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Abstract

Structured entry and reporting in medicine remains an elusive
goal. Poor adoption of clinical structured entry for documenta-
tion results in part from the inherent complexity of entering pa-
tient histories, which are generally unstructured. The authors
have developed a structured entry tool that has been adopted by
practicing physicians for documentation of clinical encounters.
To evaluate the impact of this tool on clinical documentation, the
authors have performed two comparative studies investigating
note complexity. Authors compared documents generated with a
standard dictation/transcription model with documents generat-
ed with structured entry. Overall, documents generated with the
structured entry and reporting tool contained 64% more con-
cepts (P<0.01) than dictated documents while maintaining the
same complexity. Depth and complexity of documentation with
the structured entry and reporting tool varied by clinician user
and by note sub-section.
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Introduction

Stakeholders in basic science research, health services research
and medical informatics recognize the importance of informa-
tion captured directly from episodes of clinical care for research,
real time decision support, and patient screening for clinical tri-
als or clinical syndromes.[1-4] Structured entry and reporting
systems promise to meet this need by enabling health care pro-
viders to document patient clinical encounters through selection
from predefined categorical concepts.[5-11]

Structured entry and reporting systems are designed to enhance
the process of clinical documentation by simultaneously pre-
senting useful categorical concepts in a user interface and cap-
turing input into the interface as machine-readable data.[Kahn,
1998 #76] Major goals of such systems include producing raw
data that enhances patient care by facilitating reminders and
alerts while providing an infrastructure for clinical research.
Structured entry is achieved as a user navigates through lists of
relevant concepts and sets status value (e.g. present/absent, etc.).
In parallel with the clinician generating a document, the tool can
capture data suitable for research and for real-time clinical deci-
sion support and can generate reports in various human-readable
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formats. Additionally, because structured entry and reporting
tools can integrate documentation templates to reduce variability
in the quality and quantity of concepts recorded in individual
notes, it is also possible for investigators seamlessly to integrate
research questions into the workflow of general practitioners.

Despite the efforts of pioneers in the field of biomedical infor-
matics, who have created many structured entry and reporting
systems over the past 50 years, few systems outside of isolated
subspecialty domains or single institutions have experienced on-
going voluntary usage. Examples include, but are by no means
limited to, the applications by Stead and Slack, including TMR,
that allow patients to enter their own histories,[9, 10, 13-16] by
Ledley in the domain of radiology,[17] the COSTAR project by
Barnett,[18] Weed’s PROMIS system,[19] the ARAMIS system
that collects national data about patients with rheumatoid arthri-
tis,[20] the endoscopy documentation tool, CORIL[7, 21]
Wirtschafter[22] and Shortliffe’s[23] independent works devel-
oping chemotherapy documentation and decision support sys-
tems, Johnson’s Clictate, which assists with guideline-based
documentation of pediatric care,[11] and Musen’s T-HELP-
ER[24] which advises community physicians if their patients
meet criteria for enrollment in HIV-related clinical trials or mod-
ification of medical therapies. These milestones notwithstand-
ing, creation and widespread adoption of computer-assisted
clinical documentation tools remains both a major challenge and
a central target in informatics.[25]

The described benefits of individual structured entry and report-
ing systems in healthcare notwithstanding, published studies in-
vestigating the reasons for their subsequent limited acceptance
remain rare.[25] Possible reasons for poor adoption that have
been suggested include system inefficiency,[8] complexity and
slow pace of navigating through user interfaces to find relevant
content,[26] inflexibility for documenting unforeseen findings,
the lack of integration of clinical applications, and deficiéncies
in both coverage by and goals of the underlying data model,[25]
and decreased overall efficiency for generating complex docu-
ments. Interface inflexibility and difficulty locating relevant
content has a greater impact on the relatively unstructured note
components, such as the narrative history of present illness, than
on the relatively structured sections like the physical exam and
system review documentation.



