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A Technical Infrastructure to Conduct Randomized Database
Studies Facilitated by a General Practice Research Database
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Abstract General practice research databases are increasingly used to study intended and unintended effects
of treatments. However, confounding by indication remains a major problem. The randomized database study
methodology has been proposed as a method to combine the strengths of observational database (generalizability) and
the strength of the randomized clinical trial (RCT) design (randomization). We developed an infrastructure that enables
the execution of randomized database studies with treatment randomization facilitated by a general practice research
database. The requirements posed by the methodology of randomized database studies were facilitated by software
components. Our assessment showed that it is technically possible to conduct randomized trials in general practice
according to the randomized database design. The infrastructure facilitated the conduct of randomized database
studies in general practice but some practical difficulties and methodological issues remain. The technical infrastructure
seems to be both promising and potentially feasible to facilitate future randomized database studies, although the

methodology needs to be evaluated in more detail.
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Background

An increasing number of general practitioners (GPs) replace
traditional paper-based patient records with electronic pa-
tient records (EPRs). A typical EPR contains information
about patient identification, demographics, type of visits, pre-
scriptions, diagnoses, reasons for visits, referrals, laboratory
findings, and other notes. In the Netherlands, for example,
more than 90% of the GPs have replaced their paper records
with EPRs." In automated general practices, the EPR facili-
tates many processes such as patient care, management, bill-
ing, planning of care processes, and education.”

Researchers have recognized the potential value of data col-
lected with the EPR, and this realization has resulted in a
number of so-called general practice research databases.
These general practice research databases contain longitudi-
nal data from the EPRs. In countries where the GP has a gate-
keeper role in the health care system (e.g., the Netherlands,
United Kingdom), these databases contain almost complete
medical data. Examples are the General Practice Research
Database®, Mediplus UK,* and Integrated Primary Care
Information database.’

Pharmacoepidemiology is an example of a research area that
takes advantage of the availability of general practice re-
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search databases since the databases contain information on
the population, drug use, and mild and severe outcomes.
However, a major issue in the conduct of observational stud-
ies, especially concerning intended drug effects, is confound-
ing by indication.** Such confounding occurs when the
physicians’ selection of a treatment is related to the severity
of the underlying disease or to the prognosis of the patient.”

In the randomized clinical trial (RCT) design, confounding is
dealt with by random allocation of treatments.® Even though
the RCT design is considered the gold standard in assessing
treatment effects, it has some limitations. RCTs are often con-
ducted in controlled environments with selected and limited
patient groups. One of the key challenges in the interpretation
of RCT results, therefore, is to determine whether the study
results also apply to other settings and populations. The
term generalizability is used to describe the degree to which
the results can be generalized to other settings and popula-
tions.” For example, a RCT conducted in a hospital environ-
ment controlled by a strict protocol with a specific patient
population may not be generalizable to the general practice
population.

Due to the lack of generalizability of RCTs to primary care set-
tings, there has been a request for large simple trials or prag-
matic trials that provide measures of treatment effectiveness
(rather than efficacy) in this setting.'” In pragmatic RCTs,
the patient sample is more heterogeneous and the evaluation
and follow-up criteria are similar to those used in clinical
practice. Compared to conventional RCTs, pragmatic RCTs

*Confounding by indication is a term used when a variable is a risk
factor for a disease among nonexposed persons and is associated
with exposure of interest in the population from which the cases
derive, without being an intermediate step in the causal pathway
between the exposure and the disease.



Journal of the American Medical Informatics Association Volume 12 Number 6 Nov / Dec 2005 603

are conducted with fewer restrictions and enable researchers
to use study designs and data that are representative of the
natural patient care setting.11

A number of researchers have argued that combining the
strengths of observational studies in databases (generalizabil-
ity) and the strength of the pragmatic RCT design (randomi-
zation) will result in a new method of research: randomized
database studies.'> A randomized database study is described
as a study in which the EPR is used to select eligible study
candidates, to randomize patients, and to collect data on
the course of the treatment.

Researchers use data collected during daily care to assess the
outcome, as is done in pharmacoepidemiologic studies with
general practice research databases. In a randomized data-
base study, however, the randomization procedure needs to
be incorporated in the daily care workflow, preferably
when the treatment is prescribed.

