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ABSTRACT

Objective: We describe the systematic approach to incidental findings (IFs) used at the Mind Re-
search Network (MRN) where all MRI scans receive neuroradiologist interpretation and partici-
pants are provided results.

Methods: From 2004 to 2011, 8,545 MRI scans were acquired by 45 researchers. As mandated
by MRN�s external institutional review board, all structural sequences were evaluated by a clinical
neuroradiologist who generated a report that included recommendations for referral if indicated.
Investigators received a copy of their participants’ reports, which were also mailed to participants
unless they specifically declined. To better understand the impact of the radiology review pro-
cess, a financial analysis was completed in addition to a follow-up phone survey to characterize
participant perceptions regarding receiving their MRI scan results.

Results: The radiologist identified IFs in 34% of the 4,447 participants. Of those with IFs (n �

1,518), the radiologist recommended urgent or immediate referral for 2.5% and routine referral
for 17%. For 80.5%, no referral was recommended. Estimated annual cost for this approach
including support for the neuroradiologist, medical director, and ancillary staff is approximately
$60,000 or $24/scan. The results of the retrospective phone survey showed that 92% of partic-
ipants appreciated receiving their MRI report, and the majority stated it increased their likelihood
of volunteering for future studies.

Conclusions: Addressing IFs in a cost-effective and consistent manner is possible by adopting a
policy that provides neuroradiology interpretation and offers participant assistance with clinical
follow-up when necessary. Our experience suggests that an ethical, institution-wide approach to
IFs can be implemented with minimal investigator burden. Neurology® 2011;77:2123–2127

GLOSSARY
IF � incidental finding; IRB � institutional review board; MICIS � Medical Imaging Computer Information System; MRN �
Mind Research Network; PI � principal investigator.

An incidental finding (IF) is defined as having “… potential health or reproductive importance
and is discovered in the course of conducting research but is beyond the aims of the study.”1

Despite the prevalence of IFs in neuroimaging research,2–5 there is a surprising lack of consen-
sus regarding an approach to management. Radiology reviews of research scans are perceived as
time-consuming and expensive and potentially exposing institutions to risk.6–8 In addition,
there are concerns that receiving a radiology report may cause unnecessary anxiety among
research participants or unfairly burden those who are uninsured.9 Conversely, neuroimaging
IFs may have medical importance, and a large majority of research participants prefer to be
informed of their radiology review.10 In 2004, the University of New Mexico Health Sciences
Center institutional review board (IRB) mandated that all research MRI scans be read by a
neuroradiologist to identify IFs. The Mind Research Network (MRN) created a systematic
approach to radiology reviews by contracting with a board-certified neuroradiologist to

From the Mind Research Network (J.M.S., R.d.L., S.W.F.E., A.R.M., K.A.K., L.E.P., A.S., J.S., J.P.P.), Albuquerque, NM; and College of Pharmacy
(M.T.H.) and Departments of Radiology (C.A., R.H.), Electrical and Computing Engineering (V.D.C.), Psychology (A.R.M., K.A.K.), and
Neurology (A.R.M., J.P.P.), University of New Mexico, Albuquerque.

Study funding: Funding information is provided at the end of the article.

Disclosure: Author disclosures are provided at the end of the article.

Supplemental data at
www.neurology.org

Supplemental Data

Address correspondence and
reprint requests to J.M.
Shoemaker, 1101 Yale Blvd. NE,
Albuquerque, NM 87106
jroberts@mrn.org

Copyright © 2011 by AAN Enterprises, Inc. 2123



provide MRI readings and by developing
Health Insurance Portability and Account-
ability Act–compliant information systems to
provide investigators and participants copies
of radiology reports. The current study repre-
sents a comprehensive examination of this ap-
proach, including a summary of IFs, costs,
and participants’ perceptions.

METHODS Our approach to radiology review is summarized
from 45 principal investigators (PI) who conducted 134 studies
at MRN from August 2004 to February 2011. Areas of investi-
gation included neurologic and psychiatric disorders with an em-
phasis on addictions, psychopathy, aging, schizophrenia, and
brain injury. A total of 8,545 brain MRI scans were collected
from 4,447 participants with diagnosed illnesses and healthy
control subjects. The mean age of participants was 30 years; 62%
were male (age range 0.3–89 years), and 38% were female (age
range 0.3–90 years).

