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A B S T R A C T 

Introduction: The risk of prescribing errors and related 
adverse drug events (ADE) on the intensive care unit 
(ICU) is high. Based on studies carried out in North 
America or the UK, a clinical pharmacy service can reduce 
ADEs and lower overall costs. This study looks into the 
clinical and financial impact of interventions made by 
pharmacists during patient rounds in two ICU settings in 
the Netherlands. 
Materials and methods: A quality improvement study 
was performed in a general teaching hospital (GTH) 
and a university hospital (UH) in the Netherlands. 
The improvement consisted of a review of medication 
orders and participation in patient rounds by an 
ICU-trained pharmacist. The main outcome measure 
was the proportion of accepted pharmacist interventions. 
Secondary outcome measures were the clinical relevance 
of the accepted interventions, the proportion of prevented 
potential ADEs (pADE) and a cost-benefit ratio. 
Results: In the GTH 160 patients and in the UH 174 
patients were included. A total of 332 and 280 interventions 
were analysed. Acceptance of the interventions was 
67.3% in the GTH and 61.8% in the UH. The accepted 
interventions were mostly scored as clinically relevant, 
resulting in 0.16 and 0.11 prevented pADEs per patient. 
The cost benefit was €119 (GTH) and €136 (UH) 
per accepted intervention.
Conclusion: This clinical pharmacy service in two ICUs 
resulted in high numbers of accepted and clinically 

relevant interventions. Our model appeared to be 
cost-effective in both ICU settings. 

K E Y W O R D S

Adverse drug event, clinical pharmacist intervention, 
intensive care unit, cost-benefit ratio, cost avoidance, cost 
saving

I N T R O D U C T I O N

As patients and medication are complex on the intensive 
care unit (ICU), the risk of prescribing errors and related 
adverse drug events (ADEs) is high.1-6 Kopp et al.5 found 
that the medication errors, leading to preventable ADEs 
at the ICU occurred mostly at the process of prescribing. 
‘Lack of drug knowledge’ and ‘inadequate monitoring’ 
were the most common proximal causes of errors. ADEs 
are associated with extra treatment needs, extended 
hospital stay, morbidity and mortality and they induce 
extra healthcare costs.7,8 Estimations of the ADE cost price 
vary from €970, based on a German micro-costing study 
(extended hospital stay of 2.9 days)7 to €4395, based on an 
American study by Bates in 19979 (extended hospital stay 
of 4.6 days). 
Over the last 30 years, clinical pharmacists have become 
part of the multidisciplinary team in the ICU, especially 
in North America.10,11 They provide a wide range of 
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patient care services with the aim of maximising patient 
safety and optimising patient outcomes.12-14 Interventions 
performed by clinical pharmacists significantly reduce 
ADEs.15-17 Direct patient care by clinical pharmacists at the 
ICU is associated with shortened length of hospital stay, 
lower overall costs and may even contribute to reduced 
mortality.18-20 However, these findings are not generalisable 
as such, since these studies were performed in North 
America and their setting is different from the European 
setting. Whereas the American pharmacists have been 
intensively involved in critical care for many years,21 in 
Europe most hospital pharmacies do not have a clinical 
pharmacy service. As a result Europe has about 17 times 
less pharmacists, i.e. 1.1 hospital pharmacists/100 beds. 
In the Netherlands this number is even lower (0.75 hospital 
pharmacists/100 beds).22,23

Despite the fact that over the last decade the involvement of 
clinical pharmacists in Dutch ICUs is gradually increasing, 
information about the benefit of their clinical practice 
is still missing. One way to evaluate this benefit is by 
measuring the proportion of pharmacist interventions 
accepted by physicians during patient rounds. Several 
studies have measured the proportion of accepted 
pharmacist interventions on the ICU, as part of their study, 
with outcomes varying from 71-99%.16,17,24

In addition, costs in healthcare are increasing fast, so 
cost-benefit analyses are required to increase the likelihood 
that implementation of beneficial healthcare services, such 
as clinical pharmacy, will actually occur. Up to now, only a 
few European studies have calculated costs of interventions 
made by clinical pharmacists in the ICU.16,21,24 All studies 
were single centre and the economic outcomes differed 
greatly between these studies. 
Therefore, a prospective quality improvement study was 
performed in two ICUs in the Netherlands with the 
primary aim to determine the proportion of pharmacist 
interventions accepted by physicians during ICU patient 
rounds. Secondary aims were to determine the clinical 
relevance of the accepted interventions, the proportion of 
prevented potential ADEs (pADEs) and the cost-benefit 
associated with the introduction of ICU pharmacists. 

M A T E R I A L  A N D  M E T H O D S

Study design
An interventional, prospective quality improvement study 
in two different ICU settings was designed. Since the study 
was considered a quality improvement study, which did not 
affect patient integrity, Medical Ethics Committee approval 
was not needed according to Dutch clinical trial law. 

