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Abstract Objective: Prescribing errors are a major cause of iatrogenic patient morbidity
and therefore interventions aimed at preventing the adverse outcomes of these
errors are likely to result in cost reduction. However, it is unclear whether the
costs associated with these preventive measures are outweighed by the cost re-
ductions (benefits). Therefore, a study was set up to analyse costs and benefits of
detecting prescribing errors by hospital pharmacy staff.

Design: During 5 consecutive days in two Dutch hospitals in February 2000 all
medication orders, in which prescribing errors were detected, were analysed. A
cost-benefit analysis was performed, based on direct medical costs only. The
benefit-to-cost ratio was calculated by taking into account the net time hospital
pharmacy staff needed for the prevention of the error (this included potential time
saving for nursing staff, when an error was prevented by hospital pharmacy staff
instead of nursing staff), as well as taking into account the possible consequences
of the prescribing error (were the error not prevented).

Results: A total of 3540 orders, of which 351 contained prescribing errors (9.9%),
were analysed. During the 1-week period investigated, time-investment of the
pharmacy staff had net costs of EUR285 (2000 values). During the same period
estimated benefits related to this investment were EUR9867. The finding of
higher benefits than costs was robust in sensitivity analysis.

Conclusions: From this study it can be concluded that prevention of prescribing
errors by hospital pharmacy staff results in higher benefits than the costs related
to the net time investment.
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Adverse drug events occur frequently in hos-
pitalised patients.[1] In a recent review article an in-
cidence of 0.7 to 6.5% was reported and 28 to 56%
of these events were preventable.[2] Preventable
adverse drug events result from medication er-
rors.[3] Bates et al.[4] estimated that the annual costs
attributable to preventable adverse drug events are
$US2.8 million (1993 values) for a 700-bed teach-
ing hospital. Therefore, prevention of medication
errors will not only result in less drug related mor-
bidity for the patient, but also in reduced costs. As
prescribing errors are a major cause of preventable
adverse drug events, interventions aimed at pre-
venting these errors are likely to result in cost re-
duction. Several studies have shown that prescri-
bing errors may be reduced when computerised
physician order entry is used.[5-7] Another possibi-
lity for the reduction of prescribing errors is the use
of clinical pharmacy services. Preventable adverse
drug events caused by prescribing errors decreased
by 66%, when a pharmacist participated on physi-
cian rounds in the intensive care unit.[8] Furthermore,
clinical pharmacy services are associated with de-
creased hospital mortality rates[9,10] and decreased
cost of care.[11,12]

In The Netherlands, computerised physician or-
der entry is not yet feasible in most hospitals, but
written medication orders are generally entered
into a computer by the hospital pharmacy staff.
Prescription errors are detected at that stage and
prescribing physicians are subsequently contacted
by hospital pharmacists regarding all serious pre-
scription errors. Furthermore, the hospital phar-
macy staff contact nurses to clarify medication or-
ders that are not clear or that contain less serious
errors. In this way hospital pharmacy staff prevent
potential adverse drug events caused by prescri-
bing errors. However, it is unclear whether the
costs associated with this effort in prevention out-
weigh the benefits of lower costs associated with
adverse drug events. This study analyses costs and
benefits of detecting prescribing errors by the hos-
pital pharmacy staff.

Methods

Setting

The study was conducted within the departments
of clinical pharmacy of two general hospitals in the
Northern region of The Netherlands: one 600-bed
teaching hospital (hospital I) and one 300-bed non-
teaching hospital (hospital II).

Data Collection

During 1 week in each hospital in February 2000
all medication orders, in which prescribing errors
were detected during routine control by hospital
pharmacy staff, were collected. In both pharmacies,
prescriptions are entered into a pharmacy computer
system by pharmacy assistants. The computer sys-
tem alerts for wrong dosages, drug-drug interac-
tions and (pseudo) double medications. Before en-
tering the prescription into the computer, the
pharmacy assistants clarify unclear prescriptions
by contacting nurses (e.g. illegible handwriting,
missing information). Because entering the pre-
scriptions into the computer is a routine task for the
hospital pharmacy (necessary for drug distribution
tasks), in the cost-benefit analysis no account is
taken for the time spent by hospital pharmacy staff
on prescriptions without errors.

