Intensive Care Med (2001) 27: 122-130
DOI 10.1007/s001340000777

M. Apkon
P.Singhaviranon

Received: 18 April 2000

Final revision received: 4 October 2000
Accepted: 16 October 2000

Published online: 20 December 2000

© Springer-Verlag 2000

Some components of this work were pre-
sented at the Pediatric Critical Care Collo-
quium in October 1999 and the meeting of
the Society for Pediatric Research in May
2000

The copyright to CLINFOSYS is held by
Clinformatix, LLC (Woodbridge, Conn.,
USA). M. A. is a principal shareholder of
Clinformatix.

M. Apkon (B])

Pediatrics and Cellular and
Molecular Physiology,

Yale University School of Medicine,
333 Cedar Street, New Haven,

CT 06520-8064, USA

E-mail: Michael.apkon@yale.edu
Phone: +1-203-7371203

Fax: +1-203-7855833

P.Singhaviranon
Bronx Lebanon Hospital, Bronx, NY, USA

ORIGINAL

Impact of an electronic information
system on physician workflow and data
collection in the intensive care unit

Abstract Objective: To test the hy-
potheses that: (1) integrating infor-
mation processing tasks using an
electronic clinical information sys-
tem (ECIS) decreases time to com-
plete these tasks by hand; and (2)
structured data entry encourages
generation of more detailed records
and capture of specific data ele-
ments even when entry is voluntary.
Design: Prospective observational
time analysis during medical docu-
mentation tasks. Retrospective
analysis of clinical documentation
completed by hand or electronically.
Setting: Eleven bed pediatric inten-
sive care unit within an academic
medical center.

Participants: Five pediatric intensive
care medicine attending physicians.
Measurements: Compared hand-
written and electronic documenta-
tion to determine: (1) time spent
entering data or composing notes;
(2) number of descriptors docu-
menting patients’ physical exams;
(3) users’ preferences for structured
or unstructured data entry; (4) fre-
quency of documenting specific data
elements related to nutritional sup-
port.

Introduction

The intensive care unit is a complex environment where
daily workflow requires integrating data from multiple
sources, rapid interpretation and action based on that
data, and generation of reports to multiple data users.

Results: Documentation time varied
by user but not charting method: it
took 13 % less time to document us-
ing the ECIS but this was not signif-
icant. Electronic documents were
more detailed than handwritten
containing 50 % more descriptors
(17.8 £ 1.4 vs 11.6 + 1.4) overall and
some data elements that were not
handwritten: information related to
nutritional supplementation was re-
corded in 13 % of electronic docu-
ments but in none of 89 handwritten
documents.

Conclusions: Electronic and hand-
written documentation consumed
equal amounts of time. Structured
entry, compared to handwriting,
may encourage recording of specific
or otherwise unincorporated data
elements resulting in a more de-
tailed record. This suggests that user
interfaces and decision support
components may influence both the
types and complexity of clinical data
recorded by caregivers.

Key words User-computer
interface - Hospital information
systems - Task performance and
analysis - Time and motion studies

Electronic clinical information systems (ECIS) poten-

tially increase efficiency of data management by reduc-

ing duplication of effort [1], enhancing legibility [2, 3, 4,
5], enhancing data completeness and correctness [5, 6],
and facilitating recall of related data (e.g., patients with
similar diagnoses or medical problems) that is central
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to correlating the process of care with clinical outcomes.
It is possible, however, that these potential benefits are
balanced or outweighed by other effects such as an in-
crease in time or the perception that the system is com-
plex to use. Some caregivers are reluctant to use ECIS
because of perceived increases in time and effort com-
pared to established procedures such as handwriting. In-
deed, acceptance is more likely when the electronic sys-
tem provides direct benefit to caregivers [7] particularly
if that benefit is time and effort saved [8].

