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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Drug–drug interactions (DDIs) may lead to

often preventable adverse drug events
and health damage.

• In Dutch community pharmacies
approximately 6% of all prescriptions
generate a DDI alert.

• Hospitalized patients may be especially at
risk, as they are more severely ill and
multiple medications may be prescribed
simultaneously; however, only limited data
are available on the frequency and nature of
DDIs during hospitalization.

WHAT THIS STUDY ADDS
• In a Dutch university hospital 10% of all

prescriptions generated a DDI alert; overall
25% of patients encountered at least one
potential DDI.

• Besides the risk of decreased effectiveness
(25% of the DDIs), the most frequently
occurring potential clinical consequence of
the DDIs was an increased risk of
side-effects, such as an increased bleeding
risk (22% of DDIs), hypotension (15%) and
nephrotoxicity (13%).

• Almost half of the DDIs could be managed
by monitoring laboratory values.

AIM
Drug–drug interactions (DDIs) may lead to often preventable adverse
drug events and health damage. Especially within hospitals, this might
be an important factor, as patients are severely ill and multiple
medications may be prescribed simultaneously. The objective of this
study was to measure the frequency and nature of DDI alerts in a
Dutch university hospital.

METHODS
All patients hospitalized in the University Medical Centre Utrecht in
2006 who were prescribed at least one medication were included. The
frequency of DDIs was calculated as: (i) the percentage of patients
experiencing at least one DDI, and (ii) the percentage of prescriptions
generating a DDI alert. Based on the national professional guideline,
DDIs were classified into categories of potential clinical outcome,
management advice, clinical relevance (A–F) and available evidence
(0–4).

RESULTS
Of the 21 277 admissions included, 5909 (27.8%) encountered at least
one DDI. Overall, the prescribing physician received a DDI alert in 9.6%
of all prescriptions. The most frequently occurring potential clinical
consequence of the DDIs was an increased risk of side-effects such as
increased bleeding risk (22.0%), hypotension (14.9%), nephrotoxicity
(12.6%) and electrolyte disturbances (10.5%). Almost half (48.6%) of the
DDIs could be managed by monitoring laboratory values.

CONCLUSIONS
Computerized DDI alerts may be a useful tool to prevent adverse drug
events within hospitals, but they may also result in ‘alert fatigue’. The
specificity of alerts could significantly improve by the use of more
sophisticated clinical decision support systems taking into account, for
example, laboratory values.
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Introduction

Adverse drug events are increasingly acknowledged as an
area of major concern in medical care. The HARM study
recently reported that 2.4% of all hospital admissions and
5.6% of all emergency admissions in the Netherlands were
related to adverse drug events, of which almost half were
considered preventable [1]. Drug–drug interactions (DDI)
constitute one of the potential mechanisms leading to
often preventable adverse drug events and health damage
[2, 3]. Several studies have investigated the frequency and
nature of DDIs in community settings [4–7].

Within hospitals, the problem of DDIs may deserve
extra attention, as more medications may be prescribed
simultaneously, more complex schemes and compounds
may be used, and the number of (dose) changes may be
larger. Moreover, compared with outpatients, hospitalized
patients are more severely ill, and the capacity to counter-
act and deal with disturbances is often diminished. DDIs
may therefore occur more frequently within hospitals than
in an outpatient setting and their consequences may be
more severe. Krähenbühl et al. estimated that 17% of all
adverse drug events in hospitalized patients are caused by
DDIs and that approximately 1% of patients will experi-
ence an adverse drug event during hospitalization due to a
DDI [8]. At discharge about 60% of patients were found to
have at least one potentially interacting drug combination
[9, 10].Two studies performed in patients visiting an emer-
gency room found that when medications were added, a
potential adverse DDI was introduced in 5–10% of cases
[11, 12]. In two internal medicine wards in Finland poten-
tially serious interactions were detected in 1.4% of all pre-
scriptions, as such possibly affecting 6.8% of patients [13].
Overall, data on the occurrence and consequences of DDI
alerts within hospitals are scarce. Therefore, the objective
of this study was to measure the frequency and nature of
DDI alerts in a large university hospital in the Netherlands
and to make suggestions for improving the management
of DDIs.

Methods

Setting
The University Medical Centre Utrecht (UMCU) is a 1042-
bed academic medical centre located in the centre of the
Netherlands. It consists of an adults’ hospital and a chil-
dren’s hospital. In 2006, 28 888 clinical hospitalizations
took place. All medications for hospitalized patients are
prescribed using a computerized physician order entry
(CPOE) system. For research purposes all prescriptions are
routinely exported in the Utrecht Patient Oriented Data-
base (UPOD). UPOD is an infrastructure of relational data-
bases comprising data on patient demographics, hospital
discharge diagnoses, medical procedures, medication

orders and laboratory tests for all patients treated at the
UMCU since 2004, and has been described in detail else-
where [14].