Prescribing errors were defined as errors in the
name, strength or dosage form of a drug, in the dos-
age, in the route of administration, in the instruc-
tions for use, in the length of therapy or in the com-
bination with the other medication used by the
patient. As hospital pharmacy staff do not routinely
check whether the drug is indicated for that specific
patient, wrong indication was not included in the
prescribing errors. As dosage is dependent on indi-
cation, a dosage was only considered to be too high
when it exceeded the maximum dosage for all in-
dications.

Prescribing errors were classified in six classes
of seriousness according to (a modified version of)
the National Coordinating Council for Medication
Error Reporting and Prevention (NCCMERP) tax-
onomy of medication errors:[13]

• A1 – a prescription error has been made, but the
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error is so minor that the medication order can-
not be misunderstood [e.g. aspirin (acetylsalicylic
acid) 100 instead of aspirin 80; 100mg tablets
are not available];

• A2 – a prescribing error has been made, but the
nurse cannot administer the medication without
having to gather additional information [e.g.
salbutamol (albuterol) 0.4mg is prescribed
without including the dosage form];

• B – a prescribing error has been made but ad-
ministration to the patient will have no clinical
consequences (e.g. dose frequency too high, but
total daily dosage not too high);

• C – a prescribing error has been made, that
could potentially result in the need for an in-
creased frequency of patient monitoring (e.g.
dosage of metoclopramide too low);

• D – a prescribing error has been made, that
could potentially result in damage to the patient
(e.g. dosage of opioid drug too high);

• E – a prescribing error has been made, that could
potentially result in the death of the patient (e.g.
insufficient treatment of serious infection).
The errors were classified independently by two

hospital pharmacists. For those errors that were
classified in different classes, the two pharmacists
came together to reach consensus.

For every prescribing error the potential conse-
quences for the patient (were the error not de-
tected) were estimated, as well as the need for mon-
itoring or treatment of these consequences. As
error prevention by the pharmacy staff could result
in time saving in the nursing staff – in particular
for A2-errors – this was also recorded as a possible
consequence.

Finally, the time needed to prevent the prescri-
bing error for the pharmacy staff (pharmacists and
assistants) was recorded.

Each prescribing error (one medication order
could contain several errors) was entered into a data-
base system as a case. For each case the following
parameters were recorded: age and gender of pa-
tient, medical speciality, hospital (teaching or non-
teaching), drug, type of error (e.g. drug-drug inter-
action, no maximum dosage prescribed on an ‘as

needed’ order), seriousness, consequence and need
for monitoring/treatment, time saving for nursing
staff, time for pharmacy assistant and time for hos-
pital pharmacist.

