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ABSTRACT
Residual clinical samples represent a very appealing
source of biomaterial for translational and clinical
research. We describe the implementation of an opt-in
biobank, with consent being obtained at the time of
registration and the decision stored in our electronic
health record, Epic. Information on that decision,
along with laboratory data, is transferred to an
application that signals to biobank staff whether a given
sample can be kept for research. Investigators can
search for samples using our i2b2 data warehouse.
Patient participation has been overwhelmingly positive
and much higher than anticipated. Over 86% of patients
provided consent and almost 83% requested to be
notified of any incidental research findings. In 6 months,
we obtained decisions from over 18 000 patients and
processed 8000 blood samples for storage in our
research biobank. However, commercial electronic health
records like Epic lack key functionality required by
a registrar-based consent process, although
workarounds exist.

OBJECTIVE
Institutions face numerous challenges when devel-
oping large-scale biobanks focused on the acquisi-
tion, processing, and storage of residual clinical
samples for future research use. Here we explore
the issues faced by our institution, Cincinnati
Children’s Hospital Medical Center (CCHMC), in
creating such a program, which we call Better
Outcomes for Children (BOfC).
One of the most significant tasks when devel-

oping a residual sample biobank is addressing the
need to obtain informed consent. Institutions have
many options in this area. They may: (a) pursue
a wholesale waiver of consent; (b) choose to
incorporate an agreement to collect samples as
part of the standard clinical consent-to-treat
document; (c) present patients with a more
explicit description of the process and a passive
consent (ie, an opt-out process); (d) develop
a research consenting process specifically
addressing sample collection as part of the hospital
registration process; or (e) develop a free-standing
research consenting process that occurs at some
other point in the care process.1 Each alternative
provides its own unique risk/benefit profile.
Another factor to consider is the degree to which
the samples can be linked back to the medical
record or other information that identifies the
person providing the sample.1e3

METHODS
Consent process
In drafting the BOfC sample-handling protocols, it
was determined that maintaining a link between
patient and sample was vital, both to ensure access
to phenotype data as well as for quality assurance
purposes. Once this determination was made,
a wholesale waiver of consent was ruled out as an
option. Incorporating a research consent into the
routine consent for medical care or into the insti-
tution’s notice of the privacy practice process was
also frowned upon, as both of these documents
serve distinct purposes that are very different from
a research consent.
Using information gathered from several

consultations with CCHMC’s Patient and Family
Advisory Council, as well as the local Community
Partner ’s Council (part of the local CTSA (Clinical
and Translational Science Award) infrastructure), it
was decided that the process of obtaining BOfC
consent would consist of a research consent with
a condensed consent document. The content of the
document was developed in consultation with the
Patient and Family Advisory Council. An opt-out
approach was considered, but was overwhelmingly
viewed as unacceptable.
Surprisingly, a large percentage of council

members expressed a desire to be informed of any
clinically relevant information discerned through
the secondary research use of their samples (ie,
incidental research findings). To provide such
a choice, the BOfC consent process was
constructed to allow for two levels of participation.
The first level is essentially anonymous. The
patient’s residual clinical samples are made avail-
able in the repository with no mechanism for re-
contact. The second level of participation allows
the patient/family providing the sample to receive
information on incidental research findings.
From a regulatory standpoint, the BOfC program

relies on what could be characterized as a ‘self-
consenting process,’ that is, a member of the
research team is not immediately available in
person to the patient/family at the time of consent
(they are available by phone or email, however). In
this process, hospital registration personnel (regis-
trars) present the BOfC consent form to the
patient/family and are available to assist them in
reading the document. If the patient/family does
not understand the nature of the BOfC program, or
asks a question that cannot be addressed by a rele-
vant section of text in the BOfC consent docu-
ment, then consent is not obtained at that time. In
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such instances, the registrars are trained to mark the patient’s
BOfC consent decision as ‘consent deferred.’ This option is also
used in cases where the patient/family needs more time to
consider their decision, where an appropriate parent or legal
guardian does not accompany the minor patient, or when clin-
ical circumstances are not conducive to obtaining a meaningful
consent (eg, in an emergency setting or when the family is
overly distraught/distracted by the clinical care of the patient).
If BOfC consent is deferred, a patient is not asked again about
the project for 7 days. After this period, they are asked at their
next hospital encounter.