Conceptualization and implementation. Our model be-
gan with a mandate from the University of New Mexico Health
Sciences Center IRB to have all research MRI scans evaluated for

IFs. Although all MRIs were evaluated for IFs, some PIs pro-
vided the radiology report in all cases, whereas others only in-
formed participants when a referral was recommended. This
approach raised a concern that participants were not being
treated equitably across all studies and resulted in confusion
among participants. Therefore, MRN developed a centralized,
standardized approach to IFs that was developed with PIs and
implemented over several months. After the process was initi-
ated, modifications were made to improve efficiency in upload-
ing and reviewing the scans and in distributing the results to
investigators and participants.

Standard protocol approvals, registrations, and patient
consents. All participants were enrolled in IRB-approved pro-
tocols, provided informed consent, and completed a standard-
ized MRI safety screening form. Exclusion criteria were
determined by the individual study protocols. A separate proto-
col, which included a waiver of documentation of consent for
the phone survey, was approved for the participant perception
study.

All scans were performed at MRN on 1 of 3 MRI scanners.
MRI sequences varied depending on study protocols and in-
cluded at least one anatomic scan; complete clinical scanning was
not part of any study. Using OsiriX (www.osirix-viewer.com/)
and an in-house–developed neuroinformatics software system

Figure Flow chart of radiology review process

Flow chart of Mind Research Network’s radiology review process from study enrollment to receipt of radiology report.
*Letters are mailed directly to participant. Exceptions include minor participants (mailed to guardian), incarcerated partici-
pants (provided to prison medical director), and PI who is a clinician and elects to provide review letter in person. MICIS �

Medical Imaging Computer Information System (Participant Database).
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(Medical Imaging Computer Information System [MICIS]),11

reviews were completed and securely e-mailed to the PI using a
code in lieu of participants’ names to ensure confidentiality. A
copy of the radiology report was mailed to participants with
a cover letter thanking them for participating, providing them
contact information for questions, and reminding them the scan
was for research purposes only (appendix e-1 on the Neurology®

Web site at www.neurology.org). Exceptions to mailing reports
occurred when 1) the participant requested not to receive the
review, 2) the PI was a physician and preferred to hand-deliver
reports to his or her participants, or 3) the participant was incar-
cerated, in which case the report was provided to the prison
medical director according to prison protocols. Total time re-
quired to complete this process varied from 1 to 4 weeks depend-
ing on the radiologist’s schedule and the time required to transfer
mobile MRI scans to the main facility for review.

The radiology report used a 5-point Likert rating scale to
identify and classify IFs as follows (modified from Katzman et
al.5): 1) no abnormal findings; 2) no referral necessary; 3) routine
referral; 4) urgent referral; or 5) immediate referral. The medical
director was immediately notified by the neuroradiologist when
a level 4 or 5 finding was discovered. The study PI and the
participant (or guardian) were then contacted by the medical
director to assist with coordinating clinical care (figure).

The rate of IFs was calculated using the highest rating per
participant when multiple scans were reviewed and the most
recent scan if more than one scan had the same rating. For pa-
tient populations, expected findings (e.g., white matter lesions in
a participant with known multiple sclerosis) were excluded from
IF calculations.

To quantify the financial burden of the radiologic review
process, an analysis was completed to calculate the cost for the
past 2 years. The analysis included average weekly labor for all
personnel (neuroradiologist, medical director, research opera-
tions, neuroinformatics engineer, information technology, and
administrative staff), equipment, and supplies required to review
scans and disseminate results.

In an effort to characterize the impact of this approach, we
conducted a phone survey of 50 participants who had a single
radiology review within the prior 2 years. Adult, nonincarcerated
participants were randomly selected to produce a sample of ap-
proximately equal gender and IF rating distribution representa-
tive of the complete MRN IF database. In a scripted phone
survey, 9 questions were asked regarding participant perceptions
and the impact of receiving their radiology review.