Cost-Benefit Analysis

We performed a cost-benefit analysis,[14] based
on direct costs of time investment of pharmacy,
nursing and medical staff, drugs, diagnostic proce-
dures and medical interventions. This means that
indirect costs of production losses were not in-
cluded, i.e. our study is from the healthcare perspec-
tive. Production losses may occur if, for example,
overdose causes poisoning, causing an increased
length of stay in the hospital. No costs of intangi-
bles, such as those related to pain and suffering,
were included in the analysis. Our focus on direct
medical costs only therefore corresponds to a con-
servative estimate of the benefits. As costs and ben-
efits several aspects were considered:
1. As the pharmacy assistant’s salary [EUR15.43
(2000 values) per hour] is lower than the average
of the nursing staff (EUR17.24 per hour), correct-
ing a prescription by an assistant instead of a nurse
involves lower time-investment costs and net ben-
efits were counted (this concerned all errors of seri-
ousness class A2 and some of class B). If, however,
a pharmacist is involved, higher time-investment
costs may occur as the pharmacists’ salary
(EUR51.28 per hour on average) surpasses that of
the nursing staff and net costs were counted.
2. If an overdose was prescribed, the difference
with the lower market price of the correct dosage
was counted as net benefit. For too low a dosage
similar reasoning was applied to count net costs.
3. If the wrong medication was prescribed, a cor-
rection involves benefits of the size of the costs of
the wrong medication. Market prices of the correct
prescription were counted as costs.
4. If a medication error would require the use of
another drug to treat the adverse drug event result-
ing from the error, market prices of the additional
drug prescription were counted as benefits.
5. If a medication error would require a follow-up
or increased monitoring, 10 minutes of nursing
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time was assumed and costed. This figure was then
counted as benefit of preventing the medication er-
ror.
6. Poisonings were assumed to require an extra visit
of the medical doctor and the costed visits were then
counted as benefits.
7. If a medication error would cause an increase of
the duration of hospital stay, the excess duration of
stay was costed and then counted as a benefit.
8. If a medication error would require follow-up
diagnostic testing, these tests were costed and
counted as benefits.
9. Costs related to potential complications averted
by preventing the prescribing error were counted
as benefits. Where possible, a risk assessment was
done to estimate the probabilities of several com-
plications. For example, in counting the benefits of
preventing an overdosage of a nonsteroidal anti-in-
flammatory drug (NSAID) we estimated a relative
risk of gastrointestinal toxicity of 2, based on a
meta-analysis in which low dosages of NSAIDs are
compared with high dosages.[15]

Correct doses and market prices of drugs were
derived from the Dutch Physicians Desk Reference
(‘Farmacotherapeutisch Kompas’). Diagnostic tests
were monetarily valued using Dutch healthcare tar-
iffs.[16] Table I lists the other estimated cost prices
used in the analysis.[17,18]

Our estimated benefit-to-cost ratio reflects net
benefits divided by net costs. Net costs were de-
fined as the monetary value of time investment by
the pharmacy staff minus that of the time invest-
ment averted in the nursing staff (see point 1
above). Net benefits were derived from the mone-
tary values of the consequences of averting a pre-
scription error (points 2 through 9 above). Total

benefits were defined as net benefits of conse-
quences minus net costs of investment.

A sensitivity analysis was performed by:
• exclusion of the major cost drivers
• assuming 20 instead of 10 minutes of nursing

time for follow-up and monitoring
• assuming salaries of nurses are equal to pharma-

cist salaries (as is often the case in the US).

Table I. Estimated unit cost prices in EUR

Physician visit 9[16]

Regular hospital day 250[16]

Intensive care hospital day 1139[16]

PTCA 5849[17]

Myocardial infarction 6557[17]

PTCA = percutaneous transluminal angioplasty.

Table II. General characteristics of the prescribing error cases

Mean age in years (SD) 60.0 (20.2)

Gender (% female) 60

Hospital (% teaching hospital) 81

Medical speciality [n (%)]
Gynaecology 72 (21)

Internal medicine 63 (18)

Surgery 56 (16)

Neurology 51 (15)

Cardiology 35 (10)

Othera 74 (21)

Drug class [n (%)]
CNS (mostly opioids) 113 (32)

Gastrointestinal system (mostly antiemetics) 69 (20)

Blood (mostly anticoagulants) 49 (14)

Respiratory tract (mostly inhalation preparations) 37 (11)

Cardiovascular system (e.g. nitrates) 25 (7)

Otherb 58 (17)

Seriousness of errorc [n (%)]
A1 18 (5)

A2 189 (54)

B 13 (4)

C 67 (19)

D 62 (18)

E 2 (0.6)

a Category ‘other’ consists of: oncology, psychiatry, respiratory, or-
thopaedics, paediatrics, geriatrics and intensive care.

b Category ‘other’ consists of: skin, female reproductive system,
hormones, antimicrobials, eye, musculoskeletal system.

