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he development of timesaving pro-
cesses that safeguard data integrity
continues to be a primary goal of

pharmaceutical companies. Remote data
entry allowed the industry to improve the
integrity of its data collection in the 1980s.
Additional timesaving processes evolved
during the 1990s via the advent of the
Internet. Today, electronic methods allow
high integrity data collection. In the cur-
rent study, we were able to demonstrate
that data entered on electronic case report
forms accurately matched data entered on
paper forms, thus providing qualification
of data integrity.

History
During the 1980s, the personal computer
changed the business world. One of the
most important applications for pharma-
ceutical companies came in the form of
remote data entry (RDE). By using RDE
techniques, pharmaceutical companies
could provide computers to clinical sites,
allowing staff at the sites to collect data in
paper source documents and then enter
the data into computer-generated data

Electronic data capture
can be invaluable to
speed clinical
development processes. 
A recent study
demonstrates the
reliability of data 
collected by this method.

T

entry screens. The computerized data
were usually returned to the sponsors on
floppy disks via overnight delivery ser-
vices. These tasks occurred repeatedly
during clinical trials. Data lock occurred
after completion of source document veri-
fication by the study monitors.

Following the development of the Inter-
net, anyone who had a phone line and a
browser could carry out data collection
and transmission. Now it is no longer nec-
essary to suffer the laborious processes of
classical RDE. Instead, RDE has evolved
into a process we describe as Internet-
based remote data entry (I-RDE), more
commonly called electronic data capture
(EDC). Although the technology is avail-
able, many companies have not yet made
the changeover.

The benefits of I-RDE
I-RDE use can be invaluable for compa-
nies seeking to expedite their clinical
development processes. Potential benefits
include 
• more rapid access to trial data and trial

progress.
• more efficient monitoring.
• higher-quality data entry due to edit

and logic checks at the time of data
entry.

• elimination of double-key entry and
related tasks.

• decreased number of queries.
• elimination of commercial paper case

report forms (CRF).
• instantaneous alerts to safety and

enrollment issues at the time of data
entry.

• faster time to data lock.

To date, there have been few published
papers supporting the attributes of I-RDE.
One previous study showed that when
compared to paper CRF systems, the
query rate in I-RDE clinical trials is
reduced by approximately two-thirds.1
Another study evaluated the potential cost
savings in a Phase 1 study in bone marrow
transplant patients.2

This study addresses the impact of I-
RDE on data integrity.

Entering the data
As part of quality assurance to demon-
strate that data entered via the Internet
using electronic case report forms were
accurately captured in Statistical Analysis
System (SAS) datasets, data entry clerks
entered data from the paper CRFs, via the
Internet, into a database using Web-based
data entry screens. This primary database
was to be used for the final data analyses.
The data entry screens were equivalent to
paper CRFs in both format and content.

A second database. To evaluate the num-
ber of errors solely due to data transcrip-
tion, all data were entered a second time
into a second, but identical, database by a
second group of data entry clerks. At the
time of the second data entry, the entered
values were immediately compared, elec-
tronically, to the data already in the pri-
mary database. If the double-key entered
value matched the initial value, the dou-
ble-key entered value was accepted and an
electronic message was generated that
the data compared correctly. If, however,
the computers found a discrepancy
between the content of the primary
database and the secondary database,
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data entry was stopped and the data entry
clerk made a decision, based on the infor-
mation present in the paper CRF, as to
whether the initial or second data entry
value was correct.

Comparing entries. After confirming that
the initial data entry value was correct, the
second data entry value was corrected. If,
however, the second data entry was con-
firmed correct, the primary data entry
value was corrected and an automatic
audit trail of the change was documented.
Then the CRF page was printed, showing
either the confirmation of agreement
between the two databases, or an audit
trail of the correction. After changing the
original database, a revised data listing
was generated in SAS, and a data entry
clerk verified that each corrected value
had been incorporated into the primary
database.

After correcting all data entry discrep-
ancies as a result of the double-key data
entry exercise, we generated a new set of
SAS data listings. Then we manually com-
pared a select group of demographic, effi-
cacy, and safety CRF entries to the data
printed in the SAS data listings.

