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Objective: Objective: Ruptured anterior cerebral artery (ACA) trunk aneurysms and middle cerebral 
artery (MCA) trunk aneurysms are rare, and little is known about them. This study was conducted 
to determine the difference between these and other types of aneurysms. 
Methods: We performed a retrospective review of patients diagnosed with subarachnoid hemorrhage
over an 8-year period at a single institution. We analyzed the characteristics, clinical factors, and radio-
logical components of aneurysms at the trunk portion of A-1 and M-1. Descriptive analysis and uni- 
variate analysis for factors were performed to determine the differences of ACA A-1 portion trunk 
and MCA M-1 portion trunk aneurysms from other ACA and MCA aneurysms, respectively.
Results: Univariate logistic regression modeling showed that trunk aneurysms in MCA M-1 had a 
smaller dome size (p=0.026) and dome/neck ratio (p=0.048) than other MCA aneurysms. Likewise, 
through univariate logistic regression modeling, the ACA group showed differences in dome size 
including age (p=0.001) as well as dome size (p=0.038) and dome neck ratio (p=0.041) in the A1 region.
Conclusion: MCA M-1 and ACA A-1 trunk aneurysms are likely to have several different characte- 
ristics such as small in size and a lower dome/neck ratio. Also, due to their close locations to the 
perforator arteries, there is a high possibility of perforator artery injury when treating these aneurysms.
Thus, careful attention is required when setting the treatment methods, and further studies about these
aneurysms are needed.
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INTRODUCTION

There are many previous and ongoing studies regarding patho- 
logies, risk factors, treatment options, and prognoses of spontaneous 
subarachnoid hemorrhage (SAH) from ruptured aneurysm due to 
its severe neurologic deficits and high mortality despite treatment15). 
Further, frequent sites of ruptured aneurysms are middle cerebral 
artery (MCA) bifurcation (MCAB), anterior communicating artery
(AComA), and posterior communicating artery (PComA)16,17). The 
distribution of cerebral aneurysms among those sites is based on 
pathophysiology and hemodynamics factors including flow impin- 
gements, pressure, and wall shear stress2,19).

Rarely are ruptured aneurysms observed at the anterior cerebral 
artery (ACA) and the MCA trunk. Investigation of pathophysiologic- 
hemodynamic factors and anatomy of the cerebral artery suggest 
that these rare aneurysms originate from the bifurcation of perforator 
arteries. Because these aneurysms are so rare, there are very few 

related studies. What is known is that ACA A-1 portion and MCA 
M-1 portion aneurysms are rare (4%), small in size, and associated 
with other variant anatomies such as ACA aplasia1,6,10,11,13,14,18,20).

The study aimed to explore several representative cases of trunk 
aneurysms and determine the differences between ruptured trunk 
aneurysms and other aneurysms as well as to define other chara- 
cteristics of these aneurysms. We also show two cases of these 
rare ruptured aneurysms to provide additional information.

MATERIALS AND METHODS

1. Study Design and Population

In this study, we retrospectively reviewed 329 patients diagnosed 
with spontaneous SAH from January 2012, to March 2020, at 
our institute.

First of all, to understand the basic information of ruptured ane- 
urysmal SAH, various demographics and characteristics of all 321 
patients excluding 6 patients who failed to perform transfemoral 
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Fig. 1. Exclusion criteria. SAH: subarachnoid hemorrhage; TFCA: 
transfemoral cerebral angiography.

Table 1. Characteristics in SAH patients

Variables SAH patients (n=321)

Age (years) 58.53±13.99
Sex (female) 198 (61.7%)
Medical history
 Hypertension 132 (41.1%)
 Diabetes mellitus 21 (6.5%)
 Ischemic heart disease 17 (5.3%)
Laboratory findings
 HDL (mg/dL)  54.80±14.39
 LDL (mg/dL) 100.18±33.44
 Total cholesterol (mg/dL)  165.89±64.469
 HbA1c (%)  5.66±0.53
Systolic BP at ER (mmHg) 160.60±33.94
Diastolic BP at ER (mmHg)  88.78±17.42

