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I ntroduction

From the very beginning, the
promotersof computer useinmedicine
emphasized the potential of medical
computing to improve medical care.
Early adopterssuch as Pipberger et a
[1], who introduced data processing
methodsfor electrocardiogramanaysis
rigorously examined how well the
computerwould performandcompared
its abilities with those of the best
expertsinthefield. Thefathersof the
early hospitd informationsyssemHEL P
at LDShospital builtasystemcentered
around decision rules [3] and noted
that thesystem helpedtoreducesevere
adversedrugeventsfrom41in1990to
12in1991[4].1n1992they performed
acontrolled study to find out that the
system had prevented 982 patients
from staying on average 1.94 days
longer in hospital due to an adverse
drug event. They calculated that LDS
hospital thus would save more than
onemilliondollarsintreatment costsin
a single year. McDonald continued
such work and evaluated the
Regenstrief Medical recordinanother
controlled study toshow that physicians
would react to 51 percent of adverse
events in patient condition such as
elevated blood pressure or required
liver enzyme controls when the
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computer generated analert compared
to only 22 percent when no alert was
given [5]. Other studies such as the
influencing work of deDombal et a
[6], who showed that the computer
might even perform better than physi-
cians in diagnosing acute abdominal
pain were discussed controversialy.
Transfer of theresultsto other institu-
tions proved difficult and despite
favorableevaluationresults, thesystem
was not well received in different
environments.

Today there are more controlled
trials [7,8,9] and even systematic
reviews|[8,9] whichlet usbelievewith
some confidence that, in medical
computing, we have tools to improve
process quality in medical care. The
analysis of Johnston et al in 1994 [8]
concludesthat thereisstrong evidence
that several computer applicationswill
improvethetreatment process. Thisis
shown for computer assisted drug
dosing as well as preventive care
reminders (e.g. to give required
vaccinations or perform scheduled
screening procedures) andfor protocol
or guideline based alerts (e.g. in
hypertensive care, diabetes care etc).
Twoyearslater Balaset al [9] confirm
inameta-analysisbased on nearly 100
randomizedclinical trial sthat reminder

functions will improve physician
performance and that computer
assisted drug dosagesurveillancemay
outperform the physician. They note
that interactive patient education or
instruction programs will also be
successful. Other applicationssuchas
computer assisted diagnosingor simple
access to computerized medical
records however did not show signifi-
cant influence on patient care in this
analysis.

Wedo have some evidencethat not
onlythequality of thetreatment process
but also patient outcome may be
influenced positively when computer
functions are employed. Some of this
evidence is rather weak as in [10],
when the computerized reminder
seemed to reduce the frequency of
urinary incontinencein elder persons,
some is stronger, e.g. in [11]. There,
Whiteet a. examined theinfluence of
acomputerized decisionsupportsystem
on patients receiving warfarin and
found areduced length of stay.

Under these circumstances it is
enlightening to read thework of Bates
etal [12] inthissectionwhotakeupthe
conclusions of the November 1999
report of the I nstitute of Medicine: To
Err is human: Building a Safer
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Health System [13]. The IOM report
estimatesthat anincrediblenumber of
morethanamillioninjuriesandbetween
44.000 and nearly 100.000 deaths per
year alone in the US are actually
attributabletomedical errors. Clearly,
informationtechnology hasapotential
to prevent some of those medical
errors. But Bateset al ., besides citing
many positive effects of medical
computing, tempt us also with the
demanding questionof what errorsare
caused by the use of information
technology. Quitesimply, theinforma-
tion system might befaulty. But there
is aso another inherent source of
errors. As systems become more
reliable, wetend to rely on them. But
what, if the system just missesto send
an dert in acertain condition and we
rely solely uponthesystemabilities?In
this case the system isnot “faulty”, it
hasjust (likehumans) overlooked some
facts. Batesand hiscolleaguescitethe
survey of theinstitutefor safemedical
practice (ISMP) [14] that performed a
field test in 1998 to prescribe deadly
drug doses within several different
computerized pharmacy prescription
systems. Fatally it turned out that the
majority of those computer systems
failed to detect those life threatening
situationsanddidnot generateanalert.
Clearly physicians and pharmacists
must double check suchprescriptions
andshould detectthedosing error. But
their attentionmight diminishinview of
an otherwise effective computerized
prescription system. Bates et al
consequently propose a set of recom-
mendationstoensuresafeandvaluable
clinical decision support. Those
recommendations center not only on
reinforced use of clinical information
systems e.g. in order entry and
computerized prescribing in order to
detect and prevent human error, but
simultaneously theauthorsrecommend
to put the new technology itself
rigorously under testinorder toassure
that it works correctly and does not
inducenew errors. Thelatter hasbeen

