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Abstract
Background and Purpose
 The prevalence of unruptured cerebral aneurysms (UCAs) in ischemic stroke patients is not clearly defined. This study aimed to measure the prevalence and characteristics of UCAs in patients with acute ischemic stroke (AIS) and to compare our findings with those of the general population. In addition, we investigated the factors associated with cerebral aneurysms in AIS patients.


Methods
 We retrospectively reviewed the brain magnetic resonance angiography images of 955 patients with AIS and 2,118 controls who had received a brain magnetic resonance angiography as part of a health check-up. We investigated the prevalence, size, location, and risk factors of the subjects in the context of UCAs.


Results
 UCAs were found in 74 patients with AIS (7.7%) and in 79 who received a health check-up (3.7%). The prevalence of UCAs was significantly higher in the AIS group than in the health check-up group (odds ratio 2.17, 95% confidence interval 1.56-3.01). The mean aneurysm diameter was larger in the AIS group than in the health check-up group (3.75 mm vs. 3.02 mm, P=0.009). UCAs were primarily located in the internal carotid artery in both groups, and aneurysms in the middle cerebral artery were particularly common in the AIS group. According to multivariate analysis, hypertension alone was correlated with an increased prevalence of UCAs in stroke patients.


Conclusions
 This study identified a higher prevalence and larger size of UCAs in AIS patients than in the general population. Hypertension was an independent risk factor of UCA in AIS.
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Introduction
Cerebral aneurysms are abnormal focal pouch-like dilatations of the cerebral artery. The most dreaded complication of an unruptured cerebral aneurysm (UCA) is a subarachnoid hemorrhage, which is associated with high morbidity and mortality [1,2]. Thus, there is a great deal of interest in improving our ability to detect UCAs, as well as in investigating their natural history [3-5]. Indeed, this interest has led to increased screening for UCAs and the exploration of novel treatment paradigms [6].
The reported prevalence of UCAs ranges from 0.2 to 9% [7-17], and this wide range may be due to variable evaluation methods and demographics. Methodological differences include study design, study tools, imaging tools, patient selection, and aneurysm types. Likewise, differences in patient demographics may influence study results, with the prevalence of aneurysms differing between studies due to varying comorbidities.
While UCA and ischemic stroke share many risk factors, the prevalence of UCAs has not been investigated in patients with acute ischemic stroke (AIS). Thus, the purpose of this study was to evaluate the prevalence and characteristics of UCAs in AIS patients in comparison to a control population for the evaluation of comorbid factors related to the prevalence of UCAs in AIS patients.

Methods
Patient selection
This retrospective, cross-sectional study was conducted in a tertiary university hospital setting. Patients were classified into two groups for the study. The AIS group included patients with acute ischemic stroke who were admitted to the hospital and underwent brain magnetic resonance angiography (MRA) between January 2011 and December 2014. The health check-up (HC) group, which was used as the control group, consisted of individuals who underwent a brain MRA between January 2011 and December 2012 as part of a routine health examination.
Patient data including age, sex, past medical history (hypertension, diabetes, hyperlipidemia, previous stroke history, and smoking), family history of cerebrovascular disease (intracerebral hemorrhage, subarachnoid hemorrhage, or cerebral infarction), and follow-up results were obtained from medical records. In the AIS group, stroke subtypes were categorized by the Trial of Org 10172 in Acute Stroke Treatment (TOAST) criteria [18].
The retrospective study design and protocol was approved by our institutional review board. The requirement for written informed consent from the patients was waived due to the retrospective nature of the design.

