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Original Paper

Diagnosis of Cerebral Aneurysm Via Magnetic
Resonance Angiography Screening: Emphasis on
Legal Responsibility Increases False Positive Rate

Su-hee Cho, MD1, Ji-ye Lee, MD3, Kyeong-hwa Ryu, MD4, Dae Chul Suh, MD2

Purpose: False positive diagnoses of cerebral aneurysm via magnetic resonance angiography (MRA) screen-
ing may increase unnecessary cerebral catheter angiography. The purpose of this study was to investi-
gate the effects of medical liability on medical decision-making during radiologic interpretation.

Materials and Methods: We included 56 consecutive patients who were referred with suspected
aneurysm based on MRA or computed tomography angiography (CTA) and showed no aneurysm on
subsequent digital subtraction angiography (DSA). MRA and CTA were reviewed twice by two neu-
roradiology fellows who were blind as to whether the suspected lesions were true aneurysms or not.
The second review was repeated after proposing that their decision was subject to legal liability and
they would be responsible for medico-legal problems related to their diagnoses. Diagnostic differ-
ences based on each review were analyzed, focusing on changes in false positive diagnosis rates.

Results: A total of 63 suspected aneurysmal lesions detected via MRA or CTA were found to be negative
based on DSA. At first review, 32 lesions were diagnosed as true aneurysms by observer 1 and 27 by
observer 2, corresponding to false positive rates of 51% and 43% respectively. At the second review,
39 lesions (62%) were diagnosed by observer 1, and 30 (48%) by observer 2. Thus, there was an over-
all increase in false positive aneurysm diagnosis of 11% for observer 1 and 5% for observer 2, after
emphasizing their responsibilities in the context of medical litigation.

Conclusion: Concerns about medical liability could result in increased false positive diagnoses of cerebral
aneurysms via MRA screening. Whether repeated follow-up of the suspected lesion or catheter angio-
graphic confirmation is better with regard to long-term patient outcomes requires further study.
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Medical error is unavoidable in clinical settings,
despite the evolution of medical techniques and an
accumulation of physicians’ experiences and
knowledge. Several studies have reported that
radiologic practices are associated with medical error
rates of approximately 3-5%, as a day-to-day rate.1, 2

Although most of these errors are minor and do not
cause harm to patients, misdiagnoses are often
implicated in medical litigation, which makes
physicians feel guilty and they can also suffer
economic and professional consequences.1, 3 When
clinicians interpret radiologic data, fear of medical
litigation may affect their medical decisions. To avoid
medical litigation, they may tend to interpret equivocal
radiographic findings as abnormal lesions. This may
result in increased false positive diagnoses. 

We hypothesized that detection rates of cerebral
aneurysms via magnetic resonance angiography
(MRA) screening may increase after emphasizing the
possibility of medical litigation. Therefore, the
detection rate (i.e., false positive ratio) of aneurysm
presence would be reflected in the findings of cerebral
aneurysms in patients who underwent screening via
cerebral MRA, especially in cases involving an inexpe-
rienced physician. Thus, the aim of the present study
was to investigate such an effect in a blind manner in
two neuroradiology fellows undergoing training, by
evaluating associations between awareness of medical
liability and false positive rates.

MATERIALS AND METHODS

The study was approved by the relevant institutional
review board, and registered. Written informed consent
from evaluated patients was not required because this
study was conducted in a retrospective manner, and no
additional imaging was performed as part of the study. 

Study population
Fifty-six consecutive patients who had been proven

not to be suffering from a definite aneurysm via digital
subtraction angiography (DSA) were included in this
study. All had been admitted to our neurointervention
department for evaluation of a suspected intracranial
aneurysm that was detected via MRA or computed
tomography angiography (CTA). We performed DSA
on these patients to confirm the diagnosis, after obtain-
ing informed consent. When clarifying the presence of
an aneurysm, an aneurysm was defined as a saccular
outpouching lesion from a parent artery that had a
clearly def inable sac and neck in comparison with

junctional dilatation, was triangular with regard to the
shape of dilatation, and had a branching vessel from its
apex.4-6 In all included cases, three assessors agreed that
the suspected lesion was non-aneurysmal on the basis
of DSA data. 

