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ABSTRACT

With the increasing computerization of patient records comes a reason to
define quality in those records. This interesting task includes the evaluation
of different methods of data capture, from free text to structured data entry.
Quality in computer-based patient records (CPRs) may have several attributes,
including completeness and correctness. This work defines a methodology
for measuring these attributes. Two videotaped patient encounters were
viewed by eight clinicians. Records of each encounter viewed were made
either by dictation or using a CPR, making use of encounter forms which
combined structured data elements and templated free text. The reports
which resulted were compared with the gold standard for those reports as
defined by a group of experienced clinicians, based on equivalence with the
“elements” in that gold standard. Results were grouped by method of
recording and showed no significant differences for completeness or

correctness although there was a trend for the dictated records to be more

correct. For completeness, the mean + SE (95% confidence interval) for
dictation was 67.7 £ 12.7 (55.0-80.4%), for the CPR was 69.9 + 4.5 (59.2 - 80.6%).
For correctness, the values for dictation were 98.2 + 1.2 (95.3 - 101.1%) and for

the CPR were 92.6 £ 2.5 (86.6 - 98.5%). This method appears to meet published

criteria for research on data quality in CPRs.
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MEASURING THE QUALITY OF CLINICAL ENCOUNTER DATA
IN COMPUTER-BASED PATIENT RECORDS

Judith R. Logan, M.D.

The current push for computer-based patient records comes for many reasons.
The belief that the omnipresent spiraling costs of health care can be controlled
with the aid of computers, and with the data from computerized patient
records, provides significant financial support for this endeavor. This is not
necessarily the most compelling reason for computer-based patient records
(CPRs). Studies conducted by longitudinal observation of aggregate data
(outcomes studies) hope to add to the knowledge of medicine in areas that
controlled trials are unable to reach.l- 2 Such studies are virtually impossible
without computer-based systems. Reimbursement for services depends
increasingly on specific documentation. Legal issues added to the inherent
desire to provide better services -- to practice better medicine -- increase the
need for auditable and audit-proof records.3 Then there is the primary use of
patient records: to record information about the patient and care given either
as a reminder to the clinician of prior encounters or as a communication to
future providers of care. Clearly there is hope that computer-based systems
will improve these records, at a minimum by increasing accessibility of the
charted material. The recent marked technological advances in computer

hardware and software make the time right for this effort. However, there



are some hurdles to be overcome, including decisions on standardized

technology that allows for interactivity, reusability, and portability within and
between systems. Usability issues are particularly important given constraints
on clinician time in modern health care settings. Questions as to what data to

record and how it should be recorded also remain to be answered.

If the gold standard for clinical data in a computer-based patient record is the
state of the patient,* then how does the ideal record look? Is the patient state
best represented by finely granular descriptions and terminologies, perhaps
codified, and deposited easily into a data warehouse for subsequent analysis?
Or, is it represented by inferences, summary statements and broad overviews
for rapid assessment of status? We know little about the ideal record from
the standpoint of communication. How should the data be structured and

how is that data best captured?

Most computer-stored encounter data -- that is, the patient’s history and
physical, and the clinician’s assessment and plan based on a particular
encounter between the patient and clinician -- is in free text (natural
language) statements, captured either by keyboard entry or by transcription of
dictation. This allows for capture of anything the patient says or any physical
finding, and of the decision-making process including the clinical impression

and plan. It is rich data in the sense that it can capture subtleties and nuances



in histories and findings. It is easy to collect. It is not inexpensive, however,
if transcribed. If dictated, there may be a significant time delay between the
dictation of the record and the appearance of the transcript of that dictation in
the computerized chart. If entered by keyboard by an average clinician, it is
not fast. Speech recognition technologies may supplement or replace
transcription such that the expense is less severe and time less an issue, but
the technologies are still emerging and not in wide use at this point. Even if
they were, this free text data cannot be codified and it is not searchable or
retrievable except with natural language processing tools, which may deal
well with syntax but not with the context or meaning of words which are so
important and complex in medicine; medical discourse does not “yield to

linguistic analysis.”5

An alternative to the capture of encounter data as totally free text is the use of
templates which guide the user to enter text into a structure, and may include
the use of predefined or “boiler-plate” text excerpts. This approach solves
some of the contextual problems that exist with natural language processing,
and may speed and standardize data entry to some degree. Experience with
templates in paper records shows that the data collected may be more

complete,® but that data still cannot easily be codified and quantified.



A third alternative for capture of data into the record is by structured data
entry, where in addition to the structure of templates is added a restriction on
the number of responses to any item. Choices are usually made by radio
buttons, with check boxes, or chosen from single or multiple pick lists. This
data is conceivably entirely codifiable. It is quantifiable. It may be finely
granular or broad. It can be collected at the bedside. However, it is not rich
since the choices are necessarily restricted, it may not be fast to collect,
especially early in the training period, and significant training is usually
required. It works best in encounters where the data to be collected is limited,

quantified and definable.” 8

Which method of data capture will produce the best quality computer-based
patient record? The ASTM standard E-1384% on the content and structure of
the computer-based patient record reflects general sentiment in the statement
that “for some domains (for example, history and physical) there is lack of
both code systems and experience with structuring. There is also yet no
empirical basis for deciding how much to structure and how much to leave as
free text. Given these realities, historical preferences and the mass of existing
free text information, the CPR must accommodate both structured and free
text reporting for the foreseeable future.” While this is undoubtedly the

appropriate conclusion for this time, efforts to define and measure quality



may result in a less empirical basis for choice of data capture methods in the

future.

STUDIES ON DATA QUALITY IN CPRs

It would be inappropriate to ignore past studies on quality in paper-based
records in a review of articles on quality in computer-based systems. Many of
the issues are the same: Are encounter records a reflection of the quality of
care provided?10 Can the records be used for audit purposes? Are they a
reflection of the actual patient encounters? Do they reflect the process of care?
How complete are the encounter records? How accurate (correct) are they?
Regardless of the methodology chosen, the message from paper-based records
is that these records contain significantly less information than does the

actual encounter. 6 11-1415-17

A notable exception to this was the study by Duggan and associatest using
paper charting forms which provided a structure for collection of age-specific
“process items” for pediatric health maintenance examinations. The recorded
encounters were also observed. Not only was there less difference between
recorded and observed practices when structured forms were used than when
free text forms were used, - i.e. the structured form was a better estimate of
performance -- but also overall care as measured by the number of items

performed improved with the structured forms. The price paid for this



improvement, however, was the tendency to overdocument physical
findings. The authors noted that the format of the physical examination
section of the structured record made it prone to this occurrence, with the use

of a check-off mechanism for documenting normal or abnormal findings.

Gerbert and Hargreavesll used 20 criteria felt to be important in the
evaluation of COPD patients, including symptoms, signs, tests, treatments
and patient education criteria, to compare methods for evaluating
performance. They first videotaped patient encounters and after the
encounter audited the chart and interviewed both the patient and physician.
Significantly more content was recorded by interview of either the patient or
physician as compared to either the chart or videotape. What, then, is the
gold standard for content of the encounter? Their conclusion was that the
absence of symptoms was often not documented, and even not discussed in
the encounter on the assumption by the clinician that issues which are not
revealed by the current complaint are negative. What is the value of what is

not said?

