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Objective : The fate of partially thrombosed intracranial aneurysms (PTIAs) is not well known after endovascular treatment. The
authors aimed to analyze the treatment outcomes of PTIAs.

Methods : We retrospectively reviewed the medical records of 27 PTIAs treated with endovascular intervention between January
1999 and March 2018. Twenty-one aneurysms were treated with intraluminal embolization (ILE), and six were treated with parent
artery occlusion (PAQ) with or without bypass surgery. Radiological results, clinical outcomes and risk factors for major recurrence
were assessed.

Results : The initial clinical status was similar in both groups; however, the last status was better in the ILE group than in the PAO
group (p=0.049). Neurological deterioration resulted from mass effect in one case and rupture in one after ILE, and mass effect
in two and perforator infarction in one after PAO. Twenty cases (94.2%) in the ILE group initially achieved complete occlusion
or residual neck status. However, 13 cases (61.9%) showed major recurrence, the major causes of which included coil migration
or compaction. Seven cases (33.3%) ultimately achieved residual sac status after repeat treatment. In the PAO group, all initially
showed complete occlusion or a residual neck, and just one case ultimately had a residual sac. Two cases showed major recurrence,
the cause of which was incomplete PAO. Aneurysm wall calcification was the only significantly protective factor against major
recurrence (odds ratio, 36.12; 95% confidence interval, 1.85 to 705.18; p=0.018).

Conclusion : Complete PAO of PTIAs is the best option if treatment-related complications can be minimized. Simple fluoroscopy is
a useful imaging modality because of the recurrence pattern.
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INTRODUCTION PTIAs have a different natural history and are very challeng-
ing to treat, compared to typical saccular aneurysms with no

Partially thrombosed intracranial aneurysms (PTIAs), char- intraluminal thrombus. Physicians are easily tempted to per-
acterized by organized intraluminal thrombi, are rare, and most form a simple coil embolization within a small intraluminal

6,8,9,11,12,13,20,26)

of them are known to be large or giant sized space. However, the natural course after the endovascular in-
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tervention is little known, and there are potential risks of an-
eurysm recurrence, growth and subsequent complications.
The authors aimed to assess the radiological results and clini-
cal outcomes of PTIAs treated with endovascular intervention

and to analyze the risk factors for major recurrence.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board
of Seoul National University Hospital (IRB No. 1910-133-107).

Patient selection

A retrospective analysis was conducted, reviewing 34 PTIAs
in 34 patients who were treated with endovascular interven-
tion at our institute between November 1999 and March 2018
under the approval of our institutional review board. Patients
followed less than 6 months after treatment (n=3), those who
were treated initially at other institutes (n=2), those with poor
medical records (n=1), and those in which the intraluminal
thrombus spontaneously resolved just before the intervention
(n=1) were excluded. Finally, 27 patients harboring 27 PTIAs
were enrolled in this study. Medical records and imaging data
were reviewed in terms of some parameters, including basal
characteristics, radiological results, clinical outcomes, peri-
procedural morbidity and mortality, and risk factors for major
recurrence. Clinical outcomes were evaluated using the modi-
fied Rankin Scale (mRS)™.

The basal characteristics of the patients and aneurysms are
summarized in Table 1. The mean age was 54.3%12.7 years old
(range, 11-73), and there were 11 female patients (40.7%). Six-
teen patients (59.3%) presented with mass effect. All the
PTIAs were large or giant sized, and the mean intraluminal
aneurysm size was 11.745.3 mm (range, 3.0-23.7). Most
PTIAs (70%) were located in the internal carotid artery or
posterior circulation. Partial or whole aneurysm wall calcifi-

cation was observed in 12 cases (44.4%).

