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Introduction

The four papers included in this
section represent examples of the use
gfinformation technology to augment
or replace common functions in the
day-to-day management of patients.
¥rom rule-based systems which en-
sure that primary care'physicians at-
tend to important health issues, to tele-
gommunications networks that make
radiology case conferences possible
#cross telephone lines and networks,
10 simulators that help predict driver
fafety, all of these projects have iden-
#ified a particular problem with infor-
mation management and found a work-
dble solution .

One lesson that we may learn from
these studies is that the most effective
“Wesof information technology are not
®cessarily grand intellectual leaps or

atic ways of replacing standard
Healthcare decision-making. Rather,
®0me of the best uses of information
hnology are in situations where op-
al management rules may already
2% known, but where their application
problematic because of our inability
8 keep up with all the relevant data
g 10 apply that data at the right
& ment. Child immunization is anearly
&, Untrovertible good, and its concepts
" Straightforward. The failure to
'y Wnize is usually caused by lack of
& _Sto vaccine, difficulty in getting
& Patient to the clinic for immuniza-
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tion, or failure to immunize when the
patientisavailable. Computerprograms
and other systems can readily help the
latter two problems simply by keeping
track of immunized and non-immu-
nized patients, and presenting impor-
tant pieces of information (the follow-
ing patients in this village are due for
immunization; the patient whois in the
clinicright now needs a vaccination) at
the right time. This ability to convey
knowledge “just-in-time” [1] is well
within the range of computer skills. In
radiology, while advanced systems may
seek toautomatically provide interpre-

‘tation of images, this skill is more capa-

bly done by expert humans. In
Engelmann’s system, the computer’s
ideal role is functional: it brings that
expert human and the radiograph di-
réctly into the office of a referring
physician.

This partnership between human
skills and computer skills forms the
core of most successful health man-
agement systems. In each of the stud-
ies presented here, initial analysis
showed that there were certain ele-
ments of communication, measurement,
data recall, and data presentation that
were hampering the basic process.
These functions were enhanced with
technology, while human workers ful-
filled decision-making roles which are
(as yet) unchallenged by typical com-
puter systems. i

We also see, in several of the stud-

ies, thatoptimal information transferis
still a work in progress. In some cases
[2-4] there are still significant techno-
logical limitations that, once sur-
mounted, will make the outcomes even
more successful. Lobach [2] described
a change in their computer system
which caused erroneous results to be
posted for a time. We all still wrestle
with this and other issues of clinical
software quality — because the com-
puter does so many tasks so quickly, it
may be difficultto assess whetherit1is,
in fact, doing the clinical task that was
intended. Reasonableness checking, a
skill that comes naturally tohumans, is
still a struggle in the computer world.
These researchers acknowledged the
problem, and corrected it; they have
elegantly tested other aspects of their
system to ensure optimal performance.

Complexity and data management
are also critical issues: the Iowa study
demonstrated many factors that were
associated with higher driving risk.
Which of these are the true determinants
of risk, and which are irrelevant factors
that are linked to the key one(s) for other
reasons? If we are to use this study to
develop a practical screening method,
we must isolate the best tests. Other-
wise, we may wind up denying opera-
tor privileges to safe drivers, and put-
ting higher-risk drivers outon the road.
Part of this team’s paper described
theirefforts toisolate independent pre-
dictors of driving safety.
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Improvirig Compliance with
Practice Guidelines

Lobach and Hammond [2] looked at
the thousands of clinical practice guide-
lines that exist in paper form, and set
out to determine whether computer-
ized “just-in-time” presentation of key
aspects of these guidelines would im-
prove compliance. Rather thanusing a
single piece of logic to generate a
single specific reminder, they looked at
the whole collection of health manage-
ment rules for diabetics and presented
those which were relevant, based on
the patient’s specific health status at
the time of the visit.

The Duke team took into account
several factors important for user ac-
ceptance. They realized that their in-
tervention must be integrated into the
regular workflow of each provider,
otherwise the providers might over-
look it. The intervention display ap-
peared on the printed charge form that
providers use in the regular documen-
tation of their care. Because of this,
the provider was very likely to see the
reminders in the normal course of work.
Itis also important to note that, while a
national guideline was available, the
providers at the Duke practice did not
fully agree with it; the project team
worked with the providers to prepare a
modified guideline, with which they
could agree. Had they tried to impose
the national guideline without suffi-
cient backing from the practice lead-
ers, it is likely that the whole interven-
tion might have been unsuccessful.
The intervention was not to teach a
new expert treatment method; rather it
was simply to help the providers re-
member their own guidelines at the
moment of care.

The Duke team was able to make
use of The Medical Record, a clinical
information system that has been in
place for more than two decades. This
record provided the patient-specific
information necessary to make highly
tailored recommendations. In cases

where the practice had additional in-
formation on paper or was not using
the computerized record, it was more
difficult to get accurate patient status,
and the correctness of the reminders
was reduced as a result. This illus-
trates the synergistic benefits of a
pervasive computerized medical
record—it becomes easier to add new
features when the computer already
contains information that may have
been entered for other reasons.