Setting
The study was performed in the adult ICUs of the Haga 
Teaching Hospital (GTH) from July to December 2008 
and the ICU of the Erasmus University Medical Centre 
(UH) from July to September 2011. These periods were 
several years apart in order to enable the same pharmacist 
to implement the same clinical pharmacy service in 
both settings, including an extensive training period in 
Erasmus MC (see description of the intervention).
The GTH consisted of a 12-bed ICU and the UH of 
a 36-bed ICU. The UH ICU was divided into two 
departments, both treating the same types of medical 
and surgical patients. Both ICUs were closed format 
and the medical staff consisted of a team of certified 
intensivists and residents. The UH ICU also trained ICU 
fellows. In both ICUs, the ICU staff worked according to 
national and local guidelines. Both ICUs worked with a 
Patient Data Management System (PDMS). The GTH ICU 
used Metavision (Itémedical BV, Tiel, the Netherlands) 
and the UH ICU used Care Suite 8.2 (PICIS Inc., 
Wakefield, Massachusetts, USA). Both PDMSs offered 
a continuous collection and display of vital patient data, 
such as laboratory values and data from medical devices. 
Both ICUs had a daily patient round. Before the study, 
pharmacists primarily fulfilled their role for the ICU 
from the central pharmacy with limited time spent on the 
ICU, i.e. pharmacists did not have any role in medication 
preparation, medication order review or medication 
reconciliation. Their role was limited to consultation on 
demand by the ICU doctor. Drug delivery and dispensing 
to the ICU was done by pharmacy technicians.

Study population
Patients were included when they were staying in the 
ICU during the patient round in which the pharmacist 
participated. No exclusion criteria were applied.

Description of the pharmacist intervention
Based on a clinical pharmacist model derived from an 
American clinical skills program, which was previously 
practised at an internal ward,25,26 we developed a proactive 
ICU pharmacist intervention method. This method consisted 
of collecting medication orders, patient information, followed 
by an assessment of appropriateness, indication, duration 
of therapy, drug dosage and frequency, adjustment to 
renal function, drug-drug interactions, contraindications, 
drug omissions and duplicate medication. Furthermore 
the clinical effects of the patient’s pharmacotherapy were 
analysed. A check on missing (prophylactic) medicines 
was also performed. During the patient round the collected 
interventions were discussed with the attending intensivists. 
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The leading pharmacist (NH) was extensively trained at 
the GTH ICU for 6 months. In the UH this pharmacist 
took a period of five months to become familiar with the 
local ICU guidelines and daily routines. Subsequently, she 
trained three pharmacists prior to the UH intervention 
period. 
During the 6-month study period in the GTH and the 
3-month study period in the UH, patient rounds were 
attended twice a week. Each included patient in the UH 
was reviewed once a week and in the GTH twice a week. 

Primary outcome measure
The primary outcome measure was the proportion of 
pharmacist interventions that were accepted by doctors. 

Secondary outcome measures
Secondary outcome measures were the clinical relevance 
and the prevented pADEs of the accepted interventions. 
The clinical relevance of the accepted interventions was 
assessed retrospectively in two ways: a clinical relevance 
score (Overhage method)27 and a pADE score (Nesbit 
method),28 both methods are explained in table 1. 
Two assessors – one intensivist (PM) and one hospital 
pharmacist (BB) with clinical ICU experience – performed 
both assessments independently. If the two assessors 
scored interventions differently, consensus was reached in 
a consensus meeting.

Overhage method: Severity of reasons for intervention 
and value of service 
This validated method from previous research of 
pharmacists’ clinical activities26,27 classifies each 
intervention in two ways: A-E for the severity of the reason 
for intervention and 1-6 for the clinical relevance of the 
pharmacist’s intervention. Before scoring the interventions 
with this system, a number of adjustments were made 
in order to make the scoring method more specific for 
the ICU setting. Specific examples to assist in the proper 
classification were added. A summary of the instrument, 
including the specific ICU adjustments, is shown in table 1.

Nesbit method: Prevented pADEs
All accepted interventions were given a pADE probability 
score, according to Nesbit et al.28 (table 1). We assumed that 
none of the interventions would increase the likelihood of 
a pADE. 

Preliminary cost benefit analysis
Cost savings and cost avoidance were estimated, summed 
and compared with cost of service, to calculate the net 
financial impact on the institution and the preliminary 
cost-benefit ratio. Where necessary, costs were adjusted to 
2014 using the general price index of the Dutch Central 
Bureau of Statistics in 2014.29 

Costs, cost avoidance and savings were expressed for the 
intervention period and subsequently extrapolated to one 
year (annual costs and savings), per accepted intervention 
and per monitored patient days.