It is not completely known how ECIS affect caregiv-
er’s workflow and time expenditure, or whether they in-
fluence the quantity or quality of data recorded. Several
studies have found that ECIS reduce nursing documen-
tation times [9, 10, 11] although these reductions have
not uniformly increased time on patient care. The ef-
fects of ECIS on physician workflow is harder to assess
as there have been few studies examining the impact on
physician’s time [12]. One study reported increases in
physician documentation time [13] although this study
used self-reported assessments of time expenditure.

We hypothesized that integrating physicians’ infor-
mation processing tasks using an ECIS decreases time
to complete these tasks by hand. We further hypothe-
sized that structured data entry encourages generation
of more detailed records and capture of specific data el-
ements even when entry is voluntary. Accordingly, we
compared data capture by handwriting to capture and
processing using a novel ECIS developed for our inten-
sive care unit. The system stores structured and unstruc-
tured data entered on palmtop or desktop devices, al-
lows recall of related data, and generates physician
notes, reports of billable services and communication
with outside physicians. We assessed the impact of elec-
tronic information processing on caregiver time expen-
diture and on the level of detail recorded in medical
documentation. We also assessed the perceived value
of electronic correspondence to caregivers besides pri-
mary users of the system.

Materials and methods

Background

Prior to implementing the ECIS, our group of five pediatric intens-
ivists and several trainees shared responsibility for a set of non-in-
tegrated, handwritten information processing tasks. Intensivists
wrote daily notes and recorded levels of service and time in atten-
dance of each patient within a separate paper record that was re-
viewed daily by a clerical assistant and used to generate CPT codes
for billing. Fellows and attendings also completed paper data entry
forms that were collected by a second assistant who transcribed
data from the paper forms to a computerized database. The data
recorded in this database included patients’ demographics and di-
agnoses, procedures performed in the ICU, events occurring as
consequences of care (e.g., catheter-related thromboses and infec-
tions), and certain medications that were administered.

The setting for this study was an 11-bed multidisciplinary pedi-
atric intensive care unit in an academic medical center. The unit ac-
commodates approximately 800 admissions per year and 250
ground transports per year. It is staffed by five full-time pediatric
intensivists who supervise the care of all patients. The population
includes patients with multiple trauma, respiratory failure, congen-
ital heart disease (before and after surgical repair), and following
neurosurgical, orthopedic, and other surgical procedures. The
study was completed over a period of 1 year.

Database development
Development environment

CLINFOSYS was developed using Microsoft Visual Basic for Ap-
plications and a Microsoft Jet (Access 97) database (Microsoft,
Redmond, Wash., USA). CLINFOSYS accepts structured and/or
unstructured data entered by keyboard or palm-computing device
(Fig. 1) and generates a series of outputs serving the primary func-
tions of the system.! Data are stored using two different methods.
Related data including demographics and descriptions of individu-
al admissions (e.g., admission dates, discharge dates, origins, etc.)
are stored in standard relational form. In order to provide more
economical data storage, we used an entity-attribute-value (EAV)
model to store the numerical and textual descriptors of the clinical
encounters [14, 15]. In the EAV tables, the entity refers to the pa-
tient and each EAV triplet is time-stamped. An attribute-value
pair could label and store a block of text data such as a ‘History of
Present Illness’ or a single datum such as heart rate. We chose this
method because any of more than 50 numeric and text descriptors
could be used to describe an encounter and we sought to leave the
range of descriptors flexible in order to enable future addition of
other descriptors.?

Data entry/user interface

Records of new diagnoses, procedures, events, and medications
are added by selecting the appropriate descriptor from tree-struc-
tured lists (Fig.2) that are linked to standard coding (ICD-9,

! Although data entry on the palmtop device is limited to free-text
in patient-specific memos, a block of data can be identified by spe-
cific prefixes to allow automatic parsing into the appropriate struc-
tured data elements on the CLINFOSYS data entry screens. Mac-
ros were written for the palmtop device that encourage structured
data entry for such data elements as ventilator settings, nutritional
supplement formulations, vital signs, and laboratory values.

