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Objective: The coiling and clipping of unruptured cerebral aneurysms (UCAs) in older patients has increased rapidly, and aneurysm size was a significant factor for decision-making in the treatment of UCAs. The purpose of the study was to investigate the impact of age on the functional outcomes of patients between the small versus large UCAs.

Methods: We conducted a retrospective study for consecutive cases of UCAs admitted from May 2011 to December 2020. According to the maximum diameter of UCA, patients were divided into small UCAs (≤ 5 mm) group and large UCAs (>5 mm) group. Baseline characteristics, clinical complications, and outcomes of patients between the two groups were analyzed.

Results: A total of 564 UCA patients received preventive treatment, including 165 small UCAs and 399 large UCAs. Compared with the small UCA group, the incidence of ischemia event in the large UCA group was significantly higher (7.3 vs. 2.4%; p = 0.029). Multivariable analysis demonstrating age (p = 0.006) and treatment modality (p < 0.001) were independent risk factors associated with poor outcome for patients with large UCAs.

Conclusions: Preventive treatment of small UCAs is safe and effective, but older patients with large UCAs are at high risk of poor outcome, and the operations should be more cautious.
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INTRODUCTION

The prevalence of unruptured cerebral aneurysms (UCAs) varies from 2.3% to 7.0% in Chinese population (1, 2), and the older UCA patients have increasingly been diagnosed in the last few decades due to development of imaging technology and steadily aging society (3, 4). Because of vasculature tortuosity and sclerosis, more comorbidities, and shorter life expectancy (5, 6), the optimal management of older patients with UCAs remains controversial and challenging. Aneurysm size was a significant factor for decision-making in the treatment of UCAs. However, no studies have reported differences in outcomes in patients of different ages after prevention treatment of small UCAs vs. large UCAs (6, 7). The poor outcome occurred at a significantly greater rate due to higher risk of operation and anesthesia, and postoperative complications, leading to neurosurgeons and neurointerventionist unwilling to provide preventive intervention for older patients with asymptomatic small UCAs. On the other hand, the small UCAs carry a risk of rupture which can lead to intracranial hematoma (ICH), intraventricular hemorrhage (IVH), subarachnoid hemorrhage (SAH), and subsequent severe disability or even death in older patients (7–9). Therefore, the purpose of this study is to investigate the effect of age on the functional outcomes of patients between the small and large UCAs in order to better risk-stratify management and benefit more patients with UCAs.



PATIENTS AND METHODS

Between May 2011 and December 2020, we analyzed the clinical and imaging data of consecutive patients with UCAs hospitalized. Detailed information was collected, including age, sex, smoking history, drinking history, hypertension, diabetes, hyperlipidemia, etc. The reasons why the aneurysm was detected for all patients were investigated, such as oculomotor nerve palsy, visual loss, dizziness, headache, etc. Inclusion criteria: (1) The patient with a single or multiple UCAs who received clipping or coiling. (2) The patient was 18 years old and over. (3) The patient with complete clinical and imaging data. Exclusion criteria: (1) The patient who were treated with microsurgery or endovascular treatment in other hospitals during follow-up. (2) The patient with aneurysms associated with arteriovenous malformations, moyamoya disease, or other vascular diseases. (3) The patient with blister aneurysms, dissecting aneurysms, or giant aneurysms larger than 25 mm. On the basis of three-dimensional angiography, characteristics such as the location, size, and number of unruptured aneurysms were analyzed. According to the maximum diameter of aneurysms, patients were divided into small (≤ 5 mm) and large (>5 mm) UCA group. Endovascular or microsurgical treatment was performed via consensus of the neurosurgeons and neurointerventionists after carefully evaluating each UCA patient's condition. Considering the operation for unruptured aneurysm, all patients were informed in detail about the risk of treatment. Neurological complications including hemorrhagic event, ischemia event, and intracranial infection were assessed by two professional neurosurgeons. Bleeding events include intraoperative bleeding, postoperative hematoma, and postdischarge hemorrhage. Ischemic events include postoperative symptomatic ischemia and postdischarge symptomatic infarction. Systemic complications including pulmonary infection, urinary infection, and venous thrombosis were evaluated by the relevant department physicians. Imaging follow-up was performed by CTA at 3 months and DSA at 6 months after discharge. At the last telephone or outpatient follow-up, modified Rankin Scale (mRS) score was calculated for each patient, and those with mRS score ≥3 were considered poor outcomes.