Interventional procedure and radiological evalu-
ation

All endovascular procedures were performed under general
anesthesia using biplane angiographic systems such as Integris
V Allura Clarity (Philips Healthcare, Best, The Netherlands)
and Innova IGS 630 (General Electric Healthcare, Milwaukee,

428 https://doi.org/10.3340/jkns.2020.0195

WI, USA). PTIAs were treated with intraluminal emboliza-
tion (ILE) or parent artery occlusion (PAO) with or without
bypass surgery. ILE entails coil embolization within the rem-
nant aneurysmal sac surrounded by the thrombus, and PAO
entails coil embolization at both the aneurysmal sac and the
parent artery harboring the aneurysm. Various types of coils,

such as bare platinum or modified detachable coils, and

Table 1. Basal characteristics

Value
No. of aneurysms/patients 27/27
Female : male 11:16
Age (years) 543+12.7 (11-73)
Presenting symptom
Mass effect 16 (59.3)
Headache or dizziness 10 (37.0)
Asymptomatic finding 6(22.2)
Seizure 3(11.)
Rupture 6(22.2)
Maximal diameter of aneurysm including 26.0+12.7 (11.0-65.9)
thrombus (mm)
Small-sized (<10 mm) 0
Large-sized (=10 mm and <25 mm) 14.(51.9)
Giant-sized (=25 mm) 13 (48.1)

Intraluminal aneurysm size (mm) 11.7+£5.3 (3.0-237)

Location
Internal carotid artery 8(29.7)
Posterior communicating artery 3
Anterior communicating artery 4(14.8)
Middle cerebral artery 4(14.8)
Posterior circulation 11(40.7)
Posterior cerebral artery 3
Basilar artery 3
Vertebral artery 5
Wall calcification 12 (44.4)
Partial 6
Whole 6
Thrombus signal intensity on T1 or TOF MR
imaging
High 16
Isogenous or low 11

Values are presented as mean+standard deviation (range) or number
(%) unless otherwise indicated. TOF : time-of-flight, MR : magnetic
resonance



stents, such as Neuroform (Stryker Neurovascular, Fremont,
CA, USA) and Enterprise (Codman & Shurtletf, Raynham,
MA, USA) stents, were used according to the physicians pref-
erence.

Antiplatelet premedication and concurrent monitoring with
the VerifyNow P2Y12 assay were used for patients with un-
ruptured aneurysms. If patients were poor responders based
on the VerifyNow P2Y12 assay, additional antiplatelet medica-
tion was administered”. A bolus of heparin (3000 IU), injected
intravenously upon the placement of the femoral arterial
sheath, was thereafter sustained by hourly doses (1000 1U),
and activated clotting time was monitored each hour. Anti-
platelet premedication and a bolus of heparin were not ad-
ministered in patients with ruptured aneurysms. Continued
dual antiplatelet therapy was advised for at least 3 months
postoperatively, followed by single-agent maintenance for at
least 1 year in patients with stent assistance. In the absence of
a stent, antiplatelet therapy was selectively used in cases with
prior antiplatelet medication use, coil protrusion and proce-
dural thromboembolism.

All cases were initially evaluated with magnetic resonance
(MR) imaging, computed tomography and digital subtraction
angiography (DSA). Follow-up radiological examination was
performed with MR angiography at 6, 12, 24, and 36 months
after the endovascular procedure. MR angiography (1.5 or 3
Tesla) was used for the acquisition of 3D reconstruction and
source images. DSA was recommended when MR angiogra-
phy was not available or when major recanalization was sus-
pected on MR and repeat embolization was necessary. Angio-
graphic results were graded according to the Raymond-Roy
occlusion classification'. Major recanalization was defined as
a residual sac on the follow-up DSA. Angiographic results
were evaluated by three experienced interpreters who were
blinded to pertinent clinical and radiological information.
The signal intensity of the thrombi around the central lumen
on T1 or time-of-flight MR imaging was classified into high,
isogenous or low, and approximately 59.3% of the thrombi
showed high signal intensity at least near the intraluminal
space (Table 1).