Image acquisition and interpretation
All 3-dimensional time-of-flight MRA examinations were performed using one of two 3.0T magnetic resonance imaging systems at our institution (Discovery MR750, GE Medical Systems, Milwaukee, WI, USA; Achieva, Philips Medical Systems, Best, The Netherlands). Three-dimensional time-of-flight MRA was performed with the following parameters for the Discovery MR750 instrument: repetition time/echo time, 23/2.5 ms; flip angle, 20 degrees; field of view, 210×185 mm; 4 slabs (176 slices); slice thickness, 1.4 mm; matrix, 416×224; and acquisition time, 5 minutes and 9 seconds; and for the Achieva instrument: repetition time/echo time, 25/3.5 ms; flip angle, 20 degrees; field of view, 250×198 mm; 1 slab (170 slices); slice thickness, 1.4 mm; matrix, 832×414; and acquisition time, 6 minutes and 52 seconds.
UCAs were defined as abnormal focal outpouchings of the cerebral arteries [1]. All radiologic reports from both groups were reviewed, and the MRA images of patients with UCA and with possible UCA according to those reports were independently reviewed by an experienced neurologist (J.H. Kim) and a neuroradiologist (S.H. Suh). In cases of discrepancy, a consensus interpretation was made. Patients with known UCAs prior to the MRA were also included regardless of treatment. Patients were excluded if they had fusiform, traumatic, or mycotic aneurysms, which have different etiologies [19], or aneurysms in an extradural location.
Aneurysm size was measured by the largest diagonal measurement. Aneurysm locations were classified as internal carotid artery (ICA), anterior cerebral artery, anterior communicating artery, middle cerebral artery (MCA), posterior communicating artery, and vertebrobasilar artery (including vertebral artery, basilar artery, posterior cerebral artery, and anterior and posterior cerebellar arteries). In addition, multiple aneurysms and the presence of daughter sacs were analyzed.

Statistical analyses
Differences between the two groups were evaluated using Student’s t test for continuous variables and the Chi-square test for categorical variables. Odd ratios (ORs) were derived from Chi-square test results with 95% confidence intervals (CIs). The age-matched prevalence rate of UCA was analyzed by the Cochran-Mantel-Haenszel test. Linear regression analyses were performed to analyze the relationship between age and aneurysm size. The associations between UCA coexistence and various covariates in the AIS group were tested using logistic regression analysis. All P values were 2-sided and were considered statistically significant if they were 0.05 or less. Analyses were performed using SPSS version 20.0 (SPSS Inc., Chicago, IL, USA). The relationship between age and UCA prevalence was examined using the Cochran–Armitage trend test, which was conducted using SAS version 9.2 (SAS Institute, Cary, NC, USA).


Results
Subject characteristics
A total of 1,163 patients with suspected ischemic stroke were admitted to our hospital during the study period. Patients with transient ischemic attack (n=203), and no MRA due to pacemaker implantation (n=2), bionic ear (n=1), and poor general condition (n=2) were excluded from our analysis. Eventually, a total of 955 patients with AIS and 2,118 individuals who had undergone a brain MRA as part of a health check-up were enrolled in the study (Figure 1).
[image: Figure 1.]
Figure 1. Flow diagram of participants.TIA, transient ischemic attack; MRA, magnetic resonance angiography; UCA, unruptured cerebral aneurysm.

The baseline characteristics of the patients in each group are shown in Table 1. The mean age of the AIS group was significantly higher than that of the HC group (64.9±14.1 years vs. 53.9±9.6 years, P<0.001). Other risk factors including hypertension, diabetes, hyperlipidemia, previous stroke history, smoking, and family history of cerebrovascular disease were also significantly more common in the AIS group.
Table 1. Baseline characteristics of subjects
	Characteristics	AIS (n = 955)	HC (n = 2,118)	P value
	Age (mean ± SD), (year)	64.9 ± 14.1	53.9 ± 9.6	< 0.001
	Male	586 (61.4)	1,188 (56.1)	0.06
	Hypertension	600 (62.8)	622 (29.4)	< 0.001
	Diabetes	289 (30.3)	241 (11.4)	< 0.001
	Hyperlipidemia	134 (14.0)	189 (8.9)	< 0.001
	Previous stroke	170 (17.8)	20 (0.9)	< 0.001
	Smokers	417 (43.7)	710 (33.5)	< 0.001
	Family history of stroke	94 (9.8)	44 (2.1)	< 0.001


Values are number of patients (%) unless otherwise specified.AIS, acute ischemic stroke; HC, health check-up.