From an ethical and regulatory standpoint, ‘consent deferred’
is distinct from ‘refused participation,’ with the latter being
a definitive choice of the patient/family regarding the use of
their residual clinical samples. When developing the BOfC
consent process, the question was raised whether to re-approach
patients regarding participation once they indicated a refusal to
participate. The initial position was to not approach patients
again. After considerable discussion and consultation with
current and former patients and families, it became clear that
a patient/family ’s opinion on this topic can and does change
over time, particularly as their disease or treatment course
evolves. Therefore, CCHMC decided to keep the ‘refused
participation’ decision in effect for 12 months. Upon expiration,
the patient/family would then be asked to participate in BOfC
at their next encounter.

If a patient provides consent and later decides to refuse
participation (but does not withdraw), any sample collected
during the initial period of BOfC consent can still be used for
research. If a patient withdraws, however, all existing samples
not previously released are destroyed. If a patient is under
18 years of age at the time when the original BOfC consent is
obtained, a parent will provide consent and the child assent.
After turning 18, the patient will be asked to provide consent at
the first visit after their 18th birthday. This BOfC consent does
not expire unless the patient specifically withdraws from the
study. See the online supplement for additional information on
the consent process.

Epic
The patient’s BOfC consent decision is recorded in the
CCHMC’s enterprise EHR, Epic.4 It is recorded during the
registration process along with the patient’s decisions on docu-
ments like the ‘consent to treat’ and ‘notification of privacy
practices.’ Capturing this information in Epic proved to be
problematic, however.

The original BOfC consent form consisted of a single docu-
ment, with different signature lines to designate a patient’s
decision on their level of participation. Epic only supports one
electronic signature per document. As a result, four different
documents needed to be created in the systemdone for each
consent option, plus a fifth document for patients who elected
to withdraw from BOfC.
Epic treats documents as distinct entities. This means it is

possible for the registrars to add more than one BOfC consent
document to a patient’s record, each of which may be considered
active, or ‘effective’ (we were unable to find a way to prompt
the registrars to NOT ask about the BOfC consent if one had
already been obtained). This can result in a patient with
multiple effective consents without any indication as to which
is correct. To address this, rules were built to warn the registrars
that there was more than one consent document attached to the
patient’s record and to expire the old documents before
completing the registration. None of the rules can be triggered
until final submission, however. This is very late in the regis-
tration workflow and requires the registrars to navigate through
several screens before they can resolve the issue. In addition, it is
possible to ignore the warnings by simply logging out of the
system. As a result, a manual process must be executed to
identify and remove all BOfC consent documents for patients
with multiple effective consents.
The BOfC consent data are pulled from Epic on a daily basis

and stored in Epic’s reporting database, Clarity. This database
also includes information on the samples that have been drawn
for clinical testing. At first, the data related to the BOfC consent
documents in Clarity did not match what was on the screen in
Epic. As a result, our internal Epic team had to create a number
of specialized views to make the data more representative of
what is shown in the application. Even with these steps, manual
intervention is still needed to periodically clean the data.

Sample verification
In order to determine whether a given residual sample could be
used for research, we created a ‘traffic light’ application that
would accept a sample accession number and return a green
light if the sample could be kept, and a red light if it should be
discarded (figure 1). If a sample should be discarded, the appli-
cation provides the reason why (no consent obtained, consent
refused, withdrawn, etc). The clinical samples are not checked
whether they can be used for research until they are no longer
needed for clinical purposes (typically 7 days after they are
drawn). The sample verification application contains all of the

