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Abstract Although the number of clinically relevant drug-drug interactions (DDIs) is
probably low, DDIs may be responsible for a substantial number of hospital
admissions. In some countries, the pharmacist is responsible for preventing the
use of unsafe or non-effective drug regimens. Specifically they should avoid the
dispensing of combinations of drugs that may cause serious DDIs. In order to
assess the determinants related to community pharmacies and associated with
these dispensings, a systematic literature review was conducted. Medline and
International Pharmaceutical Abstracts were searched for articles published in
English between 1993 and 2003. Additional relevant articles were identified by
screening the reference lists of relevant articles.

Seven papers were located. The determinants described in the literature were
divided into three groups. The first group focussed on the relationship between the
pharmacist and the prescriber. The number of prescribers is of importance as well
as the number of dispensing pharmacies. Both a high number of primary care
physicians and multiple dispensing pharmacies increased the risk of DDIs. The
availability, quality and sensitivity of the medication surveillance software
appeared to be a second important determinant. Both too many and too few signals
increased the risk of dispensing interacting drugs. The third group of determinants
was related to the pharmacist and pharmacy organisation. Signals from the
surveillance program are usually judged first by technicians and subsequently
managed by the pharmacist. Consequently, knowledge, instructions and supervi-
sion are important determinants. A fourth group of determinants was identified in
literature assessing interventions by pharmacists, including interventions for
DDIs. A higher workload was associated with lower intervention rates, which
indicated a higher risk of dispensing interacting drugs.

The determinants identified in this review can be used to develop strategies to
minimise patient harm resulting from DDIs. Further assessment of the relation
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between these determinants and the dispensing of DDIs and of the relation
between DDI-associated dispensing and patient harm is recommended.

One of the consequences of multiple drug use is
the risk of one drug influencing the effect of a
second drug. This so-called drug-drug interaction
(DDI) is defined as a pharmacokinetic or pharmaco-
dynamic influence of drugs on each other, which can
result, besides desired effects, in reduced effective-
ness or increased toxicity.l'! The seriousness and
clinical relevance of DDIs vary considerably. Al-
though DDIs are probably common, only 10-12%
of the prescriptions involving a DDI have serious
clinical consequences.”” The seriousness of the
DDI should be weighed against the benefit of both
drug therapies and the availability of alternatives.

Previously, the tasks of the pharmacist focussed
on the production and dispensing of a limited num-
ber of drugs. With the growing number of available
drugs and the increasing complexity of drug ther-
apy, such as in the treatment of HIV-related diseas-
es, the role of the pharmacist is changing rapidly
from product-centred to patient-centred. In some
countries, including The Netherlands, one of the
present responsibilities of the pharmacist is to pre-
vent the use of unsafe or non-effective drug regi-
mens. In The Netherlands, every pharmacist is
obliged to use a medication surveillance program for
this task. One of their responsibilities is to prevent
the dispensing of interacting drugs, which carries
too much risk for patient harm. Studies assessing
interventions by pharmacists show that the percent-
age of prescriptions that are intercepted ranges from
0.75% to 1.9%.519 This variation may partly be
attributable to variations in the definition of inter-
vention. The percentage of intercepted prescriptions
that prevent adverse clinical consequences ranges
from 0.27% t0 0.95%.55-81 Only between 0.011% and
0.078% of the prescriptions are intercepted because
of a DDL.B43! Although this low percentage sug-
gests that DDIs are of no clinical significance, the
adverse consequences may be substantial.l! Dif-
ferent studies suggest that the number of hospi-
tal admissions due to DDIs is up to 3% of all
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admissions.!'!"!4] This could be an underestimation
because of the inability of practitioners and pharma-
cists to identify a DDI as the cause of an adverse
outcome. It is possible that a drug-related problem is
ascribed to the last prescribed drug and not to a
interaction of this drug with another one.

