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Background and objective: Mirror-like intracranial aneurysms (MirAn) occur symmetrically 

at the corresponding intracranial arteries and are a subgroup of multiple intracranial aneurysms. 

The aim of this study was to analyze the risk factors, treatment, and prognosis of MirAn.

Methods: We retrospectively analyzed 43 cases of MirAn diagnosed between January 2000 

and December 2009. The control groups comprised patients with non-mirror-like multiple aneu-

rysms (nMirAn) and single aneurysms (SingAn). Sex, age, localization of MirAn, hypertension, 

diabetes, smoking, and rupture were identified as potential risk factors for MirAn.

Results: The male to female ratio of the MirAn patients was 1.0:5.1, which was significantly dif-

ferent from that of the nMirAn patients (1.0:1.9, P=0.037) and SingAn patients (1.0:1.3, P0.001). 

There was no difference in age (P=0.8741), smoking (P=0.301), diabetes (P=0.267), or hypertension 

(P=0.874) between the MirAn and nMirAn patients. The aneurysms in 28 MirAn patients (65.1%) 

involved the internal carotid-posterior communicating arteries; in these patients, the rupture risk 

was significantly higher for larger aneurysms compared with smaller aneurysms (P0.05).

Conclusion: More women suffered from MirAn than nMirAn or SingAn. The most common 

MirAn sites were the internal carotid-posterior communicating arteries. Our results suggest that 

MirAn was not associated with age, smoking, hypertension, or diabetes.

Keywords: women’s health, mirror-like intracranial aneurysm, retrospective analysis, clinical 
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Introduction
Mirror-like intracranial aneurysms (MirAn) are a subgroup of multiple intracranial 

aneurysms that occur bilaterally on corresponding arteries. MirAn are rare and represent 

less than 5% of all intracranial aneurysms, but they account for as much as 40% of 

all multiple intracranial aneurysms. MirAn are usually found in the middle cerebral, 

pericallosal, and internal carotid arteries.1–3 Unruptured multiple intracranial aneurysms 

account for 20%–30% of all aneurysms that cause subarachnoid hemorrhage (SAH).3 

The incidence of multiple intracranial aneurysms, particularly MirAn, is associated 

with a family history of aneurysms and with younger age; on the other hand, “classical” 

aneurysms occur later in life and are probably attributable to congenital weakness of 

the vessel wall in cases of MirAn.3

Only a few studies have examined the genetic predisposition to MirAn and other 

risk factors such as age, sex, hypertension, alcohol consumption, and smoking. Most 

of these studies are case reports, and they were therefore unable to confirm or refute 

any hypotheses.1,2,4–8 Therefore, studies in larger cohorts of MirAn patients are needed 

to confirm the association between MirAn and its supposed risk factors, since a better 
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understanding of the risk factors associated with MirAn 

could help with rupture prevention, diagnosis, treatment, 

and prognosis. 

To explore these risk factors, we conducted a retro-

spective analysis of 43 patients who were diagnosed with 

MirAn. Age, sex, family history of aneurysms, risk factors 

for aneurysms (hypertension, smoking, alcohol consumption, 

and diabetes), and location of the aneurysms were compared 

between patients with MirAn, non-mirror-like multiple aneu-

rysms (nMirAn), and single aneurysms (SingAn). 

Patients and methods 
Patients
We retrospectively assessed the medical records of 1,391 

patients admitted with intracranial aneurysms between 

January 2000 and December 2009 at the Department of 

Neurosurgery at the Beijing Tiantan Hospital affiliated to 

Capital Medical University (Beijing, People’s Republic of 

China). This study was approved by the ethical committee 

of the Capital Medical University of Beijing, and individual 

consent from participants was waived by the committee.

The following were the criteria for inclusion in the MirAn 

group: presence of twin bilateral intracranial aneurysms 

located at the corresponding contralateral arteries of the same 

name or the proximal part of a directly connecting artery, 

absence of symmetry or a specific direction of growth of the 

aneurysm, and absence of extracranial aneurysms. 