emphasized by other authors before:
“Clinicians would be unwise to use
any system unless it has been shown
to be safe and effective” [15].

This implies continuous measure-
ment of quality. Consequently, theother
papersinthissection deal extensively
with the evaluation of information
technol ogy regarding valueand effec-
tiveness. The three papers of Vasallo
et a [16], van't Riet et a. [17] and
Roine et al [18] demonstrate the
difficultiesonefacesintheattempt to
assessinformationtechnol ogy splendid-
ly. Thethree evaluation studiesrange
from a simple descriptive case study
which demonstrates positive effects
of atelemedicinelink betweenthe UK
and adeveloping country [16] onto a
qualitative evaluation of a patient
information system for children with
amblyopiaandtheir parents[17] andto
a sophisticated review study of
controlled studies on the effects of
telemedicine[18].

Thetopic of system evaluation has
beendiscussed extensively inmedical
informatics [see e.g. 19-23]. Several
authorshave promoted theideato use
not only descriptive evaluation (the
systemisevaluated asis) buttoconcen-
trate on formative evaluation as well
(evaluation results influence system
layout and design directly in order to
lead to an improved and accepted sy-
stem) [21,22,23]. Evaluationstrategies
have been presented for various
situationsandtopics[21,22]. Problems
of evaluation have been discussed and
methodsto overcome them have been
described[21,22,23]. For brief recapitu-
lationwemay just citeafew conclusions
from those papers:

Goals of the evaluation must be
clearly stated [21,22]

The evaluation object is complex
[23]

The evaluation environment is
complex [23]

There is no generic solution for
evaluation. Different evaluation
goalsdemand different evaluation
strategies [22]

Full control of environmental factors
isnot possibleinall evaluations[22]
Highquality studiesrely onamix of
multipleeval uationmethods[21,22]
Highevauationquality may impose
a high workload and evaluation
costs [22]

Information systems induce a
change process which must be
understood [ 21]

Consequently study designmust be
adapted to capture changes over
time[21]

Eval uationbuildsonuserinteraction
whichmust beunderstood [21, 23]

Thepaper by Vasalloand colleagues
[19] describes a case study which is
used to evaluate the benefit of a
telemedicine link for a rehabilitation
center inadeveloping country. All 27
telemedicine referrals made during a
12monthstudy periodarequalitatively
assessed regarding the benefit for the
patient and the referring institution.
The authors cite cost effectiveness of
the telemedicine link as the goal for
their evaluation. Their evaluationdoes
not control environmental effects, but
mainly restricts to a comparison
between costs of equipment and
perceived benefits. The merits of this
study areclearly aproof of feasibility
for the use of high tech telemedicine
equipment under adverse circum-
stancesand aproof of user acceptance
at least during study period. To show
both is very appropriate in an area
whereeither new technology isimple-
mented or proven technology is
transferred to adifferent environment
whichisthecaseinthisexample. The
proof of cost effectiveness, a cited
goal of the authors, however israther
weak. The authors do not only totally
omittheexpenseintimeand money for
thephysiciansinthe UK whodeal with
thereferralsbesidetheir normal clinical
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activity, obviousdly without extra pay-
ment. Nor do the authors really
compareasituationwithtelemedicine
link with a situation where another
effort of comparabl esizeisundertaken
toimprovepatient careat thereferring
institution. Nevertheless, we should
not overemphasizethese weak points.
The study is a valuable formative
evaluation in a setting where modern
technology is used for the first time
under adverse situations to improve
patient care. It demonstrates practical
feasibility of theunderlying approach
and good user acceptance at least
during the study period. On a case by
casebase, positiveeffectsforindividual
patients and the referring institution
itself are shown. We may conclude
that a telemedicine approach such as
this one may be a feasible and
potentially evencost effectiveapproach
to improve quality of heath careina
developing country. Clearly further
studiesof improved designareneeded
to confirm the latter.