Imaging modalities 
Initial MRA and CTA were performed via different

protocols in each of the patients, because most of them
had these procedures done at other institutions.
However, all MRA included unenhanced 3D-TOF
MRA images, and all CTA included contrast-enhanced
3D reconstructive images. All DSAs were performed at
our institution via transfemoral catheterization.
Conventional 2D-DSA was performed using a biplane
angiographic system (Artis Zee biplane system;
Siemens, Erlangen, Germany). For all patients,
rotational angiography was performed with a 6-second
210�rotational run and the injection of 3 mL of
contrast medium per second. For suspected lesions, 3D
images reconstructed by syngo Dyna3D (Siemens,
Germany) were acquired and reviewed on site.

Study design
The aim of the study was to evaluate changes in false

positive cerebral aneurysm diagnosis rates after
emphasizing medical liability to inexperienced
assessors. MRA or CTA results from all patients were
reviewed twice by two neuroradiology fellows with 8
months experience in a neuroradiologic subspecialty.
They were blinded to all clinical information and final
results based on DSA, except the locations of the
suspected aneurysmal lesions. They analyzed all 3D-
TOF MRA images and CTA images independently on
an offline-workstation from multiple on-screen viewing
angles. They could adjust appropriate thresholds of the
window width and level to differentiate smaller lesions.
The source images and maximum intensity projection
images were not presented because they were not
available for all cases. Diagnoses focused on the
presence or absence of aneurysm were classified into
one of the following four categories: 1. Aneurysm; 2.
Junctional dilatation; 3. Normal anatomy; 4. Others.
“Others” included bulbous change, prominent origin of
branch vessel, and flow artifact. One day after the first
assessment, the second assessment was performed via
the same method, but this time it was emphasized to the
assessors that their diagnoses were subject to legal
liability, and that they should be responsible for
medico-legal problems related to their diagnoses. Thus,
the assessors interpreted the same data they were given
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during the first review, with medical liability in mind.
Based on these results, comparative analysis between
the f irst and the second review was performed. To
calculate false positive rates, true negative lesions were
decided on the basis of angiographic results.

RESULTS

A total of 56 patients with 63 suspected aneurysmal
lesions based on MRA or CTA were compared. The
patient population consisted of 37 women (66%) and
19 men (34%), with a mean age of 51 years (range 29-
68 years). The imaging modalities utilized were CTA in
4 patients, and MRA in 52 patients. Thirty-seven
patients underwent initial MRA or CTA at a
community hospital and were referred to our institution
for confirmatory diagnosis. Suspected aneurysms were
located in the distal internal carotid artery (n = 39),
middle cerebral artery (n = 9), anterior cerebral artery
(n = 8), and posterior circulation (n = 7). The mean
largest dimension of the suspected aneurysms was 2.3
mm(range, 1.5-8 mm). On DSA, all of the suspected
lesions included in the current study were revealed to
be non-aneurysmal. The leading causes of false
positives were junctional dilatation (n = 39), prominent
origin of the branch (n = 6), fenestration (n = 4),

bulbous change (n = 5), artifact due to venous structure
(n = 4), arterial loop (n = 3), and subtraction artifact (n
= 2) (Fig. 1).

