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Background: Gender differences are shown to exist in the incidence and outcome of subarachnoid hemorrhage as well as in the formation and progression of intracranial aneurysms. However, few studies investigated the gender difference in the morphology of intracranial aneurysms.

Methods: A total of 308 consecutive patients with 346 intracranial aneurysms from 2014 to 2020 were retrospectively analyzed. Differences in 10 morphological parameters of intracranial aneurysms between males and females were compared. Continuous variables were expressed as the median [interquartile range (IQR)] and the differences were analyzed using the Mann-Whitney test. Categorical variables were expressed as numbers (frequencies) and the differences were analyzed using χ2 test. Moreover, subgroup analyses were performed according to age stratifications: ≥60 years, 50–59 years, and <50 years.

Results: The median aspect ratio maximum [1.38, IQR (1.17–1.83) vs. 1.27, IQR (1.00–1.57)], median aspect ratio [1.29, IQR (1.00–1.76) vs. 1.18, IQR (0.93–1.54)], median bottleneck factor [1.17, IQR (1.00–1.47) vs. 1.03, IQR (0.86–1.27)], and median volume-to-ostium area ratio [5.67, IQR (2.85–9.03) vs. 3.86, IQR (1.94–7.48)] in males were significantly higher than those in females (all P < 0.01). Particularly, the differences in the above morphological parameters between genders were most prominent in patients aged ≥ 60 years, whereas no differences were found in patients aged < 50 years. There were no significant differences in other morphological parameters between males and females, including neck width, transverse, height, maximum, aneurysm volume, and height-width ratio.

Conclusions: Gender difference existed in the morphology of intracranial aneurysms and was affected by age. The difference was prominent in patients aged ≥ 60 years, whereas no difference was found in patients aged < 50 years.
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Introduction

Subarachnoid hemorrhage (SAH) is a life-threatening stroke, largely leading to loss of many years of productive life owing to the relatively young age of those affected and high mortality (1). The rupture of an intracranial aneurysm is the cardinal cause, accounting for about 85% of cases (1, 2). Theoretically, risk factors for rupture of an unruptured aneurysm are similar to those for aneurysm formation and SAH (1). There is high agreement among neurosurgeons that the location and size are among pivotal risk factors for rupture of an intracranial aneurysm (3, 4). Moreover, in addition to size and location, several morphological parameters of intracranial aneurysms, including perpendicular height, aspect ratio, bottleneck factor, and aneurysm volume, have been shown to be associated with risk of rupture (5–8). Thus, aneurysm morphology could provide important implications in the clinical management of intracranial aneurysms.

Gender differences are suggested to exist not only in the incidence and outcome of SAH but also in the formation and progression of aneurysms (9). In a large consecutive series of ruptured intracranial aneurysms (3), the size and location varied considerably by gender, suggesting that gender differences existed in the location and size. However, no statistical method was applied to identify the significant differences in location and size between genders in the previous study (3). Moreover, one of the few studies suggested that females had a significant lower dome-to-neck ratio of intracranial aneurysms than males (10), but few studies investigated the detailed gender differences in aneurysm morphology so far (11). Furthermore, it was suggested that morphological parameters of posterior communicating artery aneurysms were associated with age (12). Therefore, we hypothesized that gender differences existed in the morphology of intracranial aneurysms and were affected by age. The purpose of this study was to explore the gender differences in morphological parameters of intracranial aneurysms, with a special focus on the gender differences stratified by age.



Materials and methods


Study population and data collection

The study population was from the First Affiliated Hospital of Xiamen University. The inclusion criteria were as follows: (1) Adult patients (≥18 years old) with saccular intracranial aneurysms admitted to the hospital between 2014 and 2020; (2) Ruptured and unruptured intracranial aneurysms which were repaired during hospitalization were both included; (3) The diagnosis of intracranial aneurysms was confirmed using CT angiography (CTA), 3-dimensional time-of-flight magnetic resonance angiography (3D-TOF-MRA), or digital subtraction angiography (DSA). The exclusion criteria were as follows: (1) The aneurysms belonged to traumatic aneurysms, feeding artery aneurysms to arteriovenous malformations (AVM), or fusiform aneurysms. (2) The patients whose aneurysms were treated prior to presentation. Demographic and clinical information, including age, gender, presence of multiple aneurysms, location of the aneurysms, and morphological parameters were recorded. This study was approved by the institutional review board under an expedited review and informed consent was waived for this retrospective study.