Taking into account the speculative reasons for limited adoption
of structured entry and reporting systems, the authors have de-
veloped a novel structured entry and reporting tool called
QUILL (QUestions and Information Logically Linked) at
Vanderbilt University Medical Center (VUMC). The major
goals in developing QUILL were to create a tool that permitted
rapid entry of categorical clinical information, to allow input by
generalists and sub-specialists, to support multiple methods of
data-entry, and to output data in both human- and machine-read-
able form. QUILL, a Java-based application that is a component
of our electronic health record (EHR), was designed for use
across multiple clinical domains, so that it can be used to detail
the clinical assessment of a healthy two-month-old child and to
document a history and physical exam of an elderly patient with
chest pain. QUILL supports a collaborative workflow so that a
nurse and physician can work together to create a final compre-
hensive document. Vital sign and laboratory data may be im-
ported or automatically populated from the EHR. Medications
and problems are retrieved from, edited and stored in a longitu-
dinal summary list that resides within the EHR. Documentation
using QUILL occurs through the use of user-customizable tem-
plates, which are collections of terms and concepts from an un-
derlying pilot clinical interface terminology. Templates prompt
documentation of particular problems or to follow specific
guidelines.

To date, nine cardiologists and two clinical fellows have used
QUILL over the past two years in general cardiology and ar-
rhythmia specialties to generate over 2500 medical encounter
summaries in their clinic. Additionally, QUILL has recently
been implemented by six neurologists and one nurse practitioner
in adult neurology clinics, including stroke and epilepsy special-
ties, where an additional 1300 medical encounter summaries
have been generated. All physician users have been able to
achieve documentation times that meet or improve upon their
time to complete a note prior to using QUILL.

Methods

This study tested whether QUILL users generated clinical docu-
ments containing the same depth and representing the same com-
plexity as standard documentation using a dictation/transcription
model, especially for note sections that are generally structured.
Depth was defined as the rates of concepts documented per note;
complexity as the levels of service and decision-making repre-
sented in the notes, as indicated by independent Evaluation and
Management code assignments. Using a retrospective pre/post
design, the authors compared notes generated by three cardiolo-
gists using standard dictation/transcription before the introduc-
tion of QUILL with notes generated by the same cardiologists
using QUILL after its introduction. For this study, authors (WK,
JB, STR) identified a random selection of 99 clinical encounter
summaries: (50 generated using dictation, 49 using QUILL; 33
from each cardiologist) representing new evaluations of patients
with a similar degree of complexity. Complexity designation
was based on the visit type coded in the institutional demograph-
ic database. All QUILL notes, taken from the institutional elec-
tronic health record in their final form, included physician-
entered free-text comments typed in place of structured entry.
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The study protocol and methods were approved by the VUMC
Institutional Review Board (IRB protocol #30493).

To test whether the introduction of QUILL altered the volume of
clinical content documented from clinical encounters, the au-
thors counted clinical concepts in each note using the definition
put forth by the Canon Group; according to their explanation,
concepts consist of meaningful pathophysiologic entities or
events which can be represented by words or phrases.[27] For
example, the injury and death of heart muscle cells resulting
from the prolonged occlusion of a coronary artery is a clinical
concept which can evoke the terms ‘myocardial infarction’ and
‘heart attack’. Authors used the definition of modifiers present-
ed by the International Standards Organization (ISO), “strings
which, when added to the term, changes the meaning of the term
in a clinical sense.”[28] The study definitions, as modified for
the operational task of chart abstraction, are presented in Table
1.

Concepts manifestation of a physical normality or
abnormality as signs, symptoms, and physi-
cal examination findings, etc

Moditiers details that modify or quantify atomic con-
cepts with additional information related to
severity, timing, quality, associations, etc.

Historical abnormal change of structure, function, or

Symptoms sensation freely described by the patient
without inquiry by the interviewer

Historical abnormal change of structure, function, or

Signs sensation mentioned by the patient as a
result of inquiry

Physical abnormal change of structure, function, or

Examination |sensation determined by observation,

Findings inspection, auscultation, palpation, percus-
sion, or elicitation by a clinician

Table 1 Definitions used for manual concept extraction

Two members of the research team,(JB, STR) with consultation
of a third (KBJ) for cases of ambiguity, together identified and
quantified the number and category of clinical concepts and
modifiers present in each note. Reviewers were unblinded as to
the notes’ source. The research team expected variation among
the three physicians in terms of both baseline documentation
styles and the impact of QUILL. To evaluate the effect of intro-
duction of QUILL on the rates of concepts documented per note,
the research team used nonparametric statistics with Bonferroni
correction for multiple comparisons to compare the rates of con-
cepts per notes and per subsections, and logistic regression to
correct for the impact of individual users’ styles on the rates of
concepts per note.