In the first review, observer 1 determined that there
were 32 (51%) aneurysms, 19 (30%) junctional dilata-
tions, and 9 (14%) normal structures, and classified 3
(5%) as “others” (Fig. 2). Observer 2 determined that
there were 27 (43%) aneurysms, 27 (43%) junctional
dilatations, and 6 (10%) normal structures, and classi-
fied 3 (5%) as others. False positive rates in the first
review were 51% for observer 1 and 43% for observer
2. The second review resulted in differences in the
diagnoses. In the second review, observer 1 diagnosed
39 (62%) aneurysms, 17 (27%) junctional dilatations,
and 4 (6%) normal structures, and classified 3 (5%) as
others. Observer 2 diagnosed 30 (48%) aneurysms, 21
(33%) junctional dilatations, and 6 (10%) normal
structures, and classified 6 (10%) as others. The overall
false positive rates in the second review were 62% for
observer 1 and 48% for observer 2. Therefore, there
were overall increases in false positive aneurysm
diagnoses of 11% for observer 1 and 5% for observer
2, after emphasizing the possibility of litigation arising
from their diagnoses, and their potential responsibility
for that litigation. Observer 1 shifted from a diagnosis
of non-aneurysmal lesion to a diagnosis of aneurysm
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Fig. 1. False positive diagnosis of an aneurysm (arrows) in the right A1. (A) An aneurysm was suggested in the right A1 on 3D-TOF
MRA. (B) There was no definite aneurysm on cerebral angiogram. (C) Three dimensional angiogram showed a mild dilatation of the
proximal A1. There was neither abnormal vessel wall thickness (D) nor abnormal enhancement (E) on vessel wall MRI. 
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for 11 (18%) lesions, and observer 2 shifted from a
diagnosis of non-aneurysmal lesion to a diagnosis of
aneurysm for 8 (13%) lesions. Observer 1 shifted from
a diagnosis of aneurysmal lesion to a diagnosis of non-
aneurysmal lesion in 4 (6%) cases, and observer 2
made such a shift in 5 (8%) cases. Diagnostic results
remained unchanged for 46 (73%) lesions for observer
1, and 47 (75%) lesions for observer 2.

DISCUSSION

False positive diagnosis is a test result that indicates
that a person has a specific disease or condition when
the person actually does not have that disease or
condition. False positive rates depend on characteristics
of the patient, the tests involved, and the assessors.7 It
has been reported that physicians’ anxiety about
misdiagnosis and fear of resulting litigation may be
particularly likely to give rise to false positive
diagnoses.8 This has become a more important issue
recently, as radiologists are now exposed to risks of
medical litigation more often. Furthermore, medical
liability can be a matter of great concern in high-risk
specialties such as neuroradiology, in which misdiag-
noses are potentially associated with extremely adverse
outcomes.9

The current study revealed considerable changes in
radiologic interpretation after notif ication of legal

responsibility. The shifts from diagnoses of non-
aneurysmal lesions (junctional dilatation, or normal, or
“others”) to diagnoses of aneurysms were remarkable,
and resulted in increases in false positive rates from
51% to 62% and 43% to 48% in the two relatively
inexperienced assessors. Such inconsistencies in
diagnoses may be affected by various factors including
insufficient knowledge, limited experience and poor
quality of image data. Considering all the conditions
except attention for medical liability was given for both
two reviews, fear of medical litigation may be a major
cause of increased false positive rates. Several studies
investigating medical liability and defensive medicine
have yielded comparable results.10, 11 In one survey,
71.3% of neurosurgeons confirmed that medical liabil-
ity affected their decisions, and 72% of them ordered
imaging studies for defensive purposes.9 Studdert et
al.12 reported that 59% of surgeons ordered more tests
than were medically indicated, and 32% suggested
invasive procedures to confirm diagnosis because of
liability concerns. This trend led to higher healthcare
expenditure and the performance of unnecessary
medical procedures on patients who would be anxious
about their medical conditions.7, 10 

Concern over the 0.05-1.00% annual rupture risk of
unruptured aneurysms and subsequent disability may
contribute to healthy aged people getting screening
tests even though most unruptured intracranial
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Fig. 2. Changes in diagnostic results from observer 1 (A) and observer 2 (B). Note increased false positive diagnosis rates of aneurysm
after emphasizing the possibility of medical litigation (2nd review) in both observers