The analysis of the project showed
that the computer gave correct recom-
mendations 77% of the time. Most of
the incorrect recommendations were
caused by a change in the computer
system that inadvertently affected the
guideline program’s ability to collect
the proper background data. The clini-
cians apparently executed a reason-
ableness check on the recommenda-
tions, catching most of these errors.
Thus, we see that the clinicians were
using the computer reminders to jog
their memories, but were not becom-
ing dependent upon them as the “gold
standard” of decision-making. Once
the error was identified, it could be
corrected once and for all (another
desirable feature of computer systems)
and the system became much more
reliable.

A careful analysis of the effects of
the guideline intervention showed a
significant increase in compliance (the
number of individual recommendations
for a given visit that were performed
by the providers) and in overall guide-
line adherence (the number of overall
status indicators that were up-to-date
by the end of the visit). Compliance
rose from 15% before the computer
assistance to 32% afterward. Remain-
ing process problems included lack of
time to perform or document the rec-
ommended procedure, or clinical dis-
agreement with specific recommen-
dations on specific patients. The latter
problem can probably reduced with
further analysis that leads to more
fine-tuned rules and guidelines. The

problemof lack of clinician time, by
ever, isonly partially amenable to ¢g,
puter solution, if at all.

The authors called for capture
ever more data into an autom
record, for research into new prot
approaches such as branching |
that interacts directly with the
vider, and for testing of their meth
in other practice environments,

—d

‘Teleradiology

Engelmann [3] and associates
scribed the Medicus system, a co
munication system that alloy
caregivers at widely separated sitesf
interactively see and work with
same images. In some environmedl)
with high-speed cable connectionsaj
high prevalence of image standarfl
this might not be a major probleny
health management. However, inmdl
environments these are still luxuri
In order to deal with the real-w
technical limitations in their envi
ment, Engelmann and his group de-
vised a clever system that provides the
same functionality. Working witl
ISDN lines at a speed which does not
permit real-time image transmissiof
and using whatever protocols are avai
able from the imaging systems, t
system transfers image data in bat
to a standard workstation at each sit§
that needs the images. This tram"
may take hours for a single study, bt
the providers do not need to be it
attendance. Rather, once the datahav{
been transferred, the providers partif]
pate in a teleconference to discuss the
images. During the conference, the
workstations exchange justenough
to open, manipulate, and annotate (¢
images that they already have, alwaj]
maintaining a synchronized dispf
between the two sites. Security
cautions ensure that data cannot be
copied toanuncontrolled site, or pﬂ'ﬂi
without appropriate permissions.

The Medicus system has some
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15 of an interface engine, transfer-
data from a variety of formatsinto

tandard format that can be ac-
sed by its own workstation. The
mplex synchronization software
:ves the system its elegance, convey-
ingasense that the conference partici-
pantsaretogetherin the “reading room”

1t is interesting to see the different
ways that the system is used. In one
site, which does have high-speed in-
pouse communication, the Medicus
gystem is still used as a specialized
conferencing workstation, allowing
multiple users to work together with a
single copy of the image. At another
site, the system is used to deliver im-
ages and information to referring phy-
sicians at satellite hospitals. Still an-
other site performs a more classic
glemedicine function: a radiologist at
one location performs diagnosticevalu-
afion of images acquired elsewhere. A
fourth site uses the system to ex-
ghange data for research purposes.
Interestingly, there is very little use of
the system to obtain expert second
opinions. One barrier to this is the
absence of reimbursement for such a
gervice.

Intheirconclusion, the authors called
for greater adoption of standards such
s DICOM, greater functionality to
the workstation, and more widely ac-
Lessible patient databases as the hall-
Warks of a next-generation, more func-
tional system. However, even with the
[Purrent system, they reported that more
$ihan 30,000 images had been processed
I nine months of operation.

': ' nproving Health Mainten-
tand Immunization

§ The paper by Singh [4] and col-
g 8ues described the ongoing progress
B °D International collaboration be-
e Indian and Swedish groups,
 Cuatimproving maternal and child
f'1care and immunization rates in a

rura]l part of India. Here again, the
authors had analyzed the existing sys-
tem process (in this case, priorto 1992)
and had found that a lack of informa-
tion, amenable to technological rem-
edy, was a major factor in low immu-
nization rates. A database, using com-
mon microcomputers and an inexpen-
sive printer, was built to record immu-
nizations and births. Now, when health
workers visit the community, they
record immunization data and health
status for that visit; the database also
keeps records of every child born in
the community. On subsequent visits,
the database informs them which chil-
dren are due for further immunization.
This information enables the health
workers to target dropouts from the
immunization program, to better in-
form parents of the children’s health
status, and to give the entire commu-
nity the sense that the health workers
care about them and are keeping track
for their benefit.