Location
 ACA 122 (38.0%)
 MCA 90 (28.0%)
 ICA 80 (24.9%)
 Posterior circulation 29 (9.0%)
Modified Fisher grade
 I 2 (0.6%)
 II 52 (16.2%)
 III 171 (53.3%)
 IV 96 (29.9%)
WFNS grade
 I 142 (44.2%)
 II 42 (13.1%)
 III 18 (5.6%)
 IV 63 (19.6%)
 V 56 (17.4%)
Aneurysm shape( mm)
 Dome 5.24±3.03
 Neck 3.42±1.70
 Dome/Neck 1.66±0.93
SAH: subarachnoid hemorrhage; HDL: high-density lipoprotein; 
LDL: low-density lipoprotein; HbA1c: glycated hemoglobin; BP: blood 
pressure; ER: emergency room; ACA: anterior cerebral artery; 
MCA: middle cerebral artery; ICA: internal carotid artery; WFNS: 
World Federation of Neurosurgical Societies.

cerebral angiography (TFCA) for various reasons and 2 patients 
who were angio-negative were reviewed.

Secondly, to evaluate the comparison of ACA A-1 portion ane- 
urysms and other ACA aneurysms and MCA M-1 portion aneurysms 
and other MCA aneurysms respectively, we also excluded 80 patients 
with ruptured SAH at internal carotid artery (ICA), 29 with posterior 
circulation aneurysms, and 1 with the recurrent artery of Heubner. 
After all, 93 patients with ruptured aneurysms at the MCA and 
121 with ruptured aneurysms at the ACA were included. Exclusion 
of patients was carried out as shown in Fig. 1.

We retrospectively reviewed the electronic medical records (EMR) 
and radiologic findings for medical history; laboratory findings; 
neurologic grade; and the distribution, shape, and size of past 
aneurysms. Blood analysis findings and TFCA records of the patients 
at admission were reviewed.

2. Assessment of Trunk Aneurysm

We defined 'trunk aneurysms' as aneurysms originating from MCA 
M-1 portion or ACA A-1 portion trunk. Specifically, ACA A-1 trunk 
aneurysms were defined as those located between ICA bifurca- 
tion (ICAB) and AComA, while MCA trunk aneurysms were defined 
as those located between ICAB and MCAB. Aneurysms originating 
from the anterior temporal artery, which is frequently located on 
the MCA M-1 trunk, were excluded. The distribution, shape, and 
size of each aneurysm were identified manually on EMR and radio- 
logicresults.

3. Statistical Analysis

The influencing factors included age, sex, medical history (hyper- 
tension, diabetes mellitus, and ischemic heart disease), laboratory 
findings (high-density lipoprotein, low-density lipoprotein, total cho- 
lesterol, hemoglobin A1c), blood pressure, locations, modified Fisher 
grade, World Federation of Neurological Surgeons (WFNS) score, 
and size of aneurysm. The student's t-test was used to evaluate diffe- 
rences in normally distributed continuous variables.

Descriptive analysis for the probable factors in SAH patients was 
performed (Table 1).

Univariate analysis of probable factors in MCA and ACA groups 

was carried out for comparison of trunk aneurysms (Table 2, 3). 
The χ2 test was utilized to evaluate differences in categorical vari- 

ables. The Mann-Whitney U-test was applied when comparing con- 
tinuous variable between two groups without normal distribution and 
when the number of at least one group was less than 10 patients. 
The Kruskal Wallis test was used to evaluate comparisons in cate- 
gorical factors among more than two groups. All numerical values 
were calculated using R software version 4.1.0 (The R Foundation 
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Table 2. Univariate analysis of probable factors in the MCA group and M1 group