Van'tRietetal.[17] faceadifferent
situation. They are asked to perform
an external evaluation study for an
existing patientinformationsystem.In
principlethey havethechoicetoeither
performadescriptiveevaluationof the
systemor to useaformativeapproach.
Typicaly, in this situation where the
evaluation object is a completed sy-
stem, most eval uatorswould decidein
favour of adescriptiveevaluation. Then
proven evaluation tools such as
controlledtrias, approvedquestionnaire
designs etc. could be used. However,
van't Riet and colleagues decided
differently. Inorder todefineevauation
criteriaand to come to grips with the
patientinformationsystemthey started
withaqualitativeassessment asapilot
study instead. A small group of 14
families with 15 children affected by
amblyopia were included in a study
design which relied on direct obser-
vations, virtual observationsof comput-
er based chatting and semi-structured

open-endedinterviews. Theresearch-
ers noted that actual use of the
information systemwasweak andfrom
their study resultsconcludedthat there
was amisfit between the content and
functionality of theinformationsystem
and the needs and capacities of the
target group. Besides, several specific
flares such asinappropriate operation
timesof thechat roomand inappropri-
ate assumptions which were
programmed into the information
systemcouldbepinpointed. Van't Riet
et al. conclude that the system is not
addressing the users needs at all. As
those results came somewhat |ate to
influencesystemdesign (whichwould
be the goal of a typical formative
evaluation study), they led to the
discontinuation of the examined
information system, thus preventing
unnecessary further expenditure.
Obvioudly, inthiscasetheinformation
systemdid not influencethequality of
hedlthcare, butwehopewiththeauthors
that succeeding projectswill build on
the evaluation results, thusleading to
improved patientinformation.

When we think about descriptive
evaluation of proceduresand applica-
tionsin healthcare we should refer to
methodol ogiesdeve opedinthecontext
of evidence based medicine [24,25].
Sacket [24] defines evidence-based
medicineas

"The central demand to link best

individual clinical knowledgewith

best available external, scientific
evidencetoachieveoptimal patient
care."

Scientific evidence in this context
relieson preferably exact knowledge.
Applicationsinmedical informatics, if
influencing patient healthdirectly, must
at least demonstrate that they do not
harmthepatient[12,15]. Morerigorous
evaluation of clinical software may
become a must in the future, when
within new regulations software
programsareconsideredtobemedical
devices[26].Inanascendinghierarchy

improvedscientificevidenceoriginates

when higher levels of the following

study designs are achieved:

. At least one systematic review
based upon methodically sound
RCT's (randomized controlled
trials)

Il. At least one methodically sound
RCT of sufficient size

[11. Methodically sound non
randomized or non prospective
controlled trials

IV.More than one methodically
sound non experimental trial

V. Gold standard, experts opinion,
descriptive studies

Inthishierarchy thereview of Roine
and colleagues| 18] adaptsthe highest
level of scientific evidencein order to
assesspotential effectsand cost effec-
tivenessof telemedicineapplications.
In a comprehensive literature search
the authors include 50 out of 1124
studies on telemedicine applications
for a systematic review. They reject
non-controlled studies and feasibility
studies as well as studies giving
insufficient outcome data. However,
within those 50 selected papers they
couldpinpoint only six RCTswhereas
the other included studies varied
between non-randomized controlled
studies, cohort studies, case control
studiesand descriptivestudies. Dueto
different evaluationgoal swithinthe50
studies as well as different study
designs, Roine et al refrain correctly
fromametaanalysisand restrict their
review to a description of the study
results, grouped into the areas of
telemedicinein medical consultation,
telemedicine in patient monitoring,
teleradiology and telemedicine in
variousclinical areas. Theresearchers
conclude that the data about effec-
tiveness and cost-efficiency in tele-
medicinederivedfromthe50examined
studiesisstill poor. They find evidence
for the effectiveness of telemedicine
applicationsintheareasteleradiol ogy,
teleneurosurgery, telepsychiatry, trans-
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missionof e ectrocardiographicimages
and electronic referrals between
primary and secondary healthcarepro-
viders. Regarding cost-efficiency, the
researchersquote” economicanalyses
suggest that teleradiology, especially
transmission of CT images, can be
cost saving”. Their final suggestion:
“Based on current scientificevidence,
only afew telemedicine applications
canberecommendedfor broader use”.

