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Introduction 

Computer-based systems can play 
a number of roles in facilitating the 
clinical management of patients and in 
managing health information. At one 
extreme are systems that operate as 
medical devices, monitoring patients 
and sounding alarms or adjusting treat
ments as necessary. At the opposite 
extreme are systems that capture lim
ited information about patients that can 
be retrieved for consideration by clini
cians or researchers. Between these 
extremes are multi-functional, interac
tive systems for supporting clinicians 
in patient care. Across the spectrum, 
each type of system must be evaluated 
in terms of the reliability of the data, the 
accuracy of the algorithms by which it 
processes the data, its success in per
forming its intended functions, and the 
"value added" or perceived usefulness 
it contributes to the clinical or research 
endeavor compared to alternative ap
proaches. One or another of these 
~pects may be emphasized in a par
ticular evaluation, but all must be con
sidered for a comprehensive assess
ment of the contributions of these sys
tems to health care and the health of 
populations. 

The papers in this section provide 
examples of systems across the spec
thtm. Muller et al. [ 1] investigated the 
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feasibility of machine learning as a 
means of generating production rules 
for an intelligeQt ventilator alarm sys
tem. Short et al. [2] conducted a 
clinical trial of the control of anesthesia 
infusion by a computer program based . 
on a pharmacokinetic model. At the 
other end of the spectrum from these 
studies of medical devices are two 
investigations ofinformation technolo
gies for capturing and retrieving pa
tient information, in the one instance 
for the registration and disposition of 
victims of mass casualties [3], and in 
the other instance for large-scale fol
low-up of the outcomes of primary 
prevention interventions [ 4]. Between 
these extremes are two contrasting 
reports of experiences with clinical 

. documentationsystems. Rotmanetal. 
[5] described the lessons learned from 
a failed implementation of a computer
based physician workstation that had 
been designed to facilitate and im
prove ordering of medications. Those 
lessons are not identical to, but are 
consistent with, the recommendations 
ofLeiner and Haux [ 6] in their protocol 
for systematicplanning and execution 
of documentation projects. 

As these papers demonstrate, the 
range and diversity of challenges to 
informatics in health and clinical man
agement are very great. As the papers 
also demonstrate, however, investiga-

tors are rising to the challenges, and 
the quality of solutions can be ex
pected to increase. 

Building Intelligent Medical 
Devices 

Muller et al. [ 1] investigated whether 
a combination of modeling, simulation, 
and machine learning could serve as 
an effective and efficient alternative to 
eliciting knowledge from experts for 
building intelligent alarm systems for 
ventilator therapy. The investigators 
developed a mathematical model of 
relationships among airway pressure, 
expiratory gas flow, and C0

2 
concen

tration at the endotracheal tube during 
volume-controlled ventilation with con
stant ventilator settings, for both nor
mal functioning of the breathing circuit 
and for breathing circuit mishaps (leaks 
and obstructions). They also created 
94 physiologically different simulated 
"patients" by varying airway resis
tance and lung/thorax compliance val
ues. Using the mathematical model, 
the investigators calculated and simu
lated signal values for pressure, flow, 
and C0

2 
under normal conditions and 

different fault conditions for all mod
eled patients. The calculated signal 
values were validated by comparison 
with values obtained from ventilated 
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sheep. Although some differences 
were noted, the investigators charac
terized these as "marginal." 

Differences in respiratory signals 
among the normal and the various 
fault situations were the basis for ma
chine learning. A pattern recognition 
algorithm was used to identify the com
bination of signal parameters associ
ated with each normal or fault condi
tion, the condition being identified a 
priori. A training set was created from 
54 unique simulated patients. From 
data on simulated breaths of these 
patients, the machine-learning algo
rithm created rules linking signal val
ues to breathing circuit events. These 
rules were tested by challenging them 
to classify events in the remaining 40 
simulated patients. The rules reached 
99% accuracy in this classification 
task. The rules reached 1 O(i)% accu
racy in classifying events from actual 
measurements taken at a lung simula
tor. 

Thus, machine learning made it pos
sible to generate production rules auto
matically, saving time and increasing 
consistency over eliciting knowledge 
from experts. The results demon
strated the feasibility of developing an 
automatically generated alarm system 
based on a relatively simple math
ematical model. 