Statistical analyses
Continuous data were expressed as the meantstandard de-
viation. Fisher’s exact, Wilcoxon’s signed rank and the Mann-

Whitney U tests were used to assess categorical or continuous
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variables, respectively. A univariate analysis of parameters im-
pacting major recanalization was conducted via binary logis-
tic regression, including age, sex, rupture, aneurysm size, lu-
men to whole aneurysm ratio, aneurysm location (post vs.
anterior circulation), treatment method (ILE vs. PAO), initial
occlusion result, the use of a stent, thrombus signal intensity
on T1 or time-of-flight MR imaging (high vs. iso- or low), fol-
low-up duration and wall calcification. Variables with p-values
<0.20 in a univariate analysis were selected for the multivari-
ate analysis to determine risk factors. Statistical significance
was set at p<0.05, employing standard software (SPSS ver. 22;
IBM, Armonk, NY, USA) for all purposes.

RESULTS

Clinical outcomes

Twenty-six patients (96.3%) showed a favorable functional
status (mRS, 0-2) just before the initial treatment, and 21
(77.8%) achieved a favorable outcome (p=0.434). Overall, 22
(81.5%) of 27 patients were stable or had improved. Compar-
ing the mRS scores between the ILE and PAO groups at each
period, those just before the initial treatment were statistically
similar (0.8+0.5 [range, 0-2] in the ILE group vs. 1.7£1.8
[range, 0-5] in the PAO group; p=0.239). However, those at
the last follow-up period were better in the ILE group than in
the PAO group (0.9£1.4 [range, 0-2] vs. 2.3+1.8 [range, 0-5];
p=0.049) (Supplementary Fig. 1).

In the ILE group, all patients except two showed the same
neurological status between the initial and the last periods.
One patient presented with a rupture of the aneurysm, which
had been treated two times with ILE, and a 3rd ILE was per-
formed. However, the neurological sequelae have still re-
mained after aneurysmal rupture (mRS, 0 initially and 5 ulti-
mately). The other suffered from progressive mass effect even
after the ILE (mRS, 1 initially and 4 ultimately), and the pa-
tient died due to acute myocardial infarction during the hesi-
tation of repeat neurointervention. In the PAO group, two pa-
tients showed neurological deterioration due to aneurysm
growth after the incomplete PAO (mRS from 1 to 5 and from
2 to 3, respectively), and one patient experienced cerebral in-
farction due to the occlusion of perforators immediately after
PAO (mRS, 2 initially and 3 ultimately). The other three pa-

tients were stable or improved at the last follow-up.

J Korean Neurosurg Soc 64 (3) : 427-436 429



J Korean Neurosurg Soc 64 | May 2021

There was no mortality case related to the aneurysms. Two
patients (7.4%) transiently experienced periprocedural throm-
boembolic events. One patient (3.7%) had a permanent neuro-
logical deficit due to the occlusion of the lenticulostriate artery
after the trapping of the middle cerebral artery (MCA) har-
boring the aneurysm.

Radiological results

A total of 27 cases were treated with ILE for 21 and PAO for
six. Two of 6 PAO cases underwent simultaneous bypass sur-
gery for flow restoration in the territory of the occluded parent
artery. The angiographic results are summarized in Table 2.
Twenty-six aneurysms (96.3%) achieved complete occlusion
or residual neck states immediately after initial treatment. De-
spite repeat treatment in 12 cases, eight (29.6%) ultimately re-
mained with a status of residual sac at the last follow-up, with
a mean follow-up duration of 53.5+48.7 months (range, 2.9—
207.3).

Of 21 aneurysms initially treated with ILE, 94.2% (n=20) of
the cases initially showed complete occlusion or residual neck
states. However, 13 aneurysms (61.9%) resulted in major re-
currence in a mean duration of 30.7+48.7 months (range, 4.6—
182.4) after the initial treatment, among which nine cases had
achieved a complete occlusion, three had a residual neck, and
the last one had a residual sac at first. Three cases (each one
from each status of complete occlusion, residual neck and sac)
were conservatively observed because of the patients’ refusal,
and the other 10 underwent repeat embolization. Repeat ILE
was performed once in seven cases, twice in two cases and
three times in one case. Even after the repeat treatment in 10

cases, 40% remained with a status of residual sac (Supplemen-

Table 2. Angiographic results

tary Table 1). Ultimately, seven cases (33.3%) still showed re-
sidual sac (mean follow-up duration of 62.8£50.6 months
[range, 6.4-207.3)).