Searching the literature for past research on the quality of CPRs was made
easier with the publication of a review by Hogan and Wagner in September of
19974 These authors conducted an extensive search of the literature through

February 1996, looking for articles dealing with accuracy in CPRs. They



developed a scoring system for critiquing the studies, then summarized the
results for completeness and correctness as reported. Their search located 20
articles that reported results of 26 studies of accuracy in 19 unique CPRs and
serves as a reference point for future studies.5 7.8 18-33 The majority of these
articles are either studies of the errors in transcription of data from paper to
computer databases,18 21,22, 26, 30 studies of the quality of summary or encoded
data such as problem lists, keywords, or diagnoses,5 19 23,27, 29, 31 or compare

paper-based and computer-based records.20, 24, 28

The report from Kuhn and associates” compared template-driven
ultrasonography reports with free text reports; they defined quality based on
the completeness of a defined data set required for specific technical exams.
No errors of omission were found in their structured records as compared to
rates up to 20% in free text records. Gouveia-Oliveira et al8 also evaluated
technical examinations for which a defined data set exists. They found that
for endoscopic examinations of specific lesions there was twice as much
information in structured data entry records as in free text records, and credit
this result to the “reminder” function of structured data entry charts. These
studies have again established that in a setting where a well defined data set
exists, templated and structured data entry records are equal to or better than

free text records, at least in the measure of completeness.



Wagner & Hogan32 studied errors in computerized medication lists. Notable
in this study was the search for sources of those errors found. Correctness
overall was 83% but with .37 medications missing per patient. Causes of the
errors included patient-initiated changes in medications (36%), data entry
errors (8%), uncaptured changes made in the paper record (13%), and
unrecorded changes made by clinicians within the clinic (14%) or outside of
the clinic (25%). They suggested expanding the scope of the CPR to all

clinicians who can make changes in the patients’ medications.

Pringle, Ward and Chilvers33 studied four general practice groups in England
known to have a high commitment to use of the EMIS computer system.
Concurrent paper-based records are routinely kept. Their study had several
parts, looking at different aspects of quality. These included a study of the
consistency of data recorded on the computer, looking at the prevalence of ten
diagnoses compared with national data; at completeness of lifestyle and
socioeconomic data, looking for entries for smoking habits, alcohol
consumption, occupation, social class and ethnicity; and of accuracy in the
computerized records of the diagnoses of two diseases, diabetes mellitus and
glaucoma. Results of the study of completeness showed that smoking habits
were recorded 52.1% of the time, alcohol consumption was recorded 37.5% of
the time, occupation was rarely recorded and no records showing ethnicity or

social class were found. Accurate diagnoses of diabetes and glaucoma were



present 96.7% and 92.3% of the time with no incorrect diagnoses made for

these two diseases.

The fourth part of their study looked at the completeness of the records of
patient encounters and consisted of two parts. Paper-based and computer-
based records were compared for 1000 patient encounters, then both types of
records were compared against the encounter videotapes for 200 encounters.
Using the videotapes as the gold standard, both paper-based records and
computer-based records failed to capture much of the information in the
encounters. The computer-based records were more complete only with
respect to recording of the diagnoses, while both systems recorded referrals

well.

DEFINING QUALITY

Quality in medical records has been described by the Institute of Medicine as
having the attributes3 of legibility, accuracy, completeness, and meaning.
There is a potential for improvement in each of these quality attributes with
computer-based patient record systems. Computer-based systems can
improve legibility by eliminating handwriting, but other issues of legibility
still exist: in systems allowing keyboard entry of free text, unusual or
inappropriate abbreviations can still be used, and the format of the records on

screen or in print contributes to legibility.



Accuracy, defined here as the correctness of the data,® can potentially be
improved by computer-based record systems by eliminating any
intermediaries between the clinician and the final record, that is, by
eliminating the transcriptionist for dictation or clerical personnel for entry
from paper-based notes. In addition, using logical rules for entry of data into
fields gives the ability to block inappropriate entries and to present alerts to
the user. For instance, a field for birth date can block entries which are not
numerical, are not in the correct format (xx/xx/xx or other chosen format)
and which are not dates prior to the current date. If fields have well-defined
choices for the values appropriate for those fields, then structuring the data

entry with check boxes, radio buttons and pick lists can also improve accuracy.

Completeness in a computer-based record depends in part on agreement
among users about what constitutes the core data elements for a record and
accuracy depends on knowing the correct values for those elements. The use
of templates in paper-based records has been shown to improve
completeness® where well-defined data sets exist, and computer-based
templates and higher structuring can be expected to do the same. Both
completeness and correctness can potentially be increased by the use of editing

rather than rewriting of many sections of the chart. However, the calculation

* Accuracy has alternately been defined as equivalent to completeness or as equal to the product
of correctness and completeness. For clarity, the second definition will be used for the
remainder of this paper.
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of completeness and correctness are not simple in the context of the
complexity of data found in the clinical encounters or errors found in clinical

records, a topic which will be illustrated later in this paper.

Data dictionaries and coding systems using controlled vocabularies can
improve the consistency of the names and descriptions found in patient
records. Computer-based systems facilitate wider use of these vocabularies
and dictionaries. The consequent consistency allows for improved meaning
to the users of clinical data, including the communications between clinicians

and in retrieval of data for studies or audits.

Ultimately, the quality of a patient record must be judged by whether or not
that record serves the purpose for which it was intended, and patient records
serve a number of purposes.35 They provide documentation for billing,
record information for the next encounter by the same clinician,
communicate to other clinicians who provide care for the same patient, serve
as a record for chart audit for quality improvement processes and legal
purposes, and contain research data to feed medical science. While the gold
standard may be the same for all of these purposes, that the record reflects the
state of the patient, the optimal number of data elements, optimal granularity
of these elements, and optimal presentation in the record may vary with the

purposes.

11



For example, billing requires the identification of defined classes of data with
some regard for the complexity of the data within each class, but with less
concern for data accuracy than required for other uses. Recording and
communication tasks may best be aided by legibility of the record and by the
inclusion of broader concepts and descriptors, with the fine details of the
encounter given only when pertinent. The ability to “rapidly retrieve and
logically organize and display information within the record”3 especially
when related to a specific clinical problem, is of paramount importance in
this setting. Research, audit, and quality improvement efforts, however, may
benefit from a finely granular record, controlled data sets and mapping to

defined sets of clinical concepts.

MEASURING QUALITY

Using these attributes of a quality medical record -- legibility, accuracy,
completeness and meaning -- appropriate outcome variables for a study of the
quality of CPRs can be chosen, always keeping in mind that the record should
reflect the true state of the patient. Ultimately, it could prove beneficial to be
able to take a computer-based record system and judge it in some manner,
perhaps with a score, against any other system. And ultimately, the test to be
answered is whether or not the record communicates according to its

purpose. However, given the enormity of that research challenge,

12



intermediate steps can and must be defined that are directed at evaluation of

the separate attributes.

Legibility is a significant issue with computer-based records not only because
of unusual abbreviations, but also because the format of a record may
significantly alter its ability as a tool of communication. The format of
records could be evaluated either by the subjective preference of clinicians or

by the ability of clinicians to find information within records.

