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Summary

Objectives: To analyze the necessity and pofential use-
fulness of a computerized physician order entry (CPOE)
system in supporting the writing of pharmacothera-
peutic recommendations in discharge letters.
Methods: Systematic analysis of drug recommen-
dations in discharge letters of a hospital providing ter-
tiary care, structured interviews with in-hospital pre-
scribers, and focus groups with general practitioners
who admit patients to this hospital.

Results: We analyzed 1800 randomly selected dis-
charge letters, 1205 of which contained pharmaco-
therapeutic recommendations. The frequencies, struc-
ture, and quality of these recommendations varied con-
siderably between departments. Nearly 16% of the
recommendations contained both proprietary (brand)
and non-proprietary names (active ingredient). Inter-
viewed clinicians expressed interest in CPOE systems
that check for contraindications and interactions be-
tween drugs, suggest cheaper products, and aufomati-
cally insert active ingredients when omitted. The focus
group sessions confirmed that the pharmacotherapeutic
recommendations in current discharge letters do

not effectively support daily clinical practice.
Conclusions: Documenting active ingredients as well
as brand names in drug therapy recommendations is
currently not part of clinical practice. Computerized
decision support can help to optimise the structure and
communication of therapeutic information across infer-
faces and can be a quality factor with considerable
influence on process quality, outcome quality, and
costs of cooperative patient care.
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1. Introduction

Computerized physician order entry (CPOE)
is increasingly discussed in the medical
informatics community. Few articles focus
on topics of order entry like test ordering [1,
2], or quality aspects like the timeliness of
results [2] . The majority of articles deal with
medication [3-5] and discuss the topic of
patient safety [6]. But especially the role of
CPOE in patient safety is currently the sub-
ject to debate. While for example in pediatric
care a considerable reduction of adverse
drug events by 40.9%, of prescription errors
by 99.4%, and of rule violations of 97.9%
after implementation of a CPOE system
has been observed [7], in another pediatric
setting CPOE implementation coincided
with increased mortality [8]. Indeed, high
rates of adverse events may still occur after
CPOE implementation [9] and the sources
of errors in the computer-supported medi-
cation process are numerous [5, 10]. This
may explain why negative emotions towards
CPOE can frequently be observed [11].
Nevertheless, it is reasonable that CPOE
systems can contribute to a higher quality of
the medication process if they are well-
designed and carefully applied. Decision
support for drug selection, dose adjustment
and monitoring is necessary [9] to maximize
effectiveness and safety.

With the growing trend of treating pa-
tients in a cooperative manner (‘cooperative
care’) another aspect of process quality for
medication emerges: In the German drug

market we are confronted with a large
number (about 56,000) of proprietary
medicinal products. These medications in-
clude both so called ‘originator products’
which require a full dossier for marketing
authorization, and their ‘generic’ formu-
lations (i.e. competitor medicinal products
containing the same active ingredient that
have been marketed after expiry of the
patent of the originator). General practi-
tioners, whose patients typically obtain their
medication directly from a full-service
pharmacy, prescribe brands from the whole
market. Hospital pharmacies, however, are
smaller in scale and are not able to have this
variety of products in stock. The typical ter-
tiary care hospital provides a (often elec-
tronic) catalogue that includes approxi-
mately 2000 to 3000 products. Due to this
difference, challenges for the prescribing
physicians may arise when out-patients
from general practitioners become in-pa-
tients of hospitals which only have restricted
local formularies (see Fig. 1, cf. also [12]).
As a consequence, in many instances medi-
cation is switched to another proprietary
product when a patient already on drug ther-
apy is admitted to a hospital. As an example,
a patient with congestive heart failure may
be maintained on three drugs which have
been prescribed by his general practitioner.
Upon admission a clinician may have to ex-
change several drugs either because a given
product is not available in the hospital phar-
macy or because of a change in the patient’s
ongoing medical problem. He may also add