Although the advantages of this approach have been recog-
nized," no research has been conducted to further develop
the randomized database study approach. In this paper, we
describe our attempt to develop an infrastructure that enables
the execution of randomized database studies with treatment
randomization in the context of a general practice research
database.

We first briefly describe the changes that have to be made to
the EPR in order to generate data for a general practice
research database. We then describe the additional system
requirements posed by the randomized database study.
Finally, we describe the different additional software com-
ponents that we built to enable the execution of randomized
database studies.

From the EPR to a General Practice Research
Database

Physicians in primary care mainly use the EPR to document
patient treatment. Researchers using data from the EPR
have concluded that data in the EPR are not always suitable
for their needs’ because the data requirements for research
and clinical care are not always congruent. For example, re-
searchers report that EPRs often contain in detail the actions
performed by the physician, but often not the underlying ra-
tionale'*'%; physicians often use the EPR to record what was
done rather than why it was done.

In the early 1990s, we were involved in the development of a
general practice research database based on EPRs used in
general practice, the Integrated Primary Care Information
(IPCI) database.® When we developed the IPCI database,
we analyzed the requirements of the researchers and built
additional software to address the limitations of routinely
recorded data when using such data for research purposes.

Requirement for Observational Research

with the IPCI Database
Researchers intended to use the IPCI database primarily for
pharmacoepidemiological research; the database should be
the data source to test hypotheses about both adverse and
beneficial effects of drugs. To enable investigators to conduct
this type of research, we formulated the following require-
ments:

1. Researchers should have access to all medical data on the
patients. Since GPs may record data in the EPR and on
paper, we required that the GPs record all medical data
in the electronic records. The general practices that supply
data to the IPCI database should be paperless to ensure
that all relevant events are recorded in the EPR.

2. Researchers should be able to follow treatments over time
including changes in treatment. Therefore, GPs should re-
cord the indication for each prescription and switches to
other treatments.

3. Researchers should not have to obtain informed consent
from each individual patient for each study to avoid selec-
tive participation. Dutch law stipulates that patient data
can be used for research without the patient’s consent
only if the data are amonyrnizecl.16 Therefore, we required
the data in the IPCI database to be anonymous. This means
that the identity of both the physicians and patients should
be concealed to the researchers.

4. Researchers anticipated that it would be impossible to pre-
dict all data requirements for future studies. For some
studies, the data might be incomplete. We therefore re-
quired the ability to obtain additional data from the GP.

Changes in the Information Processing with the EPR
In addition to the requirement that practices work paperless,
three types of changes had to be made in the (information
processing within the) EPR to enable the development of
the IPCI database: changes in the data recorded by the GP,
changes in the communication with the EPR, and finally
changes in the organization of the database.

Changes in the data recorded by the GP involved adding soft-
ware to link prescriptions to indications. When the GP pre-
scribes a treatment, the software asks the GP additional data
about the indications and therapy changes.

We added communication software that ensures the anonym-
ity of the patient data and assigns a unique patient identifica-
tion number that would allow researchers to follow the
patient over time. The GP is the only person who is able to
translate that identification number to the potential identity.
After the patient has been anonymized, the communication
software sends all data to the gatekeeper. The gatekeeper is
a person responsible for the anonymity of the GPs. Finally,
the data are stored in the central IPCI database.

The organization of the IPCI database uses a board of supervi-
sors, which has the responsibility to ensure the maintenance
of the anonymity of patients and GPs. In addition, the board
of supervisors has to approve each study proposal and re-
searchers’ request to collect additional data. After the board
of supervisors has approved a study, all individual GPs are
informed about the study. The technical infrastructure of
the IPCI project allows individual GPs to withdraw data on
patients or specific data elements for studies.” Patients are in-
formed of the existence of the IPCI project by leaflets and
posters in the office of the participating GPs.

Currently, the IPCI database contains information from EPRs
of about 150 general practitioners (GPs) covering more than
600,000 patients and provides data for studies with various
epidemiological study designs, e.g., case-control design, co-
hort design, and cross-sectional design.'”** Conducting a
study with the randomized database study method, however,
was not possible in the IPCI database.
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Figure 1. Steps in a randomized clinical trial and the software modules built to integrate the steps with the workflow of

general practices working with an electronic patient record.