2 The group of elements describing a single encounter are commit-
ted as a single transaction to prevent losing elements in the event
that the storage failed midway. One difficulty with using the EAV
model is in recording authorship of the data entered for each clini-
cal encounter. We store the author identifier as an entity attribute
value triplet stamped with the identical date and time of the re-
maining data describing the encounter. We also store an additional
EAV triplet describing a unique identification number that allows
records pertaining to the same hospital admission (hospital admis-
sion identification number) to be related to each other. The ap-
proach of incorporating the authorship and hospital admission
identification number in each EAV set allows us to extract specific
encounters recorded by specific authors. This requires establishing
a set of “self join” relationships where the joined fields are the pa-
tient identifier and the date/time the data were recorded.
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Fig.1 Schema of data flow and
data format (i.e., structured vs
unstructured) for CLINFO-
SYS. Data is entered via the
keyboard of a desktop comput-
er or by pen entry onto a palm-
computing device. Both data
entry methods allow structured
and unstructured (i.e., free text)
data entry, but the palm device
allows entry into only a subset
of database tables. Multiple
outputs are generated by the
system for integration into the
medical record, to facilitate
communication with other
caregivers, and for administra-
tive functions such as billing

Data Entry

Data Format System Outputs

Database

Medical Record Notes
Procedure notes
Correspondence
Billing record

Critical pathways

sl

Fig.2 CLINFOSYS data entry
screen for selecting diagnoses
from a tree structured list. Di-
agnoses are organized by the
organ systems affected. Navi-
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gation proceeds from general
(i.e., organ systems affected) to
more specific (disease category,

- Other Cardiovascular Disease
- Cardiopulmonary Arrest

CHF

/2442000 09:38 am

- Shock
-~ Dysthythmia
- Bradycardia

subcategory). The most specific
disease entity is selected and
the date the diagnosis was
made is recorded. Similar lists
are used to record procedures,
laboratory data, complications,
and medications

- Tachycardia

-Congenital Heart Disease

-Pericardial Disease

-Myocardial Disease
Systemic Hypertension

= Pulmaonan: Hunerensinn

CPT-4) systems. Unstructured data are recorded as free-text en-
tries. Some structure is imparted to these free-text entries by dis-
tributing the content among specific text boxes. For example, the
physical exam may be described by a single multi-sentence entry
into one of the text boxes provided on the form, or may be distrib-
uted by physiological systems (e.g., cardiovascular, respiratory) or
a combination of both. This provides a great deal of flexibility in
that the caregiver may describe an encounter by entry of free-text
into a single text box or may elect to describe any of more than 50
structured variables. Those structured variables that describe the
physical exam are limited to vital signs and core critical care sys-
tems (respiratory, cardiovascular, neurological, and gastrointesti-

-Sinus Bradycardia.
- Conduction Block, Bradycardia

- Supraventricular Tachycardia
‘Venticular Tachycardia
-~ Conduction Disorder

nal). The default value for each data entry object is ‘null’ and val-
ues are assigned based on the caregivers’ interactions. Only those
elements that have an assigned value (i.e., that the caregiver inter-
acted with) are recorded to the database.

Natural language generation

After describing a clinical encounter, the caregiver generates a
printed record of the encounter for incorporation into the paper
medical record. Rendering understandable and acceptable text
output from the EAV values presents a series of challenges [16] in
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Fig.3 Natural language gen-
eration from structured data
entry. Top panel illustrates
the CLINFOSYS data entry
screen for recording respira-
tory and ventilation parame-
ters. Data entry objects that
do not contain a value are not
incorporated into the natural
language output or the clini-
cal database. The text illus-
trates the results of natural
language generation based
on the interactions with the
data entry objects in the top
panel

moderately

Resplrattor‘}IA 02 by face mask. 25 bpm. Not gruntln.\Fl;rerlA Retracting.

