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CHAPTER 7
Effect of  a ward-based pharmacy team 

on preventable adverse drug events in 
surgical patients (SUREPILL study)
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ABSTRACT

Background

Surgical patients are at risk for adverse drug events (ADEs) causing morbidity and mortality. Much 

harm is preventable. Ward-based pharmacy interventions to reduce medication related harm have not 

been evaluated in this population.

Methods

A multicenter prospective controlled trial evaluating a protocolled ward-based pharmacy method com-

pared with standard pharmaceutical care in surgical patients. One thousand and ninety four consecutive 

patients admitted for elective surgery with an expected hospital stay longer than 48 hours were included. 

Pharmacy practitioners performed bedside medication reconciliation at admission and discharge, and 

hospital pharmacists performed regular medication reviews in the study wards. ADEs and clinical 

outcomes were assessed. 

Results

In total, 880 specific interventions were made by the hospital pharmacist to improve pharmacotherapy in 

309 of  547patients on study wards. Another 547 patients were included on control wards. A crude non- 

significant reduction of  incidence rates of  preventable ADEs was seen after intervention on interven-

tion wards when compared to control wards (2.74vs 3.84 pADEs per 100 admissions; incidence rate 

ratio 0.714,(95% CI: 0.366-1.393); p=0.324). After adjustment for differences in treatment groups and  

for potential confounding, the incidence rate ratio remained non-significant 0.819 (95% CI: 0.39–1.721;  

p=0.598). No differences were seen for other outcomes, such as length of  hospital stay, number of  

com-plications and quality of  life.

Conclusions

Present prospective controlled trial shows no significant reduction of  medication related harm and 

clinical outcomes in surgical patients by protocolled ward-based pharmacy interventions in head-to-

head comparison with control wards. The present data do not support widespread introduction of  

ward-based pharmacy.
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INTRODUCTION

Patient safety in surgery is still a major issue in hospitals. Almost one third of  in-hospital adverse 

events are associated with a surgical procedure.1 Several patient safety tools have been introduced to 

improve morbidity and mortality, such as surgical safety checklists and clinical practice guidelines.2-6 

Surgical patients are also at risk for medication related adverse events, so called adverse drug events 

(ADEs). Surgical patients experience 2.1 – 27.7 ADEs per 100 admissions of  which 15.3% – 53.6% 

is preventable. 7,8 A reason for this high risk of  ADEs could be the frequent use of  medication that 

is often related to ADEs, such as anticoagulation or analgesics. 8-11 Also errors in communication du-

ring the surgical pathway, with its inherent multiple handovers, can introduce medication errors.12 In 

particular since many patients have had medication prescriptions changed postoperatively. Adverse 

drug events due to medication errors can be prevented. However, improvements of  pharmaceutical 

care and their effectiveness in surgical patients are underexposed. 

In hospitals numerous strategies have been introduced to improve medication safety, such as Com-

puterized Physician Order Entry (CPOE) systems with or without Clinical Decision Support (CDS) 

to prevent prescribing errors, bar-code technology to prevent transcription and administration errors, 

and/or one of  the many medication safety improvements introduced by the WHO {Formatting Ci-

tation}and IHI, such as improvements in Look-alike/Sound-alike medication names and medication 

safety reconciliation.13-16 Furthermore, implementation of  clinical services by pharmacists has been 

shown effective in reducing medication errors as well as medication related harm in non-surgical 

patient populations.17-21 Preventable ADEs (pADEs) were reduced with 66% and 78%.17,18

This awareness has led to the development of  an assessment method for ADEs in surgical patients 

and the introduction of  a ward-based pharmacy intervention strategy to improve medication safety 

in surgical patients.22,23 In this strategy pharmacists as well as pharmacy practitioners are involved to 

cover medication care during the entire surgical pathway. This is in contrast to the situation in many  

(European) hospitals, where hospital pharmacists carry out their traditional role from a central phar-

macy, reactive rather than proactive and being present at the wards. In the present study, the effect of  

a ward-based pharmacy team on pADEs in surgical patients was studied in a multicentre controlled 

randomized trial in an academic, tertiary and community teaching hospital. The study differs from 

previous ones with respect to the following: 1. It studies a surgical population, 2. In hospitals already 

using CPOE systems with CDS, 3. Using a protocolled pharmacy intervention method, 4. With 

pharmacy practitioners as well as pharmacists involved.

