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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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Fig. 1 Typical examples of changes in drug therapy at the interface 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:

e How often are drug recommendations in
discharge letters formulated as an active
ingredient or brand name?

e Does this share differ in the various de-
partments of a large teaching hospital
providing tertiary care?

e Do pharmacotherapeutic recommenda-
tions in discharge letters oppose the re-
spective standards in general practice?

e 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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Table 1

Relationship between parameters defining a drug in a discharge letter (brand name or active ingredient) and

their necessity o be used for clinical decision support, i.e. for tablet splitting it is important to know the brand name; for fore-
seeing potential allergic reaction itis important to know the active ingredient. (SPC = summary of product characteristics).

Parameter Decision support functions with

respectfo ...

Comment

Brand name (link to SPC
and galenic specification)

Tablet splitting

Strongly depends on galenic characteristics

Cost optimization

Legal requirements, package size information

Allergy to additives

e.g. sulfites

Drug-food inferactions

Often depend on liberation characteristics of the brand
and other galenic characteristics

Incompatibilities (e.g. i.v. formulations)

Strongly depend on galenic formulation and addifives

Indication

Considering diseases and patient populations
(e.q. children) with approval in the SPC

Contraindication

Considering diseases and patient populations
(e.g. children) as labelled in the SPC

Adverse drug reactions

Sometimes depend on galenic formulation
(e.q. different for instantly and slowly releasing brands)

Active ingredient Adverse drug reactions

Often depend on acive ingredient, sometimes also on
specific salts of an ingredient

Allergy

Drug-lab interactions

e.q. electrolyte co-administration with i.v. antibiotics

Maximum daily/total allowances

Parent active ingredient | Therapeutic altematives

e.q. switch within a drug class

Drug-drug interactions

Dose adjustment

e.g. in renal failure

Pregnancy warnings

Drug use in the elderly

e.0. Beer’s criteria

Pharmacogenetics

veloped a list of system requirements and an
architecture for a computerized tool to sup-
port the prescription in discharge letters.
The following three methods were applied:
manual analysis of discharge letters, struc-
tured interviews with clinicians, and focus
group interviews with general practitioners.

2.1 Analysis of Discharge Letters

We randomly selected 1800 discharge
letters of a hospital providing tertiary care
dating from the month before the project
started. The sample was weighed according
to the number of in-patient cases of individ-
ual departments of the hospital. For each
drug in each discharge letter we assessed
whether the following information on drug
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therapy was listed unambiguously: brand
name, active ingredient, strength, and dos-
age schedule.

2.2 Structured Interviews with
Clinicians

Each department in this hospital nominates
a senior physician as a delegate to the hospi-
tal’s drug committee, which deals with all
matters of drug use in the hospital. In order
to collect the views of the delegates, we first
developed a guideline for performing a
structured interview and then performed a
test interview with an independent clinician.
After optimization, the interviews were pet-
formed, interview result summaries were

sent to the interviewed clinicians, and feed-
back was requested.

2.3 Focus Group Interviews

Five focus group interviews were prepared
and conducted with 25 general practitioners
of the region by the Department of General
Practice and Health Services Research ac-
cording to existing guidelines [19]. In ac-
cordance with Tang and co-workers [20] a
focus group was defined as “a qualitative
data collection method used to obtain the
views and experience of a group of people in
a defined topic area” [20]. Several group
discussions are recommended to receive re-
liable data on a research topic. Focus groups
as a research method are becoming increas-
ingly popular in health research. The group
interviews conducted in this study focused
on the communication of pharmacotherapy
at the interface between general practi-
tioners and hospital residents. The focus
groups were audio and video taped, tran-
scribed, and analyzed using the software
ATLAS.ti (ATLAS.ti — the Knowledge
Workbench. 2005).

3. Results

Parts of these data have previously been
published in abstract form [21].

3.1 Analysis of Discharge Letters

We analyzed discharge letters from each de-
partment involved in in-patient care (a total
of 1800 letters). Of these, 1205 discharge
letters contained pharmacotherapeutic rec-
ommendations (66%) for follow-up treat-
ment., For 188 discharge letters (15.6% of
1205) the drug recommendations contained
the name of all active ingredients. This per-
centage varied among the departments with
a range between 0 and 46% (mean =+ stan-
dard deviation: 16.6 + 13.8%).

