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ORIGINAL RESEARCH
ADULT BRAIN

Computer-Assisted Detection of Cerebral Aneurysms in MR
Angiography in a Routine Image-Reading Environment:

Effects on Diagnosis by Radiologists
X S. Miki, X N. Hayashi, X Y. Masutani, X Y. Nomura, X T. Yoshikawa, X S. Hanaoka, X M. Nemoto, and X K. Ohtomo

ABSTRACT

BACKGROUND AND PURPOSE: Experiences with computer-assisted detection of cerebral aneurysms in diagnosis by radiologists in
real-life clinical environments have not been reported. The purpose of this study was to evaluate the usefulness of computer-assisted
detection in a routine reading environment.

MATERIALS AND METHODS: During 39 months in a routine clinical practice environment, 2701 MR angiograms were each read by 2
radiologists by using a computer-assisted detection system. Initial interpretation was independently made without using the detection
system, followed by a possible alteration of diagnosis after referring to the lesion candidate output from the system. We used the final
consensus of the 2 radiologists as the reference standard. The sensitivity and specificity of radiologists before and after seeing the lesion
candidates were evaluated by aneurysm- and patient-based analyses.

RESULTS: The use of the computer-assisted detection system increased the number of detected aneurysms by 9.3% (from 258 to 282).
Aneurysm-based analysis revealed that the apparent sensitivity of the radiologists’ diagnoses made without and with the detection system
was 64% and 69%, respectively. The detection system presented 82% of the aneurysms. The detection system more frequently benefited
radiologists than being detrimental.

CONCLUSIONS: Routine integration of computer-assisted detection with MR angiography for cerebral aneurysms is feasible, and radi-
ologists can detect a number of additional cerebral aneurysms by using the detection system without a substantial decrease in their
specificity. The low confidence of radiologists in the system may limit its usefulness.

ABBREVIATIONS: CAD � computer-assisted detection; FP � false-positive; TP � true-positive

Detection of unruptured cerebral aneurysms is a challenging

task for radiologists. Unenhanced MRA has been widely ac-

cepted as a technique for initial screening because it is noninvasive

and requires no contrast agent or ionizing radiation.1 Consider-

ing its role as a screening technique, MRA requires high sensitiv-

ity. At present, catheter DSA is still the criterion standard of diag-

nosis. The limitations of MRA compared with DSA include the

limited spatial resolution and artifacts such as motion, suscepti-

bility, and flow.2 Nevertheless, an increasing number of recent

studies suggest that DSA is no longer considered essential for es-

tablishing the diagnosis of cerebral aneurysms,3,4 particularly

when 3T MR imaging scanners are used.2,5,6

Despite the continuing sophistication of the imaging tech-

nique, 1 important cause of the limited sensitivity of MRA is the

detection failures of radiologists. Interpretation of both source

and reconstructed images is recommended to achieve good sen-

sitivity of MRA,7-9 but detecting relatively small lesions is a time-

consuming and difficult task.

Computer-assisted detection (CAD) of cerebral aneurysms

may play a role in improving the accuracy of aneurysm detection

by MRA. Stand-alone performance figures of various CAD algo-

rithms for cerebral aneurysms have been studied mainly by using

datasets of known aneurysms, and high sensitivities have been

reported.10-13

Previous observer performance studies showed that CAD for

cerebral aneurysms raises the sensitivity of radiologists14,15 or re-

duces reading time while maintaining the sensitivity.16 However,

those studies were performed under experimental conditions

with a relatively small number of aneurysms. The high prevalence
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of aneurysms (19%– 44%14-16) may have resulted in a higher es-

timate of accuracy owing to observer expectation bias.17,18 In

some studies, the mean diameters of aneurysms were relatively

large (7.1 mm14 and 5.0 mm16) and radiologists had access to only

MIP images; neither of these are found in recent routine screen-

ing. Recently, Štepán-Buksakowska et al15 have investigated the

detection performance of radiologists in an experimental envi-

ronment closer to modern clinical settings. Still, to the best our

knowledge, experience with CAD of cerebral aneurysms in real-

life clinical environments has not been reported in the literature.

The purpose of our study, therefore, was to evaluate the usefulness

of CAD of cerebral aneurysms in diagnosis by radiologists in a

routine image-reading environment.