Prevalence of UCA
UCAs were found in 74 patients in the AIS group (7.7%; 38 men and 36 women; age 43 to 91 years, mean 67.2±11.2 years) and 79 people in the control (3.7%; 35 men and 44 women; age 37 to 76 years, mean 57.2±8.8 years). Eight patients in the AIS group and 4 patients in the HC group had been diagnosed and treated for their UCA before this study. The prevalence of UCAs was significantly higher in the AIS group than in the HC group (OR 2.17, 95% CI 1.56-3.01, P<0.001).
In an age-matched comparison, the prevalence of UCAs was higher in the AIS group compared to the HC group based on the Cochran-Mantel-Haenszel test (OR 1.79, 95% CI 1.24-2.60, P=0.002). When categorized according to age by decade, a significant difference in the prevalence between the two groups emerged only in the 7th decade (Table 2). The prevalence of aneurysm was higher in women than in men in both groups, and increased significantly with increasing age among women in the HC group. On the other hand, there was a single peak incidence in the 7th decade in the AIS group (10.5%) for both males (8.6%) and females (14.7%). Hypertension, previous stroke, and smoking were more common in AIS patients with UCAs than in HC patients with UCAs (Supplemental Table 1).
Table 2. Age- and sex-specific prevalence of unruptured cerebral aneurysms
	Age (year)	Acute ischemic stroke group
	Health check-up group
	P value*
	Men
	Women
	Total
	Men
	Women
	Total

	Pop	UCA	Pop	UCA	Pop	UCA	Pop	UCA	Pop	UCA	Pop	UCA
	< 50	99	3 (3.0)	38	3 (7.9)	137	6 (4.4)	371	8 (2.2)	282	8 (2.8)	653	16 (2.5)	0.212
	50-59	146	8 (5.5)	42	3 (7.1)	188	11 (5.9)	522	16 (3.1)	390	20 (5.1)	912	36 (3.9)	0.240
	60-69	162	14 (8.6)	75	11 (14.7)	237	25 (10.5)	224	8 (3.6)	209	11 (5.3)	433	19 (4.4)	0.002
	≥ 70	179	13 (7.3)	214	19 (8.9)	393	32 (8.1)	71	3 (4.2)	49	5 (10.2)	120	8 (6.7)	0.598
	Total	586	38 (6.5)	369	36 (9.8)	955	74 (7.7)	1,188	35 (3.0)	930	44 (4.7)	2,118	79 (3.7)	< 0.001
	P value of trend†		0.138		0.932		0.118		0.325		0.038		0.024	


Values are number of patients (%) unless otherwise specified.Pop, population; UCA, unruptured cerebral aneurysm.
*P value obtained by Chi-square test for comparisons between acute ischemic stroke group and health check-up group;
†P value of trend was calculated using the Cochran–Armitage trend test.



Characteristics of UCA
A total of 187 aneurysms were detected in 153 patients. Multiple aneurysms were noted in 13 patients (17.6%) in the AIS group and 11 patients (13.9%) in the HC group. The mean diameter of the UCAs was larger in the AIS group than in the HC group (3.75 mm vs. 3.02 mm; P=0.009). As shown in Figure 2, the size of the UCAs increased with age in the AIS group (R² =0.074, P=0.009), but not in the HC group (R² =0.015, P=0.242). Aneurysms larger than 7 mm in diameter were more common in the AIS group than in the HC group (8.1% vs. 6.3%, P=0.67), and the mean diameter of UCAs was larger in women than in men in both groups (AIS group, 4.15±2.51 mm vs. 3.35±1.75 mm; P=0.082 and HC group, 3.12±1.70 vs. 2.82±1.30; P=0.30), but these differences were not significant.
[image: Figure 2.]
Figure 2. Relationship between the size of unruptured cerebral aneurysms and age in the acute ischemic stroke group (A) and the health check-up group (B). The regression lines are y=0.052x+0.233 (A) and y=0.022x+1.768 (B) where y is aneurysm size (mm) and x is age (years).

