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Abstract

As the incidental diagnosis of unruptured intracranial aneurysms has been increasing, several scores were developed to predict
risk of rupture and growth to guide the management choice. We retrospectively applied these scores to a multicenter series of
patients with subarachnoid hemorrhage to test whether they would have predicted the risk of bleeding in the event of aneurysm
discovery previous to its rupture. Demographical, clinical, and radiological information of 245 adults were retrieved from two
neurovascular centers’ database. Data were pooled and PHASES, UCAS, and ELAPSS scores were retrospectively calculated for
the whole population and their performances in identifying aneurysms at risk of rupture were compared. Mean PHASES, UCAS,
and ELAPSS scores were 5.12+3.08, 5.09 +2.62, and 15.88 £ 8.07, respectively. Around half (46%) of patients would have
been assigned to the low- or very low-risk class (5-year rupture risk < 1%) in PHASES. Around 28% of patients would have been
in a low-risk class, with a probability of 3-year rupture risk < 1% according to UCAS. Finally, ELAPSS score application showed
a wider distribution among the risk classes, but a significant proportion of patients (45.5%) lie in the low- or intermediate-risk
class for aneurysm growth. A high percentage of patients with ruptured aneurysms in this multicenter cohort would have been
assigned to the lower risk categories for aneurysm growth and rupture with all the tested scores if they had been discovered before
the rupture. Based on these observations, physicians should be careful about drawing therapeutic conclusions solely based on
application of these scores.
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Introduction

The incidence of unruptured intracranial aneurysms (ulAs)
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Two main scores predicting the risk of rupture of IAs have
been designed: PHASES, which is based on data collected
from European, American, Canadian, and Japanese databases,
identifying predictors for aneurysms rupture and providing a
5-year risk-prediction chart [9]; and UCAS, which was devel-
oped on the Japanese Unruptured Cerebral Aneurysm Study
data and externally validated on 3 prospective Japanese co-
horts (Supplementary Tables 1, 2) [16].

A third score, named ELAPSS, was designed based on data
from 10 cohorts in Europe, Canada, China, and Japan with the
aim of predicting the risk of aneurysm growth at 3 and 5 years,
that is, in turn, considered a major risk for rupture
(Supplementary Table 3) [1].

All these scores consider the possible role of demo-
graphics, clinical risk factors, and morphological characteris-
tics of ulA, but assign them different weights.

In this study, we retrospectively applied these 3 scores to a
multicenter series of SAH patients with rTA to test whether
they would have predicted the risk of bleeding in the event of
aneurysm discovery previous to its rupture.

Material and methods
Population

A retrospective consecutive multi-institutional cohort of SAH
patients admitted from 2015 to 2019 to two Italian tertiary
referral neurosurgical centers was retrieved from data-
warehouse by using the appropriate ICD and analyzed accord-
ing to the STROBE criteria [17]. We limited the timespan of
the research to 5 years to assure the complete availability of all
necessary clinical and radiological data. Inclusion criteria
were as follows: age> 18 years old and complete clinical-
radiological documentation. Demographic, clinical, and radio-
logical data, were searched, anonymized, and entered into an
operative database.

Clinical data collection

Clinical and radiological data were retrieved from medical
records and summarized in:
(a) Demographical: age, sex, ethnicity;
(b) Risk factors: hypertension, previous SAH;
(c) Neuroimaging: aneurysm topography,
size, morphology.

Neuroimaging
CT angiographies, MR angiographies, and DSAs archived in
the institutional PACS systems were analyzed by two neuro-

radiologists, blinded to patients’ clinical data. Aneurysm size,
morphology, topography, and multiplicity were analyzed.
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Blebs, lobulations, and daughter sacs were used as criteria to
define aneurysm irregularity.

Score calculation

UCAS, PHASES, and ELAPSS scores (Supplementary
Tables 1, 2, 3) were individually calculated for each patient.
Scores’ parameters were sub-categorized into demographics,
radiological, and clinical data.