In this review we searched for process and struc-
ture characteristics that have a relationship with the
dispensing of interacting drugs. Process and struc-
ture characteristics determine the outcome of care,
which can be understood in terms of death, disease,
disability, discomfort and dissatisfaction.l'>! The
dispensing of drugs involving a DDI is assessed as a
proxy for the outcome of healthcare. There are three
reasons for focussing on the determinants for DDI-
associated dispensing. First, DDIs are a clearly de-
fined type of error and they have a relation with the
present tasks of the pharmacists. Second, DDIs are
considered to be an important cause of adverse
events. Third, the dispensing of drugs that are part of
a DDI can be traced in databases. In locations where
the patient’s medication history is filed, it is relative-
ly easy to trace DDIs during observational assess-
ment in the future.

The objective of the review was to investigate
which determinants within community pharmacies
are associated with a high frequency of DDI-associ-
ated dispensing.

1. Literature Search Methodology

Determinants in this literature review were iden-
tified by searching Medline and International Phar-
maceutical Abstracts (IPA) for articles published
between January 1993 and December 2003. This
timeframe was chosen because the tasks of the phar-
macist have changed considerably in the last decade.
Therefore, we assumed that literature written before
1993 would not apply to current daily practice.

In the Medline search the results of two strategies
were combined. The first one used the medical
subject heading (MeSH) descriptors ‘drug-interac-
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tions’, ‘drug-antagonism’, ‘drug-synergism’ and
‘medication-errors’. The second one used the MeSH
descriptor ‘community pharmacy services’ or the
keyword ‘dispens*’ for all fields. To exclude studies
concerning dispensing in hospital pharmacies, pa-
pers with the keywords ‘hospital pharmacy services’
were omitted.

In the IPA search the results of a similar strategy
were used. The first search used the terms ‘drug
interactions’, ‘medication errors’, ‘medication er-
ror?” and ‘dispensing error?’. The latter two were
searched for the title only. The second search used
the terms ‘community pharmacy services’ and ‘dis-
pens?’. Studies with the terms ‘hospital pharmacy
services’ or ‘institutional hospital pharmacy’ were
excluded.

Papers from both searches were included if they
were written in English, were applicable to commu-
nity pharmacy services and to DDI-associated dis-
pensing and described determinants involved in the
dispensing of DDIs. Articles that matched the inclu-
sion criteria were selected and additional relevant

articles were identified by screening the reference
lists of these articles. Papers looking at prescriber or
patient characteristics as determinants were outside
the scope of this review.

The Medline search yielded 134 articles and the
IPA search yielded 357 articles. Reference tracking
and verification as to whether the articles met the
inclusion criteria resulted in the selection of seven
articles on determinants of dispensing interacting
drugs.[116211 None of the articles discussed the entire
range of determinants involved in DDI-associated
dispensing.

2. DDI-Associated Determinants

The determinants for the dispensing of interact-
ing drugs could be divided into three groups (table
I). The first group describes the ‘relationship with
the prescriber’ and the other groups (‘medication
surveillance program’ and ‘pharmacy organisation’)
described determinants within the pharmacy.

Table I. Determinants for drug-drug interaction (DDI)-associated dispensing

Study Independent variable Effect Dependent variable Size of effect
Relationship with prescriber
Tamblyn et al.?'l Single primary care physician Lower Receiving DDI Cardiovascular drugs OR = 0.70;
99% Cl 0.6, 0.8
Psychotropic drugs OR = 0.79;
Cl not given
NSAID OR = 0.94; Cl not given
Medication surveillance program
Tamblyn et al.k1l Single dispensing pharmacy Lower Receiving DDI Cardiovascular OR = 0.68; 99%
Cl 0.6, 0.8
Psychotropic drugs OR = 0.79;
Cl not given
NSAID OR = 0.75; Cl not given
Halkin et al.l'”] Introduction of medication Lower Dispensing severe DDIs  OR = 0.28; 95% CI 0.26, 0.30
surveillance program
Tamblyn et al.l2% Introduction of medication Higher Discontinuation rate of OR = 1.33; 95% CI 0.90, 1.95
surveillance program prescriptions for DDIs
Hazlet et. al.l'® Software does not recognise Higher  Risk of DDI NA
interaction
Schalekampl'] Software gives too many signals Higher Risk of DDI NA
Bates & Leapel'®! Software does not sufficiently alert Higher Risk of DDI NA
Pharmacy organisation
Schalekampl'l Management of medication NA NA NA

Heijboer-Vinks!'®! surveillance signals

NA = not available; OR = odds ratio.
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2.1 Relationship With Prescriber

Tamblyn et al.?!l assessed whether the risk of a
DDI increased with the number of prescribers. Pa-
tients who had a single primary-care physician or a
single dispensing pharmacy were less likely to be
prescribed concomitant medications causing a DDI.