Can a data-based model of phar
macokinetics adequately control the 
administration of anesthesia? In this 
study, Short et al. [2] programmed a 
model developed previously by other 
investigators to control infusion of 
propofol in a sample of adult Asian 
patients in a Hong Kong hospital. The 
delivery system was programmed to 
achieve rapidly and then to maintain a 
constant concentration of medication 
in the arterial blood. Predicted con
centration was compared to measured 
concentration in arterial blood samples 
taken at 5 to 1 0 minute intervals during 
infusion and at 15 to 20 minute inter
vals after the cessation of infusion. 
The system was found to be better at 
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maintaining a constant concentration 
than at predicting what that concentra
tion would be. For satisfactory clinical 
performance, it was necessary to ad
just the target concentration for an 
individual on the basis of clinical re
sponse. Moreover, the model described 
the infusion phase of anesthesia more 
accurately than the recovery phase. 
Overall, the model performed better 
for this sample of healthy adults with a 
tightly defined range of age and degree 
of obesity than in a sample of pediatric 
patients in the same hospital. 

Technologies for Data 
Capture and Retrieval 

To improve the accuracy, complete
ness, and speed of acquisition of pa
tient information during mass casualty 
incidents, the Emergency Hospital of 
Utrecht, The Netherlands, uses a com
puter-based system with barcoded iden
tifiers for patients, injuries, facilities, 
and locations. In evaluation studies 
[3], the system compared favorably 
with handwritten records, resulting in 
fewer inaccuracies. Admitting per
sonnel were able to use the system 
without extensive training. Physicians, 
nurses, and logistic personnel reported 
that information available through the 
system enabled them to provide better 
patient care and management. The 
system communicates with the overall 
hospital information system, giving rise 
to concerns for the security of infor
mation. Safeguards have been imple
mented, with policy decisions favoring 
the common good over potential abuse. 

The West of Scotland Coronary 
Prevention Study Group (WOSCOPS) 
compared patient self-report of ad
verse coronary events to searches of 
databases held in the Scottish Record 
Linkage System (SRL) in detecting 
myocardial infarction or heart disease 
death in a randomized double-blind 
clinical trial of pravastatin versus pla
cebo in the primary prevention of cora-

nary heart disease [4]. Events identi
fied by computerized record linkage 
were compared with those reported by . 
patients. Discrepancies were followed 
up by contacting the physician and 
scrutinizing the individual patient's 
records. 

In a prospective epidemiological 
study involving a sample of 80,184 
men, there was 100% agreement in 
records of deaths. Each system re
corded some adverse events that were 
not recorded in the other-system be
cause of linkage error or failure to 
capture the data. In all, WOSCOPS 
identified 89% of events and SRL 
identified 95%. 

Thus, although neither system was 
perfect, the two approaches yielded 
cross-validation that both were rea
sonably accurate. The investigators 
concluded that, especially in commu
nity-based studies of primary preven
tion where follow-up was difficult. 
computerized record linkage "provides 
not only significant cost advantages 
but also potentially more complete fol
low-up of serious adverse events" [4, 
p. 1448]. The investigators noted, 
however, the ethical issues in gainin 
access to patient records. They ar· 
gued that linking subjects' records to 
national databases "in order to obtain 
output in the form of summary statis· 
tics, does not breach any rules of con· 
fidentiality and is comparable with rou 
tine uses for such data" [4, p. 1449]. 

Implementing Clinical 
Documentation Systems 

Rotman et al. [5] designed a ran 
dornized controlled trial of a physici 
workstation to avoid the confoundin 
effects of self-selection of users an 
of extraneous events that might affe 
the outcome variables. To incre 
statistical power, they used a tw 
period parallel design. Unfortunate! 
the physicians randomly selected to 
the new workstation did not use 
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ough to influence clinical or eco- · 
nomic outcomes. User satisfaction 
lleclined in the workstation group and 
Increased in the control group. The 
roost valuable aspect of the study is the 
lessons learned from the failed trial. 

