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INTRODUCTION

Collection of individual patient data on Case Repor
Forms (CRFs) in clinical research has traditionally
been done by investigators in their offices
summarizing medical charts on paper forms
(PCRFs), a tedious method that could result in data
errors and wrong conclusions. Electronic data
capture has in recent years been increasinglyinsed
both industry and academic research settings. The
feasibility of electronic CRFs (eCRFs) has been
documented by numerous studies analyzing data
collected on websites, laptops or digital pensc&in
the mid-1990s, eCRFs have increased data quality
and completeness by using alarms, automatic
completions and reminders, reducing losses and
transport logistics, especially for multicentealsi
Moreover, use of eCRFs permits speedier database
processing and shorter study periods, resulting in
lower costs. Previous studies of eCRFs have
primarily focused on the investigators’ point of
view, while few have documented the perspectives
of the other stakeholders. Despite their demorestrat
usefulness, eCRFs have not become dominant.
Clinical data management (CDM) is a vital cross-
functional vehicle in clinical trials to ensure hig
guality data are captured by sites staff througiepa
case report form (CRF) or electronic case report
form (eCRF) and available for early review. The
integrity and quality of data being collected and
transferred from study subjects to a clinical data
management system (CDMS) must be monitored,
maintained, and quantified to ensure a reliable and
effective base for not only new drug application
(NDA) submission and clinical science reports but
also corporate clinical planning, decision-making,
process improvement, and operational optimization.
The gradually increasing use of electronic data-
capturing (EDC) technology and eCRF to collect
data in clinical trials has grown in recent yeand a
has affected the activities of clinical research
operations for industry sponsors, contract research
organizations (CROs), and clinical sites.

SPECIFIC AIMS

The research project will determine whether an
electronic system for data management should be
implemented for all research studies at Medanta
Hospital The project will introduce an online ctial

trial software system, OpenClinica, to manage all
research data within three anterior cruciate ligaime
(ACL) studies. Within the software system,

L

[ 690 )

electronic case report forms (eCRFs) will be creéate
Source data verification will be applied using a
checklist to count the number of errors that occur
when transcribing data. This source data verificati
will also be completed on previously recorded paper
case report forms (pCRFs) for the research studies.
Finally, the number of errors discovered in the old
and new techniques as well as the feasibility of
implementation and ease of use will be compared to
determine whether the new data management
system should be implemented within the research
site at Medanta Hospital. A major concern of the
research staff at the Medanta Hospital Centeraits th
the collected data are not readily analyzed in a
convenient or organized way. Currently, data are
collected on the pCRF and then transcribed into a
Microsoft Excel database. From there, when
research personnel want to conduct statistical
analysis, they must select the groups of data to be
analyzed and transcribe them into statistical
software called a Statistical Package for the $ocia
Sciences (SPSS). This process is time- consuming,
work-intensive and cumbersome, with risk of error
in transcribing the data. Problems of uniformity
have been reported, and the lack of a single data
management system leads to confusion as to which
database is the most up-to-date. In summary, this
project addressed three specific aims:

1. To evaluate the feasibility and advantages of
an electronic data management system by
using source data verification to compare the
number of errors when using pCRFs and when
using eCRFs.

2. To critically evaluate data capturing methods
related to eliminating errors upon initial data
collection in order to simplify data analysis.

3. To incorporate a single data management
system to allow controlled access to research
data and to create a time-stamped audit trail to
ensure secure, correct data.

MATERIALSAND METHODS

The internship project involved multiple steps in
order to determine whether a clinical trial
management software system was feasible for use
by the clinic and whether it actually reduced esror
and proved beneficial for research use. First, the
clinical research coordinator was designated as dat
manager and was trained to use the software used to
build electronic case report forms (eCRFs) for the
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three research studies that would be used in the
project. The eCRFs were designed according to the
format of the paper case report forms (pCRFs)
currently used at the research site. Then, asveta
collected during subject visits in those studies, a
specified data entry user took the measurements
collected on the paper source document and entered
them into their respective studies in the system.
During this time, paper charts containing data
collected in the past were randomly selected for
retrospective source data verification. Following
completion of prospective data entry into the
system, prospective source data verification was
completed in the same fashion as for retrospective
data.