The 1205 discharge letters contained in-
formation on 5792 drugs, which is an aver-
age of 4.7 drugs per discharge letter that
contained pharmacotherapeutic recommen-



dations. For 975 of the recommendations,
the drug was described by both brand name
and active ingredient (16.8%), for 313 the
drug was only identified by the name of
the active ingredient (5.4%) and for 4504
(77.8%) the drug was only identified by the
brand name.

Again considerable differences between
different departments were observed. The
share of drug recommendations which con-
tain brand name and active ingredient varied
in the departments between 0 and 60%.
(14.3 £20.1%).

Information on the completeness of the
dosing regimen is shown in Figure 2. For
81.7% of all drug recommendations, the in-
formation on dosage per administration was
unambiguous. This varied in the depart-
ments between 20 and 100% (76.1 +
21.3%). The number of administrations per
day was described in 55.6% of the recom-
mendations by a detailed scheme for drug
administration, and an additional 30.5%
were accompanied by an unambiguous free
text description for administration.

3.2 Structured Interviews with
Clinicians

There is a typical process for writing dis-
charge letters in Germany. First, the clini-
cian who treated the patient dictates the
letter and then the secretarial staff tran-
scribes the dictation. Afterwards there is a
correction cycle starting with the resident,
later involving a senior physician and often
the head of the clinic, and with a final re-
view performed by the clinician who treated
the patient. When the letter is signed by all
responsible physicians, it is sent to the gen-
eral practitioner who will continue the pa-
tient’s ambulatory care. A copy is also
archived in the patient record. The members
of the hospital drug committee who repre-
sented 12 departments treating in-patients
and writing discharge letters reported the
following supporting measures in place at
their departments: departmental guidelines
for structure and layout (12 = 100%), inte-
gration of patient data from the local hospi-
tal information system (12 = 100%), use of
standard text elements (auto text, 5 =
41.6%), and template letters for frequent

diagnoses (2 = 16.6%). The departments re-
ported that discharge letters were written
either in the evening before discharge (three
departments, 25%), immediately after dis-
charge (eight departments, 66.7%), or, in
the case of one department, at a later date.
Seven departments (58.3%) reported using
the brand name as the main drug in-
formation while listing the active ingredient
in brackets after the brand name. In three
(25%) departments the opposite was re-
ported. Two departments typically recom-
mended in most cases the drugs that the pa-
tient was taking before his stay in the hospi-
tal. Eight departments (66.7%) used their
electronic intranet information system as
an information source for pharmacothera-
peutic recommendations, and eight depart-
ments used a paper-based comprehensive
German drug market book [22]. These two
groups partially overlap, with six depart-
ments (50%) using both. Other information
sources like guidelines or colleagues were
only mentioned in isolated cases.

Additional useful support features for
electronic drug information systems men-
tioned by the clinicians included: Alerts for
contraindications and drug interactions,
automatic display of low-priced alter-
natives, automatic entry of the active ingre-
dient, as well as comprehensive and up-to-
date drug information.

3.3 Focus Group Interviews

The focus group interviewees mentioned
that pharmacotherapeutic discharge recom-
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mendations generally do not consider the
budget constraints for drug prescription in
out-patient care. They assumed that hos-
pitals have contracts with pharmaceutical
companies so that expensive drugs can be
obtained below the sales prices of a public
pharmacy. The general practitioners ex-
pressed that prescribing after discharge
would be easier to them if the active in-
gredients were consistently mentioned in
all pharmacotherapeutic recommendations.
The selection of a suitable drug was identi-
fied as a problem, whereas dosing of drugs
was not mentioned as such by the focus
group members. The availability of the
discharge letter immediately after patients
are discharged from hospital was a major
issue in all focus group interviews. A major
requirement identified in all focus group in-
terviews was that the primary care physician
receives a fax 24 hours prior to discharge
that contains the recommended pharmaco-
therapy, and indicates the appropriate clini-
cian to contact if questions arise after dis-
charge. In addition, unnecessary switches
could be avoided and acceptance of treat-
ment changes would be increased if the
reasons for changes in medication were also
given. Of further help would be if infor-
mation given to the patient at discharge were
printed (and therefore better legible) instead
of handwritten. The members of the focus
groups also expressed that they would ap-
preciate if discharge letters were written ac-
cording to the SOAP structure (Subjective
findings, Objective findings, Assessment,
Plan, cf. e.g. [23]).

