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Abstract

The PHASES score was developed to determine the risk of rupture of un-ruptured intracranial aneurysms (UIAs). The purposes
of the current study were to apply this score on patients with actually ruptured intracranial aneurysms and to analyze the
hypothetically prediction of the risk in this particularly patient group. We extracted the data of 100 recently treated patients
(23 male, 77 female, mean age 56.4 years, range 17-93 years) with ruptured saccular intracranial aneurysms from our prospec-
tively maintained neurovascular database according to the parameters used in the PHASES score (population, hypertension, age,
earlier SAH, size and site of the aneurysm). Descriptive statistical analysis was performed using SPSS for Windows version 18.0
(SPSS Inc., Chicago, Illinois, USA). Ninety-nine percent of the patients were European and 1% Japanese in our series. Pre-
existing arterial hypertension was found in 59%. Fifteen percent of the patients were > 75 years. Earlier SAH was found in 1%.
The site of the aneurysms were the internal carotid artery (ICA) in 10%, the middle cerebral artery (MCA) in 14%, and arteries of
the anterior and posterior circulation (PC) including the posterior communicating artery (PCOM) in 76%. Sixty-six percent of the
aneurysms were smaller than 7 mm, 18% ranged between 7 and 9.9 mm, 14% were between 10 and 19.9 mm, and 2% were larger
than 20 mm. European population, aneurysm size < 7 mm, and age < 75 years scored with 0 point in the PHASES study occurred
most frequently in our series. The distribution of the aneurysm site to the anterior and posterior circulation scored with 4 points
occurred most frequently. Considering the 5-year risk of rupture, 70% of our patient collective would have an estimated risk of <

2%. Interestingly, 70% of the patients with aneurysmal SAH had a low risk profile and would have a low risk of rupture according
to the PHASES score in our series. This observation underlines the discrepancy of the estimated low risk of rupture for UIAs in
young and healthy patients and the obvious fact the majority of the SAH patients are actually young with low risk factors.
Parameters beyond the features of the PHASES score are needed to determine the risk of rupture of intracranial aneurysms.
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Introduction authors defined the population, the age, and the presence of

arterial hypertension as well as the size and the site of the

Un-ruptured intracranial aneurysms (UIAs) are diagnosed
with an increasing amount due to the more frequent use of
neuro-imaging for various reasons. The questions which UIAs
are at risk for rupture and should undergo aneurysm repair are
subject of an ongoing debate.

The PHASES score was developed to assess a risk profile
of the patients in view of the 5-year rupture risk of the aneu-
rysms [6] by analyzing large prospective studies on UIAs. The
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aneurysm and subarachnoid hemorrhage (SAH) in the pa-
tient’s history as relevant parameters for assessment of the risk
of rupture and aim to provide an individualized approach.

Although the PHASES score was developed by reviewing
and interpreting prospective data of UIAs, the purposes of the
current study were to apply this score on patients with recently
ruptured intracranial aneurysms and to evaluate how the
PHASES score would predict their risk of rupture.

Materials and methods

For this purpose, we extracted and analyzed the data of the last
consecutive 100 treated patients (23 male, 77 female, mean
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age 56.4 years, range 17-93 years) with aneurysmal SAH
from our prospectively maintained neurovascular database.
Patients with multiple and fusiform aneurysms were excluded
from the analysis.

Diagnosis of SAH and the bleeding source were made by
cranial CT scanning and digital subtraction angiograms in all
cases.

Parameters used in the PHASES score (population,
hypertension, age, size of aneurysms, SAH in history, and
site of the aneurysms, Table 1) were assembled. The corre-
sponding points for each parameter were summarized and
compared to the estimated S5-year rupture risk proposed by
the PHASES score (Table 1). Descriptive statistical analysis
was performed using SPSS for Windows version 18.0 (SPSS
Inc., Chicago, Illinois, USA).

Results

Ninety-nine percent of the patients were European and 1%
Japanese in our series. Pre-existing arterial hypertension was
found in 59%. Fifteen percent of the patients were older than
75 years. Earlier SAH was found in 1%. The site of the aneu-
rysms was the internal carotid artery (ICA) in 10%, the middle

Table 1 Distribution of the parameters of our patient cohort to the
PHASES score

Distribution to the PHASES score

Parameter and points n
Population 0: North American, European 99
3: Japanese 1
5: Finnish 0
Hypertension 0: no 59
1: yes 31
Age 0: <70 years 85
1: >70 years 15
Size of aneurysm 0: <7.0 mm 66
3: 7.0-9.9 mm 18
6:10.0-19.9 mm 14
10: >20 mm 2
Earlier SAH 0: no 99
1: yes 1
Site of aneurysm 0: ICA 10
2: MCA 14
4: ACA/Pcom/PC 76

5-year absolute risk of rupture

<2 points: 0.4% 3 points: 0.7%

5 points: 1.3% 6 points: 1.7%

8 points: 3.2% 9 points: 4.3%

11 points: 7.2% > 12 points: 17.8%

4 points: 0.9%
7 points: 2.4%
10 points: 5.3%
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cerebral artery (MCA) in 14% and the anterior cerebral artery
(ACA), posterior communicating artery (Pcom), and the pos-
terior circulation (PC) in 76%. Sixty-six percent of the aneu-
rysms were smaller than 7 mm, 18% ranged between 7 and
9.9 mm, 14% were between 10 and 19.9 mm, and 2% were
larger than 20 mm (Table 1).

