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Objective : This retrospective study investigated the clinical and angiographic characteristics of ruptured true posterior 
communicating artery (PCoA) aneurysms in comparison with junctional PCoA aneurysms presenting with a subarachnoid 
hemorrhage.
Methods : The medical records and radiological data of 93 consecutive patients who underwent three-dimensional rotational 
angiography and surgical or endovascular treatment for a ruptured junctional or true PCoA aneurysm over an 8-year period were 
examined.
Results : The maximum diameter of the ruptured true PCoA aneurysm (n=13, 14.0%) was significantly smaller than that of the 
ruptured junctional PCoA aneurysms (n=80, 4.45±1.44 vs. 7.68±3.36 mm, p=0.001). In particular, the incidence of very small 
aneurysms <4 mm was 46.2% (six of 13 patients) in the ruptured true PCoA aneurysm group, yet only 2.5% (two of 80 patients) 
in the ruptured junctional PCoA aneurysm group. Meanwhile, the diameter of the PCoA was significantly larger in the true PCoA 
aneurysm group than that in the junctional PCoA aneurysm group (1.90±0.57 vs. 1.15±0.49 mm, p<0.001). In addition, the ipsilateral 
PCoA/P1 ratio was significantly larger in the true PCoA aneurysm group than that in the group of a junctional PCoA aneurysm (mean 
PCoA/P1 ratio±standard deviation, 2.67±1.22 vs. 1.14±0.88; p<0.001). No between-group difference was identified for the modified 
Fisher grade, clinical grade at admission, and 3-month modified Rankin Scale score.
Conclusion : A true PCoA aneurysm was found to be associated with a larger PCoA and ruptured at a smaller diameter than a 
junctional PCoA aneurysm. In particular, the incidence of a ruptured aneurysm with a very small diameter <4 mm was significantly 
higher among the patients with a true PCoA aneurysm.

Key Words : Internal carotid artery · Intracranial aneurysm · Subarachnoid hemorrhage.

INTRODUCTION

A typical, junctional posterior communicating artery 

(PCoA) aneurysm, accounting for about 25% of all intracra-

nial aneurysms14), originates just distal to the origin of the 

PCoA from the posterolateral wall of the internal carotid ar-

tery (ICA), and hence is classified as an ICA aneurysm. In 

contrast, a true PCoA aneurysm arises from the PCoA itself. 

Thus, careful angiographic evaluation at the junctional area of 

the ICA and PCoA is required to discriminate between a typi-

cal, junctional PCoA aneurysm and a true PCoA aneurysm, 

where the incidence of a true PCoA aneurysm is >10% of the 
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incidence of the typical, junctional PCoA aneurysm5,6).

The aneurysm characteristics and rupture risk at the junc-

tional area of the ICA and PCoA can differ according to the 

exact origin of the aneurysm, leading to different treatment 

decisions. He et al.6) suggested that true PCoA aneurysms can 

pose a higher risk of rupture than typical, junctional PCoA 

aneurysms of the same size.

Accordingly, this retrospective study compared the clinical 

and angiographic characteristics of ruptured true PCoA aneu-

rysms and typical junctional PCoA aneurysms presenting 

with a subarachnoid hemorrhage. The study results could also 

be extrapolated for patients with an unruptured true PCoA 

aneurysm.

MATERIALS AND METHODS

Patient population
This retrospective study was reviewed and approved by the 

Ethics Committee at Kyungpook National University Hospi-

tal (IRB No. 2018-06-032). Eligible patients included those 

who presented with a ruptured PCoA aneurysm including a 

junctional type and true type, at the authors’ institution be-

tween January 2012 and December 2019. The treatment deci-

sion, surgical versus endovascular, was made primarily based 

on the findings of preoperative digital subtraction angiogra-

phy (DSA). Surgical clip placement or endovascular coiling 

was then performed via an emergency procedure18).

The inclusion criteria for this study were as follows : 1) age 

>20 years, 2) presentation with a subarachnoid hemorrhage,  

3) diagnosis of a typical or true PCoA aneurysm based on pre-

operative DSA, and 4) aneurysm treatment with surgical clip-

ping or endovascular coiling. The exclusion criteria were pa-

tients with an unruptured typical or true PCoA aneurysm. 