ambiguous
Fig. 2 1,8% none
Fraction of 5792 drugs 7,0%
mentioned in 1205 dis- "as needed"
charge letters with in- (PRN)
formation on dosage 539

regimen (number of ad-
ministrations per day). In
an unambiguous scheme
it would be noted by
“1-0-1-0" that one tablet text
should be administered in 30,4%

the morning and one in

unambiguous

unambiguous
scheme
55,4%

the evening.
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4. Discussion

4.1 Discussion of Results

Our results have confirmed that phar-
macotherapeutic recommendations at the in-
terface between primary and secondary care
are a frequent source of problems in Ger-
many caused by a process which is not har-
monized and far from being adjusted to the
needs of either party involved. For clinicians
it is a time-consuming task to translate the
current in-hospital therapy into a prescription
meeting the expectations of the colleague in
an entirely different setting. In Germany, for
general practitioners, the drug recommen-
dations in discharge summaries can induce
an economic burden if treatment costs ex-
ceed the constituted budget. Finally, the se-

lection of an appropriate drug for a patient is
an important quality factor, because adverse
reactions can be avoided and effectiveness
can be improved. To meet the expectations of
all parties, the drug recommendation in a dis-
charge letter should include the active ingre-
dient as well as examples for brand names.
The active ingredient is important to know to
facilitate switches between therapeutic alter-
natives which will also affect cost. But in
most cases it will also be important to know
corresponding brand names, because brand
names are specifically linked to the summary
of product characteristics (SPC) that is ap-
proved by the local authorities. This statutory
document is the legal basis of prescribing and
defines important conditions for the safe use
of a drug (e.g. approved indications). Brand
names are also the link to additives, galenic
information, and cost. Table 1 lists drug char-

Essential legal requirements,
support of switching

Decision support for dose
individualization e.g. for

procedures renal insufficiency
=
- - q Dosing
Active ingredient Strength  _ ° = Comment
(brand name and low-price alternative if available)
Switched from
.. enalapril because of
Ramipril o 5mg  10-0-1 o er duration of
(e.g. Delix® 5 or Ramipril® AL 5mg Tabl.) action
Acetylsalicylic acid 100 mg  1-0-0-0
(e.g. Aspirin® N 100 mg or ASS 100 Hexal®)
Started due to
Metoprololsuccinate 475 mg  1-0-0-0 g?g[:ff;ggg;g%i’; .
(e.g. Beloc-Zok® Retarditbl.) ca utio’usly
E id Started due to
urosemide progression of heart
40 m 2-0-0-0 ira-
(e.g. Lasix® 40mg or Furosemid- 9 failure; reduce dose
ratiopharm®40mg) / once recom/}fnsated

Standardisation of dosing
scheme (prerequisite for
computer supported dose
individualisation)

Reason for selection of a
particular drug,

suggestions for future
management

Fig. 3  Suggested standardization of pharmacotherapeutic recommendations in discharge letters considering the German
law and suggestions of general practitioners participating in the focus groups.
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acteristics which are related to the product or
to the active ingredient and which would be
useful features of future decision support
systems.

A common weakness of the communi-
cation of drug therapy in this setting is the
lack of using a common thesaurus for the
drugs needed by the patient. Since formu-
laries on both sides of the interface between
in-patient and out-patient care differ con-
siderably in the number of brands, but differ
significantly less with respect to the number
of active ingredients, increasing the propor-
tion of recommendations that specify active
ingredients as well as brand names would
likely help fill this communication gap. A
possible standardization effort which is de-
duced from the results of this study and ful-
fils the requirements of German legislation
is summarized in Figure 3. To support the
prescription process at the interface be-
tween in-patient and out-patient care ac-
cording to the suggestion in Figure 3 a
CPOE system needs to be integrated into the
local information system, and requires deci-
sion support and an option for long-term
archiving. In order to cope with the sizeable
amount of active ingredients, additives, and
brand names, different thesauri are needed
to match data and knowledge in external re-
sources to the knowledge base of the CPOE
system (cf. Fig. 4, Table 1).