All patients with multiple aneurysms who were not 

included in the MirAn group were included in the nMirAn 

group. All patients with a SingAn were included in the 

SingAn group.

Patients who had indications of SAH underwent brain 

CT, and the SAH was graded according to the Hunt and Hess 

scale.9 After confirmation of SAH by CT, digital subtraction 

angiography (DSA) was performed. Patients with obvious 

arteriovenous malformations or Moyamoya disease were 

excluded.

Treatment approach
In the case of patients with unruptured aneurysms, the rup-

ture risk was first explained to the patient, and then both the 

surgical and endovascular options were discussed with the 

patients and their families. After SAH was diagnosed by 

DSA, craniotomy was the first recommended treatment. 

Patients who had a Hunt and Hess grade IV or comor-

bidities such as myocardial infarction, severe pulmonary 

infection, renal insufficiency, and coagulation abnormali-

ties, and patients who were reluctant to undergo craniotomy 

underwent interventional embolization instead of aneurysm 

clipping. Patients who were smokers or suffered from 

hypertension were strongly encouraged to undergo further 

treatment. 

Based on the CT scans, DSA, and clinical symptoms, 

the potential side of the ruptured aneurysm responsible 

for SAH was predicted and later confirmed during the 

surgery. The Glasgow outcome scale (GOS) was used to 

assess all the patients 6 weeks after they were admitted 

to the hospital. Patients were followed up for 12 months 

using outpatient clinical examination to determine their 

prognosis.

Data collection and follow-up
Patients and their family were questioned from medical 

history at admission. Age, sex, clinical features, and risk 

factors (hypertension, diabetes, and smoking) were com-

pared between the three groups. Smoking was defined as 

more than five cigarettes per day or regular smoking for a 

year or more.

Statistical analysis
All statistical analyses were performed using SPSS 13.0 

(SPSS Inc, Chicago, IL, USA). Categorical data are presented 

as proportions, and were analyzed using the chi-square or 

Fisher’s exact tests, as appropriate. A P-value 0.05 was 

considered significant.

Results
Patient characteristics
Among 1,391 patients with intracranial aneurysms, 1,278 

had SingAn and 113 had multiple aneurysms. In the SingAn 

group, the mean age was 46.7±11.5 years; this group com-

prised 561 men and 717 women (male to female ratio, 1:1.3) 

(Table 1). 

Among the patients with multiple intracranial aneurysms, 

43 patients had mirror aneurysms and 70 patients had non-

mirror aneurysms (MirAn to nMirAn ratio, 1.00:1.16). MirAn 

represented 3.1% of all intracranial aneurysms and 38.1% 

of all multiple intracranial aneurysms. In the MirAn group, 

the mean age was 51.4±9.2 years; this group comprised 

seven men and 36 women (male to female ratio, 1.0:5.1). 

In the nMirAn group, the mean age was 51.3±9.9 years, 

and this group comprised 24 men and 46 women (male to 

female ratio, 1.0:1.9). Only one patient in the SingAn group 

suffered from Marfan syndrome (Table 1). Most patients 

presented with SAH (80.0% in all groups). No patient 

was diagnosed incidentally in the MirAn group (Table 1), 
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and incidental aneurysm findings were rare in the nMirAn 

and SingAn groups (Table 1).

Significantly more women had MirAn (P=0.0005), while 

multiple intracranial aneurysms (both MirAn and nMirAn) 

occurred at an older age (P=0.002) (Table 1).

Risk factor analysis
There was no significant difference between these two 

groups with regard to hypertension, diabetes, and smoking 

(MirAn vs nMirAn 44.2% vs 45.7%, P=0.87; 7.0% vs 4.3%, 

P=0.27; 18.6% vs 27.1%, P=0.30, respectively). Moreover, 

only one patient in the SingAn group had a family history of 

aneurysms. Stratification analysis of the MirAn and nMirAn 

patients by age group (Figure 1A and B, respectively) 

revealed that the proportion of patients with hypertension 

increased with age, but the difference between the age groups 

was not significant. 