To test whether the introduction of QUILL altered the complex-
ity of clinical documents, three professional coders scored the
same 99 notes using the 1995 documentation guidelines for eval-
uation and management (E&M) services, published by the Cen-
ters for Medicare and Medicaid Services (CMS).[29] The
authors had professional coders re-code these notes rather than
use the originally coded and billed level of service to reduce any
variability that could have been introduced over time to coding
practices in the clinic. The 1995 guidelines score medical docu-



ments based on the number of findings representing the various
note sections. Coders were unblinded to the notes’ source. The
overall score represents the ‘level of service,” and provides a
framework for billing to Medicare and Medicaid. For example,
the presence or absence of a finding under chief complaint, the
number of findings and their modifiers under the history of
present illness, and the number of body systems listed in the
physical examination all contribute points to the document’s
complexity. For the purpose of the analysis, all level of service
assignments were converted to a 5 point scale, with 1 being low
level of service (i.e. minimal) and 5 being high level of service
(i.e. comprehensive). Additionally, the 1995 guidelines require
assignment of a level of ‘medical decision making’ to restrict cli-
nicians from generating inappropriately detailed notes (i.e. a cli-
nician simply treating a simple upper respiratory infection in an
otherwise healthy patient cannot generate a complex note simply
to increase the billable level of service). Using their standard
procedures, the three professional coders each scored 33 docu-
ments, with QUILL notes and authors evenly distributed be-
tween them. To evaluate the effect of introduction of QUILL on
the complexity of documentation, the research team used non-
parametric statistics with Bonferroni correction for multiple
comparisons and logistic regression.

Results

The first study compared the numbers of clinical concepts and
modifiers in documents generated using traditional dictation/
transcription with documents generated using QUILL. All 99
notes were available for the analysis. The baseline rates of con-
cepts and modifiers per note and the changes in that rate with
adoption of QUILL varied by subject (Table 2). Correcting for
the impact of individual subjects’ documentation styles demon-
strated that QUILL was associated with an overall 64% increase
in mean concepts per note from 65 to 103. The authors per-
formed sub-analyses of the impact of QUILL on individual sec-
tions of notes, including the history of present illness (HPI), the
aggregate past medical, family, and social histories (FMSH), the
physical examination (PE), and the assessment and plan (AP).
These analyses demonstrated an increase in the mean rates of
concepts per note using QUILL in the FMSH section (19 with
dictation, 40 with QUILL; P<0.01), and the PE section (38 with
dictation, 64 from QUILL; P<0.01). By contrast, dictated notes
contained more concepts in the HPI section (17 with dictation,
14 with QUILL; P<0.05).

Subject Concepts Modifiers
Dict. | Quill P Dict. [ Quill P
A 30 134 1 <0.01 15 26 NS
B 39 J09 1 <0.0T 13 16 NS
C 120 106 NS 27 16 | <0.01
Table 2: Mean concepts and modifiers per note, by author. NS
- nonsignificant

The second study compared the complexity of documents gener-
ated using traditional dictation/transcription with documents
generated using QUILL. A total of 97 notes were available for
analysis; two were inpatient notes misidentified as outpatient
notes. The average level of service and documented medical de-
cision making that could be coded from the tested notes varied
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by subject, but for the most part did not change with usage of
QUILL (Table 3). A separate analysis investigating the impact
of the volume of concepts and modifiers on the coded decision
making demonstrated that for every additional HPI concept
modifier, there was a small but significant increase in the deci-
sion making score (OR 1.06, P<0.01). However, the volume of
HPI concepts had no observable impact. The research team per-
formed sub-analysis of the impact of QUILL on the scores gen-
erated by individual note sections, including the chief complaint
(CQC), the HPI, the review of systems (ROS), FMSH, and the PE.
These analyses demonstrated an increase in subsection coding
using QUILL for the ROS section (mean of coded systems 7.5
with dictation, 9.4 with QUILL; P=0.02). and a decrease in the
HPI section (3.7 bullets with dictation, 2.9 with QUILL,
P<0.01). There were no significant differences in the proportion
of notes with a documented CC or the numbers of coded ele-
ments in the FMSH or PE sections.

Subject "Level of Service Decision Making
Dict. T Qull P Dict. | Quill P
A 3.9 4.0 NS 2.8 2.8 ‘NS
B 3.6 3.8 NS 2.6 2.6 NS
C 4.6 3.9 1 <0.01 3.1 2.8 NS*
Table 3: Mean level of service and documented complexity of

medical decision making per note, by author. NS—
nonsignificant; * P=0.06

Discussion

Successful development of a structured entry and reporting tool
that is useful across clinical domains may lead to improved data
capture from standard clinical documentation processes. Like
that generated from natural language processing and concept-
based indexing of free-text documents, categorical data captured
from structured entry has the potential to drive real-time decision
support algorithms, population-based screening for diseases and
for clinical trials eligibility, clinical and health services research,
and other documentation processes. Improving the interfaces
and usability of structured entry and reporting systems is a key
component of ongoing work towards capturing categorical data
from clinical documents.

