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ABSTRACT

BACKGROUND. Implementation of electronic medical record systems promises signifi-
cant advances in patient care, because such systems enhance readability, avail-
ability, and data quality. Structured data entry (SDE) applications can prompt for
completeness, provide greater accuracy and better ordering for searching and
retrieval, and permit validity checks for data quality monitoring, research, and
especially decision support. A generic SDE application (OpenSDE) to support
documentation of patient history and physical examination findings was devel-
oped and tailored for the domain of general pediatrics.

OBJECTIVE. To evaluate OpenSDE for its completeness, uniformity of reporting, and
usability in general pediatrics.

METHODS. Four (trainee) pediatricians documented data for 8 first-visit patients in
the traditional, paper-based, medical record and immediately thereafter in
OpenSDE (electronic record). The 32 paper records obtained served as the com-
mon data source for data entry in OpenSDE by the other 3 physicians (transcribed
record). Data entered by 2 experienced users, with all patient information present
in the paper record, served as the control record. Data entry times were recorded,
and a questionnaire was used to assess users’ experiences with OpenSDE.

RESULTS. Clinicians documented 44 % of all available patient information identically
in the paper and electronic records. Twenty-five percent of all patient information
was documented only in the paper record, and 31% was present only in the
electronic record. Differences were found in patient history and physical exami-
nation documentation in the electronic record; more information was missing for
patient history (38%) than for physical examination (15%). Furthermore, phys-
ical examination contained more additional information (39%) than did patient
history (21%). The interobserver agreement of documentation of patient infor-
mation from the same data source was fair to moderate, with « values of 0.39 for
patient history and 0.40 for physical examination. Data entry times in OpenSDE
decreased from 25 minutes to <15 minutes, indicating a learning effect. The
questionnaire revealed a positive attitude toward the use of OpenSDE in daily
practice.

CONCLUSION. OpenSDE seems to be a promising application for the support of phy-
sician data entry in general pediatrics.
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S EVERAL WEAKNESSES OF paper-based medical records
have been identified, such as illegible handwriting,
ambiguous and incomplete data, data fragmentation,
and poor availability.! In addition, paper records often
become bulky with time, which leads to lack of over-
view. Because paper records still represent the usual
medium for collecting and recording patient data, these
weaknesses could impede the continuity and quality of
care.

Implementation of electronic medical record (EMR)
systems promises significant advances in the quality of
patient care, because such systems may enhance read-
ability, availability, and data quality.2 In an EMR system,
structured data are preferable to free text, because most
benefits of EMRs rely on structured coded data. Struc-
tured data entry (SDE) applications can prompt for com-
pleteness, provide better ordering for searching and re-
trieval, and permit validity checks for data quality,
research, and especially decision support.!-

Despite potential benefits, user acceptance will be the
major barrier in implementation of EMR systems, be-
cause clinicians will face a change in their practice hab-
its. The advantages of coded data must outweigh the
disadvantages of capturing such data for SDE to become
successful in clinical practice.* Functionality and the user
interface will therefore be crucial for successful imple-
mentation.>¢

A generic SDE application for documentation of nar-
rative data (OpenSDE) was developed and then tailored
for the recording of patient history and physical exami-
nation results in the domain of general pediatrics, a
broad specialty (S.E.B., G. Derksen-Lubsen, MD, PhD,
A.M.v.G., J.v.d.L., and H.A.M., unpublished data, 2004).
The purpose of this study was to analyze the pediatric
OpenSDE for its completeness, uniformity of reporting,
and applicability in pediatric outpatient care.

