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Objective : Deciphering the anatomy of posterior communicating artery (PCoA) aneurysms in relation to surrounding structures 
is essential to determine adjuvant surgical procedures. However, it is difficult to predict surgical structures through preoperative 
imaging studies. We aimed to present anatomical structures using preoperative high-resolution three-dimensional proton density-
weighted turbo spin-echo magnetic resonance (PDMR) imaging with simple classification.
Methods : From January 2020 to April 2022, 30 patients underwent PDMR before microsurgical clipping for unruptured PCoA 
aneurysms in a single tertiary institute. We retrospectively reviewed the radiographic images and operative data of these patients. 
The structural relationship described by PDMR and intraoperative findings were compared. Subsequently, we classified aneurysms 
into two groups and analyzed the rate of adjuvant surgical procedures and contact with the surrounding structures.
Results : Correlations between preoperative PDMR predictions and actual intraoperative findings for PCoA aneurysm contact to 
the oculomotor nerve, temporal uncus, and anterior petroclinoid fold (APCF) reported a diagnostic accuracy of 0.90, 0.87, and 0.90, 
respectively. In 12 patients (40.0%), an aneurysm dome was located on the plane of the oculomotor triangle and was classified as 
the infratentorial type. Compared to the supratentorial type PCoA aneurysm, adjuvant procedures were required more frequently 
(66.7% vs. 22.2%, p=0.024) for infratentorial type PCoA aneurysm clipping.
Conclusion : Preoperative PCoA aneurysm categorization using PDMR can be helpful for predicting surgical complexity and 
planning of microsurgical clipping.
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INTRODUCTION

Posterior communicating artery (PCoA) aneurysms ac-

count for 15–25% of all intracranial aneurysms18). Preopera-

tive prediction of the surrounding soft tissue structures such 

as the cavernous sinus roof, oculomotor nerve, and medial as-
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pect of the temporal lobe (uncus) is crucial to avoid surgical 

complications. Moreover, it is helpful to prepare for additional 

surgical procedures (e.g., anterior clinoidectomy, tentorial in-

cision) before commencing the surgery3).

Previous reports have attempted to predict the anatomical 

relationship of PCoA aneurysms to surrounding structures 

and predict additional procedures preoperatively5,14,16). These 

reports presented the angles of the internal carotid artery 

(ICA) or distance from a certain point of the anterior clinoid 

process (ACP) to the proximal aneurysm neck, and attempted 

to estimate the necessity of anterior clinoidectomy with inci-

sion of the anterior petroclinoid fold (APCF)5,16). However, 

these studies used an indirect method of estimating the posi-

tional relationship by calculating the value from computed to-

mography angiography (CTA) or transfemoral catheter angi-

ography (TFCA) images.

Proton density-weighted turbo spin-echo magnetic reso-

nance (PDMR) is a basic spin-echo pulse sequence generated 

from a long repetition time and a short echo time. It shows 

high resolution and excellent signal distinction of vessels con-

taining cerebrospinal fluid (CSF) and other neural structures. 

Some studies employed PDMR for the differential diagnosis 

of PCoA aneurysms with the infundibulum, and reported the 

radiological accuracy of PDMR for the diagnosis of aneu-

rysms in the circle of Willis and arterial dissection8,9,18). Fur-

thermore, its high-resolution power helps to distinguish the 

location of an aneurysm from the thin distal dural ring (DDR) 

and visualize culprit perforators12,19).

Therefore, we aimed to present the predictive value of 

PDMR for the relationship between PCoA aneurysms and the 

surrounding soft tissue structures. We also suggest a simple 

classification of PCoA aneurysms based on their relationship 

with the APCF and oculomotor triangle using PDMR. The 

classification can be used to evaluate the surgical complexity 

preoperatively.

MATERIALS AND METHODS

Patient data
This study was approved by Yonsei University Institutional 

Review Board (IRB), which waived the requirement for in-

formed consent, given the retrospective study design (IRB No. 

4-2022-0566). In this retrospective study, we reviewed 84 pa-

tients who underwent microsurgical clipping for PCoA aneu-

rysms between January 2020 and April 2022. Among them, 30 

patients underwent PDMR within a month prior to surgery 

for surgical anatomy evaluation. All patients were diagnosed 

with unruptured PCoA aneurysms, without cranial nerve 

symptoms, or other neurological signs.