RESULTS IF frequency. Consistent with prior re-
ports,2,3,5 the radiologist identified IFs in 34% of the

4,447 participants. Of those with IFs (n � 1,518),
the radiologist recommended urgent or immediate
referral for 2.5% and routine referral for 17%;
80.5% required no referral. The incidence of IFs was
similar for incarcerated and nonincarcerated popula-
tions. The table shows IFs by gender.

Financial costs. The financial analysis included all la-
bor, equipment, and supplies necessary to review and
disclose MRI scan results. In addition to the ongoing
costs, there was an initial investment to develop and test
the addition of a radiology review feature in the existing
MICIS database.11 The annual cost for all personnel,
support, and supplies is approximately $60,000, less
than $24/scan based on an average of 2,500 reviews per
year. The majority of the total cost (94%) is for labor,
and the remainder is for computer equipment, moni-
tors, and mailing supplies. The cost of the radiology
review is included in the hourly MRI scanner rate.

Participant perception. Of participants surveyed,
72% expected to be told of their scan findings, 10%
of participants sought further medical evaluation
based on their MRI report, 92% appreciated receiv-
ing the information, and 58% said they are more
likely to participate in future studies because they
received the radiology review.

DISCUSSION This report summarizes experience
with a mandated radiology review of research MRIs
and the system implemented to ensure equitable
treatment across all studies at a large neuroimaging
center. Because of the volume of scans performed,
systems were developed to automate the review pro-
cess as much as possible and distribute costs over
multiple investigators, reducing the per-scan cost.
Participant response to this approach was positive
based on our retrospective phone survey. Thus, our
experience suggests it is possible to provide a consis-
tent review for IFs in neuroimaging research that is
cost-effective, minimizes investigator burden, and
addresses key ethical principles such as beneficence.

There is currently no consistent method for ad-
dressing IFs in neuroimaging research. Published ap-
proaches range from suggesting no reviews,7 to
selective reviews (at the discretion of the PI),12 to full
clinical reviews for all research scans.13 Our approach
is different. Mandating radiology review for all par-
ticipants not only addresses the ethical principle of
justice (treating participants across all research proto-
cols at MRN equally) but also reduces the cost con-
siderably. In addition, participants benefit by having
a review of an MRI, which may identify findings of
clinical importance now or in the future. Finally, a
key aspect of this approach to IFs is that all partici-
pants receive a copy of their radiology report, regard-

Table Incidental findings by referral classification and gender

Classification

Total images, % (n)
Total abnormalities by
gender, % (n)

Male
(n � 2,758)

Female
(n � 1,689)

Male
(n � 970)

Female
(n � 548)

Total abnormalities 35.2 (970) 32.5 (548)

No abnormal findings 64.8 (1,788) 67.6 (1,141)

No referral necessary 28.3 (778) 26.3 (444) 80.2 81.0

Routine referral 6.0 (166) 5.4 (92) 17.1 16.8

Urgent referral 0.7 (20) 0.7 (11) 2.1 2.0

Immediate referral 0.2 (6) 0.1 (1) 0.6 0.2
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less of findings, unless the participant declines to
receive this information. The decision to receive a
copy of the radiology report is thus left to the indi-
vidual participants, not to the researchers, respecting
individual autonomy. Clearly, as noted by our survey
and in a prior report,10 an overwhelming majority of
research participants are interested in their MRI
findings. This comprehensive approach to IFs is con-
sistent with the cornerstone principles of the Bel-
mont Report (respect for persons, beneficence, and
justice), which provide the ethical foundation for re-
search in the United States.14

There are several shortcomings to this study. We
do not explore the ethical issues involved if a partici-
pant were to decline an MRI report that contained a
serious IF. In addition, although our phone survey
addressed general questions regarding participant
perceptions, it did not probe issues of health literacy
or how perceptions might change over time, nor did
we survey other important stakeholders such as in-
vestigators or IRB members. Finally, although we
provide an accurate ongoing cost analysis of our
system, it is more difficult to account for all initial
developmental costs such as testing and system
modifications.

More work is needed to clarify the optimal ap-
proach to IFs in neuroimaging research, and the de-
bate regarding methods of fulfilling obligations to
research participants is far from over. However, this
model demonstrates there is a practical option that
satisfies the needs of most investigators, promotes
ethical conduct of research, remains cost-effective,
and could be adopted by other centers.
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