Data collection
The medical records were reviewed to obtain relevant clini-

cal information, and all the radiological data were obtained 

using an electronic picture archiving and communication sys-

tem. The angiographic diagnosis and measurement of the an-

eurysm and related vessels were determined using the preop-

erative 3D rotational DSA in addition to 3D volume-rendered 

reconstruction and maximum intensity projection analysis for 

every patient in this study. The PCoA diameter was measured 

at the point 10 mm distal to the PCoA origin.

For those patients with a very small ruptured aneurysm of 

less than 4 mm, the digital recording of the intraoperative mi-

croscope was reviewed to identify any intraoperative rupture 

during the aneurysm dissection due to the structural fragility 

of the aneurysm.

Statistical analysis
The statistical analyses were performed with the aid of com-

mercially available statistics software (IBM SPSS version 19.0; 

SPSS, Inc., Chicago, IL, USA). To compare the patient-related 

and aneurysm-related characteristics of the true type and 

junctional type PCoA aneurysms, a chi-square test was per-

formed for the categorical variables including sex, modified 

Fisher grade, World Federation of Neurosurgical Societies 

(WFNS) clinical grade, presentation with oculomotor nerve 

palsy, treatment modality, and 3-month modified Rankin 

Scale (mRS) score, while a two sample t-test was performed 

for the quantitative variables (age, maximum aneurysm diam-

eter, aneurysm neck diameter, aneurysm height, aspect ratio 

of the aneurysm, diameter of the PCoA, and ipsilateral PCoA/

P1). The results were considered significant for probability val-

ues less than 0.05.

RESULTS

Patients
During an 8-year period, a total of 93 consecutive patients 

presenting with a subarachnoid hemorrhage due to a junc-

tional or true PCoA aneurysm rupture were included in this 

retrospective study, where 80 patients (86.0%) had a typical, 

junctional PCoA aneurysm, while 13 patients (14.0%) had a 

true PCoA aneurysm.

In the present series, all the true PCoA aneurysms arose in 

the proximal part of the PCoA, and the location of the aneu-

rysm neck was within 3 mm of the PCoA origin.

Comparison of true type and junctional type PCoA 
aneurysms

The aneurysm-related and patient-related characteristics of 

the true and junctional PCoA aneurysms presenting with a 

subarachnoid hemorrhage are compared in Table 1. Both 

groups were comparable as regards patient age and sex, where 
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the mean age was 57.3±12.8 years and 11 patients (84.6%) were 

female in the true PCoA aneurysm group, while the mean age 

was 62.5±13.1 years and 67 patients (83.8%) were female in the 

junctional PCoA aneurysm group.

When the patients presented with a ruptured aneurysm, the 

maximum diameter of the true PCoA aneurysms was signifi-

cantly smaller than that of the junctional PCoA aneurysms 

(mean aneurysm diameter±standard deviation [SD], 4.45±

1.44 vs. 7.68±3.36 mm; p=0.001). The diameter of the ruptured 

true PCoA aneurysms ranged from 2.6 to 6.7 mm, while the 

diameter of the ruptured junctional PCoA aneurysms ranged 

from 2.5 to 22.0 mm. Moreover, the distribution of ruptured 

aneurysms according to aneurysm diameter was as follows 

and significantly differed according to the aneurysm type 

(p<0.001) : six patients (46.2%) with a diameter <4 mm and 

seven patients (53.8%) with a diameter 4.0–6.9 mm for the 

Table 1. Comparison of patient-related and aneurysm-related characteristics of true type and junctional type PCoA aneurysms

Characteristic True PCoA aneurysm (n=13) Junctional PCoA aneurysm (n=80) p-value

Age (years) 57.31±12.83 62.54±13.13 0.205‡

Gender 0.634†

Male 2 (15.4) 13 (16.3)

Female 11 (84.6) 67 (83.8)

Modified Fisher grade 0.513†

1–2 2 (15.4) 24 (30.0)

3–4 11 (84.6) 56 (70.0)

WFNS grade 0.853†

1–3 11 (84.6) 67 (83.8)

4–5 2 (15.4) 13 (16.3)

Oculomotor nerve palsy 0.250†

Absent 13 (100.0) 73 (91.3)

Present 0 (0.0) 7 (8.8)