To begin the experiment, the clinical trial
management software OpenClinica  was
implemented as part of three anterior cruciate
ligament (ACL) studies that were ongoing at
Medanta Hospital. Following training of the online
software system, each study had to be built and
eCREFs for each study had to be created de novo. To
build the study, a series of questions about tinyst
were answered and a plan devised to determine
when eCRFs would be used for each research
subject. An organizational Microsoft Excel template
for creating an eCRF, provided by OpenClinica, was
used to design the layout for the interface, which
included each data point and associated rules for
every research visit a subject might encounter.
Creating the eCRF involved entering labels for each
data point; determining whether the data pointdoul
be entered as text, a specific selection, an intege
real number, or a calculation; and specifying the
layout of the data points on the eCRF. There were
also limits set for each kind of data point by isett
predetermined parameters for numeric values
entered in the eCRF. If the data point involved a
calculation, a specific formula was entered int® th
template so that a calculation would be done
automatically when the corresponding data points
were entered into the eCRF.

Retrospective source data verification was divided
equally among five subject visits made during the
research study. There were 105 patients who had
completed a Week 1 research visit for the ACL
study. A list was made that included the subje& ID
of those 105 patients, and each ID was assigned a
consecutive number between 1 and 105.An online
random number generator (Appendix A) was then
used to randomize the subject files to be used for
Week 1 source data verification. This online
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generator produced a table of 105 random numbers
between 1 and 105 without using duplicate numbers.
The 105 random integers listed were used to allow
the corresponding ACL subject research files to be
pulled at random. The ACL subject research files
were pulled in groups of five, starting from the
beginning of the generated list. Chart randomizatio
and retrospective source data verification wera the
completed on subject research visits for Weeks 1, 4
8 and 12, and the Return-to-Sport visit. The meshod
mentioned previously were used to randomize
subject files for all visits. There were a total 98
subjects who completed a Week 4 visit, 9 subjects
for Week 8, 7 subjects for Week 12, and 57 subjects
for the Return-to-Sport visit. Source data
verification was completed on five subjects forteac
of the research visits, so that a total of 25 sigiere
retrospectively verified. Each subject researclit vis
contained a different number of data points,
depending on what data was collected at the time of
that visit. In Weeks 1 and 4, 8 data points were
collected at each visit. Week 8 contained 20 data
points, Week 12 had 26, and the Return-to-Sport
visit contained 34 data points. Since 5 visits were
verified for each week, there were a total of 48tad
points considered for retrospective source data
verification (Table 1). To complete this sourceadat
verification, the paper chart (or source document)
was compared to the Excel spreadsheet (or pCRF).
Each data point collected on that visit was comgare
between the two documents, and if any mistakes or
discrepancies were discovered, they were indicated
on the “Source Data Verification Checklist”
(Appendix B) by marking the type of error
discovered.

There were six types of errors which were
considered during source data verification. If tada
point had been recorded on the CRF but was not
written on a source document included in the subjec
chart, the error was marked as “no source
document.” This error included instances where a
copy had been made of the original source and the
copy placed in the subject’s research folder. Aarer
was excused if there was a “note-to- file” contdine

in the research folder explaining that the original
data could be found in the subject’'s medical filee

next type of error, documented as “mismatched
source/CRF,” indicated that there were different
numbers recorded for the same data point on the
source document and the corresponding case report
form. In an instance where the data point had been
recorded on the source document but was never
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transcribed onto the case report form, the err@ wa
documented as “missing CRF data.” The total
number of errors was counted for each visit and the
total percentage of errors was calculated by digjdi
the number of errors by the total number of data
points for that visit and multiplying by 100.
Prospective source data verification was completed
using the same techniques as the retrospective
source data verification. Beginning on July 1st,
2014, a data entry log was kept for all ACL patsent
who came in for a research visit (Appendix C). The
data collected on that visit was entered into
OpenClinica. There were two Week 1 visits, four
Week 4 visits, four Week 8 visits, five Week 12
visits, and five Return-to-Sport visits for a totl
twenty visits available for prospective source data
verification. This resulted in a total of 428 data
points which were considered for prospective source
data verification (Table 2). When the source data
verification occurred, the data on the subjectisqra
chart (source document) was compared to the eCRF
in OpenClinica.