METHODS

Study design 

A multicentre prospective controlled trial with one-time randomization at ward-level was performed 

from 2009 until 2011. During the baseline period 567 patients were included (admissions between 

March 1st and June 30th 2009) and during the study period 1094 patients (admissions between April 
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1st 2010 and September 28th 2011). At least two surgical wards of  three different types of  hospitals 

participated: an academic hospital (Academic Medical Centre in Amsterdam, The Netherlands),  

a tertiary teaching hospital (Onze Lieve Vrouwe Gasthuis in Amsterdam, The Netherlands), and a 

community teaching hospital (Diakonessenhuis in Utrecht, The Netherlands).Follow-up, trigger tool 

as ADE assessment of  all included patients and expert causality assessment of  ADEs (see below) was 

done in 2012-2013.

Predominantly gastro-intestinal / hepato-pancreaticobiliary surgery and vascular surgery wards par-

ticipated. All three hospitals used a CPOE system with CDS at the time of  this study. The CDS in 

the participating hospitals included checks on overdosages, interactions, duplicate medications and 

contra-indications. In the AMC and OLVG both pharmacists and physicians received the alerts, in the 

Diakonessenhuis only the pharmacist received the alerts. 

The study design consisted of  a baseline period (8 months) and a study period (18 months).24 The 

baseline assessments were made at all participating surgical wards to enable a preplanned recalculation 

of  the sample size based on the actual incidence of  pADEs and to identify factors associated with (p)

ADEs, independent from ward based pharmacy interventions.8,24 In the study period, one ward in each 

participating centre was randomly assigned (one-time randomization) as intervention ward (receiving 

ward-based pharmacy care), whereas the other ward(s) served as control ward (receiving standard care 

similar to the baseline period) reflecting current daily practice. 

Population

Consecutive patients admitted for elective surgery with an expected hospital stay longer than 48 hours 

were included. If  a patient was transferred from another ward within the same hospital or between 

hospitals, or was previously included in the study, the patient was excluded. 

Intervention strategy

During the baseline period all participating wards received standard pharmaceutical care from a 

pharmacy team in the traditional role of  taking the responsibility for the appropriate, safe and cost-

effective use of  medication from a central pharmacy. This did not include patient contact or direct 

access to patients’ medical records, nor did it include regular face-to-face contact with ward physicians 

or nurses. The activities regarding individual patient pharmaceutical care consisted of  (at least) daily 

screening of  alerts generated by the CPOE system by pharmacists. Ward doctors without consultation 

of  a pharmacist checked actual medication use on admission and at discharge. These activities were 

continued at the control wards.

The study wards received ward-based pharmacy care by a ward-based pharmacy team, consisting of  

pharmacy practitioners (specialized pharmacy technicians) and hospital pharmacists. This intervention 

strategy has been published in detail.23 In brief, on admission the pharmacy practitioner performed 

medication reconciliation including medication verification of  the actual medication use in consulta-

tion with the patient by using a standardized questionnaire. During admission, the hospital pharmacist 

reviewed medication charts and (electronic) patients’ medical records, and optimized drug therapy when 

needed. The goal was to perform daily medication reviews during the week of  all included patients. 
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Pharmacy interventions were protocolled: they used a standardized checklist with common surgical 

problems and an intervention registration form using the acronym TREATRAFID (Type of  problem, 

Reason, Evaluation, Action, Type of  action, Reaction to the action, Acceptation by the doctor, Follow-

up, Interventionist and Date). The pharmacist discussed the interventions in liaison with the ward doc- 

tor by face-to-face communication on the ward. Whenever possible, the pharmacist participated in  

the weekly patient meetings at the ward. At discharge, the pharmacy practitioner reviewed the dis-

charge medication in comparison with the medication on admission to achieve a complete overview of   

current medication use and changes. In addition, the pharmacy practitioner performed patient coun-

selling about the medication and the complete list of  current medication use was transferred to the 

community pharmacy and general practitioner. 

