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review article

Clinical trials that are embedded into usual care have the po-
tential to yield outcomes of great relevance to the institutions where they 
are performed and at the same time to yield information that may be gen-

eralizable to the health care system at large. In this article, we review four clinical 
trials that were conducted in three health care systems using their extant elec-
tronic health record (EHR) systems. We find that EHR-based clinical trials are 
feasible but pose limitations on the questions that can be addressed, the pro-
cesses that can be implemented, and the outcomes that can be assessed. We think 
that the current requirements for ethics review should be reconsidered for such 
trials, in which the risk for participants that can be attributed to research is low.

Fe at ur es of Compa r ati v e Effec ti v eness Tr i a l s

Randomized comparative effectiveness trials compare the effects of a number of 
treatments in current use on clinical outcomes in order to guide decision making. 
The emphasis on clinical goals and decisions distinguishes comparative effective-
ness trials from trials that are designed to compare an experimental treatment to 
a control, to establish proof-of-concept, or to elucidate a mechanism of action.

Despite this simple definition, comparative effectiveness trials vary consider-
ably in the degree to which they are integrated with or segregated from clinical 
practice. Some follow usual care closely, whereas others deviate from usual care 
by using sophisticated methods. Comparative effectiveness trials that are segre-
gated from usual care have been the subject of a great deal of study and commen-
tary, and we do not consider them in this article. The comparative effectiveness 
trials that concern us here seek to blend themselves unobtrusively into normal 
clinical operations, limiting the research perturbation to the bare minimum neces-
sary to settle the questions that motivate them. The aims of integrated compara-
tive effectiveness research and segregated comparative effectiveness research are 
shared by quality-improvement efforts, and the boundaries among them are not 
sharp (Table 1).

Converting naturally observed treatment variation into experimental manipula-
tion challenges the pragmatic goals of comparative effectiveness research by dis-
turbing normal clinical operations. Experimental comparative effectiveness re-
search may intrude on normal clinical operations with extra baseline and outcome 
assessments, procedures for informing patients and obtaining their consent for 
research, and regulatory requirements for the training of personnel engaged in 
research. The integration of comparative effectiveness research into clinical prac-
tice retains the minimally intrusive effects of observational research while offering 
the strengths provided by the experimental method (including randomization). 
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This article describes the successes and failures 
of various attempts to integrate comparative ef-
fectiveness research into practice.

We use four case studies to show the major 
features of integration of research into practice. 
For each trial, we examine the effects of the re-
search on the eligibility and recruitment of pa-
tients, on the follow-up of patients for outcomes 
and safety monitoring, and on the regulatory 
and governance issues it raises (Table  2). The 

examples also show the different challenges that 
are encountered by an attempt at the integration 
of research into practice that starts with a re-
search approach and seeks to map research 
operations onto the clinical context, as com-
pared with a practice that starts with a quality-
improvement approach and borrows strength 
from research methods. We chose these case 
examples because they represent the critical ap-
proaches to research integration. This review is 

Variable Quality Improvement
Integrated Comparative 

Effectiveness
Segregated Comparative 

Effectiveness

Proponent Clinical care providers Researcher or clinical care 
providers

Researcher

Funding source Health care system Health care system or re-
search enterprise

Research enterprise

Site Typically single site or sin-
gle health care system

Single site or multiple health 
care systems

Single site or multiple health 
care systems

Regulation Regulated under local 
health care system 
rules

Regulated as research, as im-
plied by creation of gener-
alizable knowledge

Regulated as research

Design Randomization typically 
not used

Randomization accepted as 
standard

Randomization accepted as 
standard

Persons conducting the 
study

Clinicians and administra-
tors who are not con-
sidered to be engaged 
in research

Clinicians and research staff 
who may or may not be 
considered to be engaged 
in research

Clinicians and research staff 
who are usually consid-
ered to be engaged in 
research

Primary implementation 
tool

EHR system EHR or specialized study soft-
ware and forms

Specialized study software 
and forms

Product Practice improvement Practice improvement and re-
search publication

Research publication

*	�EHR denotes electronic health record.