Variables MCA group (n=89) M1 group (n=4) p-value

Age (years)  59.56±14.19 59.00±13.09 0.881
Sex (female)  58 (65.2%)  4 (100%) 0.211
Medical history
 Hypertension  32 (36.0%)  (50.0%) 0.466
 Diabetes mellitus   1 (1.1%)  0 0.957
 Ischemic heart disease   3 (3.4%)  0 0.875
Laboratory findings
 HDL (mg/dL)  53.46±14.02 64.00±5.90 0.143
 LDL (mg/dL) 103.48±36.58 99.50±23.95 0.830
 Total cholesterol (mg/dL) 166.19±38.08  171.75±22.93 0.773
 HbA1c (%)   5.63±0.44  5.80±0.32 0.442
Systolic BP at ER (mmHg) 162.08±34.96  168.50±36.06 0.720
Diastolic BP at ER (mmHg)  89.28±17.99 95.25±12.69 0.514
Modified Fisher grade 0.780
 I    1 (1.1%)  0
 II   15 (16.9%)  1 (25.0%)
 III   47 (52.8%)  2 (50.0%)
 IV   26 (59.2%)  1 (25.0%)
WFNS grade 0.393
 I   36 (40.4%)  2 (50.0%)
 II    9 (10.1%)  1 (25.0%)
 III    6 (6.7%)  0
 IV   21 (23.6%)  1 (25.0%)
 V   17 (19.1%)  0
Aneurysm shape (mm)
 Dome    5.79±0.81  2.39±0.32 0.026
 Neck    3.69±0.51  2.61±0.25 0.256
 Dome/Neck    1.83±0.54  1.01±0.21 0.048
MCA: middle cerebral artery; HDL: high-density lipoprotein; LDL: low-density lipoprotein; HbA1c: glycated hemoglobin; BP: blood pressure; 
ER: emergency room; WFNS: World Federation of Neurosurgical Societies.

for Statistical Computing, Vienna, Austria).

RESULTS

1. Patient Demographics and Characteristics of All 

Ruptured Aneurysms

Demographics and characteristics of all patients with a ruptured 
aneurysm are shown in Table 1. The mean age was 58.5 years, 
and 198 (61.7%) of the total 321 patients were female. In total, 
132 patients (41.1%) with ruptured aneurysms had hypertension 
in their past medical history. All lab findings including lipid profile 
and hbA1c were within the normal range. As to location, 122 patients 
(38.0%) had ruptured aneurysms located at ACA, 90 patients (28.0%) 
at MCA, and the others located in the ICA. Modified Fisher grade 
radiological findings were evaluated: 171 patients (53.3%) showed 

grade III, and 96 patients (29.9%) had grade IV. The average dome 
size of the aneurysms was 5.24 mm, and the neck size was 3.42 
mm. According to Glasgow Coma Scores and demographics at 
admission, 142 patients (44.2%) showed WFNS of grade 1.

2. Comparison Between MCA M-1 Trunk Aneurysm 

and MCA Groups

Patient characteristics of age, sex, past medical history, and lab 
findings showed no definite differences between patients in the MCA 
M-1 trunk aneurysm group and those in the other MCA aneurysm 
group. Modified Fisher grade and WFNS grade also did not show 
differences between the two groups. However, MCA M-1 trunk 
aneurysms had an average dome size of 2.39mm and a neck size 
of 2.61 mm, while other MCA aneurysms had an average dome 
size of 5.79 mm and neck size of 3.69 mm. In general, MCA M-1 
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Table 3. Univariate analysis of probable factors in the ACA group and A1 group

Variables ACA group (n=112) A1 group (n=9) p-value

Age (years)  56.71±13.19  40.78±15.96 0.001
Sex (female)  49 (43.8%)   6 (66.7%) 0.164
Medical history
 Hypertension  48 (42.9%)   3 (33.3%) 0.425
 Diabetes mellitus   8 (7.1%)   0 0.528
 Ischemic heart disease   7 (6.3%)   0 0.574
Laboratory findings
 HDL (mg/dL)  54.63±14.23  54.22±10.85 0.933
 LDL (mg/dL) 102.71±31.21  90.78±39.89 0.233
 Total cholesterol (mg/dL) 175.76±96.26 156.22±38.90 0.748
 HbA1c (%)   5.72±0.59   5.33±0.56 0.051
Systolic BP at ER (mmHg) 162.94±30.83 148.89±59.32 0.211
Diastolic BP at ER (mmHg)  90.87±16.41  87.67±16.01 0.554
Modified Fisher grade 0.856
 I   0   0
 II  17 (15.2%)   1 (11.1%)
 III  65 (58.0%)   6 (66.7%)
 IV  30 (26.8%)   2 (22.2%)
WFNS grade 0.121
 I  50 (44.6%)   4 (44.4%)
 II  14 (12.5%)   1 (11.1%)
 III  11 (9.8%)   0
 IV  15 (13.4%)   4 (44.4%)
 V  22 (19.6%)   0
Aneurysm shape (mm)
 Dome   4.95±0.98   2.26±0.58 0.038
 Neck   3.17±0.86   2.26±0.66 0.119