Imaging patterns of major recurrence after ILE in 13 cases
included coil migration or dispersion into the thrombus in 10
(76.9%), coil compaction in seven (53.8%), a decrease in
thrombus volume in four (30.8%) and aneurysm growth in
two (15.4%) (Fig. 1). Only two cases showed major recurrence
without coil mass change. Interestingly, in the other eight cas-
es without major recurrence during the follow-up, there was
no evidence of coil compaction or migration, and seven of
eight cases were accompanied by calcification along the aneu-
rysm wall (Supplementary Fig. 2).

Of the six aneurysms initially treated with PAO, five cases
were completely occluded at first (Fig. 2). Two aneurysms
(33.3%) showed major recurrence during the follow-up : the
intraluminal space of the one case just distal to the MCA bi-
furcation had been completely occluded, and the inferior divi-
sion of the MCA had been occluded, with the superior divi-
sion of the MCA remaining unoccluded; and the other case
located at the vertebral artery had been incompletely occluded,
with the proximal parent artery trapped, but the distal parent
artery remained untrapped after the initial treatment. The
cause of major recurrence was the incomplete trapping of par-
ent arteries, and coil compaction on fluoroscopy was identi-
tied in all cases. All patients were repeatedly treated with by-
pass surgery and endovascular or surgical trapping of the
parent arteries. Only one case (16.7%), which was one of two
cases of major recurrence, ultimately achieved residual sac sta-
tus because of the retrograde filling from the distal vertebral

artery, and the other five cases ultimately showed states of

Total patient (n=27) ILE (n=21) PAO (n=6)

Immediately after initial treatment

Complete occlusion 15 (55.6) 10 (47.6) 5(83.3)

Residual neck 11 (40.7) 10 (47.6) 1(16.7)

Residual sac 1(37) 1(4.8) 0(0.0)
At the last follow-up period

Complete occlusion 11 (40.7) 7 (33.3) 4 (66.7)

Residual neck 8(29.6) 7 (33.3) 1(16.7)

Residual sac 8(29.6) 7 (33.3) 1(16.7)

Values are presented as number of cases (%). ILE : intraluminal embolization, PAO : parent artery occlusion
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Fig. 1. An approximately 20-mm-sized thrombosed aneurysm arising from the basilar artery on cerebral angiography (A) and time-of-flight magnetic
resonance angiography (B; arrow : basilar artery, dotted arrow : thrombus). After the initial stent-assisted intraluminal coil embolization, the coil mass
and stent (dotted lines) were identified on fluoroscopy (C) and magnetic resonance imaging (D; arrow : basilar artery, dotted arrow : coil mass). During
the follow-up, however, aneurysm recurrence was identified at 24 months, and aneurysm growth (approximately 28 mm) and the migration of the coil
mass were definitely demonstrated at 30 months on fluoroscopy (E; dotted lines: stent, black arrows: coil migration from the stent) and magnetic
resonance imaging (F; arrow : basilar artery, thick arrow : recurred sac, dotted line : migrating coil mass).

Fig. 2. An approximately 18-mm-sized thrombosed aneurysm at the left vertebral artery presenting with subarachnoid hemorrhage on cerebral
angiography (A) and computed tomography (B). Parent artery occlusion (the trapping of the proximal vertebral artery and intraluminal embolization)
was performed (C). Coil mass (white arrow) and intra-aneurysmal thrombus (dotted black arrow) were identified on the 1-month follow-up time-of-
flight magnetic resonance angiography (D). On the 14-month follow-up imaging, the thrombus was completely resolved, and a coil mass (white arrow)
was observed (E).
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complete occlusion or residual neck during the mean follow-
up period of 21.1+21.8 months (range, 2.9-63.0) (Supplemen-
tary Fig. 3).