c A1: a prescription error has been made, but the error is so mi-
nor that the medication order cannot be misunderstood; A2:
a prescribing error has been made, but the nurse cannot ad-
minister the medication without having to gather additional in-
formation; B: a prescribing error has been made but
administration to the patient will have no clinical conse-
quences; C: prescribing error has been made, that could po-
tentially result in the need for an increased frequency of
patient monitoring; D: prescribing error has been made, that
could potentially result in damage to the patient; E: a pre-
scribing error has been made, that could potentially result in
the death of the patient.
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Results

In hospital I a total of 2620 medication orders
were collected in 1 week and in hospital II 920 orders
were collected. In this total of 3540 orders 351 pre-
scribing errors were discovered (9.9%). Some gen-
eral characteristics of the prescribing error cases
can be found in table II.

During the 1-week period investigated, time-in-
vestment of the pharmacy staff had estimated net
costs of EUR285 (time investment of nursing staff
for correcting errors was deducted). During the
same period estimated net benefits related to this
investment together with the associated net bene-
fits when the errors are prevented, were EUR9867.

Table III shows the error types occurring most fre-
quently, together with the associated benefits when
the error is prevented. The costs associated with
lacking information (e.g. instructions on dosage lack-
ing) are the lowest. These errors always require
further clarification before the drug can be admin-
istered. When the prescription is clarified by phar-
macy assistants the costs are lower than when it is
done by nursing staff, which explains the benefits
in most error types. For wrong or unclear name of
drug, the hospital pharmacist often resolved the er-
ror. Therefore, this error type is associated with
increased costs instead of benefits, because nurs-
ing time is cheaper than pharmacist time. However,
pharmacy assistants were more often involved in

Table III. Most frequently occurring error types and associated benefits when error is prevented (total benefits = net benefits minus net costs)

Error type n (%) Benefits in EUR

Instructions on dosage or use lacking 155 (44.1)   60a

Maximum dose on ‘as needed’ order lacking

 opioid drug 21 (6.0)  373b

 metoclopramide (n = 17)/domperidone (n = 2) 19 (5.4)   67c

 paracetamol (acetaminophen) 7 (2.0)  252d

 antipsychotics 6 (1.7)   25c

Name of drug wrong or unclear 27 (7.7)    1a

Dosage form lacking with inhalation drugs 22 (6.3)    2a

Two benzodiazepines used in one patient 15 (4.3)   23e

Double medication (numerous drugs) 13 (3.7)  225f

Dosage too low (e.g. antibacterials) 12 (3.4) 1482g

Dosage of NSAIDs too high 7 (2.0)  156h

Other 47 (13.4) 6916i

Total 351 (100.0) 9581

a When error would not have been detected by hospital pharmacy staff, this would take extra time for nursing staff to clarify the prescrip-
tion.

b Error results in possibility of overdosage of opioid drugs, requiring extra monitoring time for nursing staff and possible use of antidote
(naloxone).

c Error results in possibility of overdosage of metoclopramide/domperidone/antipsychotics, requiring extra monitoring time for nursing staff
and possible use of antidote (biperidene).

d Error results in possibility of overdosage of paracetamol, requiring extra monitoring of liver function and possible use of antidote (acetyl-
cysteine).

e Error results in possibility of drowsiness and increased risk of falling, requiring extra monitoring time of nursing staff.

f Benefits result mainly from preventing the use of a drug that is not needed, because the drug is already given (e.g. in another form, or by
another name); sometimes double medication results in overdosage requiring extra monitoring time of nursing staff.

g This error type contains one of the major cost drivers, namely insufficient dosage of dalteparin in a patient with an acute coronary syn-
drome.

h Error results in possibility of gastric toxicity, requiring treatment with a proton pump inhibitor therapy for 1 week.

i This error type contains the three other major cost drivers, namely flucytosine (benefits EUR2402), bisoprolol (EUR493) and amoxicillin
(EUR3422) as well as several drug-drug interactions.