2.2 Medication Surveillance Program

In the study by Halkin et al.,'”! the introduction
of medication surveillance software for DDIs in the
majority of community pharmacies and physician
offices reduced the dispensing of prescriptions with
severe interactions by 67.5 %. Tamblyn et al.*% also
found that, although it was not significant, the intro-
duction of medication surveillance programs by pri-
mary care physicians increased the discontinuation
rate of prescriptions involving interacting drugs. On
the other hand, discussion exists as to whether medi-
cation surveillance programs can prevent the dis-
pensing of all relevant DDIs. In letters to the editor,
both Cavuto et al.??! and Kraft and Dore!>¥ reported
that some of the pharmacists using a computer pro-
gram were unable to prevent well documented
DDIs. In their reply, Bates and Leape!'®! discussed
the reasons why pharmacists failed to intervene in
spite of the use of a medication surveillance pro-
gram. First, the software may not be able to correctly
identify clinically important DDIs because the
software is not up-to-date or well documented DDIs
are otherwise absent from the database.!'8 Second,
because of an overload of interaction signals, phar-
macists may have grown accustomed to skipping
through them rapidly. Too many warnings compli-
cate medication surveillance because the identifica-
tion of relevant signals becomes more difficult.
They are most often caused by repeated warnings
for the same patient, managed in an earlier dispens-
ing.!"! The third reason why pharmacists may be
unable to intervene in spite of the use of medication
surveillance programs is that the program does
recognise certain drug combinations, but does not
sufficiently alert the pharmacist or technician that a
DDI is present and that the dispensing should be
prevented.!'f]
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2.3 Pharmacy Organisation

The management of the signals generated by the
medication surveillance program is important.[!-!]
In the first place, the sensitivity of the software is an
issue. Both ignoring signals that need to be managed
and an overload of signals should be avoided. A
signal must be judged on relevance and, if relevant,
it must be followed by an appropriate action. In
community pharmacies most signals will be noticed
first by technicians. They should be instructed and
supervised on how to judge and, if possible, how to
manage these signals. The last issue is the knowl-
edge of the pharmacist in managing DDIs and the
ability of the pharmacist to judge the risk of DDIs.

3. Discussion

The purpose of this literature review was to iden-
tify determinants of DDI-associated dispensing in
community pharmacies. Determinants concerning
the prescriber or the patient, for example interac-
tions with over-the-counter drugs, were outside the
scope of this review. Although the number of inter-
ventions related to DDIs is small, DDIs may be a
major risk for hospital admission. Studies were
identified that assessed the interventions by pharma-
cists and the number of hospital admissions caused
by DDISs, but no studies were found that assessed the
relationship between these interventions and hospi-
tal admissions. In some countries, pharmacists have
a task to prevent serious DDIs. Focus on the deter-
minants in the pharmacy may reduce the dispensing
of drugs involving a DDI and improve patient out-
come. The determinants of interest for surveillance
of DDI-associated dispensing could be divided into
three groups. These groups are ‘relationship with the
prescriber’, ‘medication surveillance program’ and
‘pharmacist and pharmacy organisation’. Proper at-
tention paid to these determinants can contribute to
the prevention of the dispensing of interacting
drugs.

