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SUMMARY: A recent study carried out at the University of California, Irvine exemplifies a commonly
overlooked ethical conundrum of neuroimaging research: incidental findings. Research study designs
must address the potential of uncovering unexpected findings in subjects during the study and
delineate a protocol for reporting and initiating treatment. We urge the community to petition their
home institutional review board to mandate inclusion of an incidental findings protocol into all
neuroimaging research applications.

The venerated rocket scientist Werner von Braun was once
quoted as saying, “Research is what I’m doing when I don’t

know what I’m doing.” Although history assures us that Dr.
von Braun at least occasionally knew what he was doing, his
words are as relevant to brain exploration today as they were to
space exploration 60 years ago. Science is inherently uncertain,
and any seasoned scientist would agree that research is as
much of a venture into the unknown as it is a succession of
failures. Nevertheless, the exploration of any frontier carries
implicit responsibility for the explorer. Neuroimaging has en-
joyed astonishing advances in its ability to generate informa-
tion on the human brain. Advances in the doctrine of moral
responsibility for this information, however, have not always
been as forthcoming.

A recent study carried out by the Department of Psychiatry
and Human Behavior at the University of California, Irvine
exemplifies a commonly overlooked ethical conundrum of
neuroimaging research—that of incidental findings. In an ef-
fort to study the influence of prenatal steroids on childhood
brain development, a neuroscience research group requested
our involvement in evaluating the MR imaging brain scans of
150 children. Although the protocol for measuring the vol-
umes of the hippocampus and amygdala as well as the associ-
ated subregions of the brain was meticulously defined in the
institutional review board (IRB) application, no mention was
made of the possibility of uncovering pathologic findings out-
side the expected parameters of the study. The application was
careful to substantiate the scientific responsibility of the study,
but fewer details were provided on the issue of clinical respon-
sibility. In particular, who is the experienced team member
who would supervise the follow-up care of these children if
something was found? Who would provide the care? Are the
radiologists reading the films responsible for missed findings?
The study proceeded, and 150 apparently health children were
whisked through head MR imaging to probe their brains at the
deepest and darkest level, with the comfortable expectation
that we would measure various volumes and densities in oth-
erwise unremarkable films.

The story that follows should not be surprising. Incidental

brain lesions that were not previously known turned up in the
MR imaging studies of 2 children. A small cyst adjacent to the
left frontal horn with associated ventriculomegaly and hemi-
spheric volume loss was seen in 1 subject, along with a hypo-
plastic brain stem. Such findings are thought to be due to an
ischemic perinatal insult, which could correlate with develop-
mental delays. In another subject, a complex congenital mal-
formation was found, evidenced by focal right frontal cortical
pachygyria and focal heterotopia medially near the right fron-
tal horn, with midline morphologic dysplasias, including a
thinned corpus callosum and an absent septum pellucidum.
With these findings and through no conscious decision of any-
one involved, an innocent research project had taken an un-
anticipated turn. Whether prenatal steroids influence brain
development was no longer important for these children and
their families; the issue had become whether the children now
required treatment for their newly discovered brain abnor-
malities and what this might portend for their futures.

Prevalence of Incidental Findings
There is little doubt that the unexpected lies in the unknown.
The prevalence of recognizable and clinically significant neu-
ropathologies is thought to fall between 2% and 8% in the
general population, and deviations from normal may occur in
�20% of individuals.1-6 The significance of these findings may
be profound. An MR imaging study of 2536 healthy young
men applying for flying duties in the German Air Force re-
vealed arachnoid cysts in 1.7%, vascular abnormalities in
0.51%, and intracranial tumors in 0.47% of the men.6 Simi-
larly, a retrospective study of asymptomatic volunteers in the
United States demonstrated primary brain tumors in 0.2% of
a diverse study population.3 A recently published study of the
2000 people in the Rotterdam study population (mean age,
63.3 years) with high-resolution structural brain MR imaging
(1.5T) demonstrated asymptomatic brain infarcts in 7.2%, ce-
rebral aneurysms in 1.8%, and primary brain tumors in 1.6%
of the patients.5 The question for the neuroimaging researcher
is not whether asymptomatic pathologies exist in their study
population, but rather how many will be found.