Among the 43 MirAn patients, three (7.0%) had ruptured 

aneurysms and 40 (93.0%) had induced SAH. Of the three 

patients who did not have ruptured aneurysms, two had 

blepharoptosis on one side and one had impaired vision. All 

three were outpatients and were diagnosed with aneurysms 

using magnetic resonance angiography and CT angiography. 

Their diagnoses were confirmed by DSA after admission to 

the hospital. Table 2 presents the clinical characteristics of 

these 43 MirAn patients. The left to right cerebral aneurysm 

ratio associated with the rupture was 1.00:1.11, which sug-

gests that there was no dominant side.

To examine the effect of the size of the aneurysm on 

rupture, we compared the larger aneurysms with the smaller 

ones. Thirty aneurysms that were responsible for hemorrhage 

were larger ones, while eight patients had bleeding from the 

smaller aneurysms. The ratio of large to small hemorrhagic 

aneurysms was 3.75:1.00 (P0.01).

Among the 43 cases of MirAn, 28 (65.1%) had aneurysms 

of the internal carotid-posterior communicating arteries, and 

12 (27.9%) had aneurysms of the middle cerebral arteries. 

One patient (2.3%) had aneurysms of the internal carotid 

Table 1 Demographic characteristics according to the type of intracranial aneurysm

Characteristic MirAn, n (%) nMirAn, n (%) SingAn, n (%) P-value

Sex M 7 (16.3) 24 (34.3) 561 (43.9) 0.0005*
F 36 (83.7) 46 (65.7) 717 (56.1)

M:F 1:5.1 1:1.9 1:1.3
Age (years), mean ± SD 51.4±9.2 51.3±9.9 46.7±11.5 0.0002*
Age groups 30 0 0 98 (7.7) 0.0022*

30–39 7 (16.3) 9 (12.9) 208 (16.3)
40–49 10 (23.3) 17 (24.3) 442 (34.6)
50–59 16 (37.2) 32 (45.7) 363 (28.4)
60 10 (23.2) 12 (17.1) 167 (13.1)

Marfan syndrome 0 0 1 (0.07)
Presentation SAH 40 (93.0) 58 (80.0) 1,203 (89.2)

Neurologic symptoms# 3 (7.0) 8 (11.4) 68 (5.3)
Incidental finding 0 6 (8.6) 7 (5.5)

Notes: *Significant difference, P0.05. #Including oculomotor nerve palsy, diminution of vision, and visual field defect.
Abbreviations: MirAn, mirror-like intracranial aneurysms; nMirAn, non-mirror-like multiple aneurysms; SingAn, single aneurysms; M, male; F, female; SAH, subarachnoid 
hemorrhage; SD, standard deviation.

A

Pe
rc

en
ta

ge

Age group

100%

80%

60%

40%

20%

0%

Pe
rc

en
ta

ge

100%

80%

60%

40%

20%

0%
0–39 40–59 60+

Age group
0–39 40–59 60+

B

NRF
Smoking
HBP

NRF
Smoking
HBP

Figure 1 Relative prevalence of risk factors by age. (A) In patients with MirAn. (B) In nMirAn patients. 
Note: Smoking refers to cigarette smoking.
Abbreviations: HBP, high blood pressure; MirAn, mirror-like intracranial aneurysms; nMirAn, non-mirror-like multiple aneu rysms; NRF, no known extrinsic risk factors.
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arterial bifurcation, and one (2.3%) had aneurysms of the 

ophthalmic arteries. One patient (2.3%) had multiple MirAn, 

with bilateral aneurysms of the middle cerebral arteries 

combined with bilateral aneurysms of the A3 segments of 

the anterior cerebral arteries.