Image acquisition
PDMR was performed using a 3.0 T MRI system (Ingenia 

CX; Philips Medical Systems, Best, Netherlands) with a 

32-channel head coil. The scanning parameters for PDMR 

were as follows : repetition time, 1800 ms; echo time, 45 ms; 

field of view, 200×200 mm; matrix, 448×428; slice thickness, 

0.4 mm (interpolated to 0.2 mm); scan coverage, 3 cm; turbo 

spin-echo factor, 80; sensitivity encoding factor, 2.5×1.5; num-

ber of excitations, 1; and scan time, 5 minutes 20 seconds.

After acquisition of PDMR images, post-processing was 

performed using a commercial 3D image processing software 

(Aquarius iNtuition version 4.4.12; TeraRecon 3D worksta-

tion, San Mateo, CA, USA) to attain the precise discrimina-

tion between aneurysms and the surrounding soft tissue 

structures.

Comparison between PDMR and intraoperative 
findings

To quantify the predictive accuracy of PDMR, we set three 

specific anatomical points as the landmarks (the oculomotor 

nerve, temporal uncus, and the APCF medial margin) to de-

marcate the region of interest. Three neurosurgeons, exclud-

ing the operator of each case, predicted contact between these 

structures and the aneurysm using PDMR, and confirmed 

actual surgical findings based on the operative records. In case 

of any disagreement, consensus was reached through discus-

sion.

Aneurysm classification and its surgical nuance
We classified PCoA aneurysms into two types according to 

the aneurysmal position relative to the level of the APCF and 

oculomotor triangle. When the basement of the aneurysm 

contour projected below the level of the APCF on the coronal 

section of PDMR or below the space occupied by the oculo-

motor triangle in the axial section of PDMR, it was defined as 

an “infratentorial” aneurysm and otherwise, as a “supratento-

rial” aneurysm.
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We compared the differences in complexities encountered 

during surgeries between the two types of aneurysms. The 

spatial relationships with other structures that needed atten-

tion and the frequency of additional intraoperative procedures 

(e.g., anterior clinoidectomy, subpial dissection, and dural fold 

resection) were reviewed.

Statistical analysis
The descriptive statistics were presented as numbers and 

percentages for categorical variables and means with standard 

deviations for continuous variables. The sensitivity, specificity, 

positive predictive value, negative predictive value, and accu-

racy for concurrence between PDMR prediction and intraop-

erative findings were calculated. The predictive values were 

analyzed using pooled data from three observers. Analysis of 

variance and Fisher’s exact test were used to compare the 

characteristics and outcomes between the two PCoA aneu-

rysm groups. All statistical analyses were performed using the 

SPSS statistical software for Windows, version 26 (IBM Corp., 

Armonk, NY, USA). Two-sided p-value less than 0.05 was 

considered as statistically significant.

RESULTS

Demographics and aneurysmal characteristics
A total of 30 patients (mean±standard deviation age, 63.73±

7.28 years; four males and 26 females) with PCoA aneurysms 

were assessed. The maximum diameter of the aneurysms 

ranged from 2.24–20.97 mm (6.22±3.79 mm). The mean AS-

PECT ratio and Dome-to-Neck ratio were 1.12 and 1.37, re-

spectively. Aneurysm projections were divided into lateral and 

posterior projections in six and 24 cases, respectively1). In ad-

dition, there were 11 cases (36.7%) with fetal-type posterior 

cerebral artery (PCA) (Table 1).

Correlation between PDMR prediction and  
intraoperative findings

We analyzed the predictive power of PDMR for aneurysmal 

contact with the oculomotor nerve, temporal uncus, and 

APCF and compared it with intraoperative findings. There 

were 14, eight, and 20 cases of positive findings on PDMR, re-

spectively, and 12, five, and 19 cases were confirmed to be 

Table 1. Characteristics of patients who underwent microsurgical 
clipping for PCoA aneurysms

Variable Value

Sex

Male 4 (13.3)

Female 26 (86.7)

Age (years) 63.7±7.3 (46–80)

Aneurysm size (mm) 6.22±3.79

Neck 4.10±2.00

Height 4.60±2.56

Width 5.52±2.87

ASPECT ratio 1.12±0.32

Dome : neck 1.37±0.28

Projection

Posterior 24 (80.0)

Lateral 6 (20.0)

Aneurysm morphology

Saccular 11 (36.7)

Daughter sac 7 (23.3)

Multilobulated 12 (40.0)

Fetal-type PCA 11 (36.7)

Side

Right 19 (63.3)

Left 11 (36.7)