European descent, aneurysm size <7 mm, and age <
75 years scored with 0 point in the PHASES study occurred
most frequently in our series. The distribution of the aneurysm
site to the ACA, Pcom and the PC scored with 4 points oc-
curred most frequently in our patient collective.

Considering the 5-year risk of rupture, 70% of our patient
collective would have an estimated risk of <2%. Only 11
patients in our series had 10 or more points with a consecutive
higher risk of rupture (Fig. 1).

Discussion

The PHASES score was developed to enable a more precise
and individualized risk assessment by analyzing several pa-
rameters of prospective studies on UIAs [6]. However, the
question arises whether this score is applicable in daily rou-
tine. Interestingly, by that time, there are online risk calcula-
tors based on the data of the PHASES score available, which
can be used by family physicians and patients themselves
(e.g., www.kockro.com/calculators/calculator-phases/?lang=
en, www.surgicalneurology.org/software/uia/ans_calculator
version 24.html). Online calculated low-risk rates could be a
huge problem. Affected people could gain a false sense of
security.

Regarding the risk factors for rupture of UIAs, the size of
the lesions is believed to be an important predictor according
to the results of different studies [7, 13, 15]. However, the
mismatch between ruptured intracranial aneurysms far below
10 mm and their estimated low risk of rupture is analyzed and
pointed out in our previous publication on this topic [10]. The
size alone does not seem a significant role, since the majority
of the ruptured aneurysms are small sized. However, the size
seems to have an elevated risk of rupture compared to other
aneurysms in a patient with multiple aneurysms [9].

The results of our study show that the majority of the pa-
tients with aneurysmal SAH were young and healthy without
a distinct risk profile. Seventy percent of the patients of our
cohort would have a 5-year risk of rupture of less than 2%
according to the PHASES score.

At this point, the other raised questions are how we would
advise a patient with a low-risk profile according to the
PHASES score and should we recommend aneurysm repair
or go for observation? We believe that this decision is by far
more complicated and several other co-factors should be con-
sidered [5].
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Fig. 1 Illustration of the 5-year

rupture risk of our patient

collective

It is widely believed that once an UIA is diagnosed, it
remains stable for a long period and has a low risk of rupture
[7,13]. A change in size or shape of the aneurysmis is believed
to be an indicator for instability and exhibits a higher risk of
rupture and therefore early treatment is recommended [2, 9].

The theory of intracranial aneurysms in different develop-
mental stages is a very interesting issue pointed out by Jou and
Britz [8]. The authors postulate changes in the aneurysm con-
figuration influenced by flow dynamics. Performed MRI with
diagnosis of UIA is therefore just a snapshot in time. It re-
mains unclear at which developmental stage the diagnosed
UIA actually is. The theory of Sato et al. substantiates this
observation. Sato et al. postulate that some aneurysms develop
and remain stable for long time with a low risk of rupture. On
the other hand, some aneurysms develop and rupture shortly
after formation and are small sized and rarely accidentally
diagnosed [12]. Since cranial MRI is performed with an in-
creasing frequency, the developmental stage of the lesion still
remains unclear.

Considering the anatomical parameters of the aneurysm,
only the size and the site of the aneurysms were significant
parameters in the PHASES score, whereas other morpholog-
ical parameters like the inclination angle [11] and the height to
width ratio [4] tend to play a role in aneurysm rupture.

However, we believe that the PHASES score is applicable
for the human race with primarily proven stable aneurysms to
select all these patients at risk out of the defined PHASES pa-
rameters. In regions without Fins and Japanese, the remaining
parameters are not pioneering and crucial for decision-making.

Since demographic and many morphological parameters
are inaccurate for an exact assessment of the risk of rupture
for an UIA, other parameters and new imaging modalities are
necessary. Inflammation and wall shear stress are two impor-
tant aspects to understand which aneurysms have a higher risk
of rupture [3, 14]. In this context, presentation of the inflam-
mation in the wall of the aneurysms with ultra-high field MRI
[1] could be a future perspective, as well as the application of
computational flow analysis, which can bring more
clarification.

Conclusion

Interestingly, 70% of the patients with aneurysmal SAH had a
low-risk profile and would have a low risk of rupture accord-
ing to the PHASES score in our series. This observation un-
derlines the discrepancy of the estimated low risk of rupture
for UIAs in young and healthy patients and the obvious fact
the majority of the SAH patients are actually young with low-
risk factors. Parameters beyond the features of the PHASES
score like wall shear stress, computational flow dynamics, and
aneurysm wall inflammation are needed to determine the risk
of rupture of intracranial aneurysms more accurately.
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