Data collection

The primary outcome parameter was the number of  pADEs on control wards as well as on interven-

tion wards during the study period. In order to detect ADEs, the patients’ medical records and hospital 

information system were systematically evaluated. This evaluation was performed using a standardized 

ADE assessment method that incorporated a surgical trigger tool and a causality assessment with ex- 

pert judgment. The development and validation of  this method is described in detail elsewhere.22 Two 

expert panels, each with a consultant surgeon and a clinical pharmacologist, determined causality, pre-

ventability and severity of  the ADEs. The expert panels were blinded for allocation of  intervention or 

control of  the surgical wards. Severity was assessed using the Common Terminology Criteria Adverse 

Events (CTCAE) classification.25 Type of  ADEs and medication accountable for the ADEs were ca-

tegorized according to the Anatomical Therapeutic Chemical (ATC) classification system.26

To be able to judge the impact of  the ward-based pharmacy team in clinical practice, secondary out-

come parameters were taken into account. Postoperative complications prospectively registered by 

physicians in the Dutch National Surgical Adverse Event Registration database (LHCR) were collec- 

ted.27 Furthermore, the length of  hospital stay and the health-related quality of  life assessed appro-

ximately three months after admission were measured by using the validated questionnaires EQ-5D 

and EQ-VAS.28 Also, the number and length of  readmissions within three months following admission 

were measured if  opportune from the patients’ questionnaire. If  patients claimed to have been re-

admitted in the original hospital, this was confirmed by checking the hospitals’ information system.

During the study period, interventions performed by the hospital pharmacist were prospectively 

documented on the TREATRAFID form, as described in the previous section. In this study, an inter-

vention was defined as every change in the patients’ pharmacotherapeutic management advised by the 

hospital pharmacist. Also, the amount of  time necessary to perform pharmacy interventions by the 

pharmacy practitioner and hospital pharmacist was registered.

Statistical analysis

Sample size

As previously described, 567 surgical patients were included during the baseline period in which 156  

ADEs were found in 130 patients.8 Twenty-four of  156 (15.4%) ADEs were preventable (in 23 pa-

tients), resulting in an overall incidence of  4.2 pADEs per 100 admissions. Based on this observation 
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and on trial feasibility we adjusted the original based rate of  5 pADEs per 100 admissions to a new 

presumed base rate of  4.4 pADEs per 100 admissions for the control wards during the study period. 

We still hypothesized a relative reduction in pADEs of  60% (from 4.4 to 1.76 pADEs per 100 admis-

sions) for the intervention wards during the study period. This hypothesis is a relatively conservative 

estimate based on previous findings of  two controlled studies assessing ward-based pharmacy in other 

patient populations: by Kucukarslan et al. (reduction of  78%) and Leape et al. (reduction of  66%).17,18 

To achieve 80% power at a 0.05 one-sided significance level to detect a reduction of  60% (or incidence 

rate ratio of  0.4) applying a Poisson regression, we needed a sample size of  547 included patients in the  

control arm and 547 included patients in the intervention arm or 1,094 in total (an increase by 132 

compared to the original calculation).This sample size allowed for other covariates explaining as much 

as 25% of  the variance in pADE counts by type of  treatment.

The number of  included patients per hospital was divided according to their expected number of  ad-

missions (approximately 50% from the academic centre, 30% from the tertiary hospital and 20% from 

the community hospital). 

Data analysis and effect calculation

To study the effect of  the interventions, crude incidences of  pADEs were compared head-to-head 

between control wards and intervention wards with a Poisson log linear model of  counts and type 

of  intervention as the main covariate of  interest. However, one-time randomisation at ward level by 

participating centre still allowed patient characteristics to be distributed unevenly among control and 

intervention wards. We therefore included a multivariable predictor of  treatment group membership 

(control or intervention ward during the study period) and we further included potentially indepen- 

dent factors associated with the incidence of  (p)ADEs. Univariable analyses of  baseline data already 

revealed some potentially independent factors: age over 65 years, undergoing vascular surgery and pre-

sence of  cardiovascular co-morbidity.8 Additional univariable analyses were performed for gender, BMI 

category (<20, 20-25, >25), ASA classification (I <> II <> III/IV), and polypharmacy on admission. 

Univariably significant factors associated with pADEs were included in a multivariable model to assess 

their independence. The mean incidence rates as well as the incidence rate ratios following the Poisson 

regression are reported along with their 95% Wald confidence intervals (95% CI). 