RESULTSAND DISCUSSION

Retrospective source data verification revealed tha
among 480 total data points, 49 errors were
discovered including data points with no source
document available, a mismatch between the source
documents and the pCRF, missing pCRF data, and
data points that were crossed out on the source
document and rewritten with no initial or date to
document the change. Data points with no recorded
source document were the most prevalent among
retrospective charts at 32 errors, comprising 65.3%
of the total errors. A total of 9 mismatched data
points made up 18.4%, struck out and rewritten data
points made up 6 errors or 12.2%, and 2 errors
consisting of missing pCRF data made up 4.1% of
the errors accounted for retrospectively (Figure 1)
No errors were discovered in which there were
multiple sources for the same data point or the
writing of the data point was illegible (Table 1).

It was noted during retrospective verification that
the research charts completed earlier in the yaar h
fewer source documents contained in the subjects’
research files. As the study continued and a rekear
coordinator was hired, the number of missing source
documents decreased due to an understanding of the
problem of missing source documents and an active
effort to reduce this error. The responsibilitiéthis
research coordinator included improvement of data
capture by ensuring only one member of the study
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staff was collecting and recording data in a single
database using consistent methods for each study.
Errors discovered in retrospective source data
verification were also evaluated by the subjecit vis
in which they occurred. Error rate was calculated b
dividing the number of errors discovered by thaltot
data points verified among all charts for thattvisi
and multiplying by 100. It was discovered that the
highest error rate (40%) occurred in the Week 1
visit. Five percent of errors occurred in Week % 6

in Week 8, 13.1% in Week 12, and 4.7% at the
Return-to-Sport visit (Figure 2). Prospectivelylyon

6 errors were discovered upon evaluation of 428
data points that were entered in the eCRF format. |
is interesting to note that no data points wereébu

to be missing in the eCRFs (Table 2). This can be
attributed to the fact that OpenClinica requireld al
data points for each visit to be entered, or reglir
an explanation of why the data point(s) were
omitted, before the eCRF data could be saved in the
system. These requirements leave no room for error
in regards to missing data when transcribing from
the source document to the eCRF. There were also
no errors involving multiple source documents or
illegible writing (Table 2). Three errors (or 50%)
were attributed to no available source document.
Mismatched source document and eCRF data
accounted for 16.7% of the errors, and two data
points were found to be struck out and rewritten,
accounting for 33.3% of the errors in prospective
source data verification (Figure 3).

The “no source document” and “strikeout/rewrite”
errors are considered to be associated only to the
source document and not the eCRF. These errors
occur during data collection when they are hand-
written on the source document, and therefore might
not reflect on the error-reducing capacity of the
eCRF compared to the pCRF. A mismatched data
point simply occurs by human error during
transcription of the data from the source document
over to the eCRF.

The error rate was also evaluated by visit number
within prospective source data verification. The
error rate across visits revealed a downward tiend
which errors appeared to decrease at each
subsequent subject research visit. Week 1 had an
error rate of 6.3%, the Week 4 error rate was 3.1%,
Week 8 was 2.5%, and Week 12 was 1.5%. There
were no errors discovered in the Return-to Sport
visits prospectively (Figure 4). When evaluating th
overall error rates in the retrospective and
prospective formats, a significant reduction iroerr

]
J




was obtained when the eCRF format was used.
Retrospectively, there were 49 errors out of 480
possible data points, displaying an overall pCRF
error rate of 10.2%. Prospectively, there were énly
errors out of 428 possible data points, displagng
overall eCRF error rate of 1.4% (Figure 5). When
the eCRF was used in place of the pCRF in the study
there was an 86% decrease in errors made during
data collection and transcription, demonstratirgy th
ability of a software system such as OpenClinica to
increase reliability of data in a research study2A
analysis with Yates’ correction for continuity was
completed to compare the error rates discovered in
the retrospective and prospective formats. Taking
into account 1 degree of freedom angRavalue of
29.308, the analysis resulted in a p-value of <D.00
demonstrating a statistically significant decrese
total errors in data points following the use of an
electronic data management system.Figure 6 shows
a direct comparison between the types of errors
made in the pCRF and eCRF formats. There was a
decrease in twenty-nine data points with no source
documentation among errors made when the eCRF
format was used. There was also a slight decrease i
the number of data points (eight) whose source
documentation did not match the CRF
documentation among errors made when the eCRF
was used. Another decrease in error was
demonstrated with missing CRF data, in which there
were two errors in pCRFs from missing pCRF data,
while no eCRF data was found to be missing. There
was also a decrease in the number of data poiits th
were crossed out and rewritten once the eCRF
format was implemented, regressing from six to two
errors. Finally, error rates sorted by visits were
directly compared (Figure 7). Consistent findings
showed that the error rate decreased with use of an
eCRF in each research visit. Data analyzed in weeks
1 and 12 of these ACL research studies in particula
seem to be the most important in predicting how
well a patient will do in his or her return-to-spor
test. If the data at these crucial visits are irexror
missing, the physical therapist might misinterpret
the patient's readiness for return-to-sport. This
practicum project actually showed that use of an
eCRF system has the potential to reduce errors,
particularly at the