Statistical Analysis

Data related to categorical variables were presented as percentages, and Fisher's exact test or Pearson's χ2 test was used to compare female, smoking history, hypertension, diabetes, hyperlipidemia, cardiopulmonary disease, ischemic cerebrovascular disease, treatment reasons, aneurysm location, multiple aneurysms, treatment modality, complication, and other factors. Data related to continuous variables are presented as the mean ± SD if it conforms to normal distribution, and Student's t-test or Mann-Whitney U-test was used to compare age, size of largest aneurysm, and length of hospital stay. Univariate and multivariate logistic regression analyses were performed to determine the risk factors significantly associated with poor outcome. Variables with p < 0.1 by univariate analysis were entered into the multivariate analysis model. Statistical analysis was performed using SPSS V.22 software (IBM Corp., Armonk, New York, USA), and results with P < 0.05 were considered to indicate statistical significance.




RESULT

During the study period, a total of 564 patients were admitted in our center, including 165 (29.3%) small UCAs and 399 (70.7%) large UCAs. The baseline characteristics, including sex, age, smoking history, drinking history, hypertension, diabetes, hyperlipidemia, previous history of cerebral infarction, and previous history of SAH were similar between the small and large UCA groups (Table 1). Among the reasons why the aneurysm was detected, oculomotor nerve palsy accounted for 12.2%, vision loss for 4.8%, gradual increase of aneurysm size for 1.1%, history of prior treatment for 4.1%, and headache, dizziness, or limb weakness for 58.2%. More patients with large UCAs underwent preventive treatment due to cranial nerve symptoms (15.8 vs. 3.6%; p < 0.001), while more patients with small UCAs underwent preventive treatment due to history of prior treatment (7.9 vs. 2.5%; p = 0.008) (Table 1).


Table 1. Clinical characteristics of patients with UCAs, divided into small and large UCA groups.
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Seven hundred and eleven UCAs were diagnosed by 3D-CTA in 564 patients, including 194 (27.3%) aneurysms in small UCA group and 517 (72.7%) aneurysms in large UCA group. The proportion of AcomA and AcA aneurysms in the small UCA group was significantly higher than that in the large UCA group (p < 0.001; p = 0.007), and there was no significant difference in other locations of aneurysms (Table 2). In the small UCA group, the average diameter of the largest aneurysm was 3.8 mm, and 25 (12.9%) aneurysms were irregularly shaped; in the large UCA group, the average diameter of the largest aneurysm was 9.8 mm, and 77 (14.9%) aneurysms were irregularly shaped. Besides, 26 (13.4%) patients in the small UCA group had multiple aneurysms and 100 (19.3%) in the large UCA group had multiple aneurysms (Table 2).


Table 2. Location and characteristics of UCAs, divided into small and large UCA groups.
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Clinical Complications

In the small UCA group, 45 patients were treated with clipping, 25 were embolized with detachable coils, and 95 were treated with stent-assisted coiling. In the large UCA group, 86 patients were treated with clipping, 39 were embolized with detachable coils, 264 were treated with stent-assisted coiling, and 10 were treated with balloon-assisted coiling. There was no significant difference in treatment modalities between the two groups (Table 3). Compared with the small UCA group, the incidence of ischemia event in the large UCA group was significantly higher (7.3 vs. 2.4%; p = 0.029). However, the incidences of hemorrhagic event, intracranial infection, pulmonary infection, pulmonary embolism, urinary infection, and venous thrombosis were similar between the two groups (Table 3). With the increase of age, the incidence of neurological and systemic complications increases in patients with large UCAs, but there was no such trend in the small UCA group (Figure 1).


Table 3. Complications and outcome of patients with UCAs, divided into small and large UCA groups.
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FIGURE 1. The distribution of neurological and systemic complications according to age of patients.