Differences between the treatment groups by type of  pADEs were assessed with the Fisher’s exact test, 

by severity of  pADEs (according to CTCAE), by severity of  complications (according to LHCR) and 

differences in the distribution in length of  hospital stay were assessed with the Mann-Whitney U-test. 

P-values below 0.05 were considered indicative for statistical significance. Analyses were performed in 

SPSS version 18.0 (SPSS Inc., Chicago, IL) and PEPI.29
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RESULTS

ADEs in surgical patients and patient characteristics

Overall, we found 316 ADEs in the included 1094 surgical patients. These ADEs were seen in 265 

patients. A minority of  ADEs (36 ADEs in 35 patients; 11.4%) was judged preventable by the expert 

panels. The overall incidence was 3.3 pADEs per 100 admissions. 

The patient characteristics are presented in table 7.1. Patients receiving vascular surgery (p=0.005) and 

patients with comorbidites (p<0.000), in particular malignancy (p<0.001) and autoimmune disorder 

(p=0.002), were overrepresented in the intervention wards.

Table 7.1 Patient characteristics 

Patient characteristics Control wards No. (%) Intervention wards No. (%) p-value

Total (n=1094) 547 547

Age in years 0.397

17-65 287 (52) 273 (50)

> 65 260 (48) 274 (50)

Gender 0.127

Female 250 (46) 225 (41)

Male 297 (54) 322 (59)

BMI (n=1089) 0.669

<20 37 (7) 35 (6)

20-25 222 (41) 237 (44)

>25 285 (52) 273 (50)

Type of  Surgery 0.005

Gastrointestinal surgery 407 (74) 372 (68)

Vascular surgery 108 (20) 152 (28)

Other 32 (6) 23 (4)

ASA classification* (n=1079) 0.094

I 112 (21) 87 (16)

II 279 (52) 309 (57)

III-IV 148 (27) 144 (27)

Co-morbidities  (n=1091) 0.000

No 112 (21) 66 (12)

Yes 433 (79) 480 (88)

Co-morbidity type (n=1091)

Cardiovascular 0.931

No 231 (42) 230 (42)

Yes 314 (58) 316 (58)

COPD/Asthma 0.151

No 492 (90) 478 (88)

Yes 53 (10) 68 (12)
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Patient characteristics Control wards No. (%) Intervention wards No. (%) p-value

Diabetes Mellitus 0.094

No 437 (80) 459 (84)

Yes 108 (20) 87 (16)

Malignancy <0.001

No 427 (78) 366 (67)

Yes 118 (22) 180 (33)

Thyroid disease 0.267

No 522 (96) 515 (94)

Yes 23 (4) 31 (6)

Renal function disorder 0.207

No 523 (96) 515 (94)

Yes 22 (4) 31 (4)

Autoimmune disorder 0.002

No 507 (93) 478 (87)

Yes 38 (7) 68 (13)

Psychiatric disorder 0.279

No 527 (97) 521 (95)

Yes 18 (3) 25 (5)

Polypharmacy§ 0.139

No 378 (69) 355 (65)

Yes 169 (31) 192 (35)

Hospital 0.964

Academic 281 (51) 281 (51)

Tertiary teaching 169 (31) 172 (31)

Community 97 (18) 94 (17)

*ASA: American Society of  Anesthesiologists; classification for fitness of  patients prior to surgery. 

I: normal healthy, II: mild systemic disease, III: severe systemic function-limiting disease, 

IV: severe systemic life-threatening disease; ASA type III and IV were considered together. 
§Polypharmacy: >5 medications.

Effect of  ward-based pharmacy interventions on pADEs

Figure 7.1 shows the mean number of  pADEs per 100 admissions by hospital department during 

the baseline and the study periods. During the baseline period 4.23 (95% CI: 2.82 - 6.35) pADEs per 

100 admissions were observed. During the study period an incidence of  2.74 (95% confidence interval 

(CI): 1.65 - 4.57) pADEs per 100 admissions in the intervention wards and 3.84 (95% CI: 2.49 – 5.91) 

pADEs per 100 admissions was found in the control wards. The resulting incidence rate ratio of  

0.714 (95% CI: 0.366 – 1.393), reflecting a crude reduction in pADEs of  28.6%, was non-significant 

(p=0.324). Accounting for the overrepresentation on the intervention wards of  patients receiving 

vascular surgery, having a malignancy or having an autoimmune disorder treatment group member- 

ship as possible selection bias, hardly effected the incidence rate ratio (0.713, 95% CI: 0.358 – 1.420).