The author’s initial evaluation suggests that the QUILL struc-
tured entry and reporting environment is useful for documenting
clinical encounters with as much detail and complexity as with a
standard dictation/transcription model. The impact of the tool
on documentation styles varied by clinician and by note section.
In general, using the tool, clinicians who generated terse notes
were able to increase the depth of their notes while maintaining
complexity. The structured entry and reporting tool may have
been more useful for documenting the relatively structured ROS,
the FMSH, and the PE than for unstructured elements like the
HPIL The relatively low rate of concepts documented for HPI
with QUILL is consistent with informal feedback received from
users, who have commented that the narrative reporting typical
of the HPI is difficult to accomplish in a structured entry inter-
face.

There was variability in document length and complexity among
the three physician subjects, with one generating at baseline
more lengthy and complex notes than the other two. QUILL us-



age was associated with an increase in detail for the two subjects
who started with relatively sparse notes, but not for the subject
who started at a high level of detail. The authors speculate that
this variability is consistent with underlying variability in docu-
mentation practices present in the institution. The authors did
not separately investigate the cause of the variability in baseline
documentation patterns or of the impact of QUILL on documen-
tation detail. It is possible that difference in detail resulted from
QUILL improving the efficiency over dictation for selecting and
assigning status to the relatively structured note sections. It is
also possible that the difference resulted from unmeasured fac-
tors, such as differences in the patient populations served by the
three physician subjects.

The reported results have four limitations that merit discussion.
First, this study evaluated a small number of notes generated by
only three physicians in a single institution, using a single struc-
tured entry and reporting tool, and at two sequential points in
time. It is possible that the outcomes resulted could have been
biased by using notes written by authors who are ‘early adopters’
of technology, and therefore are not representative of all cardiol-
ogists or clinicians. Although the authors are not aware of any,
it is also possible that an unmeasured change in documentation
practices which occurred around the time of the introduction of
QUILL caused the outcomes reported by this study, rather than
QUILL itself. In addition, this investigation included an equiv-
alency study; it is possible that the observed absence of an im-
pact on the E&M codes by QUILL resulted from inadequate
power due to small sample size.

Second, a structured entry and reporting tool depends heavily on
its associated interface terminology.. The terminology support-
ing QUILL has not been independently studied, and its impact
on the results is unknown. It is possible that terminology defi-
ciencies could attenuate the outcomes from the two studies, de-
creasing the ability of QUILL to model common phrases.
Likewise, it is possible that the terminology models more con-
cepts than a clinician typically considers, increasing the rate of
documented concepts per note. Because performance of a struc-
tured entry and reporting tool relates to its underlying terminol-
ogy, the results for both studies may not generalize to situations
in which a different terminology supported QUILL. It is also
possible that the structured text generated by Quill is easier or
harder than free text to map to a clinical concept, potentially bi-
asing the concept counting. However, the reviewer that the map-
ping was not difficult, decreasing this concern.

Third, the observations reported suggest that QUILL can be used
to document common findings, and, when used, can generate
more complete documentation. These outcomes are not a proxy
for usability. Although actual use of a tool may provide a rea-
sonable initial measure of usability,[30] early adopters may not
represent all possible users. Other measurable outcomes that
could give a more complete picture of usability include the time
required to train to use the tool, the time needed to generate a
note, the ease of searching for, selecting, and setting status to a
needed concept, the degree to which input data is relevant to a
given case, and the quality of the output data and prose.[31]
Long-term followup of usage, specific analysis of the impact of
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each design feature, and surveys of provider satisfaction will
also provide further information regarding usability.

Fourth, the reviewers were not blinded to the source of the study
notes. QUILL output is readily identifiable as a result of it’s
sparse structure and outline format. Blinding of note source
would have required altering the notes, which could potentially
have introduced bias.

Conclusion

A usable and flexible structured entry and reporting tool may in-
crease depth and complexity of clinical documentation, especial-
ly of more categorical note sections such as the review of
systems, the past medical, family, and social histories, and the
physical examination.
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