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Objectives: The prevalence of unruptured intracranial aneurysms (UIAs) in 
the acute ischemic stroke (AIS) cohort is probably higher than in the general 
population. This study investigated the prevalence of UIAs in AIS patients and the 
management risk and prognosis when treating AIS.

Methods: From January 2020 to January 2023, we conducted a single-center 
retrospective study at Tianjin Huanhu Hospital. Each patient underwent both 
brain MRI and MRA/CTA to diagnose AIS and UIAs. Clinical, radiologic, and 
therapeutic data during hospitalization and prognosis were analyzed. Propensity-
score matching (PSM) was performed to evaluate the risk of in-hospital adverse 
events, unfavorable outcomes at discharge when receiving post-stroke treatment 
and stroke recurrence.

Results: In all, 2,181 AIS patients were included, of whom 270 had UIAs (12.4%; 
95%CI 11.0–13.8%). From the unmatched and matched cohort, the incidence of 
in-hospital adverse events and unfavorable outcomes at discharge in patients 
with UIAs were not significantly different; the risk of stroke recurrence was 
significantly higher in patients with UIAs than in those without (unmatched: aHR, 
1.71 [1.08–2.70]; matched: aHR, 2.55 [1.16–5.58]). Multivariable Cox regression 
models showed that aneurysm size and the presence of homoregional infarction 
associated with higher risk of recurrence (unmatched: aHR, 1.31 [1.21–1.41] and 
aHR, 3.50 [1.52–8.10]; matched: aHR, 1.28 [1.18–1.40]; p <  0.001 and aHR, 3.71 
[1.12–12.34]).

Conclusion: The UIAs may not increase the risk of in-hospital adverse events and 
unfavorable outcomes at discharge in receiving post-stroke treatment, but it may 
associated with a high risk of stroke recurrence.
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Introduction

The prevalence of unruptured intracranial aneurysms (UIAs) is approximately 3.2% in the 
adult population worldwide (1). This rate is known to vary greatly across different populations, 
ethnicities and the frequency of angiography scans. In a systematic review and meta-analysis 
spanning 21 countries, the prevalence of UIAs ranged from 0 to 41.8% (2). In a cross-sectional 
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study from Shanghai, China, the prevalence of UIAs was 7.0% (3). 
Nonetheless, the detection rate of UIAs appears to be elevated in the 
acute ischemic stroke (AIS) cohort. According to Korean and the 
Cornell Acute Stroke Academic Registry (NY) reports, the prevalence 
of UIAs in AIS patients was 7.7 and 11.4%, respectively, and both were 
higher than the prevalence in the general population (4, 5).

Data on the prevalence of UIAs in the Chinese population with 
AIS still needs to be investigated. The overlap of similar underlying 
cerebrovascular risk factors and increased use of angiography scans 
may increase the prevalence of incidental aneurysms. Moreover, the 
prognosis and whether aneurysms increase the incidence of adverse 
events during hospitalization when treating AIS are still unclear. In 
the present study, we investigated the prevalence of UIAs among AIS 
patients and analyzed the epidemiological features and evaluated the 
management risk and prognosis.

Methods

Study design and participants

We retrospectively included 2,432 consecutive adult patients with 
AIS from the Tianjin Huanhu Hospital Residential Stroke Registry 
between January 2020 and January 2023. We then screened both the 
magnetic resonance imaging (MRI) and magnetic resonance 
angiography (MRA)/computed tomography angiography (CTA) 
reports of all patients in the registry that mentioned the diagnosis of 
AIS and UIAs. Clinicians and radiologists rechecked the reports and 
images to confirm the presence of UIAs. AIS were determined based 
on the World Health Organization criteria (6). Saccular aneurysms 
were defined as abnormal focal bulges of cerebral arteries (7). The 
institutional review board of the hospital’s ethics committee approved 
the study; the need for written informed consent was waived (No. 
2019–34).