volume cycled

time cycled pressure limited
CPAP

HFOV

Appreciate endexpiratory wheezes. )

Expiratory phase moderately prolonged. The arterial oxygen saturation is 95-100%. FiO2: 0.35.

developing both the strings describing each data element and the
overall structure of the document. The natural language string for
each element is constructed by concatenation of a prefix, value,
and suffix. The values are derived from the values in the data entry
text boxes (when applicable), from the text selected in list or com-
bo boxes, or from the data entry object labels on the data entry
form (Fig. 3).> The strings that result from the natural language
generation are transferred automatically to a document template
in Microsoft Word 97 (Microsoft, Redmond, Wash., USA) which
is printed for incorporation into the paper chart.

Decision support

CLINFOSYS calculates calories provided by nutritional supple-
mentation and displays growth trajectories on standard sex-appro-
priate growth curves. The calculations rely on entry of data related
to the formulations of parenteral and enteral supplements as well
as the rates of their delivery.

Outputs

The primary intent of the system was to generate notes for the
medical record including admission history and physical exam re-
cords, daily progress notes, and procedure notes. Besides daily
documentation, the system also generates clinical summaries to
serve the purpose of chart review or communication with other
medical personnel. It also generates a number of administrative re-
ports including summaries of clinical activity.*

3 Structure is provided to the document by ordering data presenta-
tion as specified in a table ordering all possible data entry objects
and providing formatting information.

4 Such as monthly admission rates, mean daily census information,
numbers of patients transported by our ground transport service
and reports of diagnosis-specific length of stay and mortality or
morbidity data.

Assessment
Implementation and training

Each of the caregivers that interacted with the system was provid-
ed a 3045 min orientation and demonstration. Each user already
had some familiarity with the concept of graphical user interfaces
and one or more components of the applications integrated in this
system. No specific guidance was provided with respect to how a
clinical encounter would be described (i.e., which data entry ob-
jects were to be utilized). Initially, electronic charting of patient en-
counters was optional. However, electronic charting became the
preferred method of documentation for each user by the end of
their first week of use.’

Time

We assessed the impact of CLINFOSYS on the time involved in
the following tasks: generating admission and progress notes and
completing data entry for databases of clinical activity and billable
services. Data were derived by work sampling [17, 18] where one of
the authors (P.S.) monitored the process using a stopwatch. For
electronic data capture, the total time spent documenting all three
types of information was recorded as a single value because it was
not possible to separate the tasks into independent components.
For handwritten data capture, the time documenting the patient
encounter was recorded as was the combined time for entering
data into the billing record and clinical activity database. These
two data entry tasks were considered together because the two
data entry forms were located in the same physical location and
were completed consecutively. Observations were conducted on
weekdays over a one-week period for each user. During that one-
week period, electronic and handwritten documentation was per-
formed on alternate days. This phase of the study was completed

3> Although one of the novel features of CLINFOSYS is the imple-
mentation of a device-independent interface to the palmtop de-
vice, the use of palmtop computers has not been as readily accept-
ed as the system overall. Only the developer has repeatedly used
the palmtop computer for remote data entry.




126

one year after implementing CLINFOSYS and all users were con-
sidered fully trained in its operation.

Level of detail of the record: describing the physical exam and
recording objective data

We assessed the level of detail in electronic and handwritten en-
counter records by counting the number of individual descriptors
used to document the patients’ physical examinations. We chose
to examine the physical exam component of the record because it
represents the segment with the greatest potential for encouraged
structure in the electronic documents. In contrast, information re-
lated to historical information or the caregiver’s assessment and
plan are generated by unstructured data entry in both the electron-
ic and handwritten records. Moreover, the physical exam compo-
nent may be easily separated into its basic elements and the num-
ber of those elements can be easily quantified.