Definition of location and morphological parameters

The locations of intracranial aneurysms were categorized as internal carotid posterior communication artery (ICPC), middle cerebral artery (MCA), anterior communication artery (ACoA), and others. The previous literature highlights a lot of morphological parameters associated with aneurysm growth and rupture risk, such as the ellipticity index, nonsphericity index, and size ratio, etc. (5–8). However, the results of Juvela and Korja (7) were derived from a long-term follow up study, and the results might be the most reliable. Thus, we thought that aneurysm volume, aspect ratio, bottleneck factor, height-width ratio, and volume-to-ostium area ratio (VOR) were pivotal morphological parameters for the assessment of intracranial aneurysms based on the previous study (7). Hence, the above morphological parameters were measured and calculated using the standard projection of 3-dimensional conventional angiograms in the present study. The neck width (n), transverse (t), height (h), and maximum (m) were measured for each angiographic image of an intracranial aneurysm and used to calculate the morphological parameters as follows (7): (1) aneurysm volume: π × m × t2/6; (2) aspect ratio maximum: m/n; (3) aspect ratio: h/n; (4) bottleneck factor: t/n; (5) height-width ratio: h/t; (6) VOR: 4m × t2/6n2. The detailed discrimination of the abovementioned morphological parameters is shown in Figure 1.


[image: Figure 1]
FIGURE 1
 The detailed discrimination of 10 morphological parameters. The neck width (n), transverse (t), height (h), and maximum (m) were measured for each angiographic image of an intracranial aneurysm and used to calculate the morphological parameters as follows: (1) aneurysm volume: π × m × t2/6; (2) aspect ratio maximum: m/n; (3) aspect ratio: h/n; (4) bottleneck factor: t/n; (5) height-width ratio: h/t; (6) VOR: 4m × t2/6n2.




Statistical analysis

The data were analyzed by SPSS statistic 22.0 (SPSS Inc., Chicago, USA). Initially, the Shapiro-Wilk test, stem-leaf plot, and normal P-P plot were used for the test of data distribution. Continuous variables were expressed as the median [interquartile range (IQR)] when they were non-parametric distribution, or mean (standard deviation) when they were parametric distribution. The Student's t-test was used for variables with parametric distribution and Mann-Whitney test for variables with the non-parametric distribution. Categorical values were expressed as number (frequencies), and the differences between the two groups were analyzed using χ2 test or Fisher's exact test. All statistical significance was defined as P < 0.05.

Initially, the differences in age, presence of multiple aneurysms, location of the aneurysms, and morphological parameters were compared between males and females. Moreover, although the majority of the overall aneurysm population is females, the prevalence was reported to be equivalent between males and females among adults younger than 50 years (13). Furthermore, 60 years old was suggested to be as the boundary to differentiate the risk of growth of unruptured intracranial aneurysms (14). Therefore, subgroup analyses of differences in location and morphological parameters of intracranial aneurysms between gender were further performed according to the age stratification: ≥60 years, 50–59 years, and <50 years. Additionally, the association between age and morphological parameters was evaluated as well. Considering gender could affect the morphological parameters, morphological parameters of intracranial aneurysms between patients aged ≥ 50 years and patients aged < 50 years were compared separately in males and females.




Results


Basic demographic and clinical characteristics of 308 patients with intracranial aneurysms

The study included 308 patients with 346 intracranial aneurysms, of which 127 (137 aneurysms) were males, and 181 (209 aneurysms) were females. The average age was 55.68 ± 11.34 years, in which males and females were 54.29 ± 11.35 years and 56.66 ± 11.26 years, respectively. In this case series, 10.71% of the patients presented multiple aneurysms, and the majority (89.02%) of the aneurysms were <10 mm. The distributions of age and location of males and females with intracranial aneurysms are shown in Figure 2. The female to male ratio was approximately one among patients younger than 50 years, but the ratio was far more than one among patients aged ≥ 50 years. The top three locations of intracranial aneurysms were ICPC (31.79%), MCA (28.03%), and ACoA (27.17%), accounting for 86.99% of all intracranial aneurysms.
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FIGURE 2
 Distributions of age and location of males and females with intracranial aneurysms. The number was equivalent between males and females among patients younger than 50 years, whereas females had a significantly larger number than males in patients aged ≥ 50 years, especially in patients aged ≥ 60 years (A). The top three locations of intracranial aneurysms were ICPC (31.79%), MCA (28.03%), and ACoA (27.17%), accounting for 86.99% of all intracranial aneurysms (B). ICPC, internal carotid posterior communication artery; MCA, middle cerebral artery; ACoA, anterior communication artery.