Cost avoidance
Cost avoidance is achieved whenever an intervention, with 
the potential to prevent or detect an ADE, is accepted. 
It refers to an intervention that reduces or eliminates 
additional expenditure that otherwise may have occurred.15 
We measured the cost avoidance by multiplying the Nesbit 
pADE scores with the costs of an ADE. The ADE cost 
was derived from a study by Rottenkolber,7 which utilised 
a micro-costing approach based on data from German 
hospitals18 and was adjusted to 2014. 

Cost savings 
Potential cost savings refer to reductions in current 
spending due to changes in the expenditure on patient 
treatment.28 We selected all accepted stop and dose 
reducing interventions and measured the daily drug costs 
involved, based on the Dutch medication price list.30 For 
non-listed drugs, the internal hospital cost price was used 
and 6% tax was added.31 Dosage reduction costs were 
calculated based on the difference in costs between the 
original and reduced dosage. The daily drug costs were 
multiplied by the number of days left on ICU. 

Costs of service
The direct labour time spent on this intervention was 
calculated using the bottom up approach, based on the 
duration of the preparation and attendance of patient 
rounds and the time for entering intervention information 
in the database. The time investment related to training 
prior to the study period was not included in the cost 
analysis, as this is normally excluded in an economic 
evaluation.32 The direct labour time was multiplied by the 
unit costs of labour and a marginal mark-up percentage to 
account for indirect labour time (43%).31 The unit costs of 
labour were based on standardised costs per hour: €70.81 
(GTH) and €70.27 (UH), which equalled the normative 
income. 

Data collection

Patient characteristics
The following patient characteristics were collected from 
the electronic patient records: age, gender, length of 
stay on ICU, type of ICU admission (acute or surgical), 
APACHE IV score (Acute Physiology and Chronic Health 
evaluation), SAPS II score (Simplified Acute Physiology 
Score) and finally whether the patient died in ICU.33 
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Intervention characteristics
The following intervention characteristics were collected: 
drug involved, patient involved, date, intervention 
description, response prescriber, intervention accepted 
and three intervention categories: 

(1) Reason for intervention
The reasons for interventions were classified as: drug-drug 
interaction, inappropriate route of administration, 
wrong drug choice, no indication, omission of therapy, 
wrong dosage, duplicate medication, contraindication, 
administrative error and no error/clarification required. 

(2) Type of intervention
The interventions were classified as: addition of a drug 
(start), stopping a drug, dosage increase, dosage reduction, 

instructions for use, switch of a drug, switch route of 
administration, correction of an administrative error 
(i.e. double administration of prescription in PDMS), 
information only and finally therapeutic drug monitoring 
and toxicology screening (monitoring). All of these types 
together, with the exception of ‘information only’, are 
defined as recommendation interventions. 

(3) Drug involved
The drugs involved were grouped into the following 
categories: gastrointestinal medication, antimicrobials, 
sedatives & pain medication, antithrombotics, medication 
involving the central nervous system (CNS), cardiac 
medication (including antihypertensives), and a rest group 
consisting of other drugs.

Table 1. Classification of pharmacist interventions according to Overhage27 and Nesbit28

Intervention severity27 Value of service27 pADE score, Nesbit method28

Inappropriateness of the prescription 
or its deviation from the standard of 
practice

Potential impact of pharmacist’s 
intervention on patient care

Probability of an ADE occurring in the event pharmacist’s 
intervention was not made

A =Potentially lethal 1= Extremely significant 0.6=high Harm is expected, life threatening, 
prevented a potentially fatal or severe 
reaction, e.g. 10x normal dose; narrow 
therapeutic range, life-threatening 
reaction/anaphylaxis

B=Serious 2= Very significant

C=Significant 3= Significant

D=Minor 4= Somewhat significant

E=No error 5= No significance 0.4= medium Harm is expected, clinically relevant, 
prevented a potentially serious 
reaction, e.g. allergy to drug ordered, 
allergy information, adjustment of 
renal failure

6= Adverse significance

Standard intervention scores

E3= Results from drug level 
monitoring

C3= Missing prophylactic drug i 

D3= Missing instructions for use D4= From IV to orali 0.1=low Some harm is expected, but poorly 
clinically relevant; i.e. prevented a 
potentially significant reaction. 2-4x 
normal dose, dose inadequate to 
produce therapeutic effect, incorrect 
schedule/route with potential for 
therapeutic failure/toxicity, duplicate 
therapy with potential for additive 
toxicity

D4= Missing strength or quantity D4= Appropriate recommendation, 
rejected by the clinician due to 
specific patient conditions unknown 
by the pharmacisti 

D4= Missing drug for non-serious 
disease

B2= Any allergy

E4= Change to formulary drug

C2/C3= Dosage adjustment on the 
basis of creatinine clearance

0.01 = very low Problem orders, clarifications, 
missing information etc.

