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Objective : Distinguishing between an infundibulum and a true aneurysm is clinically important. This study aimed to evaluate 
whether using source image based new three-dimensional rotational angiography (S-n3DRA) can increase the rate of aneurysm 
detection and improve distinction between a true aneurysm and an infundibulum.
Methods : Twenty-two consecutive patients with 23 lesions, were evaluated by time-of-flight (TOF) magnetic resonance 
angiography (MRA), S-n3DRA, and digital subtraction angiography (DSA). The data were retrospectively and independently 
reviewed by two neurointerventionists, and the diagnoses based on TOF MRA, S-n3DRA, and DSA were compared. The diagnostic 
efficacy (interobserver agreement and diagnostic performance) of S-n3DRA was compared with that of TOF MRA.
Results : S-n3DRA showed higher interobserver agreement (κ=0.923) than TOF MRA (κ=0.465) and significantly higher accuracy 
than MRA in distinguishing an aneurysm from an infundibulum (p=0.0039).
Conclusion : Compared to MRA, S-n3DRA could provide better screening accuracy and information for distinguishing an 
aneurysm from an infundibulum. Therefore, S-n3DRA has the potential to reduce the need for DSA.

Key Words : Source image based new three-dimensional rotational angiogram · Time-of-flight magnetic resonance angiography · 
Digital subtraction angiography · Intracranial aneurysm · Infundibulum.
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INTRODUCTION

Subarachnoid hemorrhage (SAH) caused by a ruptured ce-

rebral aneurysm results in a serious disability2,3,12). To improve 

the clinical outcome, early diagnosis and intervention are im-

perative. The primary screening tests for detecting cerebral 
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aneurysms in many neurovascular centers are computed to-

mographic angiography (CTA) and magnetic resonance angi-

ography (MRA)7,9). However, these screening techniques have 

limitations6,10,14). Therefore, digital subtraction angiography 

(DSA) is considered the gold standard for a confirmatory di-

agnosis13). However, despite its accuracy, DSAs performed for 

suspected aneurysms, may misdiagnose an infundibulum as 

an aneurysm; expose patients to radiation from contrast me-

dia4,5,15); and subject patients to an unnecessarily invasive pro-

cedure. A non-invasive diagnostic procedure with sufficient 

accuracy and low radiation exposure would therefore be ideal 

and may replace DSA as the diagnostic gold standard. In this 

study, we propose a new method that increases the rate of an-

eurysm detection and can distinguish an aneurysm from an 

infundibulum.

MATERIALS AND METHODS

Data acquisition
The study protocol was approved by Institutional Review 

Board of the Catholic Kwandong University International St. 

Mary’s Hospital (IRB No. IS20RIMI0030). Patient informed 

consent was waived. We retrospectively reviewed the hospital 

and radiological records of consecutive patients who under-

went DSA to confirm an antecedent MRA diagnosis of an un-

ruptured aneurysm. Then, in this pilot study, we included 

only those patients who were diagnosed with an infundibu-

lum and not aneurysm using the DSA. In total, 22 patients 

were included comprising 11 men and 11 women, ranging in 

age from 29 to 79 years (mean 57.3 years).

On time-of-flight (TOF) MRA three-dimensional 
(3D) reconstruction images

All 22 patients underwent MRAs as screening tests and 

were diagnosed as having aneurysms by the radiologists who 

reviewed the MRA results. Among these 22 patients, 23 le-

sions were evaluated by two interventionists. All MRA studies 

included the TOF source images. These TOF source images 

and 3D reconstructed MRA images were all used to diagnose 

aneurysms.

Source image based new 3D rotational angiogra-
phy (S-n3DRA) : image reconstruction

We reconstructed new images using the DSA workstation. 

To reconstruct the new images, we used the TOF source im-

ages from the MRA. The thickness of these MRA source im-

ages was about 1 mm. Approximately 150–160 source images 

were transported to a workstation (DELL PRECISION T3600, 

Allura 3D-RA 6.4.0 S/W; Philips Medical Systems, Eindhoven, 

Netherlands) connected to the DSA machine in the DICOM 

format. Although we used the Allura 3D-RA software in this 

study, it has been confirmed that S-n3DRA images could be 

reconstructed regardless of the type of software used in DSA 

workstation. We coined the term “source image based new 

three-dimensional rotational angiograms” for the newly recon-

structed images used in this study, which were all reconstruct-

ed in approximately one minute.

3D rotational angiogram (3DRA) images acquisi-
tion

The 3DRA based on DSA, the gold standard for diagnosing 

cerebrovascular lesions, was used as a standard of reference. 

3DRA images were obtained using biplane C-arm digital an-

giography equipment (Allura Clarity FD 20/20; Philips Medi-

cal Systems) with a 20-inch field of view, a frame rate of 30 f/s, 

and a rotation range of 270 .̊

The contrast medium (Visipaque-320; GE Healthcare, 

Cork, Ireland) was injected at a flow rate of 4 mL/s for a total 

of 7 mL via a 5 F catheter positioned at the cervical portion of 

the internal carotid artery and/or vertebral artery for DSA im-

aging. For 3D DSA imaging, contrast medium was injected at 

a f low rate of 3 mL/s for a total of 18 mL followed by a scan 

delay of 2 seconds.