Table 1. Comparison of Quality Improvement with Integrated Comparative Effectiveness Research and Segregated 
Comparative Effectiveness Research.*

Trial Patient Eligibility and Recruitment Ascertainment of Outcomes Regulation and Governance

Chlorhexidine bath-
ing trial1

Cluster randomization with auto-
matic enrollment on ICU 
admission

Inpatient chart review of all 
participants by infection-
control personnel

Waiver of informed consent, 
with clinicians who were 
not considered to be en-
gaged in research

Retropro and eLung 
trials2

Alert to clinician for possible eligi-
bility by flagging software or 
the enrollment of the patient 
by the clinician directly through 
the trial website

System developed to aggre-
gate outcomes from out-
patient records

Informed consent obtained by 
clinicians who were con-
sidered to be engaged in 
research

Insulin administra-
tion trial3

Randomization allowed by physi-
cian at the insulin-order entry 
screen in EHR

Computed by structured data 
from the EHR and corpo-
rate data warehouse

Informed consent obtained by 
the study nurse; patient re-
ferred by clinician who was 
not considered to be en-
gaged in research

*	�ICU denotes intensive care unit.

Table 2. Comparison of Critical Elements in the Trials.*
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not meant to be a comprehensive review of all 
such research methods.

E x a mple V igne t tes

Chlorhexidine Bathing Trial

This trial is an example of “quality improvement 
first” integration, leading to a generalizable re-
search result. Noto et al. used a cluster-random-
ized crossover trial to compare daily bathing with 
the use of chlorhexidine-impregnated cloths 
with daily bathing with the use of nonantimicro-
bial cloths with regard to the incidence of infec-
tion among critically ill patients.1 Each treat-
ment was performed for a 10-week “bathing 
period,” and after a 2-week washout period, the 
alternate bathing treatment was performed for 
10 weeks. Each intensive care unit (ICU) crossed 
over between bathing assignments three times 
during the trial.

Patients who were admitted to the ICU during 
the bathing period were enrolled unless they had 
a known allergy to chlorhexidine or they were 
admitted with burns, toxic epidermal necroly-
sis, or the Stevens–Johnson syndrome or “if the 
treating physician felt bathing would be unsafe.” 
The authors reported that the “study was con-
ceived as an institutional quality improvement 
project” and was reviewed as such by the insti-
tutional review board, which approved a waiver 
of informed consent. After completing the enroll-
ment of the patients, but before analyzing the 
data, the authors reported realizing the possible 
external interest in the results, which caused 
them to treat it as a research study from that 
point on.

Retropro and eLung Trials

These two trials, one regarding statins and the 
other regarding antibiotic agents, show the chal-
lenges of an attempt to use the full range of 
standard research methods in a clinical context. 
The two trials2 were intended to test the feasibil-
ity of integrating patient-level randomized, com-
parative effectiveness research into the practice 
of general practitioners in the United Kingdom, 
with the use of a system that was based on EHRs 
from the clinician’s office. Qualitative and quan-
titative methods were used to study the effect of 
the research integration on patients and provid-
ers and to assess the quality of the trial data and 
conduct. In both trials, the treatment assign-
ment was revealed only after randomization. 

General practitioners verified eligibility and ob-
tained informed consent from the patients, ac-
cessing the trial website to record both and to 
obtain the randomized assignment.

Retropro compared simvastatin with atorva
statin in patients older than 40 years of age who 
had a risk of cardiovascular disease that was 
more than 20% over a 10-year period; the trial 
excluded patients with a history of statin use or 
a diagnosis of cardiovascular disease or liver 
disease. Clinical outcomes included cardiovascu-
lar disease during the trial period. Data from the 
EHRs were used to calculate baseline risk, with 
the use of the Framingham score and variations, 
and to ascertain outcomes.

The eLung trial compared immediate (pro-
phylactic) use of antibiotics with deferred use in 
patients older than 40 years of age who had an 
acute exacerbation of underlying chronic obstruc-
tive pulmonary disease (COPD) that was charac-
terized by increased nonpurulent sputum volume 
but who, in the opinion of the practitioner, did 
not require immediate referral to a specialist. 
Clinical outcomes included the forced expiratory 
volume in 1 second and quality of life.

Insulin Administration Trial

This trial compared two methods (a sliding scale 
vs. a weight-based regimen) for determining the 
dose of subcutaneously administered insulin to be 
used in hospitalized patients.3 This trial shows 
the issues that arose in mapping key research 
tasks onto existing informatics resources at U.S. 
Veterans Affairs (VA) hospitals. Order-entry 
screens at three VA hospitals were modified to 
include an option to enroll participants into the 
trial comparing these two regimens (Fig.  1). 
Election of the menu choice “no preference for 
insulin regimen” triggered the EHR workflow to 
notify the research nurse to obtain informed 
consent, automatically place a note of participa-
tion in research in the medical record, and ran-
domly assign treatment.4 The primary outcome 
of this ongoing trial was the length of hospital 
stay, and secondary outcomes included measures 
of glycemic control, all of which were ascer-
tained from the EHR database.