Figure 1 A scan log showing both
a ‘red light’ and ‘green light’ sample. In
this figure, the top two samples have
been red-lighted and the bottom three
green-lighted. Included in the log is
patient information, along with the
consent date, sample date, sample
type, and associated test(s) (included
for quality assurance purposes). The
reason for rejection is also provided for
all samples that are red-lighted. This
figure is produced in colour in the online
journaleplease visit the website to
view the colour figure.
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Figure 2 Illustration of application logic for complex sample acquisition scenarios. In each scenario, three different samples are collected. The date of
collection is shown, along with the consent type(s) in effect at that time. The scenario then shows the outcome of scanning each sample in the ‘traffic
light’ application in October 2011. In the top scenario, the patient withdrew from Better Outcomes for Children (BOfC), so all of their previously
collected samples would be destroyed. In the second scenario, the sample collected in June 2011 would be acceptable for use as it was collected
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business rules that ensure only proper samples are kept for
research (figure 2).

BTM and i2b2
Once the research samples have been processed, they are logged
into the biobank’s sample tracking and management system,
BTM-Research (Biomaterial Tracking and Manage-
mentdDaedalus Software5). The system tracks data and
metadata about the samples (container type, volume, time to
freezer, location, etc). This information is interfaced with the
hospital’s i2b2 data warehouse.6e8 Investigators can use i2b2 to
determine whether there are any samples of interest. After
a cohort has been generated, they work with the biobank staff
to request the samples. If tissue is requested, its release must be
approved by a Tissue Use Committee. The sample request
process is currently manual, but efforts are underway to
automate it.

RESULTS
After going live in several clinics, we have found patient
participation to be overwhelmingly positive. As of February 27,
2012, over 86% of asked patients have provided consent and
almost 83% have requested to be notified of any subsequent
findings. The breakdown of patient decisions is presented in
table 1. This approaches the percentages of patients who
participate in the opt-out BioVu databank.2 9 In the 6 months
that the project has been live, we have obtained decisions from
more than 18 000 patients and processed over 8000 blood
samples for storage in our research biobank. We have also
grandfathered in over 25 000 tissue samples that were collected
by our pathology laboratory as leftover surgical specimens.
Newly collected tissue samples will be also be included if the
BOfC consent status allows.

Efforts are underway to roll out the BOfC registration process
to the rest of the hospital. One notable change that had to be
made after the initial go-live period was to allow patients to
refuse consent without a signature. The original IRB protocol
required each document to be electronically signed. Within Epic,
patients are presented with an electronic signature pad, but are
not able to see the document they are signing (a hardcopy
printout is available). Patients who were distrustful of the
project were not willing sign a document that they could not
see. As a result, the BOfC protocol and consent process were
amended to allow refusal documents to be obtained without an
electronic signature.

CONCLUSION
The idea of reusing residual clinical samples for secondary research
has obvious appeal. It is much simpler and more economical to
pull samples from the normal clinic flow than to collect them in
a separate process requiring an additional needle stick. Looking
ahead at the changing regulatory landscape,10 CCHMC is in the
vanguard of institutions preparing for the expected need to
consent patients even for the use of residual clinical samples. The
use of a registrar-based consent process as implemented at
CCHMC has obvious appeal: no additional research staff are
required, the consent decision is stored directly in the EHR, and
the process does not significantly impede patient flow. Commer-
cial EHRs like Epic present significant barriers to the imple-
mentation of a registrar-based process, however. It is possible to
work around these limitations, but more often than not, the
workarounds result in a process that is less reliable and more
prone to human error. A more sustainable solution would be the
encouragement of open, service-based EHR architectures that
allow for the creation of custom interfaces and workflows.
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Table 1 Breakdown of patient consent by document type

Consent type Count Percentage of total

Consent with notification 15 421 82.6%

Consent without notification 691 3.7%

Consent refused 990 5.3%

Consent deferred 1562 8.4%

Consent withdrawn 4 0.0%

Total 18 668

under a ‘yes’ consent. The second sample was collected when there were two effective consents and the third under a ‘refused consent,’ so both
would be unusable. In the third scenario, the first sample cannot be used as it was collected during a period of undecided consent. The second was
collected when there were two effective consents and is therefore unusable. The third sample was collected under a ‘yes’ consent and is therefore
acceptable for use.
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