Score comparison

The relative contribution (%) of demographic, clinical, and
angio-architectural variables was calculated for each score
and compared with one another.

The UCAS and PHASES high-risk of rupture (> 1%) cat-
egories were also compared with each other to test the scores’
performance in recognizing aneurysms that eventually
ruptured.

Statistical analysis

Data were individually extracted for each patient and pooled.
Percentage of incidence was calculated for all the score vari-
ables. Quantitative data were expressed as mean + standard
deviation. Two-sided Fisher’s exact test was used to compare
categorical variables and a p<0.05 was considered
significant.

Ethical statement

IRB review was not necessary as we only collected anony-
mous data archived in institutional databases. All included
patients gave their informed consent to the use of their clinical
data for scientific purposes at the time of treatment.

Results
Characteristics of the study population

Data from 245 SAH patients were retrieved and included in
the study. Patients’ characteristics are reported in Table 1.

In this cohort, 180 patients (73.5%) were females,
and 65 (26.5%) males. Mean age was 59.42 +13.87.
Overall, 183 patients (74.7%) were younger than
70 years, and 63 (25.2%) were older. Among them,
119 (48.6%) suffered from hypertension, and 4 (1.6%)
had family history of SAH.

In general, regarding aneurysm size, 193 (78.8%) were
small (< 10 mm), 48 (19.6%) were large (10-25 mm), and 4
(1.6%) giant (>25 mm), with a mean size of 6.91 £4.17 mm.
We further stratified aneurysm size according to the cutoffs of
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Table 1 Characteristics of the study population
Number %
Total number of patients 245 100
Sex Male 65 26.5
Female 180 73.5
Age <70 183 74.7
(59.42+13.87) >70 62 253
Aneurysm size (mm) Small < 10 mm 193 78.8
(6.91£4.17) Large 10-25 mm 48 19.6
Giant>25 mm 4 1.6
Topography ACA 13 53
ACom 82 335
BA 12 49
ICA 43 17.6
MCA 55 224
PCom 29 11.8
PICA 9 3.7
VA 2 0.8
Anterior circulation 222 90.6
Posterior circulation 23 94
Morphology Regular 108 44.1
Irregular 137 55.9
History of hypertension 119 48.6
Family history of SAH 4 1.6
Multiple aneurysms 64 26.1

ACA anterior cerebral artery, ACom anterior communicating artery, BA
basilary artery, /CA internal carotid artery, MCA middle cerebral artery,
PCom posterior communicating artery, PICA posterior inferior cerebellar
artery, VA vertebral artery

PHASES (58% < 7 mm; 20.8% between 7 and 9.9 mm; 19.2%
between 10 and 19.9 mm; 2% >20 mm), UCAS (58% be-
tween 3 and 7 mm; 20.8% between 7 and 10 mm; 19.2%
between 11 and 20 mm; 2% >20 mm), and ELAPSS (7%
between 1 and 2.9 mm; 26.5% between 3 and 4.9 mm;
24.5% between 5 and 6.9 mm; 20.8% between 7 and
9.9 mm; 21.2% > 10 mm).

About one-fourth of patients (64; 26.1%) had multiple
aneurysms.

Concerning topography, 82 aneurysms (33.5%) origi-
nated from the anterior communicating artery (ACom);
43 (17.6%) from the internal carotid artery (ICA); 29
(11.8%) at the posterior communicating artery origin
(PCom); 55 (22.4%) from the middle cerebral artery
(MCA); 13 (5.3%) from the anterior cercbral artery
(ACA); 12 (4.9%) from the basilar artery (BA); 9 (3.7%)
from the posterior inferior cerebellar artery (PICA); and 2
(0.8%) from the vertebral artery (VA). Overall, 222
(90.6%) rIAs originated from the anterior circulation, and
23 (9.4%) from the posterior circulation.

More than half of these rTAs (137; 55.9%) showed the
presence of wall irregularity such as blebs, daughter sacs, or
polylobulations.