What canwelearnfromthisreview?
It is a well known fact that even
systematic reviews of RCT's, albeit
on the highest evidence level, cannot
deliver goodevidenceif theunderlying
RCT’ shavepoor quality orinsufficient
data. When looking at the highly
structured review studies of the
Cochrane Collaboration [27] on
medical treatment of patients, wefind
many which recommend that further
large-sample controlled trials are
needed in order to come to a final
conclusion regarding scientific evi-
denceproor contraacertaintreatment
strategy (seee.g.[28]). Based ononly
six RCT’ sontelemedicineapplications
onewould be very lucky to gain clear
evidenceabout effectivenessand cost-
efficiency of such applications. The
review of Roine and colleagues does
give us hints that we may improve
quality of healthcareeffectively using
telemedicine applications and should
encourage to continue research and
evaluationinthisareatowardsastage
where we may be able to find clear
evidence, thereby advancing such
applications beyond the current pilot
project phase.

Within this section Quality of
Healthcare: The role of Informatics
we have seen four different papers.

- A strong recommendation to make
extensive use of information techn-
ology to avoid human error, paired
withtheurgent suggestiontoimprove
this technology and to assess its
effects on patient safety [12].

- A descriptive case study for the
useof aknowntechnology inanew
area presenting a positive picture
of feasibility, but clearly askingfor
further methodically soundeval ua-
tionstudiesto confirmeffectiveness
and cost-efficiency [16]

- Aformativeevaluationof anappli-
cation which does not meet the
needs of its projected users [17].

- A review study on a modern
informationtechnol ogy whichindi-
catespositiveeffectswithoutbeing
able to demonstrate conclusive
evidence that the new technology
issuperior to other methods[18].

From these and many other cited
sources [4-11,28] a picture emerges.
If we consider medical informatics as
ayoung field, which it clearly still is
compared to other medical fields, we
find many indicators and increasing
evidencethat information technol ogy
will and must play animportantrolein
improving the quality of healthcare
now andinthefuture. WhendeDombal
et al [6] evaluated a decision support
systemin 1971, they were still among
the first to do such work and no one
would haverecommended tousesuch
systems everywhere at that time.
Today instead, some areas of infor-
mati on processing aremademandatory
in medicine, for example the use of
computerized physician order entry
systemsin Californian hospitals[29].
We notice that there is a change in
argumentation: In the future we may
find ourselvesin asituation wherewe
do not need to demonstrate why we
used information technology, but
instead we may be asked why we did
not usethistechnology. Thankse.g.to
Pipbergerswork [1] thecomputerized
ECG machine which delivers an
automated assessment of the ECG
stripe is a fact today. Hardly anyone
wouldarguewiththemachineregarding
QRStimespanandsignsof ventricular

blockage in its printed assessment.
Thisdoesnot meanthat wemay refrain
from further checks and just accept
theuseof informationtechnology. The
morewe use such technology in areas
which directly affect patient care, the
more rigorously we must perform
evaluations and prevent technology
from becoming harmful. Information
technology implies a change process
[21]. Thisrendersevaluation difficult
inmany casesand requirescontinuing
effort [21-23]. We must adapt our
methods to the evaluation object and
wewill not alwaysbeableto measure
effects with RCTs or review studies.
Examples of other methods can be
foundinthissection[17] andinliterature
(e.g. [22,23]). It will certainly be
interesting to seemorestudiesemerge
which demonstrate that no harm is
done by an information technology
which then iscommonplace.
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