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Abstract

Introduction

Drug management in the peri-operative period is a complex process. Only limited information 

is available in the literature on the effects of clinical pharmaceutical care in peri-operative drug 

management. Aim of this study was to determine the effect of clinical pharmacy-based interventions 

on the number of potential and actual drug-related problems (DRPs) in patients undergoing elective 

orthopedic surgery.

Methods

A prospective, non-randomized, controlled, observational intervention study of patients undergoing 

elective hip- or knee replacement surgery was carried out. Patients in the control group received 

care as usual, including preoperative screening by a nurse practitioner, anaesthesiologist and 

general physician. Electronic medication surveillance was carried out for all patients. Following a 

pre-operative drug use interview by the pharmacy the intervention group received a medication 

review and advice was given to the anesthesiologist.

For each group the average number of DRPs per patient was determined.

Results

The number of potential and actual DRPs was reduced by 58% from an average of 3.6 to 1.5 per 

patient in the control- and intervention group, respectively. Forty seven percent of the medication 

used at admission showed discrepancies with data from other sources (community pharmacist, 

general practitioner). At discharge it was revealed that in 32% of patients at least one drug could be 

stopped and in 17% of patients a necessary drug was omitted.

Conclusion

The addition of a clinical pharmacy service to the preadmission clinic enhances medication safety 

in patients undergoing elective orthopedic surgery. Clinical pharmacy services should be part of 

patient care for orthopedic surgery patients.



Introduction

Medical safety continues to receive widespread public attention often fueled by tragic events in 

hospital which were highly publicized in the public domain1. 

In the Netherlands an estimated 19,000 hospital admissions and 1250 deaths occur annually as 

a result of preventable medication errors2. Evidence from the last twenty years suggests that the 

addition of clinical pharmacist services in the care of inpatients generally resulted in improved care, 

with no evidence of harm3, and reduction of medication errors, mortality, drug costs and length of 

hospital stay4-6.

The use of medicines in patients undergoing elective orthopedic hip- or knee surgery is complex 

because of a large variety of medicines used at admission and given during hospitalization. The 

clinical pharmacist can play a role in the peri-operative drug management, because of the familiarity 

with drug names, administration routes, drug formulations, drug interactions, non-prescription drugs 

(over-the-counter (OTC)) and herbal medicine7-9.

Up to 64% of all hospital prescribing errors can be attributed to incomplete medication histories 

at the time of admission10;11. Studies show that 50-81% of all patients have at least 1 medication 

discrepancy at admission and/or discharge between the different sources (the patient, the community 

pharmacist’s data, or physician’s data)12-18. Duthie et al. reported that 29% of patients receiving 

cardiovascular medications inadvertently stopped at least one of these drugs due to incomplete 

medication histories19. A study involving surgical patients revealed that the preoperative medication 

histories from the surgery and anesthesiology departments showed at least one discrepancy in 73% 

of patients20.

The aim of medication reconciliation is to obtain the best possible medication history. The medication 

reconciliation process involves three steps21: 

I. Verification (collection of the medication history)

II. Clarification (ensuring that the medications and doses are appropriate)

III. Reconciliation (documentation of changes in the orders compared to history)

Patient contact is essential for determining the accurate medication use of the patient, but also for 

optimizing pharmaceutical patient care22-24. Studies have shown that pharmacists often obtain more 

information than physicians and nurses about patients’ medication use when they are admitted to 

hospital9;25;26. Medication reconciliation performed by pharmacists together with physicians and 

nurses using an electronic application results in a reduction of potential drug-related problems27.

Moreover, a study showed that even within the hospital medication discrepancies occur between 

surgery and anesthesiology histories in 73% of patients20. A recent study showed that pharmacy 

technicians at the pre-operative clinic could significantly decrease medication discrepancies28. 

Moreover, it was shown that the involvement of the pharmacy technician resulted in a non-significant 

decrease of peri-operative anticoagulation errors. However, the study only concerned pre-operative 

drug management and did not report on the impact of a pharmacy service for the entire duration of 
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the patients’ hospitalization. The only study considering peri-operative drug management showed 

pharmacy involvement in the preoperative admission clinic resulted in 76 interventions in 50 patients. 

However no specific details were given on the type of peri-operative advice given22. 

Since only little is known about the value of complete peri-operative drug management, including 

medication reconciliation, comprehensive medication review, and discharge service, by the clinical 

pharmacist, we performed a study assessing these aspects. 

Objective

The aim of our study was to determine the effect of a clinical pharmacist-based service on the 

number of potential and actual drug-related problems (DRPs) in patients undergoing elective 

orthopedic hip- or knee surgery.