Score application
Patient distribution

We retrospectively applied PHASES, UCAS, and ELAPSS
scores and calculated the number of patients assigned to the
different risk classes as reported in Table 2. Patient distribu-
tion is illustrated in Fig. 1a, b, and c.

Mean PHASES score for the entire population was 5.12 +
3.08. Patient distribution according to risk classes showed that
46.1% patients were assigned to very low- and low-risk clas-
ses, a similar proportion (43.3%) to the intermediate-risk
class, and only a minority (about 10.6%) to the high-risk one.

Mean UCAS score was 5.09 £2.62. Most of the patients
were assigned to the first two risk classes, and in particular, 68
(27.8%) to the first (0-3 points), and 88 (35.9%) to the second
(4-5 points); instead, 59 patients (24.1%) were assigned to the
third class (from 6 to 8 points), and 30 (12.2%) to the fourth
(higher than 9 points).

Finally, mean ELAPSS score was 15.88 +£8.07. Its ret-
rospective application showed a wide patient distribution
in the different risk classes, with a higher number in the
middle ones. In particular, 21 patients (8.6%) would have
obtained less than 5 points, 36 (14.7%) a score comprised
between 5 and 9, 55 (22.4%) between 10 and 14, 58

Table 2 Application of PHASES, ELAPSS and UCAS scores at the
study population
N. of patients (tot.245) % Mean + SD.
PHASES
0-1 31 12.7 5.12+3.08
24 82 335
5-9 106 433
10+ 26 10.6
UCAS
0-3 68 27.8 5.09+2.62
4-5 88 359
6-8 59 24.1
9+ 30 12.2
ELAPSS
<5 21 8.6 15.88+8.07
5-9 36 14.7
10-14 55 22.4
15-19 58 23.7
20-24 28 11.4
+25 47 19.2
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Fig. 1 Distribution of patients according to score intervals in PHASES (panel a), UCAS (panel b), and ELAPSS (panel ¢). Comparison of the relative
contribution (%) of each variable to the determination of the different scores (panel d)

(23.7%) between 15 and 19 points, 28 (11.4%) from 20 to
24, and 47 (19.2%) more than 25.

Aneurysm rupture and growth prediction

The retrospective application of PHASES to our multicenter
cohort of rIA showed that almost half (46.1%) of patients
would have been assigned to low or very low rupture risk
classes (5-year risk < 1%). A similar proportion (43.3%)
would have been classified as having an intermediate risk.
Likewise, a similar proportion of patients (63.6%) would have
been considered having low to intermediate rupture risk (5-
year risk <3%) with UCAS. (Table 3).

The application of ELAPSS showed that about 35% would
have had a 5-year high growth risk (from 28.1 to 39.9%),
about 23% a 5-year low risk (< 13%), about 22% an interme-
diate risk (~19%), and less than 3% a very elevated risk (>
60%) (Table 4).

@ Springer

Score comparison

A synoptic comparison of the contribution of each variable to
the 3 scores is reported in Table 5 and Fig. 1d. We distin-
guished demographics, aneurysmal angio-architectural fea-
tures, and clinical risk factors.

Aneurysm size represents the most influential variable in
the 3 scores, ranging from 45.5% in PHASES to more than
53% in UCAS.

Aneurysm topography is the second most weighting vari-
able among the scores, ranging from = 11% for ELAPSS to
20% for UCAS.

Concerning demographics, ethnicity is considered impor-
tant in PHASES and ELAPSS (22.7% and 15.6%, respective-
ly), but not in UCAS that was specifically designed for
Japanese patients. Similarly, UCAS includes gender, which
is instead unobserved in the other scores. All three scores
consider age as a risk factor, but its contribution to ELAPSS
is twice greater when compared with the other two scores.
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Application of risk classes according to the PHASES and UCAS scores to the multicenter series of ruptured intracranial aneurysms

Aneurysm rupture risk scores (Total n. of pts 245)