Comparisons of age, location, and morphological parameters of aneurysms between males and females

The comparisons of age, location, and morphological parameters of aneurysms between males and females are shown in Table 1. The percentage of patients aged ≥ 60 years in females was significantly higher than that in males (46.96 vs. 30.07%, P = 0.047). There was a significant difference in the distribution of the location of aneurysms between genders (P = 0.000), with a higher percentage of ICPC aneurysm in females (40.67 vs. 18.25%) and a higher percentage of ACoA aneurysm in males (37.22 vs. 20.57%). The median aspect ratio maximum [1.38, IQR (1.17–1.83) vs. 1.27, IQR (1.00–1.57)], aspect ratio [1.29, IQR (1.00–1.76) vs. 1.18, IQR (0.93–1.54)], bottleneck factor [1.17, IQR (1.00–1.47) vs. 1.03, IQR (0.86–1.27)], and VOR [5.67, IQR (2.85–9.03) vs. 3.86, IQR (1.94–7.48)] in males were significantly higher than those in females (all P < 0.01). There were no significant differences in other morphological parameters between males and females, including neck width, transverse, height, maximum, aneurysm volume, and height-width ratio.


TABLE 1 Comparisons of age, location, and morphological parameters of aneurysms between males and females.
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Comparisons of the location of intracranial aneurysms between males and females stratified by age

The Comparisons of the location of intracranial aneurysms between males and females according to age stratification are presented in Table 2. In the subgroups of patients aged ≥ 60 and <50 years, no significant differences in the distributions of the location of intracranial aneurysms were observed between genders. However, there was a significant difference in the distribution of the location of intracranial aneurysms between males and females when restricted in the patients aged 50–59 years (P = 0.000). In this subgroup, the percentage of ICPC aneurysm in females was significantly higher than that in males (52.46 vs. 7.14%). In contrast, the percentages of AcoA and MCA aneurysms in males were significantly higher than those in females (45.23 vs. 16.39%, 33.33 vs. 18.03%).


TABLE 2 Comparisons of the location of intracranial aneurysms between males and females stratified by age.
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Comparisons of morphological parameters of intracranial aneurysms between males and females stratified by age

The comparisons of morphological parameters of intracranial aneurysms between males and females according to age stratification are shown in Table 3. In the subgroup of patients aged ≥ 60 years, the median aneurysm volume [137.66, IQR (43.80–281.88) mm3 vs. 58.06, IQR (22.44–152.56) mm3], aspect ratio maximum [1.46, IQR (1.28–1.84) vs. 1.26, IQR (1.00–1.56)], aspect ratio [1.34, IQR (1.10–1.74) vs. 1.15, IQR (0.92–1.49)], bottleneck factor [1.21, IQR (1.01–1.56) vs. 1.00, IQR (0.86–1.24)], and VOR [6.95, IQR (4.55–13.77) vs. 3.86, IQR (2.08–7.54)] in males were significantly higher than those in females (all P < 0.01). However, only aspect ratio maximum and aspect ratio showed significant differences between males and females aged 50–59 years. Of note, no significant differences in the morphological parameters were observed between males and females younger than 50 years.


TABLE 3 Comparisons of morphological parameters of intracranial aneurysms between males and females stratified by age.
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Comparisons of morphological parameters of intracranial aneurysms between patients aged ≥ 50 years and patients aged < 50 years stratified by gender

The comparisons of morphological parameters of intracranial aneurysms between patients aged ≥ 50 years and patients aged <50 years stratified by gender are presented in Table 4. Males aged ≥ 50 years had a larger maximum, aneurysm volume, and aspect ratio maximum compared with those aged < 50 years. However, no significant difference in aneurysm morphology was found between females aged ≥ 50 years and those aged < 50 years.


TABLE 4 Comparisons of morphological parameters of intracranial aneurysms between patients aged ≥ 50 years and patients aged < 50 years stratified by gender.
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Discussion

The main findings of our study are, first, that gender differences existed in the morphology of intracranial aneurysms. More specifically, males had remarkably larger aneurysm volume, aspect ratio maximum, aspect ratio, bottleneck factor, and VOR compared with females. Second, the gender difference in aneurysm morphology was affected by age. The gender difference was the most prominent in patients aged ≥ 60 years, whereas it was not significant in patients younger than 50 years. To the best of our knowledge, this is the first study to report the age-specific gender difference in the morphology of intracranial aneurysms.