In terms of clinical attention, the need for follow-up and
referral will depend on the study population, but planning
should always begin with the assumption that the rate will be
nonzero. For example, a retrospective study published in 2004
showed that 6.6% of healthy volunteers required referrals on
the basis of incidental findings from brain MR imaging.8 In
higher risk populations, these odds can be considerably great-
er: Fully 84% of volunteers with past lead exposure had inci-
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dental findings on brain MR imaging, of whom 42% required
routine referral, 14% required urgent referral, and 1.3%, im-
mediate referral.1

Equivalent results have been described in pediatric popu-
lations. In a retrospective study of 225 healthy children, aged 1
month to 18 years, incidental findings were detected in 21% of
volunteers, of whom 7.7% required referral.9 Likewise, inci-
dental findings were detected in 25.7% of 666 patients at a
pediatric neurology practice, of which 17% were considered
normal variants and 8.7%, abnormal; and 0.3% required a
neurosurgery referral.2 Taken together, these studies under-
score the need for realistic referral guidelines built into any
neuroimaging research protocol, despite the apparent salu-
brity of the subjects.

A question that naturally arises is on whom the responsi-
bility for treatment should fall. The principal investigator (PI),
though presumably responsible for the on-site safety and in-
formed consent of the subjects, will not necessarily be trained
in image interpretation. If the scans are passed on to someone
who is trained, does that individual become responsible for
informing the subject and coordinating follow-up care? Does
that specialist become liable for missed findings? Should it be
mandatory to have all research brain scans read by a board-
certified neuroradiologist with a certificate of added qualifica-
tion (CAQ)? The ethical-legal web becomes tangled indeed.

Research Practices
Lawful responsibilities notwithstanding, volunteers for neu-
roimaging research studies may have inherent expectations
about what information will be obtained and shared. In 1
study, questionnaires given to 105 healthy people who previ-
ously participated as control subjects in neuroimaging re-
search revealed that the overwhelming majority (97%) ex-
pected that abnormal findings would be communicated to
them, despite the significance.9 A slight majority (59%) ex-
pected that these findings would be communicated to them by
a physician affiliated with the research team.

Unfortunately, there is a discontinuity when comparing
these expectations with current research practices. An on-line
survey of 74 neuroimaging researchers revealed that 82% of
the respondents found incidental abnormalities such as arte-
riovenous malformations, brain tumors, and developmental
abnormalities in their studies.7 The protocols for handling
such findings varied widely. Thirty-six percent reported that
scans are read by a neuroradiologist and all findings are dis-
closed, 47% reported that only suggestive findings are dis-
closed, 4% responded that disclosure depended on the type of
study, and 13% responded that incidental findings were not
disclosed at all.

Should investigators report all atypical findings in all neu-
roimaging research studies to the subject? Significant findings,
benign or otherwise, can have a profound medical and psy-
chological impact on the individual. Some argue that a high
rate of false-positive findings may exist,10 which further com-
plicates the question. There are well-recognized ethical argu-
ments in the genetics literature supporting a subject’s right not
to know,11 and in many cases, paranoia of the potential con-
sequences would truly impact the quality of life of these pa-
tients. Could disclosure of an underlying condition precipitate

the onset of symptoms as a somatization effect? Have we truly
done no harm by revealing this information to our patient?

Bethesda Conference
The problem of incidental findings has not gone unnoticed
among neuroscientists.12 In recent years, Judy Illes, a Stanford
University neuroimaging researcher and bioethicist, is among
those leading the push to define a set of guidelines for report-
ing incidental findings. A January 2005 workshop in Bethesda,
Md, sponsored by the National Institutes of Health (NIH) and
Stanford University, convened 40 distinguished scientists and
scholars from the United States and Canada to address the
issue of incidental findings in neuroimaging research.13 Illes
published a summary of the conference in Science, highlight-
ing the major topics of discussion among the participants.10

One of the working groups of the Bethesda conference dis-
cussed issues surrounding the detection of incidental findings.
It was agreed that the imaging methods of a research proposal
should be the minimum required to address the aims of the
study. Subject selection should follow sound scientific ratio-
nale, dictated by the aims of the research, and subjects should
not be excluded on the basis of the likelihood of detecting
incidental findings. Scanning should be performed by a com-
petent technician, examined by a qualified researcher, and
read by a radiologist in a timely manner if consultation is
deemed necessary by the PI. A majority of the group agreed
that a research protocol that provides for disclosure of sugges-
tive incidental findings to the subjects is “ethically desirable.”
However, because of the potential for false-positive findings,
some members of the working group believed that it was im-
proper to communicate all but the most certain findings.