Toward Randomized Database Studies with the
IPCI Database

To enable researchers to conduct randomized database stud-
ies, we first analyzed the requirements posed by randomized
database studies. Second, we built additional software
to solve the shortcomings of the GP information system with
respect to the conduct of randomized database studies.

Requirements for a Randomized Database Study
We analyzed the procedures in the conduct of RCTs in general
in order to integrate them with the daily care process. Four
essential steps were distinguished in the conduct of random-
ized trials that would apply to the randomized database
study as well (Fig. 1): patient selection, patient recruitment,
randomization of treatment, follow-up of patients.

Patient selection comprises the identification of patients who
are eligible for participation in a specific trial. Completeness
of identification of eligible patients is necessary to be able to
assess whether the included group is representative for the
total eligible population.® There may be large differences
between the included patients and the total eligible popula-
tion, for example, whether the included patients are healthier
or whether there is a large overrepresentation of one gender.
In conventional randomized studies, the selection methods

are often are not standardized and there is no information
about the nonincluded persons, which severely limits the pos-
sibility to evaluate generalizabili’cy.23

Patient recruitment in randomized trials involves the assess-
ment of inclusion and exclusion criteria and obtaining in-
formed consent from the patient. Researchers and recruiters
are required to adhere to the good clinical practice (GCP)
guidelines.** GCP is an international ethical and scientific
standard for designing, conducting, performing, analyzing,
and reporting clinical trials. One of the most important ethical
principles of GCP is informed consent from participating pa-
tients: the recruiter should fully inform the patient about
the study before the patient gives written consent to partici-
pate. In addition, the patients should have enough time to
reflect before consent is given.

In randomized database studies, patients may be recruited
during routine care visits.'”> The constraints of the GP in
recruiting patients during regular visits (i.e., time or disruption
of the daily care process), however, needs to be addressed. The
procedure itself should not be a disproportional disruption of
the normal interaction between the GP and the patient.

Randomization in randomized database studies comprises
the random allocation of treatment on a patient level.
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Randomization of treatments in a multicenter trial is often
done centrally or by a local randomization procedure (i.e.,
envelopes, random number generator). To minimize disrup-
tion of the normal care process, the randomization procedure
should preferentially be integrated in the workflow of the
normal prescription routine.

Patient follow-up in randomized trials consists of scheduled
return visits to assess outcome parameters. Data are usually
collected on case report forms. In the randomized database
study, researchers use daily care data as recorded in the
EPR to assess outcomes. This requirement poses two prob-
lems related to the GCP guidelines and the quality of the
data. First, the GCP guidelines require that the documenta-
tion of follow-up is accurate, complete, legible, time stamped,
and available for auditing. Second, study data derived from
the source documents should be consistent with the source
documents. If there are inconsistencies, the researchers
should document and be able to explain them. There is a the-
oretical possibility that data in the EPR can be changed retro-
spectively, which could go unnoticed if time stamping does
not occur accurately. An audit trail of the EPR, therefore, is
an essential feature to comply with the GCP documentation
guidelines.

Outcome assessment in the randomized database study ap-
proach will be done from the EPR data, but the quality and
completeness of the data might not be optimal for all types
of outcomes. For that reason, researchers required the possi-
bility of collecting data from the patient as well. At the
same time, the researchers should maintain the level of confi-
dentiality required by use of the IPCI database.

Data on adverse drug reactions need to be collected according
to regular spontaneous reporting schemes. Sudden unex-
pected serious adverse reactions and serious reactions have
to be reported within 24 hours to the research center and
the Netherlands Pharmaco-vigilance Center in accordance
with the newest European guidelines.”

Results

Changes in Infrastructure to Enable Randomized
Database Studies

We aimed to integrate the randomized database study
with the daily care process in general practice by means of
adding software to the general practice information system.
The software consisted of different modules corresponding
with the four essential steps in randomized studies: selection,
recruitment, randomization, and follow-up of the patients.

Selection Module
After installation of the software, the information system of
the GP activated the selection module. The selection mod-
ule contained the query that identifies potential patients
for a specific study based on data that were already avail-
able in the general practice information system (e.g., diag-
nosis, demographics, laboratory findings). The query may
contain coded and free-text searches but the latter required
manual validation of the results to reduce the false-posi-
tively selected patients prior to having them marked for re-
cruitment. After the selection of potential patients, the
selection module generated a reminder with a special mes-
sage in the EPR of the selected patients. Whenever the GP
opened the patient’s EPR, the message reminded the GP

that the patient had been selected as a potential subject
for a study.