PHASES UCAS
Risk class (points) N. of pts (%) S-years rupture risk (%) Risk class (points) N. of pts (%) 3-years rupture risk (%)
Very low risk (0-1) 31 (12.7) <0.4 1(0-3) 68 (27.7) <1
Low risk (2-4) 82 (33.4) 0.4-0.9
Intermediate risk 106 (43.3) 1.34.3 11 (4-5) 88 (35.9) 1-3
H.(i-"_) ‘o 26 (106 o3 111 (6-8) 59 (24.0) 3-9
igh risk (10+) (10.6) > IV (94) 30 (12.2) >9

Finally, the presence of hypertension contributes in small part
to PHASES and UCAS, so does a history of previous SAH to
PHASES and ELAPSS.

The patient distribution in the different risk classes of the
three scores according to their demographic and clinical char-
acteristics as well as their aneurysmal angio-architectural fea-
tures is reported in Supplementary Table 4.

The highest number of patients appeared concentrated in
the intermediate-risk categories of all the three scores, and this
was observed in both older and younger patients.

With regard to aneurysm size and morphology, scores’
application showed that the larger the sac, the higher the risk
of bleeding/growth category and that the occurrence of irreg-
ularity was directly related to a higher risk of rupture/growth.

Concerning topography, instead, most ruptured aneurysms
in our series originated from the ACom (82/245; 33.4%),
followed by those originating from the ICA (72/245 included
PCom; 29.3%), MCA (55/245; 22.44%), and ACA (13/245;
5.3%); a minority originated from the posterior circulation
(overall 23/245; 9.3%).

ICA aneurysms would have been assigned to the lowest
risk class in 42% of cases according to PHASES, and in >

Table 4  Application of the risk classes according to the ELAPSS score
to the multicenter series of ruptured intracranial aneurysms

Aneurysm growth scores (total n. of pts 245)

ELAPSS
Risk class (points) No. of pts (%) % of 5-year
growth risk

Low (<5 and 5-9) 21 (8.5) 8.4

36 (14.6) 13
Intermediate (10-14) 55 (22.4) 19.3
High (15-19 and 20-24) 58 (23.6) 28.1

28 (11.4) 39.9
Very high (+25) 7(2.8) 60.8

60% according to UCAS; these aneurysms would be instead
almost equally divided among the four risk groups according
to ELAPSS growth risk prediction.

MCA aneurysms would have been mostly assigned to the
two intermediate-risk classes according to PHASES and
UCAS, whereas ELAPSS score would have assigned to most
of them a high/very high growth risk.

Finally, patients with familial history of SAH would have
been mainly distributed in the lower and intermediate-risk
category according to all scores, while those harboring multi-
ple aneurysms would have been homogenously divided
among the four risk groups.

We also compared with each other the UCAS and
PHASES intermediate + high-risk of rupture categories (>
1% per year; Table 3) to test their performance in recognizing
aneurysms that eventually bled. In fact, these two groups are
those on which clinicians mainly agree toward intervention
rather than observation. Therefore, according to their designs,
we compared the PHASES intermediate- and high-risk classes
with the UCAS classes 11, III, and IV.

The two groups were not different for sex, age, aneurysm
morphology, and topography as well as for other familial risk
factors, but UCAS high-risk classes performed significantly
better in identifying a larger number of at risk of rupture an-
eurysms (Table 6). ELAPSS was not included in this compar-
ison as it is aimed at estimating the risk of aneurysm growth
rather than rupture.

Discussion

In this study, the retrospective application of the currently avail-
able risk scores to a multicenter cohort of rIAs showed that
patients appeared mainly distributed into the two lowest risk
classes according to PHASES and UCAS, and fairly equally
distributed among the four risk classes according to ELAPSS.