D3/C3= Dosage change after 
evaluation of initial order for 
aminoglycoside

0 = zero Information only

ADE= adverse drug event; pADE=prevented potential adverse drug event; inew.
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Furthermore we counted the number of patients per 
patient round, the number of patient rounds, the 
number of monitored patient days (MPD), the number 
of reviews per patient and finally the number of hours 
the pharmacists spent on the intervention. An MPD was 
defined as each patient day in the ICU during which the 
pharmacist reviewed the patient’s medication.16

Data analysis
Patient data and clinical pharmacist intervention data were 
entered into SPSS (IBM SPSS Statistics version 21, IBM 
Corp. New York) for descriptive data analysis. 
For the cost-benefit analysis, a one-way sensitivity analysis 
was performed for known variables in order to determine 
the effect of varying these estimates on the preliminary 
cost-benefit analysis:
For varying the labour costs we used the data of a previous 
study.32 For varying the salary costs we used the highest 
senior hospital pharmacist scale and the lowest point on a 
basic pharmacist scale. For ADE costs we used previously 
published costs of an ADE9 and the Dutch costs for 2.9 
extra days on the ICU.7,34 The ADE probability was varied 
by ± 50%.9,15 For the cost savings we reduced the maximum 
effect of a cost saving intervention to 2 days. Finally we 
measured what the cost-benefit ratio would be in case of 

poor acceptance, i.e. acceptance of half of the interventions 
made by the pharmacist (acceptance = 50%) and in case of 
high acceptance, meaning 100% of the interventions made 
by the pharmacist were accepted. 

R E S U L T S 

Patient, clinical pharmacist service and intervention 
characteristics
In the GTH, 160 patients were included and in the UH 
174. Patient and intervention characteristics are shown in 
table 2. 
During the study period 50 patient rounds were attended 
in the GTH and 33 in the UH, resulting in 367 and 274 
MPD respectively. The number of patients reviewed 
per patient round was almost twice as high in the UH 
compared with the GTH. Since the GTH had 1 ICU ward, 
which was visited twice a week, whereas the UH had 2 ICU 
wards, which were each visited once a week, the number of 
reviews per patient in the GTH was higher.
Table 3 shows the intervention categories. Omission of 
a drug was the most frequently occurring reason for 
intervention (GTH = 20.8% and UH = 23.6%). ‘Stop’ 
and ‘Start’ interventions were scored most.

Table 2. Patient and clinical pharmacist service characteristics

Patient characteristics GTH (n = 160) UH (n = 174) 

Age (years), mean (SD) 63.8 (15.1) 56.4 (16.7)

Sex, female (%) 65 (40.6%) 63 (36.2%)

Length of stay on ICU (days), median (range) 2 (1-57) 2 (1-76)

Emergency admission, n (%) 129 (80.6%) 132 (75.9%)

Surgical, n (%) 71 (44.4%) 71 (40.8%)

Apache IV, mean (SD) 97.4 (33.6) 70.4 (32.2)

SAPS II, mean (SD) 51.8 (18.0) 41.4 (17.9)

Died in ICU, n (%) 60 (37.5%) 37 (21.3%)

Clinical pharmacist service characteristics 

Number of patients per patient round (mean) 7 13

Number of patient rounds 50 33 

Number of monitored patient days (MPD)
Number of reviews per patient

367 274 

1 time 83 (51.9%) 127 (73.0%) 

2 times 32 (20.0%) 25 (14.4%)

3 times 18 (11.9%) 11 (6.3%)

> 3 times 26 (16.2%) 11 (6.3%)

APACHE IV = Acute Physiology And Chronic Health Evaluation IV, ICU = intensive care unit, GTH = general teaching hospital, SAPS II = Simplified 
Acute Physiology Score II, UH = university hospital.
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Twenty-four (18.0%) different drugs were involved in half 
of the accepted interventions. Most interventions involved 
prophylactic drugs, such as low-molecular-weight heparin 
(LMWH) for thrombosis or proton pump inhibitors 
(PPIs) for stress ulcers, antimicrobials, sedatives and 
corticosteroids. 
In both hospitals, the medication class most often leading 
to a pharmacist intervention was gastrointestinal (37 
interventions [18.7%] in the GTH and 43 [27.4%] in the 

UH). For example, the pharmacist frequently advised 
to stop erythromycin (used as a prokinetic medicine, 16 
interventions) and PPIs (6 interventions), with the absence 
of an indication as underlying reason. Additionally, the 
pharmacist frequently advised to add PPIs (5 interventions) 
and laxatives (23 interventions) as prophylactic medication.
The second medication group most frequently intervened 
on were antimicrobials (36 interventions [18.1%] in the 
GTH and 23 [14.6%] in the UH). This group involved 

Table 3. Intervention categories of accepted interventions

GTH (n = 198) UH (n = 157)

Reason for intervention (% of total)

