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Randomized clinical trials play an important role in the ad-
vancement of science, pursuit of improved health, and quest
for more effective delivery of health care. Patients, policy
makers, and the medical community recognize these trials as
the gold standard in the development of evidence on which to
base the delivery of medical care [1]. In spite of their impor-
tance, the conduct of these trials is challenging for a variety of
reasons, including their cost and complexity to perform [2].
The field of applied clinical informatics is increasingly well-
positioned to facilitate many of the traditional steps required
for the successful conduct of a prospective randomized clini-
cal trial, potentially catalyzing the efficient generation of high-
quality medical evidence and incorporation of the medical
record into a learning health system [3, 4].

Most randomized clinical trials follow a relatively set se-
quence of six steps. A population of patients is screened for
eligibility by study inclusion and exclusion criteria. Those
patients who meet criteria are considered for enrollment in
the trial. Enrolled patients are randomized into study groups
(i.e., control vs. intervention(s)). The assigned intervention is
delivered and the rate of receipt of study intervention is re-
corded. Data are collected about patients’ response to the in-
tervention over the course of the trial and outcomes at the end
of the trial are measured. Data are synthesized and analyzed to
allow interpretation of the results of the trial.
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Now more than ever, there is burgeoning potential for clin-
ical informatics to facilitate each of these steps. “Sniffing”
applications can automatically screen populations of patients
for eligibility, by comparing defined inclusion and exclusion
criteria with data housed in an electronic medical record [5].
These applications can then be used to flag potential study
participants [6]. Once patients are enrolled in a study, random-
ization assignment can be automatically generated using a
real-time randomization scheme built into a study application.
Delivery of the assigned intervention can also be facilitated by
informatics (e.g., an advisor in the computerized provider
electronic order (CPOE) entry system that directs providers
to an assigned medication, or an automatic generation of an
order to pharmacy, laboratory, etc.) [7] or the informatics ap-
plications themselves may be the study intervention (e.g., a
clinical decision support system to aid providers in the man-
agement of a clinical condition) [8, 9]. Through the automated
collection of clinical data from existing sources which make
up the larger electronic medical record (e.g., CPOE, pharmacy
logs, clinical monitoring systems, laboratory systems, billing
systems, registration systems), informatics can provide infor-
mation regarding compliance with the assigned study inter-
vention (e.g., dispensing of assigned medication by pharmacy,
administration by bedside nurse), changes over time in re-
sponse to the intervention (e.g., changes in physiologic mea-
sures and laboratory values over the course of the study), and
trial outcomes (e.g., death, hospital length of stay, develop-
ment of organ dysfunction). Although these data are typically
collected in raw form and then analyzed at defined time points
in a study, informatics can also help synthesize, analyze, and
present the data in real-time to facilitate monitoring and con-
duct of the study. (e.g., dashboards for study personnel detail-
ing enrollment, compliance, and safety measures or interim
analyses in Bayesian design studies).
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The steps of a clinical trial that are best augmented by
clinical informatics depend on the design of the trial and the
electronic infrastructure available at the study performance
site. Similarly, the potential limitations of an informatics ap-
proach at each of the steps differ depending on the specific
trial design. A fundamental decision-point is whether the in-
formatics applications themselves are a part of the study inter-
vention, or are simply tools to facilitate examination of an
unrelated question. If the study intervention is an informatics
tool (such as a computerized clinical decision support system)
then careful attention must be paid to best practices in the
development of electronic tools. Such interventions should
provide decision support that is embedded in an existing
workflow, without relying on clinician initiative [10, 11]. Ad-
ditionally, to be successful, these types of interventions should
deliver decision support at the time of decision making, and
provide actionable recommendations rather than just assess-
ment [10, 11]. They should be integrated, to the degree possi-
ble, with the electronic systems being used and require mini-
mal data entry on the part of the clinician. Attention to system
speed, user interface, timing of the intervention, clinician time
savings, startup costs, alert fatigue, information overload, lo-
cal environment, periodic performance feedback, and the
manner in which the tool is introduced to providers may be
more important to the success of the trial than the actual con-
tent of the informatics intervention [9—12]. It is therefore crit-
ically important when reporting on the success or failure of an
informatics tool intervention, to describe carefully the partic-
ular context in which it was implemented.

In contrast, when informatics are not part of the study in-
tervention but are being used as tools to identify, enroll, and
follow patients, the challenges are different [13]. In these
cases, validation that the informatics approach is performing
the assigned function in a manner comparable to how it would
be performed in a traditional trial is essential. For example, if a
“sniffer” is used to identify hospitalized patients eligible for a
trial, but fails to screen the records of patients coded as “24 h
observation,” the application may systematically introduce a
selection bias that might not be readily evident to investigators
from generated lists of eligible patients. Another example re-
lates to study data collection. If body mass index is an out-
come, traditional data collection by a study nurse might auto-
matically convert values in which weight was recorded in kg
but height in inches, whereas an informatics application might
fail to identify unit conversion errors. Recognizing and appro-
priately handling the noise that accompanies the automatic
extraction of data from electronic systems is crucial to detect-
ing true signal from a study intervention.

In spite of these challenges, the deployment of informatics
tools to facilitate the conduct of clinical trials has the potential
to provide tremendous cost savings. A traditional budget for
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patient enrollment in an NIH-funded prospective randomized
clinical trial performed in an inpatient setting is $10,000—40,
000 per patient [14]. While some of this cost goes toward the
study intervention itself (e.g., generation of intervention or
distribution of placebo pills by a study pharmacy), the major-
ity of the cost provides for study personnel and the time re-
quired to screen patients, enroll subjects, collect data through-
out the trial, and maintain study databases. Leveraging infor-
matics to automatically perform a portion of these functions
may allow conduct of smaller trials without any funding, con-
duct of traditionally-sized trials at a fraction of the traditional
cost, or the conduct of trials too large to previously be
attempted.

There are also components of traditional prospective ran-
domized clinical trials for which informatics have not yet been
able to be leveraged. For trials requiring informed consent,
there are provisions for consent submission electronically or
by facsimile, but little progress has been made in identifying
approaches to satisfactorily detail the risks and benefits of
participation in order to obtain informed consent without the
direct involvement of study personnel. However, there is
promising work around the development of interactive sys-
tems which may enable patients to give informed consent
electronically without the direct involvement of a study mem-
ber [15]. In addition to the limitations involving consent, data
collection via informatics approaches has largely been limited
to data collected for clinical care or surveys. While this is
consistent with the design of many pragmatic trials, many
traditional randomized trials have collected granular physio-
logic and laboratory evaluations which have proven instru-
mental in understanding the study intervention and outcomes
of the study. Developing new approaches to identify and uti-
lize discarded clinical specimens and other routinely available
samples may help bridge this gap and allow more detailed
explanatory approaches via informatics-driven data
collection.

In the future, we anticipate increased utilization of clinical
informatics to facilitate the conduct of prospective random-
ized trials and optimize the medical record as a vital tool of
the learning health system. Given the mounting financial
pressures across the health care system and the relatively
limited resources available for the conduct of clinical trials,
the integration of informatics-based techniques will be es-
sential to optimizing the value of clinical trials going for-
ward. In the ideal state, our electronic systems will automat-
ically and continuously generate new knowledge and recom-
mendations that enable the delivery of better care. By un-
derstanding its strengths, limitations, and optimal orchestra-
tion, we have the opportunity to make informatics-enhanced
clinical trials the new gold-standard in the generation of
evidence in medicine.
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