NSAIDs = nonsteroidal anti-inflammatory drugs.
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preventing these types of errors, so costs are out-
weighed by total benefits.

Figure 1 shows the distribution of the benefits
over the different error seriousness classes. Major
cost drivers in this study were dalteparin (dosage
too low; possible consequence is an acute coronary
intervention or myocardial infarction), bisoprolol
(used in patient with asthma; may result in bron-
choconstriction and therefore an increased length
of hospital stay), flucytosine (incorrect monother-
apy; possible consequence is emerging resistance
of the fungus and therefore an increased length of
hospital stay) and amoxicillin (non-documented
route of administration and therefore lack of effi-
cacy and sepsis, resulting in 3 days of intensive
care treatment). The benefits involving the major
cost drivers constitute 79% of total benefits. In ta-
ble IV the possible consequences of the prescribing
errors and their associated costs are shown. The
increased length of hospital stay is related to the
errors with bisoprolol, flucytosine and amoxicillin,
while the acute coronary intervention is related to
the error with dalteparin.

The sensitivity analysis showed:

• benefits of EUR2012, when excluding the major
cost drivers

• benefits of EUR10 123, when assuming 20 min-
utes extra nursing time instead of 10 minutes
spent on an error

• benefits of EUR10 232, when assuming nurses
and pharmacists have equal salaries.

Discussion

The costs associated with adverse drug events in
general have been described by Bates et al.,[4] while
the impact of clinical pharmacy services on the in-
cidence and costs of adverse drug events have also
been described.[8-12] However, all these studies are
conducted in hospitals in the US. To our knowledge,
no studies have been published on the costs and bene-
fits of preventing prescribing errors by the hospital
pharmacy staff in Europe. The high benefits in re-
lation to the small net investment costs found in
this study would result in a global cost reduction of
EUR479 100 per year for the two hospitals (EUR21
per patient) and the prevention of 18 252 errors per
year.

Assumptions had to be made on the possible
consequences of the prescribing errors, had they
not been prevented by the hospital pharmacy staff.
Often the assumption relates to increased intensity
of nursing, and we, for example, assumed 10 min-
utes extra nursing time required for monitoring of
patients at risk for parkinsonism due to overdosage
of drugs. Almost 80% of the benefits were however
related to 4 cases (major cost drivers).These major

E
C

D

A  B

Fig. 1. Distribution of total benefits over the different error seri-
ousness classes (A to E). Total benefits were EUR9581 (2000
values). A1: a prescription error has been made, but the error
is so minor that the medication order cannot be misunderstood;
A2: a prescribing error has been made, but the nurse cannot
administer the medication without having to gather additional
information; B: a prescribing error has been made but adminis-
tration to the patient will have no clinical consequences; C: pre-
scribing error has been made, that could potentially result in the
need for an increased frequency of patient monitoring; D: pre-
scribing error has been made, that could potentially result in
damage to the patient; E: a prescribing error has been made,
that could potentially result in the death of the patient.

Table IV. Consequences of prescribing errors and their associated
net benefits when the errors are prevented

Consequence Net benefits when error is
prevented in EUR

Extra monitoring time from 
nursing staff

 256

Extra drug use and extra 
laboratory tests

1878

Extra length of hospital stay 5950

Acute coronary
intervention/myocardial infarction

1235

Other  548

Total 9867
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cost drivers will be discussed now to show plausi-
bility of the assumptions and robustness of our re-
sults.