Through this combination of book-
keeping and motivation, the fully im-
munized child rate has risen from 28%
before the initiation of the computer
program, to 82% (for DPT vaccina-
tion) in 1996. Oral polio vaccination
completion rates have risen from 46%
in the first study year to 77%. Other
areas have not shown quite as dra-
matic an increase: tetanus toxoid drop-
out rates are still around 50%. Antena-
tal registration has nearly doubled, al-
though the authors pointed out that this
is still significantly underreported. Per-
haps equally importantly, the authors
stated that the community has taken on
a greater sense of concern for its own
health. The benefit has persisted in the
four years since the computer pro-
gram began, despite harsh climate,
poor transportation, and a clinic where
the average physician stays only for a
few months.

Intheir conclusion, the authors reit-
erated that information management
was the missing piece of healthcare
support in this community, and that

computerization can be of great ben-
efit to primary care in remote loca-
tions. They called for progressive imple-
mentation of information systems, giv-
ing the community achance tobuild its
confidence in the systems through an
immunization program, followed by
implementation of maternal healthcare
and family planning programs.

Determining Driving Risk
Factors through Simulation

The final paper in this section [5]
used computer technology of a differ-
ent form — mechanical simulation — to
permitan important public safety ques-
tion to be researched without risk.
Rizzo and his co-authors were con-
cerned with the question of whether
patients with mild to moderate
Alzheimer’s disease (AD) could drive
safely. In particular, the authors sought
to identify specific cognitive or physi-
cal impairments that correlated highly
with accident risk. The most accurate
way to do this was to let the subjects
drive under controlled conditions, and
observe accidents and near-misses.
The Iowa Driving Simulator made it
possible for these observations to be
made safely, and controlled the experi-
ment by providing identical driving
scenarios to each subject. Unfor-
tunately, such a simulatoris tooexpen-
sive to be used for routine driving tests
itself; presurnably, if that were fea-
sible, then driving skills could be
accurately measured for everyone.
However, by correlating accident-
causing behavior in the simulator to
other parameters that are more eas-
ily measured, the simulator’s accu-
racy might be transferred to a more
practical test.

In the study, 6 of 21 subjects with
ADhad accidents, compared toQ of 18
controls (p=.022) and 14 of 19 subjects
with AD had near-misses, compared
to 6 of 17 controls (p=.042). All sub-
jects underwent a number of cognitive
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tests; reduced performance on the Rey-
Osterreith Complex Figure Test (CFT)
carried an estimated odds ratio of 58:1
for an accident, while no other test
added independent risk information. A
larger sample size may have improved
the discrimination among these tests.
The authors concentrated on the use-
ful field of view (UFOV) test, which
reflects physical skills that might be
importantto safe driving. This testalso
effectively isolated all of the accident
subjects on one side of its discriminant
line, although the UFOV test was highly
correlated with the CFT test. The au-
thors suggest that, with further cor-
roboration, these tests mightbe used to
aid in the decision of which persons
with AD can continue to drive.

The usefulness of any simulation is
highly dependent on the fidelity of the
simulator, how closely itapproximates
the essential conditions of the actual
situation. As Rizzo and colleagues
pointed out, humans have, in fact, been
adaptable enough to respond capably
to even crude, relatively unrealistic
early simulators. The Iowa simulator
uses parallel computers, image-gener-
ating subsystems, a high-acceleration
motion base, and numerous sensors to
produce multi-sensory feedback and
provide a realistic experience for the
driver. This potent technology can be
used to determine many more risk
factors for automobile accidents, and
to test new strategies that can make
driving safer for all. Further study can
help elucidate conditions under which
the simulation is more or less useful.

Conclusions

A fundamental goal of medical
informatics is to make humans
healthier. As in all branches of sci-
ence, there is room for work on basic
theory, intelligent synthesis, and prac-
tical application. Each of the projects
presented here identified a practical
problem and devised specific areas
where computerapplications, partnered
with human skills and analysis, could
provide a remedy. From the improved
health measures of the Lobach and
Singh studies, to the process improve-

ment of the Engelmann work, to the

new clinical associations found by Rizzo
and colleagues, management of spe-
cific health issues has improved.

In all cases, there is still more to do.
Technology is still one limiting factor—
notonly in the development of capable
technology but in its distribution and
availability. Many hospitals and health
practices do not use computerized
medical records, and those that do
cannot fully capture all data typesina
way that provides maximum value.
We must strive ever harder to perfect
the computer-human partnership, not
only by giving appropriate tasks to
each, but by continuing to make com-
puter use more acceptable to humans.
We must go to the next step in soft-
ware reliability; while humanerrorten-
dencies are well accepted, it is more
difficult for us to detect errors, vulner-
able dependencies, and functional de-
partures in computer programs. None-
theless, properly applied and validated

computer technology does great|
duce human errors of omission
commission, does help remind ¢
givers of best practices, and does j;-
prove human health by improvi
of information.
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