Participants were consecutively enrolled. The following exclusion 
criteria were applied: (1) unavailable or incomplete data; (2) 
age < 18 years; (3) modified Rankin Scale (mRS) score ≥ 2 at admission; 
(4) loss of follow-up information; (5) history of subarachnoid 
hemorrhage (SAH) or receipt of other neurosurgical treatment; (6) 
presence of other concomitant intracranial lesions such as intracranial 
tumors or arteriovenous malformation; and (7) UIAs located in C1-C5 
and V1-V3 [considered extracranial (8)]. Non-saccular (fusiform), 
traumatic, or mycotic aneurysms were also excluded considering the 
difference in etiology and risk of rupture. Overall, 2,181 AIS patients 
with/without saccular UIAs were included in the study. The flowchart 
for patient selection is presented in Figure 1.

Data collection and criteria

Baseline demographics and clinical data including age, sex, and 
medical history (hypertension, diabetes, hyperlipidemia, coronary 
artery disease, current smoking, and drinking) were systematically 
collected. The number (single or multiple), location, sidedness, and 
size [maximum diameter between any two points on the aneurysm 
surface, including the neck plane (9)] of aneurysms were recorded.

Etiological subtypes of ischemic stroke were classified according 
to the Trial of Org 10,172 in Acute Stroke Treatment (TOAST) criteria 

(10). At the start of the study, we hypothesized that aneurysms are not 
the cause of stroke. Therapeutic data were obtained through the 
electronic medical record system. Patients with AIS received 
standardized treatment including intravenous thrombolysis therapy 
(IVT), endovascular treatment therapy (EVT)/bridging therapy, 
anticoagulant therapy, or antiplatelet treatment (11).

Based on standard neurovascular anatomical maps, we defined 
the infarction and aneurysms present with an anatomical homolateral 
vascular distribution as “Homoregional Infarction.” For example, 
either side internal carotid artery aneurysm with an ipsilateral cerebral 
infarction of anterior cerebrovascular circulation, as shown in 
Figure 2.

Outcomes

The primary outcomes were unfavorable outcome (mRS score 
3–6) at discharge (12) and in-hospital adverse events including 
in-hospital mortality, infarct enlargement, and intracranial 
hemorrhages (ICHs), either symptomatic or asymptomatic, detected 
during post-stroke treatment CT or MRI (13). The secondary outcome 
was stroke recurrence. Recurrent stroke is defined as a neurological 
deficit caused by a new infarct or the worsening of a previous 
neurological deficit and meets the definition of an ischemic 
stroke (14).

Follow-up information was acquired through telephone, 
radiographic assessments, and rehospitalization records after 3 months 
of discharge, and the study endpoint was April 2023. The mean 
follow-up duration was 17.8 (median 16.7, range 3.0–37.6) months. 
The distribution of follow-up time is shown in Supplementary Figure S1.

Statistical analyses

Shapiro–Wilk test was used to assess the normality. Continuous 
variables are reported as mean with SD or median (interquartile 
ranges, IQR), and categorical variables are reported as frequencies 
(percentages). We used independent t-test or Mann–Whitney U test 
for continuous variables and Pearson’s chi-squared and Fisher’s exact 
tests for categorical variables to compare the groups. Kruskal–Wallis 
test was used to evaluate the difference in aneurysm size among stroke 
pathologic subtypes. Propensity-score matching (PSM) was performed 
to address potential confounding effects between the patients with and 
without UIAs. The following variables were included in the matching: 
age; sex; vascular risk factors (hypertension, diabetes mellitus, 
hyperlipidemia, coronary artery disease, current drinking, and 
smoking); previous stroke; stroke subtype; and post-stroke therapy. 
We used 1:1 matching without replacement and used the nearest-
neighbor algorithm with a caliper width of 0.01 of the propensity 
score. Standardized mean differences (SMD) were used to assess the 
balance condition before and after matching. An SMD <0.1 for a given 
variable indicates a relatively minor degree of imbalance (15). In total, 
173 pairs were included in the PSM cohort, and a good balance was 
achieved in most variables (shown in the matched cohort, Table 1). 
Kaplan–Meier curves were plotted for the AIS patients with/without 
UIAs in the matched and unmatched cohort, respectively, as were 
comparable cumulative incidence curves accounting for the risk of 
recurrence. The curves for the groups were compared using the 
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FIGURE 1

Flowchart of participants’ selection.