Table 7.1 Continued
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Figure 7.1 Mean number of  preventable adverse drug events per 100 admissions by hospital department during the 

baseline and the study periods

Vertical bars represent the mean number of  pADEs for individual hospital departments, Before (b) randomisation 

baseline measures were taken, after (a) randomisation the study period started. Two departments were randomised 

in each hospital 1, 2 and 3. Per hospital one department was randomised to the ward-based pharmacy intervention 

(grey bars a-1i, a-2i, a-3i), the other department served as control ward (black bars a-1c, a-2c, a-3c). The black 

horizontal line shows the mean number of  pADEs across the control wards and the grey horizontal line shows the 

mean number of  pADEs across the intervention wards during the study period. Of  the randomised departments, 

their individual mean number of  pADEs during the baseline period are shown as well (b-1c to b-3i). The dotted 

horizontal line shows the mean number of  pADEs during the baseline period across all departments. 

The categorized BMI index and the ASA classification as the only independent factors associated with 

pADEs during the study period however affected the incidence rate ratio. The adjusted incidence rates 

for pADEs were 2.07 (95% CI: 0.87 – 4.95) per 100 admissions in the intervention wards and 2.53 

(95% CI: 1.10 – 5.81) per 100 admission in the control wards, corresponding to an incidence rate ratio 

of  0.819 (95% CI: 0.39 – 1.721) or 18.1% reduction in pADEs (p=0.598).  

The severity of  pADEs according to the CTCAE classification (table 7.2) as well as the distribution of   

types of  (p)ADEs (table 7.3) showed no significant differences between intervention and control wards.  

Although many gastrointestinal events are seen in surgical patients, only a small percentage (3.5-4%) is 

preventable and not affected by the pharmacy intervention.
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Table 7.2 Severity of  pADEs*

Severity   Control wards (n=21) No. (%) Intervention wards (n=15) No. (%)

Mild 5 (24) 4 (27)

Moderate 7 (33) 7 (47)

Severe 9 (43) 3 (20)

Life-threatening 0 1 (7)

*According to CTCAE. P=0.59

Table 7.3 Differences in type of  ADEs 

Type of  ADE 

n=265 

Control wards 

pADE/ADE (%)

Intervention wards 

pADE/ADE (%)

Gastrointestinal event 2/57 (3.5) 2/50 (4.0)

CNS event 4/44 (9.1) 1/27 (3.7)

Hematologic disorder 6/19 (31.6) 4/15 (26.7)

Skin and/or allergic reaction 1/19 (5.3) 1/15 (6.7)

Cardiovascular event 2/15 (13.3) 1/16 (6.3)

Renal function and/or electrolyte disorder 2/11 (18.2) 5/13 (38.5)

Hormonal disorder 2/4 (50) 1/1 (100)

Liver function disorder 0/3 (n/a) 0/0 (n/a)

Infection 1/2 (50) 0/1 (n/a)

Respiratory event 1/2 (50) 0/1 (n/a)

Sensory organ event 0/1 (n/a) 0/0 (n/a)

Fisher’s exact tests. ADE: p=0.73. pADE: p=0.8.

Table 7.4 Patient outcomes

Patient outcome Control wards Intervention wards p-value

Length of  hospital stay (median; IQR)a 9 (6-13) 8 (6-12) 0.066

Patients ≥ 1 complication* (%)b 132 (29) 113 (25) 0.138

Complications/100 patients* (95% CI) 52 (43-63) 49 (41-60) 0.746

Severity complications* (%)b 0.199

No complication 318 (71) 340 (75)

Recovery without (re)operation 101 (22) 75 (17)

Recovery after (re)operation 18 (4) 35 (8)

(Probably) permanent damage/

function loss/death

13 (3) 3 (1)