Structured data entry offers the possibility of prompting or en-
couraging entry of specific data elements. This may be particularly
noticeable for data elements that are recorded with low frequency
in the handwritten record. This effect may also be amplified if the
user derives direct value from the data entry task. To determine if
structured data entry increased the documentation of specific
data elements, we examined the frequency with which users docu-
mented, in electronic and handwritten formats, the formulations
for nutritional supplements (enteral and/or parenteral) that were
being provided to patients. We chose to examine data related to
nutritional supplementation because it is not necessarily a required
element in daily documentation and because CLINFOSYS provid-
ed added value to the data entry task by automating the calcula-
tions of the number of calories provided directly from the nutrition
formulations. The nutrition-related data collected by CLINFO-
SYS included: rates of intravenous and enteral nutrition; carbohy-
drate, protein, fat, and electrolyte composition of intravenous nu-
trition; caloric density of enteral formulas; and, administration of
enteral additives.

Perceived value of electronic correspondence to non-users

In order to assess the impact of the electronic system on non-users,
we surveyed referring physicians to characterize the value of elec-
tronic correspondence that are generated at the time of documen-
tation by the system’s users. These correspondences consisted of
history and/or progress notes, or summaries of the hospitalization
that were faxed to patients’ primary care providers. The correspon-
dences were accompanied by a survey asking the providers to rate
the usefulness of the correspondence using a Likert scale with a
range of 1 (not useful) to 5 (very useful).®

Statistical analysis

Statistical analysis was performed using the Minitab (Minitab,
State College, Penn., USA) software package. We examined the
influence of caregiver and charting style (i.e., using CLINFOSYS

® We evaluated caregiver preference for structured compared to
unstructured data entry by estimating the average number of data
entry objects on the graphical user interface that were used to doc-
ument a patient encounter electronically. A minimum of one ob-
ject, recording the entire encounter in free text, was used to docu-
ment each encounter.

[ CLINFOSYS

77 Handwritten (total)

161 Handwritten (database)

121

min per encounter

A B D B
User

Fig.4 Comparison of the time spent documenting an encounter by
each user using CLINFOSYS or by handwriting. The total time
spent handwriting and the time spent on handwritten data entry
into the billing and clinical activity databases are shown. Values
are the mean + SEM. User D is the CLINFOSYS developer/au-
thor

vs handwriting) on time expenditures and the level of detail within
documents by multivariate analysis of variance using a general lin-
ear model. We compared the frequency of specific data elements in
the electronic and handwritten documentation using the Z-test of
proportions with a P-value < 0.05 considered significant.

This study was carried out with the approval of our Institutional
Review Board. The board waived the need for informed consent
for this study.

Results

Impact of workflow and time expenditures

We analyzed the main effects of caregiver and charting
style (i.e., CLINFOSYS vs handwritten) on the depen-
dent variable, time. Overall, the time spent document-
ing using CLINFOSYS was not significantly different
(P > 0.3) from handwriting although the average times
spent documenting an encounter varied significantly
(P <0.01) among caregivers (Fig.4). On average, it
took 68 s less time (13 % ) to document an encounter us-
ing CLINFOSYS than to write a note and record infor-
mation for billing and the clinical activity database.
This difference was not significant. When handwriting,
recording information for billing and the clinical activity
database consumed 72 s per encounter. This excludes
time for transfer from handwritten data-entry forms to
the database because we wished to compare time expen-
ditures by caregivers only and a clerical assistant accom-
plished that particular task.

We considered the possibility that it took longer to
enter data or compose a note electronically when the
system was first implemented compared to the period
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of the time analysis above. In order to determine the
presence and duration of this type of training effect, we
extracted the times at which each electronic document
was completed. Because sets of daily notes are often
completed consecutively in a single session at the com-
puter, the time between consecutive notes represents
the minimum time spent documenting each encounter.
We reasoned that, as the user grew more familiar with
electronic documentation, they would generate docu-
ments in shorter periods of time. Accordingly, we used
multivariate ANOVA to examine main effects of user
and time (in months) since implementation on the per-
centage of notes written within 10 min of the prior
note. Notes written on single calendar days by a single
user were grouped and the interval between notes was
determined for each consecutive pair.’