Correctness and completeness can be judged by the inclusion or exclusion and
correctness of data elements. The first problem then becomes one of defining
data elements. Defined standards for the necessary elements of a history or
physical are bounded by the generality of the HCFA Evaluation and
Management categories and the refined sets created for specialized medical
fields or problems. It is intuitive and experiential that the most difficult
patient encounter to record is that of the general medical patient, who may
present with multiple medical problems in varying stages of diagnostic
evaluation. The most stringent measure of correctness and completeness in a
computer-based record system must therefore be of an encounter with this

type of patient.

13



Possible outcome variables for measuring the meaning of the records can
specifically address the ability of the records to communicate based on their
purpose. The ability of records to fulfill billing needs, for example, could be
judged either by having experienced coders extract the records or by using a
computerized coding tool, with comparison of the products from different

recording systems.

The ability of the record to fulfill outcomes research needs could be measured
by looking at the number of elements of a data set captured by each method of
recording. The Health Outcomes Institute,? for example, has laid out data sets
for a limited number of medical problems. It might be possible to find a
patient with a problem for which the Health Outcomes Institute has created a
data set, but even if that is the case, clinical encounters rarely are about just
one topic, making this approach limited. It has been demonstrated
adequately6-8- 25 that if a defined data set exists, and the record system contains
prompted fields for that data, either by templated free text or controlled data

entry, then that record is likely to be a more complete record.

The ability of the record to communicate to another clinician the data which
that clinician needs could be assessed directly or indirectly. A direct way of
assessment is to have clinicians review records of a patient encounter which

have been recorded either by free-text, templated free text, or structured data

14



entry, and then to answer questions as to the “true state” of the patient based
on those records, or to make problem lists based on those records. An expert
panel would be needed to agree on the true problem list, or the true answers

to the posed questions.

An indirect way of assessing this function would be to codify the data from
each record into medical concepts. An expert panel could determine the
concepts for a particular encounter, the chosen encounter could be viewed by
the subject physicians, recorded in the CPR, then each of these records could
be codified, and scored for accuracy. One might consider use of SNOMED,
especially if a computerized coding tool3¢ could be obtained. Two problems
with this approach would need to be addressed. First, medical concepts do not
necessarily convey either the true state of the patient or the information
needed by the clinician, discussion of which would merit a separate paper or
book. Second, use of a computerized tool would introduce the tool’s own

inaccuracies as a variable.

For any of these attributes, an intermediate step in the evaluation process is
the determination of how much homogeneity or reliability exists within any
recording system. That is, given the same input data, will a consistent record
be produced by a set of users? Before recording systems can be compared, it

must be determined how well any set of records produced using those

15



systems represent the systems as a whole. Completeness and correctness,
providing adequate definitions can be determined, are proposed as measures

of this consistency.

COMPLETENESS AND CORRECTNESS

Hogan and Wagner? have appealed for the use of completeness and
correctness in studies of computer-based patient records. Completeness is
defined as the proportion of observations in the gold standard that are
actually recorded in the CPR; correctness is defined as the proportion of the
CPR observations that are correct. Their calculations for these terms are
illustrated in Table 1. Two problems arise with this model. First, these
calculations of completeness and correctness are not uniformly agreed upon
in the medical literature. Second, this model is unfortunately too simplistic
for the complexity of errors which can occur in patient records. Elements,
unlike test results, are not positive or negative, but present or absent and

correct or incorrect.

As an illustration of the first problem, look to the work of Barrie & Marsh23
and Rickets et al.2” who used an ideal list of keywords as their gold standard
(judging presence vs. absence from this list) against a computerized list of
keywords. They measured completeness as the ratio of the number of

keywords present to the number that should have been present,
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Gold Gold
Standard Standard
Positive Negative total
CPR a b a+b
Positive
CPR c d c+d
Negative
total a+c b+d a+b+c+d
ol
Completeness Correctness
=a/atc =a/ath

Table 1: Hogan/Wagner model for completeness and correctness4

or (a+b) / (a+ ¢), (see Table 2) that is, including in the numerator both the
correct and any incorrect or extra keywords. Correctness was defined as the
ratio of the number of keywords present and correct to the total number of
keywords, or a / (a + b) consistent with the Hogan/Wagner model. Even
Hogan and Wagner did not follow their own model in their earlier work on
medication errors, where completeness was really a measure of
incompleteness, defined as the mean number of medication records per

patient for which no record existed.

Barlow et al.28 looked for the presence and correctness of five observations in
their computerized records, using the paper records as their standard. Their
measures of completeness and correctness are not based, however, on the

numbers of observations, but rather on the number of completed records,

17



Ideal Ideal
Keyword Keyword
Present Absent total
CPR Keyword a b a+b
Present
CPR Keyword c d c+d
Absent
total a+c b+d a+b+c+d
Completeness Correctness
={(a+b)/ (a+c) =a/(a+b)

Table 2: Barrie/Ricketts model for completeness and correctness23, 27

some of which may have had more than one observation error. This type of

variance in definition makes the comparison of studies difficult.

A comprehensive and mutually exclusive classification of data elements and
errors proposed in this study is, as follows:
1. Elements which are present in the gold standard and which are correct
(this will be referred to as nl, correct elements);
2. Elements which are present in the gold standard but which are recorded
incorrectly (n2, incorrect elements);
3. Elements which are present in the gold standard but which are absent
from the record (n3, missing elements); and
4. Elements which are absent from the gold standard but present (and

unsubstantiated) in the record (n4, extra elements).

18



A similar classification for errors was used by Fortinsky & Gutman!® looking
at the reliability of computerized coded problem lists. They measured errors
of omission (n3), unsubstantiated problems (n4), and incorrect codes (n2).
Results were reported in these values and also as the calculated value of the

percent of records which contained no errors.

Using the descriptions for completeness and correctness given by Hogan &
Wagner, it appears that completeness must be (nl1 + n2) / (n1 + n2 + n3) (the
proportion of observations in the gold standard that are actually recorded in
the CPR) and correctness must benl / (nl1 +n2 +n4) (the proportion of the
CPR observations that are correct). In attempting to fit this classification (n1 -
n4) into Table 1, the question arises as to the appropriate labeling of the gold
standard columns. The gold standard in this case is not a test which can be
described as positive or negative when repeated over, for instance, 90
different samples. Instead, it is a list with 90 different elements present in
that list and an unknown and possibly infinite number of elements absent
from it. If, rather than the terms “gold standard positive or negative” the
model uses “element present or absent from the gold standard list”, then
Table 3 could be constructed. Now the calculation of completeness meets the
definition above, but the calculation of correctness does not. Correctness

would be overrated because of the inclusion of n2 in the numerator.
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GS* GS*
Element Element
Present Absent total
CPR Present a=nl+n2 b=n4 a+b=
nl+n2+n4
CPR Absent c=n3 d =NQ*
total a+c=
nl+n2+n3 .
Completeness = a/(a+c) Correctness=a / (a+b)
= (n1+n2) / (n1+n2+n3) = (n1+n2) / (n1+n2+n4)

* Not Quantifiable *Gold Standard

Table 3: Gold standard: present vs. absent

If, however, “gold standard positive or negative” becomes “element matches
or does not match the gold standard”, then Table 4 could be constructed. This
gives an appropriate calculation of correctness, and is the calculation used by
Hogan and Wagner in their article on medication errors.3? It ignores the
contribution to completeness of the incorrect elements (n2), however, and

therefore does not fit the Hogan/ Wagner definition of completeness.