Outcomes and Risk Factors

After 3–66 months of follow-up (mean 17 months), 96.1% of patients had a good outcome (mRS 0-2). The good outcome rate of the small UCA group was higher than that of the large UCA group, but it is not statistically significant (98.2 vs. 95.2%; p = 0.149). A univariate analysis was performed to identify risk factors associated with poor outcome for patients with large UCAs. In univariate analysis, age (p = 0.001) and hypertension (p = 0.046), hyperlipidemia (p = 0.056) and treatment modality (p = 0.002) were obviously associated with poor outcomes for patients with large UCAs. After adjustment for these covariates, multivariable analysis demonstrating age [p = 0.006; OR, 1.090 (1.025–1.158)] and treatment modality [p < 0.001; OR, 6.177 (2.209–17.273)] were independent risk factors associated with poor outcome for patients with large UCAs (Table 4). In the large UCA group, the morbidity and mortality increased with the increase of age, but there was no such trend in the small UCA group (Figure 2). Angiography reexamination (CTA, MRA, or DSA) of 3 months or more was achieved in 348 (61.7%) patients. There was no recurrence of aneurysm in the small UCA group, while five cases (1.3%) had recurrence of aneurysm in the large UCA group and three cases (0.8%) were retreated with endovascular treatment.


Table 4. Risk factors associated with poor outcome in patients with UCAs.
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FIGURE 2. The distribution of morbidity and mortality according to age of patients.





DISCUSSION

The accelerated aging of the world population has a great impact on the incidence and prevalence of cerebrovascular disease, so more patients with UCAs were detected and treated in the last few decades (1–4). One hundred sixty-five patients with small UCAs were admitted to our center in 10 years, accounting for 29.3% of all treated UCAs in the same period. Clinical management of UCAs is greatly challenging because of the low risk of rupture and high risk of operation. However, the effect of age on the functional outcome of patients after prevention treatment of the small UCAs vs. large UCAs is still unclear. Therefore, we analyzed all UCA patients and compared the complications of small UCAs and large UCAs and the outcomes of patients of different ages. In the small UCA group, the preventive treatment is safe and effective for both young and older patients; however, in the large UCA group, all older patients had more treatment-related complications and are at high risk of poor outcomes.

The treatment mode of UCAs has undergone tremendous changes in the last 20 years (9–14); most older aneurysm patients in history have been excluded from surgery due to high risk of operation. Since the advent of revolutionary intravascular technology, more UCAs have been aggressively treated with endovascular coiling, especially in the older patients with decreased function of body organs. Barker et al. (9) first conducted a retrospective analysis using the sample data of inpatients in the USA from 1996 to 2000 and reported that the mortality rates were similar after clipping or coiling of UCAs. However, from the sample data between 2000 and 2006 (10), the coiling of UCAs was obviously associated with fewer deaths and perioperative complications compared with clipping. Brinjikji et al. (11) similarly reported that the morbidity and mortality of patients treated with coiling were significantly lower than that of patients treated with clipping, and these differences become more obvious with age. Therefore, if treatment is deemed necessary for older patients with UCAs, endovascular treatment may be the best option (12). According to a recent study on older patients with UCAs, the mortality rate of clipping was similar to that of coiling (13). The main reason for this change of mortality is that microsurgical clipping has become safer and more tolerable in older UCA patients provided with advanced intraoperative neuromonitoring and neurointensive care. Consistent with these studies, in our study, the patients treated by endovascular treatment accounted for approximately 76.8% of all UCA patients. There is no significant difference in mortality between coiling and clipping in both the small and large UCA patients. In addition to age, aneurysm size was also significantly associated with outcomes in patients with UCAs. Feng et al. (15) reported that the morbidity and mortality of 264 patients with small UCAs treated by coiling were 2.7 and 0.9%, while the morbidity and mortality of our patients with small UCAs were 1.8 and 0%. The morbidity and mortality of our patients with large UCAs were 3.6 and 1.3%. In particular, patients over 70 years of age with large UCAs are at higher risk of complications and poor outcomes.

