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Abstract

Background: The subgroup of patients with multiple intracranial aneurysms (MIA) accounts for about 20% of all patients suffering from intracranial aneurysms (IA). There are 
controversial findings regarding a higher rupture risk in patients with MIA, leading to uncertainties in assessment of individual risk for aneurysm rupture. Our present study aimed to 
perform a further external validation by applying the PHASES Score of the largest IA retrospectively to 272 patients with a total number of 666 MIA from two different German 
neurovascular centers.

Methods: We analyzed 272 patients harboring a total number of 666 MIA regarding the accuracy of the PHASES Score for prediction of SAH using Receiver Operating 
Characteristics. Additionally, we analyzed the patients with aneurysmal subarachnoid hemorrhage (SAH) more closely.

Results: The PHASES Score achieved an Area under the curve of 0.57 in prediction of SAH in patients with MIA with corresponding sensitivity of 62% and specificity of 49%. 
We observed the following distribution of corresponding 5-year rupture risk in patients with aneurysmal SAH: <1% risk (38%), 1-1.9% risk (33%), 2-4.9% risk (19%) and >5% 
risk (10%).

Conclusion: The PHASES Score shows low sensitivity and specificity in discrimination of ruptured and unruptured IAs in the important subgroup of patients with MIA; attention 
should be paid to applying the PHASES Score as described in the original publication. Further investigation MIA and individualized rupture risk assessment using new approaches are 
needed. At present, the PHASES Score remains the best evaluated clinical score for all patients with IA.
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INTRODUCTION
Intracranial aneurysms (IA) are defined as vascular 

dilatations of brain arteries. The rupture of these pathologies 
leads to subarachnoid hemorrhage (SAH), which is associated 
with a poor prognosis [1-3] and remarkable socioeconomic 
consequences, indicated by a 2.7% increase in disability-adjusted 
life years (DALY) over the last decade [4,5]. The improving 
quality and availability of neuroradiological examinations leads 
to growing numbers of detected IA as incidental findings [6,7] 
and to an increased necessity for reliable individual rupture risk 
assessment [8]. An emerging approach is the consideration of IA 
as a heterogeneous disease with numerous different subgroups 
[9] (e.g., giant IA, small IA, familial IA) and the associated 
implementation of specific rupture risk assessment by means of 
subgroup analyses [10-15].

Multiple intracranial aneurysms (MIA, ≥2 IA) are a highly 

relevant subgroup of patients with IA, accounting for 20% of 
all patients, according to the most recent review publication 
by Jabbarli et al, [16]. Previously reported studies revealed 
controversial results regarding a possibly higher rupture risk of 
MIA compared to singular IA, leading to uncertainties in treatment 
decision of these patients [17-21]. Although some studies have 
made attempts to develop a scoring system based on different 
regression analyses [22-25], the PHASES Score continues to be 
the only clinically established score which can be used in patients 
with MIA. The PHASES score is a clinical score for the assessment 
of the 5-year aneurysm rupture risk, which was determined 
based on a pooled analysis of six prospective studies including 
a total number of 8.382 patients with 10.272 IAs; among these 
patients, 1.060 (12.6%) had MIA. In order to estimate the 5-year 
risk for aneurysm rupture of a patient, the PHASES Score includes 
the analysis of the following six parameters: population, age, 
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presence of arterial hypertension, SAH in the patients’ history, 
size and the site of the IA [26].

More recently, two studies have investigated the 
discrimination reliability of the PHASES Score in patients with 
MIA [27,28]. However, both studies undertook methodological 
modifications of the PHASES Score which should at least be 
critically discussed or introduced completely new scoring 
systems based on small patient cohorts without further validation. 
None of the studies had a specific focus on the calculation of the 
PHASES Score exclusively for the largest IA as described in the 
original publication.

Therefore, our present study aimed to address this issue and 
perform a further external validation by applying the PHASES 
Score of the largest IA retrospectively to 272 patients with a total 
number of 666 MIA from two different German neurovascular 
centers.

MATERIALS AND METHODS
After obtaining the approval of the local ethics committee 

of the Hanover Medical School and the Otto-von-Guericke 
University, we retrospectively analyzed patients with MIA 
treated at our neurovascular centers in Hanover and Magdeburg 
between 2000 and 2018.

We included 272 patients harboring a total number of 666 
IA with respect to the following inclusion criteria: diagnosis 
of at least two intradural IA and availability of all information 
required for calculation of the PHASES Score, including pre-
interventional imaging. The rupture status of the included MIA 
was obtained using intraoperative findings or neuroradiological 
imaging. The total number of patients with aneurysmal SAH was 
180. Identification of the ruptured IA was performed based on 
intraoperative findings in 49 cases and imaging-based in 131 
cases.