Recruitment Module
GPs were confronted with reminders in the EPRs of the se-
lected patients whenever the patients” EPR was opened. To
minimize interference of the regular workflow, the GP had
to start the recruitment module themselves whenever the
patient was eligible for recruitment.

The recruitment module required completion of an auto-
mated questionnaire based on the inclusion and exclusion cri-
teria that were formulated in the study protocol. Patients who
fulfilled the inclusion criteria needed to give written informed
consent before the GP could finalize the recruitment step. If
the patient asked for time to reflect, the recruitment module
enabled the GP to postpone the decision to include the patient
in the study and to continue later in time from that point on.
The recruitment module also stored an electronic version of
the patients’ informed consent for the research database.
Once a patient was included or excluded, the software re-
moved the reminder from the EPR. The user interface of the
recruitment module was the same as the interface of the gen-
eral practice information system.

Randomization Module

After finalization of the recruitment step, the randomization
module allocated the patient to one of the treatment options.
The software presented the results of the randomization pro-
cedure to the GP and verified whether the randomized treat-
ment was actually prescribed. The recruitment module also
ensured equal allocation to the alternative treatments within
a practice.”®

Follow-up Module

We used the IPCI infrastructure to collect patient data but
added a follow-up module that allowed researchers to collect
data directly from the patients while maintaining the ano-
nymity of the patients and the GPs. This was achieved by pro-
ducing a new study number for each individual patient. This
number differed from the patient number in the GP informa-
tion system and the patient identification number in the IPCI
database. Researchers used this study number to collect
data from patients by means of patient questionnaires to com-
municate with the GP about the patient and to link the infor-
mation with the IPCI database. To comply with the GCP
documentation requirement, we retained a time-stamped
printed version of the EPR and the patient questionnaires as
source document.

Application

To test the feasibility and validity of a randomized database
study, we compared the gastrointestinal tolerability of cele-
coxib and diclofenac in patients diagnosed with osteoarthritis.
Both celecoxib and diclofenac are nonsteroidal anti-inflamma-
tory drugs (NSAIDs) licensed, marketed, and reimbursed for
the treatment of osteoarthritis. Due to preferential prescribing
(i.e., channeling) of celecoxib to patients with gastrointestinal
and cardiovascular comorbidity in general practice,27 it was
considered difficult to assess this study question in an obser-
vational study with a general practice research database.
All patients diagnosed with osteoarthritis who needed an
NSAID for osteoarthritis during routine GP visits were eligible
for entry in the study. During the recruitment, patients could
be excluded if they were treated with a NSAID in the past



three months or if they had any contraindication. After recruit-
ment, patients were automatically randomized to diclofenac
or celecoxib, but the GP decided the dose and treatment regi-
men. In the naturalistic follow-up, we focused on changes in
NSAID treatment indicative of gastrointestinal intolerability
(e.g., discontinuation of drug, adding gastroprotective agents).

We recruited 42 GPs and implemented the software in their
information system. We used the local EPR database in the
general practice information system to select patients older
than 18 years of age who were diagnosed with osteoarthritis.
The selection module selected 7,127 patients who met the se-
lection criteria; for these patients, the selection module gener-
ated a reminder in the EPR.

During a median patient recruitment period of 188 days
(range, 26-261), the GPs had contact with 4,586 of the 7,127
selected patients. When the GP accessed the EPRs of these pa-
tients, the selection module displayed the message reminding
the GP that these patients were selected for the randomized
database study. The GPs prescribed NSAIDs to 1,245 of the
4,586 patients. However, only 170 received the NSAID di-
rectly for osteoarthritis; these patients were potentially eligi-
ble patients for the study.