Study population
All patients hospitalized in the UMCU in 2006 for >24 h
and who were prescribed at least one medication were
included. If a patient was admitted during the study period
to the hospital more than once, the individual hospitaliza-
tions contributed to the study multiple times. Prescriptions
from the intensive care (IC) units were not included in this
study, because in the IC units a different CPOE system is
used and the prescription data are not (yet) stored in the
UPOD database.

DDIs
In the Netherlands, a working group of the Scientific Insti-
tute of Dutch Pharmacists developed and maintains an
evidence base and professional guideline for the manage-
ment of DDIs, described in detail elsewhere [15]. In this
professional guideline, the G-standard, DDIs are classified
on a six-point potential clinical relevance scale ranging
from not very serious to potentially lethal (categories A–F),
and on a five-point evidence scale ranging from not
proven to very well proven (categories 0–4).This classifica-
tion in evidence-relevance categories is described in brief
in Appendix 1. Based on these categories, 331 DDIs have
been classified as ‘relevant’, meaning that they should gen-
erate a direct pop-up DDI alert at the moment of prescrib-
ing and that assessment of these combinations of drugs is
considered necessary. Since the generated DDI alerts had
not been logged during the study period, they were recon-
structed by combining the G-standard from December
2006 with the prescription data in UPOD.

In addition, the DDIs were classified in ‘potential clinical
outcome’ categories and ‘management advice’ categories.
The Dutch professional guideline, the G-standard, provides
textual information about background, mechanism and
advice regarding each DDI.This professional guideline text
was converted into ‘potential clinical outcome’ categories
and ‘management advice’ categories separately by two
hospital pharmacists (J.E.F.Z-v.R. and E.V.U.). Differences in
classification were subsequently discussed and settled.
One DDI could have multiple outcomes or management
advices.

Data analysis
The frequency of DDIs was calculated as: (i) the percentage
of patients treated with medication that experienced at
least one potential DDI, and (ii) the percentage of all medi-
cation orders generating a DDI alert. The frequencies were
calculated separately for each clinical specialism in the
children’s and adults’ hospital. The nature of the DDIs was
described by listing the 10 most frequent alerts for the
children’s and the adults’ hospital.The percentage of alerts
in each clinical outcome and management advice cat-
egory was calculated.
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Finally, the percentages of alerts in each of the
G-standard evidence-relevance categories in our hospital
were compared with the percentages found in Dutch
community pharmacies by Buurma et al. [4].

Results

In total, 21 277 patients who had been prescribed at least
one medication were admitted to the hospital in 2006. Of
these patients, 5909 (27.8%) encountered at least one DDI;
on average these 5909 patients experienced 20 058/5909
= 3.4 DDIs.The percentage of patients experiencing at least
one DDI during the hospital admission varied from 3.4% in
the paediatric surgery department to 62.0% in the adults’
nephrology department (see Table 1).

In 2006, a total of 208 187 prescriptions was registered
for clinical patients,of which 20 058 (9.6%) resulted in a DDI
alert. The percentage of prescriptions generating an alert
varied from 1.6% in the paediatric surgery department to
17.2% in the adults’ cardiology department. Although the
professional guideline identifies 331 different relevant
DDIs, overall only 10 DDIs made up >50% of all DDI alerts,
and 50 DDIs made up >90% of all DDI alerts. The 10 most
frequently occurring DDIs in the adults’ hospital and the
children’s hospital respectively are shown in Table 2.

In Table 3 it is shown that an increased risk of side-
effects was the most frequently occurring potential clinical
consequence of the DDIs in our patient population (81.2%
of alerts).This risk encompassed an increased bleeding risk
(22.0%), hypotension (14.9%), nephrotoxicity (12.6%) and

electrolyte disturbances (10.5%). The DDI could also lead
to decreased effectiveness of the medication in 25.2% of
cases. This may have severe consequences, for example in
the case of antibiotics (ongoing infection) or immunosup-
pressives (rejection of the transplant). With respect to the
management, almost half (48.6%) of all DDI alerts gave the
advice to monitor laboratory values. In 36.5% of the occur-
ring DDIs it was advised to avoid the combination, in 35.7%
to apply a risk-modifying strategy (such as the addition of
a proton pump inhibitor for gastric protection) and in
17.2% to adjust the dose.