Therefore, at first glance, these results seem to suggest a
limited use of these scores in guiding the decision-making
process regarding ulA treatment. Accordingly, physicians

@ Springer
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Table 5

Comparison of the percentage of contribution of each variable to the three scores

PHASES

ELAPSS UCAS

Interval points
the score (%)

Contribution to

Contribution to
the score (%)

Contribution to
the score (%)

Interval points Interval points

Demographics Ethnicity 0-5 22.7
Age 0-1 4.5
Sex - 0

Aneurysms’ features  Size 0-10 455
Topography 04 18.2
Morphology - 0

Risk factors Earlier SAH 0-1 45
Hypertension ~ 0-1 45

0-7 15.6 - 0
0-6 13.3 0-1 6.7
- 0 0-1 6.7
0-22 48.9 0-8 533
0-5 11.1 0-3 20
04 8.9 0-1 6.7
0-1 22 - 0

- 0 0-1 6.7

should take into account that, despite these score systems con-
stitute additional tools to the clinical experience, they may fail
in exhaustively predicting rupture in a subpopulation of aneu-
rysms at high risk. Accordingly, management decisions
should always include a comprehensive evaluation of the in-
dividual patients, also including their preference, and the spe-
cialist’s and institutional experience.

In fact, if on one hand surgical and endovascular treatments
are nowadays considered safe and effective procedures, on the

other the decision to suggest only observation still represents a
viable strategy in some circumstances.

When managing incidental ulAs, practitioners and patients
have to deal with two opposite issues: one is related to the
risks of treatment, the other is connected to the natural history.
In particular, physicians are asked to answer the question
“how high are these risks?”, while patients need to answer
the question “are these risks acceptable?”. This last query
may have diverse responses for different patients, especially

Table 6 Comparison between

high risk of rupture categories Total no. of pts 245 PHASES UCAS p value
between PHASES and UCAS
score systems Risk categories Intermediate + high I+ 1+1vV
No. of pts (%) 132 (53.9) 177 (72.2) 0.0001
Sex Male 36 (27.3) 45(24.3) 0.69
Female 96 (72.7) 134 (75.7)
Age <70 88 (66.6) 123 (69.5) 0.71
>70 43 (32.6) 54 (30.5)
Aneurysm size (mm) Small < 10 mm 86 (65.2) 142 (80.2) 0.07
Large 10-25 mm 35(26.5) 35(19.8)
Giant >25 mm 0 (0) 0(0) -
Topography ACA 1(0.7) 1 (0.6) 1.00
ACom 62 (46.9) 77 (43.5) 0.56
BA 5(3.8) 8 (4.5) 1.00
ICA 13(9.9) 16 (9) 0.84
MCA 25 (28.4) 46 (26) 0.17
PCom 20 (22.7) 26 (14.7) 1.00
PICA 4(4.5) 2 (1.1) 0.40
VA 2(2.3) 1 (0.6) 0.57
Morphology Regular 49 (37.1) 61 (34.5) 0.63
Irregular 83 (62.9) 116 (65.5)
History of hypertension 83 (62.9) 98 (55.3) 0.63
Previous SAH 2(2.3) 2 (1.1) 1.00
Family history of SAH 0(0) 1 (0.6) 1.00
Multiple aneurysms 28 (21.2) 43 (24.3) 0.58
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because, to date, some uncertainties remain regarding the nat-
ural history of incidental ulAs, as we do not yet possess lon-
gitudinal patient cohorts of strictly untreated ulAs.

For this reason, several attempts have been made to design
risk scores in order to assist doctors in clinical practice.
Among them, the purpose of PHASES [9] and UCAS [16]
is to estimate the rupture risk of IAs, whereas ELAPSS [1]
aims to predict the growth risk, which is in turn associated
with increased risk of rupture (Supplementary Tables 1, 2, 3).

Interestingly, in our study, when compared with PHASES,
UCAS recognized 45 more aneurysms (+ 34.1%) as having a
rupture risk > 1%, which would have been likely addressed
toward interventional management had they been discovered
before their rupture (p < 0.001).