Quality of  life, Median (IQR)a

EQ5Db 0.81 (0.73-1.00) 0.81 (0.69-1.00) 0.337

EQVASb 70 (60-80) 70 (60-80) 0.102

Re-admissions (%)a,c 64/362 (18) 84/362 (23) 0.063

*Data from LHCR, only available in 2 hospitals (n=903 of  1094 patients). aAssessed by questionnaires (n=724 of  

1094 patients),bMann-Whitney U cPearson Chi-Square.
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Effect of  a ward-based pharmacy team on patient outcome

Prospective data on postoperative complications were available of  903(of  1094) surgical patients from 

two hospitals (academic and tertiary) using the LHCR for registration. At the time of  the study, one 

hospital did not use this prospective registration system. Therefore, only data of  the two other hospi- 

tals (one academic and one tertiary hospital) were used in the surgical patient complication analyses. 

There was no significant difference in the occurrence of  one or more complications between interven-

tion and control wards (25% vs 29%, p=0.138). The severity of  complications was also similar for both 

treatment groups (p=0.199; table 4). Median length of  hospital stay differed non-significantly between 

intervention and control wards (8 vs 9 days; p=0.066). Approximately three months after admission 

to the hospital, questionnaires were sent to 1062 of  1094 patients. The remaining 32 patients were de- 

ceased or unapproachable (i.e., no address available). 755 patients (71%) returned the questionnaire 

and 724 patients (68%) were willing to cooperate with the quality of  life assessment and evaluation of  

readmission. EQ-5D and EQ-VAS three months after admission and the number of  readmissions were 

comparable among intervention and control wards (table 7.4). 

Specification of  ward-based pharmacy interventions

In the study wards, 506 (93%) surgical patients received medication reconciliation on admission by the 

pharmacy practitioner. During ward admission 520 (95%) of  patients received at least one medication 

review by the hospital pharmacist. At discharge 302 (55%) of  the patients received counselling by the 

pharmacy practitioner. Overall, half  of  the patients (53%) received the complete package of  ward-

based pharmacy interventions. A total of  2177 medication reviews were performed by the hospital 

pharmacists during a total of  4297 weekdays. The median number of  medication reviews per patient 

during admission was three (IQR 2-5). The total averaged time for the hospital pharmacist to perform 

a medication review was six minutes per patient.

Eight hundred eighty specific interventions, deemed necessary to improve pharmacotherapy, were 

made by the hospital pharmacist in 309 patients. These interventions concerned mainly problems with 

medication for thrombosis (18%), gastro-intestinal disorder (13%), pain (12%), infection (10%), or 

nausea/vomiting (6%) (table 7.5). More details were previously described.23

In the study wards, 15 detected pADEs were not intercepted by the ward-based pharmacy team. These 

pADEs were related to (increased) renal function disorders due to medication, such as NSAIDs, or 

problems in anti-coagulation due to medication, such as vitamin K-antagonists. 
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Table 7.5 Interventions by hospital pharmacist in the intervention arm (n=547)

Interventions (by TREATRAFID method) Number (%)

Total number of  interventions 880

Type of  problems with medication for

Thrombosis 154 (18)

Gastro-intestinal disorder 111 (13)

Pain 106 (12)

Infection 90 (10)

Nausea/vomiting 54 (6)

Hypertension 41 (5)

Diabetes 36 (4)

Renal function disorder 32 (4)

Route of  administration; (naso)gastric tube, 14 (2)

Heart Failure 14 (2)

Delirium 13 (1)

Allergy 13 (1)

Liver function disorder 10 (1)

Immune system disorder 9 (1)

Other, such as:

Electrolyte disorder 28 (15)

Hemoglobin disorder 19 (10)

Problems with admission/discharge medication 19 (10)

Anxiety/sleeping disorder 17 (9)

COPD/Asthma/other airway disorder 15 (8)

Splenectomy (history) 11 (6)

Heart rhythm disorder 9 (5)

Osteoporosis 7 (4)
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DISCUSSION

In present prospective controlled trial almost all patients (93%) on the intervention wards received 

medication reconciliation at admission and at least one medication review by the hospital pharma-

cist. On average one medication review in two days was performed per patient. The study showed 

that a ward-based pharmacy team in hospitals using CPOE with CDS did not significantly reduce the 

incidence and severity of  preventable adverse drug events in surgical patients when compared head-

to-head to standard pharmacy care. Also, no effect was seen on clinical outcomes such as length of  

hospital stay, postoperative complications or quality of  life three months after discharge. Present data 

do not support widespread introduction of  this type of  ward-based pharmacy.