MATERIALS AND METHODS
Subjects
This study was approved by the ethics review board of the Uni-

versity of Tokyo Hospital. The subjects were a successive series of

adults who were referred to our institution for their annual

whole-body general medical examinations between October 2010

and December 2013. Written informed consent to use their clin-

ical images for research about CAD conducted in our institution

was obtained from all the subjects. All the subjects underwent a

medical interview by a physician, in which their detailed medical

history was taken. The initial inclusion criteria were as follows: 1)

first-time visit to our institution, 2) MRA completed without con-

traindication, and 3) no known history of cerebral aneurysms. 3D

time-of-flight unenhanced MRA was performed as part of brain

screening, with three 3T MR units (2 Signa HDxt scanners and 1

Discovery MR750 scanner; GE Healthcare, Milwaukee, Wiscon-

sin). The acquisition parameters were as follows: FOV, 240 mm;

matrix size, 512 � 512; pixel spacing, 0.469 mm; section thick-

ness, 1.2 mm; section interval, 0.6 mm (ie, there was a 50% over-

lap for each section); TR, 25 ms; TE, 2.7 ms for the Signa HDxt

and 2.9 ms for the Discovery MR750. Rotational volume-ren-

dered images around the x-, y-, and z-axes were reconstructed by

radiologic technologists. Automatically generated MIP images

were also transferred.

Imaging Interpretation
Within the data-acquisition period, MR angiograms were inter-

preted by 26 radiologists as part of daily routine diagnosis. Their

years of experience in MRA interpretation in their daily routine

ranged from 3 to 21 years. Three of the authors of this article

(S.M., N.H., and T.Y.) also participated in the interpretation.

Subject information such as age, sex, and current symptoms, if

any, was not masked. The image reading

method is illustrated in Fig 1. Two radi-
ologists and 1 radiologic technologist
were assigned to each subject on a day-
to-day basis.

First, the 2 radiologists indepen-
dently interpreted an MR angiogram
without seeing the CAD results. This
stage is defined as the “initial diagnosis.”
Second, the 2 radiologists independently
reviewed the CAD results displayed by a
Web-based CAD server, the details of

which are described later. Here, the 2 radiologists independently

registered their personal “feedback” into the CAD server, to re-

cord the location of aneurysms detected and whether they had

changed their diagnosis after seeing the CAD results, thus yielding

the “post-CAD diagnosis.” The technologist also independently

interpreted the images and made his or her personal report. Fi-

nally, after the 3 reading reports (1 from each of the radiologists

and 1 from the technologist) were made, the 2 radiologists re-

viewed the 3 personal reading reports and discussed and made a

single report by consensus, termed the “final diagnosis.” This re-

view process was helped by a customized, structured reporting

system, which automatically showed the 3 reading reports side by

side. The diagnostic criterion for aneurysms was a saccular pro-

trusion of �2 mm; lesions smaller than this were not included

because of the limited spatial resolution of MRA. Fusiform aneu-

rysms were also excluded. The sizes of the aneurysms in millime-

ter precision were also determined by consensus of the 2 radiolo-

gists. Each radiologist was able to interpret the source axial

sections, volume-rendered images, and MIP images on computer

displays.

CAD Software
The CAD software used in this study was developed by our team.

The details of the algorithm are published elsewhere.19 Briefly,

after a lesion candidate detection based on curvatures20 and

Hessian eigenvalues,21 a classifier ensemble trained by the boost-

ing algorithm22 was used to determine the likelihood of an aneu-

rysm on the basis of 63 feature values of the candidates, such as

statistics of voxel values, curvatures, and features derived from

Hessian eigenvalues. This software was installed as a plug-in for a

Web-based CAD server developed by Nomura et al23 (Fig 2).

The system was configured to always display the top 3 lesion

candidates in likelihood per study rather than displaying variable

numbers of candidates above a certain threshold of likelihood.

One merit for this strategy was that the radiologists could stabilize

the interpretation time. This strategy is also robust against the

overall likelihood shift due to the inevitable image-quality varia-

tion between studies. We have confirmed in our preliminary

study (not published) that our CAD system can maintain its sen-

sitivity by using this “show 3” method compared with the variable

number method.