We found that the fraction of notes written within
10 min varied widely from month to month and from
user to user. Analysis of the entire period of use reveal-
ed main effects of time (P < 0.01) and user (P < 0.01).
Specifically, the percentage of notes written within
10 min increased until 2 months after the system was im-
plemented. After that there was no additional training
effect (i.e., no variation with time). The 2-month train-
ing period corresponds to each user having had approxi-
mately 2 weeks of experience composing notes electron-
ically.

Impact on the level of detail in documentation

The notes recorded during the observation period were
assessed for the level of detail by counting the number
of descriptors documenting the physical exam (Fig. 5).
Overall, the mean number of descriptors was 17.8
(£ 1.4) for electronic documents and 11.6 (+ 1.4) for
handwritten documents. Thus, electronic documents
contained 50 % more descriptors than handwritten re-
cords. Multivariate ANOVA revealed significant main
effects of both user (P <0.01) and charting method
(P <0.01).

Examination of 4006 separate encounters document-
ed using CLINFOSYS revealed inclusion of nutrition
formulations in 13 % although the frequency varied by
user from 3% (User C) to 26 % (User B). Based on a
power analysis, we estimated that analysis of 80 hand-
written documents would provide 80% power in dis-
cerning a 60 % reduction in the frequency with which

7 At times (primarily nighttime) when one physician is providing
care on behalf of another in the group, notes are more likely to be
composed close to the time that each episode of care is delivered
rather than consecutively during a single episode of electronic doc-
umentation. To reduce the influence of note-writing that occurs
outside of the normal daily workflow, data for an individual user
was omitted for months in which that user wrote less than 10 notes.

[ CLINFOSYS

407 7771 Handwritten

O 4, A Z 4 7

A B C D BE
User

Fig.5 Level of detail in electronic and handwritten documenta-
tion. The mean (+ SEM) number of descriptors used to describe
the physical exam documented in each encounter is shown for
each user. For three users (Users B, D, and E), there were signifi-
cantly more descriptors used when documenting electronically
(Student’s unpaired t-test; P < 0.05). User D is the CLINFOSYS
developer/author

AVG

descriptors per encounter

nutrition formulations were included in the handwritten
documents (o = 0.05). Examination of 35 handwritten
documents generated during the workflow analysis and
54 handwritten documents generated on ten randomly
selected dates from the calendar year prior to CLINFO-
SYS implementation, revealed that nutritional formula-
tions were not recorded in handwritten document. This
difference in the proportion of documents describing
nutritional supplementation was highly significant with
a 95 % confidence interval for the difference in propor-
tions of 0.12-0.14 (P < 0.001).

There is significant variability in the degree to which
various individuals employ structured versus non-struc-
tured data entry. Whereas each caregiver used an aver-
age of 12-25 structured elements and four to seven
non-structured data entry objects to describe a single
encounter, with time, two users began to describe en-
counters with fewer elements, relying predominately
on unstructured elements (Fig. 6). One of the users has
largely abandoned the use of structured data entry in fa-
vor of writing single free-text descriptions of historical,
exam, and assessment/plan data. A second user struc-
tures their documentation without interacting with indi-
vidual data entry objects by generating a text template
incorporating approximately 25 elements and using the
template for subsequent documents. These alterations
in charting style did not occur within the first 6 months
after implementation of CLINFOSYS. Examination of
the average number of elements used per encounter re-
vealed a modest decline with time (~1 element per
note per month; r = 0.94).
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Fig.6 Changes in the use of
structured data entry with time.
The average number of ele-
ments used to document en-
counters by each user are
shown as a function of time
since implementation of CLIN-
FOSYS. Discontinuities in each
line reflect months when a giv-
en user had no patient contact
and therefore no opportunity to
document. Linear regression
was performed for the average
number of elements among us-
ers over the time period from
month 2 (by which time all us-
ers were using the system) and
month 6 (after which users A
and E altered their pattern of
use). The best fit is shown by
the dotted line
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Impact of the system on non-users