Eligibili t y a nd R ecrui tmen t  
of the Patien t s

All four trials used the locally collected clinical 
data to determine whether a given patient met 
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the overarching criteria for inclusion. The treat-
ing clinician made the final decision regarding 
eligibility.

In the chlorhexidine bathing trial, recruitment 
was automatic once it was approved by the treat-
ing clinician. In fact, no patients met the exclu-
sion criteria, so all the patients who were admit-
ted to the ICU during one of the four bathing 
periods were included in the primary analysis.

In the Retropro and eLung trials, f lagging 
software that was developed before the start of 
the trials was intended to notify clinicians of 
patients who were eligible for the trial during a 
patient visit. During the development of this 
software, the investigators studied attitudes of 
physicians and primary care nurses toward re-
cruitment for randomization, as well as the use 
of software tools developed for that purpose. 
Not surprisingly, the top concern was the lack of 
time for recruitment during a patient visit. 
Nurses were more comfortable than physicians 
with regard to obtaining informed consent dur-
ing the consultation. Physicians, more often than 
nurses, thought that financial incentives to the 
participating health care providers might help. 
Physicians also indicated that clinical uncertainty 
would help motivate the participation of provid-
ers. Both groups of providers believed that the 
doctor–patient relationship would facilitate re-
cruitment, although it could be a barrier. In 
these two trials, the flagging software proved to 
be the most problematic part of the implementa-
tion, since it required considerable training, 
troubleshooting, and tailoring to the individual 
trial. However, once the clinicians knew how 
the recruitment system worked (enrollment of the 
first patient was considered to be the most diffi-
cult part of the process), recruitment was simple.

The insulin administration trial identified as 
eligible any patient for whom an order for insulin 
was to be placed. The patient’s physician made 
the final determination of eligibility on the basis 
of his or her assessment of the relevant charac-
teristics of the individual patient.

 Foll ow-up of Patien t s 
for Ou t comes a nd S a fe t y 

Moni t or ing

In the chlorhexidine bathing trial, trained infec-
tion-control personnel (who were unaware of 
the trial-group assignment) reviewed the EHR to 
determine the primary outcome, which was a 

composite of several hospital-acquired infections. 
Secondary outcomes such as in-hospital death 
and length of stay were also available. Thus, this 
trial took advantage of the fixed, short time 
horizon for outcomes and the inpatient setting 
(as well as the available expert staff) to mini-
mize extra effort and expense in the ascertain-
ment of outcomes. Outcomes that were not 
routinely collected in the ICU, such as the acqui-
sition of multidrug-resistant organisms, were 
not recorded. By design, no special efforts were 
made to enhance adherence of the health care 
providers and patients to the protocol, and no 
safety monitoring beyond usual ICU practice 
was performed.

In the Retropro and eLung trials, data on out-
comes were collected during outpatient follow-
up, which required a substantial investment in a 
system that aggregated EHR content. Consider-
able work was needed to process the raw data 
from clinical encounters into a form that was 
usable for assessing outcome. These trials were 
conducted under Good Clinical Practice (GCP) 
standards, which have specific requirements 
concerning the quality of trial data.

Figure 1. Screen Shot of the Endocrine Medication Menu.

Order-entry screens at three hospitals were modified to include an option 
to enroll participants in a trial comparing two regimens for the administra-
tion of insulin. Election of the menu choice “no preference for insulin regi-
men” triggered the electronic health record workflow to notify the research 
nurse to obtain informed consent, automatically place a note of participa-
tion in research in the medical record, and randomly assign treatment. ICU 
denotes intensive care unit.
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The insulin administration trial was designed 
to study outcomes on the basis of structured 
data elements that were easily obtained from the 
EHR, such as dates of hospital admission and 
discharge and blood-glucose levels. More compli-
cated outcomes such as infection (possibly due 
to hyperglycemia) would require more sophisti-
cated and costly data processing and manage-
ment and therefore were not studied, which 
shows one of the trade-off decisions that are 
inherent in conducting point-of-care trials.

R egul ation a nd G ov er na nce

All four trials were conducted under standard 
procedures for protecting human participants 
from research risks. The chlorhexidine bathing 
trial had a single ethics review as a quality-
improvement initiative, which sufficed even after 
the study was reconceived as a clinical trial and 
came under regulation for the protection of hu-
man participants from research risks. The waiver 
of informed consent greatly simplified the inte-
gration of the trial into clinical care. By contrast, 
the two U.K. trials (Retropro and eLung) and the 
VA trial regarding insulin administration were 
designed as research studies, thus requiring 
multiple levels of approvals and informed con-
sent from individual patients.