Omission of medication 46 (23.2%) 31 (19.7%)

No indication 33 (16.7%) 26 (16.6%)

Wrong dosage 28 (14.1%) 37 (23.6%)

Administrative error 27 (13.6%) 3 (1.9%)

No error / clarification requested 16 (8.1%) 19 (12.1%)

Contraindication 15 (7.6%) 9 (5.7%)

Wrong drug choice 10 (5.1%) 14 (8.9%)

Inappropriate route of administration 10 (5.1%) 7 (4.5%)

Drug-drug interaction 7 (3.5%) 4 (2.5%)

Duplicate medication 6 (3.0%) 7 (4.5%)

Intervention type (% of total)

Stop 56 (28.3%) 56 (35.7%)

Start 49 (24.7%) 32 (20.4%)

Correction of administrative error 21 (10.6%) 3 (1.9%)

Dosage reduction 19 (9.6%) 18 (11.5%)

Monitoring 16 (8.1%) 6 (3.8%)

Switch route of administration 10 (5.1%) 7 (4.5%)

Switch drug 9 (4.5%) 8 (5.1%)

Dosage increase 8 (4.0%) 14 (8.9%)

Dosage instruction 6 (3.0%) 11 (7.0%)

Information only 4 (2.0%) 2 (1.3%)

Drugs involved (% of total)

Antithrombotics 26 (13.10%) 15 (9.60%)

Gastro Intestinal medication 37 (18.70%) 43 (27.40%)

Antibiotics, antimycotics & antiviral 36 (18.20%) 23 (14.60%)

Sedatives & pain medication 22 (11.10%) 20 (12.70%)

Blood pressure & cardiac 9 (4.50%) 8 (5.10%)

Central nervous system 18 (9.10%) 9 (5.70%)

GTH = general teaching hospital; UH = university hospital.
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22 different drugs. Pharmacists frequently enquired if 
there was still an indication for prescribing the antibiotic 
(9 interventions). They also frequently recommended to 
reduce the dose of antimicrobial drugs in patients with 
impaired kidney function (13 interventions). 

Primary outcome: Acceptance of the interventions
We observed 198 pharmacist interventions accepted in the 
GTH and 157 in the UH . Acceptance of the recommended 
interventions was 67.3% in the GTH and 61.8% in the UH 
(table 4).

Clinical relevance and prevented potential ADE scores
The results of the secondary clinical outcomes are shown 
in figure 1 and are explained below. 

Clinical relevance of the accepted interventions
The majority of issues, leading to accepted interventions 
(249 interventions), were given a ‘significant’ score 
(GTH: 63.6% and UH: 78.3%) ( figure 1). Examples 
of ‘significant’ issues were ‘omission of drug’ or ‘no 
indication’. One drug-drug interaction in the GTH that 
led to an intervention was scored as potentially lethal. 
This interaction involved four medicines, known for 
their potential to prolong the QT interval (3dd 500 mg 
erythromycin, 3dd 1 mg haloperidol, 1200 mg continuous 
amiodarone, and 3dd 20 mg metoclopramide). These 
medicines were used simultaneously in an 82-year-old 
male patient with atrium fibrillation and a heart rate 
varying from 83-129 bpm. The QTc value, after starting 
erythromycin, was found to be > 500 msec. After the 
pharmacist’s intervention, erythromycin was immediately 
switched, the metoclopramide stopped and after a few days 
the amiodarone was stopped. Twenty-one detected issues 

leading to accepted interventions were given a ‘serious’ 
score (7.1% [GTH] and 4.5%[UH]). 
The potential impact of the majority of the accepted 
interventions (268 interventions) was scored as 
‘significant’ (GTH: 77.3% and UH: 73.2%). For 39 accepted 
interventions (GTH: 11.1% and UH: 10.8%), the potential 
impact was ‘very significant’.

Prevented potential adverse drug events
In the GTH 22.84 pADEs were calculated and this was 
17.73 pADE in the UH, leading to a pADE proportion of 
0.16 (GTH) and 0.11 (UH) per patient or 0.52 and 0.57 
pADEs per patient round. 

Preliminary cost benefit analysis and sensitivity analysis
Table 5 shows a positive preliminary cost-benefit ratio of 
3.34 (GTH) and 3.23 (UH).
The cost of service was based on 100 (GTH) and 95.1 (UH) 
direct labour hours spent on the service. 
The potential cost savings for medication were based 
on 77 accepted interventions regarding stopping and 
dosage reduction in the GTH ICU and 74 in the UH 
ICU. The multiplied prevented pADE scores, according 
to Nesbit, were 22.72 (GTH) and 17.64 (UH) respectively 
and were multiplied by the ADE cost found in literature,7 
which was adjusted to 2014 cost (€1079). This lead to a net 
cost benefit of €119 (GTH) and €136 (UH) per accepted 
intervention.
In the sensitivity analysis the cost-benefit remained 
positive in all measured scenarios. The largest variance 
was found in cost assigned to an ADE.