METHODS

Materials

OpenSDE was developed in the Department of Medical
Informatics, Erasmus Medical Center, to support the
structured recording of patient data in any medical do-
main.” To record patient history and physical examina-
tion findings, OpenSDE uses a tree of medical concepts
that represent the available descriptive options. Each
node in the tree is described in additional detail by the
nodes of its branches. A sequence of nodes represents a
clinical “finding” (eg, a cardiac murmur is described by
the sequence of physical examination/chest/heart/aus-
cultation/murmur) (Fig 1). The tree of general pediatrics
consists of 8648 nodes, with a maximal depth of 9 ram-
ifications. Patient history contains 6312 nodes and phys-
ical examination 2336. The principle of OpenSDE is that
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FIGURE 1

OpenSDE screen capture. The lower left side of the interface shows the tree of medical concepts and descriptive options. The right side of the screen displays an entry form representing
the descriptive options for the selected concept in the tree (“cardiac murmur”). The upper left side presents an overview of entered data.
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a generic application is used for different domain-specific
tree structures (eg, a pediatric cardiologist uses a tree
that is more detailed with respect to cardiac history and
physical examination findings than does a general pedi-
atrician).

When recording patient data, OpenSDE displays the
tree of clinical findings on the left and the descriptors
(eg, the branching nodes) of the selected clinical finding
on an entry form on the right side of the screen (Fig 1).
A comment can be added to any finding or description,
thereby facilitating the use of free text. The user can also
define custom entry forms that may contain a user-
defined selection of nodes in the tree for a specific med-
ical problem or task.

Before this study, data from 100 existing, paper-
based, pediatric medical records were entered into
OpenSDE by experienced users, for evaluation of the
ordering and coverage of a tree that was developed
previously for the domain of general pediatrics (S.E.B.,
G. Derksen-Lubsen, A.M.v.G., J.v.d.L., and H.A.M., un-
published data, 2004). Adjustments were made to im-
prove the usability of the application in practice, namely,
rearrangement and completion of the tree structure and
addition of predefined, visible (rather than on-demand),
entry fields for free-text comments.

Procedures

Two pediatricians and 2 senior residents in pediatrics
voluntarily followed a short, standardized, education
course on the use of OpenSDE. They had never worked
with OpenSDE before. In the outpatient department of
the Sophia Children’s Hospital, they all documented
data for 8 first-contact patients (eg, patients referred to
the pediatrician for the first time by their general prac-
titioners) in the regular, paper-based, pediatric medical
record, the “paper record.” Immediately after departure
of the patient, the same patient information was entered
into OpenSDE, the “electronic record.” The electronic
record was made after departure of the patient to avoid
a “checklist effect,” resulting in incomparable data.® The
participants were aware that the electronic records were
not to be used for patient care, because the paper record
was still the standard.

Methods for comparing paper records with electronic
records are not readily available.” We did not endeavor
to compare the paper and electronic records with a pa-
tient-based standard. Therefore, the paper record was
transcribed into a control record containing all written
information. Two experienced OpenSDE users (J.R. and
A.M.v.G.) determined independently which clinical
findings documented in the paper record could have
been entered into OpenSDE as structured data by the
participants. Findings in the paper record that could not
be structured were entered as free text. The 2 entries
were compared to reach consensus on an optimal elec-
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tronic record, which contained all information present in
the paper record and served as the “control record.”

In addition, each (anonymous) handwritten paper
record was entered into OpenSDE by the other 3 physi-
cians, yielding the “transcribed record.” For each record
(paper, electronic, and transcribed), we assessed the
number of entered details and free-text annotations and
the data entry time. We corrected the data entry time for
the number of entered details. Institutional review board
review was not required.

The participants received a questionnaire based on
the validated Questionnaire on User Interface Satisfac-
tion, a general user evaluation instrument for interactive
computer systems, to obtain their subjective opinions
regarding the use of and experiences with OpenSDE.
Four major topics (content, layout, system, and general
response) were rated on a 6-point scale.!® The collected
data were used to analyze (1) similarities and differences
regarding which patient data were documented in the
primary paper record versus those entered into
OpenSDE, comparing the electronic and control records
in each case; (2) interobserver agreement in describing
patient information from a paper record in an EMR,
comparing the transcribed and control records in each
case for the presence of information; and (3) users’
experiences with OpenSDE and data entry times during
the research period (learning effect).

RESULTS

Records Collected

Thirty-two paper records and a total of 155 OpenSDE
records were obtained, including 32 electronic records
prepared by primary physicians, 91 transcribed records
(5 missing), and 32 control records.