In the first group, Tamblyn et al.?! found that an
increasing number of prescribers or pharmacists in-
volved in the dispensing of drugs increases the risk
of dispensing DDIs. The influence of the number
and kind of prescribers was also described by stud-
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ies assessing interventions by pharmacists, includ-
ing interventions for DDIs (table II). A high number
of interventions suggests a high risk for DDI-associ-
ated dispensing as the risk of a DDI remaining
unnoticed might increase. Although interventions
for DDIs were only a small part of the total number
of interventions, these studies give insight into what
may go wrong during the process of drug dispens-
ing. Pharmacists more often modified prescriptions
from specialists than prescriptions from the patient’s
own general practitioner (GP) and prescriptions
from GPs other than the patient’s own GP.>) Wes-
tein et al.l’! also found that prescriptions from spe-
cialists had higher intervention rates than prescrip-
tions from the patient’s own GP, although this result
was not significant. The higher intervention rates for
specialist prescriptions and for prescriptions from
GPs other than the patient’s own GP, show the
importance of a central point for the drug therapy to
be coordinated. A higher, but not significant, inter-
vention rate was also found for drugs taken as part of
a complex drug therapy.”!

A direct prescription order communication be-
tween the prescriber and the pharmacist gave rise to
less interventions than a prescription order commu-
nicated by the patient or a representative.®® Inter-
vention rates were higher for handwritten prescrip-
tions and for when the GP had no online access to
the actual patient’s medication record in the pharma-
cy computer.® Handwritten prescriptions require
extra attention by the pharmacy because they can
imply that no medication surveillance by computer
took place during the prescribing process. In addi-
tion, misreading the prescription can lead to the
wrong drug being dispensed.

The second group found that the medication sur-
veillance program and its sensitivity is important.
Differences exist between the degree of computer-
isation and the availability of medication histories in
community pharmacies, which are largely influ-
enced by the environment. In The Netherlands all
pharmacists are obliged to keep records of the drugs
that are dispensed. In the first place, the availability
of medication surveillance programs is of interest
for reducing the dispensing of DDIs; in the second
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place, the way these programs are used is important.
Hazlet et al.'¥ assessed the differences between
software programs in detecting a non-representative,
but well documented, group of interactions. Al-
though they assessed differences between software
programs only, they also found differences between
users of the same software program, which em-
phasises the importance of fine-tuning the sensitivi-
ty of the program. Different studies suggest that only
some of the signals produced lead to interven-
tions.[*23261 Westein et al.”! did not find any associa-
tion between the number of signals and the number
of interventions. Therefore, it is important that the
number of irrelevant signals is low, but that all
relevant DDIs are detected and managed correctly.
It is recommended that attention is paid to both the
quality and the sensitivity of the software.

The third group described the influence of the
pharmacist and pharmacy organisation. These deter-
minants may play an important role in avoiding
DDI-associated dispensing. This group is influenced
to a large extent by the environment, for example the
contribution of technicians in the community phar-
macy and the use of medication surveillance pro-
grams. Studies assessing interventions by pharma-
cists, including interventions for DDIs, reported that
pharmaceutical care training!®*! and higher work sat-
isfaction!!%! were associated with higher intervention
rates. No difference in intervention rates was found
between chain pharmacies and independently
owned pharmacies.®!

This literature review has some limitations. The
ultimate purpose of the review was to associate
determinants of the dispensing of interacting drugs
with the outcome of healthcare. In this review, these
dispensings were assessed as a proxy for outcome.
The relationship between the dispensing of interact-
ing drugs and outcome can be assumed based on
studies indicating that DDI-associated interventions
prevent patient harm®! and that DDIs are a cause of
hospital admissions.'!'!*] The literature search was
limited to the Medline and IPA databases and possi-
bly caused publication bias and the exclusion of data
that is published in journals not selected in Medline
or IPA. Only a limited number of studies were found

Drug Safety 2005; 28 (5)
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Table Il. Determinants for interventions including interventions for drug-drug interactions (DDlIs)

Study Independent variable Effect Dependent variable Size of effect
Relationship with prescriber
Buurma et al.l%! Prescriptions from specialists Higher Prescription interventions OR = 1.82; 95% CI 1.57, 2.11
27.5% in intervention sample versus
17.6% in control sample
Westein et al.l¥! OR =1.21; 95% CI 0.69, 1.72
Buurma et al.l%! GP not being patient’'s own GP Higher Prescription interventions OR = 1.49; 95% CI 1.02, 2.17
3.1% in intervention sample versus 2.4%
in control sample
Westein et al.l?l Drugs part of complex drug therapy Higher Prescription interventions
>3 prescribers OR = 1.75; 95% CI 0.51, 2.99
>15 prescriptions in 3 months OR = 1.60; 95% CI 0.80, 2.40
>3 different medications OR = 1.48; 95% CI 0.98, 1.99
Rupp et al.l®] Direct prescription order transmission between GP Lower Prescription interventions 7.2% in intervention sample versus 18.9%
and pharmacist in control sample
Buurma et al.l¥! Handwritten prescriptions Higher Modification OR = 3.30; 95% CI 2.90, 3.75
Physician has online access to actual patients Lower Modification OR =1.61; 95% CI 1.33, 1.94