 Dome/Neck   1.61±0.65   0.90±0.19 0.041

ACA: anterior cerebral artery; HDL: high-density lipoprotein; LDL: low-density lipoprotein; HbA1c: glycated hemoglobin; BP: blood pressure; 
ER: emergency room; WFNS: World Federation of Neurosurgical Societies.

trunk aneurysms were smaller in size than other MCA aneurysms 
(p=0.026). Also, the dome/neck ratio of MCA trunk aneurysms 
was lower than that of the other MCA aneurysms group (p=0.048) 
(Table 2).

3. Comparison Between ACA A-1 Trunk Aneurysm 

and ACA Groups

Patients with ruptured ACA A-1 trunk aneurysm were younger 
(p=0.001), with an average age of 40.78 years, than those in the 
ACA group, with an average age of 56.71 years. Other characte- 
ristics such as sex, past medical history, and lab findings were not 
significantly different between the two groups. The size of the ruptured 
aneurysm was smaller in the ACA A-1 trunk aneurysm group at 
an average of 2.26mm compared with the ACA group at an aver- 
age of 4.95 mm(p=0.038). Like the MCA groups, the average 
dome/neck ratio of ACA A-1 trunk aneurysms was lower than that 

in the other ACA group (p=0.041) (Table 3).

4. More About Trunk Aneurysms

Observations of morphologic characteristics (Table 4) revealed 
3 aneurysms with fusiform shape and 10 with saccular shape. The 
superior-posterior direction of the aneurysm dome was the most 
common. Associated abnormalities such as multiple aneurysms and 
azygous ACA were not frequent; only 1 patient had multiple aneurysms.

Perforator arteries originating from ACA A-1 and MCA M-1 trunks 
have a high risk for injury after surgical or interventional treatment 
of ruptured aneurysm. In our study, 4 patients had perforator infarct. 
Perforator artery injuries occurred regardless of surgical clipping 
or interventional coil embolization. Representative cases of patients 
who experienced perforator infarct just after treatment are presented 
below as case descriptions.
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Table 4. Overview of characteristics of patients with trunk aneurysm 

Case no. Sex Age Comorbidity Location Shape Direction Dome Neck m-FS* GCS† Management mRS‡
Perforator infarction

§

 25 F 42 ACA(A1), L Fusiform Superior 0.87 1.81 3 15 Clip 0 0

 65 F 71 HTN ACA(A1), L Fusiform Superior 2.57 4.88 3  3 SACE 6 0

 68 F 76 HTN MCA(M1), R Saccular Inferior 2.76 3.22 4  3 Coil 6 0

 79 F 40 HTN ACA(A1), L Fusiform Posterior 0.98 2.76 4 13 SACE 3 1

100 F 45 MCA(M1), L Saccular Inferior 3.09 2.39 3 15 Clip 1 1

106 F 32 ACA(A1), L Saccular Posterior 2.28 1.72 3 15 Clip 3 1

111 M 58 ACA(A1), L Lobulated Superior 3.21 3.08 3 14 Clip 1 0

183 F 22 ACA (A1), L Saccular Superior 2.57 3.34 3 15 Coil 1 0

198 F 54 MCA(M1), L Saccular Posterior 2.7 3 3 15 Coil 0 0

221 F 61 HTN MCA(M1), R Saccular Superior 3.39 2.92 2 15 Clip 2 0

264 F 39 ACA (A1), R Saccular Posterior 3.08 3.06 4 15 Coil∥ 2 1

280 M 42 HTN ACA (A1), R Saccular Medial 3.22 2.5 2 15 Clip 1 0

283 M 21 ACA (A1), R Saccular Posterior 2.44 1.81 3 15 Clip 1 0

F: female; M: male; HTN: hypertension; ACA: anterior cerebral artery; L: left; MCA: middle cerebral artery; R: right; m-FS: modified Fisher
scale; GCS: Glasgow Coma Scale; mRS: modified Rankin Scale; SACE: stent-assisted coil embolization.
*Accounts for thick cistern and hemorrhage to predict symptomatic vasospasm. †The state of consciousness at the time of admission. ‡A com-
monly used scale for measuring the degree of disability in the daily activities of people. §Presence or absence of perforator infarction indicated
in the column. ∥Coil embolization without stent assist. 