The dosage of dalteparin was too low in a pa-
tient, who was prescribed this drug for an acute
coronary syndrome (this drug is used exclusively
for this indication in that specific hospital). A num-
ber of studies have been published using a two
times higher dosage in acute coronary syndromes,
as is shown in a recent meta-analysis.[19] These
studies have shown dalteparin to be equally effec-
tive to heparin. It seems likely that the use of a
much lower dosage does not result in effective
treatment of the patient. A patient not treated effec-
tively may experience a myocardial infarction,
may die or may require an acute intervention such
as percutaneous transluminal coronary angioplasty
(PTCA). Furthermore, the error may result in in-
creased duration of hospitalisation in an acute cor-
onary ward. We assumed a 5% chance that an acute
PTCA intervention had to be performed and a 15%
chance on a myocardial infarction (at 40 days, the
risk of recurrent ischaemic events is 20%[19] when
placebo is given instead of heparin), and have thus
counted 5% of the PTCA costs and 15% of the
myocardial infarction costs. Effective treatment
prevents 29 events (death or myocardial infarction)
per 1000 patients treated,[19] so in reality this pa-
tient may not have had a benefit from the correct
dosage of dalteparin. The number of interventions
prevented by half of the standard dosage of dal-
teparin is not known. Therefore, in our sensitivity
analysis we took the worst case scenario (the error
with dalteparin not leading to any costs or bene-
fits).

The use of bisoprolol in a patient with asthma
may lead to bronchoconstriction, which responds
well to a β2-adrenoceptor agonist.[20] We assumed
an increased length of hospital stay of 2 days be-
cause of this bronchoconstriction and treatment
with salbutamol/ipratropium bromide inhalation 4
times daily during these 2 days. For patients al-
ready hospitalised because of heart failure (prob-
able indication of bisoprolol in the specific hospi-
tal), 2 days increase in length of hospital stay for

an acute asthma attack seems a plausible assump-
tion.

Flucytosine was used in one patient as a single
antimycotic agent. When not combined with am-
photericin B, flucytosine is known for a high fail-
ure rate of 57%[21-23] often caused by the emer-
gence of antifungal drug resistance.[23,24] Therefore,
it was assumed that the therapy failed and that the
patient had to remain in hospital for an additional
10 days. For a systemic fungal infection, 10 days
extra in hospital seems very modest. Real costs
could therefore have been even higher.

Finally, one of the major cost drivers was in-
trapleural administration of amoxicillin, which in-
volves a nondocumented route. A literature search
showed that the intrapleural route of administra-
tion is documented for aminoglycosides in patients
with chronic empyema or post-pneumonectomy
space infection.[25-28] We were not able to identify
studies that look into the efficacy and safety of in-
trapleural administration of amoxicillin, but in one
study methicillin was used.[28] However, this was
not a controlled, double-blind, randomised study.
Therefore, data on the effectiveness of penicillins
administered intrapleurally are lacking. We were
not able to identify studies that look into the effi-
cacy and safety of intrapleural administration of
amoxicillin. The possible consequence of this pre-
scribing error may have been lack of efficacy, re-
sulting in sepsis. We assumed 3 days of hospital-
isation in the intensive care unit as extra costs
involved with this error. The direct effects of am-
oxicillin when administered intrapleurally are un-
known and are not included in the costs, nor are the
costs involved with emergence of resistance which
could occur when infections are not treated effec-
tively.

Although our assumptions were plausible, one
could argue that in reality most prescribing errors
would not have resulted in the consequences we
assumed, because nurses and doctors on the hospi-
tal wards would prevent many errors. With the high
workload though in Dutch hospitals this may, how-
ever, be unlikely, and nurses and doctors will surely
be unable to prevent all errors.
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We have made conservative estimates in this
study regarding the costs of the consequences of a
prescribing error using the most plausible esti-
mates. To investigate sensitivity of our result we
re-analysed the data excluding the four major cost
drivers. This limited sensitivity analysis revealed
that total benefits of preventing errors by hospital
pharmacy staff would still be EUR86 350 per year
for the two hospitals considered.

On the other hand our assumptions may be too
conservative, e.g. because of assuming not enough
time spent on an error by nursing staff or by assum-
ing much lower salaries for nurses than for phar-
macists. Therefore, both assumptions were also test-
ed in the limited sensitivity analysis resulting in
total benefits of EUR491 900 and EUR497 350 re-
spectively.