Similarities and Differences Between Electronic and Control
Records

On average, a total of 212 findings were entered for each
case. Table 1 shows the average proportions of all en-
tered patient information present in the electronic
record, the control record, or both.

In the electronic record, compared with the control
record, patient history lacked more information (38%)
than did physical examination (15%). In addition, phys-
ical examination in the electronic record contained more
additional information (39%), compared with the con-
trol record, than did patient history (21%).

Uniformity of Data Entry From a Common Data Source

On average, 3 transcribed records were prepared from
each paper record by different physicians. On average,
135 findings (95% confidence interval [CI]: 56-214
findings) were recorded in the transcribed records. Table
2 shows to what extent physicians entered the informa-
tion available in the paper record and entered additional
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TABLE 1

Average Number of Documented Findings in Each Case (n = 32)

Patient Information

No. of Findings (%)

Average in Electronic and
Control Records

Electronic and Control Records
(ie, Information Present in Both)

Only in Electronic Record (ie,
Extra Information, Absent in
Control Record)

Only in Control Record (ie,
Information Missing in Electronic
Record, Present in Control Record)

Patient history 101 41 (41)
Physical examination m 51 (46)
Total 212 92 (44)

21(21) 39(38)
43(39) 17 (15)
64 (31) 56 (25)

information and how much information was missing for
patient history and physical examination. In the tran-
scribed records, 67% (patient history) and 84% (physi-
cal examination) of the information was documented by
at least 2 participants uniformly.

Eighty-one percent of the additional information (ie,
information present in the transcribed record but absent
in the control record) in patient history and 72% of that
in physical examination was entered by only 1 partici-
pant. All transcribed records were missing information
and contained extra information; the amounts of miss-
ing and extra information differed.

On average, 39% of the missing information in pa-
tient history was missing in 1 of the 3 transcribed
records, whereas 66% of that in physical examination
was missing in 1 of the 3 transcribed records. However,
29% of the missing information in patient history and
14% of the missing information in physical examination
was missing in all 3 transcribed records. The average
interobserver agreement statistics (k values) were 0.39
(95% CI: 0.25-0.53) for patient history and 0.40 (95%
CIL: 0.28-0.51) for physical examination.

Use of Free Text

The use of free text is shown in Table 3. Free text was
divided into free text that could have been entered into
OpenSDE in a structured way (incorrect use of free text)
and free text that could not have been entered into
OpenSDE because the tree did not contain the nodes to
express the findings involved (correct use of free text).
Each transcribed record contained an average of 18 free-
text entries, and a mean of 212 findings were recorded.
A total of 27.7% of the free-text entries were incorrect.

TABLE 2 Uniformity of Reporting (Transcribed Records)

TABLE 3 Use of Free Text

No. of Percentage or k (95% Cl)
Physicians Patient History  Physical Examination

Same information 2 30 (24— 36) 28 (22-34)

3 37(31-42) 56 (48-65)
Additional information 2 8 (12— 24) 23(16-30)

3 1(0-3) 5(2-7)
Missing information 2 32(27-37) 30(25-36)

3 29 (22-35) 14 (8-19)
K 0.39(0.25-0.53) 0.40(0.28-0.51)

Values represent mean percentage (95% Cl) or k measure of agreement (95% Cl).
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No. (%)
Free text that could not have been entered 13(72.3)
in a structured manner in OpenSDE (ie,
correct use)
Free text that could have been entered in a 5(27.7)

structured manner in OpenSDE (ie,
incorrect use)
Total 18(100)

Values represent the average number of free text entries per case (percentages).

Users’ Experiences With OpenSDE and Data Entry Times

Four major topics were evaluated, ie, content, layout,
system, and general response. All participants returned
the questionnaire. The content for patient history and
physical examination was found to be complete or very
complete. Arrangement, legibility of characters, and
navigation through the tree were all judged as good or
very good. The system used during the research period
was found to be reliable and easy to learn and use, and
the participating physicians shared the opinion that data
entry could be performed quickly enough.