aneurysms are asymptomatic.13 For aneurysm screen-
ing, MRA or CTA are generally used.14-16 Based on the
results of these examinations, DSA would be
performed as the gold standard to confirm the final
diagnosis, once the suspicion of aneurysm was
mentioned on a radiologist’s report.14, 17 While the
omission of a diagnosis despite a suspicion can result
in serious medical conditions or legal consequences,
aneurysm screening is highly sensitive, giving rise to
increased false positive diagnoses. Several studies have
reported false positive rates associated with aneurysm
screening. Okuyama et al.18 reported that 3 of 66
(4.5%) aneurysms detected by MRA or CTA were false
positives. A meta-analysis performed by Hiratsuka et
al.19 revealed that the overall specificity for the diagno-
sis of aneurysm via MRA ranged from 50% to 100%,
which is relatively comparable to our results (43% to
62%). He concluded that the need for high sensitivity
in order to be able to rule out the presence of aneurysm
results in higher false positive rates. While sensitivity is
emphasized, specif icity also has to be excellent,
because one does not want to perform confirmatory
DSA unnecessarily.20 Although an accurate diagnosis
could be achieved via catheter angiography, DSA is
associated with a 0.1-0.5% risk of persistent neurologi-
cal deficits, and a 1-4% risk of complications related to
arterial puncture and catheter manipulation.13, 17, 18, 21

Should we routinely perform DSA whenever a patient
with suspected aneurysm based on initial screening is
referred from a community hospital? Despite the fact
that many studies have established that MRA or CTA
with advanced imaging techniques can achieve accurate
diagnosis of intracranial aneurysms with high sensitiv-
ity and specificity rates, there are several factors that
lead to the performance of DSA.15-17, 19, 22, 23 These include
the fact that missed aneurysm is potentially life threat-
ening, the patient’s need for reassurance, and the
physician’s fear of misdiagnosis causing medical and
legal problems. These factors may affect medical
decisions differently, depending on the social environ-
ment. In Korea, according to guidelines for intracranial
aneurysms suggested by the Korean Society of
Interventional Neuroradiology, screening for intracra-
nial aneurysm is recommended in patients with high-
level risk factors such as a family history of intracranial
aneurysm, an associated medical condition, or a history
of previous aneurysmal rupture.24 The current study
included 37 patients who had no aneurysm risk factors
and no specific neurologic symptoms, and underwent
brain MRA or CTA during the course of a medical
check-up at a community hospital. When they visited

our institution, they had already received a warning
about aneurysm, and had been informed that it could be
fatal and that treatment may be required. Most of them
were extremely anxious, and expressed a strong desire
to obtain an accurate diagnosis. Thus, the clinicians
may have been faced with a dilemma with regard to
whether to perform DSA or not, particularly in cases
where the possibility of aneurysm was regarded as low.
When legal aspects were considered, they became
especially likely to perform DSA. Therefore, the final
judgments made by the physician and the patient must
be based on multiple factors including medical, social,
and personal considerations.

The present study has several limitations. First, false
negative rates could not be investigated because the
study only included patients who were ultimately found
to be aneurysm negative via DSA. Further study
including true aneurysm as well as false positive lesion
could make more meaningful results. Second, the
assessors were neuroradiology fellows in training who
had limited experience in their neuroradiologic subspe-
cialty. Thus, their attitudes and levels of concentration
during their assessments may have differed from those
that are typical in clinical practice. These factors may
also have contributed to the interobserver difference.
Third, heterogeneity of given imaging data due to
different imaging protocols and differences in image
quality associated with screening performed in a
primary health center can affect misdiagnoses. Fourth,
intraobserver variation did not considered in this study.
To correct this variation, several times of interpretation
with enough time interval should be performed in
further study. Fifth, various factors may be related to
increased false positive rates, for example expectation
bias. The assessor may expect a positive diagnosis
because the presence of suspected aneurysmal lesion
has already been proposed before their assessment.
Concern about assessment discrepancy between
colleagues may also affect their decisions. To generate
more objective information about correlations between
concerns about liability and false positive diagnoses,
multivariate analysis with more experienced radiolo-
gists and a large sample size needs to be performed. 

CONCLUSION

Concerns about medical liability could affect
physicians’ medical decisions. This study revealed that
an emphasis on liability resulted in increased false
positive rates with regard to diagnoses of intracranial
aneurysm based on MRA and CTA screening. 
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