The evidence for the vast majority (77%) of the DDI
alerts was of relatively high quality (categories 3–4). The
potential clinical relevance was high in 21% (categories
E–F), medium in 58% (categories C–D) and low or not clas-
sified in 21% of the DDIs (categories A–B). This spreading
over the different evidence-relevance categories is pre-
sented in Figure 1 and is similar to that found in Dutch
community pharmacies by Buurma et al. [4].

Discussion

We found that of all patients admitted to the hospital and
being prescribed medication, exclusive of IC patients , 28%
experienced at least one potential DDI. On average this
group of patients experienced 3.4 DDIs. Overall, the pre-
scribing physician received a DDI alert in 9.6% of all pre-
scriptions; this percentage largely varied between clinical
specialisms. The most frequently occurring potential clini-
cal consequence of the DDIs was an increased risk of

Table 1
Frequency of drug–drug interaction alerts

Admissions Prescriptions
Number of admissions
with �1 alerts*

Number of
admissions* %

Average number of alerts per
admission with �1 alerts Alerts Prescriptions %

Total 5909 21 277 27.8 3.4 20 058 208 187 9.6
Adult’s hospital 5384 15 389 32.7 3.4 18 373 167 757 11.0

Cardiology and cardiosurgery 1363 2 336 58.3 3.7 5 024 29 175 17.2
Geriatrics 172 279 61.6 4.5 767 5 043 15.2
Nephrology 304 490 62.0 3.4 1 026 7 150 14.3
General internal medicine 566 1 395 40.6 3.5 1 995 14 813 13.5
Lung diseases 403 798 50.5 4.0 1 610 12 275 13.1
Oncology and haematology 334 959 34.8 4.5 1 498 12 759 11.7
Dermatology 59 200 29.5 5.0 297 2 920 10.2
Neurology and neurosurgery 698 2 193 31.8 2.8 1 958 22 415 8.7
Surgery 1497 6 668 22.5 2.7 4 024 55 446 7.3
Psychiatry 64 549 11.7 2.7 174 5 761 3.0

Children’s hospital 525 5 853 10.9 3.2 1 685 40 430 4.2
Paediatric haematology and nephrology 180 834 21.6 4.4 797 9 954 8.0
Paediatric neurology 93 679 13.7 2.8 261 4 434 5.9
Paediatric cardiology 42 292 14.4 2.1 89 2 886 3.1
Gynaecology and obstetrics 172 2 389 7.2 2.0 338 12 697 2.7
General paediatrics 50 656 7.6 2.1 107 4 696 2.3
Paediatric surgery 37 1 093 3.4 2.5 93 5 763 1.6

*Numbers do not add up as patients can stay at different departments during one admission.
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side-effects such as increased bleeding risk (22.0%),
hypotension (14.9%), nephrotoxicity (12.6%) and electro-
lyte disturbances (10.5%). Almost half (48.6%) of the DDIs
could be managed by monitoring laboratory values.

All admissions in 2006, including re-admissions within
the same year,were included in our study as separate cases.
Compared with first admissions, the risk for DDIs may be
increased during subsequent admissions, as these patients
may be more severely ill. To check whether or not this was
the case, we also performed the analysis including for each
patient only the first admission in 2006. The outcomes of
both analyses were similar (29% of first admissions experi-
encing at least one potential DDI; average number of DDIs
3.2).We consider it therefore justified to combine both first
and subsequent admissions in the analysis.

The 10 most frequently encountered DDIs in the adults’
hospital did not consist of specific ‘high-tech’ hospital
medications, but of medications that are used and initiated
on a large scale in the community setting as well. This
suggests that home medication caused a substantial pro-
portion of the DDIs. In contrast to the adults’ hospital,
the DDIs in the children’s hospital do seem to be caused
by specific ‘hospital medication’, such as, for example,
ciclosporin and midazolam. It can be expected that chil-
dren, in general, will be on less (or no) home medication on
(first) admittance to the hospital than adults. Another
explanation for our findings in the adults’ hospital may be
found in the fact that we used the professional guideline,
the G-standard. The G-standard is in fact the national stan-
dard at this moment and it is used in all hospitals in the
Netherlands. However, it has primarily been developed for

use within community pharmacies. DDIs concerning spe-
cific hospital medications, e.g. anaesthetics and cytostatic
agents, were largely missing in the G-standard in 2006. It
may be worthwhile considering if our results would be
different with the inclusion of the intensive care units and
operating rooms and with the use of a specific clinical DDI
reference database. However, to our knowledge such a
specific clinical DDI database does not yet exist. Dawson
and Karalliedde [16] published an overview of DDIs that
are important to the clinical anaesthetist. This publication
could be a good starting point.