A radiologist categorized each lesion candidate as either a

“known true-positive (TP),” a “missed TP,” a “false-positive

(FP)”, or “pending.” Definitions were as follows: “known TP,” a

true aneurysm that the radiologist had already recognized before

FIG 1. Flow chart of the image-reading process. Two radiologists independently interpreted MR
angiograms and then reviewed the CAD results. The final diagnosis was made by consensus of the
2 radiologists. Moreover, the report of a radiologic technologist was taken into account during
discussion, to minimize detection failures in the final diagnosis.
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seeing the CAD results; “missed TP,” a lesion that he or she over-

looked before seeing the CAD results; and “FP,” a false-positive

candidate (ie, not an aneurysm). The “pending” selection in the

final diagnosis indicated that the 2 radiologists did not reach a

positive consensus, mainly because the lesion was too small. Such

subjects were not referred to experts for further evaluation; thus,

we did not include such pending selections as positive aneurysms.

If a lesion detected by the radiologist was not included in the 3

candidates displayed by the CAD system, the radiologist manually

recorded the coordinates of the aneurysm by a mouse click (Fig

2B). Thus, by combining all these data, the server collected the

following items: 1) all the locations of aneurysms determined by

consensus, 2) whether each radiologist successfully detected the

lesion before reviewing the CAD results, and 3) whether each

positive lesion was successfully included in the CAD results as one

of the top 3 candidates. Additionally, the

median time for reviewing CAD results

and giving feedback was determined by

using the server log for the last 2 months

of the data-acquisition period, by which

time the radiologists were well-accus-

tomed to the system.

Data Analysis
Statistical analysis was performed by us-

ing R, Version 3.1.2, statistical and com-

puting software (http://www.r-project.

org/). The sensitivity and the specificity

of the radiologists were calculated by us-

ing the final diagnosis as the reference

standard. The sensitivity of CAD was

calculated as the successful presentation

rate of positive lesions in the top 3 can-

didates. Then, 95% confidence intervals

were computed on the basis of binomial

distribution. The sensitivities of the ra-

diologists before and after the CAD

reference were compared by using the

McNemar test. Additionally, the detec-

tion performance figures for both CAD

and radiologists were compared be-

tween small (�3 mm) and large (�4

mm) aneurysms by using the �2 test.

RESULTS
Characteristics of Patients and
Aneurysms
During the study period, 2804 first-time

visitors to our institution completed the

annual health checkup examination

program. Among them, 39 subjects did

not meet the initial inclusion criteria be-

cause MR imaging was contraindicated/

refused (n � 21) or they had a history of

known cerebral aneurysms (n � 18).

Moreover, 64 were excluded from fur-

ther evaluations because the assigned ra-

diologists did not complete the feedback

registration. None of the MR angiograms were excluded because

of poor image quality, and all of them were successfully processed

by the CAD system. Thus, MR angiograms of 2701 subjects (1674

men, 1027 women) were included in this analysis. Subject median

age was 54 years (range, 22–90 years). Two hundred three aneu-

rysms from 189 subjects were determined in the final diagnosis

(prevalence rate, 7.0%), the details of which are shown in the

Table.

Performance of the CAD System
Overall, our CAD system successfully presented 166 (82%; 95%

CI, 0.76%– 0.87%) of the 203 aneurysms as the top 3 lesion can-

didates. Twenty-six aneurysms were detected but not presented as

the top 3 candidates, and 11 aneurysms were not detected by

CAD. The performance of the CAD system in relation to aneu-

FIG 2. Example of CAD results displayed in the CAD server. A, Lesion classification interface. The
top 3 lesion candidates are displayed, each of which has toggle buttons to select “known TP,”
“missed TP,” “FP,” or “pending.” B, False-negative input interface. Radiologists recorded the loca-
tions of an aneurysm by a mouse click if it was not presented by the CAD system.
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rysm size is shown in Fig 3. The CAD system successfully pre-

sented 124 of 158 (78%) aneurysms of 2–3 mm and 42 of 45 (93%)

aneurysms of �4 mm. The sensitivity for the larger aneurysms

was significantly higher than that for the smaller aneurysms (P �

.040, �2 test). The details of the 3 missed aneurysms of �4 mm

were as follows: 1) a 4-mm right internal carotid aneurysm, which

was detected as the fourth candidate but not presented as a top 3

candidate; 2) a 4-mm left internal carotid artery aneurysm, which

was not detected; and 3) a 6-mm right internal carotid artery

aneurysm, which was detected as the sixth candidate but not

presented.