Values are presented as mean±standard deviation (range) or number (%). 
PCoA : posterior communicating artery, PCA : posterior cerebral artery

Table 2. Accuracy of PDMR prediction for contact with surrounding structures and comparisons to the actual intraoperative findings

TP TN FP FN Sensitivity Specificity PPV NPV Accuracy

Oculomotor nerve 12 15 2 1 0.92 0.88 0.86 0.94 0.90

Temporal uncus 5 21 3 1 0.83 0.88 0.63 0.95 0.87

APCF 19 8 1 2 0.90 0.89 0.95 0.80 0.90

PDMR : proton density-weighted turbo spin-echo magnetic resonance, TP : true positive, TN : true negative, FP : false positive, FN : false negative, PPV : 
positive predictive value, NPV : negative predictive value, APCF : anterior petroclinoid fold
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concurrent with the surgical findings, respectively.

The correlation between preoperative PDMR and intraop-

erative findings for aneurysmal contact to the oculomotor 

nerve, temporal uncus, and APCF had sensitivity values of 

0.92, 0.83, and 0.90, and specificity values of 0.88, 0.88, and 

0.89, respectively. Moreover, positive predictive values of 0.86, 

0.63, and 0.95, and negative predictive values of 0.94, 0.95, and 

0.80, respectively, were obtained (Table 2).

Comparison between types of aneurysms
There were 12 cases of infratentorial aneurysms and 18 cas-

es of supratentorial aneurysms, with no significant differences 

in the mean aneurysmal size (5.46±2.41 mm vs. 6.73±4.48 

mm, p=0.371) and other aneurysmal characteristics between 

the two groups.

We also inspected the frequency of aneurysm contact with 

the oculomotor nerve according to the aneurysm classifica-

tion based on PDMR. The oculomotor nerve contact with the 

aneurysm dome was more frequently observed in infratento-

rial aneurysms than that in supratentorial aneurysms (91.7% 

vs. 11.1%, p=0.000). Aneurysmal contact with APCF showed a 

more frequent trend in the infratentorial type compared to 

the supratentorial type, but no statistical significance was ob-

served (p=0.057).

There were significant differences between the two types of 

aneurysms in terms of the requirement for adjuvant surgical 

procedures, including ACP removal, resection of APCF, and 

subpial dissection of the temporal uncus (p=0.024). Eight 

(66.7%) out of 12 cases of infratentorial type PCoA aneurysms 

required an adjuvant surgical procedure during the surgery 

compared to that in four (22.2%) out of 18 cases of supraten-

torial aneurysms. However, according to the subcategoriza-

tion, only ACP removal during surgery showed significant 

differences between the two groups of aneurysms (p=0.009) 

Table 3. Comparison of the characteristics of infratentorial and 
supratentorial type PCoA aneurysms

Infratentorial Supratentorial p-value

Aneurysm size (mm) 5.46±2.41 6.73±4.48 0.371

Neck 3.68±1.55 4.37±2.24 0.363

Height 4.65±2.23 4.57±2.82 0.939

Width 5.29±2.14 5.67±3.33 0.733

ASPECT ratio 1.27±0.34 1.04±0.29 0.054

Dome : neck 1.49±0.33 1.29±0.23 0.063

Projection 0.358

Posterior 11 (36.7) 13 (43.3)

Lateral 1 (3.3) 5 (16.7)

Aneurysm morphology 0.163

Regular shape 2 (6.7) 9 (30.0)

With daughter sac 7 (23.3) 5 (16.7)

Multilobulated 3 (10.0) 4 (13.3)

Spatial relations

Oculomotor nerve 11 (91.7) 2 (11.1) <0.001

APCF 10 (83.3) 11 (61.1) 0.249

Temporal uncus 0 (0.0) 6 (33.3) 0.057

Surgical procedure 0.024

ACP removal 6 (50.0) 1 (5.6) 0.009

Incision of APCF 1 (8.3) 2 (11.1) 0.653

Subpial dissection 1 (8.3) 2 (11.1) 0.653

Values are presented as mean±standard deviation or number (%). PCoA : 
posterior communicating artery, APCF : anterior petroclinoid fold; ACP : 
anterior clinoid process

Fig. 1. A : Aneurysm (asterisk) located under the level of the APCF (white arrowhead). B : Laterally deviated oculomotor nerve (white arrow) with PCoA 
aneurysm of the affected side, contralateral normal oculomotor triangle (white triangle). Intraoperative photography, (C) PCoA aneurysm under the 
APCF (black dashed line) and (D) oculomotor nerve (black arrow) adjacent to PCoA aneurysm and concomitant anterior choroidal aneurysm. APCF : 
anterior petroclinoid fold, PCoA : posterior communicating artery.