Table 3 presents the incidence of UCAs in both groups according to their location. While the distal ICA was the most common site in both groups, MCA aneurysms were significantly more common in the AIS group compared to the HC group (OR 3.72, 95% CI 1.53-9.08). In analyzing the size of aneurysms by location, we found that the mean diameter was significantly larger in the AIS group than in the HC group for ICA only (Supplemental Table 2). Aneurysm daughter sacs were identified in two patients in each group.
Table 3. Distribution of unruptured cerebral aneurysm
	Location	AIS	HC	OR (95% CI)	P value
	ICA	48 (52.2)	65 (68.4)	Reference	
	MCA	22 (23.9)	8 (8.4)	3.72 (1.53-9.08)	0.004
	A-com	9 (9.8)	7 (7.4)	1.74 (0.61-5.00)	0.303
	P-com	6 (6.5)	9 (9.5)	0.90 (0.30-2.71)	0.855
	VB	7 (7.6)	2 (2.1)	4.74 (0.94-21.83)	0.059
	ACA	0 (0)	4 (4.2)	-	0.999


Values are number of patients (%) unless otherwise specified.AIS, acute ischemic stroke; HC, health check-up; OR, odds ratio; CI, confidence interval; ICA, internal carotid artery; MCA, middle cerebral artery; A-com, anterior communicating artery; P-com, posterior communicating artery; VB, vertebrobasilar artery; ACA, anterior cerebral artery.



Independent predictors of UCAs in AIS patients
Age, female sex, hypertension, diabetes, hyperlipidemia, previous stroke history, smoking, and family history of stroke were analyzed using logistic regression analysis (Table 4). Univariate and multivariate analysis showed that only hypertension (P=0.028) was correlated with the increased prevalence of UCAs in AIS patients, while other risk factors were not. There was also no difference in the prevalence of UCAs according to ischemic stroke subtype by TOAST classification.
Table 4. Independent predictors of unruptured cerebral aneurysms in acute ischemic stroke patients
	Predictors	Univariate
	Multivariate

	OR (95% CI)	P value	OR (95% CI)	P value
	Age, per 1-year increase	1.01 (0.99-1.03)	0.142	1.01 (0.99-1.03)	0.571
	Female sex	1.56 (0.97-2.51)	0.067	1.82 (0.95-3.49)	0.072
	Hypertension	2.09 (1.19-3.65)	0.010	1.95 (1.07-3.53)	0.029
	Diabetes	0.84 (0.50-1.44)	0.529	0.70 (0.40-1.20)	0.189
	Hyperlipidemia	1.48 (0.80-2.73)	0.210	1.43 (0.75-2.71)	0.273
	Previous stroke	1.30 (0.73-2.33)	0.372	1.15 (0.63-2.10)	0.642
	Smoking	0.93 (0.57-1.50)	0.749	1.46 (0.76-2.81)	0.256
	Family history of stroke	0.95 (0.42-2.14)	0.908	1.11 (0.49-2.55)	0.806
	TOAST		0.235		0.276
	 Large-artery atherosclerosis	Reference		Reference	
	 Cardioembolism	2.12 (0.99-4.49)	0.051	1.98 (0.92-4.22)	0.079
	 Small-vessel disease	1.89 (0.89-3.99)	0.098	2.01 (0.97-4.49)	0.060
	 Other determined etiology	1.53 (0.19-12.73)	0.693	1.84 (0.21-16.12)	0.581
	 Undetermined etiology	2.39 (1.12-5.13)	0.024	2.31 (1.07-4.98)	0.033




Follow-up data
The mean follow-up duration was 18.3 months (median 13.0, range 1-48 months) in the AIS group and 17.6 months (median 15.0, range 1-48 months) in the HC group. Eight of the 66 patients (12%) in the AIS group were treated by clipping (n=5) or coiling (n=3), and 21 of the 75 (28%) patients in HC group were treated by clipping (n=12) or coiling (n=9). Among the patients who did not undergo treatment, aneurysm rupture occurred in 3 patients in the AIS group and none in the HC group.