The leaders of the Retropro and eLung trials 
began their summary of the main lessons 
learned by asserting that, “Electronic health 
record point-of-care trials are feasible, although 
recruitment of clinicians is a major challenge 
due to the complexity in trial approvals.” The 
details of the trial-approvals process are sober-
ing, if not particularly surprising, as described 
in the investigators’ own words2:

The overarching [National Health Service] 
governance review took 2 years from origi-
nal application to approval, followed by lo-
cal approvals (which took a further year in 
England, but only 2 months in Scotland). 
Several regions demanded local modifica-
tions of the trials, including localised con-
sent forms and, because of prescribing 
guidelines, mandatory switching from ator
vastatin to simvastatin in Retropro 3 months 
after trial entry. Several [general practi
tioners] were also warned that Retropro 

would adversely affect their statin perfor-
mance targets (most regions restricted 
atorvastatin prescribing). Review by the 
ethics committee resulted in a considerable 
lengthening of the informed consent form.

The Retropro and eLung trials were conducted 
under GCP procedures. GCP requirements man-
dated a detailed, comprehensive review of all 
trial components before approval. The GCP stan-
dard includes site monitoring for compliance 
with the protocol, detection of threats to data 
integrity, a strong preference for structured data-
collection forms, and extensive documentation 
of adverse events. The conventional EHR system 
could not satisfy the GCP standard without ex-
tensive reengineering. Thus, the mismatch be-
tween EHR and GCP standards imposed a sub-
stantial burden on the participating physicians, 
including paperwork and training before they 
were allowed to recruit patients for the trials.

The practitioners in the Retropro and eLung 
trials provided crucial input and were not com-
pensated for their time and effort, nor were they 
recognized individually for academic contribu-
tions. For the Retropro trial, the number of 
practices that expressed an interest was 270 of 
459 that were contacted (58.8%), but only 50 
completed a site submission, 35 completed GCP 
training, and 17 (3.7%) recruited patients. The 
results with respect to the eLung trial were 
similar, with only 6 of the 459 contacted sites 
(1.3%) actually recruiting patients. The authors 
conclude2:

It is unclear why point-of-care trials not in-
tended for regulatory submission also need 
to comply with GCP. The fundamental 
question is why point-of-care trials are 
viewed as an activity that requires elabo-
rate governance procedures rather than as 
quality improvement that is an intrinsic 
part of routine clinical care.

The insulin administration trial underwent 
full review by the institutional review board at 
each of the three participating sites and required 
written informed consent from the patients, 
which was obtained by trained research person-
nel, not by the treating clinician. Clinicians who 
referred their patients for inclusion in the trial 
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were therefore not considered to be engaged in 
research, despite the fact that they signed the 
randomly generated order for insulin adminis-
tration, and thus they were not required to un-
dergo research training and credentialing.

Lessons Le a r ned

The delegation of patient recruitment and con-
senting processes to providers at the point of 
care imposes a burden that greatly reduces the 
enthusiasm and willingness of providers to par-
ticipate.5,6 Minimizing the time and effort re-
quired from clinicians to identify eligible pa-
tients and obtain informed consent contributes 
to successful embedded trials. In the chlorhex-
idine bathing trial, the cluster-randomization 
design with waiver of consent and the inclusive 
selection criteria (which did not exclude a single 
patient) facilitated enrollment.

In the Retropro and eLung trials, patient-level 
randomization, more complicated eligibility cri-
teria, and a requirement for additional software 
(beyond the EHR application) raised barriers to 
clinician participation. Alternatives include cen-
tralized identification and the recruitment of 
patients before health care encounters, allowing 
telephone-based centralized processes with waiv-
er of documentation, and allowing informed 
consent to be obtained early during hospital or 
clinic intake, followed by simple notification at 
the time of randomization.7

Other simplifying alterations of the informed-
consent process may provide appropriate protec-
tions, matched to the actual risks of embedded 
comparative effectiveness trials, while allowing 
efficient learning to proceed. In a public dialogue 
conducted for the Health Research Authority in 
the United Kingdom, almost all groups expressed 
support in principle for simplified informed-
consent processes in appropriate low-risk trials 
of already licensed drugs and other interventions 
in common use.8 In a population-based survey 
conducted in the United States, when faced with 
the trade-off of requiring documentation of con-
sent and allowing comparative effectiveness re-
search to go forward, a majority of survey respon-
dents who were asked to imagine participation in 
a hypothetical trial preferred to forego documen-
tation rather than see valuable research halted.9

To enable embedded trials, EHR systems must 

have sufficient flexibility to allow the creation of 
workflows that support study-specific enrollment 
processes with minimal perturbation of clinical 
care. But flexible systems such as the VistA appli-
cation that is used in the VA are not widely used. 
Realizing the full value of embedded trials requires 
a substantial reengineering of EHR systems.

