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Abstract

Background There have been no long-term follow-up reports pertaining to chronological size changes in large or giant
unruptured intracranial aneurysms treated with surgical parent artery occlusion (PAO). The object of this study is to investigate
the utility and safety of surgical PAO by conducting a long-term follow-up of chronological aneurysm size changes and
outcomes.

Methods A retrospective study of 21 unruptured intracranial aneurysms measuring over 10 mm (20 patients) treated with
surgical PAO in the period 2012-2017 was conducted. For aneurysms presenting with anterior circulation, high/low flow
bypass was chosen and carried out concomitantly on the basis of preoperative balloon occlusion test results. Aneurysm
size before and after surgery was evaluated chronologically using maximum diameter measurements taken from the same
slice of MRI T2-weighted images. Moreover, post-surgery outcomes were evaluated according to a modified Rankin scale
(mRS) at discharge.

Results PAO aiming for blind-alley formation was performed in 20 of 21 aneurysms (95.2%). Aneurysm size reduction
was confirmed in 20 aneurysms (95.2%) after proper PAO, with an average reduction rate of 63.1% (range, 28-95%),
during an average follow-up period of 27 months (range, 4—54 months). Eighteen (90.4%) of the 20 patients with 21
aneurysms returned to previous life with mRS score 0-2. With regard to preoperative symptoms, diplopia and visual
impairment had improved in three patients (50%) and one patient (100%), respectively. Ischemic complications had
occurred in five patients, two (9.6%) of whom were symptomatic and three (14.3%) were asymptomatic. The mortality
rate in this study was 0%.

Conclusions Surgical PAO for unruptured intracranial aneurysms measuring over 10 mm has been shown to be an effective
method of treatment, eliciting a reduction in aneurysm size.

Keywords Blind-alley formation - Flow alteration - Giant aneurysms - Large aneurysms - Perforators - Size changes - Surgical
parent artery occlusion

Introduction

This article is part of the Topical Collection on Vascular

Neurosurgery—Aneurysm For large or giant unruptured cerebral aneurysms, curative

surgical treatments, such as clipping and trapping, are gener-
ally difficult, and parent artery occlusion (PAO), to induce

Previous presentation: The contents of this paper were presented in the
47nd Annual Meeting of the Japanese Congress for Stroke 2018 on

March 16, 2018. thrombosis by reducing the blood flow pressure into the an-
eurysm, is often required [6]. In surgical PAO, having ob-
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ment of clip properly, and an added advantage is that it can be
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Fig. 1 Therapeutic strategies and methods

can actually cure, long-term aneurysm size reduction needs to
be assessed. Although there have been some reports of the
effect of surgical PAO for large or giant unruptured intracra-
nial aneurysm [8, 17], no long-term detailed follow-up
pertaining to chronological size changes have been reported.
In terms of long-term follow-up post-endovascular PAO,
Clarengon et al. have reported confirmed size reduction in
all 18 cases of internal carotid artery aneurysm observed for
an average period of 6.1 years [3]. In contrast, there have also
been reports of recanalization of the parent artery post-
treatment in 0-8.3% of cases [2, 3, 11, 13, 22]. In the current
paper, we have investigated the utility and safety of surgical
PAO treatment for unruptured intracranial aneurysms measur-
ing over 10 mm by conducting a long-term follow-up of chro-
nological aneurysm size changes and outcomes post-surgery.

Methods

All patients agreed to provide all information including im-
ages for the present study, and approval from the ethical com-
mittee was obtained for this study.

A retrospective study of 21 aneurysms (20 patients) of
unruptured intracranial aneurysms (measuring over
10 mm) treated with surgical PAO (excluding trapping)
in the period 2012-2017 was conducted. Occlusion of
the proximal artery is the first choice in PAO procedures.
For internal carotid artery (ICA) aneurysms located in
cavernous portion, ICA was ligated at cervical portion.
For the other aneurysms, meanwhile, a clip was placed at
the portion as near as the aneurysm without including
major artery aiming for the blind-alley formation of the
aneurysm. However, in aneurysms wherein it is difficult
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| Distal PAO 4/21 (9%) |