According to the last follow-up angiography, a decrease in
aneurysm size was more frequently observed in completely
occluded lesions, while an increase in size was more com-
monly observed in lesions with residual sac status after the
treatment. Complete occlusion was achieved in 11 cases : an-
eurysm size was stable in six cases and decreased in five cases
(45.5%). Residual neck status was shown in eight cases, seven
(87.5%) of which were stable in size and one showed a decrease
in size. Residual sac status was observed in eight cases, in
which three cases (37.5%) showed an increase in aneurysm
size, three were stable in size and the other two were unable to
be measured because of incomplete imaging data (Supple-

mentary Table 2).

Risk factor analysis for major recurrence

In univariate and multivariate analyses, aneurysm wall
without calcification was found to be significantly associated
with major recurrence in all cases (odds ratio [OR], 36.12; 95%
confidence interval [CI], 1.85 to 705.18; p=0.018) and in the
ILE group (OR, 19.02; 95% ClI, 1.55 to 233.16; p=0.021) (Tables

Table 3. Risk factor analysis of major recurrence after endovascular
treatment in total cases

3and 4).

DISCUSSION

PTIAs are generally considered different from typical sac-
cular aneurysms because of their morphology, symptoms
such as mass effect or thromboembolism rather than rupture,
10-12)

. There

are some explanations about the pathophysiology of PTIAs.

and difficulty in treatment with usual strategies”

Basically, aneurysmal dilatation is thought to originate from
repeated subintimal dissection by intrinsic and extrinsic fac-
tors'”. Thereafter, an intra-aneurysmal thrombus may be
formed by several possible mechanisms. First, the vasa vaso-
rum within the aneurysm wall may induce repeated intramu-
ral hemorrhage and progressive thrombus formation®”. This
hypothesis was based on imaging findings such as the rim
enhancement of the aneurysm wall and fresher clot near the
periphery of the thrombus'>***”. Second, intrathrombotic
capillary formation may cause repeat intramural and intrath-
rombotic hemorrhage and progressive thrombosis based on
histological examination'”. The third possible mechanism is

the hemodynamic effect that blood stagnation and clot for-

Table 4. Risk factor analysis of major recurrence after intraluminal
embolization in 21 cases

Variable p-value OR (95% Cl) Variable p-value OR (95% Cl)
Univariate analysis Univariate analysis
Aneurysm size 0.569 0.64 (0.14-2.94) Aneurysm size 0.965 1.04 (0.17-6.40)
Lumen/whole size ratio 0.236 15.85 (0.16-1536.93) Lumen/whole size ratio 0.568 4.28 (0.03-630.62)
Location 0.080 444 (0.84-23.58) Location 0.999
Ruptured aneurysm 0313 038 (0.06-2.52) Ruptured aneurysm 0.855 27 (0.10-16.81)
Treatment method 0.077 3(0.80-82.73) Initial occlusion result 0.115 21(0.03-1.47)
Initial occlusion result 0.346 048 (0.10-2.23) Use of stent 0.335 0.32(0.03-3.56)
Sex 0.816 1.20 (0.26-5.59) Thrombus signal on MR 0.920 1.11(0.14-8.68)
Age 0.218 1.05 (0.97-1.13) Sex 0.625 0.63 (0.11-3.71)
Follow-up period 0.874 1.00 (0.98-1.02) Age 0.813 1.01 (0.92-1.11)
Wall without calcification 0.017 8.25 (1.45-46.86) Follow-up period 0.766 00 (0.98-1.02)
Multivariate analysis Wall without calcification 0.012 23.33(1.99-273.29)
Location 0.999 Multivariate analysis
Treatment method 0.999 Initial occlusion result 0.373 0.34 (0.03-3.65)
Wall without calcification 0.018 36.12 (1.85-705.18) Wall without calcification 0.021 19.02 (1.55-233.16)

OR: odds ratio, Cl : confidence interval
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OR: odds ratio, CI : confidence interval, MR : magnetic resonance



mation may occur in large or giant aneurysms”. One of our
patients excluded from this study showed complete resolution
of their thrombus just before the treatment.