A total of 88 aneurysms were found in the 43 MirAn 

patients. Of these patients, 39 (90.7%) underwent aneurys-

mal clipping after craniotomy. Representative DSA images 

taken before and after clipping are shown in Figures 2 and 3, 

respectively. All surgeries were performed using a typical 

peritoneal approach. The remaining four patients (9.3%) 

underwent interventional embolization. After the initial treat-

ment, 19 patients (44.2%) received additional intervention for 

contralateral aneurysms via a two-stage operation in which 

aneurysmal clipping was performed. All 39 patients who 

underwent aneurysmal clipping (90.7%) were followed up 

and assessed for further treatment. A total of 62 aneurysms 

(70.5% of all the MirAn cases) were treated. Table 3 sum-

marizes the treatment and follow-up details of the MirAn 

patients.

Table 2 Hunt and Hess grade and aneurysm sites in patients 
with SAH

Clinical feature N (%)

Patients with SAH 40 (100)
Hunt and Hess grade, n (%)

I
II
III
IV

19 (44.2)
12 (27.9)
6 (14)
3 (7)

Ruptured aneurysms, n (%)
One
Two

35 (81.4)
5* (11.16)

Aneurysm site, n (%)
Undetermined
Left hemisphere
Right hemisphere
Both hemispheres

1 (2.5)
20 (50)
18 (45)
1 (2.5)

Artery, n (%)
Posterior communicating arteries
Artery bifurcations

26 (65.0)
14 (35.0)

Notes: *In four of these patients, the rupture occurred again because they refused 
to undergo operation or interventional therapy. The fifth patient underwent open 
surgery after the first rupture of the left posterior communicating aneurysm, but 
refused to undergo surgery for the contralateral aneurysm; therefore, the right-side 
aneurysm ruptured and the patient underwent another surgery.
Abbreviation: SAH, subarachnoid hemorrhage.

Figure 2 DSA images of both the left and right internal carotid arteries before clipping. DSA suggests that the aneurysms arise from the branches of the bilateral middle 
cerebral artery (indicated by arrow).
Notes: (A) Right internal carotid artery (normal position); (B) right internal carotid artery (lateral position); (C) left internal carotid artery (normal position); (D) left internal 
carotid artery (lateral position).
Abbreviation: DSA, digital subtraction angiography.
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Prognosis
Of the 43 MirAn patients, four (9.3%) were lost during 

follow-up. All the remaining 39 patients were followed up 

for 3 years. The patients were assessed according to the GOS. 

The results showed a good prognosis for 95.3% of the patients 

(GOS, 4–5 points) and bad prognosis in two patients (4.7%), 

with a Hunt and Hess score of 4 for these two patients. Out of 

all the patients who did or did not undergo secondary treat-

ment, none had ruptured aneurysms during follow-up.

Discussion
The aim of the present study was to explore the risk factors 

associated with MirAn, as well as treatment outcomes. Our 

findings showed that significantly more women suffered from 

MirAn, and that age, smoking, diabetes, and hypertension 

were not associated with MirAn. Further, the internal carotid-

posterior communicating arteries were mostly involved in 

MirAn. Moreover, in MirAn patients, the rupture risk was 

significantly higher for large aneurysms.