Diameter of aneurysm (mm) 4.45±1.44 7.68±3.36 0.001*,‡

Aneurysm diameter (mm) <0.001*,†

<4 6 (46.2) 2 (2.5)

4.0–6.9 7 (53.8) 37 (46.3)

7.0–9.9 0 (0.0) 30 (37.5)

≥10 0 (0.0) 11 (13.8)

Neck diameter of PCoA aneurysm (mm) 2.52±0.76 4.42±2.11 0.002*,‡

Height of PCoA aneurysm (mm) 4.01±1.47 6.76±3.20 0.002*,‡

Aspect ratio 1.70±0.72 1.67±0.69 0.891‡

Diameter of PCoA (mm) 1.90±0.57 1.15±0.49 <0.001*,‡

Ipsilateral PCoA/P1 2.67±1.22 1.14±0.88 <0.001*,‡

Treatment 0.562†

Surgical clipping 7 (53.8) 39 (48.8)

Endovascular coiling 6 (46.2) 41 (51.3)

3-month mRS score 0.457†

0–3 10 (76.9) 69 (86.3)

4–6 3 (23.1) 11 (13.8)

Values are presented as mean±standard deviation or number (%). *Denotes statistically significant p-value. †Chi-square test. ‡Two sample t-test. PCoA : 
posterior communicating artery, WFNS : World Federation of Neurosurgical Societies, mRS : modified Rankin Scale
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true PCoA aneurysms; two patients (2.5%) with a diameter <4 

mm, 37 patients (46.3%) with a diameter 4.0–6.9 mm, 30 pa-

tients (37.5%) with a diameter 7.0–9.9 mm, and 11 patients 

(13.8%) with a diameter ≥10 mm for the junctional PCoA an-

eurysms.

The neck diameter of the true PCoA aneurysm was signifi-

cantly smaller than that of the junctional PCoA aneurysms 

(mean aneurysm neck diameter±SD, 2.52±0.76 vs. 4.42±2.11 

mm, p=0.002). The neck diameter of the ruptured true PCoA 

aneurysms ranged from 1.5 to 3.8 mm, while the neck diame-

ter of the ruptured junctional PCoA aneurysm ranged from 

2.1 to 17.3 mm. Furthermore, the height of the true PCoA an-

eurysms was significantly smaller than that of the junctional 

PCoA aneurysms (mean aneurysm height±SD, 4.01±1.47 vs. 

6.76±3.20 mm; p=0.002). The height of the ruptured true 

PCoA aneurysms ranged from 1.8 to 6.7 mm, while the height 

of the ruptured junctional PCoA aneurysms ranged from 2.2 

to 20.1 mm. Thus, the aspect ratio (the ratio of the aneurysm 

height to the aneurysm neck diameter) was not significantly 

different between the two groups (mean aspect ratio of the 

aneurysm±SD, 1.70±0.71 vs. 1.67±3.20; p=0.891). The aspect 

ratio of the ruptured true PCoA aneurysms ranged from 0.8 

to 2.9, while the aspect ratio of the ruptured junctional PCoA 

aneurysms ranged from 0.7 to 3.7.

Meanwhile, the diameter of the PCoA was significantly 

larger in the true PCoA aneurysm group than that in the 

group of a junctional PCoA aneurysm (mean PCoA diameter

±SD, 1.90±0.57 vs. 1.15±0.49 mm; p<0.001). The PCoA diam-

eter in the true PCoA aneurysm group ranged from 1.2 to 2.8 

mm, while the PCoA diameter in the junctional PCoA aneu-

rysm group ranged from 0.3 to 2.1 mm. In addition, the ipsi-

lateral PCoA/P1 ratio was significantly larger in the true 

PCoA aneurysm group than that in the group of a junctional 

PCoA aneurysm (mean PCoA/P1 ratio±SD, 2.67±1.22 vs. 1.14

±0.88; p<0.001).

No between-group difference was identified for the modified 

Fisher grade, WFNS clinical grade at admission, presentation 

with the oculomotor nerve palsy, treatment modality (surgical 

vs. endovascular treatment), and 3-month mRS score. For the 

true PCoA aneurysm group, the WFNS clinical grade at admis-

sion was 1–3 for 11 patients (84.6%) and 4 or 5 for two patients 

(15.4%), while the modified Fisher grade was 1 or 2 for two pa-

tients (15.4%) and 3 or 4 for 11 patients (84.6%). No patient pre-

sented with oculomotor nerve palsy. Surgical clip placement 

was used as the treatment modality to obliterate the ruptured 

aneurysm in seven patients (53.8%), while endovascular coiling 

was applied to six patients (46.2%). The proportion of patients 

with a favorable outcome (mRS score 0–3) at 3 months after 

admission was 76.9% (10 of 13 patients).