to safely expose the proximal parent artery or when per-
forating or cortical arteries have been confirmed from the
aneurysm itself and it has been judged that there is an
increased risk of symptoms from performing a proximal
PAO, occlusion of the distal artery is chosen. The sche-
ma of therapeutic strategies and methods are shown in
Fig. 1. In PAO for ICA aneurysms, a preoperative bal-
loon occlusion test (BOT) was carried out in all patients,
and in the aneurysms of vertebral artery (VA), basilar
artery (BA), or posterior cerebral artery (PCA),
superselective BOT was occasionally conducted. For an-
eurysms presenting with anterior circulation including
middle cerebral artery (MCA), high/low flow bypass was
chosen and carried out concomitantly on the basis of pre-
operative BOT results. Aneurysm size before and after sur-
gery was evaluated chronologically by a neurosurgeon and
neuroradiologist, using averaged maximum diameter mea-
surements taken from the same slice of MRI T2-weighted
images. Moreover, post-surgery outcomes were evaluated
by a neurosurgeon according to mRS at discharge.

Results
Patient characteristics

All patient data are summarized in Table 1. Of the 20
patients, 7 were male and 13 were female, with an aver-
age age of 59.2 years (range, 29-80 years). Of the 21
aneurysms, 10 aneurysms (47.6%) located in ICA, 2 an-
eurysms (9.5%) located in MCA, 6 aneurysms (28.6%)
located in VA, 1 aneurysm (4.8%) located in BA, and 2
aneurysms (9.5%) located in PCA, with an average size



187

Acta Neurochir (2019) 161:185-195

89 - 0 o [BUIXOIq V/N - ON 11 VA T /68 0¢
S6 - 0 9 Jewxold V/N - ON 01 VA V1 /LY 6l
6L - 0 14 Jewxold V/N - ON 1 VA T /69 81
8C - 0 14! Jewxold SOA - ON (44 vd 476t L1
LE - 0 ST Jewxold SOA - SOA §oc VAN /TS 91
uonoIeyul
L - 0 oy esta ON onewoydwikg ON ad! 7/1d VOd o /9% Sl
16 - 0 [44 Jewxold SOA - SOA 91 VAN 4%9 4!
uonoIeyur
94 onewoydwiAsy 0 0¢ esta SOA - ON 4! dVOod 4/6S €l
¥6 - 0 6 [ewrxold V/N - SIA 4! VA T N/TL 4!
ssedAq mopj SNOUIOABD
09 - 0 S sy Teuxoiq ON edodig ON LT vOI 4 d/6§ 11
uonoIeyul ssedAq
33 onewoyduwiAg 4 (V% Mofy y3/[esiq V/N - ON LT IIN VO 71 4/9L 0l
ssedAq
I8 - 0 6l MO]J Mo]/Teuirxold V/N - SOA €8¢ N VO V1 4/09 6
ssedAq SNOUIOABD
L - I [43 MO[J MOJ/[eulIxold ON eidojdiq ON 0€ VOI V1 d/6¢ 8
ssedAq SNOUIOABD
[43 - I 1€ MO Y31Y]/[eIX0x] ON eidojdiq ON L'9T VOI V1 4759 L
ssedAq SNOUIOABD
St - [4 4 MO YSIy/[eurxolq SOA eidojdiq ON L9t VoI ® 4/59 9
uoToIRyUI ssedAq SNOUIOABD
99 onewoldwAsy 14 93 MO[J Sy [ewrxorq SO erdoydiq ON €0or VOI 71 a9 9
uoToIRyUI ssedAq SNOUIOABD
9L onewoydwiksy I 6¢ MO]J MO]/Jeulrxold SIA eidojdiq ON 1'9¢ VoI ® 4/59 S
ssedAq srueyyydo
[43 - 0 145 MOpJ moj/1eIsi SOA SSO[ [ensIA SIA sog VoI ® N/6€ 4
ssedAq
99 - 0 Ll MO]J MO]/Jeulrxold SOA - ON L'1c VoudVv VoI W A/1L €
uonoIRyUI ssedAq
ovl onewoydwikg 4 €€ MO]J Moj/Jeuirxold SOA - ON T6C V03d VOI 1 4/08 C
ssedAq SNOUIIABD
9 - 0 Ly Mo[y y3iy/[euurxolq SOA - ON 0T VOI 4/69 I
(%) arex (Syw)  (sypuowr) (uu)
uononpay uoneorjdwo) QwonQ owry pasoquuoIy L. ozIg Rl X908
Q0UBII0) swoyduwAs /(s183K)
dn-mojjoq ovd rodg Funuasaig wsAInauy a3y juaned
S)INSaI PUB SONSLISJORIEYO Juaned | djqel

