surgery N Y N mRS 1
16  Peschillo et al./2016" N/A Distal Y N/A EVT N N Y mRS 2
17 N/A Distal N N/A EVT N Y N mRS 0
18 N/A Distal N N/A EVT N N/A N mRS 2
19  Forbrig et al./2016' 72 Distal N 18 days EVT N N N mRS 2
20  Sattietal./2017" 52 Middle N 8 days EVT N N Y mRS 0
21  Buell et al./2018' N/A  Middle N 6 days EVT N Y N mRS 1
22 N/A  Middle N 5 days EVT N Y N mRS 1
23 N/A Distal Y N/A EVT Y N/A N mRS 6
24  Chauetal./2018 53  Distal Y N/A EVT N N Y mRS 0
25 59  Distal N 5 days EVT N Y N mRS 0
26  Bhogal et al./2019% 55  Distal Y N/A EVT N N N mRS 1
27 65 N/A N N/A EVT N N N mRS 2
28 66  Distal Y N/A EVT N N N mRS 3
29 41  Middle Y N/A EVT N N Y mRS 0
30 52  Distal Y N/A EVT N N N mRS 0
31 39  Middle Y N/A EVT N N N mRS 2
32 Present case 71  Distal N 5 days Surgery N Y N mRS 0

“Location of aneurysm origin on BA defined as proximal from vertebral artery union to anterior inferior cerebellar artery, middle from anterior

inferior cerebellar artery to SCA, and distal from SCA to BA top.
GOS, Glasgow Outcome Scale; N, no; N/A, not available; Y, yes

in both of these cases after rebleeding. One case with EVT
had a good outcome (mRS 0), but the other case had a
poor outcome (mRS 5). This poor outcome case presented
with initial World Federation of Neurosurgical Societies
grade V.

The shape of BA perforator aneurysm changes over
time, so the pathology is considered to be pseudoaneu-
rysm.” The present case appeared to be pseudoaneurysm
in the intraoperative view. Aneurysms observed in the late
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arterial phase of angiography are said to have a high possi-
bility of thrombosis, so such findings may indicate conser-
vative treatment.” Our analysis found that 21 cases (91%)
with conservative treatment had good outcomes (mRS 0 or
1), so conservative treatment should be one of the treat-
ment options.

Surgical treatment was performed in 10 cases and EVT
in 22 cases (Table 2).*'*'**” EVT may use coil, stent, Onyx,
and flow diverter techniques. The perforator was preserved
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in 2 cases (20%) after surgical treatment and in 6 cases
(27%) after EVT. Ischemic complications due to perforator
disruption occurred in 1 case (10%) after surgical treat-
ment and 6 cases (27%) after EVT. Ischemic complication
occurred after EVT using any of the coil, stent, flow di-
verter, and Onyx, so the specific device was not considered
as contributory. Good outcomes for mRS scores 0 and 1
were obtained in 6 cases (66%) after surgical treatment
and 13 cases (60%) after EVT.

In this case, the diagnosis was made on day 25, and the
surgical treatment was performed on day 42 after SAH.
There is no reference to the period from diagnosis to
treatment in the literature from the past. Out of 55 re-
ported cases, 4 had rebleeding in the untreated state on
days 10, 10, 13, and 20 after SAH onset. Since these in-
stances of rebleeding occurred later than the rebleeding in
our case and few cases of rebleeding have been reported
after conservative treatment, we also considered conserva-
tive treatment. However, the risk of rebleeding after con-
servative treatment was not negligible, so we decided to
continue with surgical treatment.

In our present case, preoperative angiography initially
indicated SCA-SCA perforator aneurysm, but the actual
aneurysm was located on a more proximal middle BA per-
forator than the SCA. As mentioned above, BA perforator
aneurysms are small and not easy to diagnose, even by an-
giography. In our case, the definitive diagnosis was ob-
tained based on the microsurgical observation, but the
true nature of the aneurysm was unknown when EVT was
selected. Therefore, such a difference between the actual
location of the aneurysm and the angiographical findings
may have occurred among the previously reported cases of
EVT, implying that EVT using the flow diverter or Onyx
may have impaired normal reflux and increased the risk of
ischemic complication. Our review found no difference in
outcomes between surgical treatment and EVT, so we can-
not conclude which treatment is better. If the aneurysm
can be clearly identified by angiography, EVT should be
considered, but if the origin of the aneurysm cannot be
clearly identified or if change over time occurs, surgical
treatment should also be considered.

Conclusion

The present case of BA perforator aneurysm was identi-
fied by repeated DSA but was definitely diagnosed under
intraoperative microsurgical observation. The accuracy of
angiography has definitely improved, but accurate diagno-
sis for small, shape-changing aneurysms such as BA perfo-
rator aneurysm is difficult to establish. If the location of
the aneurysm cannot be clearly identified, repeat angiogra-
phy should be considered, and surgical treatment should
also be considered to identify the actual location in the
surgical view.
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