Element Element
Matches Does Not
Gst Match GS* total
CPR Present a=nl b =n2+n4 a+b=
nl+n2+n4
CPR Absent c=n3 d = NQ*
total at+c=
nl+n3
Completeness =a / (a + ¢) Correctness=a / a+b
=nl / (n1+n3) =nl / (n1+n2+n4)

*Not Quantifiable *Gold Standard

Table 4: Gold standard: match vs. no match
20



Not all studies of data quality require a measure of incorrect elements; either
the element is present or absent in the standard and present or absent in the
computer record but without concern for present but incorrect elements.
However, for studies such as this one where incorrect elements must be
considered, the calculations of completeness and correctness will not conform
to those given by Hogan & Wagner. The calculations for completeness and
correctness which will be used in this study conform to the definitions used
in the Hogan/Wagner model but not to any single table presented here.
Completeness is defined as the proportion of elements in the gold standard
that are recorded in the CPR, and is calculated as:

completeness = (nl1 + n2) / (nl + n2 + n3)
Correctness is defined as the proportion of elements in the record which are
correct as compared to the gold standard, and is calculated as:

correctness =nl / (nl + n2 + n4)

THE RESEARCH OBJECTIVE

The purpose of this research is to define a methodology for the evaluation of
the quality attributes of completeness and correctness in clinical encounter
data as recorded in computer-based patient records. Clinical encounter data is
defined as the patient history, physical examination, clinician’s impression
and plan based on a particular encounter of the clinician with the patient.

Considerations for the evaluation of this methodology include the ability to

21



generalize results, the reliability of the data, and the taxonomy of errors

which occur in medical records.

METHODOLOGY: OVERALL DESIGN

With completeness and correctness the outcome variables being studied, and
in order to judge solely the recording method (the CPR or some portion of it),
other confounding variables need to be eliminated, if possible. The patient
encounters should be standardized, the subjects should be uniform and have
previous knowledge of the system being tested, and the tools for recording
within any computer-based system must be chosen appropriately, such that
the only remaining variable is the interaction of the clinician with the

method itself.

Two videotaped patient encounters were used as the study material. Only the
history portions of the encounters were used since verbalization of physical
findings by the examining clinician would have been required for the subjects
to record a physical examination. The gold standard for data content of the
patient encounters was determined by an expert panel consisting of three
clinicians with significant clinical experience using an iterative process, with
the goal of defining the individual data elements expected in any record

which might result from that encounter.
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Eight clinicians (seven physicians and one nurse practitioner) were recruited
to be the study subjects and were blinded to the purpose of the study. In
individual sessions, each clinician was shown both of the videotaped
encounters. After viewing each tape, the clinician was asked to record the
encounter either by dictation or using computerized forms which allowed for
both keyboard entry of free text into templates and structured data entry. Both
order of the viewing and method of recording were randomly assigned, but
each clinician recorded one encounter by each method. This resulted in eight
records for each patient encounter, four by dictation and four using the CPR,

for a total of sixteen records.

The records were transcribed or printed, then abstracted by this author
looking for the presence and correctness of the elements which were found in
the gold standard. A second abstraction by another researcher was performed
on a percentage of the records as a check on the reliability of this process. In
addition, any data in the record which was not present as an element in the
gold standard and was not substantiated by review of the patient encounter

material was noted.

METHODOLOGY: PATIENT ENCOUNTERS, the test material
Four videotaped patient encounters were obtained. These were labeled

Patients A - D. Patients A and B were actors who were presented as new

23



patients. That they were actors was known to the clinicians who interviewed
them on videotape, but significant suspicion of this fact was not raised with
the subject clinicians. Patients C and D were actual patients who presented to
their own physicians for follow-up of multiple medical problems and who
consented to use of the videotaped material for research purposes. Patients B
and D were used for the actual study. Patients A and C were used to train the

study subjects to the particular tools of the computer-based record system.

Because of the different types of encounters, new patient versus follow-up
patient, different computerized forms were best suited for recording the
interviews of Patient B and Patient D. Therefore, the training interview with
Patient A or C was matched for each subject with the interview for which that
subject used the computerized tool, that is, if the subject was to use the CPR
for Patient B, then Patient A was used as training; if the Patient D interview
was to be recorded on the CPR, then Patient C was used for training. The
training tape was viewed before the study tapes regardless of the order of
viewing of the subsequent tapes, and the fact that the purpose was for training
was not revealed to the subjects. A standard tape recorder was used for
capturing the dictations. Because dictation equipment is commonly used, a
similar training procedure was not included for the use of the dictation

method.
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Videotaped patient interviews were chosen as the testing material in this
study. Two goals were satisfied with this choice. The first was to provide a
testing situation near to real life. The second was to assure that every subject
was given identical material to record. In addition, this method allowed the
testing material to be portable, which improved the ability to recruit subjects

who were prior users of the computer-based record system.

The use of videotaped patient encounters for assessing the quality of medical
evaluation and medical records is not unusual, 7. 11,15,33,37, 38 Residency
programs often videotape the resident staff encounters in order to critique
their skills, and other studies have evaluated record-keeping quality based on
videotapes of patient encounters. With the exception of one study using
videotapes of upper abdominal ultrasonography,” however, the videotapes
are used in these studies as a single measurement and not as a tool to be

reused with a set of study subjects.

Videotapes were chosen rather than audiotapes in order to more accurately
reflect the patient encounter. This proved useful in several instances where
the patients motioned to indicate sites of discomfort. With the exception of
one blood pressure recording, only the history-obtaining portion of the

patient encounters were recorded. Unless the clinicians had chosen to
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verbalize physical findings, accurate knowledge of the findings could not

have been conveyed through the videotapes.

What are the other options?

The gold standard for many studies of data accuracy are paper-based records.4
We know that paper-based records are inaccurate and incomplete,11-15,17, 39
however, and studies using paper-based records as a gold standard are not
answering today’s correct question. Patient records will be increasingly
computerized, whether better or worse than paper records. The appropriate
questions to ask must include questions which compel the comparison of
computer systems or of data capture methods, or require analysis of data
errors or usability issues. In questions of the quality of CPRs, the paper record
now becomes unimportant, and the gold standard must be the patient and the

patient encounter.

Several other testing methods using patient encounters could potentially
have been employed. Standardized patients might have been used. In other
studies, they have been successfully integrated into practices with a low rate of
detection.14- 40,41 While presumably more realistic, this method adds as a
confounder the variability in content of the encounter. For that reason, as
well as the difficulty of recruiting and training actors, this method was not

chosen.
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Viewing of the actual patient encounter by one or more observers has also
been employed,1?- 17 where the research involves comparison of records made
by the observer(s) and by the clinician who participated in the encounter.
More than one observer could be used as a check on inter-rater reliability.
While this method would be ideal to assure that the testing material is true to
life, it is not easily scaled up for use with many-subject studies. If the
encounters were staged, then they could be repeated for multiple observers,

but this again poses significant technical difficulties.

What are the problems with this method?

Videotapes have primarily been used in the past to study the process, not the
content of care. The question arises as to whether or not a videotape
accurately enough reflects a patient encounter to use it as a standard. The
fallibility of all methods of recording encounters has been well pointed out by
Gerbert and associates!!- 37 who looked for the “truth” about the content of
patient encounters and concluded that more content was recorded by
interview of either the patient or clinician immediately after that encounter

than either by the videotape or chart for that visit.