FIGURE 2

Illustration of “homoregional infarction.” (A) Aneurysm in the internal carotid artery or the vertebrobasilar with the ipsilateral anterior circulation or 
posterior circulation infarction. (B) Anterior cerebral artery or anterior communicating artery aneurysm with the ipsilateral or either side anterior 
cerebral artery region infarction, middle cerebral artery aneurysm with the ipsilateral middle cerebral artery region infarction, and posterior cerebral 
artery or posterior communicating artery aneurysm with the ipsilateral posterior cerebral artery region infarction.
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TABLE 1 Demographic and clinical characteristics of AIS patients stratified by the presence of UIAs in the matched and unmatched cohort.

Unmatched cohort Matched cohort

Characteristics Without 
UIAs

(n =  1911)

With 
UIAs

(n =  270)

P-value SMD Without 
UIAs

(n =  173)

With 
UIAs

(n =  173)

P-value SMD

Age, y, mean (SD) 63.2 (10.9) 65.0 (10.5) 0.009* 0.17 64.1 (10.0) 63.5 (11.0) 0.65 0.05

Female sex, n (%) 566 (29.6) 131 (48.5) <0.001* 0.40 68 (39.3) 64 (37.0) 0.74 0.05

Risk factors, n (%)

Hypertension 1,211 (63.4) 226 (83.7) <0.001* 0.47 138 (79.8) 133 (76.9) 0.60 0.07

Diabetes mellitus 729 (38.1) 93 (34.4) 0.240 0.08 72 (41.6) 58 (33.5) 0.15 0.17

Hyperlipidemia 1,105 (57.8) 224 (83.0) <0.001* 0.57 136 (78.6) 134 (77.5) 0.90 0.03

Coronary artery disease 755 (39.5) 103 (38.1) 0.669 0.03 66 (38.2) 64 (37.0) 0.91 0.02

Current drinking 578 (30.2) 86 (31.9) 0.591 0.04 47 (27.2) 57 (32.9) 0.29 0.13

Current smoking 916 (47.9) 179 (66.3) <0.001* 0.38 101 (58.4) 102 (59.0) >0.999 0.01

Previous stroke, n (%) 335 (17.5) 71 (26.3) 0.001* 0.21 38 (22.0) 36 (20.8) 0.90 0.03

Stroke subtype (TOAST), n (%) <0.001* 0.63 0.33 0.23

LAA 964 (50.4) 92 (34.1) 80 (46.2) 62 (35.8)

SAO 567 (29.7) 156 (57.8) 76 (43.9) 90 (52.0)

CE 215 (11.3) 12 (4.4) 11 (6.4) 12 (6.9)

UND 139 (7.3) 6 (2.2) 5 (2.9) 6 (3.5)

Others 26 (1.3) 4 (1.5) 1 (0.6) 3 (1.7)

Post-stroke therapy, n (%) <0.001* 1.03 0.89 0.05

IVT 724 (37.9) 55 (20.4) 47 (27.2) 49 (28.3)

EVT/Bridging therapy 556 (29.1) 10 (3.7) 12 (6.9) 10 (5.8)

Anticoagulant/Antiplatelet 

treatment
631(33.0) 205 (75.9)

114 (65.9) 114 (65.9)

Data expressed as mean (SD), or n (%). AIS, acute ischemic stroke; UIAs, unruptured intracranial aneurysms; SMD, standardized mean differences; CE, cardioembolism; LAA, large-artery 
atherosclerosis; SAO, small-artery occlusion; UND, stroke of undetermined cause; Others, stroke of other determined etiology; TOAST, Trial of ORG 10172 in Acute Stroke Treatment; IVT, 
intravenous thrombolysis therapy; EVT, endovascular treatment therapy. *p < 0.05 was considered statistically significant.

log-rank test. Hazard ratios (HR) with 95% CIs were calculated on 
univariable (unadjusted) Cox regression models. Adjusted HRs (aHR) 
were calculated on multivariable Cox regression models. Two-sided 
p < 0.05 were considered to indicate statistically significant differences. 
PSM was carried out using R 4.2.1, and other data were analyzed using 
SPSS v.25.0 (IBM Corporation, Armonk, NY, United  States) 
statistical software.

Results

Characteristics of study participants

In total, 2,181 AIS patients were included in the study, and 270 
(12.4, 95%CI, 11.0–13.8%) had at least one saccular aneurysm. The 
demographic and clinical characteristics of patients (unmatched 
cohort) were shown in Table 1. The prevalence of cerebrovascular risk 
factors (hypertension, hyperlipidemia, and current smoking) and 
history of previous stroke was significantly higher among UIAs 
patients than in the non-UIAs.