Another kind of interaction that is not included in the
professional guideline used but is of high importance in
the hospital setting is the chemical or physical incompat-
ibility of two intravenous medications when mixed in the
same infusion bag or syringe or when administered simul-
taneously through the same catheter.These types of inter-
actions were not included in our study. Ideally, to improve
patient safety,a CPOE system should also signal this kind of
DDI and make proposals for its management.

A limitation may be that the number of separate DDIs
may be overestimated, as the same alert may be generated
several times, each time the prescription is altered (re-start,
dose change). On the other hand, the number of ‘DDI risk
moments’ may be underestimated, as a DDI alert was gen-
erated only when a DDI interaction started. A warning may
also be in place when the DDI stops. For example, in the
case of an enzyme induction DDI, the plasma concentra-
tion of a drug may decrease and a dose increase may be
required. As a consequence, when the interacting medica-
tion is stopped, the dose may need to be decreased again.

Table 2
Frequency and nature of the 10 most frequently encountered drug–drug interactions

% of alerts Cumulative % Evidence-relevance category

Adult’s hospital
1 ACE-inhibitors + diuretics 12.1 12.1 3D
2 RAS inhibitors + potassium (saving agents) 8.5 20.7 2F
3 Coumarins + antibiotics (excl. co-trimoxazole/metronidazole/cefamandole) 7.5 28.2 3D
4 NSAIDs (excl. COXIBs) + corticosteroids 6.0 34.2 3D
5 QT-prolongators + QT-prolongators (excl. clarithromycin/erythromycin/voriconazole) 4.0 38.2 1E
6 Bisphosphonates + antacids/iron/calcium 3.6 41.9 0A
7 b-Blockers selective + insulin 3.6 45.4 3B
8 Diuretics + NSAIDs 3.0 48.5 3D
9 b-Blockers + NSAIDs 2.5 51.0 3C

10 b-Blockers + oral antidiabetics 2.3 53.3 3B
Children’s hospital
1 Ciclosporin + nephrotoxic compounds 9.3 9.3 3C
2 Ciclosporin + CYP3A4-inhibitors 8.7 18.0 3D
3 Ciclosporin + cotrimoxazol/trimethoprim 8.0 25.9 3D
4 NSAIDs (excl. COXIBs) + corticosteroids 7.8 33.8 3D
5 QT-prolongators + QT-prolongators (excl. clarithromycin/erythromycin/voriconazole) 6.2 39.9 1E
6 QT-prolongators + clarithromycin/erythromycin/voriconazole 4.7 44.6 3E
7 Midazolam/alprazolam + enzyme inductors 4.5 49.1 3C
8 Midazolam/alprazolam + CYP3A4-inhibitors 3.8 52.9 3B
9 Diuretics + NSAIDs 3.6 56.5 3D

10 Phenytoin + valproic acid 3.4 59.9 3A

ACE, angiotensin converting enzyme; RAS, renin–angiotensin system; NSAID, nonsteroidal anti-inflammatory drug.
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In common practice of our hospital, this alert is not gener-
ated, and therefore, and to avoid double-counting, was not
included in our study.

Patient safety may be improved by decreasing the fre-
quency of preventable adverse drug events. Computer-
ized alerts may be a useful tool to signal DDIs, but they
may also result in ‘alert fatigue’ and the overriding of
important signals, especially when the system produces
an overload of signals that are of minor clinical relevance
[17, 18]. Although 79% of the alerts were of high or
medium potential clinical relevance, the actual relevance
of some signals may still be low. Currently, the computer-
ized DDI surveillance systems that are routinely used in
the Netherlands only take into account the concomitant
use of two drugs. Until now they have been unable to

check for additional relevant data such as laboratory
values, times of administration, absence of gastric protec-
tion, age, etc., which could increase the specificity of the
signal. For example, the concomitant use of a renin–
angiotensin system inhibitor and potassium always results
in an alert warning for hyperkalaemia, even when the
serum potassium level is low. In this study we did not
gather the information to assess the actual relevance of
the generated DDI alerts; this may be the topic of our
further research.