Fig. 3. Transfemoral cerebral angiography showing left middle cere- 
bral artery M-1 trunk aneurysm.

Fig. 2. Initial brain computed tomography results showing a diffuse
subarachnoid hemorrhage.

Fig. 4. The 3-dimensional reconstruction view showing a ruptured 
aneurysm in more detail (arrow: middle cerebral artery M-1
segment).

5. Case Descriptions

Case 1.

A 45-year-old woman was admitted to our hospital due to a 
severe headache. Imaging studies showed SAH from a ruptured 
left MCA M-1 trunk aneurysm(Fig. 2-4). Surgical management with 
aneurysmal clipping was planned. After the operation, the patient 
suffered right-side weakness. Brain diffusion-weighted magnetic 
resonance imaging (DW-MRI) showed acute infarction on the left 
basal ganglia (Fig. 5), the territory where the MCA perforators supply 
blood flow, which was probably caused by interruption of MCA 
perforator arteries.
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Fig. 5. Brain diffusion-weighted magnetic resonance imaging after 
surgical clipping (arrow: left basal ganglia acute infarction is shown).

Fig. 6. Initial brain computed tomography scan showing a large 
amount of subarachnoid hemorrhage and intracerebral hemorrhage
in the right frontal lobe base.

Fig. 7. Transfemoral cerebral angiography showing a right anterior
cerebral artery trunk aneurysm.

Fig. 9. Brain diffusion-weighted magnetic resonance imaging after
interventional coil embolization (arrow: right basal ganglia acute infar-
ction).

Fig. 8. The 3-dimensional reconstruction view showing a ruptured 
aneurysm in more detail (arrow: anterior cerebral artery A-1 segment).

Case 2.

A 39-year-old woman was admitted to our hospital due to a 
thunderclap headache. Imaging studies showed SAH from a ruptu- 

red right ACA A-1 trunk aneurysm (Fig. 6-8). Interventional mana- 
gement with aneurysmal coil embolization was planned. After the 
intervention, the patient showed left side weakness. Brain DW-MRI 
showed acute infarction on the right basal ganglia (Fig. 9), the 
region where the ACA perforators supply blood flow, which was 
probably caused by interruption of ACA perforator arteries.

DISCUSSION

1. Patient Demographics and Characteristics of 

Trunk Aneurysms

Ruptured trunk aneurysms are rare. Ruptured and un-ruptured 
ACA A-1 aneurysms account for approximately 4% of all aneury- 
sms9,18,20), and ruptured and un-ruptured MCA M-1 aneurysms 
account for approximately 3% of all aneurysms10,11). In this study, 
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we focused on patients with ruptured aneurysms. In total, 9 patients 
(2.7% of all ruptured aneurysms) had ruptured ACA A-1 trunk aneury- 
sms, and 4 patients (1.2% of all ruptured aneurysms) had ruptured 
MCA M-1 trunk aneurysms. Thus, it is acceptable that trunk aneury- 
sms with ruptured are rare as all trunk aneurysms including ruptured 
or un-ruptured.

Some studies suggest that trunk aneurysms tend to occur in those 
who are younger5,6,14,18); our results were similar. The average age 
of ACA A-1 trunk aneurysm patients is 42.9 years old, which is 
younger than patients with other ACA aneurysms.

In our study, ruptured trunk aneurysms were smaller than other 
ruptured aneurysms. ACA trunk aneurysms had an average dome 
of 2.48 mm with a neck of 2.72 mm, and MCA trunk aneurysms 
had an average dome of 2.98mm and a neck of 2.88mm. The 
trunk aneurysms’ dome/neck ratios were generally lower than those 
of other aneurysms, which was similar to the previous studies4,5,9,11,18).