Pathological subtypes of all patients were as follows: Large-artery 
atherosclerosis (LAA), 1,056 (48.4%); small-artery occlusion (SAO), 
723 (33.1%); cardioembolism (CE), 227 (10.4%); stroke of 
undetermined cause (UND), 145 (6.6%); and stroke of other 

determined etiology (others), 30 (1.4%). The proportion of SAO was 
significantly higher in patients with UIAs (57.8%, p < 0.001, Figure 3) 
than in those without. Subtypes analysis are shown in 
Supplementary Table S1. In the SAO subgroup, patients with UIAs 
had a significantly higher prevalence of risk factors (hypertension, 
hyperlipidemia, diabetes mellitus, and current smoking) and history 
of pervious stroke than those without UIAs. The most common 
location was the internal carotid artery in each subtype, and there was 
no significant difference in aneurysm size (p = 0.298).

Outcome assessment

The incidence of in-hospital adverse events and unfavorable 
outcome at discharge in patients with UIAs were not significantly 
different from those without UIAs in the matched and unmatched 
cohort (Table  2). Kaplan–Meier estimates of cumulative risk of 
recurrence are shown in Figure 4. The incidence of stroke recurrence 
was significantly higher in patients with UIAs than in those without in 
the unmatched group (32/270 [11.9%] vs. 144/1911 [7.5%]; p = 0.002) 
and matched (21/173 [12.1%] vs. 10/173 [5.8%]; p = 0.029) cohorts, 
respectively. Multivariable Cox regression models also showed a 
consistent association between UIAs and stroke recurrence in both 
cohorts (aHR, 1.71 [1.08–2.70]; 2.55 [1.16–5.58]).
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UIAs and stroke recurrence

Of the 270 patients with UIAs, stroke recurrence was recorded in 
32 patients (11.9, 95%CI, 8.0–15.7%). Cox regression models of stroke 
recurrence was performed as shown in Table 3. Aneurysm size and 

homoregional infarction were associated with higher risk of recurrence 
in both cohorts. Adjusting for age, sex, hypertension, hyperlipidemia, 
current smoking, previous stroke, TOAST, and post-stroke therapy, 
multivariable Cox regression models also showed a consistent 
association in the unmatched (aHR, 1.31 [1.21–1.41]; p < 0.001 and 

FIGURE 3

Distribution of etiological subtypes of ischemic stroke based on the TOAST criteria. TOAST, Trial of ORG 10172 in Acute Stroke Treatment; LAA, large-
artery atherosclerosis; SAO, small-artery occlusion; CE, cardioembolism; UND, stroke of undetermined cause; Others, stroke of other determined 
etiology.

TABLE 2 Risk of outcomes in the matched and unmatched cohort stratified by the presence of UIAs.

Outcomes Without UIAs With UIAs P-value Unadjusted 
odds ratio 
(95% CI)

Unadjusted 
hazard ratio 

(95% CI)

Adjusted 
hazard ratio 

(95% CI)†

Unmatched cohort, n (%)

Unfavorable outcome at discharge 142 (7.4) 22 (8.1) 0.676 1.11 (0.69–1.77)

In-hospital adverse events 111 (5.8) 16 (5.9) 0.939 1.02 (0.60–1.75)

Stroke recurrence 144 (7.5) 32 (11.9) 0.002* 1.87 (1.25–2.79) 1.71 (1.08–2.70)

Matched cohort, n (%)

Unfavorable outcome at discharge 9 (5.3) 12 (6.9) 0.501 1.36 (0.56–3.31)

In-hospital adverse events 5 (2.9) 7 (4.0) 0.560 1.42 (0.44–4.55)

Stroke recurrence 10 (5.8) 21 (12.1) 0.029* 2.38 (1.09–5.17) 2.55 (1.16–5.58)

Data expressed as n (%). UIAs, unruptured intracranial aneurysms. *p < 0.05 was considered statistically significant. †Adjusting for age, sex, hypertension, hyperlipidemia, current Smoking, 
previous stroke, TOAST, and post-stroke therapy.