The rotational angiography was performed with 270˚ rota-

tion of the C-arm in 4.1 seconds. Imaging data were automati-

cally exported to the work station, where reconstruction of 

3DRA was performed with a matrix of 3843 pixels.

3DRAs were produced by the workstation (DELL PRECISION 

T3600, Allura 3D-RA 6.4.0 S/W; Philips Medical Systems) us-

ing data from rotational angiographies.

Comparison of Aneurysm and Infundibulum
All images were interpreted by two neurointerventionists 

(J.J.K. and C.K.J.), who were blinded to the study. We com-

pared the existing MRA images with the new images (S-
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n3DRA images) created from them using 3DRA as the refer-

ence. The presence of aneurysms or infundibulums on either 

the MRA (TOF source and 3D reconstructed MRA), S-

n3DRA, or 3DRA images was assessed using a previously de-

scribed three-point scale, and any interobserver disagreement 

was resolved by consensus. This scale reflects the confidence 

with which observers could distinguish aneurysms from in-

fundibulums : 1) easy to judge, 2) difficult to judge, and 3) un-

able to judge. The interpretation of the images from MRA, S-

n3DRA, and 3DRA was conducted at intervals of 3 months so 

as to allow enough time for the observers to forget the images.

Agreement between independent observers in each modali-

ty was determined by calculating κ values (poor agreement, 

κ=0; slight agreement, κ=0.01–0.20; fair agreement, κ=0.21–

0.40; moderate agreement, κ=0.41–0.60; good agreement, 

κ=0.61–0.80; excellent agreement, κ=0.81–1.00).

Statistical analysis
Fisher’s exact probability test using MedCalc Statistical 

Software version 19.4.1 (MedCalc Software Ltd., Ostend, Bel-

gium) was used to compare the ability of the different images 

in distinguishing aneurysms from infundibulums. p<0.05 

was considered statistically significant.

RESULTS

S-n3DRA showed higher interobserver agreement (κ=0.923) 

than MRA (κ=0.465). The Fisher’s exact probability showed 

that S-n3DRA was significantly better than MRA at distin-

guishing aneurysms from infundibulums (p=0.0039) (Table 

1). The sensitivity of S-n3DRA (73.9%) was higher than that of 

MRA (35.3%).

Case presentation

Case 1
A 74-year-old woman was admitted to our hospital for the 

treatment of an unruptured aneurysm that was incidentally 

found on MRA. On TOF MRA 3D reconstruction images, a 

A B C

Fig. 1. A 74-year-old woman was admitted for the treatment of an unruptured aneurysm. A : On time-of-flight magnetic resonance angiography three-
dimensional (3D) reconstruction images, a saccular dilatation, possibly an aneurysm (arrow), was suspected near the posterior communicating artery 
(PcomA). B : Source image based new 3D rotational angiography showed that the PcomA originated from the wedge-shaped infundibulum (arrow). C : 
This lesion was confirmed as an infundibulum (arrow) on 3D rotational angiogram.

Table 1. Comparison of MRA and S-n3DRA for differentiation between aneurysm and infundibulum

Procedure
Scale of difficulty for judgement

All cases χ2 p-value
1 2 3

MRA 6 15 2 23

S-n3DRA 17 6 0 23 11.118 0.003

MRA : magnetic resonance angiography, S-n3DRA : source image based new three-dimensional rotational angiography
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saccular dilatation, with the possibility of being an aneurysm, 

was identified in the left internal carotid artery, and a nearby 

posterior communicating artery (PcomA) was also seen. 

However, its origin could not be clearly identified (Fig. 1A). S-

n3DRA showed that the PcomA originated from the wedge-

shaped infundibulum (Fig. 1B). This lesion was confirmed as 

an infundibulum on 3DRA of DSA (Fig. 1C).

Case 2
A 62-year-old man underwent an MRA for a medical check-

up. On TOF MRA 3D reconstruction images, a saccular dila-

tation was identified in the anterior communicating artery 

(Fig. 2A). However, S-n3DRA showed that the median artery 

of corpus callosum originated from the wedge-shaped infun-

dibulum (Fig. 2B). This lesion was confirmed as an infundib-

ulum on 3DRA of DSA (Fig. 2C).

Case 3
A 56-year-old woman presenting with a headache was ex-

amined using MRA. On TOF MRA 3D reconstruction imag-

es, a bulbous dilatation was identified in the right middle ce-

rebral artery (MCA). A nearby branch was seen, but its origin 

could not be clearly discriminated (Fig. 3A). However, S-

n3DRA showed that the MCA branch originated from the in-

A B C

Fig. 2. A 62-year-old man underwent magnetic resonance angiography (MRA) for a medical check-up. A : On time-of-flight MRA three-dimensional (3D) 
reconstruction images, a saccular dilatation (arrow) was identified in the anterior communicating artery (AcomA). B : Source image based new 3D 
rotational angiography showed that the median artery of the corpus callosum originated from the wedge-shaped infundibulum (arrow). C : This lesion 
was confirmed as an infundibulum (arrow) on 3D rotational angiogram.