In our case studies, ACA A-1 trunk aneurysms tended to be direc- 
ted superior and posterior, while MCA M-1 trunk aneurysms did 
not show direction tendency. Also, ACA A-1 trunk aneurysms tend 
to be located at the proximal or distal portion of ACA A-1, we 
assumed that those curves or branch points of ICAB to ACA A-1 
portion and ACA A-1 portion to AComA are under greater hemody- 
namic stress.

There are several differences between trunk and other aneurysms. 
For example, aneurysmal size, dome/neck ratio, formation type, 
and patient demographics (such as age) all differ between the trunk 
and other aneurysms. These differences might arise from interfering 
factors or the pathophysiology of trunk aneurysms compared with 
other aneurysms.

2. Intracranial Hemorrhagic Formation from Trunk 

Aneurysms

There are many cases where SAH accompanies intracerebral 
hemorrhage (ICH) and intraventricular hemorrhage (IVH)8,12); thus, 
many physicians define Fisher grade for those who suffer from SAH 
based on the presence of ICH and IVH.

Fisher grade difference between trunk aneurysms and other ane- 
urysms was not significant, perhaps due to the small number of 
cases. However, of the 13 patients with trunk aneurysm rupture, 
only 1 had ICH and 2 had IVH. We assume this was because the 
size of ruptured trunk aneurysms generally is smaller than that of 
other aneurysms. Smaller aneurysmal rupture has lower tendency 
for massive hematoma volume and accompanying ICH or IVH21).

3. Other Associated Abnormalities of Trunk 

Aneurysms

Previous studies about trunk aneurysms suggest that the main 
characteristics of trunk aneurysms are association with abnormality; 
for example, multiple aneurysms, AComA fenestration, or ACA A-1 
aplasia1,6,10,11,13,14,18,20). However, in this study, only 1 case with mul- 
tiple aneurysms was observed, and no other abnormalities were 

seen. There may be several reasons for the results to be different 
from previous studies, such as the small number of cases. However, 
considering that the number of cases in previous studies was also 
not many, it seems that further research on this should be continued.

4. Perforator Artery Infarctions

Of the 13 patients with ruptured trunk aneurysms, 4 had worsened 
neurologic deterioration just after surgical clipping or interventional 
coil embolization. Perforator arteries originating from ACA A-1 or 
MCA M-1 trunk aneurysms are frequent3,7,22) due to specific ana- 
tomical features, increasing the possibility of perforator artery injury 
compared to other aneurysms when surgical or interventional mana- 
gement is needed.

Recently, diagnostic tools such as computed tomography (CT) 
angiography and TFCA for ruptured aneurysms have been develo- 
ped. These tools show accurate vascular anatomies, especially 
geometries of aneurysms and neighboring arterial branches in the 
aneurysmal neck or base. However, in many cases, small perforator 
arteries are not explored adequately. For example, CT angiography 
and TFCA did not show clear perforator arteries around the aneurysm 
even when such an artery was present during the attempt to clip 
the ruptured aneurysm. Also, unexpected perforator artery occlusion 
has been shown after coil embolization of a ruptured aneurysm. 
Therefore, it is wise to analyze ruptured aneurysms in detail using 
correct diagnostic tools to determine whether surgical or interven- 
tional management is better for the patients. The possibility of per- 
forator artery injury must always be considered.

The present study has several limitations. First, it is a retrospec- 
tive study design instead of a randomized controlled study, which 
could have allowed bias in patient selection and demographic data. 
Second, as we had a small number of cases all based on a single- 
institution experience, statistical analyses and results did not allow 
firm conclusions. Further studies with sufficient sample sizes are 
needed to adequately evaluate such trunk aneurysms.

CONCLUSION

Trunk aneurysms are rare and have different characteristics from 
other, ordinary aneurysms including smaller size, lower dome/ neck 
ratio, and younger age of patients. In addition, since these aneurysms 
are rare, more research is needed to make decisions regarding 
treatment. Moreover, since perforator artery injuries are highly likely 
due to the location of these aneurysms, smarter treatment methods 
should be selected based on more accurate examinations.
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