Compared with published large case series (3, 15, 16), this study population had similar basic demographic and clinical characteristics, including mean age, female to male ratio, the incidence of multiple aneurysms, the incidence of the small aneurysm (size < 10 mm), and distribution of aneurysm location. For instance, the proportion of aneurysms smaller than 10 mm was previously reported to be 78–94% (3, 15), which was similar to our result (89.02%). Additionally, both the previous studies (3, 15, 16) and our results demonstrated that ICPC, MCA, and ACoA were the three most common locations of intracranial aneurysms. Accordingly, the study population could be thought to represent the overall aneurysm distribution in our local population.

In clinical practice, since females have a higher prevalence of intracranial aneurysms than males (17), gender difference is a remarkable clinical characteristic in patients with intracranial aneurysms. In this study, gender difference was also observed in aneurysm morphology, which is in keeping with those of a published report on the influence of gender on morphological parameters of intracranial aneurysms (11). However, Lin et al. (11) reported that the gender differences in aneurysm morphology were restricted in size, height, and size ratios, while the differences in other morphological parameters were not observed. This discrepancy might be attributed to the gender ratio of the study population, in which the female to male ratio was <1 in Lin et al.'s study but far more than one in our study as well as previous literature (3, 15, 16). In line with previous study (10), we found that males had significantly larger aspect ratio maximum, aspect ratio, bottleneck factor, and VOR than females. The gender differences in aneurysm morphology may be explained by the distinct degrees of inflammation in aneurysm formation between genders. First, the hemodynamic and inflammatory mechanisms are suggested to be the putative pathogenesis of intracranial aneurysms (18). In particular, the inflammation cascade is critical to wall remodeling, which is a major process in the formation, growth, and rupture of intracranial aneurysms (19). Previously, the gender difference in wall remodeling induced by inflammation was observed in a rat saccular intracranial model (20). In the animal study (20), vessel wall macrophage content was significantly higher in intracranial aneurysms of male rats at 28 days than in female rats, suggesting that males might have a more advanced degree of local aneurysmal wall inflammation than females. Second, evidence in animals and humans indicated that aspirin, a non-steroidal anti-inflammatory drug, decreased the risk of aneurysm rupture more significantly in males than in females (21). Third, aneurysmal wall enhancement (AWE) on high-resolution vessel wall magnetic resonance imaging, which could reflect aneurysmal wall inflammation, was suggested to be associated with an irregular shape, a higher aspect ratio, and a higher bottleneck factor (22, 23). Thus, this study supports evidence from previous observations. However, the pathophysiological basis accounting for these dissimilarities remains unclear, and therefore further research is recommended to be undertaken to investigate the difference in inflammation patterns of aneurysm formation between genders.

Interestingly, we found that gender difference in aneurysm morphology was significant in patients aged ≥ 50 years, especially in patients aged ≥ 60 years. The reason for this is not clear but it may have something to do with the age-related difference in aneurysmal wall inflammation. On the one hand, a strong relationship between age and aneurysmal wall inflammation has been reported in the literature (24). For instance, it was suggested that older age was independently associated with increased aneurysmal wall enhancement on MRI (24), indicating that older patients with intracranial aneurysms might present a higher degree of aneurysmal wall inflammation. On the other hand, our result further showed that older males had a larger maximum, aneurysm volume, and aspect ratio maximum, whereas no difference in aneurysm morphology was found in females between different age groups. In this situation, it makes sense that the gender difference in aneurysm morphology would be more significant in older patients. In addition to aneurysm morphology, we found that gender difference in location of aneurysms was affected by age, which was consistent with Horiuchi et al.'s study (25). Surprisingly, only patients aged 50–59 years showed a statistically significant difference in aneurysm location between genders when stratified by age in this study. It is difficult to explain this result, but it might be related to a rapid estrogen reduction in females during this period. A further study is therefore suggested to verify this hypothesis.

Our findings could give further support to the previously proposed pathophysiological features of intracranial aneurysms, providing important implications to future studies that can discern the critical steps in the pathogenesis of intracranial aneurysms. Importantly, since aneurysm morphology plays a crucial role in outcomes of intracranial aneurysms, future studies on the relevant subjects are suggested to take the age-specific gender differences seriously into account.