A B C

Fig. 3. A 56-year-old woman underwent magnetic resonance angiography (MRA) for a headache. A : On time-of-flight MRA three-dimensional (3D) 
reconstruction images, a bulbous dilatation (arrow) was identified in the right middle cerebral artery (MCA). B : Source image based new 3D rotational 
angiography showed that the MCA branch originated from the infundibulum (arrow). C : This lesion was confirmed as an infundibulum (arrow) on 3D 
rotational angiogram.
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fundibulum (Fig. 3B). This lesion was confirmed as an infun-

dibulum on 3DRA of DSA (Fig. 3C).

DISCUSSION

In order to avoid the poor prognosis associated with rup-

tured aneurysms, unruptured aneurysms should be treated 

selectively before they rupture. Furthermore, these unrup-

tured aneurysms should be diagnosed accurately by distin-

guishing them from infundibulums. Diagnostic tests with 

high accuracy, such as DSA, are preferable. The possibility of 

side-effects, however, caused by contrast medium and radia-

tion4,5,15), precludes DSA from being conducted indiscrimi-

nately.

MRA is the most commonly used screening test, but it is 

limited in its capability to distinguish aneurysms from infun-

dibulums1,8,11). In fact, a significant number of patients visit 

higher-level hospitals for more accurate DSA testing following 

an MRA scan. However, suspected aneurysms are often found 

to be non-aneurysms on the DSA10). An accurate, non-invasive 

and safer means of screening would obviate the need for DSA, 

thereby preventing its side-effects.

Complications of DSA
DSA is an invasive test with potentially severe complica-

tions1,5). In addition, there are side-effects from radiation ex-

posure or use of contrast media5). The most common compli-

cation is groin hematoma (4.2% of examinations); systemic 

complications such as nausea, vomiting, and transient hypo-

tension and anaphylaxis and death also occur5). Neurologic 

complications include transient ischemia attack (2.9%), re-

versible ischemic neurologic deficit (0.36%), and permanent 

stroke (0.14%)5).

Although the frequency of these complications is decreasing 

gradually, their risk is still significant. Therefore, it is neces-

sary to reduce the utilization of DSA whenever possible.

Accuracy of S-n3DRA
Results from our study suggests that S-n3DRA may be more 

superior as a screening test than MRA. Rather, the S-n3DRA 

is more similar to 3DRA, the gold standard, and thus can be 

valuable as a screening test (Table 1). S-n3DRA demonstrated 

excellent interobserver agreement (κ=0.923) and significantly 

better ability than MRA in distinguish the aneurysms from 

infundibulums.

Strength of S-n3DRA
S-n3DRA retains the benefits of 3DRA. As in 3DRA, we can 

freely rotate S-n3DRA at various angles through post-process-

ing techniques, thereby providing an arbitrary viewing angle. 

In addition, obscuring surrounding structures can be re-

moved in volume rendered images, resulting in excellent visu-

alization of the relationship between arteries and an aneu-

rysm.

Based on the sensitivity of MRA (35.3%) and S-n3DRA 

(73.9%), the use of S-n3DRA would reduce additional DSA. 

Because S-n3DRA obviates the need for confirmatory DSA 

imaging, patients are spared from possible complications 

stemming from radiation exposure and arterial catheteriza-

tion.

Using S-n3DRA does not require patients to undergo fur-

ther scans and only requires the reconstitution of MRA imag-

es using a DSA workstation program. S-n3DRA therefore is 

potentially less time consuming and less financially burden-

some.

Application of S-n3DRA
S-n3DRA may be a suitable diagnostic tool for patients with 

relative contraindications to DSA – old age, poor health, or 

anatomic difficulties such as proximal vessel tortuosity or 

aortic graft stent insertion status. With future research result-

ing in enhanced S-n3DRA accuracy, 3DRA may be replaced 

in some cases. S-n3DRA may also be implemented to further 

evaluate aneurysms found on MRA for size, shape and ana-

tomical location.

Limitation of S-n3DRA
Currently, S-n3DRA images can be constructed using only 

a Philips workstation. However, research is underway to en-

able use of other workstations. Although MRA images were 

used to create S-n3DRA in this study, CTA based S-n3DRA 

may also be possible.

This study is limited by its retrospective design and small 

sample size. In addition, our results may have been affected by 

inter- or intra-observer bias. However, despite these limita-

tions, the results of this study are valuable, and S-n3DRA is 

expected to compensate for MRA in the differentiation of an-
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eurysms and infundibulum. Because this is a pilot study, fur-

ther research is needed to validate the usefulness of S-n3DRA.

CONCLUSION

S-n3DRA could provide excellent screening accuracy and 

better information in distinguishing aneurysms from infun-

dibulum than MRA. This technique may reduce the use of DSA.
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