Endovascular treatment is one of the standard modalities

4,15
for cerebral aneurysms*"”

. Despite its low morbidity and mor-
tality, the major drawback of endovascular treatment is a high
risk of recurrence and retreatment compared to surgical treat-

15,19
ment

. The recurrence and retreatment rates in typical
nonthrombosed aneurysms range from 10% to 33.6% and
from 4.7% to 12.3%, respectively'”. A higher recurrence rate is
reported in PTIAs. Kim and Choi'” demonstrated that the re-
canalization rate in PTIAs was up to fivefold higher than that
in nonthrombosed aneurysms. A systemic review revealed a
higher recurrence in neurointervention than surgical treat-
ment (62% vs. 2%)”. In this study, 29.6% finally showed major
recurrence. If not treated, the recurrence of PTIAs can lead to
progressive neurological deterioration due to growth, subse-
quent mass effect or rupture, and embolic infarction originat-
ing from the intra-aneurysmal thrombus. Therefore, treat-
ment strategies for the PTIAs should be different from those
of typical aneurysms.

Endovascular treatment for PTIAs consists of ILE and PAO
with or without bypass surgery. According to the previous re-
ports, complete PAO seems better than ILE and incomplete
PAO in terms of angiographic outcomes™”'"***"*”, Ferns et al.”
reported that there was no additional treatment required after
PAO, while 75% of PTIAs after ILE showed recurrence. Yang
et al.” demonstrated that no PTTAs required retreatment af-
ter PAO. In the current study, 33.3% of the cases treated with
ILE ultimately showed major recurrence even after repeated
treatment, and there were no recurrences in four initial and
one repeat complete PAO. In addition, size reduction was
more frequently observed in completely occluded lesions,
while aneurysm growth was observed only in cases with ma-
jor recurrence. Ferns et al.” also demonstrated that reduction
in aneurysm size after PAO occurred more often than after
ILE (17/18 vs. 2/28). On the other hand, clinical outcomes
seem controversial. Some reports showed better clinical out-
comes in the complete PAO group, and vice versa in others,
including this study®*""*”. Therefore, treatment techniques
should be determined considering the recurrence rate and
procedural risks.

It is generally accepted that angiographic results are superior

and clinical outcomes are inferior in surgery in typical aneu-
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rysms"'”. In the PTIAs, however, evidence is limited that an-
giographic results were better in surgical treatment, and clini-
cal outcomes remained inconclusive™*"***”, Two recent
systemic reviews reported a higher rate of complete exclusion
in surgery than in neurointervention (approximately 94% vs.
48-65%)”*". Lawton et al."” demonstrated that surgery
achieved complete exclusion in 97% and that clinical out-
comes were satisfactory (improved or unchanged in 87% and
independent in 79%). A systemic review showed better angio-
graphic results in surgery and similar clinical outcomes; how-
ever, all of them were located in the MCA®". A certain surgical
group reported 50% of the disability even after complete ex-
clusion™. Because of the high risk of treatment and the rarity
of incidence in PTIAs, such controversies would exist for a
while. Thus, an interdisciplinary treatment strategy would be
the best option based on the factors of aneurysm, patient and
institution. Recently, flow diverters have been actively at-
tempted in the field of neurointervention, and promising re-
sults have been reported. Flow diverters could be a good alter-
native in the near future. There are also reports about very
rare cases that should be surgically removed even after the
complete occlusion of the aneurysms from the parent artery
because of the progressive growth by the vasa vasorum'”. Phy-
sicians should also be aware of such a rare situation in treating
PTIAs.

As recurrence is very common in PTIAs after the endovas-
cular treatment of intracranial aneurysms, imaging follow-up
is very important. Although DSA, MR and computed tomog-
raphy are effective as imaging tools, they have some invasive-
ness and limitations. Fortunately, simple fluoroscopy can be
effective because of the recurrence patterns of PTIAs. In this
study as well as in previous reports, the dominant patterns of
recurrence are coil migration into the thrombus and coil com-
paction™"”. Thus, a simple X-ray would be effective, economic
and safe as a follow-up imaging modality. Although there is a
lack of evidence for the follow-up protocol of simple fluoros-
copy, we recommend that it is performed every 6 or 12 months
after the endovascular treatment. If PTIA shows stable occlu-
sion during the follow-up period, it could be performed every
12 or 24 months.