Performances of the Radiologists
With the final diagnosis as the reference standard, the aneurysm-

based overall sensitivity of the 26 radiologists in their initial diag-

noses was 64% (258 of the 406 independent interpretations re-

garding the 203 aneurysms; 95% CI, 0.59 – 0.68). The sensitivity

for small (�3 mm) aneurysms was 59% (185/316), and that for

large aneurysms (�4 mm) was 81% (73/90), showing a significant

difference (P � .001, �2-test). Other statistical details are shown in

Fig 4.

During the study period, the radiologists changed their initial

negative diagnosis to a positive one after seeing the CAD results in

26 cases. Among these, the final diagnosis was also positive in 24

(92%). In the remaining 2 cases, aneurysms were “noticed” by 1

radiologist with the aid of the CAD system but were dismissed in

the final diagnosis after discussion with the other radiologist.

Thus, the CAD system more frequently benefited the radiologists

in terms of detection of additional aneurysms than being detri-

mental in terms of introducing overdiagnosis. The interpretation-

based analysis showed that the specificities of the radiologists’

diagnoses before and after seeing the CAD results were 98.9% and

98.8%, respectively.

Of the 24 aneurysms in which the CAD system benefited the

radiologists, 6 were in the anterior cerebral artery circulation, 11

were in the internal carotid artery circulation, 5 were in the middle

cerebral artery circulation, and 2 were in the posterior circulation.

Twenty-one aneurysms were small (�3 mm), 2 aneurysms were 4

mm, and the remaining aneurysm was 5 mm, protruding medially

from the cavernous portion of the left internal carotid artery. The

use of the CAD system increased the number of aneurysms de-

tected by 9.3% (from 258 to 282, P � .001 by using the McNemar

test), giving an overall sensitivity of 69% in the post-CAD diag-

nosis (282/406; 95% CI, 0.65– 0.74). However, true aneurysms

were still not detected even after the radiologists saw the CAD

results in 124 interpretations, including 90 interpretations in

which the CAD system had presented true aneurysms but the

radiologists failed to change their diagnoses. Figure 5 shows a

summary of the relationship between the initial diagnoses and

post-CAD diagnoses of the radiologists. In 3 cases, neither the 2

radiologists nor the CAD system found the aneurysms but they

were detected by the radiologic technologist.

Of the 32 interpretations regarding the 16 aneurysms of �5

mm, aneurysms were detected in the initial diagnosis in 29 (91%)

cases, detected in the post-CAD diagnosis in 30 (94%) cases, and

remained undetected even with the aid of the CAD system in 2

(6%) interpretations (1 with a 5-mm left cavernous aneurysm and

1 with a 5-mm left internal carotid posterior communicating an-

eurysm protruding caudally).

The median time required for reviewing the CAD results and

giving feedback was 16 seconds.

DISCUSSION
In the present study, we evaluated the usefulness of a CAD system

for cerebral aneurysms in a routine clinical diagnosis environ-

ment. To the best of our knowledge, this is the first study to eval-

uate the impact of CAD of cerebral aneurysms on radiologists in a

large general population. The CAD system showed a sensitivity

(82%) comparable with that of radiologists (64%) in the detection

of both small and large cerebral aneurysms. The number of de-

tected aneurysms increased by 9.3%, while preserving specificity.

The additional time required for checking the CAD results was

short. Our findings suggest that there were certain benefits from

CAD even for radiologists who interpreted source images from 3T

scanners in routine clinical practice.