pringer

Qs



188

Acta Neurochir (2019) 161:185-195

(%)
160

Transition graphs of reduction rate of all aneurysms

140

120

100

80

60

40

pre- 10 20
ope

Fig. 2 Transition graphs of reduction rate of all aneurysms

of 22.7 mm (range, 10—-40.3 mm), and 5 aneurysms
(23.8%) of confirmed partial thrombosis prior to surgery.
There were eight symptomatic aneurysms (38.2%), in-
cluding six patients with double vision (28.6%), one pa-
tient with visual loss (4.8%), and one patient with cere-
bral infarction onset (4.8%). The PAO breakdown in
terms of proximal versus distal artery occlusion was 17
aneurysms (81%) to 4 aneurysms (19%), respectively.

Aneurysm size changes

Figure 1 details the size changes for all patients. PAO
aiming for blind-alley formation was performed in 20 of
21 aneurysms (95.2%). Anecurysm size reduction via
MRI T2-weighted images was confirmed in 20 aneu-
rysms (95.2%) after proper PAO, with an average reduc-
tion rate of 63.1% (range, 28-95%), during an average
follow-up period of 27 months (range, 4-54 months). On
the other hand, the only one aneurysm (patient 2) was
treated with insufficient blind-alley formation; aneurysm
size increased up to 140%.

In patient 1 (Fig. 2), a right ICA cavernous giant aneurysm
showed typical shrinkage with reduction rate of 62% at
47 months post-surgery after concomitant proximal PAO
and high flow bypass.

In patient 2 (Fig. 3), a right ICA-posterior communicating
artery (PcoA) giant aneurysm was treated with proximal PAO
and low flow bypass. Digital subtraction angiography (DSA)
on the next day and 14th day after surgery showed the
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retrograde flow into the aneurysm through PcoA branched
from the midst of the aneurysm dome and right ophthalmic
artery (OA) via right middle meningeal artery, respectively.
Aneurysm had begun to increase in size from 11 months after
surgery, reaching to 140% at 33 months due to insufficient
blind-alley formation.

In patient 16 (Fig. 4), a right VA large thrombosed aneu-
rysm was treated with proximal PAO. No infarction occurred
in the area of right posterior inferior cerebellar artery (PICA)
and anterior spinal artery (ASA) branched from the VA just
distal to the aneurysm. Aneurysm size had reduced to 37% at
25 months after surgery.

Five aneurysms of pre-surgery partial thrombosis were in-
cluded (Fig. 5). Of the five aneurysms, one aneurysm showed
a temporary increase after surgery (patient 14); however, two
aneurysms showed early-stage shrinkage (patients 4 and 16).

Three aneurysms temporarily enlarged after surgery
(Fig. 6; patients 6, 13, 14).

Neither recanalization of the parent artery post-surgery nor
de novo aneurysm due to high blood flow were recognized.

Outcome

Eighteen (90.4%) of the 20 patients with 21 aneurysms
returned to previous life with mRS score 0-2.

With regard to preoperative symptoms, diplopia and visual
impairment had improved in three out of six patients (50%)
and one patient (100%), respectively.
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Fig.3 (A)a AP view of right ICA, b lateral view of right ICA, ¢ AP view of right common carotid artery, d lateral view of right common carotid artery, e
AP view of left VA, f Lateral view of left VA. (B) MRI T2-weighted images. (C) The black line is the transition graph of patient 1
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Fig. 4 (A) a AP view of right ICA; b lateral view of right ICA; ¢, d 3D
view of right ICA—PcoA branched from dome of the aneurysm; e, f DSA
on the next day after surgery showed the retrograde flow into the aneu-
rysm through PcoA branched from the midst of the aneurysm dome; g, h
the retrograde flow through right ophthalmic artery (OA) via right middle