Hence, based on our data, UCAS outperformed PHASES
in identifying a larger number of patients as having a higher
risk of rupture in our series. Of note, Tominari et al. had
already warned in their original work about UCAS’ possible
overperformance in case of future validation studies on non-
Japanese patients. Specifically, calibration and discrimination
of the model were calculated on a Japanese population, who is
known to possess a 3-fold increased risk of aneurysm rupture
compared with Caucasians other than Finnish [16].

Although PHASES considers similar variables, being
it developed on multicenter international cohorts, it assigns
them diverse weights which differently affect the final score
result and the relative risk of rupture prediction. In addition,
the timing of the prediction is different as UCAS provides a 3-
year risk prediction, while PHASES a 5-year one.

Moreover, when compared with PHASES, UCAS lacks
prior SAH as a risk factor. However, according to Tominari
et al., this could not reasonably affect risk prediction on
Japanese patients as most of the aneurysms are incidentally
detected by means of screening and as a result almost all of the
patients did not have history of SAH [16]. Conversely,
PHASES does not include female sex and daughter sac as risk
factors, despite being these well-associated to A rupture.

On the other hand, PHASES was developed using data
from cohorts also including Japanese patients. Accordingly,
considering the increased risk in this population, ethnicity was
included in the variables to be considered [9].

Tominari et al. suggested that if PHASES was to be applied
to a homogeneous Japanese cohort, it could have produced
lower estimates when predicting rupture risks for aneurysms
associated with daughter sacs, as these are reported in approx-
imately 20% of cases in Japanese cohorts. On the contrary,
PHASES and ELAPSS may fail in recognizing female pa-
tients as having a higher rupture risk, as they do not consider
sex a risk factor. In fact, in their original work, they tested
PHASES on the UCAS 1I study cohort, which has not been
used to develop the PHASES score, confirming its
underperformance compared with the UCAS-based score
[16].

To the best of our knowledge, UCAS was instead never
externally validated in a non-Japanese population. Thus, our
study is the first to retrospectively apply the UCAS score to a
non-Japanese SAH cohort, confirming its relative
overperformance compared with PHASES, but still with low
sensitivity in recognizing as at high risk a large number of
patients with rIA. This difference in the predictive perfor-
mance between ulA and rlA seems to suggest the existence
of different populations of IAs according to the length of their
natural history from their formation to the bleeding.

Interestingly, we recently observed in our institution that
the age of SAH patients was higher than in the past decades
with a mean of about 59 years, as reported in this study. We
suppose that this may result from the increased number of
patients discovering incidental ulAs in the last decades due
to the more extensive use of brain MRI for minor neurological
problems. Among them, younger patients are usually more
prone to treatment, while older ones often prefer a conserva-
tive approach.

We chose not to test the UIATS score [6] in this study. In
fact, differently from the other 3 risk scores, UIATS was de-
signed through a Delphi consensus among a panel of special-
ists not to predict the risk of aneurysms rupture or growth, but
to assist the decision-making process in controversial cases
that may or may not require treatment.

UIATS also takes into account patients’ comorbidities and
technical risk factors associated with the difficulty of treat-
ment. Differently from the other scores, it provides a straight-
forward recommendation on treat vs do-not-treat vs no-clear-
indication, which is not directly comparable with the result of
a score predicting the rupture/growth risk and leaving the de-
cision to the physician in a second step.

Moreover, UIATS includes variables such as reduced qual-
ity of life due to fear of rupture and aneurysm de novo forma-
tion or growth on serial imaging, which cannot be retrospec-
tively collected, introducing an additional bias to the scores’
comparison reliability.

Previous scores’ validation studies

Several validation studies of PHASES and ELAPSS have
been published so far.

Biljienga et al. in 2017 analyzed 841 patients with [As
admitted to their institution to investigate whether PHASES
matched decisions taken by their multidisciplinary team at the
time of diagnosis. Patients were divided into 4 groups: stable
ulA, growing ulA, immediately treated ulA, and rlA. The
authors observed a reliable risk progression along these
groups, with higher odds of SAH when PHASES score was
> 3. Instead, a score < 3 appeared associated with a lower like-
lihood of bleeding [3].