Limitations

Despite the intriguing findings of this study, several important limitations should be taken into account. First, our study is single-centered research with a relatively small sample size, and it may be underpowered to detect a significant difference in location and morphology of intracranial aneurysms between genders stratified by age. Second, over 85% of the aneurysms were ruptured in this study, and whether gender differences in location and morphology of intracranial aneurysms are attributed to rupture remains unknown. Further studies, which take these variables into account, will need to be undertaken. Last but not least, gender differences in aneurysm morphology were interpreted with aneurysmal wall inflammation in this study. Although this interpretation is supported by a large number of published articles, we could not provide direct evidence to validate this inference. Accordingly, the pathophysiological basis accounting for these dissimilarities remains to be established. Future studies on the current topic are therefore recommended.



Conclusion

In summary, gender differences existed in the morphology of intracranial aneurysms and were affected by age. Males had a larger aspect ratio maximum, aspect ratio, bottleneck factor, and VOR compared with females. Particularly, gender differences in aneurysm morphology were prominent in patients aged ≥ 60 years, whereas it was not significant in patients younger than 50 years. Previously proposed inflammatory and hormonal theories behind the pathogenesis of intracranial aneurysms seem like plausible mechanisms to explain the differences we found.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by the Institutional Review Board of First Affiliated Hospital of Xiamen University. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants' legal guardians/next of kin in accordance with the national legislation and institutional requirements.



Author contributions

JM: Writing – original draft. YL: Writing – review & editing. XG: Methodology, Validation, Funding acquisition, Resources, Writing – review & editing. ZL: Writing – review & editing. XC: Writing – review & editing. GT: Writing – review & editing. ZW: Writing – review & editing. PZ: Writing – review & editing. SC: Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was funded by the Medical Project of Xiamen Municipal Bureau of Science and Technology (Grant No. 3502Z2024ZD1007), Xiamen Municipal Health Commission, Xiamen Municipal Bureau of Science and Technology (Grant No. 3502Z20209005), Fujian Provincial Clinical Research Center for Brain Diseases (Grant No. 2021FJSLCYX01), and Xiamen Clinical Research Center for Neurological Diseases (Grant No. 2021XMSLCYX01).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Abbreviations

SAH, Subarachnoid hemorrhage; CTA, CT angiography; 3D-TOF-MRA, 3-dimensional time-of-flight magnetic resonance angiography; DSA, digital subtraction angiography; AVM, arteriovenous malformations; IQR, interquartile range; BMI, body mass index; ICA, internal carotid artery; MCA, middle cerebral artery; ACA, anterior cerebral arteries; PCoA, posterior communicating artery; ICPC, internal carotid posterior communication artery; ACoA, anterior communication artery; VOR, volume-to-ostium area ratio; AWE, aneurysmal wall enhancement.



References

 1. Macdonald RL, Schweizer TA. Spontaneous subarachnoid haemorrhage. Lancet. (2017) 389:655–66. doi: 10.1016/S0140-6736(16)30668-7

 2. Maher M, Schweizer TA, Macdonald RL. Treatment of spontaneous subarachnoid hemorrhage: guidelines and gaps. Stroke. (2020) 51:1326–32. doi: 10.1161/STROKEAHA.119.025997

 3. Korja M, Kivisaari R, Rezai Jahromi B, Lehto H. Size and location of ruptured intracranial aneurysms: consecutive series of 1993 hospital-admitted patients. J Neurosurg. (2017) 127:748–53. doi: 10.3171/2016.9.JNS161085

 4. Björkman J, Frösen J, Tähtinen O, Huttunen T, Huttunen J, Kurki MI, et al. Aneurysm size is the strongest risk factor for intracranial aneurysm growth in the eastern finnish population. Neurosurgery. (2019) 84:1098–103. doi: 10.1093/neuros/nyy161

 5. Study of Unruptured Intracranial Aneurysms Investigators. Aneurysm morphology and prediction of rupture: an international study of unruptured intracranial aneurysms analysis. Neurosurgery. (2018) 82:491–6. doi: 10.1093/neuros/nyx226

 6. Chien A, Xu M, Yokota H, Scalzo F, Morimoto E, Salamon N. Nonsphericity index and size ratio identify morphologic differences between growing and stable aneurysms in a longitudinal study of 93 cases. Am J Neuroradiol. (2018) 39:500–6. doi: 10.3174/ajnr.A5531

 7. Juvela S, Korja M. Intracranial aneurysm parameters for predicting a future subarachnoid hemorrhage: a long-term follow-up study. Neurosurgery. (2017) 81:432–40. doi: 10.1093/neuros/nyw049

 8. Kleinloog R, de Mul N, Verweij BH, Post JA, Rinkel GJE, Ruigrok YM. Risk factors for intracranial aneurysm rupture: a systematic review. Neurosurgery. (2018) 82:431–40. doi: 10.1093/neuros/nyx238