Table 4. Number and acceptance of interventions

Intervention GTH UH 

All interventions 332 280

Recommendation interventions 294 (88.6%) 254 (90.7%)

Accepted recommendation interventions 198 (67.3%) 157 (61.8%)

Patients with at least 1 accepted intervention 79 (49.4%) 93 (53.4%)

Patients with:

• 0 accepted interventions 81 (50.6%) 93 (53.4%)

• 1 accepted intervention 31 (19.4%) 45 (25.9%)

• 2 accepted interventions 16 (10.0%) 17 (9.8%)

• 3 accepted interventions 14 (8.8%) 5 (2.9%)

• > 3 accepted interventions 18 (11.3%) 14 (8.0%)

GTH = general teaching hospital; UH = university hospital.
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D I S C U S S I O N 

To our knowledge, this is the first study looking into the 
clinical and financial impact of pharmacist interventions 
in two different ICU settings. 

The proportion of accepted interventions in our study 
was 67.3% in the GTH and 61.8% in the UH. This 
acceptance was comparable with Klopotowska’s study 
(71%), but lower when compared with American and 
Belgian research.15-17,24 Our lower outcome can be caused 
by the fact that our clinical pharmacy service was relatively 
new on both ICUs at the time of study. The acceptance rate 
will probably increase over time when the ICU team and 
the pharmacists become more adapted to each other. Such 
a learning curve was found by Klopotowska et al.16 On the 
other hand, our clinical model relied on a proactive attitude 
of the pharmacist during the patient rounds which, as a 
consequence, led to more ‘interfering’ interventions the 
medical staff were unfamiliar with and not always willing 
to accept. For example, more than half of our interventions 
were to stop and start interventions. Compared with the 
literature, these percentages were high.14,16,17 In contrast, 
70% of the interventions made by Leape et al.17 were 
more conventional interventions such as ‘correction of an 
order’ or ‘provision of drug information’. These types of 
interventions are easily accepted, increasing the overall 
proportion of accepted interventions. 
Our clinical pharmacy model led to a high number 
of interventions in both hospitals. Compared with 
Klopotowska’s study we found 8 (GTH) to 9 (UH) times 
more interventions per MPD.16 In addition, the clinical 
relevance of the accepted interventions was found to be 
significant or highly significant in about 85% of the cases. 
Unfortunately, a direct comparison of the relevance of 
the interventions between studies was not possible, since 
rating the clinical relevance of the interventions was not 
previously done in ICU studies. Nonetheless, compared 
with a previous study in an internal medicine ward in 
the Netherlands, the relevance of interventions made in 
our ICU settings was higher,26 which can be explained 
by the critical illness of our patients and their complex 
poly-pharmacy. 
In our study we found a net cost benefit of €119 (GTH) 
and €136 (UH) per accepted intervention. The cost-benefit 
ratio remained positive under all conditions examined in 
the one-way sensitivity analysis. In comparison, Kopp et al.13 
found that the addition of a critical care pharmacist to an ICU 
generated a cost avoidance of €1497 to €1516 per intervention. 
This large difference can be explained by the higher cost 
price used for an ADE (€975 vs. €5999) and the fact that they 
omitted pharmacist salary expenditures in their study.
Our study had several strengths. It is the first study in ICU 
patients measuring the acceptance of interventions of a 
clinical pharmacist service in two different settings. It was 
a real life, quality improvement study with a considerable 
number of patients and interventions included, leading 
to robust results. Finally, clinical relevance and prevented 
ADEs were determined using a panel consisting of 
multidisci plinary expertise. 

Figure 1. Results of the assessments of clinical 
relevance (intervention severity and value of service 
according to Overhage27 and prevented potential ADE 
scores, according to Nesbit28

ADE = adverse drug event; GTH = general teaching hospital;  
UH = university hospital; pADE = potential adverse drug event. 
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Several limitations need to be addressed as well. First, 
since we did not have a control group in this study, 
conclusions about the clinical relevance of our model 
could only be made with caution. But as the main outcome 
measure was the proportion of accepted recommendations, 
a control group was not feasible. Second, one could argue 
that the study was performed several years ago. To date, we 
are still working in both ICUs in the same manner as was 
studied, confirming that our study results are still valid. 
Third, although this study was not a single centre study, 
conclusions would have been stronger had this study been 
performed in more than two hospitals over a longer period 
of time. Finally, the cost-benefit ratio was preliminary and 
based on a model that estimated cost avoidance of ADEs 
and estimated prevented costs. For this reason we used the 
most conservative ADE price. 