Very few studies have compared the clinical features 

and treatment of MirAn patients, and most of them are 

case reports.1,4,7,8 To the best of our knowledge, only two 

other large-scale comparative studies on MirAn have been 

reported. One of them was by Meissner et al3 who exam-

ined the medical reports of 3,120 patients with aneurysms, 

out of which 376 patients (12.1%) had MirAn. There was 

no significant difference in age, smoking, hypertension, 

and cardiac disease between MirAn and nMirAn patients, 

which concurs with our results. Further, although they did 

not examine the treatments, there was no difference in the 

prognosis between the MirAn and nMirAn patients.3 In the 

present study, prognosis of the MirAn and nMirAn groups 

were not compared, but MirAn patients of the present 

study mostly had a good prognosis (95.3% of them), and 

none recurred during follow-up. Another cohort study was 

performed by Casimiro et al2 on 33 MirAn patients and 

49 nMirAn patients. The study investigated age, smoking, 

and hypertension between the two groups and concluded 

that the lack of risk factors in young MirAn patients might 

indicate genetic predisposition to the disease. In addition, 

in the present study, the male to female ratio of the MirAn 

patients decreased with age, which was previously reported 

by Casimiro et al.2 However, in the present study, only 

one patient in the SingAn group had a family history of 

aneurysms. Therefore, this suggests that the genetic predis-

position to MirAn might be multigenic or be the results of 

complex gene–environment interactions. A recent review 

reports that a number of genes are likely to be associated 

Figure 3 DSA images of the left and right internal carotid arteries after clipping. Both aneurysms from the bilateral middle cerebral artery branches are completely occluded 
(normal position, indicated by the arrow).
Notes: (A) Left aneurysms; (B) right aneurysms.
Abbreviation: DSA, digital subtraction angiography.

Table 3 Treatment and follow-up for the patients with MirAn

Treatment or follow-up Patients with 
MirAn, n (%) N=43

Total number of patients treated 43 (100)
Aneurysmal clipping 39 (90.7)
Embolization 4 (9.3)
Additional intervention via aneurysmal clipping 19 (44.2)
Follow-up and further assessment 39 (90.7)

Abbreviation: MirAn, mirror-like intracranial aneurysms.
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with intracranial aneurysms.10 Further studies in patients 

with MirAn are needed to assess the presence of mutations 

or polymorphisms in these patients. 