Ruptured very small PCoA aneurysms less than  
4 mm

A total of eight patients presented with a ruptured very 

small aneurysm with a diameter <4 mm (Table 2). Fig. 1 illus-

trates DSA images of six patients with a ruptured, very small 

true PCoA aneurysm. The incidence of very small aneurysms 

Table 2. Clinical and angiographic characteristics of eight patients with a ruptured PCoA aneurysm with a diameter less than 4 mm

Case 
No.

Age 
(years)/

sex

Aneurysm 
type

Modified 
Fisher 
grade

WFNS 
grade

Maximum 
aneurysm 
diameter 

(mm)

Aspect 
ratio

PCoA 
diameter  

(mm)

Ipsilateral 
PCoA/P1

Treatment
Intraoperative 

rupture
3-month 

mRS

1 56/F True 4 2 2.6 1.1 2.8 5.6 Clipping + 1

2 40/F True 3 1 2.7 1.1 2.1 2.1 Clipping - 0

3 56/F True 3 2 2.8 1.1 2.0 2.4 Clipping + 0

4 51/F True 3 2 3.4 2.3 1.7 1.7 Clipping + 0

5 84/F True 3 2 3.4 1.1 2.2 3.7 Coiling NA 2

6 67/F True 3 3 3.6 0.8 2.1 3.3 Clipping - 0

7 55/M Junctional 3 2 2.5 1.3 0.5 0.3 Clipping - 0

8 54/F Junctional 3 4 3.9 1.9 0.3 0.3 Clipping - 1

PCoA : posterior communicating artery, WFNS : World Federation of Neurosurgical Societies, mRS : modified Rankin Scale, F : female, NA : not 
associated, M : male
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was 46.2% (six of 13 patients) in the ruptured true PCoA an-

eurysm group and only 2.5% (two of 80 patients) in the rup-

tured junctional PCoA aneurysm group.

Among the 13 cases of a ruptured true PCoA aneurysm, six 

cases (46.2%) had a diameter <4 mm, ranging from 2.6 to 3.6 

mm, while the other seven cases (53.8%) had diameters rang-

ing from 4.8 to 6.7 mm.

All the patients with a very small aneurysm presented with 

a thick subarachnoid hemorrhage (modified Fisher grade 3 or 

4), although only one patient showed a poor WFNS clinical 

grade (WFNS grade 4 in case 8). For the eight patients with a 

ruptured aneurysm <4 mm, surgical clip placement was ap-

plied to seven patients (five patients with a true PCoA aneu-

rysm and two patients with a junctional PCoA aneurysm), 

while endovascular coiling was only applied to one patient 

with a true PCoA aneurysm (case 5). Obliteration of the rup-

tured aneurysm was successfully achieved in all patients with-

out procedure-related complications.

In the intraoperative microscope video recordings, an intra-

operative rupture due to the structural fragility of the aneu-

rysm was identified during peri-aneurysmal dissection in 

three patients (60.0%, three of five surgical cases) with a very 

small true PCoA aneurysm, yet did not occur in any of the 

cases of a very small junctional PCoA aneurysm.

DISCUSSION

If an aneurysm is found at the junctional area of the ICA 

and PCoA, careful angiographic evaluation is required to de-

termine the exact origin of the aneurysm, particularly in cases 

of a large PCoA diameter or large infundibular widening. In 

this study, true PCoA aneurysms were found to be more prone 

to rupture at a smaller size than junctional PCoA aneurysms, 

D FE

A CB

Fig. 1. Digital subtraction angiography for patients with a ruptured true posterior communicating artery aneurysm (arrow) with a diameter <4 mm. A : 
Right carotid angiogram in case 1. B : Right carotid angiogram in case 2. C : Right carotid angiogram in case 3. D : Right carotid angiogram in case 4. E : Left 
carotid angiogram in case 5. F : Right carotid angiogram in case 6.
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where half of the true PCoA aneurysms ruptured with a di-

ameter less than 4 mm.