Several considerations arose in preparation and use of this videotaped
material. The first problem that was apparent was the need for accurate

background information on the patients who were taped in follow-up visits.
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Since this information had not been obtained at the time of the encounters,
past history consistent with the data on the videotapes was created by this
author. It was entered into the computer-based record system as prior visits
and therefore was available to the clinicians who recorded on that system just
as it would have been in the office setting. For clinicians dictating those
encounters, the information on the computer-based system was printed out
and given to the subjects prior to viewing the videotapes. One error was
made in this process which was not caught until the study period had already
started. One patient mentioned taking Zantac, yet this was not on her
medication list. It was also not listed as an element in the gold standard list

discussed later. Therefore, any mention of it was not scored in the results.

More than one of the study clinicians asked if they could record what they
would have done had they been the clinician involved in the encounter, and
this must frequently be a temptation when viewing another clinician’s work.
The content, and not the quality of the patient encounter, was the issue in

this study, however, and the study clinicians were reminded of this.

METHODOLOGY: THE SUBJECTS
The ideal for this study was to conduct it with subject clinicians who use the
CPR in their regular practices. This proved to be more difficult than expected.

Eight clinicians from this community were recruited to be the study subjects.
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Five had used the CPR regularly in their practices for from 2 - 15 months.
Two were familiar with the CPR but did not use it in practice, and the last
used computers regularly but had no prior knowledge of the CPR. For this
clinician, a brief review of the tool was given prior to the study period. Seven
of the clinicians were in active practice at the time of the study, seven were
physicians (two family physicians, three internists, two emergency

physicians), one was a family nurse practitioner.

The instruction given to the study subjects was simply to record the patient
encounter as viewed, in its entirety, and in a manner similar to the way they
might record a real office visit. It was emphasized to them that if data did not
fit the form as designed, that it should be recorded nonetheless, that they were
not being judged by placement of the information only by its presence. If at
any point the subject asked a question concerning the necessity of recording
data, the only response given was that if the data was present in the
videotape, that it should be recorded. No further information about the

purpose of the study was given to the subjects.

The three videotapes, first the training and then the two study tapes, were
viewed sequentially, with the encounter data recorded at the end of each tape.
Each session took approximately 1 hour per subject and in no case was there

significant disruption of the study period.
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METHODOLOGY: THE CPR and development of the encounter forms
Logician is a computer-based outpatient record system produced by
MedicaLogic, Inc. of Hillsboro, Oregon. It was chosen as the CPR for this study
because it provides the ability to capture data in a fully structured fashion, as
free text or as templated free text, for the ability to customize forms within the
system, and because of the availability of users in this area. For this study a
demonstration version of Logician 4.2 was used, which did not have a
number of features available on current releases, but which was portable. All
data was recorded on a laptop computer, which allowed for control over the
forms used and for storage of the data, and did not interfere with the

clinicians’ production versions.

Logician features include scheduling functions, problem lists, medication
lists, allergy lists, and directives, all of which can be updated, in addition to
the encounter records. Data can also be aggregated into customized tables.
Decision support, alerts, coding and many other functions are built into this

system but were not utilized in this study.

Clinical encounter data can be captured in Logician by a number of methods.
Three types of encounter forms are available: blank notes, Note Templates,

and Encounter Forms. Into any of these, free text can be transcribed after
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dictation or entered by keyboard. The Note Templates and Encounter Forms
by their structure serve as prompts for data. In both, certain data from prior
visits can be pulled forward and the use of predefined or “boiler-plate” text is
possible. In addition, the templates can be printed for making handwritten
notes. The Encounter Forms provide the additional feature of structured data
entry, with radio buttons, action buttons, check boxes, drop-down lists,
flowsheet views, and single and multiline edit fields. Encounter Forms and
Note Templates can be created by the users and a Web site is made available
by Medical.ogic where the creators can upload those forms to be shared with

other users.

Two Encounter Forms were used for this study (see Appendix A). They do
not represent the full capabilities of Logician, but for purposes of this study,
further functionality was not necessary. The Multiple SOAP Note is a set of
forms which contain multiple structured data fields for physical examination
and follow-up instructions but contain no structured data fields appropriate
for this study. The fields used were templated to structure but did not contain
predefined text. This set of forms was used for Patient D who was seeing her
physician for follow-up of multiple medical problems. The General History
form is a series adapted by this author from two other form sets and which
provides more structured data entry, particularly for the Review of Systems

section. It does not contain a physical examination section. Of the 63
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elements in the encounter with Patient B, 15 could be recorded in a structured
fashion. Space for free text entry was also provided in each section so that

users were not constrained to use only the structured data fields.

Ideally, subjects should be allowed to use all available functionality of a given
CPR. However, because Logician allows such variety in the manner of data
entry, and because the users came with such varied backgrounds in terms of
system use, it was felt that any meaningful comparison must depend on
restricting use to limited forms. In addition to the Encounter Forms noted
above, subjects were allowed to update the Medication, Problem, Prescription

and Allergy lists.

The clinician subjects who used Logician in their practices were surveyed as
to their practice use of the tool. The number of chart notes created in a week
by those clinicians varied from 10 - 150 including telephone notes. None of
the subjects reported using the Encounter Forms, and only two ever used the
Note Templates, and then only in 10% or less of their chart notes. An
average of 84% of charts created by this group were partially or totally dictated
notes without use of templates, with the balance recorded by keyboard entry

into blank notes.
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METHODOLOGY: DATA ELEMENTS, making the gold standard

What constitutes a data element? That is, what is an individual, countable,
atomic unit of data in a medical history? An empirical approach was chosen
for answering this question based on the belief that an element is significant if
it is felt to be significant by clinicians who might make or use the record. This
detours a little into the attribute of meaning in the patient record, and away
from pure concepts of correctness and completeness, but the author suggests
that it is still the best approach. Three physician reviewers including this
author, with total clinical experience of 46 years, reviewed the videotapes and
in an iterative process determined the “gold standard” for data elements in
the videotaped patient encounters (see Figure 1). As a first round, each
reviewer was asked to view the videotape of each interview, and to record the
encounter, given a form which provided a few prompts and aided in breaking
the record into elements. However, each reviewer was specifically instructed
not to be restricted by the structure of the form. Each was also allowed to
watch the videotape as many times as needed over an unrestricted time

frame.

The results from each of the reviewers were then pooled. The lists with the
pooled results were returned to the reviewers who were asked to view the
tapes another time and to confirm or deny the presence of items in the lists,

and also to add any additional items to the lists, if needed. A second
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Videotaped Patient Encounter ~ Gold Standard for the Patient

Record
First round: Third round:

Expert committee members Discrepancies in second pooled
individually view videotaped results are resolved and data
patient encounter, list divided into discrete elements.
elements that should be If no concensus reached on
included in a record of that inclusion of an element,
encounter. judgment made by author in

favor of adding extra elements.

Second round:
Pooled results are returned to
the committee members.
Videotapes are individually
reviewed again and the lists
are refined with elements
added or deleted as
appropriate.