Data entry times were recorded for both the elec-
tronic and transcribed records and were corrected for the
number of entered findings. The mean data entry time
for the first 4 electronic records was 24:22 minutes
(range: 11:17-50:54 minutes). The second 4 records
took an average of 21:50 minutes (range: 8:57-54:34
minutes).

The mean data entry time for the first 8 transcribed
records was 26:42 minutes (range: 10:32-50:50 min-
utes). The last 8 transcribed records took an average of
17:46 minutes per case (range: 9:43-30:29 minutes).
The average time to document patient data in the paper-
based record was ~9 minutes.

DISCUSSION

The first objective of this study was to compare current
documentation in the control record with electronic
documentation of the same information in OpenSDE.
The electronic record contained more patient informa-
tion than the control record. In the electronic record,
physical examination contained more additional infor-
mation than patient history. In patient history, however,
more information was missing than in physical exami-
nation. This could be explained to a great extent by the
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nature of information that is recorded in patient history
and physical examination. Patient history contains the
patient’s narrative, whereas generally physical examina-
tion consists of objective measures and observations,
registered in a systematic way. SDE might therefore be
more suitable for documentation of physical examina-
tion findings (ie, objective data) than for patient history
findings (ie, subjective data). Walsh!! stated that, be-
cause narratives are essential to each patient’s episode of
illness, computers should enable clinicians to record
these narratives easily. For efficient recording of physi-
cian-gathered information, one could consider using a
less-detailed tree structure for recording patient history
than for physical examination in OpenSDE.!2

The presence of 31% additional information (in the
electronic record versus the control record) is probably
attributable to the fact that primary physicians made the
electronic record immediately after having seen the pa-
tient. The nature of SDE might be inviting for recording
more detail.® The tree structure seems to serve as a
reminder about available descriptive options, and the
entry forms provide additional detail. For example,
when the remark “abdomen no abnormalities” or “heart
sounds normal” was made in the paper record, this was
often specified more completely in the electronic record
(eg, instead of “heart sounds normal,” “normal rhythm,
first heart sound normal, second heart sound normal,
cardiac murmur absent” was recorded). These findings
may be of higher “quality” but also of less importance.
Furthermore, the experimental setting itself, and the fact
that physicians were not distracted during documenta-
tion in the EMR, could have promoted more detailed
data entry, leading to information bias.

The 25% of the patient data that were found only in
the control record mostly involved concepts that re-
quired relatively much navigation to enter in OpenSDE
but were easy to document on paper. For example,
medical history was often presented in detail in the
paper record, whereas less-detailed free text was often
used in the electronic record, although structured op-
tions for description of medical history were readily
available.

The second objective was to assess the uniformity of
reporting in the transcribed records. The inter-rater
agreement statistics (k values) were 0.39 (95% CI: 0.25—
0.53) for patient history and 0.40 (95% CI: 0.28-0.51)
for physical examination. Although this indicates a fair
to moderate strength of agreement, it also points out
that recording data with SDE (as implemented cur-
rently), even in an artificial environment, does not nec-
essarily improve uniformity in coverage.

In patient history, more information was missing in 2
or 3 transcribed records of 1 case than in physical exam-
ination. Most of the missing information concerned de-
tailed, clinically less relevant information (eg, number of
days attending day care or occupation of the parents).

Downloaded from www.pediatrics.org at Medical College of Wisconsin Librarieson

This detailed information required relatively much nav-
igation and was therefore difficult to find and to docu-
ment in OpenSDE. The information absent in the tran-
scribed records could have been forgotten or neglected.
An explanation could also be that free text in the paper
records was found illegible by the participants, resulting
in less complete documentation in the transcribed
records. Fifty-three of the 91 transcribed records con-
tained an average of 2 findings (1.5% of 135 findings)
that conflicted with the control record. It is unclear
whether these discrepancies were attributable to misin-
terpretation or erroneous transcription.