Week 1 and Week 12 visits. In Week 1, errors
decreased from 40% to 6.3% with the use of an
eCRF {2 = 4.664y = 1,0 < 0.05). Week 12 showed

a decrease in error rate from 13.1% to 1.5%<
11.13,v=1,0 < 0.001). Aside from a measurement
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of error reduction when using eCRFs, this practicum
report was designed to subjectively measure the
feasibility of the electronic data management
software, the possibility of multiple data captgrin
methods, and the accuracy of an audit trial and
limited data access. While OpenClinica did
demonstrate a reduction in the number of data®rror
and an increase in data quality, its feasibilityl an
ease of use were lower than expected. The software
required no installation as it is web- based, which
facilitated installation and accessibility on any
computer throughout the research site. Building
each of the studies within the online system did no
take much time to complete (around one working
hour), and there was a step-by-step question and
answer portion about each study that allowed the
software to custom-format each study to meet the
needs of the research team. Construction of the
eCRFs within OpenClinica seemed to be the most
challenging task. From start to finish, it took and

24 working hours to complete a CRF with 428 data
points. Following completion of the eCRF and its
implementation in the correct portion of the resbhar
study in OpenClinica, it took around 8 working
hours to edit the eCRF and fix any problems that
were not discovered at the time of constructiom. Fo
this practicum, two eCRFs were created to fit the
needs of the three research studies evaluated,
totaling around 66 working hours on building the
studies and eCRFs before data entry could even
begin. The research site currently has five more
actively enrolling studies, which would take an
additional 165 working hours before data entry
could begin.

It is important to note that some of the errors
accounted for in source data verification are
associated only with human error during data
collection on the source document, while some are
associated with human error during transcription of
the data from the source document to the pCRF or
eCRF. The “no source document”, “multiple
sources”, “illegible writing”, and “strikeout/rewd”
errors can be attributed solely to human errorrapri
data collection and the error rate should be
consistent regardless of the type of CRF used. The
“mismatch and missing CRF data” errors occur
during data transcription onto the CRF, and should
be reduced by the use of an eCRF, which requites al
data points to be entered and has regulations on a
range of values that can be entered for each data
point. So while the use of OpenClinica still inchad
errors in data collection and transcription, the
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method of data collection appeared to be the prime
source of errors. A solution to this problem would
be to use an electronic tablet with OpenClinica
capabilities for data collection. This approach {dou
eliminate the use of a paper source document
entirely, and the source document and CRF are
essentially the same. In this format, the datayentr
user would enter the ACL measurements in the CRF
during data collection in the physical therapyiclin
The eCRF would require all relevant data points to
the patient visit to be entered at the time of data
entry, so no measurements could be inadvertently
missed. No transcription of the data points would
occur because all patient data will have alreadybe
entered into OpenClinica. This aspect would
considerably reduce human error including the lack
of a source document, mismatched data points,
missing CRF data, multiple sources, strike-outs or
illegible writing.

Implementation of electronic tablets is not yet
feasible at the site for financial reasons, bulc¢be
considered for application in multiple studiestie t
future. OpenClinica did result in a much better
system for decreased user access to data andoreati
of a time-stamped audit trail in comparison to the
previously used methods.Currently, the data for all
studies at the research site is contained on aonketw
drive that can be accessed by multiple users in the
physical therapy department. Although there are