Although a limited number of people interact directly
with CLINFOSYS (users), a larger number rely on the
information provided. One group of beneficiaries are
primary physicians who refer patients to the ICU. Cor-
respondences to this group were aimed at improving
the quality of communication and providing records of
their patients’ hospitalizations.® We evaluated the pri-
mary physicians responses to the first such correspon-
dence they received electronically. Approximately
40 % (19/47) of physicians responded to the first survey
accompanying the original correspondence. Second sur-
veys were sent by facsimile to those failing to respond.
Overall, 67 % responded (32/47) and these responders
judged the correspondences to be very useful with a
mean score of 4.7 (range 3-5; SEM 0.1). Other benefits
of electronic information processing derive from the
readability of the documentation [5].

Discussion

The CLINFOSYS prototype integrates tasks previously
completed independently: daily medical note writing,

8 Correspondences were typically sent on admission of the patient
to the intensive care unit, again at discharge, and at sporadic inter-
vals during lengthy hospitalizations.

data entry to databases of billable services provided
and clinical activity, and correspondence. The value of
integration, however, depends on timesaving [8] and on
the added value of the products of this activity [7]. Al-
though we were not able to demonstrate significant
timesavings with CLINFOSYS, it is important that elec-
tronic entry did not take any additional time than hand-
writing. These results are consistent with those of others
that have measured the impact of ECIS in the ambula-
tory care setting [19]. For some tasks, electronic data en-
try has been more rapid than handwriting [1]. The lack
of timesavings for caregivers in this study could result
from greater complexity in documentation compared
to that in other studies or from differences in user inter-
faces.

It is possible that electronic data entry took more
time than handwriting when users first began document-
ing electronically. Although intervals between succes-
sive notes are not direct measures of actual time spent
entering data and composing a note, they do provide up-
per limits.” We found that once each user had used the

% Clearly, many factors influence the times including individual
user work habits, the number of distractions, as well as the com-
plexity of documentation. Given that each user had the habit of
writing some daily notes consecutively, it is reasonable to assume,
if work habits didn’t change over time, that the more complex the
method of documentation, the less frequent notes could be com-
pleted in short periods after the prior notes.
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system for ~2 weeks, there was no further increase in
the percentage of notes written within 10 min, implying
familiarity and efficiency in interacting with CLINFO-
SYS became stable by the end of that brief training peri-
Od.m

Each user gradually developed preferences regard-
ing the use of structured and unstructured data entry.
At least three factors may have influenced the decision
to use one or the other method. First, users may have
perceived a timesavings advantage of one method or
the other. Second, users may not have been satisfied
with the set of specific attributes described or the natu-
ral language generated by structured entry.!' A third
factor that may have influenced the use of structured
and unstructured data entry was the novelty of the elec-
tronic system that may have produced a period of ex-
ploring the system’s features.

The option of unstructured data entry and the lack of
obligatory data entry may increase user acceptance ow-
ing to flexibility of data entry [7] at the cost of increasing
the challenge of data extraction and analysis because
multiple data objects need be searched to identify par-
ticular attributes. One approach to enhancing structure
would be to make some entry into specific data objects
obligatory although this may diminish user acceptance
by increasing the time necessary to complete data entry
[7,20].

One limitation in this study is in assessing the quality
of the electronic and handwritten documents. Part of
this difficulty is inherent in analyzing documents that
serve multiple functions to multiple subscribers. The
medical record serves not only as a window into the as-
sessments and plans of the individuals caring for pa-
tients, but also as a series of snapshots into the patient’s
state at particular instances in time. The record also
serves as documentation of an individual’s extent of par-
ticipation in the care process.