The issue of responsibility of care played a prominent role
at the Bethesda conference. The conclusion among the partic-
ipants was that the subject’s primary care provider (PCP)
should have the ultimate responsibility of assessment of the
findings and coordination of follow-up care, provided that the
radiologist communicates these issues to the PI and the PI
communicates them to the PCP. A consensus was not reached
regarding the issue of whether a board-certified radiologist,
CAQ neuroradiologist, physician competent in reading neu-
roimaging scans, or other professional should be required to
read the images. Most of the working group did not favor this
requirement.

The conference also concluded that the IRB at the research
site must assume a primary role in enforcing the inclusion of
an incidental findings protocol in human research proposals.
The method for handling incidental findings should be explic-
itly defined in the research proposal and in the written and
verbal informed consent process with the subjects. Thus, 2
conduits of communication regarding the potential for inci-
dental findings are essential when obtaining consent—from
the PI to the IRB and from the PI to the research subjects.

Future Directions
The field of radiology is coming to a crossroads, where the
issue of responsibility of care will guide many future directions
for the field. In recent years, a number of precedents for radi-
ology practice have been fixed without great input from radi-
ologists. The Mammography Quality Standards Act (MQSA)
of 1992 is 1 example of such precedents. In response to the
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realization by women’s advocates, radiologists, and legislators
that mammography quality was quite variable, a number of
rigorous standards for mammography interpretation were
written into law. The composite effect of MQSA accreditation
has undoubtedly resulted in improved mammographic stan-
dards, with 18% more facilities passing the accreditation test
on the first attempt in 2003 than in the period from 1987 to
1991.14 However, with the MQSA mandate that “a summary
of the written report shall be sent directly to the patient in
terms easily understood by a lay person,” the role of the radi-
ologist is drawn more toward direct responsibility for the pa-
tient and farther from that as a consultant.14 Despite its clinical
success, some have commented that MQSA has increased the
bureaucratic hassles with which radiologists must deal.15 Will
the responsibility for incidental findings also come to rest on
the radiologist? The answer is unclear.

The power and sensitivity of neuroimaging present a dou-
ble-edged sword. Scanning the brain will inevitably uncover
anomalies and pathologies, and it is the duty of researchers to
ensure that a subject-centered approach is followed in the
management of these findings. Although much discussion on
this topic has transpired, a standard protocol for detection and
disclosure of incidental findings has not yet been widely im-
plemented. Even the NIH does not yet require inclusion of an
incidental findings protocol into grant applications, though
certain guidelines are suggested.16

We believe that the ethical issues surrounding the detection
and disclosure of incidental findings are best addressed in the
research study design. An ethically sound neuroimaging re-
search study must address the possible—if not probable—
event of uncovering unexpected potentially pathologic find-
ings in subjects during the study and must delineate a protocol
for reporting and initiating treatment for these findings. The
IRB or equivalent oversight body at the research center is crit-
ical to enforcing these guidelines and should consider the han-
dling of incidental findings by the study when granting ap-
proval. Until a uniform national policy is implemented, we
urge the neuroimaging community to petition their home IRB
to mandate inclusion of an incidental findings protocol into
all neuroimaging research applications. Clarifying the proce-
dure for unexpected findings will benefit the PI, the radiolo-
gist, and most important, the subject.

Neuroimaging affords a precious and personal insight into
human beings, but beneficence demands that any relevant in-
formation be shared with the subject and that his or her wel-
fare take first priority. The excitement of exploration will al-
ways serve as motivation for the progression of science, but we
must reserve the simplicity of Dr. von Braun’s words for sim-
pler endeavors. Even if we don’t know what we’re doing in
brain research, we can at least know what we will do for our
subjects.
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