A CB D
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(Table 3).

Illustrative case 1 : infratentorial type
A 63-year-old female patient with an incidental finding of a 

left unruptured PCoA aneurysm underwent surgical clipping. 

In PDMR images, the fundus of the aneurysm dome was lo-

cated under the level of APCF (infratentorial type), with adhe-

sion to its medial edge. Also, compression of the oculomotor 

nerve to the lateral side of the oculomotor triangle by the an-

eurysm was identified (Fig. 1A and B).

During the operation, we confirmed that the aneurysm 

dome was under APCF, which made it mostly invisible at ini-

tial exposure. After ACP removal and resection of APCF, 

there was a deviated oculomotor nerve attached right next to 

the aneurysm. This was consistent with the preoperative pre-

dictions. In the present case, anterior clinoidectomy was per-

formed during the operation for aneurysm inspection and 

temporary clip application, as we had predicted based on the 

preoperative PDMR (Fig. 1C and D).

Illustrative case 2 : supratentorial type
A 66-year-old male patient with an incidental finding of a 

right unruptured PCoA aneurysm underwent surgical clip-

ping. PDMR confirmed that the basement of the aneurysm 

was at the level of the APCF and thus, this case was defined as 

the supratentorial type. Moreover, we derived further infor-

mation from the preoperative PDMR. The absence of CSF 

spaces between the aneurysm and both the dural fold and 

temporal uncus could be indicative of a thick adhesion be-

tween these tissues, a condition that strongly predicts the need 

Fig. 3. A and B : Lt. PCoA aneurysm (asterisk) caught between APCF and temporal uncus is shown on PDMR coronal and axial planes. Intraoperative 
photography, (C) Lt. PCoA aneurysms are caught between the APCF (white dashed line) and temporal uncus (T). Lt. : left, PCoA : posterior 
communicating artery, APCF : anterior petroclinoid fold, PDMR : proton density-weighted turbo spin-echo magnetic resonance.

A B C

Fig. 2. A : Coronal section of Rt. posterior communicating artery aneurysm on PDMR; aneurysm contact with temporal uncus (black arrow) and the 
APCF (white arrow) are indicated. Oculomotor nerve (white arrowhead). Intraoperative photographs, (B) thick adhesion of aneurysm to temporal uncus 
(black arrow), and (C) after subpial dissection of aneurysm from temporal uncus, adhesion to the APCF is noted. (D) After resection of the APCF to free 
the aneurysm, the oculomotor nerve (white arrow) below the APCF was noted. Rt. : right, PDMR : proton density-weighted turbo spin-echo magnetic 
resonance, APCF : anterior petroclinoid fold.

A B DC
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for additional surgical procedures (Fig. 2A).

Intraoperative findings revealed a thick adhesion of the an-

eurysm to the dural fold and temporal uncus that required 

subpial dissection of the temporal lobe and resection of the 

APCF to free the aneurysm, as predicted. There was no rela-

tionship between the oculomotor triangle or the oculomotor 

nerve itself (Fig. 2B-D).

Illustrative case 3
A 57-year-old woman presented with a complaints of head-

ache was diagnosed with unruptured left PCoA and ICA bi-

furcation aneurysms through brain magnetic resonance angi-

ography (MRA). PDMR confirmed that the aneurysm dome 

projected to the lateral side of APCF outside of the oculomo-

tor triangle. The absence of CSF signal between aneurysm and 

temporal lobe suggested there was adhesion between them 

(Fig. 3A and B).

Intraoperative findings confirmed that the aneurysm dome 

adhered to the temporal lobe, and the bottom side of the an-

eurysm was raised by the cavernous sinus lateral wall. There 

were no hidden structures under the dural fold, making aneu-

rysmal neck manipulation and clipping relatively easy (Fig. 3C).

DISCUSSION

Understanding the soft tissue anatomy around PCoA aneu-

rysms is important to avoid complications from microsurgical 

clipping. Some studies have reported surgical complications 

(e.g., oculomotor nerve palsy and premature rupture of the 

aneurysm) based on the contact between aneurysms and their 

surrounding structures4,6).