Ischemic complications had occurred in five patients,
two (9.6%; patients 2, 10) of whom were symptomatic
and three (14.3%; patients 5, 6, 13) were asymptomatic.
Patient 2 with right ICA-PcoA giant aneurysm had
prolonged left hemiparesis and sensory impairment due
to a new infarction in the distribution of the PcoA per-
forator occurred on the third post-surgical day, then she
was transferred to a rehabilitation hospital with mRS
score 4 at 2 months after surgery. At 17 months post-
surgery, furthermore, along with progressive thrombosis
of the aneurysm, another infarction occurred in the dis-
tribution of the anterior choroidal artery (AChoA)

@ Springer

meningeal artery was also confirmed by DSA on the 14th day post-sur-
gery. (B) MRI T2-weighted images. (C) Three days and 17 months after
surgery, the new infarctions in the area of the PcoA perforator and
AChoA were found, respectively. (D) The black line is the transition
graph of patient 2

branched from the aneurysm. Patient 10 with left Ml
giant aneurysm presented right hemiparesis 10 h after
surgical distal M1 occlusion and high flow bypass due
to delayed infarction in the area of lenticulostriate artery
(LSA) branched from the aneurysm. Right hemiparesis
was prolonged; however, she returned home with mRS
score 4 after rehabilitation. In patients 5 and 6, a punc-
tate infarction of the frontal cortex, as suggested by the
artery-to-artery embolism, was confirmed. In patient 13,
a right PCA (P2) aneurysm was treated with distal PAO.
An infarction of the medial temporal lobe occurred due
to the lack of peripheral perfusion in parent artery,
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Fig. 4 continued.

while no infarction occurred in the P1 or PcoA perfo-
rator area.

There were no other complications and the mortality rate
was 0%.

Discussion
Long-term size changes and morbidity/mortality

To confirm the effectiveness of PAO for large and giant intra-
cranial aneurysms, long-term size reduction of aneurysm
should be demonstrated. The present study showed 95.2% of
the intracranial aneurysms revealed long-term size reduction
after the proper PAO aiming for blind-alley formation as much
as possible without including major arteries other than perfo-
rators. Nevertheless, in the aneurysm treated with insufficient
blind-alley formation, such as that of patient 2, aneurysm size

40 50 60
(months)

increased again, and it becomes necessary to pursue alterna-
tives, such as flow diverter treatment.

No obvious characteristics of aneurysm size changes were
found in a comparison of anterior versus posterior circulation,
proximal PAO versus distal PAO, and presence versus ab-
sence of thrombosis.

In terms of safety, results from the current series showed
that morbidity (9.6%) and mortality (0%) are comparable with
past reports of morbidity (6%) and mortality (9—13%) involv-
ing surgical clipping of large or giant internal carotid artery
aneurysms [4, 5, 12, 16, 20, 21]. Furthermore, the current
results can be interpreted as being equivalent when compared
with reports [2, 9, 11, 13, 22] from endovascular treatments of
symptomatic infarction (0-12.3%) and morbidity (0-8%).
Moreover, although recanalization rates of 0-8.3% have been
reported for endovascular treatments [2, 3, 11, 13, 22], recan-
alization in the current series was 0%, indicating that surgical
PAO has an extremely low risk. Although flow diverters have
been approved for the treatment of large and giant aneurysms

@ Springer
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Fig.5 (A)a AP view ofright VA; b lateral view of right VA; ¢ right PICA
and ASA on the distal side of the aneurysm were confirmed; d 3D view of
right VA; e, f The flow from left VA via the union to right PICA and ASA
was confirmed by BOT on the proximal side of the aneurysm. (B) MRI
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T2-weighted images. (C) The black line is the transition graph of patient
16. The black lines are the transition graphs of pre-surgery thrombosed
aneurysms. The black lines are the transition graphs of aneurysms of
temporary size increase
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Fig. 6 Transition graphs of reduction rate of five aneurysms with thrombosis

especially for ICA cavernous, the results of FIAT trial have
showed that flow diversion is not as safe and effective as
hypothesized with 5.3% rate of morbidity and 10.7% rate of
mortality [18].

Surgical design and infarction patterns
Table 2 shows infarction patterns, the hemodynamic condi-
tions of perforating and cortical arteries of the aneurysmal

areas, as well as the presence or absence of infarction.