 9. Turan N, Heider RA, Zaharieva D, Ahmad FU, Barrow DL, Pradilla G. Sex differences in the formation of intracranial aneurysms and incidence and outcome of subarachnoid hemorrhage: review of experimental and human studies. Transl Stroke Res. (2016) 7:12–9. doi: 10.1007/s12975-015-0434-6

 10. Krzyżewski RM, Kliś KM, Kucala R, Polak J, Kwinta BM, Starowicz-Filip A, et al. Intracranial aneurysm distribution and characteristics according to gender. Br J Neurosurg. (2018) 32:541–3. doi: 10.1080/02688697.2018.1518514

 11. Lin B, Chen W, Ruan L, Chen Y, Zhong M, Zhuge Q, et al. Sex differences in aneurysm morphologies and clinical outcomes in ruptured anterior communicating artery aneurysms: a retrospective study. BMJ Open. (2016) 6:e009920. doi: 10.1136/bmjopen-2015-009920

 12. Zhang J, Can A, Lai PMR, Mukundan Jr S, Castro VM, Dligach D, et al. Age and morphology of posterior communicating artery aneurysms. Sci Rep. (2020) 10:11545. doi: 10.1038/s41598-020-68276-9

 13. Vlak MH, Algra A, Brandenburg R, Rinkel GJ. Prevalence of unruptured intracranial aneurysms, with emphasis on sex, age, comorbidity, country, and time period: a systematic review and meta-analysis. Lancet Neurol. (2011) 10:626–36. doi: 10.1016/S1474-4422(11)70109-0

 14. Backes D, Rinkel GJE, Greving JP, Velthuis BK, Murayama Y, Takao H, et al. ELAPSS score for prediction of risk of growth of unruptured intracranial aneurysms. Neurology. (2017) 88:1600–6. doi: 10.1212/WNL.0000000000003865

 15. Zheng Y, Zhou B, Wang X, Chen H, Fang X, Jiang P, et al. Size, aspect ratio and anatomic location of ruptured intracranial aneurysms: consecutive series of 415 patients from a prospective, multicenter, observational study. Cell Transplant. (2019) 28:739–46. doi: 10.1177/0963689718817227

 16. Korja M, Kivisaari R, Rezai Jahromi B, Lehto H. Size of ruptured intracranial aneurysms is decreasing: twenty-year long consecutive series of hospitalized patients. Stroke. (2018) 49:746–9. doi: 10.1161/STROKEAHA.117.019235

 17. Etminan N, Chang HS, Hackenberg K, de Rooij NK, Vergouwen MDI, Rinkel GJE, et al. Worldwide incidence of aneurysmal subarachnoid hemorrhage according to region, time period, blood pressure, and smoking prevalence in the population: a systematic review and meta-analysis. JAMA Neurol. (2019) 76:588–97. doi: 10.1001/jamaneurol.2019.0006

 18. Soldozy S, Norat P, Elsarrag M, Chatrath A, Costello JS, Sokolowski JD, et al. The biophysical role of hemodynamics in the pathogenesis of cerebral aneurysm formation and rupture. Neurosurg Focus. (2019) 47:E11. doi: 10.3171/2019.4.FOCUS19232

 19. Turjman AS, Turjman F, Edelman ER. Role of fluid dynamics and inflammation in intracranial aneurysm formation. Circulation. (2014) 129:373–82. doi: 10.1161/CIRCULATIONAHA.113.001444

 20. Morel S, Karol A, Graf V, Pelli G, Richter H, Sutter E, et al. Sex-related differences in wall remodeling and intraluminal thrombus resolution in a rat saccular aneurysm model. J Neurosurg. (2019) 134:58–71. doi: 10.3171/2019.9.JNS191466

 21. Chalouhi N, Starke RM, Correa T, Jabbour PM, Zanaty M, Brown RD Jr., et al. Differential sex response to aspirin in decreasing aneurysm rupture in humans and mice. Hypertension. (2016) 68:411–7. doi: 10.1161/HYPERTENSIONAHA.116.07515

 22. Wang GX, Li W, Lei S, Ge XD, Yin JB, Zhang D. Relationships between aneurysmal wall enhancement and conventional risk factors in patients with intracranial aneurysm: A high-resolution MRI study. J Neuroradiol. (2019) 46:25–8. doi: 10.1016/j.neurad.2018.09.007