Embedded trials work best when primary out-
comes can be derived from the medical record 
with minimal human input. The primary pre-
specified outcome in the chlorhexidine bathing 
trial was a clinically compelling composite of 
central catheter–associated bloodstream infec-
tion, catheter-associated urinary tract infection, 
ventilator-associated pneumonia, and Clostridium 
difficile infection. But ascertainment required 
manual chart review for all 9340 participants.

Outcomes in the eLung trial (hospital admis-
sion for COPD exacerbation and the prescribing 
of oral glucocorticoids) and the Retropro trial 
(repeat statin prescribing, death, and cardiovas-
cular disease during the trial) were readily ascer-
tained from data that were initially recorded in 
the EHRs and then aggregated for analysis, 
which obviated the need for exhaustive manual 
chart review. Both the primary outcome (length 
of hospital stay) and the secondary outcome 
(glycemic control as determined by the glucose 
level) in the insulin administration trial were 
ascertained from structured data elements in the 
medical record, with the use of fully automated 
procedures. Thus, to avoid additional complexity 
and cost of outcome ascertainment outside the 
EHR, study planners must balance clinical rele-
vance with technical feasibility and cost.

Care providers have three central roles in em-
bedded research: they must be engaged as active 
partners in defining the objectives of the research, 
they must assent to randomization for each pa-
tient, and they must agree to deliver treatments in 
accordance with the protocol. However, they should 
not be considered to be engaged in research, from 
a regulatory standpoint, for two principal reasons. 
First, the regulatory burden thus introduced in-
hibits the recruitment of clinician participants, 
with little or no effect on the safety of patients 
or the quality of the study in embedded trials. 
More important, the proponents and sponsors 
of an embedded trial must strive to maintain the 
clinician’s independence as the patient’s advocate 
and final gatekeeper against inappropriate inclu-
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sion in an embedded trial. The independence of 
providers will be bolstered by an explicit re-
minder that the clinician is engaged in protecting 
and treating the patient rather than conducting 
the research.

Determination of the final eligibility of a pa-
tient and the recommendation for inclusion in 
the trial by clinical care providers — a feature of 
each of the four trials presented — creates a 
trade-off. Variation among clinicians’ judgments 
(not rigorously constrained by a recruitment 
protocol that has been implemented by trained 
research staff) results in a mix of patients, fil-
tered for equipoise by practitioners rather than 
by primary investigators who are following the 
instructions of trial designers. Heterogeneity that 
is introduced by relaxation of the rigor of inclu-
sion criteria leads to an imprecise biologic speci-
fication of the reference population, but results 
may be more informative for health care system 
practices.

Discussion

The goals of randomized comparative effective-
ness trials can be realized by the integration of 
randomized treatment assignment within the 
usual care ecosystem and by the collection of 
baseline and outcome data by traditional obser-
vational study methods (i.e., from the patient’s 
EHR rather than from specific study-visit forms). 
As such, the limitations of these point-of-care 
studies are inherited from the observational sub-
strate; trials conducted in this manner are not 

traditional full-strength pragmatic studies stripped 
of technique but rather should be considered 
observational comparative effectiveness studies 
that are enhanced by randomization.

The point-of-care method is best suited for 
interventions that are in common use and regard-
ing which there are both uncertainty among 
clinicians and a strong desire to explore com-
parative effectiveness, that have well-described 
toxicity profiles (allowing risk-based monitoring 
native to clinical practice), and that are situated 
where study operations can be implemented with 
minimal perturbation of the clinical care ecosys-
tem. Ideally, the EHR should be able to be con-
figured to accommodate study-specific work-
flows (such as the creation of specialized 
study-based pop-ups and order-entry screens) with 
back-end data linked to other databases (such as 
outpatient record systems).10 All study events that 
are driven by automatic processes and that affect 
clinical care (such as the determination of eligi-
bility) must be verified by human experts.

Embedded comparative effectiveness research 
relies on the engagement of care providers and 
health care systems as active partners in defin-
ing the objectives of the research rather than as 
passive consumers of its product. Exploiting the 
full potential of point-of-care methods includes 
rethinking and redefining traditional ethical and 
regulatory standards (including informed con-
sent and engagement in research) in this para-
digm of low risk that is attributable to research.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.
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