(%)
160
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The current series had five patients with postoperative
cerebral infarctions; however, cerebral angiography sug-
gests that artery-to-artery embolism was the cause for two
of five patients. Of the remaining three patients, one (pa-
tient 13) presented with a right PCA (P2) aneurysm, with
an adult-type PcoA branched from the dome. Tolerance
was confirmed with a superselective BOT at the right
P1, and distal PAO was performed since exposing the
proximal parent artery proved difficult during the surgery.
As such, infarction was not found in the P1 perforator

Transition graphs of reduction rate of 3 aneurysms with temporary increase
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Fig. 7 Transition graphs of reduction rate of three aneurysms with temporary increase
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Table 2  Infarction patterns
Aneurysms Total Patient Vessels (perforator/cortical branch) related to aneurysms Timing, area of infarction
Antegrade flow Retrograde flow
ICA PcoA 1 2 OA, AChoA, PcoA POD3, PcoA perforator
PODI17mon, AChoA
ICA AChoA 1 OA AChoA, PcoA -
ICA ophthalmic 1 4 OA AChoA, PcoA -
ICA cavernous 7
1 OA, AChoA, PcoA -
5 OA, AChoA, PcoA PODI, artery-to-artery embolism
6 OA, AChoA, PcoA PODI, artery-to-artery embolism
6 OA, AChoA, PcoA —
7 OA, AChoA, PcoA -
8 OA, AChoA, PcoA -
11 OA, AChoA, PcoA
MCA M1 1 10 LSA PODO, LSA
MCA M2 1 9 LSA -
VA 6
12 PICA, ASA -
14 PICA, ASA -
16 PICA, ASA -
18 P1 perforator, PICA ASA -
19 PICA ASA -
20 AICA-PICA ASA -
BA 1 17 BA perforator, P1 perforator -
PCA P1-P2 2
13 P1 perforator PODI, distal perfusion area
of the parent artery
15 P1 perforator -

area; however, an asymptomatic cerebral infarction was
confirmed on the distal perfusion area of the parent artery
upon which PAO was performed. It has been reported
that, for fetal-type PCA, PAO is suggested to carry a risk
of infarction onset due to insufficient collateral blood cir-
culation, indicating that preoperative BOT evaluation is
crucial [23]. However, there was a patient of adult-type
PCA and tolerance confirmed by BOT in the current se-
ries, indicating that hereafter re-evaluation of BOT false
positives and false negatives, as well as investigation of
concomitant bypass prior to PAO, should be considered.
On the other hand, there were no perioperative complica-
tions related to high/low flow bypass for anterior circula-
tion aneurysms such as graft occlusion, scalp necrosis,
postoperative intracranial hemorrhage, and ischemic trou-
bles. Cerebral infarctions in perforator arecas were con-
firmed in the remaining two patients (patients 2 and 10).
However, in the patients of ICA cavernous and VA aneu-
rysms in particular, there have been no infarctions of ves-
sels areas around the aneurysms.
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Considering the temporary size increase mechanism

As indicated by Fig. 7, in the present series, there were three
aneurysms of temporary enlargement following surgery (pa-
tients 6, 13, 14). Apart from insufficient aneurysmal blind-
alley formation, a number of possible factors exist to explain
the mechanism of post-surgery enlargement. One of these is
the vasa vasorum, which is thought to be involved in the
repeated hemorrhage and thrombosis mechanism of the small
blood vessels of the aneurysmal wall [7, 10, 19]; however,
vasa vasorum is assumed to be present only in the proximity
of the internal carotid and vertebral arteries [1]. In terms of
other possible factors, Nagahiro et al. [15] have reported on
the development of the intrathrombotic capillary channels,
and Marunishi et al. [14] have reported on rapid thrombus
formation causing intramural hemorrhage and aneurysmal
growth. In the current series, the involvement of the vasa
vasorum in patients 6 and 14 cannot be refuted, yet in both
patients, post-surgical thrombosis was markedly progressive,
and hemorrhage was confirmed within the aneurysm, so this
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was considered to be the cause of the temporary volume
increase.

Limitations

Limitations of the present series are the small number of par-
ticipants, difficulty of accurate comparison between patients
due to the various aneurysmal locations, and lack of unified
timing for MRI follow-up.

Conclusion

Surgical PAO treatment of unruptured intracranial aneurysms
measuring over 10 mm has been shown to be an effective
method of treatment, eliciting a reduction in aneurysm size.
However, for aneurysms in which blind-alley formation is
unsuccessful, there are those which present with enlargement,
as such an alternative treatment needs to be pursued.
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