FIGURE 4

Cumulative risk of recurrence (1-Kaplan–Meier estimates) for AIS patients with UIAs in the unmatched and matched cohort.
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TABLE 3 Cox regression models of stroke recurrence in the matched and unmatched cohort.

Unmatched cohort Matched cohort

Aneurysm characteristic HR (95% CI) aHR (95% CI)† HR (95% CI) aHR (95% CI)†

Location

ICA Reference Reference

ACA/ACoA 1.66 (0.61–4.55) 1.99 (0.61–6.47)

MCA 0.83 (0.28–2.49) 1.24 (0.38–4.05)

PCoA NA NA

PC 2.75 (0.99–7.56) 2.58 (0.56–11.94)

Size 1.23 (1.18–1.29) 1.31 (1.21–1.41) 1.22 (1.16–1.29) 1.28 (1.18–1.40)

Multiple

No Reference Reference

Yes 0.97 (0.23–4.09) 2.15 (0.49–9.54)

Homoregional infarction

No Reference Reference

Yes 3.30 (1.59–6.85) 3.50 (1.52–8.10) 2.97 (1.13–7.82) 3.71 (1.12–12.34)

ICA, internal carotid artery; ACA/ACoA, anterior cerebral artery or anterior communicating artery; MCA, middle cerebral artery; PCoA, posterior communicating artery; PC, posterior 
circulation. †Adjusting variables include age, sex, hypertension, hyperlipidemia, current Smoking, previous stroke, TOAST, and post-stroke therapy.

aHR, 3.50 [1.52–8.10]; p = 0.003) and matched (aHR, 1.28 [1.18–1.40]; 
p < 0.001 and aHR, 3.71 [1.12–12.34]; p = 0.032) cohorts.

Discussion

To our knowledge, this is the first single-center study in China to 
report the prevalence of UIAs in AIS patients (12.4%), which is higher 
than that reported for the general population in existing studies. Our 
study found that UIAs may not increase the risk of in-hospital adverse 
events and unfavorable outcome at discharge when receiving post-
stroke treatment. However, the incidence of stroke recurrence was 
significantly higher in patients with UIAs, which was associated with 
aneurysm size and homoregional infarction.

The prevalence of UIAs varies widely among different populations 
and ethnicities. Several studies have reported different detection rates 
of UIAs in AIS patients, ranging from 3.7 to 11.4%, which is equal to 
or higher than that in the general population (4, 5, 16–19). Although 
there was a lack of data on the prevalence of UIAs in the Chinese 
population in the same period, referring to the results of existing 
studies, the prevalence of UIAs in Chinese people with AIS was higher 
than the general population (12.4% vs. 7.0%) (3). Similarly, the 
proportion of stroke subtypes varied according to ethnicity. Large-
artery atherosclerosis or small-artery occlusion was more prevalent in 
Chinese (Asian) cohorts, whereas in European and North American 
subjects, emboli originating from the heart or extracranial arteries 
were predominant (20, 21).

The formation of aneurysms is a combination of multiple factors 
and a progressive process, including hemodynamic stress, vascular risk 
factors, congenital abnormalities, and genetic predisposition (7, 22). 
Non-saccular aneurysms have a unique pathogenesis and are different 
from saccular aneurysms (23), so we  did not include them in our 
analysis. The prevalence of vascular risk factors (including hypertension, 
hyperlipidemia, and current smoking) in AIS plus UIAs was significantly 
higher in than in the non-UIAs population (Table 1, unmatched cohort). 
Hypertension, smoking, and lipid accumulation contribute to the 

degeneration or disruption of the internal elastic lamina, disrupting the 
physiological homeostasis of a cerebral artery wall, leading to abnormal 
blood flow and promoting the formation of aneurysms (22, 24). 
However, current evidence only indicates a correlation between AIS and 
UIAs and cannot infer cause and effect. Thus, the phenomenon of a high 
prevalence of small artery occlusion-related strokes in patients with 
UIAs, we cannot infer that may be the result of micro thrombosis within 
the aneurysm (25). Care should be taken regarding the causality and 
potential mechanisms between AIS and UIAs.