A central question then, is what data adds value to
that record. We chose to use the number of data ele-
ments (i.e., attributes, not words) as a measure of a doc-
ument’s level of detail for the following reasons: (1) We
believe that while brevity is laudable, it is reasonable to
assume that additional descriptors of components of
the physical exam add relevant information, whether
the findings are normal or abnormal, as long as those
components are not viewed as perfunctory. In CLINFO-
SYS, structured data entry was limited to vital signs and
core critical care systems including respiratory, cardio-
vascular, neurological, and gastrointestinal systems.

10 Alternatively, advances in natural language processing may facil-
itate data extraction from the unstructured text.

' We sought to minimize this possibility by deriving the specific
text strings used in the natural language generation as well as the
available data entry objects from group discussions at the inception
of this project.

There are no structured objects to facilitate recording
of data that would be expected to be less useful for doc-
umentation within an ICU; (2) There were no required
data entry fields. Therefore, an individual’s decision to
record a specific datum likely reflects their judgement
that the data element either helps frame their thought
process, documents an important patient attribute at
that moment in time, or would have some value to fu-
ture readers of the chart including other caregivers or
auditors.

We found that providing the opportunity for struc-
tured data entry resulted in the more frequent inclusion
of some data elements in the medical record. Specifical-
ly, data related to nutritional supplementation was elec-
tronically recorded frequently but not recorded in hand-
written documents. It is interesting that this occurred
even for the user (User A) who largely abandoned other
structured data entry. We speculate that this resulted
from the value added by automating calculations of nu-
tritional support and suggest that providing decision
support tools such as the nutrition calculator may en-
courage data entry.

In addition to the clinician users, other beneficiaries
such as administrators or colleagues derive value from
increased legibility, more detailed content, and the abil-
ity to generate administrative and patient-care reports.
Although there may be a reporting bias weighted to-
wards reports from satisfied data recipients, referring
physicians overwhelmingly reported the electronic cor-
respondence to be useful.

It is difficult to explicitly analyze the cost-benefit ra-
tio of implementing CLINFOSYS. The system reduces
labor costs by eliminating the time necessary to tran-
scribe handwritten data entry forms to our computer-
ized database (~0.1 FTE). We might decrease labor fur-
ther if we eliminate duplicated data entry by integration
with other institutional databases thereby distributing
responsibility for data entry among different individuals.

A number of drivers make the adoption of electronic
systems increasingly attractive. For example, quality
management necessitates the ability to examine the re-
lationship between the process of care and clinical out-
comes on populations of patients. This process involves
either parallel entry of data into handwritten records
and databases or distribution of data to multiple users
(i.e., the medical record and the quality management ef-
fort) from a common repository. Although the later ap-
proach is more efficient from the standpoint of the over-
all medical enterprise, it has the risk of increasing the
burden on caregivers if it makes their own information
processing tasks less efficient. Information systems may
also be used to enhance quality by providing decision
support. This may take the form of graphical displays
to simplify detection and analysis of trends, calculators,
and searchable databases to facilitate examination of
the patient’s linear record.
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Despite these drivers, such systems have not yet been
widely adopted. The reasons for this failure are certainly
complex and varied. Explanations likely include finan-
cial consideration such as the difficulty in estimating
the potential financial benefits derived through en-
hanced quality management activities and reduced
medical-legal liability. A second set of factors, however,
are personnel-related considerations such as uncertain-
ty as to how such systems will impact staff workflow
and the difficulties inherent in bringing about changes

in the process of patient care and documentation. The
later, may in part reflect a preconception that the ECIS
will have a negative impact on time expenditure. We
have shown that it is possible to enhance physician effi-
ciency and improve the quality of data capture by inte-
grating a series of tasks into a single activity.
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