From Table 3, it can be expected that the specificity of
alerts could significantly improve by the use of more
sophisticated clinical decision support systems (CDSS)
[19–22], taking into account, for example, laboratory values
(48.6% of alerts), times of administration (11.5%) and the

Table 3
Mechanism and advice of drug–drug interactions

Potential clinical outcome No. of alerts % * No. of alerts %*

Increased risk of side-effects/toxicity 16 280 81.2
Bleeding risk (incl. gastrointestinal ulcer risk) 4410 22.0
Hypotension 2982 14.9
Nephrotoxicity 2535 12.6
Electrolyte disturbances 2115 10.5
Cardiac arrhythmias (incl. QT-prolongation) 1696 8.5
Masking of hypoglycaemia 1226 6.1
Miscellaneous antiepileptics side-effects 415 2.1
Risk of serotonin syndrome 232 1.2
Other 669 3.3

Risk of decreased effectiveness 5 054 25.2
Antihypertensive drugs 1665 8.3
Antibiotics and antimycotics 722 3.6
Biphosphonates 688 3.4
Thyreomimetics 441 2.2
Immunomodifiers 396 2.0
Antiepileptic drugs 229 1.1
Other 913 4.6

Advised management strategy No. of alerts %* No. of alerts %* No. of alerts %*

Monitoring 16 268 81.1
Clinical monitoring of toxicity/effectiveness 3823 19.1
Blood pressure monitoring 1539 7.7
ECG monitoring 1151 5.7
Monitoring of laboratory values 9755 48.6

Kidney function (serum creatinine) 2463 12.3
Blood clotting time (International Normalized Ratio) 2408 12.0
Potassium 2059 10.3
Drugs (Therapeutic Drug Monitoring) 1651 8.2
Glucose 802 4.0
Differential blood count 163 0.8
Liver function 147 0.7
Sodium 62 0.3

Avoid combination 7 330 36.5

Risk-modifying strategy 7 169 35.7
Taking medication when sitting or laying down 2982 14.9
Separate moments of oral administration 2305 11.5
Add gastric protection (proton pump inhibitor) 1789 8.9
Other 88 0.4

Adjust dose/titrate dose slowly 3 429 17.1

Other 889 4.4

*Percentages do not add up to 100% as one alert could encompass multiple outcomes or management advice.
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absence of gastric protection (8.9%).This may be important
knowledge for finding strategies to combat ‘alert fatigue’.

Another important finding in this respect is that a rela-
tively small number of combinations (10 different DDIs) is
responsible for a large number of alerts (>50%). As these
are very well-known DDIs, it may be worthwhile to discuss
with the medical board if and when these alerts have
indeed to be shown. Turning off some of these top 10 DDI
alerts may substantially decrease the ‘alert overload’ and in
this way increase attention to dangerous and less known
DDIs. In a series of qualitative interviews, Van der Sijs et al.
[23] found that indeed the majority of respondents
wanted to turn off DDI alerts to reduce alert overload.Since
the top 10 alerts varies among clinical specialism and since
also knowledge and monitoring practices vary between
clinical specialisms within the hospital, it may be wise to
suppress DDI alerts differentially between prescribers.This
also requires more sophisticated CDSS than we have
available at the moment.

In conclusion, 28% of all patients admitted to our
hospital are exposed to at least one potential DDI. An
increased risk of side-effects (e.g. increased bleeding risk,
hypotension, nephrotoxicity, electrolyte disturbances) was
the most prevalent potential clinical consequence. Almost
half of the DDIs could be managed by monitoring labora-
tory values. Prescribing physicians receive an automated
DDI alert in nearly 10% of all prescriptions.Further research
is needed to investigate the clinical relevance of these DDIs
and to develop methods to increase the specificity of auto-
mated CDSS alerts.
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Appendix 1

Classification of drug–drug interactions according to the professional guideline by WINAp [15]

Category Description

Potential clinical relevance
A No inconvenience, insignificant effect
B Short-lived inconvenience (<24–48 h) without residual symptoms
C Long-lived inconvenience (48–168 h) without residual symptoms
D Long-lived inconvenience (>168 h) with residual symptoms or handicap
E Potential failure of life-saving therapy, increased risk of pregnancy (without risks concerning mother and/or fetus), cardiac arrhythmia, rhabdomyolysis, malignant

hypertension, pseudopheochromocytome, multiorgan failure
F Death, torsade de pointes, ventricular arrhythmia, myocardial infarction, serotonin syndrome, hyperpyrexia (42°C)
Quality of evidence
4 Controlled, published study with clinically relevant end-points
3 Controlled, published study with relevant surrogate end-points
2 Well-documented, published case reports; analysis of case series
1 Incomplete, published case reports
0 Animal studies, in vitro studies, data on file
- No evidence

Not classified
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