Until now, there has been no study on the risk factors for re-
currence in PTTAs after neurointervention. Generally known
risk factors for recurrence after the endovascular treatment of

typical cerebral aneurysms are large size, wide neck, rupture,
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location, incomplete occlusion, follow-up duration and

3,17,18
stent

. Wall calcification was the only significant factor
protecting for major recanalization in this study. Vascular cal-
cification is a marker of atherosclerosis, occurring in the inti-
mal layer of the arterial wall, commonly found in the aorta
and the coronary, carotid and renal arteries. Intimal calcifica-
tion represents advanced atherosclerosis formation and tissue
degeneration"”. Cho et al.” suggested that mural calcification
within aneurysmal thrombi indicated an organized thrombus
for a substantial period. It is thought that our result may sup-
port a vasa vasorum theory about the pathophysiology of
PTIAs"™*. PTIAs continue to grow by repeated intramural
hemorrhage and thrombus formation via the vasa vasorum.
When the intimal calcification starts to form, however, the
vasa vasorum would degenerate, and thrombus formation
would stop. Finally, previous thrombi would become hard and
organized. Then, recurrence would rarely occur because it is
difficult for coils to migrate into the hard, organized throm-
bus. In addition, repeat ILE may cure the aneurysm even
when coil migration occurs because wall calcification would
prevent aneurysm growth. Therefore, ILE can be a good alter-
native to PAO in some PTIAs with calcified walls.

The correlation between recurrence and MR signal intensity
of the thrombus has not been studied. Most imaging studies
have examined the pathophysiology of PTIAs in which rim
enhancement represented a vascularized wall and an intra-
aneurysmal thrombus looked like an onion shell with fresh
hemorrhage at the periphery of the thrombus near the wall
and older clot near the central lumen'**”. The authors tried to
elucidate the relationship between recurrence and thrombus
hardness on the assumption that recurrence might happen
more frequently in lesions with a softer thrombus. However,
such an assumption failed to be proven because the authors
used the thrombus signal around the central lumen on the
initial MR imaging, considering it as a fixed status of the
whole thrombus. The thrombus at a certain period had a het-
erogeneous signal intensity with multiple layers. In addition,
the signal intensity of the thrombus at a certain area was dy-
namic, changing over time. The thrombus signal intensity
merely had a tendency : high near the central lumen and isog-
enous or low at the periphery in approximately 60% of the
cases, which is contrary to the findings of previous reports*”.
It may be speculated that blood inflow from the parent artery

to the lumen after recurrence by coil migration and compac-
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tion would cause an inflammatory reaction within the throm-
bus, resulting in a change in thrombus composition. Addi-
tionally, inflammatory cell invasion into the thrombus may
develop via the vasa vasorum or intrathrombotic capillary
channels. For such reasons, there may be a limitation in evalu-
ating the MR signal intensity as a candidate risk factor for re-
currence.

Our study has a few limitations. It was a retrospective, ob-
servational, and single-center study with a small sample size.
This study focused on the endovascular treatment of PTIAs,

although the surgical role is also important.

CONCLUSION

Durability was not satisfactory in the treatment of PTIAs
with endovascular intervention. Comparing the two technical
options of PAO and ILE, the angiographic results were better
in the PAO group, and the clinical outcomes were better in the
ILE group. ILE and incomplete PAO seem to be a major cause
of angiographic recurrence. Neurological deterioration was
caused by rupture or the mass effect of recurred aneurysms
and perforator infarction after PAO. Aneurysm wall calcifica-
tion was a protective factor against major recurrence. In treat-
ing PTIAs, therefore, complete PAO with or without surgical
bypass can be recommended as the first treatment option if
the risk of treatment-related complications can be minimized.
ILE should be considered as an alternative if other options are
not available or for PTIAs with a calcified wall. However, the
selection of treatment modalities should consider patients’
condition, the characteristics of the aneurysm and adjacent
vessels, and institutional situations. Most cases with major re-
currence showed coil migration into the thrombus or coil
compaction. Therefore, fluoroscopy can be a useful imaging

modality for follow-up.
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