In the present study, the patients with diagnosed MirAn 

represented 38.1% of all patients with multiple intracranial 

aneurysms. Our data were consistent with a previous study 

by Casimiro et al2 in which 40.2% (33/82) of all intracranial 

multiple aneurysms were diagnosed as MirAn. Further, pre-

vious studies have shown that women are more vulnerable 

to intracranial aneurysms compared with men.1,2 Our study 

also confirmed that among patients with SAH, the male to 

female ratio was 40:60 (1.0:1.5).5,11 The male to female ratio 

in our study was 1.0:1.3 in the SingAn group and 1.0:5.1 in 

the MirAn group, which confirms the findings of previous 

studies.5,11 The most significant difference between sexes was 

observed in the 40–59-year-old patients, while differences 

in the 60 age group were not significant. The highest inci-

dence of MirAn was observed in the 50–59 age group. The 

incidence of MirAn according to age was similar to that of 

nMirAn. However, when compared with the SingAn group, 

the age with peak incidence was relatively higher in the 

MirAn group. Similar to our findings, previous studies have 

suggested that the incidence of multiple intracranial aneu-

rysms was higher among women in their 50s, while the inci-

dence of SingAn was higher in women aged 20 years.12,13  

In the present study, we observed that the incidence of MirAn 

was higher in women aged 29 years, with the highest 

incidence noted in the 40–59-year age group. This differ-

ence was less apparent after the age of 60 years; this may be 

attributable to the hormonal changes that occur after meno-

pause. This observation was in agreement with another study 

that showed a correlation between menopause and higher 

incidence of cerebrovascular diseases.14 While the peak 

incidence of SingAn in women was in the 40–49-year age 

group, MirAn occurred more frequently in the 50–59-year  

age group, as previously observed.2 This is probably due to 

a strong genetic predisposition that promotes vascular fragil-

ity in rupture, even in the absence of other risk factors, as 

previously suggested.2

It has been suggested that smoking and hypertension 

are major risk factors for MirAn.12 However, we did not 

observe any association of MirAn with smoking or hyper-

tension in our study. Casimiro et al2 also reported that 80% 

of MirAn patients and 20% of nMirAn patients under the 

age of 40 did not have extrinsic risk factors. Another study 

examining intracranial aneurysms in siblings found that the 

risk of rupture was greater when patients with unruptured 

aneurysms had siblings with aneurysmal SAH and/or anterior 

communicating artery aneurysms.15 Thus, a congenital 

predisposition, rather than degenerative causes, might be 

more likely to contribute to the pathogenesis of MirAn.2,15 

In addition, in our study, none of the patients with MirAn had 

a family history of aneurysms, suggesting that there might be 

no dominant predisposing inherited factor involved in MirAn. 

However, since the sample size of MirAn patients was rela-

tively small, this needs to be confirmed in larger studies.

MirAn commonly occur in intracranial anterior cir-

culation, and mainly affect the internal carotid-posterior 

communicating arteries and the middle cerebral arteries.16 

In our study, 40 patients (93%) had aneurysms at these sites. 

However, MirAn typically do not occur in anterior com-

municating arteries.17

The presence of two pairs of affected arteries is extremely 

rare in MirAn patients. We encountered only one such case 

in our study, and only one other similar case has ever been 

reported in the literature.7 Both patients were women. The 

patient of the present study had bilateral aneurysms of the 

middle cerebral arteries combined with bilateral aneurysms 

of the A3 segments of the anterior cerebral arteries, which 

were different from the previously reported case.7 However, 

the rarity of these cases makes difficult any comparison.

Ruptured intracranial aneurysms are usually associated 

with a high mortality rate: 50% of the patients die shortly after 

hemorrhage, and 25% of the patients suffer from permanent 

neurological dysfunction; in addition, the remaining 25% 

have an increased risk of recurrent bleeding.18 Therefore, 

treatment should be initiated as soon as possible in hemor-

rhaging patients.19,20 In order to treat bleeding MirAn, the 

initial treatment should focus primarily on the hemisphere 

with the bleeding aneurysm.17,21,22 Our findings suggested that 

the rupture risk was significantly higher for large aneurysms, 

which is consistent with the findings of previous studies.11,23 

Therefore, it may be a good strategy to perform primary 

treatment on the hemisphere harboring the larger aneurysm. 

Previous studies have suggested that the risk factors for aneu-

rysm rupture are the same on either side.24,25 Thus, in the case 

of rupture on one side, the risk of rupture on the other side is 

high. Only one patient in our study had ruptured aneurysms 

on both sides. This patient underwent open surgery after the 

first rupture of the left posterior communicating aneurysm, 

but refused to undergo surgery for the contralateral aneurysm; 

therefore, the right-side aneurysm ruptured, and the patient 

had to undergo another surgery.

In the present study, we did not compare the treatments 

and prognosis for MirAn and nMirAn patients. However, 

the majority of the patients underwent aneurysmal clipping 
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as the first recommended treatment option. Interventional 

embolization was performed in four patients because they 

had a Hunt and Hess grade of IV or above or myocardial 

infarction, severe pulmonary infection, renal insufficiency, 

or coagulation abnormalities, or because they were reluctant 

to undergo craniotomy.

One limitation of this study was the lack of long-term 

follow-up, including DSA and CT angiography at regular 

intervals. Had these examinations been conducted, changes 

in the untreated aneurysms or the presence of new aneurysms 

might have been detected. In addition, the retrospective 

nature of the present study could have led to a selection 

bias. Patients and family were asked for medical history on 

admission. However, no specific imaging and laboratory 

testing were performed for the detection of specific diseases 

or syndromes affecting the risk of aneurysms, unless specific 

symptoms were present and needed treatments.

In conclusion, a higher incidence of MirAn was observed 

in women. Additionally, the internal carotid-posterior com-

municating arteries and middle cerebral arteries were the 

most common affected sites in MirAn. The present study 

provides new insights in the epidemiology and pathology 

of this rare disorder.
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