Figure 1: Making the gold standard, an illustration of the iterative process

compilation was performed and checked with the reviewers for discrepancies,
at which time they were also asked to divide this data into elements. A
question found useful in determining elemental status was: what pieces of
data, if taken out of context, add meaning to the record? For example, one
patient stated that her mother had died of pancreatic cancer. The family
history of pancreatic cancer was felt to be significant, especially in light of her

abdominal symptoms. In addition, the fact that her mother had died was felt
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to be a significant historical fact. Therefore, this was chosen to represent two
data elements: mother died, mother had (or family history of) pancreatic
cancer. If there was no consensus on an issue this author made the choice,

erring on the side of adding extra elements.

What are the other options?

Data elements which may be chosen for study include summary information,
such as problem lists,17. 19 31 diagnoses,5 24 42 or keywords,2? 27, 28 specific
historical items such as medications32 39 or treatments,?6. 30 predefined
standards for content of examinations,®-8. 12, 18, 21, 38, 43-45 or established criteria
for evaluation of specific diseases.11 20,37, 45 None of these approaches are
appropriate for evaluation of overall documentation over a wide variety of
patient encounters. Several approaches have been taken in the past for
determination of the units of information to be measured when looking at
broader evaluations. Some studies have started with categories of
information and abstracted content based on these,13, 16 (see Tables 5 and 6)
while others have started with the content of records and built categories or
set criteria based on that content.14 The categories may be coarse33 (see Table
7) or refined.14 As a comparison, the method used in this study resulted in an

average of 45 elements per encounter.



Zuckermanl6 used items that are typical of medical audits and a few aspects of
medical care not typically audited. (see Table 5) Coding was generous, giving

credit to partial or minimal entries, and resulted in 12.7 items per encounter.

Romm and Putnam® defined a unit of information as a usual component of
a medical encounter (see Table 6). For example, a “respiratory unit” could be
the notation of the absence of complaints of cough, sputum production or
SOB or the notation of no pulmonary problems. Because of the summary
nature of the units of information, the units measured were only an
approximation of the degree of agreement. The average number of units per

encournter was 13.6.

Norman and associatesl4 established the critical information and actions
necessary for achievement of acceptable performance for each of their
simulated patients. Criteria were suggested by four family physicians and one
specialist in the area represented by the simulated case history and then

pooled. This resulted in 28 to 54 items per case.

Moran and associates!> compared the contents, as determined by trained
observers, of 22 videotaped patient encounters with the charts resulting from
those encounters. While an exact description of the units of comparison is

lacking, these units were categorized and subcategorized in a fashion
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indicating that overall documentation was considered, and gave 14.2 items
per encounter. In addition, items were weighted as being very, moderately, or

not significant in relation to the complaints stated by the patient.

In a similar manner, Pringle, Ward and Chilvers33 in their fourth study
judged the completeness of the content of computer-based against paper-based
records according to the number of “items” each contained (see Table 7). A
total of 1195 items were found in the records from 1000 encounters (average
1.2 items per encounter). In a second part to this study, the videotapes from
patient encounters were reviewed for number of “topics” they contained and
both paper and computer-based records were examined for these topics.
Topics were identical to the items of the first phase of the study except for the
examination topic. Their rules for determining the presence of a topic were
that a topic existed when “both parties use at least one phrase or sentence in
its discussion; or if a prescription review takes place without mentioning the
underlying topic explicitly.” A total of 1097 topics were present in 200

encounters for an average of 5.5 per encounter.
What are the problems with this process?

This process by itself, even before the actual study, brought out many of the

problems inherent in the recording of patient data. The task is not as simple
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diagnosis

problems
medications-name
mediations - dosage
medications -purpose
medications -effects
medications -side
effects

other therapy

(diet/ wound care)
allergies

followup appointments
diagnostic studies
chief complaint
iatrotropic stimulus
degree of disability
cause of illness
purpose of followup
visit

Table 5: Categories of
data in the general
encounter
(Zuckerman16)

Chief Complaint
Present Illness --
Systems related to the
ief complaint:
head
eyes
ears
[ ]
L ]

hematologic
Medical History --
Remaining systems plus:
habits
allergies
disease exposures
current medications
family history
social history
Impression or diagnosis
Tests:
chemistry
hematology
microbiology
radiology
other
Therapy:
medication
diet, exercise
return appt.
consultation, referral

symptoms

diagnosis
prescriptions
examination®

site of symptoms
review arranged
numerical finding
duration of symptoms
preventive advice
investigation arranged
previous test results
referral

preventive action

treatment given

Table 6: Units of the
record (Romm and
Putnam!3)

*not counted as a “topic”
Table 7: “items” and
“topics” in the general
encounter (Pringle, et
al33)

as just recording facts, but must deal with the interpretation of or justified

inferences drawn from the facts, as well as summative statements about those

facts. A total of 90 elements ended up on the gold standard list for Patients B

and D. Even with liberal interpretation only 40 (44.4%) of the elements were

agreed upon by all three reviewers on the first round, although this was

primarily due to the absence of elements by one reviewer. The other two
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agreed first round on 69 (76.7%) of the elements. If this is the agreement rate
between clinicians able to view the tapes in the best of circumstances, how can
we expect better with subjects restricted to one viewing of the tapes in a

controlled time frame?

METHODOLOGY: DATA ERRORS

In this study a classification scheme for data errors was chosen which would
be both exclusive and exhaustive. Records in this study were abstracted by
this author for data elements which were then judged against the gold
standard to be either 1) present in the gold standard and correct in the record
(Correct Element), 2) present in the gold standard but missing from the
record (Incorrect/ Missing Element), 3) present in both the gold standard and
record but substantially different in value in the record (Incorrect/ Untrue
Element), or 4) not present in the gold standard and unsubstantiated based on

the videotape (Extra/Unsubstantiated Element).

Classifying elements as missing from the reports as judged against the gold
standard, that is, representing the completeness of the reports, proved easy to
determine. Judging accuracy, however, proved to be difficult. What degree of
inference is called correct as opposed to untrue? What summative
statements overstate or oversimplify the case or combine elements that are

appropriately stated separately? The question which was asked for abstraction
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of data from the reports was: are the elements in the reports equivalent to the
elements determined to be “gold standard”? Several rules were laid out to

help answer this question.

First, the format in which the data was presented in the reports was not
important as long as the researcher clinically could understand its meaning.
For example, if information about the family history was reported in the
social history section, it was not deemed important as long as the researcher

could recognize this as family history.

Second, the term “equivalent” was to be applied liberally. The interpretation
of equivalence depends a lot on clinical judgment. A summation of or
inference from an element was usually acceptable as long as it was not
contrary to other elements. A useful question to ask was found to be: from
this record, would [, as a clinician, know that a particular element is present?
Precedence for this liberal interpretation is found in another study,6 where
the basis for coding regulations was whether or not the data in the record or
patient interview was adequate for a subsequent physician to determine

accurately the nature of the care given or to carry out a medical audit.

Third, elements were classified either as:

a. present in the standard and correct in the report (Element Present, n1);
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b. present in the standard but not in the report (Missing Element, n2);
c. present in the standard but reported incorrectly (Untrue Element, n3); or
d. present in the report but not substantiated by the gold standard or
review of the videotape or transcription (Unsubstantiated Element, n4).
In addition it was possible for data to be present in the report but not to be in
the list, but which was substantiated by review of the videotape or transcript.
These elements had not been considered significant for inclusion in the gold

standard, in which case they were ignored.