Increasing age has an important impact on the treatment outcomes of patients with UCAs (5, 16). Meanwhile, age itself is reported to be a significant risk factor for the growth and rupture of aneurysm (4, 17). Wermer et al. (18) believed that the rupture risk of UCAs is obviously increased in the patients over 60 years old. Nevertheless, there are different opinions on which patients are suitable for preventive surgery rather than for observation conservatively. Some UCA patients died after surgical or endovascular treatment due to more procedural complications, and some died of aneurysm rupture during conservative follow-up. Our study found that the neurological complications and poor outcomes are more common in patients over 60 years old in large UCA group, but the morbidity and mortality did not increase with age in the small UCA group. The assumption that unruptured aneurysms should be conservatively observed is based on the low risk of rupture or low morbidity and mortality (19, 20). Aishima et al. (21) and Malhotra et al. (22) believed that patients with UCAs or small UCAs without risk factors of rupture should be observed conservatively. In fact, the ISUIA and the UCAS studies shows that the risk of aneurysm rupture in older patients is obviously increased (16, 20). Also, older patients are more likely to suffer from ischemic-related complications after aneurysm rupture due to age-related physiological changes, such as hardening of vessels and increased vessel tortuosity leading to diminished ability to repair microinjuries acquired from wall shear stresses (23, 24). Our study showed that the morbidity and mortality of patients with small UCAs are very low after surgical or endovascular treatment, so preventive interventions for older patients with small UCAs is safe and feasible, and it also avoid the high risk of fatal bleeding for older patients with small UCAs.

The unruptured intracranial aneurysm treatment score (UIATS), developed and released by multidisciplinary experts, was mainly used to guide the clinical management and decision-making of patients with UCAs (25). Several studies (26–28) then reported that the UIATS scale is relatively complex and lacks effective verification, and its clinical application is still controversial. A study conducted by Smedley et al. (26) validated 296 cases of UCAS and reported that their expert opinion is consistent with that of the UIATS, but differences remain between the two. In a retrospective analysis of 93 patients with 147 UCAs, Hernández-Durán et al. (27) thought that the decision to treat UCAs remains a personalized one, without a reliable predictor, and one should employ the UIATS with caution. Meanwhile, in a single-center study comparing UIATS with actual clinical experience, Ravindra et al. (28) found that the UIATS usually recommended overtreatment of unruptured aneurysms. Similarly, the UIATS scale has not been applied for the treatment decision of UCAs in our center, especially considering the underdeveloped economic and medical level of Western China. UCA management guidelines (29) show that aneurysm that causes any neurological symptoms should be actively treated regardless of the size. In this study, most of the patients (76.3%) who received preventive treatment had obvious symptoms, while a few of the small UCA patients without obvious symptoms also had different levels of anxiety. Some studies also believe that psychological stress is a potential risk factor for hemorrhagic stroke, and the sudden rise of blood pressure due to fear is significantly related to aneurysm rupture (30–32). Small UCA patients have better treatment outcomes and lower morbidity and mortality; however, the poor outcome rate of older patients with large UCAs is high, and the treatment indications of these patients should be more cautious. The overtreatment of UCAs should be avoided when the benefits of preventive treatment are not fully identified as greater than that of conservative observation. Few previous studies have focused on comparing the treatment outcome of UCAs based on patient age and aneurysm size, and most of these previous studies have focused on the treatment outcome of coiling or clipping for UCAs (14, 33, 34). This is the first study to compare the effect of age on outcomes of patients between the small UCAs and large UCAs, so this is the strengths and uniqueness. Nevertheless, there are several limitations in the current study. First, the number of older patients with UCAs who received prevention treatment is small due to the low life expectancy and the economic development in Western China. Second, this study is a single-center retrospective design, so a large prospective study with complete follow-up should be conducted in the future.



CONCLUSION

Endovascular coiling and microsurgical clipping are effective remedy techniques for UCAs, and small UCA patients with high risk of rupture can benefit from preventive intervention. However, we believed that the indications of treatment for large UCAs should be carefully evaluated especially in older patients who are at high risk of poor outcome after preventive treatment of large UCAs.
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Total Small UCA group Large UCA group P-value