Hirai et al14 reported that under experimental conditions, ra-

diologists benefited (increase of �20 units by a using 0 –100 con-

fidence rating scale) from the CAD results in 10% of positive

aneurysms. Compared with the study by Hirai et al in which only

MIP images from a 1.5T scanner were presented to the radiolo-

gists, our study used both source and reconstructed images ob-

tained by using 3T scanners. This difference means that even

without CAD, a relatively high sensitivity of radiologists was ex-

pected, which might limit the benefit obtained from our CAD

system. In addition, the benefit from CAD may be underesti-

mated in this study compared with the previous study because our

data-collection method focused only on the pure detection fail-

ures of radiologists. In reviewing the CAD results, radiologists had

the opportunity to reconsider the lesion candidates they had al-

ready noticed, possibly changing their level of confidence in the

Characteristics of 203 detected aneurysms in the final diagnosis
Feature Number

Sexa

Male 101
Female 88

Agea

Younger than 50 yr 50
50 yr and older, younger than 60 yr 54
60 yr and older 85

Multiplicitya

Single 177
Double 10
Triple 2

Locationb

ACA territory 54
MCA territory 31
ICA territory 107
PCA territory 5
Other 6

Size (mm)b

2 97
3 61
4 29
�5 16

Note:—ACA indicates anterior cerebral artery; PCA, posterior cerebral artery.
a Data are number of subjects.
b Data are number of lesions.
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diagnosis. However, collecting such confidence level data in a

routine environment was considered impractical.

This study demonstrated that the specificity of radiologists

was not considerably decreased by CAD. This finding implies that

FP lesion candidates presented by the CAD system can be easily

dismissed by radiologists. This finding is

also consistent with that in the previous

study.14 On the other hand, in our series,

radiologists dismissed many lesion can-

didates presented by the CAD system
that were true-positives thereafter in the
final diagnosis—that is, despite the high
sensitivity of our CAD, radiologists were
far less affected by the CAD results than
by human opinions. In at least some
cases, obvious aneurysms were over-
looked even with the aid of the CAD sys-
tem. In our opinion, this low confidence
in the CAD system is partly because our
CAD system provided little qualitative
information about its results and it pro-
duced many false-positive marks. In ad-
dition, the CAD system presented its re-
sults on only axial sections, which might
have made the referencing process diffi-
cult. Further investigation is needed to
develop more efficient methods of dis-
playing results to realize the full poten-
tial of CAD.

The prevalence rate of cerebral aneu-
rysms in our reference standard (7.0%)
is apparently higher than previously re-
ported figures from angiography studies
(3.0%– 6.0%)24 but not as high as the
prevalence rate (8.4%) reported by Igase
et al,6 in which only a 3T MR imaging
scanner was used to detect cerebral an-
eurysms in the Japanese population.
They suggested that the excellent resolu-
tion of 3T MR imaging and the appro-
priate use of the volume-rendered tech-
nique contributed to the detection of
additional aneurysms that could not be
detected by other modalities. As we pre-
viously noted, owing to the recent ad-
vancements in MRA technology, inva-
sive procedures with the sole purpose of
establishing the diagnosis of cerebral an-
eurysms are becoming less justified. Al-
though the true nature of the discrep-
ancy in prevalence rates between DSA
and MRA is still inconclusive, we believe
that the use of 3T scanners and the read-
ing of both source and volume-rendered
images provide the highest practically
possible accuracy in our reference stan-
dard diagnosis.

Our study had some limitations.

First, the sensitivity of the radiologists in our method should be
regarded as a rough estimate. The reference standard diagnosis
was not independent of the diagnosis of the observers being
tested, and there was considerable interobserver disagreement be-
tween the 2 radiologists. Second, despite the 39-month study pe-

FIG 5. Relationship between initial diagnosis and post-CAD diagnosis based on 406 interpreta-
tions regarding 203 aneurysms determined in the final diagnosis. The asterisk indicates an aneu-
rysm found by the other radiologist or solely by a radiologic technologist.

FIG 3. Performance of the CAD system in relation to aneurysm size.

FIG 4. Performance of radiologists in relation to aneurysm size. Data are the number of inter-
pretations (2 independent interpretations per study).
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riod, the number of positive aneurysms was small, owing to the
relatively low prevalence of the disease. In particular, the experi-
ence regarding relatively larger aneurysms (�4 mm) was not suf-
ficient. We are still using this system in daily practice, and further
knowledge should be accumulated in the future.

CONCLUSIONS
The computer-assisted diagnosis of cerebral aneurysms is feasible,

and radiologists can detect more cerebral aneurysms by using the

CAD system without a substantial decrease in specificity. Radiol-

ogists are less likely affected by true-positive CAD results com-

pared with the opinion of a different radiologist in double-read-

ing settings.
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