The reports were abstracted by this author. A second abstraction was
performed by another clinician on 25% of the records, looking for elements
meeting the criterias above (Table 8). Neither the videotapes nor transcripts
of those tapes were reviewed by this second abstractor, so that the addition of
extra data could not be judged. The results were in agreement on 92.2% of the
elements. Kappa statistic for inter-rater reliability was found to be .82 overall,
.90 for Patient B, and .65 for Patient D.” The overall value is consistent with

kappa values accepted in other studies.6. 11, 14, 33, 41

® Kappa statistic calculated as follows:
# correct_by_chance = 125x (1 2% 80) = 86.8

# incorrect_by_chance = 55x (55 f 80) =16.8

chance_agreement _(86.8+16. 8)1/80 =.576

observed _ agreement =(48+1 18)/180 =.922

_(.922 -.576 iy
Kappa = (1-576) =.82
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Reviewer 2

Incorrect Correct
Reviewer 1 Incorrect 48 7 55
Correct V] 118 125
55 125 180

Table 8: Results of second abstraction of 25% of records for inter-rater
reliability: correct (n1) elements vs. incorrect (n2 + n3) elements

RESULTS
Eight subject clinicians recorded each of the two videotaped patient
encounters resulting in a total of 16 records, 8 for each encounter, four of
those recorded by dictation and four on the computer-based record system.
The encounter for Patient B had a total of 63 possible elements as determined
by an expert panel, and the encounter for Patient D had a total of 27 possible
elements determined in the same manner (see Appendix B). Tables 9 - 12

show the results for each group of clinicians.

How did the recording methods compare?
Table 13 summarizes the results based on the recording method. Figure 2

illustrates the calculations of mean completeness and correctness for the

methods. For completeness, the mean * SE (95% confidence interval) for
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Key for tables:

nl = elements present and correct
n2 = elements present and incorrect

n3 = elements missing

nd = extra and unsubstantiated elements

lSub!'ect “ nl n2 [ n3 | n4 Subject ll nl n2 L n3 | n4d
2 56 0 ] 71 0 2| 16 1 [ 10 1
50 41 1 |20 F 3 5l 14 0] 13] 3
6] 46 0 |17 ] O 6 17 010 o
8] 55 0 8 | 0 8] 25 02170
™ total] 198 1 [58] 3 total }[ 72 1 ]3| 4

Table 9: Results, Group 1

Table 10: Results, Group 3

(Patient B + dictation) (Patient D + CPR)
| Subject || nl n2 | n3 | n4 Subject | nl n2 | n3 | n4
1 36 4 [ 23T 2 1] 18 0 9 1
3 45 0 {181 4 3 12 0 | 15 0
41 52 0 11 1 41 15 0 | 12 0
71 43 2 | 18] 4 71 16 0 | 11 0
i) J % | A LA
total [ 176 6 [70] 8 total | 61 0 [ 47 1

Table 11: Results, Group 2
(Patient B + CPR)

Table 12: Results, Group 4
(Patient D + dictation)

dictation was 67.7 + 12.7 (55.0-80.4%), for the CPR was 69.9 + 4.5 (59.2 - 80.6%).

For correctness, the values for dictation were 98.2 + 1.2 (95.3 - 101.1%) and for

the CPR were 92.6 £ 2.5 (86.6 - 98.5%). Confidence intervals overlap signifying

no significant difference between systems in either measure although there

was a trend for the CPR to be less correct than dictation.



Overall Mean Mean

Method nl n2 n3 n4 Completeness Correctness
dictation| 259 1 100 4 66.7% 98.2%
CPR| 248 7 105 12 69.9% 92.6%

Table 13: Results by Recording Method

How often were structured data fields used?

For Patient B, 15 elements in each record could have been recorded correctly
in structured data fields. Structured data field entries were made 31 times
(50% of possible correct uses) in the four records, and in 5 of those instances,
the data was recorded incorrectly. In addition, 6 of the 8 unsubstantiated data
elements had been recorded in structured fields. For Patient D, no structured
data fields were appropriate and yet three of the four unsubstantiated entries

were made into structured fields.

What were the errors made?

Table 13 lists the 24 errors made which were either incorrect responses or
unsubstantiated elements. The most noticeable error occurred four times, in
50% of the records for that patient. Subject B appeared to be depressed. She
had a number of indicators in her encounter pointing to this. Yet nowhere in
the encounter was the word depression mentioned; in fact, the only
statement about her mood was her statement “No, I'm not sad.” Yet, four of

the eight subjects reported that the patient STATED that she was depressed.
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@ dictation

m CPR

Completeness Correctness

Figure 2: Completeness and correctness in dictated and CPR records, with 95%
confidence intervals

Two of these errors occurred using structured data fields, one was by free text

entry, and the other was dictated. A fifth subject reported that the patient

APPEARED sad, a finding consistent with the encounter.

Three of the incorrect elements were the result of the same clinician checking
a series of checkboxes which were titled “Patient denies...” which is positioned
to the right of a series of checkboxes which are identical except for the title
“Patient complains of....” It is easy to assume that this error occurred because
of this juxtaposition and is an example of the importance of layout in
structured data charting methods. It is also reasonable to assume that this
type of error would occur less frequently with increased familiarity with the
recording method.
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DISCUSSION

The purpose of this work was to define a methodology for measuring quality
in the computerized records of clinical encounters. Definition of this
methodology required first the definition of, or more accurately, a dissection
of the term quality as it applies to patient records, a choice of the attributes of
quality to study, and then a definition of those attributes. Correctness and
completeness were chosen as the attributes to be studied for several reasons.
First, they are objectively quantifiable. Second, there is precedence in
informatics research for the use of these calculations; they have been used in
the past as the sole measures of quality, where quality was defined as the
product of completeness and correctness. Third, they are a reasonable
representation of the internal consistency, the reliability, of a recording

method across multiple users.

No statistical significance between the recording methods was either expected
or found given this trial study with only eight subjects. The wide variability
demonstrated between subjects using the same recording method on the
same patient material indicates that a large number of subjects would be
necessary to reach statistical significance between recording methods, and
even then clinical significance might not be demonstrated. Given the

difference in results found between records from the two patients, a variety of
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Method of data collection

Gold Standard E}ix_lent Incorrect Element Dictated gg}}text 8%’11} crured |
... and there is no radiation.| X
LUQ pain
GYN examination ... negative based on ...pap | X
(presumed to be normal) smear.
Colonoscopy performed Add’l Hx: barium enema X
S: ear pain tenderness in neck. X
Decreased appetite Denies: anorexia™* X
possible weight loss Denies: weight loss™ X
Lack of energy/ lethargic / | Denies: fatigue, malaise™ X
no motivation/ tired
Former smoker (quit 5 years | Tobacco use: no x
ago)
Intermittent (describing Timing: many times a day X
pain)
= — e — = |
Unsubstantiated Comments
Elements ) _
Pain is achy ... character of pain was not T
mentioned
ROS also is positive for see discussion X
depression.
..having some claudication | history of same, but pain not X
discussed
Readily admits to feeling see discussion X
depressed
No fever not mentioned X
2.5 mg dosage not mentioned * *
Context: when awake timing not mentioned X
HIV high risk behavior: no | not discussed although X
(occurred twice) history of no IVDA X
documented
Denies: nausea, vomiting not discussed X
Pt ¢/ o depression see discussion X
(occurred twice) X
Return to the current followup not discussed X
provider at a specific date
Head: normal 1o exam done X
Skin: normal no exam done X

* unable to determine whether this element was recorded by structured data entry or free text
“*these incorrect entries were made by the same clinician and probably reveal a problem with

the layout of or unfamiliarity with the structured data entry fields

Table 13: Data Errors
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patient encounters might be needed to generalize any results in a definitive
study. Fortunately, this method is readily scalable, limited primarily by the

ability of clinicians in active practice to contribute their time.