It is important to note that all physi
cians were in the habit of using an 
existing computer-based system. The 
old system continued to be available to 
all. but the new system was available 
onlytothosein the intervention group. 
The new system offered some fea
tures not available in the old system, 
specifically alerts about drug interac
tions and about less expensive medica
tions that could be considered as sub
stitutes for medications initially selected 
by the physician as well as graphical 
depiction of trends in laboratory re
sults. The old system, however, con
tained information such as specific 
laboratory tests and procedures needed 
by all physicians but not available in the 
new system. Thus, it was essential for 
all physicians to continue to use the old 
system, but optional for those in the 
intervention group to use the new sys
tem. Furthermore, system failures 
made the new system unavailable in 
10% to 15% of user sessions. When 
the system functioned, response time 
was slow: 30 to 50 seconds to receive 
laboratory results. During the study 
period, the old system underwent a 
number of enhancements, making it 
more attractive and simultaneously in
creasing downtime for the new sys
tem, which required changes because 
of its communications with the old 
system. 

These experiences led the investi
gators to make the following recom
mendations for studies evaluating in
formation systems: 
1. Specify the performance charac

teristics ·and support for both the 
experimental and control systems. 

2. Assess the reliability and speed of 
the computing infrastructure. 

3. Investigate what works and does 
not work with the current clinical 
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workflow and tailor new or modi
fied systems accordingly. 

4. Provide sufficient training time to 
users. 

5. Choose an experimental design that 
maximizes statistical power to de
tect differences in the relevant out
comes. 

6. Design evaluative studies to be in
formative even if the study does not 
find positive effects on health or 
economic outcomes. 

a) Distinguish between an intervention 
that was not used and one that was 
used but ineffective. 

b) Link user feedback to objective 
measures of system performance. 

c) Systematically assess subjective re
sponses of users. 

d) Prioritize system improvements. 

Following the recommendations of 
Rotman et al. in conducting evaluation 
studies would certainly help to under
stand why a clinical documentation 
system succeeded or failed. To en
hance successes and to avert failures, 
Leiner and Haux [6] described a pro
tocol for systematic planning and ex
ecution of documentation projects that 
has been used in three projects in a 
German university hospital. The ad
vantage of this protocol over other 
approaches is that it begins by asking 
the purposes for which the documented 
data wi~l be used. Other steps in the 
process then follow in logical sequence. 
The result is better integration of the 
various aspects and functions of the 
system and greater assurance that data 
entered into the system will be retriev
able and useful for desired purposes. 
The authors report anecdotally on pros 

. and cons gleaned from their experi
ence. Many of the cons relate to the 
disaffection of some organizational 
members when they learn early in the 
process that some of their objectives 
will not be met because of problems of 
expense or feasibility. Other cons con- . 
cern the need to reiterate the planning 

· process if fundamental objectives or 
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design decisions change. These nega
tives, however, are better confronted 
early and resolved than ignored or 
deferred. They are in any case out
weighed by the pros, which include 
thorough and integrated planning, im
proved cos tprojections, and enhanced 
discussions among designers and us
ers. Although for simplicity the ex
amples given relate primarily to docu
mentation by physicians, the protocol 
is equally applicable to documentation 
by other disciplines such as nursing 
and to integrated documentation by all 
disciplines involved in patient care. 

Conclusions 

In building intelligent medical de
vices, a key challenge is to acquire and 
to represent the knowledge guiding the 
algorithm that controls the device. 
Generating production rules through 
application of a mathematical model 
may yield satisfactory clinical perfor
mance more efficiently than acquiring 
knowledge from experts, but careful 
testing for accuracy, safety, and effi
cacy is essential. In practice, the de
vice may perform differently from pre
dictions, and adjustments may. be 
needed for patient safety and clinical 
effectiveness. New technologies for 
information capture and retrieval offer 
benefits in patient management and 
knowledge discovery but bring risks of 
loss of privacy and confidentiality. 
Ethics and public policy as well as 
technological feasibility must guide the 
use of such technologies. Finally, the 
implementation of clinical documenta
tion systems is far more complex than 
the replacement of one technology 
with another. Such systems transform 
work and organizational relationships. 
If the implementation is to succeed; 
attention must be given to these trans
formations and the disruptions they 
entail. To realize the promise of 
informatics for health and clinical man
agement, those who develop and pro-
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mote the use of applications must an
ticipate, evaluate, and accommodate 
the full range of consequences. 
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