In conclusion, quality improvement by implementation of 
a clinical pharmacy service in two different ICU settings 
resulted in high numbers of accepted and clinically 

relevant interventions. The service appeared to be cost 
effective in both ICU settings. This study indicates that 
this clinical pharmacy service is an effective method 
for improving patient safety and can be implemented in 
different ICU settings. 
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Table 5. Preliminary cost analysis of pharmacist interventions and sensitivity analysis

Net cost benefit & cost-benefit ratio GTH UH

1. Costs of service (pharmacist salary) - € 10,116 - € 9547

2. Cost savings € 5754 € 10,734 

3. Cost avoidance € 28,000 € 20,134 

4.
(= 2 +3- 1)

Net cost benefit
during intervention period
annual (extrapolated)
per MPD
per accepted intervention 

€ 23,638 
€ 47,276
€ 64
€ 119

€ 21,321
€ 85,284
€ 78
€ 136

5. (=(2+3):1) Cost-benefit ratio 3.34 3.23

Sensitivity analysis for cost-benefit ratios 

Time 30 minutes per intervention 2.00 2.20

15 minutes per intervention 4.00 4.40

Salary Highest point on hospital pharmacist scale 2.98 3.14

Lowest point on hospital pharmacist scale 4.77 4.14

ADE probability 50%
+ 50%

1.95
4.72

2.18
4.29

ADE cost Based on Bates et al. 9 18.98 15.15

Based on 2.9 extra days ICU 7 17.05 13.68

Cost savings Lowest point based on 2 days 2.97 2.45

Acceptance 50% 2.45 2.41

100% 4.75 5.28

ADE = adverse drug event; ICU = intensive care unit; GTH = general teaching hospital; MPD = monitored patient days; UH = university hospital.



124

A P R I L  2 0 1 8 ,  V O L .  7 6 ,  N O .  3

The Netherlands Journal of Medicine

Bosma et al. Pharmacist interventions during patient rounds in the ICU.

R E F E R E N C E S 

1. Cullen DJ, Sweitzer BJ, Bates DW, Burdick E, Edmondson A, Leape 
LL. Preventable adverse drug events in hospitalized patients: a 
comparative study of intensive care and general care units. Crit Care 
Med. 1997;25:1289-97.

2. Garrouste-Orgeas M, Philippart F, Bruel C, Max A, Lau N, Misset B. 
Overview of medical errors and adverse events. Ann Intensive Care. 
2012;2:2. 

3. Rothschild JM, Landrigan CP, Cronin JW, et al. The Critical Care Safety 
Study: The incidence and nature of adverse events and serious medical 
errors in intensive care. Crit Care Med. 2005;33:1694-700.

4. Ohta Y, Sakuma M, Koike K, Bates DW, Morimoto T. Influence of adverse 
drug events on morbidity and mortality in intensive care units: the JADE 
study. Int J Qual Health Care. 2014;26:573-8.

5. Kopp BJ, Erstad BL, Allen ME, Theodorou AA, Priestly G. Medication 
errors and adverse drug events in an intensive care unit: direct 
observation approach for detection. Crit Care Med. 2006;34:415-25.

6. Benkirane RR, Abouqal R, Haimeur CC, et al. Incidence of adverse drug 
events and medication errors in intensive care units: a prospective 
multicenter study. J Patient Saf. 2009;5:16-22.

7. Rottenkolber D, Hasford J, Strausberg J. Costs of adverse drug events in 
German Hospitals – A microcosting study. Value Health. 2012;15:868-75.

8. Amelung S, Meid AD, Nafe M, Thalheimer M, et al. Association of 
preventable adverse drug events with inpatients’ length of stay-A 
propensity-matched cohort study. Int J Clin Pract. 2017;71. Epub 2017 
Sep 5.

9. Bates DW, Spell N, Cullen DJ, et al. The cost of adverse drug events in 
hospitalized patients. JAMA 1997;277:307-11.

10. American College of Critical Care Medicine of the Society of Critical 
Care Medicine. Critical Care services and personnel: Recommendations 
based on a system of categorization into two levels of care. Crit Care 
Med. 1999;27:422-6.

11. Rudis MI, Brandl KM. Position paper on critical care pharmacy services. 
Society of Critical Care Medicine and American College of Clinical 
Pharmacy Task Force on Critical Care Pharmacy Services.

12. Joint Commission of Pharmacy Practitioners. Pharmacists’ Patient 
Care Process. 2014. http://www.accp.com/docs/positions/misc/JCPP_
Pharmacists_Patient_Care_Process.pdf. Accessed 20 November 2015. 

13. Kopp BJ, Mrsan M, Erstad BL, Duby JJ. Cost implications of and potential 
adverse events prevented by interventions of a critical care pharmacist. 
Am J Health Syst Pharm. 2007;64:2483-7.

14. Bourne RS, Choo CL. Pharmacist proactive medication recommendations 
using electronic documentation in a UK general critical care unit. Int J Clin 
Pharm. 2012;34:351-7.