Compared to CTA and TFCA, PDMR allows enhanced vi-

sualization of aneurysms and surrounding soft tissues with 

high resolution and excellent signal distinction. Therefore, it 

has been used in the neurovascular field and has proven to be 

useful in the diagnosis and treatment planning of neurovas-

cular diseases. Previous studies have reported the diagnostic 

accuracy of PDMR as compared to time-of-f light MRA in 

distinguishing junctional dilatation and identifying true sac-

cular aneurysms in the circle of Willis9,18). Additionally, Yoon 

et al.19) localized paraclinoid aneurysms in relation to the DDR 

based on the signal distinction of CSF against the vessel and 

surrounding soft tissue structures. Furthermore, we suggest 

that these advantages of PDMR can be helpful for the predic-

tion of surgical anatomy and planning for adjuvant surgical 

procedures during the clipping.

Several studies have focused on operative techniques for 

PCoA aneurysms2,10,17). In addition, they have reported preop-

erative prediction of anterior clinoidectomy or adjuvant APCF 

resection for better visualization of aneurysms5,7,13,15,16). Some 

studies have reported factors supporting the preoperative pre-

diction of anterior clinoidectomy using TFCA and CTA5,14,16). 

Images acquired from these modalities have low prediction 

power for soft tissues; therefore, the authors conducted addi-

tional processes for indirect measurements and predictions. 

We intuitively visualized the relationships of certain adjacent 

structures to PCoA aneurysms and collected information 

from preoperative PDMR to simulate the intraoperative fields.

Park et al.16) reported that measurement of the distal ICA 

angle on TFCA images can help predict the necessity of ACP 

removal before an operation. Kamide et al.5) reported that the 

distances from the proximal neck of an aneurysm to both the 

ACP tip and ACP line on CTA can help predict the require-

ment of anterior clinoidectomy before an operation. These 

previous studies have presented good predictive values for an-

terior clinoidectomy. However, they did not analyze the soft 

tissues around the aneurysm or used complex mathematical 

calculations to measure the predictive values from the images. 

We focused on the identification and visualization of aneu-

rysmal relationships with its surroundings in an intuitive 

manner.

Anatomical and clinical studies have classified PCoA aneu-

rysms into three types (supratentorial, tentorial, and infraten-

torial) according to their relationship with APCF3,11). However, 

we tried to dichotomize PCoA aneurysms into two types (su-

pratentorial and infratentorial) because there was low inci-

dence of the tentorial type in a previous report, and we wanted 

to provide a more simple and clear classification system for 

immediate surgical application.

In cases of the infratentorial type, the aneurysms occupy 

the oculomotor triangle spaces that contain the oculomotor 

nerve passing through the cavernous sinus roof. This results 

in close location of the aneurysm to the oculomotor nerve and 

APCF. These characteristics limit aneurysmal manipulation 

during clip placements and require additional surgical proce-

dures more frequently. In contrast, in cases of supratentorial 

aneurysms, wherein identification of the contour of the aneu-
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rysm and proximal parent artery is relatively easy in the surgi-

cal field, surgery can be performed with simple intradural 

manipulation. As a result, the present study suggests that by 

simply classifying aneurysms into two types, adjuvant surgi-

cal procedures and close relationships to neural structures 

could be anticipated. This simple classification of aneurysms 

did not show an exact prediction of the required procedure or 

structural relationships; however, this classification might be 

helpful in preoperative planning for clipping procedures.

The strength of the present study is that intuitive predic-

tions and virtual reconstructions of surgical fields are avail-

able using PDMR findings without any supplementary math-

ematical calculations. We also reported that preoperative 

predictions using PDMR for surgical anatomies and spatial 

relationships were matched. This result supports that the pre-

dictive power of PDMR on PCoA aneurysms is valuable.

The present study has some limitations. It had a retrospec-

tive observational design and included patients from a single 

institution only. Moreover, the statistical power of the study is 

low owing to the limited number of samples. PDMR was not 

acquired from all consecutive patients who underwent clip-

ping of PCoA aneurysms. Because of the natural limitations 

of a retrospective study design, the decisions for adjuvant sur-

gical procedures were made intraoperatively and not based on 

PDMR categorizations. Therefore, prospective studies are re-

quired to confirm the predictive power of PDMR.

CONCLUSION

PDMR allows preoperative prediction of the positional rela-

tionship between PCoA aneurysms and surrounding soft tis-

sues, and shows strong agreement with actual surgical find-

ings. PDMR derived classification of PCoA aneurysms might 

provide useful information merely by allowing surgeons to in-

tuitively review preoperative images without measuring any 

parameters.
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