The coexistence of ischemic and hemorrhagic diseases presents 
more complex and contradictory clinical problems, which may result 
in a similar effect of 1 + 1 > 2. Did post-stroke treatment increase the 
risk of ICHs in UIAs? Did untreated aneurysms increase the risk of 
ischemic stroke recurrence? The answers to such questions are unclear. 
It is predictable that the detection rate of UIAs will likely continue to 
rise; hence, appropriate methods to deal with the coexistence of UIAs 
and AIS needs urgent addressal.

The primary findings of this study were: UIAs may not increase 
the risk of in-hospital adverse events and unfavorable outcomes at 
discharge when receiving post-stroke treatment. Aneurysm wall 
inflammation is thought to play a pivotal role in aneurysm rupture 
(26). Histological evaluation showed that the aneurysm wall 
infiltration was prone to rupture (22). Following cerebral artery 
occlusion, ischemic injury induces a multi-pathway molecular cascade 
of responses, the inflammatory responses are induced by reactive 
oxygen species (ROS) after the process of ischemia–reperfusion (27, 
28). Therefore, in theory, the risk of bleeding appears to be higher in 
AIS patients with aneurysms. It is worth noting that classically, UIAs 
and other untreated intracranial vascular malformations have been 
considered absolute exclusion criteria. However, in the updated AHA/
ASA guidelines for patients known to harbor UIAs <10 mm, IVT is 
reasonable and probably recommended (11). The results of in-hospital 
adverse events showed no difference between patients with and 
without UIAs, and aneurysms did not increase the unfavorable 
outcome at discharge. This seems to support the guideline 
recommendations. It may be related to the ability of aspirin reducing 
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the inflammatory response of the arterial wall and may have a 
protective effect on the aneurysm rupture (29). However, it is notable 
that in this study, 95.5% of the aneurysms were < 10 mm. Thus, it is 
reasonable to conclude that aneurysms <10 mm may not increase the 
risk of adverse events during hospitalization and the unfavorable 
outcome for post-stroke treatment. The safety of post-stroke treatment 
with aneurysms larger than 10 mm is unclear.

The second question about stroke recurrence. In our research, the 
incidence of stroke recurrence was significantly higher in patients with 
UIAs. Neurosurgeons have been aware of the phenomenon of 
suspected aneurysmal stroke for two decades and have described this 
ischemic event as “symptomatic cerebral aneurysms.” However, there 
was no more explanation of the ischemic event (30). After that, the 
reports of “Suspected Aneurysmal Stroke” were mainly in the form of 
case reports (31, 32). The results of this study have shown that stroke 
recurrence is positively correlated with aneurysm size and the presence 
of homoregional infarction (Table  3). However, we  have no direct 
evidence of the origin of the emboli, and we cannot exclude whether 
the source of the emboli was an aneurysm. The optimal management 
of AIS patients with UIAs is uncertain, and we would not recommend 
surgical treatment just to avoid stroke recurrence. We preferred to 
emphasize the necessity of secondary prevention, targeting vascular 
risk factors, especially hypertension and hyperlipidemia, which occur 
significantly in the Chinese population. Sodium restriction, balanced 
diet, and smoking cessation are recommended. Monitoring of 
unruptured aneurysms is necessary (by CTA or MRA), and aneurysms 
with enlargement during follow-up should be considered for treatment 
in the absence of serious complications.

Our study has some limitations. First, we did not provide direct 
evidence to confirm the source of the emboli. Therefore, this study 
cautious to conclude the relevant inferences rather than cause-and-
effect conclusions. Second, the size of aneurysms was predominantly 
<10 mm, which lacks representativeness, and the conclusions from 
this study should be interpreted with caution. Third, with the inherent 
defects of retrospective analysis. The etiological subtypes of ischemic 
stroke were obtained from the electronic medical records and 
secondary assessment by physicians. It was limited by incomplete data, 
as some patients did not undergo echocardiography and the 
proportion of cardioembolism may be underestimated. We need to 
perform a larger, multi-center prospective study to validate the results.

Conclusion

The overlap of vascular risk factors underlying UIA and AIS 
makes the prevalence of UIAs seem higher in AIS patients than in the 
general population. UIAs may not increase the risk of in-hospital 
adverse events and unfavorable outcomes at discharge when receiving 
post-stroke treatment. However, the incidence of stroke recurrence 
was significantly higher in patients with UIAs. We recommend more 
strict vascular risk factor control and follow-up management of AIS 
patients with aneurysms.
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