True PCoA aneurysms originating from the PCoA itself 

were considered rare and have been described in case re-

ports4,9,11,17,25,32,33). In a systematic review, the incidence of such 

aneurysms was revealed as 1.3% among intracranial aneu-

rysms and 6.8% among PCoA aneurysms5).

However, careful angiographic evaluation in recent clinical 

studies revealed a higher incidence of true PCoA aneurysms6). 

In most cases, true PCoA aneurysms are located within a few 

millimeters from the ICA. In particular, it is difficult to dis-

criminate aneurysms arising from the PCoA origin or infun-

dibulum from junctional PCoA aneurysms arising from the 

ICA. A careful evaluation by He et al.6) using computed to-

mography (CT) angiography with volume-rendered recon-

structions showed the incidence of true PCoA aneurysms to 

be as high as 13.0% among PCoA aneurysms, which is com-

parable to the present study result of 14.0% (13 patients of 93 

patients) using three-dimensional rotational angiography. 

Thus, careful evaluation of the neck location and anatomy of 

the aneurysm is recommended using three-dimensional rota-

tional angiography or CT angiography.

In a morphometric study of a PCoA aneurysm by He et al.6) 

using patient data from a single hospital, 10 true PCoA aneu-

rysms and 67 junctional PCoA aneurysms were analyzed and 

compared. Although the prevalence of ruptured aneurysms 

was similar in both groups as about 80%, the aneurysm size 

was statistically smaller for the true PCoA aneurysms (0.072±

0.04 vs. 0.14±0.1 cm3, p=0.03). They suggested that true PCoA 

aneurysms might be more prone to rupture than junctional 

PCoA aneurysms. Similarly, the present study found that true 

PCoA aneurysms ruptured at a smaller size than the junction-

al PCoA aneurysms. In particular, a high rupture risk of very 

small true PCoA aneurysms <4 mm was highlighted, as 

46.2% cases of the true PCoA aneurysms ruptured with a di-

ameter <4 mm, whereas only 2.5% cases of the junctional 

PCoA aneurysms ruptured with a diameter <4 mm.

Given the acute angles required for the microcatheter to 

navigate from the ICA to the PCoA, and then into the aneu-

rysm within a very short distance, microsurgical clipping was 

favored over endovascular coiling for the present series of a 

ruptured true PCoA aneurysm <4 mm. In the surgical series, 

intraoperative rupture during peri-aneurysmal dissection oc-

curred in 60% of the very small true PCoA aneurysms <4 

mm. The structural fragility of such aneurysms and their po-

tential location in an intra-operative blind spot necessitate ap-

propriate surgical strategies and tactics12). First, the application 

of temporary clips on both the proximal and distal arteries is 

crucial to provide a clean surgical field in cases of an intraop-

erative rupture. Careful dissection and adequate preparation 

of a fragile aneurysm in a clean surgical field is essential for 

safe permanent clipping. Second, a true PCoA aneurysm aris-

ing distal to the origin of the PCoA can lie in the intra-opera-

tive blind spot. An angled endoscope or micro-mirror can be 

used to look behind the ICA blocking the view of the micro-

scope. In particular, a micro-mirror can show indocyanine 

green angiographic imaging to verify the presence of any re-

sidual aneurysm or the occlusion of the associated thalamo-

perforating arteries developed by the clip13).

The natural course and rupture risk of an unruptured an-

eurysm vary according to its size, shape, and location. First, 

many studies have already evaluated the rupture risk of un-

ruptured aneurysms based on the maximum diameter of the 

aneurysm. In the first phase of the International Study of Un-

ruptured Intracranial Aneurysms (ISUIA) including retro-

spective natural history data, aneurysms with a diameter ≥10 

mm were associated with a significantly increased risk of rup-

ture8). In the second phase of ISUIA including a prospective 

natural history study and the Unruptured Cerebral Aneurysm 

Study Japan study, a new cut-off diameter >7 mm was associ-

ated with a higher risk of aneurysm rupture28,31). Moreover, a 

meta-analysis conducted by Wermer et al.30) revealed an aneu-

rysm diameter >5 mm as a significant risk factor of rupture, 

while the Small Unruptured Aneurysm Verification study 

presented the smallest diameter of 4 mm as the risk cut-off for 

aneurysm rupture22). As a result, these clinical studies have 

been used to determine guidelines for the management of pa-

tients with unruptured intracranial aneurysms10,23,27).

