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Objective: Unruptured Intracranial Aneurysm (UIA) Treatment Score (UIATS) and PHASES score are used to inform treatment decision making for UIAs (treatment or observation). We assessed the ability of the scoring systems to discriminate between ruptured aneurysms and UIAs in a subarachnoid hemorrhage (SAH) cohort with multiple aneurysms.

Methods: We retrospectively applied PHASES and UIATS scoring to the aneurysms of 40 consecutive patients with SAH and multiple intracranial aneurysms.

Results: PHASES score discriminated better between ruptured aneurysms and UIAs than UIATS. PHASES scores and the difference between the UIATS subscores were higher for ruptured aneurysms compared with UIAs, which reached significance for the PHASES score. PHASES score estimated a low 5-year rupture risk in a larger proportion of the UIAs (≤0.7% in 62.3%, ≤1.7% in 98.4%) than of the ruptured aneurysms (≤0.7% in 22.5%, ≤1.7% in 82.5%). In the 40 ruptured aneurysms, UIATS provided recommendation for treatment in 11 (27.5%), conservative management in 14 (35.0%), and was inconclusive in 15 cases (37.5%). In the 61 UIAs, UIATS recommended treatment in 16 (26.2%), conservative management in 29 (47.5%), and was inconclusive in 16 (26.2%) cases.

Conclusion: Similar to previous SAH cohorts, a significant proportion of the ruptured aneurysms exhibited a low-rupture risk. Nevertheless, PHASES score discriminated between ruptured aneurysms and UIAs in our cohort; the lower discriminatory power of UIATS was due to high weights of aneurysm-independent factors. We recommend careful integration of the scores for individual decision making. Large-scale prospective trials are required to establish score-based treatment strategies for UIAs.
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INTRODUCTION

Ruptured intracranial aneurysms are the most frequent cause of spontaneous subarachnoid hemorrhage (SAH), a type of hemorrhagic stroke (1, 2). Previously, brain aneurysms were typically diagnosed only after their rupture. However, the increasing use of cranial imaging has helped increase the detection of unruptured intracranial aneurysms (UIAs) (3, 4). While ruptured intracranial aneurysms necessarily require surgical or endovascular treatment (5–7), treatment decision making for UIAs is not straightforward because most UIAs remain asymptomatic, while a few eventually rupture leading to SAH (4, 8).

Based on a systematic review of prospective cohort studies with longitudinal follow-up of the course of UIAs, a risk prediction chart was developed, called the PHASES score (9). The PHASES score is based on six major predictors of UIA rupture (population, hypertension, age, size of aneurysm, earlier SAH, and site); it is used to predict the 5-year rupture risk of a UIA (9). More recently, a group of experts developed the Unruptured Intracranial Aneurysm Treatment Score (UIATS) (10). The UIATS considers the risk factors for aneurysm rupture and the clinical factors, which contribute to rupture risk or treatment risk. Based on these data, the score recommends either treatment or conservative management. In some cases, the UIATS can provide an inconclusive result, leaving the decision to the clinicians.

No large-scale prospective studies have assessed the score-based treatment strategies for patients with UIAs. Some clinical studies scored the aneurysms of patients with SAH and found that for many of the aneurysms that eventually ruptured, the scores indicated a low risk of rupture leading to the recommendation of no active treatment (11–15). Therefore, the authors argued that the scoring systems may not be robust enough to guide treatment decision making for UIAs. However, these studies analyzed only the ruptured aneurysms and did not include a control group, which was a major limitation of these studies.

We, therefore, set out to analyze the UIATS and PHASES score in a series of 40 consecutive SAH patients with multiple intracranial aneurysms. We aimed to evaluate how the PHASES score would estimate the rupture risk and which treatment recommendations UIATS would give for ruptured intracranial aneurysms and UIAs. We also examined whether the PHASES score and UIATS would discriminate between the ruptured aneurysms and the UIAs of a patient.



METHODS


Ethics, Patients, and Data Collection

The study was approved by the Institutional Review Board (Ethikkommission der Landesärztekammer Rheinland-Pfalz) and was performed in accordance with the 1964 Helsinki declaration and its later amendments. Because the data were anonymized, and the study was retrospective, informed consent was waived.

We retrospectively identified all patients admitted to the Department of Neurosurgery of the University Medical Center of Mainz, Germany, between March 2010 and July 2016 with a diagnosis of spontaneous SAH (16, 17). From these, the patients diagnosed with multiple intracranial aneurysms were included in this study. In the cases with multiple aneurysms, the ruptured aneurysm was derived from the bleeding pattern.