Standards for study methodology
Hogan and Wagner? have proposed standards for studies of data accuracy in
CPRs, as follows:
1) Report numerical measures of both correctness and completeness;
2) Use an unbiased sampling technique to select patient records for
inclusion in the study;
3) Select a gold standard with the intention of approximating the true state
of the patient as closely as possible; and
4) Blind the members of the research team who are responsible for the
determination of the gold standard to both the purpose of the study and
the CPR data when appropriate.
This methodology has either demonstrated or would allow for all of these
standards. Numerical measures of completeness and correctness, in
accordance with the Hogan/Wagner description but numerically redefined,
have been used. Biasing of sampling technique does not apply directly to this
methodology but could be approximated by the use of a random sampling of a
set of clinical encounters. Until a better definition of the true state of the

patient can be determined, then direct viewing of the patient encounter is
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proposed as an appropriate gold standard. Studies showing that less
information is available in a videotape than is actually obtained by the
clinician may be faulted by the unwillingness of the researcher viewing the
videotape to make assumptions, knowing the purpose of the study.
Inherently there is no reason that a videotape cannot represent the entire
encounter. Equivalence of the encounter to the true state of the patient is,
however, a reasonable question which cannot be answered in this work. The
research team responsible for the gold standard was not blinded to the
purpose of this study although they were blinded to thé CPR data, but this can

easily be changed should the methodology be used in a definitive study.

Taxonomy of errors

Even without the ability to attain clinical or statistical significance, value can
be obtained from this methodology through application of the errors noted to
the development of a taxonomy of errors. There is little in the medical
literature about such a taxonomy. Studies on the variability and reliability of
medical data%6-48 have not addressed the particular issue of recording errors,

nor are lessons from studies on errors in databases appropriate for this topic.

A model of the process of record-keeping suggested by Spackman?® may
provide a useful framework for classification of the errors found in this study.

This model divides the process of creation of the content of a patient record
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into three stages. First, from the encounter certain items are believed to be
true by the clinician. The clinician then chooses to record a portion of the
items believed to be true. For each item recorded, choices are then made as to

the manner of the recording.

Can examples be found that illustrate errors in what the clinicians believed to
be true? The most prominent example is that of the statement of depression
previously discussed. The nonverbal expressions from this patient and
inferences drawn from statements made were apparently so strong that half
of the clinicians not only believed that this patient was depressed (a correct
statement) but also believed that the patient stated that she was depressed (an
incorrect statement). The inclusion of pap smear results based on the history
of having had a gynecological examination is an unjustified inference;
although more than likely she did have a pap smear at the time of her
examination, incorrect documentation of that test could be a clinically
significant error. Other examples included the substitution of UGI for upper
endoscopy and of barium enema for colonoscopy, and the timing of pain
while awake when there was no mention of diurnal variation. Perhaps this
set of errors is divisible into the subsets, a) errors of substitution, b) errors of

inference, and c¢) errors of inclusion.
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Can examples be found that illustrate errors in what the clinicians chose to
record? A measure of this type of error would be similar to the measure of
missing elements. What cannot be counted, however, are the elements
which the clinicians did not believe to be true and therefore did not choose to
record based on that lack of belief. Ata maximum, the errors of this type are
the same as the missing elements. While it might be assumed that these
elements were not recorded because they were not clinically significant, the
defined methodology should weaken this assumption. If the gold standard
elements are defined by clinicians who are blinded to the study purpose, this

assumption should be precluded.

Can examples be found which illustrate errors based on the method of
recording of those elements believed to be true and chosen for recording?
This is where lessons can be learned in the design of structured data entry
forms. Three incorrect entries made by the same clinician are probably errors
of this type: instead of checking boxes in the “Patient complains of...”

column, the boxes were checked in the adjacent “Patient denies....” column.

A number of errors cannot easily be classified. Is the inclusion of physical
findings when no examination was performed an error in inference (external
inspection could be considered normal but not other aspects of the physical

examination) or in the method of recording (did the presence of checkboxes
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for normal findings encourage their erroneous use)? Is the description of an
ex-smoker by “tobacco use: no” an error in what the clinician believed to be
true or an error caused by restriction of choices in structured data fields
without a clear definition of those choices? The declaration of no fever when
presence fever was not mentioned may be an example of the assumption that
if a symptom is not mentioned, then it is negative. The actual value of this

element is unknown.

Limitations of this methodology

Two limitations are obvious in this study, one a practical one in the study
itself, the other a theoretical limitation with the methodology. An attempt
was made in this study to recruit study subjects who were already familiar
with the templated and structured data capture methods of Logician.
However, not all subjects used Logician regularly, and none of the subjects
used its structured data capabilities. How much the variability of the results is
a reflection of this lack of familiarity with the recording method is uncertain.
The training videotapes were used to try to decrease this confounding
variable, but for any definitive study using this methodology, the variability
of user training must be considered. In addition, given that the clinician
subjects were not necessarily representative of the defined population of
clinicians, then any results found here are only estimates of what might be

found in a more definitive study.
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No attempt is made to claim that measures of completeness and correctness
can quantify the concept of quality. Just as the concept of state of the patient is
the ephemeral entity represented by the clinical encounter, so quality is only
partially and momentarily measured by completeness and correctness. We do
not know the value of detail vs. overview in medical records, the value of
unasked and unanswered questions, the cost of missing data, or whether or
not accurate diagnoses can be reached and decisions made despite
disagreement over historical and examination data. What is claimed in this
study is that completeness and correctness should be measured in a consistent
manner and remain an essential part of the evaluation of quality in

computer-based patient records.

CONCLUSIONS

The methodology described in this report can meet the standards for studies
of data accuracy in CPRs as recommended by Hogan and Wagner.4 While
not all of their criteria were met in this trial study, adaptation of the method
to those standards could be performed without significant difficulty. The
greatest limitation to use of this methodology lies in the difficulty of
recruiting enough subjects to demonstrate statistically significant differences
in recording methods, given the variability between clinicians in recording

practices.
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The measures of completeness and correctness may not completely define
quality in patient records, but are an essential part of that definition.
Suggestions have been made for standardizing the definitions of
completeness and correctness for studies where both presence and accuracy of
data elements is important. In further studies using this method, even if
comparative conclusions cannot be drawn, much can be learned about the
process of creating a patient clinical encounter record and of the sources of

error in those records as produced by the method of recording.
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Appendix A: Encounter Forms

The Logician Encounter Forms used for this study.

General History
History of Present Illness 63
Review of Systems -1 64 - 65
Review of Systems -2 66 - 67
Review of Systems -3 68 - 69

Review of Systems -4 70
Review of Systems -5 71-72
Family History 73
Past Medical History 74

Assessment 75

Multiple SOAP Note

Subjective 76
Objective 77

Assessment and Plan 78
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Appendix B: Abstracted Data

Compiled data abstraction forms

Patient B 80-82

PatientD 83-84
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