Discussion
The overall prevalence of UCAs in the HC group in the present study was similar to that estimated in a recent systemic review published in 2011, which estimated the overall UCA prevalence to be 3.2% in a population without comorbidity (mean age, 50 years; 50% men) [9]. This incidence was notably higher than the 2.3% reported in a 1998 review [7]. In the 2011 study, the authors suggested that this difference was due to corrections made for age and sex, and to the inclusion of more recent studies with higher quality imaging techniques [9]. The prevalence reported in previous studies included volunteer participants [12,13] or patients who underwent brain MRA for various reasons, including diverse neurological conditions [14,17,20,21]. In contrast, the individuals in the HC group in our study had no neurologic symptoms or other specific reason for undergoing a brain MRA. Therefore, we used the HC group as a control for comparison with the AIS group.
We found that the prevalence of UCAs was higher in the AIS group than in the HC group. We hypothesized that this difference was due to the high proportion of risk factors related to cerebral aneurysm in the AIS group. This difference was especially significant in the 7th decade. There is some controversy with respect to the age-related increase in the prevalence of UCAs. Specifically, some studies have reported that the prevalence of UCAs steadily increases with age in both genders [7,17], whereas other studies have found no age-related increase in the prevalence of UCAs [11,20,22]. Interestingly, we identified an age-related increase in UCA prevalence in the HC group only, which was particularly apparent among females. On the other hand, there was a decreased prevalence of UCAs in the AIS group after peaking in the 7th decade. This discrepancy may be associated with high aneurysmal rupture risk as well as high mortality unrelated to cerebral aneurysms in this age group of ischemic stroke patients [23,24]. The results of our study also revealed an age-related increase in the size of aneurysms in the AIS group, which was not observed in the HC group. This may be due to the fact that AIS patients have more risk factors associated with growth of the aneurysm.
Besides the higher prevalence and larger aneurysm size observed in the AIS group, some important determinants of eventual cerebral aneurysm rupture were also more common in this group, such as hypertension, smoking, and alcohol consumption [1,25,26]. Indeed, aneurysmal rupture was more common overall in the AIS group, although long-term follow-up data to confirm this finding were not available. Still, it is unclear whether these findings suggest that ischemic stroke patients have a higher risk of aneurysmal rupture, since the majority of UCAs were small and located in the ICA [3,4,27]. The reason for the predominant MCA distribution in the AIS group and its clinical significance are both unclear. However, a recent study suggested that the factors affecting the presence of UCAs differ by location. Hokari et al. [28] suggested that cerebrovascular disease itself as well as hypertension are independent risk factors of MCA aneurysm, and another study demonstrated its association with smoking [29]. Therefore, we speculate that these risk factors, all of which were more common in the AIS group, could contribute to the high incidence of MCA aneurysms. Some studies found a relationship between cerebral aneurysm and ICA stenosis [30-34]; however, neither largeartery atherosclerosis nor other subtypes of the TOAST classification were related to the occurrence of UCA in this study. It seems that because stroke is a complex disease influenced by multiple potential etiologies, the TOAST classification does not purely reflect carotid artery stenosis [35] or the degree of atherosclerosis. Hypertension, which is an important risk factor for cerebral aneurysm, was the only significant factor associated with UCA in the AIS group.
There are several limitations of this study. First, the diagnosis of UCAs was based on 3-dimensional time-of-flight MRA, not conventional angiography, which may have made it more difficult to diagnose small UCAs and to differentiate small aneurysms from junctional dilatations. However, recent studies [36-38] have described the high diagnostic accuracy of 3-dimensional time-of-flight MRA, indicating that it has a high sensitivity of over 95% as well as a high specificity ranging from 89 to 97%. Furthermore, MRA has been widely used as a validated noninvasive imaging tool without significant radiation hazard. In fact, most of the recent studies conducted on the prevalence of UCAs have used MRA as the evaluation method. Additionally, two independent experienced readers reviewed the MRA images in this study, and a consensus interpretation was made in cases of discrepancy. Second, this was a single hospital-based and ethnically distinct study. Third, we should consider the characteristics of the HC group that was used as a control group in this study. They differ from the general population in terms of the distributions of age and sex, and they have more health concerns with good control of risk factors. Lastly, this retrospective design did not show the natural history of UCAs in both groups. Thus, a large prospective study is needed to define the natural history of UCAs in ischemic stroke patients compared to the general population.

Conclusions
In summary, UCAs were more common in AIS patients than in the control group. The mean size of aneurysms in the AIS group was larger than that in the HC group, and aneurysm size increased significantly with age in the AIS group only. Among the various risk factors evaluated, only hypertension correlated with the increased prevalence of aneurysms in the AIS group. Ultimately, a follow-up study of UCAs in ischemic stroke patients is required to evaluate the precise risk of aneurysmal rupture in order to assist in refining treatment plans.
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