 23. Lv N, Tang H, Chen S, Wang X, Fang Y, Karmonik C, et al. Morphological parameters related to aneurysm wall enhancement in patients with multiple intracranial aneurysms. World Neurosurg. (2018) 114:e338–43. doi: 10.1016/j.wneu.2018.02.182

 24. Roa JA, Zanaty M, Ishii D, Lu Y, Kung DK, Starke RM, et al. Decreased contrast enhancement on high-resolution vessel wall imaging of unruptured intracranial aneurysms in patients taking aspirin. J Neurosurg. (2020) 134:902–8. doi: 10.3171/2019.12.JNS193023

 25. Horiuchi T, Tanaka Y, Hongo K. Sex-related differences in patients treated surgically for aneurysmal subarachnoid hemorrhage. Neurol Med Chir. (2006) 46:328–32. doi: 10.2176/nmc.46.328

Copyright
 © 2025 Mao, Li, Gao, Li, Chen, Tan, Wang, Zhong and Chen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fneur-16-1480652-t003.jpg
Age (M/F) Morphology Males Females

=60y (44/95) Aneurysm volume (mm?®) 137.66 (43.80-281.88) 58.06 (22.44-152.56) —-1.972 0.049*
Aspect ratio maximum 1.46 (1.28-1.84) 126 (1.00-1.56) —3525 0.000%
Aspect ratio 1.34 (1.10-1.74) 115 (0.92-1.49) -2.787 0.005%
Bottleneck factor 121 (1.01-1.56) 1.00 (0.86-1.24) 3784 0.000%
VOR 6.95 (4.55-13.77) 3.86 (2.08-7.54) —3.303 0.001%

50-59y (42/61) | Aneurysm volume (mm®) 62.27 (23.52-165.87) 47.69 (20.33-142.07) —0.507 0612
Aspect ratio maximum 1.56 (1.09-1.97) 125 (1.00-1.56) —2.149 0.032*
Aspect ratio 151 (0.92-1.96) 1.16 (0.84-1.52) —1976 0.048*
Bottleneck factor 1.16 (0.99-1.41) 1.06 (0.80-1.27) —1775 0076
VOR 5.69 (2.64-8.63) 4.00 (1.85-7.63) —1.590 0.112

<50y(51/53) | Aneurysm volume (mm?) 50.24 (23.13-128.52) 3690 (16.75-116.80) —0.631 0528
Aspect ratio maximum 1.26 (1.15-1.74) 137 (107-171) —0.075 0940
Aspect ratio 1.24 (1.00-157) 125 (1.00-1.57) —0.072 0943
Bottleneck factor 1.13 (1.00-1.38) 1.03 (0.86-1.25) —1811 0.070
VOR 4.05 (2.60-8.77) 3.24 (1.88-7.06) —0.962 0336

Neck width, transverse, height, maximum, and height-width ratio were not significantly different between genders in all age subgroups.

'VOR, volume-to-ostium area ratio.

*Denoted P < 0.05 between males and females.

&Denoted P < 0.01 between males and females.
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Gender (>50/<50) Morphology 50 years 0 ye P

Males (86/51) Maximum (mm) 655 (4.50-9.00) 5.10 (4.00-6.60) —2.289 0.022*
Aneurysm volume (mm?) 9532 (35.18-222.52) 50.24 (23.13-128.52) —2.033 0.042*
Aspect ratio maximum 1.53 (1.20-1.96) 126 (1.15-1.74) —1.968 0.049*

Females (156/53) Maximum (mm) 5.90 (4.23-7.60) 530 (3.90-7.30) ~1.158 0247
Aneurysm volume (mm?) 56.20 (21.78-149.58) 36.90 (16.76-116.81) —1.300 0.194
Aspect ratio maximum 1.26 (1.00-1.55) 137 (107-1.71) —1354 0.176

Neck width, transverse, height, aspect ratio, bottleneck factor, height-width ratio, and volume-to-ostium area ratio were not significantly different between patients aged > 50 years and patients

aged < 50 years in both male and female subgroups.
*Denoted P < 0.05 between patients aged > 50 years and those aged < 50 years.
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Variables i Males Females

(ny =12 81, n, = 209)

Age (y) 5568+ 1134 54291135 5666+ 11.26 1.809 0.071
>60 127 (41.23) 42 (30.07) 85 (46.96) 6135 0.047*
50-59 84(27.27) 38 (29.92) 46 (25.41)
<50 97 (31.50) 47 (37.01) 50 (27.63)