When analyzing the discharge letters we
found that dosage information is often in-
complete and ambiguous. According to the
results of our focus groups this was, how-
ever, not a critical weakness, and did not
cause problems in general practice. More-
over and more important for the general
practitioner, the results of our qualitative
research revealed that clinicians rarely use
active ingredients, and prefer prescribing
brand names. Indeed all interviewed repre-
sentatives of the departments in the hospital
drug committee thought that active ingre-
dients are always either mentioned in
brackets after the brand name, or are men-
tioned with first priority, which was only
true in a minority of the cases when ana-
lyzed objectively. There are several ways to
increase the use of active ingredients in
daily practice, but the least effort and train-
ing hours are encountered if a strategy is
adopted whereby active ingredients and



brand names are both accepted, and if either
is missing, is automatically added to the
text. Without doubt, this is a task that can be
readily and more efficiently solved by a
computer system than by physicians in a
hectic environment.

4.2 Limitations of the Study

We weighted the sample size according to
the numbers of cases of each department
and therefore assume that the sample was
representative. We did, however, only ana-
lyze discharge letters of one month assum-
ing that they reflect a rather typical situation
for this hospital. This may have introduced
a bias, but had the considerable advantage
of being closely linked in time with cor-
responding interviews of physicians writing
the letters and those receiving them.

Another potential bias may have been in-
troduced by selecting interview partners
only from the hospital drug committee who
mostly were senior physicians and consul-
tants. We might have obtained divergent re-
sults if we had drawn a representative
sample of interns or junior residents who
might have had more direct insight into the
actual prescribing habits. We preferred,
however, to have interview partners from
each department who have an overview of
all aspects of the drug prescription process
in their department.

4.3 Perspective

For efficient cooperative care it is necessary
to improve the interfaces for drug therapy
between in-patient and out-patient care.
This could start with a structured history of
the out-patient drug therapy at the time of
admission. Reliable and comprehensive in-
formation on previous drug exposure is
necessary for being able to continue rel-
evant drug therapy, and to avoid withdrawal
syndromes and drug interactions. Such in-
formation is also required if the patient is to
be returned to pre-admission medication
regimens after discharge. Efforts toward a
patient-centered electronic health record
[24-26], and in particular the function of
electronic prescriptions [12, 27] on the

341

Standardized Documentation of Drug Recommendations

brand
catalogue

local information system

(hospital, practice, care network)
(CPOE)

order entry

=

local

formulary knowledge

patient
data

(CDS)

decision support v
—_y| and alerting interface

—— p| decision support
systems

‘4— —»

long-term
archiving

v

electronic health record
health data

printing prescriptions

writing summaries

Fig. 4

Integration of CPOE-systems in the local information system and communication with external sources via thesauri.

The local CPOE interface process contains a local formulary which has to be mapped to the official brand catalogue and knowl-
edge resources like catalogues with drugs that should not be administered to pregnant women. The local decision support
functions (CDS) processes patient data and gives alerts using knowledge functions from external decision support systems, for
example dosing for patients with renal insufficiency. The prescription results have to be stored in a long-term archive with
shared access for authorized partners and — if available — in an electronic health record (or at least a health card).

eHealth-Card for patient care in Germany
could make this information available, al-
though it will not cover all drug exposures as
long as it does not include non-prescription
drugs. Thorough information could not only
influence pharmacotherapy during the hos-
pital stay, but also could positively impact
the utility of the recommendations in the
discharge letter. Prescribing divergent drugs
can decrease both compliance and ease of
handling for the patient, and thus can in-
crease costs. Up-to-now valid algorithms to
integrate previously administered drugs into
therapy recommendations are not available.
Also, suggesting alternative drug therapies
is difficult because there is no consensus as
to which drugs can be regarded as thera-
peutically equivalent. Both should be areas
of future research relevant for efficient
health care of high quality.

5. Conclusion

Documenting active ingredients and brand
names in pharmacotherapeutic recommen-
dations in discharge letters is currently not
part of clinical practice in Germany. In most
cases drugs are recommended by their
brand name. Our results have shown that
this cannot be avoided, even when an elec-
tronic drug information platform is avail-
able, as long as it is not fully interlinked with
and integrated in the process of writing dis-
charge letters.

Experiences from other nations have
shown that specifying active ingredients
alone is also not sufficient to provide high-
quality pharmacotherapeutic recommen-
dations. Therefore CPOE-systems should
offer support in prescribing active ingre-
dients as well as brand names and dosage
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schemes. Electronic support for pharmaco-
therapy in discharge letters could then be-
come a quality factor for process quality ina
hospital, with considerable influence on the
outcome quality and costs of cooperative
patient care.
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