All data were collected in anonymized tables. The data required for UIATS and PHASES score were extracted from the charts. To determine aneurysm characteristics, we analyzed the diagnostic images (computed tomography angiography and digital subtraction angiography) obtained on admission with Sectra software (Sectra Workstation IDS7, Version 17.1.10, Sectra AB, Linköping, Sweden). Tables 1A,B show the features collected to calculate UIATS and PHASES scores.


Table 1A. Features according to the Unruptured Intracranial Aneurysm Treatment Score (UIATS).
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Table 1B. Factors according to PHASES score.
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Calculation and Application of the Unruptured Intracranial Aneurysm Treatment Score and PHASES Score

The clinical characteristics were used to calculate the UIATS for each aneurysm (10). The subscore for conservative management was subtracted from the subscore for treatment to obtain the difference between the UIAT subscores (UIATDIFF). A difference of more than two points, indicated a recommendation for treatment or conservative management. In cases with a difference of 0–2 points in either direction, the score was interpreted as inconclusive.

The PHASES score was calculated based on individual patient and aneurysm characteristics, as described (9).



Statistics

Data analysis was performed using the SAS/STAT® software, version 9.4 of the SAS system for Windows (SAS Institute Inc., Cary, NC, USA) and R software version 4.0 (https://www.r-project.org/). Differences in PHASES score and UIATS between ruptured intracranial aneurysms and UIAs were determined by fitting linear mixed models with a patient-specific random intercept. The within-patient and between-patient standard deviations were estimated based on the fitted models. The regression coefficients were rescaled according to the within-patient standard deviations for comparing the ability of both scores to discriminate between ruptured aneurysms and UIAs of the same patient. Additionally, we computed areas under the receiver operating characteristic (ROC) curves for both scores for each patient's aneurysms and compared them statistically using the sign test. Conditional logistic regression models were fitted to the aneurysm type (ruptured aneurysm vs. UIA) to investigate the ability of the different aneurysm-specific features of the scores to discriminate between ruptured aneurysms and UIAs of the same patient. The likelihood ratio Chi-squared test and the Akaike information criterion (AIC) were used to compare the models, and revised scores were constructed based on the selected model coefficients. We then broke the one-to-many matching by patients and compared the pool of 40 ruptured aneurysms with that of 61 UIAs to calculate the sensitivity and specificity by applying the described cutoffs of the scores. We similarly generated ROC curves to analyze the ability of all scores to discriminate between ruptured intracranial aneurysms and UIAs, marginally. All p-values are two-sided. P-values below 0.05 were considered indicative of statistical significance.




RESULTS


Patients and Characteristics of the Aneurysms

A total of 284 patients admitted between March 2010 and July 2016 to the Department of Neurosurgery of the University Medical Center of Mainz (Germany) with the diagnosis of spontaneous SAH were identified. Of these, 246 were diagnosed with a ruptured aneurysm as the bleeding source, and 40 (16.3%) were diagnosed with multiple aneurysms. Twenty-eight patients were diagnosed with two, eight patients with three, and four patients with four or more aneurysms. The most frequent patient level risk factors were current smoking (15 patients, 40%) and arterial hypertension (22 patients, 55%). Notably, compared with the UIAs, the ruptured intracranial aneurysms were larger and had higher aspect ratios.

Tables 1A,B show the clinical and imaging features required for calculation of the UIATS and PHASES score for ruptured intracranial aneurysms and UIAs. The clinical characteristics of the patient cohort are shown in Table 2.


Table 2. Demographic and clinical characteristics of the study population.
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UIATS and PHASES Score in Ruptured Intracranial Aneurysms and UIAs
 
Higher UIATDIFF and PHASES Scores in Ruptured Intracranial Aneurysms

For the 40 ruptured aneurysms, UIATS recommended aneurysm treatment in 11 cases (27.5%), conservative management in 14 cases (35%), and was inconclusive in 15 cases (37.5%). For the 61 UIAs, UIATS recommended aneurysm treatment in 16 (26.2%), conservative management in 29 (47.5%), and was inconclusive in 16 (26.2%) cases. A detailed overview of the UIATS and the distribution of the PHASES score for ruptured aneurysms, and UIAs is shown in Figure 1.
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FIGURE 1. UIATS and PHASES scores in ruptured aneurysms (RIAs) and UIAs. (A,B) UIATS treatment recommendations for RIAs and UIAs in our cohort. (C,D) Five-year rupture risks of RIAs and UIAs in our cohort according to the PHASES score. (A,C) Absolute number of aneurysms; (B,D) percentage of UIAs/RIAs. UIA, unruptured intracranial aneurysm; RIA, ruptured intracranial aneurysm.