Twenty-eight percent of the free-text entries could
have been entered in a structured way. These entries
concerned mostly the use of free text on a level high in
the tree where participants were able to document their
findings quickly and easily, at the cost of structured
entry of the same information. For example, 1 physician
documented the presence, duration, and setting of
wheezing as free text, whereas the same information
could have been entered in a structured manner (Fig 2).
Seventy-two percent of the free-text entries were correct
(ie, no structured options were available). These entries
concerned mostly narrative information, such as a de-
scription of eating habits for a child with constipation.

Already SDE applications have proved to be valuable
in concise subject areas such as sonography, radiology,
and endoscopy.’*'7 Rosenbloom et al'? reported that
documents generated with SDE contained 64% more
concepts, compared with documents generated with a
standard dictation/transcription model. Kuhn et al'¢ re-
ported that, for the description of a technical examina-
tion (eg, upper abdominal sonography), there is evi-
dence of superiority of a structured approach over free-
text dictation. In broad specialties, such as internal
medicine or general pediatrics, the drawbacks of captur-
ing a patients’ narrative in coded data may not be out-
weighed readily by eventual advantages. Because SDE
by nature limits individual expression, free text should
not be replaced fully by SDE.>1218

A learning effect in data entry times could be identi-
fied with OpenSDE. Physician data entry has proved to
be a major barrier to the implementation of EMRs.!21819
For SDE to be successful in clinical practice, the time
spent documenting patient data in an EMR must be
minimized. However, SDE may require extra effort.4
Initially, data entry times were increased because of
unfamiliarity with OpenSDE. Because the average time
for documenting patient data in the paper record was 9
minutes, it was still faster than with OpenSDE. However,
the latter contained more information, on average, and
not all functions in OpenSDE to facilitate data entry
were used in this study (eg, templates and customized
entry forms).

For EMRs to be accepted in clinical practice they must
meet the demands of their users, namely, physicians.*¢
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FIGURE 2

Screen capture of the entry form for “wheezing,” showing an example of free-text documentation (upper left) and structured documentation (lower right) of the same information. The
2 contain overlapping and nonoverlapping information. Free text that is also present in the structured information field represents incorrect use.

The results of the Questionnaire on User Interface Sat-
isfaction revealed a positive attitude toward the use of
OpenSDE. All participating physicians shared the opin-
ion that data entry could be performed quickly enough.
The general response was that OpenSDE could be very
useful in clinical practice.

Currently, OpenSDE functionality is being imple-
mented in our hospital information system, after a pilot
trial in the pediatric emergency department. Explicit
information was extracted from OpenSDE to generate
reports.

CONCLUSIONS

The electronic records contained ~65% of all patient
information that was present in the control record. Phys-
ical examination was found to be more complete and
contained more additional information than patient his-
tory, which indicates that SDE is more suitable for doc-
umentation of objective data. The participating physi-
cians had a positive attitude toward the use of a SDE

20 ROUKEMA, et al

application, a requirement for successful implementa-
tion.
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CIRCUMCISION AVERTS SOME HIV INFECTIONS

“Men who get circumcised reduce their risk of acquiring HIV, the AIDS virus,

by more than half, a clinical trial in South Africa shows. Many previous
studies have suggested such a benefit from male circumcision (SN: 4/3/04,
p.212). But this trial and two ongoing trials in Uganda and Kenya are the first
ones to investigate the procedure’s effect on HIV risk to men. It did so by
randomly assigning some men and not others to be circumcised, says physi-
cian Bertran Auvert of INSERM, the French national research agency, in

Saint-Maurice. Auvert and an international team of researchers recruited
3,274 uncircumcised heterosexual men, ages 18-24, from an area near

Johannesburg. All wanted to be circumcised and agreed to get the operation
either at the start or at the end of the planned 21-month study. After the
volunteers were randomly divided, physicians circumcised half the men and
instructed them to abstain from sex for 6 weeks to allow full healing. Men in
both groups were counseled on safe sex practices and checked for HIV
infection three times during the study. After 18 months, an oversight panel of
scientists halted the project because the data were clear—49 of the uncir-
cumcised men but only 20 of those who were circumcised had acquired HIV.
The researchers report the findings in the November PloS Medicine.”

Science News. October 29, 2005
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