Evaluating the errors
The clinical trial used in this study
involved 124 subjects, at 15 clinical
research sites, in the area of reproductive
endocrinology. The paper CRF consisted
of 120 pages with an average of 15 vari-
ables per CRF. As shown in Table 1, our
analysis involved approximately 15,000
CRF pages with approximately 230,000
variables.

Among the 229,152 variables entered
into the database, we observed 950

errors, reflecting an overall error rate of
0.41% in the initial and double-key data
entry. The primary errors occurred in
text fields, where either the field could
not be properly read or unique symbols
or abbreviations were used. Table 2
shows that data entry for medications,
medical history, and adverse events had
the highest numbers of errors. Out of
23,628 variables that were verified
against SAS data listings, only 13 (0.06%)
corrections needed to be made to the
final data listings. The results of an analy-
sis of these 13 errors can be found in
Table 3. None of these errors would have
had any impact on the final data analysis,
had they not been detected.

Making the case
One of I-RDE’s main advantages is that
the people who know the data the best,
the clinical study site personnel, enter
the data directly into the data entry
screens using paper source documents.
They need not question the investigator’s
intent, there are no illegible fields, and
nobody needs to interpret unique abbre-
viations or symbols, because the staff has
worked together throughout the study. In
addition, all missing data and out-of-
range data are flagged as requiring expla-
nations at the time of data entry. Data dis-
crepancies can be confirmed either
before or during the monitoring and/or
the query processes.

Initial qualification study. For the present
study, because I-RDE would change the
way this sponsor conducted its clinical
research and data management proce-
dures, we performed an initial qualifica-
tion study to evaluate whether data col-

lected via I-RDE would be accurately cap-
tured into SAS datasets. To accomplish
the goal, we entered data via I-RDE from a
study where personnel at the clinical
research site also entered data initially
into traditional paper CRFs. All paper CRF
data entries were also verified by perform-
ing source-document review.

By doing this, in the event I-RDE did
not meet expectations, the sponsor could
easily have recovered the efficacy and
safety data from the paper CRFs without
returning to the source documents. Com-
parison to SAS data listing showed that
the data entered via I-RDE did reflect
accurately the data derived from paper
CRFs.

FDA guidances. In 1997, the Food and
Drug Administration issued a regulation
within 21 CFR 11 addressing the use of
electronic signatures and electronic
records.3 In 1999, the FDA issued another
guidance to address issues pertaining to
computerized systems used to create,
modify, maintain, archive, retrieve, or
transmit clinical data intended for submis-
sion to the FDA.4 Although the primary
focus of this guidance was on computer-
ized systems used at clinical sites to col-
lect data, the principles in the guidance
are also appropriate for computerized sys-
tems used at contract research organiza-
tions, data management centers, and spon-
sors. The goal of the guidance was to
assure that individuals using the data from
computerized systems would have confi-
dence in the integrity of their data, and that
data entered electronically were no less
reliable than data collected in paper form.

To assist companies in addressing FDA
requirements and expectations, the FDA

Table 1  Double-key entry and data listing for error rates

Number of Number of 
Number of Number of variables entered variables analyzed
subjects CRF pages via double-key entry against SAS data listings

124 14,913 229,152 23,628

Table 3  Error analysis between 
paper CRF and SAS data listings

Event n
Missing word 1
Spelling 3
Query not correctly 
modified 2
Initial and double-key 
entry with same error 3
Data not entered 4
Total data listing variables
requiring correction (%) 13 (0.06%)

Table 2  The most common errors during double-key data entry

Number of Adverse Vital Medical Physical
errors events signs Medications history exam

950 (0.41%) 5.7% 1.1% 17.7% 12.2% 2.1%
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has recently issued two additional guid-
ances, one regarding electronic records
and signatures5 and another regarding
software validation requirements.6 In
order to comply with 21 CFR 11, all
changes to the database are to be auto-
matically tracked including an electronic
stamp of who changed the data, the date
and time of the change, and the reason for
the change, if required. If electronic signa-
tures are used, the standard operating
procedure for signoff must conform to the
requirements of 21 CFR 11.

To err is human
The current study demonstrates that over-
all data capture using Internet-based
remote data entry has a very low error
rate. The errors observed are related to
human activities—not the underlying
technology.
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