The study has a number of limitations. As is
already mentioned above, the actual costs of ad-
verse drug events could not be established but had
to be estimated. Furthermore, the total duration of
the study was very short. Finally, only two hospitals
were studied, so generalisation of the results may
be difficult.

Notwithstanding these limitations, our study is
one of the first to look into the costs and benefits
of the detection of prescribing errors. From this study
it can be concluded that preventing of prescribing
errors by hospital pharmacy staff results in benefits
of EUR86 350 to EUR497 350 a year for two Dutch
hospitals (or EUR4 to EUR22 per patient).

Conclusions

Hospital pharmacy staff of two Dutch hospitals
contribute significantly to cost savings, by prevent-
ing prescribing errors. Investments in staffing of
hospital pharmacy are likely to pay off in terms of
savings in costs of in-hospital patient care.

Acknowledgements

No funding was used to assist in conducting the study and
the authors do not have any conflicts of interest directly
relevant to the contents of the manuscript.

References
1. Leape LL, Brennan TA, Laird N, et al. The nature of adverse

events in hospitalized patients: results of the Harvard Medical
Practice Study II. N Engl J Med 1991 Feb 7; 324 (6): 377-84

2. Van den Bemt PMLA, Egberts ACG, De Jong-van den Berg
LTW, et al. Drug-related problems in hospitalized patients -a
review. Drug Saf 2000 Apr; 22 (4): 321-33

3. Bates DW, Cullen DJ, Laird N, et al. Incidence of adverse drug
events and potential adverse drug events. Implications for pre-
vention. JAMA 1995 Jul 5; 274 (1): 29-34

4. Bates DW, Spell N, Cullen DJ, et al. The costs of adverse drug
events in hospitalized patients. JAMA 1997 Jan 22/29; 277
(4): 307-11

5. Anderson JG, Jay SJ, Anderson M, et al. Evaluating the poten-
tial effectiveness of using computerized information systems
to prevent adverse drug events. Proc AMIA Annu Fall Symp
1997: 228-32

6. Bates DW, Leape LL, Cullen DJ, et al. Effect of computerized
physician order entry and a team intervention on prevention
of serious medication errors. JAMA 1998 Oct 21; 280 (15):
1311-6

7. Nightingale PG, Adu D, Richards NT, et al. Implementation of
rules based computerized prescribing system. BMJ 2000 Mar
18; 320 (7237): 750-3

8. Leape LL, Cullen DJ, Dempsey Clapp M, et al. Pharmacist
participation on physician rounds and adverse drug events in
the intensive care unit. JAMA 1999 Jul 21; 282 (3): 267-70

9. Bond CA, Raehl CL, Pitterle ME, et al. Health care professional
staffing, hospital characteristics, and hospital mortality rates.
Pharmacotherapy 1999; 19 (2): 130-8

10. Bond CA, Raehl CL, Franke T. Clinical pharmacy services and
hospital mortality rates. Pharmacotherapy 1999; 19 (5): 556-64

11. Bond CA, Raehl CL, Franke T. Clinical pharmacy services,
pharmacy staffing, and the total cost of care in United States
hospitals. Pharmacotherapy 2000; 20 (6): 609-21

12. Bond CA, Raehl CL, Franke T. Clinical pharmacy services,
pharmacist staffing, and drug costs in United States hospitals.
Pharmacotherapy 1999; 19 (12): 1354-62

13. National Coordinating Council of Medication Error Reporting
[online]. Available from URL: http://www.nccmerp.org/recs
(accessed February 2001)

14. Jefferson T, Demicheli V, Mugford M. Elementary economic
evaluation in health care. London: BMJ Publishing group, 1996

15. Henry D, Lim LLY, Garcia Rodriguez LA, et al. Variability in
risk of gastrointestinal complications with individual non-
steroidal anti-inflammatory drugs: results of a collaborative
meta-analysis. BMJ 1996 Jun 22; 312: 1563-6