The objective of the recruitment module was to facilitate the
recruitment procedure, and it also documented the reasons
for noninclusion. Of the 170 potentially eligible patients, 42
(24.7%) patients meet one of the exclusion criteria. Another
12 patients (7.1%) refused to participate. In 55 (32.4%) cases,
the GP stated that he or she was not the principal health
care provider treating the patient at the moment the patient
was eligible for recruitment and therefore could not include
the patient. In 30 cases (17.6%), the GP stated he or she was
too busy to start the informed consent procedure. Finally, in
11 cases (6.5%), the GP forgot to start the recruitment proce-
dure. The remaining 20 cases (11.8%) were included in the
study and randomized to the treatment arms by the random-
ization module. The naturalistic course of the treatment was
monitored by retrieving the EPRs of the included patients.
In addition, to study generalizability, the EPRs of the entire
selected population were retrieved.

Due to low number of eligible patients, the recruitment was
less than our initial expectations and we planned to terminate
the study. Events overtook us when other researchers re-
ported an increased risk of cardiovascular adverse events in
patients treated with high doses of celecoxib, and we there-
fore terminated the study at that time.*®

Discussion

In this paper, we describe our attempt to build an infrastruc-
ture to enable researchers to conduct a randomized database
study in the IPCI general practice research database.

Our assessment shows that it is technically possible to con-
duct a randomized database study in a general practice re-
search database and RCTs in the future. The shortcomings
of the existing GP information systems that are the basis for
the IPCI database were solved by software modules that cor-
responded with the essential steps in the conduct of random-
ized database studies, namely, patient selection, recruitment,
randomization, and follow-up. Although the software facili-
tates the conduct of a randomized database study, some prac-
tical and methodological problems remain.

MOSIS ET AL., Application for RCT in Research Databases

Regarding practical issues, the number of eligible patients
was less than expected. Patient recruitment depended on
the visit rate of the selected patients and whether they re-
quired NSAID treatment for osteoarthritis. In our study, we
observed that more than a third of the selected patients did
not visit the GP during the patient recruitment period and al-
most half of the patients did not require NSAID treatment. In
addition, many patients received NSAID treatment for indi-
cations other than osteoarthritis.

The pressure on daily care in general practice is reflected by
the fact that the participating GPs were not always the prin-
cipal health care providers treating the patient or that they re-
ported to be too busy or they simply forgot to recruit the
patient. These general practice-related issues were the lead-
ing cause of noninclusion (56.5%). Although we facilitated
the recruitment procedure, it remains a disruption of the
workflow of normal practice and it does require extra time,
which may have limited the performance.*

It is difficult to judge how the performance of the recruitment
strategy in our randomized database study (11.8%) compares
to that of other studies due to the lack of data about their
source populations. In one study comparing multiple patient
recruitment approaches in an RCT conducted in primary care,
the researchers reported that only 1.4% of all enrolled patients
were recruited directly by the physicians.?” In this study, di-
rect physician recruitment was discontinued. Even though
we cannot compare the percentages of this study to our
data directly, we conclude that our recruitment strategy was
effective, but leaves room for improvement; alternative pa-
tient recruitment strategies should be considered in future
studies.

Several methodological issues remain regarding the imple-
mentation of the randomized database study design itself.
The purpose of the whole endeavor was to circumvent con-
founding by indication while keeping the naturalistic follow-
up procedure and outcome assessments. The gain obtained
with removal of confounding may be at the expense of intro-
ducing a form of selection and information bias, which are ab-
sent in observational studies in the same research database.
For example, due to time constraints, hesitance to recruit, or
other issues, GPs may not recruit consecutive patients.”’ As a
result, only a selected population will enter the study, which
may limit the generalizability of the results.

Although we were able to verify patient recruitment (informa-
tion on eligible but nonincluded patients is available in the
IPCI database and in the randomized database study software
log), selective recruitment may limit both the sample size
and the possibility of extrapolating the results to other popula-
tions.?® In addition, a naturalistic randomized database study
is an open-labeled study (i.e., the GP and the patients are
aware of the study question and the intervention). Due to this
feature, information bias may occur if the follow-up and out-
comes are recorded differently for the different study drugs.*®

Conclusion

In conclusion, we described an infrastructure that facilitates
randomized database studies in the IPCI database.
Technically, it is feasible to conduct studies in automated
general practice according to the randomized database study
design. The infrastructure built to conduct randomized
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database studies in general practice research databases,
however, showed some practical difficulties in the conduct
of such a study and some issues that could jeopardize the va-
lidity of the methodology. Randomized database studies
seem to be both promising and potentially feasible for future
studies; the methodological issues, however, need to be eval-
uated in more detail.
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