15. Gallagher J, Byrne S, Woods N, Lynch D, McCarthy S. Cost-outcome 
description of clinical pharmacist intervention in a university teaching 
hospital. BMC Health Serv Res. 2014;14:177.

16. Klopotowska JE, Kuiper R, van Kan HJ, et al. On-ward participation of a 
hospital pharmacist in a Dutch intensive care unit reduces prescribing 
errors and related patient harm: an intervention study. Crit Care. 
2010;14:R174.

17. Leape LL, Cullen DJ, Clapp MD, et al. Pharmacist participation on 
physician rounds and adverse drug events in the intensive care unit. 
JAMA. 1999;21: 267-70.

18. MacLaren R, Bond CA. Effects of pharmacist participation in intensive 
care units on clinical and economic outcomes of critically ill patients 
with thromboembolic or infarction-related events. Pharmacotherapy. 
2009;29:761-8.

19. MacLaren R, Bond CA, Martin SJ, Fike D. Clinical and economic outcomes 
of involving pharmacists in the direct care of critically ill patients with 
infections. Crit Care Med. 2008;36:3184-9.

20. Kane SL, Weber RJ, Dasta JF, The impact of critical care pharmacists on 
enhancing patient outcomes. Intensive Care Med. 2003;29:691-8. 

21. MacLaren R, McQueen BR, Campbell J. Clinical and financial impact of 
pharmacy services in the intensive care unit: pharmacist and prescriber 
perceptions. Pharmacotherapy. 2013;33:401-10

22. Pedersen CA, Schneider PJ, Scheckelhoff DJ. ASHP national 
survey of pharmacy practice in hospital settings: Dispensing and 
administration--2014. Am J Health Syst Pharm. 2015;72:1119-37. 

23. Frontini R, Miharija-Gala T, Sykora J. EAHP Survey 2010 on hospital 
pharmacy in Europe: Part 1. General frame and staffing. Eur J Hosp 
Pharm. 2012;19:385-7. 

24. Claus BO, Robays H, Decruyenaere J, Annemans L. Expected net 
benefit of clinical pharmacy in intensive care medicine: a randomized 
interventional comparative trial with matched before-and-after groups. 
J Eval Clin Pract. 2014;20:1172-9.

25. American Society of Health System Pharmacists (ASHP), ‘Clinical Skills 
Program’, module 3-5, 1993. 

26. Bosma L, Jansman FG, Franken AM, Harting JW, Van den Bemt PM. 
Evaluation of pharmacist clinical interventions in a Dutch hospital setting. 
Pharm World Sci. 2008;30:31-8.

27. Overhage M, Lukes A. Practical, reliable, comprehensive method for 
characterizing pharmacists’ clinical activities. Am J Health Syst Pharm. 
1999;56:2444-50.

28. Nesbit TW, Shermock KM, Bobek MB, et al. Implementation and 
pharmacoeconomic analysis of a clinical staff pharmacist practice model. 
Am J Health Syst Pharm. 2001;58:784-90.

29. Centraal Bureau voor de Statistiek. Inflatie. Available at: http://statline.
cbs.nl/Statweb/publication/?DM=SLNL&PA=70936ned&D1=0-3&D2=(l-
13)-l&VW=T. Accessed Aug 10 2016. 

30. Zorginstituut Nederland, medicijnkosten 2014. Available at: http://www.
medicijnkosten.nl/. Accessed November 20 2015. 

31. Institute for Medical Technology Assessment Erasmus Universiteit 
Rotterdam. The Dutch Manual for Costing, Kostenhandleiding: 
Methodologie van kostenonderzoek en referentieprijzen voor 
economische evaluaties in de gezondheidszorg. 2015. Available at: https://
www.zorginstituutnederland.nl/binaries/content/documents/zinl-www/
documenten/publicaties/overige-publicaties/1602-richtlijn-voor-het-
uitvoeren-van-economische-evaluaties-in-de-gezondheidszorg/1602-
richtlijn-voor-het-uitvoeren-van-economische-evaluaties-in-de-
gezondheidszorg/Richtlijn+voor+het+uitvoeren+van+economische+eva
luaties+in+de+gezondheidszorg.pdf. Accessed Aug 10 2016.

32. Olson LM, Desai S, Soto ML, Namazifard S, Quelland AK, Erstad BL. 
Evaluation of pharmacists’ interventions at a university teaching hospital. 
Can J Hosp Pharm. 2005;58:20-5.

33. Vincent JL, Moreno R: Clinical review: Scoring systems in the critically ill. 
Critical Care. 2010;14:207. 

34. Tan SS, Hakkaart-Van Roijen L, Maiwenn J, et al. A microcosting study 
of intensive care unit stay in the Netherlands. J Intensive Care Med. 
2008;23:250-7.