In the ruptured intracranial aneurysms, the PHASES score and the difference between the UIAT subscores favoring treatment and favoring conservative management (UIATDIFF) were higher compared with the UIAs in the same patient. Based on the linear mixed model analysis the adjusted means of the UIATDIFF (ruptured intracranial aneurysms vs. UIAs) were −0.60 (95% CI −2.11–0.91) vs. −1.45 (95% CI −2.80−0.11). The difference was 0.85 (95% CI −0.05–1.76, p = 0.064); for the PHASES score: 4.73 (95% CI 4.05–5.40) vs. 2.92 (95% CI 2.37–3.47). The difference was 1.80 (95% CI 0.96–2.65, p < 0.0001).



Discriminatory Power of UIATS and PHASES Score

The within-patient standard deviations of UIATDIFF and PHASES score in UIAs were 1.88 and 1.75, respectively. After rescaling each score accordingly, the standardized mean differences between ruptured aneurysms and UIAs were 0.45 (95% CI −0.03–0.94) for UIATDIFF and 1.03 (95% CI 0.55–1.51) for the PHASES score. This indicates that the PHASES score discriminated better than the UIATDIFF between the ruptured aneurysms and UIAs within patients.

The between-patient standard deviation was higher for UIATS than for the PHASES score (4.13 vs. 0.84). The resulting intraclass correlation coefficients were 0.83 (UIATS) and 0.19 (PHASES score). This clearly demonstrated the prominent role of patient-specific items that are part of the UIATS, which, conversely, can reasonably be expected to be helpful for treatment decisions. Unfortunately, our study design does not allow conclusions on this aspect.

To calculate sensitivity and specificity, the UIATS and PHASES score were applied to the ruptured aneurysms and the UIAs, assuming that for ruptured aneurysms, the decision for treatment, and for UIAs for conservative management would be correct. A PHASES score of ≥4 points was considered as a recommendation for treatment, as a score of ≤3 indicated a low likelihood of aneurysm rupture in another study (18). With these settings, UIATS recommended treatment in 11 of 40 ruptured aneurysms and 16 of 61 UIAs, resulting in a sensitivity of 28% and a specificity of 74%. The PHASES score recommended treatment in 31 of 40 ruptured aneurysms and in 23 of 61 UIAs, resulting in a sensitivity of 78% and a specificity of 62%. To investigate the scores' ability to discriminate between ruptured aneurysms and UIAs, a ROC curve analysis on PHASES score and UIATDIFF was performed; the results are shown in Figure 2. The areas under the ROC curves (AUC) for the PHASES score (0.75) was larger than that for UIATDIFF (0.54).
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FIGURE 2. UIATS, PHASES score, aneurysm size, and revised score UIATREV: ROC curve analysis. The AUC for UIATDIFF was 0.54 (95% CI 0.42–0.66), for PHASES score 0.75 (95% CI 0.65–0.85), for UIATREV 0.85 (95% CI 0.77–0.93), and for size 0.65 (95% CI 0.58–0.73). UIATDIFF: difference between the UIAT subscores favoring treatment and favoring conservative management; ROC, receiver operating characteristic. Size > 7 mm: score according to the feature “size” of the PHASES score. UIATREV, revised score based on features of UIATS: UIATREV = 2 × maximum diameter points + location points + 2 × size-related risk points.


We also evaluated the ability of UIATS and PHASES score to discriminate between ruptured aneurysms and UIAs of the same patient. The average patient-specific AUC were 0.65 (SD 0.42) for the UIATDIFF and 0.74 (SD 0.35) for the PHASES score. The patient-specific AUCs were identical in 26 patients. PHASES score outperformed UIATS in eight patients and vice versa in six patients (p = 0.79, sign test).

Taken together, the findings indicate a higher discriminatory power between ruptured aneurysms and UIAs of the PHASES score compared with UIATS. However, the information provided by this evaluation is limited by the study design because prospective data on the course of the UIAs are not available.



Aneurysm Size Is the Most Robust Predictor of Rupture

By fitting conditional logistic regression models, we investigated whether the features of UIATS were able to predict the ruptured aneurysm within patients by using other weights or by discarding some features. We started entering the variable aneurysm-specific features. They performed better than UIATDIFF [p = 0.0001 (likelihood ratio Chi-squared test); AIC 50.8]. After stepwise elimination, a model with three features (maximum diameter, location, and size-related risk) did not perform worse (AIC 44.4). Using rounded regression coefficients, we constructed a simplified reweighted score (UIATREV = 2 × maximum diameter + location + 2 × size-related risk). Similarly, we investigated the features of the PHASES score. The binary variable size > 0 alone performed no worse than the PHASES score (likelihood ratio Chi-squared: PHASES 17.7 vs. 22.7 for the binary size variable, both p < 0.0001).