medication record

Medication surveillance program

Westein et al.l¥) Number of signals

Pharmacist and pharmacy organisation
Currie et al.l24 Pharmaceutical care training

Westerlund et al.l'% Work satisfaction

Rupp et al.®® Chain and independent pharmacies

No relationship

Higher

Higher

No difference

Interventions

Interventions

Drug-related problem
detection rate

Interventions

OR =8.1; 95% Cl 4.7, 14.2

Rc = 0.020; 95% CI —0.157, 0.197

GP = general practitioner; OR = odds ratio; Rc = slope.
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to have exclusively assessed the dispensing of con-
comitant medications that do interact. A number of
studies assessed the interventions by pharmacists,
including the interventions for DDIs. It can reasona-
bly be expected that determinants described in these
studies are also applicable to the dispensing of
DDIs. An additional determinant found was wor-
kload, with three of the four studies finding that an
elevated number of dispensed prescriptions was sig-
nificantly associated with a lower intervention rate
and probably indicated a higher patient risk (table
111).16-3:101

Most of the studies covered in this article were
sensitive to bias, such as selection bias and bias
because participants were aware that they were be-
ing observed. Most likely participating pharmacists
were not afraid to show their shortcomings and
probably had an increased level of attention during
the observation period. Consequently, the number of
actions taken by pharmacists may be overestimated
and, thus, patient risk may be underestimated. Final-
ly, none of the studies in the literature assessed the
whole range of determinants for DDI-associated
dispensing. Therefore, it cannot be guaranteed that
no determinants were missed. Also, the definition of
DDI used in the studies varied to a large extent.
Because there is a wide range in the seriousness of
DDIs, a drug combination could be considered as a
DDI in one study, but not in another. Finally, the
determinants identified in the studies for the dis-
pensing of DDIs were influenced by the environ-
ment, for example legislation, the division of tasks
between pharmacists and other personnel, and the
healthcare system. Because most studies were per-
formed in different countries, results may not be
comparable to one another.

Correlation coefficient: —0.65
Regression coefficient: —0.40
Regression coefficient: 5x10-6

Correlation
No

Yes

Yes

Yes

Dependent variable
Intervention rate
Intervention rate
Intervention rate
Drug-related problem
detection rate

Prescriptions per pharmacy
Prescriptions per pharmacy
Prescriptions per pharmacist

Independent variable
Weighted transactions

per hour

Study population
580 pharmacy days
840 pharmacy days
445 pharmacy days
144 pharmacy
professionals?

Method

Case series
Case series
Case-control
Case series

4. Conclusion

Country, year
Sweden, 1999

Australia, 1996
UK, 1999
US, 1992

In conclusion, there are three groups of determi-
nants for the dispensing of DDIs in community
pharmacy services. These groups are ‘relationship
with the prescriber’, ‘medication surveillance pro-
gram’ and ‘pharmacy organisation’. In studies as-
sessing interventions by pharmacists, including the
interception of prescriptions involving DDIs, deter-

Table Ill. Influence of workload on community pharmacy services
a 34 pharmacists, 71 prescriptionists and 39 pharmacy technicians.

Hawksworth et al.l”]
Westerlund et al.[1%]

Study
Caleo et al.lel
Rupp et al.l®]
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minants such as workload were found. It can reason-
ably be expected that these determinants have a
relationship with the dispensing of DDIs. To vali-
date these results, further assessment of the relation-
ship between DDI-associated dispensing and patient
harm is necessary. The results of this review are
used in an observational study on the association
between the determinants and the dispensing of
DDIs in community pharmacies.
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