16. Central Committee on Health Care Charges. Table of charges
in health care institutions from January 1st 1999 [in Dutch].
Utrecht: COTG 1999

17. College for Health Care Insurances. Manual for cost research;
methods and guideline prices for economic evaluations in
health care [in Dutch]. Amstelveen: College voor Zorgverze-
keringen, 2000

18. Central Supporting Committee for the Testing of Health Care
Practices. Treatment and prevention of coronary heart disease
by lowering plasma cholesterol concentrations; consensus cho-
lesterol second revision April 1998 [in Dutch]. Utrecht: Cen-
traal Begeleidingsorgaan voor de Intercollegiale Toetsing, 1998

19. Eikelboom JW, Anand SS, Malmberg K, et al. Unfractionated
heparin and low-molecular-weight heparin in acute coronary
syndrome without ST elevation: a meta-analysis. Lancet 2000
Jun 3; 355: 1936-42

142 van den Bemt et al.

 Adis International Limited. All rights reserved. Drug Safety 2002; 25 (2)



20. Lammers JWJ, Folgering HThM, Van Herwaarden CLA. Re-
spiratory tolerance of bisoprolol and metoprolol in asthmatic
patients. J Cardiovasc Pharmacol 1986; 8 Suppl. 11: S69-73

21. Hospenthal DR, Bennett JE. Flucytosine monotherapy for
Cryptococcosis. Clin Infect Dis 1998 Aug; 27: 260-4

22. Louie A, Liu W, Miller DA, et al. Efficacies of high-dose
fluconazole plus amphotericin B and high-dose fluconazole
plus 5-fluorocytosine versus amphotericin B, fluconazole, and
5-fluorocytosine monotherapies in treatment of experimental
endocarditis, endophthalmitis, and pyelonephritis due to Can-
dida albicans. Antimicrob Agents Chemother 1999 Dec; 43
(12): 2831-40

23. Vermes A, Guchelaar HJ, Dankert J. Flucytosine: a review of
its pharmacology, clinical indications, pharmacokinetics, tox-
icity and drug interactions. J Antimicrob Chemother 2000;
46: 171-9

24. Vanden Bossche H, Dromer F, Improvisi I, et al. Antifungal
drug resistance in pathogenic fungi. Med Mycol 1998; 36
Suppl. 1: 119-28

25. Thijs JP, Serruys-Schoutens E, Rocmans P, et al. Amikacin con-
centrations in uninfected postthoracotomy pleural fluid and

in serum after intravenous and intrapleural injection. Chest
1984 Apr; 85 (4): 502-5

26. Stafford EG, Clagett OT. Postpneumonectomy empyema -neo-
mycin instillation and definitive closure. J Thorac Cardiovasc
Surg 1972 May; 63 (5): 771-5

27. Katz NM, McElvein RB. A method of early irrigation of the
contaminated postpneumonectomy space. Ann Thorac Surg
1981 May; 31 (5): 464-8

28. Rosenfeldt FL, McGibney D, Braimbridge MV, et al. Compar-
ison between irrigation and conventional treatment for empy-
ema and pneumonectomy space infection. Thorax 1981; 36:
272-7

Correspondence and offprints: Dr Patricia M.L.A. van den Bemt,
Ziekenhuisapotheek Midden-Brabant, P.O. Box 90107, 5000
LA Tilburg, The Netherlands.
E-mail: PvdBemt@zamb.tsz.nl

Cost-Benefit Analysis of the Detection of Prescribing Errors 143

 Adis International Limited. All rights reserved. Drug Safety 2002; 25 (2)


	Abstract 135
	Methods 136
	Setting 136
	Data Collection 136
	Cost-Benefit Analysis 137

	Results 139
	Discussion 140
	Conclusions 142
	Acknowledgements 142
	References 142
	Correspondence and offprints 143
	E-mail 143