We calculated areas under the unconditioned ROC curve (Figure 2). UIATREV performed better than the PHASES score (AUC: 0.85 vs. 0.75). However, the single binary feature “size” extracted from the PHASES score performed worse than the unrevised PHASES score (AUC: 0.65 vs. 0.75). Collectively, these findings indicate that aneurysm size is the most robust predictor of rupture. However, aneurysm size is not optimally weighted and categorized in both scores to discriminate between ruptured aneurysms and UIAs in our setting.





DISCUSSION

In this study, we collected morphological information on aneurysms and the clinical characteristics of 40 consecutive patients who experienced an SAH from one of multiple intracranial aneurysms. The prevalence of multiple aneurysms in our cohort was 16.3% of all patients who experienced an aneurysmal SAH, which is within the expected range (19, 20). The clinical features were comparable with other SAH patient cohorts (1, 2). Although UIATS and PHASES scores were developed from prospective data on UIAs (9, 10), we applied the scores to our SAH cohort. We were therefore able to evaluate how the PHASES score would estimate the rupture risk and which treatment recommendations UIATS would give for the ruptured intracranial aneurysms and the UIAs.

In our cohort, the PHASES score and the difference between the UIATS subscores were higher in the ruptured intracranial aneurysms compared with the UIAs, which reached the level of significance for the PHASES score. The PHASES score estimated a low 5-year rupture risk in a relatively large proportion of the ruptured aneurysms (≤1.7% for 82.5% and ≤0.7% for 22.5%). This observation is similar to other studies on SAH cohorts, which found rather low PHASES scores in a large proportion of ruptured aneurysms (11–15). However, it should be noted that in our study, the PHASES score estimated a low 5-year rupture risk in a markedly larger proportion of the UIAs (≤0.7% in 62.3%, ≤1.7% in 98.4%). In a study conducted in a northwestern European population, UIAs were incidentally detected in 1.8% of 2,000 brain MRI scans (21). Furthermore, in studies evaluating aneurysms in SAH cohorts, there is a strong element of selection bias since only SAH patients are included. Taken together, these facts may partly explain the apparent divergence between the clinical observation that a large proportion of SAH patients have small ruptured aneurysms and their low predicted rupture risk.

Further analysis showed a higher power for the PHASES score compared with UIATS in discriminating between ruptured aneurysms and UIAs. This is most likely because aneurysm size, which we found to be the most robust discriminator between ruptured aneurysms and UIAs, has a greater influence on the PHASES score—the UIATS places a high weight on aneurysm size-related treatment risk, which is in favor of conservative treatment and evens out the points awarded for aneurysm size and in favor of treatment. In our data, a revised UIATS placing more weight on aneurysm size showed higher power to discriminate between ruptured aneurysms and UIAs. However, this finding needs to be validated in future studies. Based on the scores [UIATS recommendation and the PHASES score with a cutoff of ≥4 points (18)], a considerable proportion of the UIAs would have been treated. However, the seemingly high proportion of UIAs incorrectly deemed to be at high risk of rupture is not necessarily indicative of bad performance because this group of UIAs may include high-risk aneurysms. A key limitation of this study is the lack of longitudinal data or follow-up to show the subsequent rate of rupture of the unruptured aneurysms because the majority of the UIAs were subsequently treated.

Treatment recommendations should not be based solely upon the aneurysm rupture risk as the individual treatment risk should be considered to give the optimal personalized treatment recommendation. This aspect is not reflected by the PHASES score. In contrast, the UIATS, which was developed as a tool to aid clinical decision making, considers several factors that reflect the individual treatment risk and should presumably be included in the clinical decision process. Unfortunately, our study design does not allow conclusions on whether these treatment risk factors are helpful for clinical decision making.



CONCLUSIONS

We applied UIATS and PHASES score to ruptured aneurysms and UIAs in an SAH patient cohort with multiple intracranial aneurysms. To the best of our knowledge, this is the first study to do so. Similar to previous studies on other SAH cohorts, a significant proportion of the ruptured aneurysms exhibited an apparently low-rupture risk, however, this phenomenon may be related to the selection bias in our SAH cohort and therefore may not be generalizable. Nevertheless, PHASES score discriminated between ruptured aneurysms and UIAs in our cohort. UIATS exhibited a lower discriminatory power, which was due to the high weight of aneurysm-independent factors. However, these patient-specific factors, presumably, are of high clinical significance to estimate the individual treatment risk. Altogether, our data support a careful acknowledgment of the scores in individual treatment decisions. Treatment decisions remain challenging in patients with UIAs, and prospective trials are warranted to evaluate treatment strategies based on UIATS and PHASES score.
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