Foreman et al. in 2018 tested PHASES score in a prospec-
tive double-center US cohort of 149 patients with rTA finding
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that up to 61.7% presented a score < 5. In particular, more than
52% of them had a score of 4 or 5 points with a 5-year bleed-
ing risk 0f 0.9% and 1.3%, respectively [7]. These risk classes,
if applied to ulAs, would have suggested a conservative treat-
ment, highlighting that even a low risk cannot be neglected.

Analogous results were found by Brinjikji et al. in 2018,
who tested PHASES and ELAPSS on 352 patients harboring
431 ulA. They confirmed that ELAPSS appeared reliable
when applied to their cohort, and that, as reported by Backes
et al. [2], higher PHASES scores were also able to predict the
growth risk [2, 4]. At the multivariate analysis, they showed
that aneurysm size was the sole independent predictor of an-
eurysm growth among the variables included in the scores.
Extending the analysis to generic risk factors, instead, only
smoking status correlated with increased growth risk, which
is not contemplated in the two scores [4].

Similarly, in 2018, Hilditch et al. retrospectively tested
PHASES and ELAPSS on 700 rTAs. They found that most
patients had a PHASES score >4, and only 17% had a
score <3. On the other hand, more than 35% of patients
were assigned to a S-year low risk according to ELAPSS
(<13%), and 23% to an intermediate-risk category (<
19%). Therefore, a significant proportion of patients who
eventually presented SAH would have received a sugges-
tion toward a conservative management if the aneurysms
had been discovered before rupture [10].

Another ELAPSS multicenter external validation study
was conducted by Van Kammen et al. in 2019 on 1072 pa-
tients with 1452 ulA. They showed that ELAPSS possesses
good calibration and modest discrimination at 3 and 5 years
for aneurysm growth prediction. A subtle underestimation of
growth risk was instead observed at 3 and 5 years especially
for low-risk categories, and overestimation at 5 years for the
highest risk category [12].

Finally, Pagiola et al. in 2019 tested PHASES score on 155
patients with rTAs finding that roughly 70% of them would
have received a score <5 with a 5-year rupture risk of 1.3%,
and up to 79% of them would have been scored as having a 5-
year risk below 2% [14].

No additional validation studies regarding the score de-
signed on the UCAS cohort were instead published [16].

Limitations

We recognize several limitations to our study.

First of all, we collected a multicenter cohort of rIAs and
retrospectively applied 3 score systems (PHASES, UCAS,
and ELAPSS) that were primarily designed for a prospective
application to ulA.

Secondly, when evaluating aneurysm size, we could not
exclude that this may decrease after rupture.

@ Springer

Thirdly, we could not apply a specific protocol regarding
the imaging used in radiological assessment and its timing: in
fact, aneurysm morphology was evaluated with various imag-
ing modalities, including CT angiography, DSA, and MR an-
giography, introducing possible, although minimal, errors in
the measurements. In addition, we do not have a control group
to compare our study population with.

Finally, we have to recognize caution in extending clinical
application of the UCAS-derived score to the non-Japanese
cohort of patients in our study.

Future perspectives

In the next future, more refined scores including other proven
risk factors such as smoking [8], genetic factors such as single
nucleotide polymorphism profiles or specific genes’ expres-
sion [15], and sophisticated techniques of neuroimaging able
to visualize at high resolution the vessel wall [11] will result in
an improved predictive performance.

Conclusions

This study showed that a high percentage of ruptured aneu-
rysms of our multicenter cohort would have been assigned to
the lowest risk categories by all of the evaluated scores.
Moreover, risk factors for aneurysm rupture did not show their
particular concentration in the high-risk groups according to
the three scores. Therefore, despite its methodological limita-
tions, this study underlines the critical aspects of applying risk
scores to multifactorial pathologies such as cerebral aneu-
rysms, whose rupture leads to high risk of mortality and a very
high risk of morbidity.
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