Multiple aneurysms (1, %) 33(10.71) 10(7.87) 23(12.71) 1.822 0177

Size (mm)

=10 38 (10.98) 17 (12.41) 21 (10.05) 0.491 0.782

5-10 173 (50.00) 68 (49.64) 105 (50.24)

<5 135 (39.02) 52 (37.95) 83(39.71)

Location (n, %)

AcoA 94 (27.17) 51(37.22) 43 (20.57) 22445 0.000%

MCA 97 (28.03) 43 (31.39) 54(25.84)

ICpPC 110 (31.79) 25(18.25) 85 (40.67)

Others 45 (13.01) 18 (13.14) 27(12.92)
Unruptured aneurysms (1, %) 40 (11.56) 11 (8.03) 29(13.88) 2767 0.096
Morphology
Neck width (mm) 420 (3.10-5.20) 4.00 (3.00-5.25) 4.20 (3.30-5.20) —1.019 0308
Height (mm) 5.10 (4.20-7.60) 5.00 (3.90-7.55) 5.10 (3.45-6.95) -1.177 0.239
Transverse (mm) 4.40 (3.10-6.40) 4.70 (3.35-6.55) 4.10 (3.00-6.25) —1.514 0.130
Maximum (mm) 5.75 (4.20-7.60) 5.80 (4.35-8.25) 5.70 (4.20-7.45) —0915 0.360
Aneurysm volume (mm?) 57.42 (22.49-155.97) 68.66 (25.27-179.50) 51.67 (21.22-143.72) —1.495 0.135
Aspect ratio maximum 1.31(1.08-1.68) 1.38 (1.17-1.83) 1.27 (1.00-1.57) —3.415 0.001%
Aspect ratio 1.23(0.96-1.60) 1.29 (1.00-1.76) 1.18 (0.93-1.54) —2.802 0.005%
Bottleneck factor 1.07 (0.90-1.31) 1.17 (1.00-1.47) 1.03 (0.86-127) —4317 0.000%
Height-width ratio 1.12 (0.90-1.46) 1.11 (0.87-1.50) 1.03 (0.86-1.27) —0.281 0.779
VOR 4.55(2.31-8.23) 5.67 (2.85-9.03) 3.86 (1.94-7.48) —3.322 0.001%

ICPC, internal carotid posterior communication artery; MCA, middle cerebral artery; ACoA, anterior communication artery; VOR, volume-to-ostium area ratio.
*Denoted P < 0.05 between males and females.
&Denoted P < 0.01 between males and females.
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Age Locatiol Males emales
(M/F)
=60y AcoA 11(25.00) | 20(21.05) 3265 | 0351
(44/95)

MCA 17(38.64) | 27(28.42)

ICPC 11(25.00) | 38 (40.00)

Others 5(11.36) 10 (10.53)
50-59y AcoA 19(4523) | 10(16.39) 24807 | 0.000%
(42/61)

MCA 14(3333) | 11(18.03)

IcPC 3(7.14) 32(52.46)

Others 6(1430) | 8(13.12)
<50y AcoA 21(41.18) | 13(24.53) 3282 | 0350
(51/53)

MCA 12(23.53) | 16(30.19)

ICPC 11(2157) | 15(28.30)

Others 7(1372) | 9(16.98)

ICPC, internal carotid posterior communication artery; MCA, middle cerebral artery; ACoA,
anterior communication artery.
&Denoted P < 0.01 between males and females.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Age-specific gender differences in morphological parameters of intracranial aneurysms



		Introduction



		Materials and methods



		Study population and data collection



		Definition of location and morphological parameters



		Statistical analysis







		Results



		Basic demographic and clinical characteristics of 308 patients with intracranial aneurysms



		Comparisons of age, location, and morphological parameters of aneurysms between males and females



		Comparisons of the location of intracranial aneurysms between males and females stratified by age



		Comparisons of morphological parameters of intracranial aneurysms between males and females stratified by age



		Comparisons of morphological parameters of intracranial aneurysms between patients aged ≥ 50 years and patients aged < 50 years stratified by gender







		Discussion



		Limitations



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Abbreviations



		References

















OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Neurology

Age-specific gender differences
in morphological parameters of
intracranial aneurysms





OPS/images/fneur-16-1480652-g001.gif
e meck Width
i height

neurysm volume: = x m £
spect ratio maximun: '
aspectratio: i

bottleneck actor: /s
Heightowidthrati:
Volume-to-ostiumarea ratio
(VOR): 4mx on






OPS/images/fneur-16-1480652-g002.gif











OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Neurology