Thus, when considering that a 4 mm diameter is the small-

est recognized risk cut-off for aneurysm rupture, the fact that 

half of the ruptured true PCoA aneurysm in the present study 

were very small aneurysms with a diameter <4 mm is clinical-

ly important for the neurovascular surgeons deciding the 

treatment of unruptured aneurysms. In particular, previous 

studies based on pre- and postrupture imaging of ruptured 

aneurysms showed an increase in aneurysm size and new lob-

ulations after rupture in most cases20,21). Thus, appropriate 

treatment should be considered for unruptured true PCoA 
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aneurysm with a diameter <4 mm, as this study found the di-

ameter of ruptured true PCoA aneurysms to range from 2.6 

to 3.6 mm in six of 13 cases (46.2%).

Second, the aneurysm shape characteristics associated with 

a risk of rupture and requiring surgical or endovascular treat-

ment include a daughter sac, irregular shape, narrow neck, 

and high aspect ratio1-3,16,19,24,29). Even very small aneurysms 

need to be treated in the case of morphological characteristics 

that suggest structural fragility. Thus, a very small true PCoA 

aneurysm with morphological characteristics associated with 

a risk of rupture should be considered for treatment.

Third, certain locations of intracranial aneurysms are 

known to be rupture risk associated in literature, including an 

anterior communicating artery, internal carotid-PCoA, and 

posterior circulation7,28,30). Moreover, the present study sug-

gests that an aneurysm location on the PCoA itself also pres-

ents a risk of rupture.

Fourth, patient factors reported to be associated with aneu-

rysm rupture include uncontrolled hypertension, current 

smoking, history of subarachnoid hemorrhage, and female 

sex7,15,30).

In a morphometric study of PCoA aneurysms by He et al.6) 

using CT angiography, the PCoA diameter was reported to be 

significantly larger in the true PCoA aneurysm group (mean 

PCoA diameter±SD, 2.12±0.34 vs. 1.37±0.41 mm; p<0.001). 

This result also corresponds with the results of the present 

study using three-dimensional rotational angiography, where 

the PCoA diameter was significantly larger in the patients 

with a true PCoA aneurysm (mean PCoA diameter±SD, 1.90

±0.57 vs. 1.15±0.49 mm; p<0.001).

An outcome study after a subarachnoid hemorrhage by 

Taylor et al.26) showed that aneurysms with a diameter ≤5 

mm produced a thicker subarachnoid hemorrhage (Fisher 

grade 3 or 4) than larger aneurysms without a between-group 

difference in the clinical outcome. Similarly, all patients with 

a ruptured PCoA aneurysm <4 mm in the present study de-

veloped a thick subarachnoid hemorrhage with Fisher grade 3 

or 4, and the clinical outcome were favorable for all patients 

with a mRS score of 0–2 at 3 months.

This study is limited because it is a retrospective review of a 

relatively small case series from a single institution. Despite the 

low prevalence of true PCoA aneurysms, careful angiographic 

evaluation using 3D rotational angiography revealed the inclu-

sion of 13 patients with a true PCoA aneurysm in this study. In 

addition, all the surgical procedures were performed at a single 

institution, potentially limiting the generalizability of the surgi-

cal outcomes. However, the surgical techniques for a ruptured 

ICA aneurysm are already standardized at university hospitals.

CONCLUSION

The current data based on 3D rotational DSA revealed a 

14% incidence of true PCoA aneurysms among a group of 

ruptured aneurysms at the junctional area of the ICA and 

PCoA. True PCoA aneurysms were found to be associated 

with a larger PCoA, and ruptured at a smaller maximum di-

ameter than junctional PCoA aneurysms. In particular, the 

ruptured aneurysm with a very small diameter <4 mm was 

observed with an incidence of 46.2% in the ruptured true 

PCoA aneurysm group, yet only 2.5% in the junctional PCoA 

aneurysm group. In addition, the neck diameter and height of 

the true PCoA aneurysms were also significantly smaller than 

the junctional PCoA aneurysms.
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