Patient Cohort

Within all patients, 74% were women and 16% were men. 
Mean age at diagnosis of our patient cohort was 56.1 years 
(Range: 19-93). 65% of all patients had arterial hypertension. In 
the cohort presented in this study, 64 patients were treated in 
Hanover and 208 in Magdeburg; 180 patients had suffered SAH, 
while in 92 patients MIA were diagnosed incidentally. The total 
number of IAs of the patients was distributed as follows: 188 
patients had two IA, 59 patients had three IA, 14 patients had 
four IA, 9 patients had five IA and two patients had six IA. Overall, 
152 IA were treated surgically, 309 IA endovascularly, four IA 
received multimodal treatment and 200 IA were not treated 
during the observation period examined in this study. The mean 
follow-up of our cohort was 35.3 months (Range: 0-300 months). 
Patients’ characteristics are shown in Table 1.

Distribution of aneurysm size of the IA in our cohort was as 
follows: 535 IA (80%) had a size <7.0mm (419 unruptured; 116 
ruptured), 80 IA (12%) had a size between 7.0 and 9.9mm (45 
unruptured; 35 ruptured), 46 IA (7%) had a size between 10.0 
and 19.9mm (18 unruptured; 28 ruptured) and five IA (1%) 
had a size ≥ 20.0mm (one unruptured; four ruptured). The most 
common aneurysm localization was the middle cerebral artery 

(n = 230; 35%), followed by the internal carotid artery (n = 
175; 26%), the anterior cerebral artery including the anterior 
communicating artery and the pericallosal artery (n = 114, 17%) 
and the basilar artery (n = 54; 8%). The exact size distribution for 
all IA and the largest IA in a patient are shown in Figure 1.

Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics 
Version 26. In this study, the PHASES Score was approached 
as a diagnostic test for aneurysm rupture prediction. We 
explicitly point out that this procedure did not allow for the 
inclusion of the cumulative risk of aneurysm rupture. Receiver 
Operating Characteristics (ROC) was used for determining the 
discrimination reliability of the PHASES Score for prediction of 
SAH in patients with MIA. For the calculation of the PHASES Score, 
all patients were treated as patients with incidentally diagnosed 
IAs to simulate a patient consultation at a neurovascular center. 
Therefore, no value was assigned to the parameter “earlier SAH” 
in the PHASES Score for all patients, regardless of the patient’s 
rupture status, as this has been assumed to be unknown at 
the time of the patient’s presentation. For the further analysis, 
the rupture status of the patient was defined as the endpoint 
of interest. In case of the application of the PHASES Score to a 
patient with MIA in clinical practice, Greving et al., prescribe a 
calculation of the parameters for the IA with the largest diameter 
in order to estimate the highest possible individual rupture risk 
[29]. Therefore, we analyzed the IA with the largest diameter 
with respect to its PHASES Score, regardless of its known rupture 
status. An illustration of an illustrative case and the selection of 
the IA to be calculated in our study can be found in Figure 2. The 
predictive value of the PHASES Score was described by the Area 
under the curve (AUC) of the obtained ROC-curve.

Table 1: Patients’ characteristics.

Patients’ characteristics N Percentage Hanover Magdeburg

Male 72 26% 17 55

Female 200 74% 47 153

SAH 180 66% 29 151

No SAH 92 34% 35 57

Hypertension 177 65% 35 142

No Hypertension 95 35% 29 66

Age <70 years 230 86% 54 176

Age ≥70 years 42 14% 10 32

Localization of the largest IA

Internal carotid artery 62 23% 13 49

Middle cerebral artery 89 33% 19 70

Others 121 44% 32 89

Number of IA per patient

2 IA 188 69% 52 136

3 IA 59 22% 7 52

4 IA 14 5% 0 14

5 IA 9 3% 4 5

6 IA 2 1% 1 1

Total number of IA 666
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Figure 1 A- Size distribution of all ruptured and unruptured IA; B- Size distribution of all largest IA of a patient.

Figure 2 Demonstration of an illustrative case and the calculation of the PHASES Score in this study. All necessary parameters for the calculation of 
the PHASES Score were retrospectively obtained and the size of all IAs of the patient was determined. The largest aneurysm of the patient was then 
identified and included in the analysis (highlighted here in grey or red). (ICA = internal carotid artery, MCA = middle cerebral artery).