drugs to treat the acute illness prompting the
admission. Hence, multiple changes in drug
therapy will occur, some of which are
caused by the differences between the re-
spective formularies. Because of the com-
plexity of the prescription process, every
change also holds the risk of introducing an
error. In Germany, when a patient is dis-
charged from the hospital, the patient’s
physician writes a discharge letter. This
letter summarizes the reasons for hospitali-
zation, the interventions, and results and
findings during the hospital stay, and gives
recommendations for further therapy to the
general practitioner (cf. e.g. [13]) who is in
charge of follow-up. Patients are addition-
ally given prescriptions for their discharge
medications at the time of discharge. After
discharge the clinician has to decide
whether the patient should resume treatment
with the medication administered before
hospitalization and/or continue the medi-
cation administered during the hospital stay.
Because ambulatory drug therapy is cov-
ered by a restricted budget dedicated to the
individual general practitioner, general
practitioners have a direct incentive to favor
well-priced drugs. Since a hospital formu-
lary is rather small and costs are op-
timized for in-hospital patients, conflicts
between discharge medication and (afford-
able) ambulatory treatments are frequent
[14]. Hence, combination therapy after dis-
charge tends to be modified with switches to
generic brands or cheaper me-too pre-
parations (competitor drugs that may lack
significant therapeutic advantages), or may
even be discontinued [14-17].

Similar problems also arise when pre-
scriptions or recommendations only specify
a therapy’s active ingredients, such as occurs
in countries like the United States or Great
Britain. For example on the one hand addi-
tives (e.g. sulfites) may cause toxic reactions
in sensitive patients or they can also lead to
interactions with other drugs (e.g. cremo-
phor). On the other hand there are products
for which dosing information relates to the
active agent as free base (e.g. lithium, pheny-
toin), as opposed to other products that refer
to the salt. In the latter case the same strength
of two brands may contain grossly divergent
amounts of active compound resulting in
considerable changes in exposure.
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“ ¥ Aypical examples of changes in drug therapy at the inferface between in-patient and ambulatory care leading to
multiple switches of therapy. Whereas some drugs are maintained across borders, others are started or discontinued. In many
cases equivalent drugs are not switched back at discharge even though no medical reason would argue against resumption.

To improve drug prescription at the inter-
face between in-patient and ambulatory
care, both factors relating to active ingre-
dient as well as brand name should be con-
sidered to duly account for characteristics of
the individual patient (Table 1). It therefore
appears critical to always recommend active
ingredients as well as appropriate brand
names. Given the size of the market and the
frequency of changes (particularly in pric-
ing), it is a considerable effort for the clini-
cian to find and compile all information for
a comprehensive drug recommendation (al-
though this is of major relevance for effec-
tiveness, patient safety, and process quality
in general practice).

Indeed, it would facilitate prescriptions
in general practice and reduce breaks and
switches in pharmacotherapy if prescribers
in hospitals would consider the particular-
ities of the ambulatory setting. To support
the whole process of drug and dose selec-
tion, an electronic drug information system
coupled to knowledge bases for dose indi-
vidualization (AiDKlinik) has been running
at the Heidelberg University Hospital since
2003 [18]. It contains detailed information
of all products on the German drug market,
including the German summary of product
characteristics and public prices. Drugs
available in the hospital formulary are
highlighted and always displayed first
(www.aidklinik.de). Further characteristics
of AiDKlinik include: electronic prescribing
with interfaces to the local hospital in-
formation systems, dosing recommenda-

tions for patients with renal insufficiency,
mini expert systems for drug selection in
particular patients, and an error-tolerant
search feature. We wanted to extend the
functionality of AiDKIinik so that it could
also assist physicians in the compilation of
discharge medication orders, and to tailor
this functionality to include the particular
needs of interns and residents. Before devel-
oping such a system, we needed to evaluate
both sides of the in-patient/out-patient con-
tinuity of care interface. The goal of this in-
vestigation was to answer the following
questions:
How often are drug recommendations in
discharge letters formulated as an active
ingredient or brand name?
Does this share differ in the various de-
partments of a large teaching hospital
providing tertiary care?
Do pharmacotherapeutic recommenda-
tions in discharge letters oppose the re-
spective standards in general practice?
What are the requirements for an elec-
tronic system that supports the prescrip-
tion process in discharge letters while
considering the needs of physicians on
both sides of the interface?

2. Methods

To analyze the different questions we under-
took three independent investigations, com-
bined their results in a joint analysis, and de-
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