(n = 564) (n = 165) (n=399)
Microsurgical clipping 131 (232%) 45 (27.3%) 86 (21.6%) 0.155
Endovascular coling 433 (76.8%) 120 (72.7%) 313 (78.4%)
Neurological complcations
Hemorrhagic event 10 (1.8%) 3(1.8%) 7(18%) 1.000
Ischemia event 33 (5.9%) 4(2.4%) 29 (7.3%) 0.029
Intracranial infection 19 (3.4%) 42.4%) 15 (3.8%) 0609
Systemic complications
Pulmonary infection 56(0.9%) 10(6.1%) 46 (11.5%) 0.062
Pulmonary embolism 2(0.4%) 0(0.0%) 2(0.5%) 1.000
Urinary infection 7(1.2%) 1(06%) 6(1.5%) 0680
Venous thrombosis 18 (3.2%) 3(1.8%) 15 (3.8%) 0299
Good outcome 542 (96.1%) 162 (98.2%) 380 (95.2%) 0.149
mRS 0 511 (90.6%9%) 153 (92.7%) 358 (89.7%) 0341
mRS 1 26 (4.6%) 7 (4.2%) 19 (4.8%) 1.000
mRS 2 5(0.9%) 2(1.2%) 3(0.8%) 0.633
Poor outcome 22(3.9%) 3(1.8%) 19 (4.8%) 0.149
mRS 3 5(0.9%) 2(1.2%) 3(0.8%) 0633
mRS 4 6(1.1%) 1(06%) 5(1.3%) 0677
mRS 5 6(1.1%) 0(0%) 6(1.5%) 0.183
mRS 6 5(0.9%) 0(0%) 5(1.3%) 0328

mRS, modified Rankin Scale. Results with p < 0.05 were considered to indicate statistical significance.
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Variables with p < 0.1 according to univariate analysis were entered into the multivariate analysis model. OR, odds ratio; Cl, confidence interval. Results with p < 0.05 were considered

to indicate statistical significance.
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(n =564) (n =165) (n =399
Sex (female) 389 (69.0%) 103 (62.4%) 286 (71.7%) 0036
Age (years) 5564106 543+10.7 562+ 105 0.052
Smoking history 98 (17.4%) 34(20.6%) 64 (16.0%) 0222
Drinking history 76 (13.5%) 28 (17.0%) 48 (12.0%) 0.136
Hypertension 249 (44.1%) 68 (41.2%) 181 (45.4%) 0.402
Diabetes 41 (7.3%) 13 (7.9%) 28(7.0%) 0.723
Hyperlipidemia 43 (7.6%) 14 8.5%) 29(7.3%) 0605
Previous history of I 25 (4.4%) 9(6.5%) 16 (4.0%) 0501
Previous history of SAH 218.7%) 9(5.5%) 12 (3.0%) 0219
Detection reasons
Oculomotor nerve palsy 69 (12.29%) 6(3.6%) 63 (15.8%) <0001
Visual loss 27 (4.8%) 4(2.4%) 23(5.8%) 0.127
Gradually increase in size 6(1.1%) 2(1.2%) 4(1.0%) 1.000
History of prior treatment 23(4.1%) 13 (7.9%) 10 (2.5%) 0.008
Other symptoms 308 (68.2%) 93 (56.4%) 235 (58.9%) 0639

Cl, cerebral infarction; SAH, subarachnoid hemorrhage. Other symptoms include headache, dizziness, or limb weakness. Results with p < 0.05 were considered to indicate
statistical significance.
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Total Small UCA group Large UCA group P-value

(n = 564) (n = 165) (n=399)
Number of aneurysms 711 (100%) 194 (27.3%) 517 (72.7%) =
Aneurysm location
AcomA 62(8.7%) 30 (15.5%) 32 (62%) <0.001
PeomA 151 (21.2%) 32 (16.5%) 119 (23.0%) 0.064
MCA 60 (8.4%) 16(8:2%) 4485%) 1.000
ACA 8(1.1%) 6(3.1%) 2(0.4%) 0.007
IcA 385 (54.1%) 102 (52.6%) 283 (54.7%) 05613
PC 45 (6.3%) 8(4.1%) 37 (7.2%) 0.167
Aneurysm characteristics
Iregular shape 102 (14.3%) 25 (12.9%) 77 (14.9%) 0549
Multiple aneurysms 126 (17.79%) 26 (13.4%) 100 (19.3%) 0077
Diameter of largest aneurysm 81+59 38+10 98+62 <0001

AcomA, anterior communicating artery; PcomA, posterior communicating artery; MCA, middle cerebral artery; ACA, anterior cerebral artery; ICA, internal carotid artery; PC, posterior
circulation artery. Results with p < 0.05 were considered to indicate statistical significance.
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