Unruptured IA was identified as such at the time of 
patients’ admittance to hospital. Since most of these patients 
directly underwent treatment instead of just being kept under 
observation, there is no information on the natural progression 
of these IA, which might result in some ruptured IA being 
classified as unruptured IA. For this reason, we performed a 
closer analysis of the patients with confirmed aneurysmal SAH 
in equivalence to previously published studies in order to avoid 
bias due to unknown natural progression of the unruptured IA. 
The distribution of PHASES Score values and corresponding 
5-year risk for aneurysm rupture were identified and visualized.

RESULTS
A total number of 272 patients harboring 666 MIA were 

enrolled in this study. All patients were Europeans and 
underwent treatment or consulted for clinical advice at our 
neurovascular centers in Hanover and Magdeburg. Among the 
patients examined, 180 suffered SAH due to aneurysm rupture. 
In a total number of 46 (26%) of these 180 patients, the largest 

IA was not the cause of the SAH. In 43 (24%) patients, the largest 
IA analyzed did not achieve the highest number of points in the 
PHASES Score and therefore did not indicate the highest possible 
potential rupture risk of the patient.

The statistical analysis revealed an AUC of 0.57 (95% 
confidence interval: 0.5 - 0.64) for the PHASES Score in prediction 
of SAH in patients with MIA (Figure 3). The maximum values 
for sensitivity (62%) and specificity (49%) were achieved at an 
optimal threshold value for classification in patients with and 
without SAH of a PHASES Score of 4.5.

Closer analysis of the 180 patients with SAH showed that 128 
(71%) of these patients had a PHASES Score of 0-6 points with an 
estimated 5 year rupture risk of <2%. In addition, we observed 
the following distribution of corresponding 5-year rupture risk in 
our patient cohort with patients suffering from aneurysmal SAH: 
38% of all patients (n = 68) had a 5-year rupture risk of <1%, 
33% of all patients (n = 60) had a 5-year rupture risk of 1-1.9%, 
19% of all patients (n = 35) had a 5-year rupture risk of 2-4.9% 
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and 10% of all patients (n = 17) had a 5-year rupture risk of >5% 
(Figure 4).

DISCUSSION
The PHASES Score was introduced to provide a manageable 

and reliable score in advising patients with IA, including patients 
harboring MIA by prescribing the score calculation for the largest 
IA [29]. Our results show that the classification of patients with 
MIA into the categories “patient with SAH” and “patient without 
SAH” by the PHASES Score achieved an AUC of 0.57. Further 
analysis of the ROC–curve revealed a sensitivity (62%) and 
specificity (49%). In addition, the deeper analysis of patients 
with SAH from MIA in our cohort showed that 71% would have 
been estimated with a 5-year rupture risk of <2%.

Two recently published studies already evaluated the 
discrimination reliability of the PHASES Score between ruptured 
and unruptured IAs [27,28]. In general, the AUCs achieved by 
the PHASES Score for the discrimination between ruptured and 
unruptured IAs obtained by these studies are consistent with the 
results reported in this study (Feng et al.: AUC = 0.57 and Neulen 
et al.: AUC = 0.75 vs. AUC = 0.57) [27,28]. However, these studies 
undertook methodological modifications of the PHASES Score 
or introduced completely new scoring systems based on small 
patient cohorts without further validation.

Feng et al., analyzed various modifications of the PHASES 
Score in a patient cohort of 701 patients harboring 1.673 IA. 
The modifications of the PHASES Score were carried out in 
relation to the following aspects: aneurysm-based calculation 
of the PHASES Score, calculation of the highest PHASES Score, 
calculation of the sum PHASES Score of all IA and calculation 
of the mean PHASES Score of all IAs [27,28]. In this context, it 

is important to point out those Greving et al., already evaluated 
whether such modifications of the PHASES Score are beneficial 
for the prediction of rupture probability. An aneurysm-based 
analysis was performed, and the results were the same as for the 
patient-based analysis, therefore a patient-based approach was 
finally chosen [26]. During the prospective follow-up of 29.166 
person-years studied, aneurysm rupture occurred in only 230 
patients; in 220 of these patients, the largest IA was proven to 
be the source of SAH, proving that in these patients the largest IA 
was at highest risk of rupture [26. Thus, it can be assumed that in 
most patients the calculation of the largest aneurysm also leads 
to the identification of the highest risk of rupture.