G itish Journal of Bio-M edical Research Vol.02, | ssue 05, Pg.689-699, September -October 2015

regulations governing which folders may be
accessed by specific users, these folders are not
password protected, raising the possibility of
security breaches. Anyone from the research team is
allowed to view the data from the research stuities
which they are assigned, and they can open the
Microsoft Excel database, make changes to the data,
and overwrite the old database without any audit
trail of the changes or the research team member
who made them. In OpenClinica, all research
databases are password protected, and the data
manager has the capability to assign roles in the
system to each member of the research team
depending on their level of activity in the study.
Some users can only view the data, while others can
add new subjects or data or make changes to axistin
data. When these changes are made, OpenClinica
keeps a time-stamped audit trail called a “Study
Audit Log” for each research study and each subject
folder documenting all changes (Appendix D). This
study audit log tracks when a user creates a stubjec
when data is added, edited, or deleted, and army oth
actions made to the subject’s chart. If data iseedi

or deleted, the audit log shows what previous data
was entered in case it needs to be changed back to
the original number. This system holds research
staff accountable for all changes made to the
database, an element that is non-existent in the
current procedures at the research site.

Table 1: Results of Retrospective Source Data Verification

Week | Week | Week | Week %

RETROSPECTIVE 1 4 8 12 RTS Total Errors Errors
No Source Doc. 10 1 2 15 4 32 65.3
Mismatch 6 1 2 9 18.4
Missing CRF Data 2 2 4.1
Multiple Sources 0 0
lllegible Writing 0 0
Strikeout/Rewrite 4 2 6 12.2
Total Errors 16 2 B 17 8 49 100

Data Points 40 40 100 130 170 480

% Errors 40 5 6 13 4.7 10.2
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Table 2: Results of Prospective Source Data Verification

Figure 1: Types of errors discovered in pCRF source data verification

PCRF Errors by Type

® No Source Doc.

= Mismatch

Missing CRF Data

Week | Week | Week | Week

PROSPECTIVE | 4 8 12 RTS | Total Errors | % Errors
No Source Doc. 1 2 3 50
Mismatch 1 1 16.7
Missing CRF Data 0 0
Multiple Sources 0 0
lllegible Writing 0 0
Strikeout/Rewrite 2 313
Totals 1 1 2 2 0 6 100

Data Points 16 2 80 130 170 428

% Errors 6.3 3.1 25 15 i 1.4

= Strikeout,/Rewrite

Figure 2: Error rate by week discovered in pCRF source data verification eCRF Errors by Type
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Figure 3: Types of errors discovered in eCRF source data verification

eCRF Errors by Type

B No Source Doc.
= Mismatch

B Strikeout /Rewrite

Figure 4. Error rate by week discovered in eCRF source data verification Overall Error Rate Comparison

Error Rate (%)
o = M W & U@

eCRF Errors by Visit

Week 1 Week 4 Week B Week 12 RTS
Subject Visit

Figure 5. Comparison of error rate between pCRF and eCRF formats (y2 = 29.308, v = 1, a < 0.001)

Overall Error Rate (%)

Overall Error Rate Comparison

*

B @

pCRF eCRF
Case Report Form Used
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Figure 6. Comparison of the total number of errors by type of error

Total Errors by Type
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Total Number of Errors

Error Type

Figure 7. Comparison of error rate by type of visit

Error Rate by Visit

45
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35
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ilh.—
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Week 1 Week 4

Error Rate (%)

= LCRF
= =CRF

L .

Week 8 Week 12

Subject Visit

Week 1: (y2= 4.664,v =1, a < 0.05)
Week 12: (y2= 11.13,v =1, a < 0.001)

DISCUSSION

The main errors observed in the present study were
simple transcription errors from the paper source
documents to the EDC database. This observation
was to be expected, since every transaction has an
inherent error rate.

Clearly, early training on how to complete the date
fields in the micturition diary log would have made
an impact on the frequency of data changes. Once
these types of errors and their magnitude are
identified by the clinical research associates layd
data management, the clinical sites could easilg ha
been retrained. Changes to the text fields for
medications and adverse events could easily be
monitored remotely and rules for data entry
established. For example, for medications, based on

(
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the observations from a simple database summary
table, the sites could be instructed just to etiter
drug name and not to enter units. For adverse
events, the sites could be instructed not to eartgr
abbreviations or just to indicate the adverse eaent
“injection site reaction.” These types of data esro
must be assessed early in the clinical trial ayg the
could make the results from the form invalid. The
choice between paper and electronic CRF is a
significant step in the design and execution of
clinical studies; it should be discussed with the
involved stakeholders and based on efficiency. With
the advent of direct data entry and the integradion
EDC with EMR, and the elimination of the
requirement to transcribe from a paper source tecor
to an EDC system, error rates should decrease
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