A reduction of  60% in pADEs was hypothesized in this study. In literature, two prospective controlled 

studies reported a reduction of  pADEs from 66% to 78% by interventions of  a hospital pharmacy 

team.17,18 These studies were performed in patient populations different from surgical patients, being 

intensive care and general medicine patients. The initial incidence of  pADEs in those study populations 

was three times higher compared to our surgical population: 12 and 11.4 pADEs/100 admissions vs 4.2 

pADEs/100 admissions. Importantly, hospitals in the previous two studies did not use CPOE systems 

with CDS to prescribe medications. The present study’s lower incidence of  pADEs can be explained 

in two ways: 1.Surgical patients have a lower risk for ADEs, related to differences in risk factors such 

as age, polypharmacy and comorbidities, compared to intensive care or internal medicine patients, 

and 2. Hospitals using CPOE with CDS and surgical safety checklists already have a lower incidence 

of  pADEs. The effectiveness of  CPOE systems on medication errors is previously described.13 The  

academic center in this study, that included 562 of  1094 patients, used the SURPASS checklist du-ring 

the entire study period, of  which the effect on complications and mortality is well described.3

No effect on clinical outcomes was found. We assume that length of  hospital stay, quality of  life after 

discharge and number of  readmissions are mainly affected by post-operative complications unrelated 

to (preventable) ADEs. Assessing these outcome parameters wastherefore not sensitive and/or specific 

enough to show an effect of  the ward-based pharmacy teamon pADEs in surgical patients. 

The hospital pharmacist performed medication reviews on average every other day. Even in study con- 

ditions our ward-based pharmacy interventions were not daily practice. Importantly, approximately  

one third of  the pharmacists’ interventions were not or only partially accepted by the ward doctor, 

leaving the possibility that these potential ADEs were not or only partially intercepted and prevented. 

Logistic restraints prohibited daily medication reviews by the pharmacist. Many other reasons can be 

mentioned for the limited number of  ward-based pharmacy interventions: the performed interventions 

were not registered, no changes were present in patients’ medication or status and therefore no in-

terventions were necessary, or patients were missed due to, for example, the short hospital stay, etc. For 

all these reasons an effect of  ward-based pharmacy on the incidence of  ADEs might have been mis- 

sed, but most likely this effect is not large given present sample size.
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One limitation of  the study was the difficulty to interpret the actual clinical value of  the study data. 

The study design consisted of  a baseline period and single randomization at ward-level at the begin-

ning of  the study period. As stated in the methods section, randomisation at ward level still allowed 

patient characteristics to be distributed unevenly among control and intervention wards. We succeed-

ed in adjusting the incidence rate ratio for the differently distributed patient characteristics among the 

wards (like type of  surgery received or types of   comorbidity) and further succeeded in isolating the 

effect of  the ward-based pharmacy intervention from other factors associated with pADEs during 

the study period (like BMI and ASA). Randomization at patient level and not at ward level could have 

equally distributed all factors that now differed between both study arms, but that would imply that 

one medical team had to provide care for both control and intervention patients concurrently. An 

increased awareness of  medication safety with a pharmacy team present at all wards but acting only for 

intervention patients, would likely cause contamination of  study arms. This could obscure differences 

in effect between control and study patients, if  any. Ideally, in a randomized design on ward level in 

each participating center, one ward would have been both experimental and control in a cross-over 

design with a wash-out period in-between. However, our funding agency did not support such design 

we initially intended. Future studies should perform such cross-over design for a clean comparison of  

control and intervention patients within one ward.

CONCLUSIONS

Although many interventions were performed by the ward-based pharmacy teams in the interven- 

tion wards, and therefore potential medication related harm was prevented, effect on clinical outcomes 

is not proven. Selecting surgical patients at high risk for (preventable) ADEs, such as patients with 

high ASA classifications and BMI, cardiovascular comorbidity, age above 65 and undergoing vascular 

surgery, may prove to be beneficial. From a clinical perspective, based on presented data, a widespread 

implementation of  a ward-based pharmacy team cannot be recommended for surgical wards in 

hospitals using CPOE systems. 
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