Interestingly and in accordance to previously published 
results [27,30-32], the analysis of our patient cohort showed a 
high amount of ruptured MIA with a diameter of <7.0 mm. The 
size of ruptured IA has decreased by 15% in the last 20 years 
and the average size of ruptured IAs decreased from 10.1 mm 
to 6.6mm [10,32]. In addition, many studies stated that in 12.5-
29% the largest IA is not the one to cause SAH in patients with 
MIA [27,33,34], which is consistent with our data collected 
here. However, these results are all based on retrospective 
investigations and therefore have only limited significance 
compared to the PHASES Score.

Neulen et al., performed a statistically highly extensive 
analysis of the PHASES Score, the UIATS Score and a new scoring 
system in a patient cohort of 40 patients with a total of 101 MIA 
[26,28,35].    They were able to show that the PHASES Score 
estimated a low 5-year rupture risk in a larger proportion of 
unruptured IA than of the ruptured IAs [28]. The achieved AUC 
of the PHASES Score and the UIATS Score were 0.75 and 0.54, 
respectively [28]. Aneurysm size was found to the most robust 

Figure 3 ROC - curve showing the precision of the PHASES Score for prediction of SAH in patients with MIA. In our cohort, an AUC of 0.57 was 
achieved (sensitivity 62% and specificity 49% using a cut-off at 4.5 PHASES Score values).
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predictor of aneurysm rupture in this small patient cohort [28]. 
As a result of these unfavorable results achieved by these PHASES 
and the UIATS Score, a modification of the UIATS Score was made 
by adding aneurysm-specific factors [28]. This approach causes 
concern since the UIATS Score was not designed for predicting 
the aneurysm rupture risk, but to provide a recommendation 
for or against aneurysm treatment. Furthermore, its design 
is not based on prospective data, but on a Delphi consensus of 
numerous experts in the field of cerebrovascular disease [35].

It becomes clear that the application of the PHASES Score 
in clinical practice is challenging, especially for the specific 
subgroup of patients with MIA, as the retrospective application of 
the score does not provide us with convincing results. A potential 
approach, which has been introduced by several studies, to 
further evolve the rupture risk assessment of patients with MIA 
as the most frequent subgroup of patients with IA, could be to 
develop regression models based on multiple factors [22,24,36]. 
These alternative approaches may also be able to reflect the 
cumulative rupture risk of patients more accurately with MIA.

Therefore, the need for further investigation of the rupture 
risk assessment of MIA is needed. Either present models do not 
address the specifics of the subgroup of IA, or the conception 
of the model is considered too complex for the application in 
daily clinical evaluation of patients. Several advanced analytical 
techniques and new imaging modalities, such as Computational 
Fluid Dynamics and high - resolution Magnetic Resonance 
Imaging, provide the opportunity to gain a better understanding of 
the pathophysiology leading to rupture of MIA and consequently 
to improve the prediction accuracy of aneurysm rupture [35-37].

LIMITATIONS
However, the following limitations need to be pointed out 

and considered for the interpretation of this study’s results: 
First, the determination of the ruptured IA in patients with MIA 
is always challenging and may be subject to a certain degree of 
uncertainty. This must be highlighted especially for those cases 
where the ruptured IA has not been verified by intraoperative 
findings, which was the case in 73% of the here enrolled patients. 
Furthermore, this retrospective study investigating the PHASES 
Score’s applicability in patients with MIA is not able to include 
the cumulative rupture risk of IA, which is why the aspect of 
increasing ruptures risk over the lifetime of a patient included 
by the PHASES Score has not been reflected. Further analysis 
of this aspect needs to be done on a prospective cohort under 
consideration of possible ethical conflicts and potentially 
resulting biased data.

CONCLUSION
Retrospectively, the PHASES Score shows low sensitivity 

and specificity in discrimination of ruptured and unruptured 
IAs in the important subgroup of patients with MIA. However, 
when using the score retrospectively, attention should be paid 
to applying it as described in the original publication while 
avoiding modifications. These findings underline the importance 
of further investigation of this subgroup and the need for more 
individualized rupture risk assessment. The use of new analytical 
techniques in investigation of IA might present a possible 
approach towards more reliable prediction of aneurysms rupture. 
At present, the PHASES Score remains the best evaluated clinical 
score for all patients with IA.

ETHICS APPROVAL
Ethical approval was waived by the local Ethics Committees 

of the Hanover Medical School and the Otto-von-Guericke 

Figure 4 Distribution of PHASES Score values of 180 patients with SAH and MIA. Visualization of the corresponding 5-year aneurysm rupture risk 
which showed that 38% of all patients had a risk of <1%, 33% had a risk of 1 - 1.9%, 19% had a risk of 2 - 4.9% and 10% had risk of >5%.
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