Methods

Population

This was a prospective, non-randomized, controlled, observational intervention study of patients 

who underwent elective hip- or knee replacement surgery in a general hospital in the northern part 

of The Netherlands. The population was divided into an historic control group and a subsequent 

intervention group.

Exclusion criteria

Patients were excluded from this study if their hospital stay was less than 5 days, if they underwent 

revision surgery for previous knee- or hip surgery, or if they underwent surgery for hip fractures.

Drug Related Problems 

A DRP is defined as an event or circumstance concerning the pharmacological therapy of a patient 

that interferes effectively or possibly with gaining an optimum outcome29. We classified DRPs using 

the MAI system30;31. All potential or actual DRPs were determined by the primary author (MD) 

during the patient’s hospitalization in both groups. All potential DRPs were later reviewed by another 

pharmacist (EvR, MN) who was not involved in the medication review. Consensus occurred in case 

of initial disagreement. To detect a case of “wrong drug” the updated Beers criteria32 were used 

(e.g. indomethacin or amitriptylin). A drug-drug interaction was considered relevant according to the 

appraisal model developed by van Roon et al.33. This model provides criteria to select drug-drug 

interactions that require action to be undertaken by the pharmacist. 



Historic Control Group

The prospective control group received usual pharmaceutical care throughout their hospitalization. 

This comprised primarily of remote electronic surveillance of medication with the pharmacist screening 

for drug-drug interactions, medication duplication and assessment of dose. During the preoperative 

screening in the study hospital all patients were assessed by a preadmission nurse and thereafter an 

anesthesiologist and an internal medicine specialist. The patient self-reported their medication use to a 

nurse before admission. It was not standard procedure to contact the patient’s general practitioner (GP) 

or community pharmacy to obtain their current intended medication profile. There was no structured 

intake interview concerning medication use when patients were admitted to the hospital.

Intervention Group

The intervention period immediately followed the control period. The intervention group received 

usual pharmaceutical care, but was additionally offered a comprehensive medication review, 

which included an interview with the patient by a pharmacist. The patient’s general practitioner and 

community pharmacy were also contacted to obtain information regarding the patient’s medication 

use. A best possible medication profile was produced and assessed for DRPs.

During the preoperative screening, generally one to six weeks before hospitalization, the pharmacist 

assessed the patient for any DRPs using a checklist, which was developed prior to the intervention. 

This checklist comprised of a number of medications which are recommended to be stopped before 

surgery (e.g., low dose aspirin, sulphonylurea antidiabetic agents) in most patients. Furthermore, 

common DRPs were listed, based upon evidence from the international literature. Consensus 

was reached between all study investigators. Following the development of this checklist by the 

pharmacy department, it was reviewed by the medical specialist members from the department 

of anesthesiology, internal medicine, and orthopedic surgery. The pharmacist provided advice to 

the anesthesiologist and/or general practitioner in order to prevent peri-operative DRPs. A written 

feedback method was used for intervention proposals to the doctors. 

A structured report of the patient intake interview detected actual drug use at admission. During 

the post-operative period of each patient, the pharmacist reviewed the patient’s medication and, if 

required, proposed interventions to the responsible orthopedic surgeon.

Acceptance of intervention proposals

In order to determine the acceptation rate of the intervention proposals the anesthesiologist provided 

written feedback on the preoperative medication chart on which the intervention recommendations had 

been supplied. These charts were sent to the pharmacy before the patient was admitted to hospital for 

their surgery. In the case of physician non-response, reminders by telephone followed until the chart 

was received. General practitioners received case record forms with the intervention proposals on 

which feedback could be written. In case of non-response one written reminder was sent and finally 

one reminder by telephone was given.
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Patient characteristics

The following demographic data of the patient were collected or calculated: age, body mass index 

(BMI), estimated creatinine clearance by means of the Cockroft & Gault equation34, ASA-score35, 

Charlson comorbidity index36, number of medications (different ATC-codes37) used in the ambulant 

setting determined on admission of patient to the hospital, number of medications received in the 

hospital (excl. medication already in use at admittance to hospital), and type of surgery. 

Endpoints

The primary endpoint of this study was: 

•	 Number	of	actual	and	potential	DRPs.

The secondary endpoints of this study were:

•	 Number	of	(accepted)	interventions	in	the	hospital.

•	 Number	of	(accepted)	interventions	by	the	patients’	general	practitioner.

•	 Degree	of	incongruence	of	medication	use	data	using	patient	information	

 compared to information from general practitioner or community pharmacist.

•	 Medication	appropriateness	index	(MAI)-score.

Statistics

Data were analysed using SPSS® version 15 (SPSS, Chicago, IL, United States). Percentages 

were calculated using the total of the number of different drugs used per patient in each group. For 

continuous variables average and standard deviation were calculated and for categorical variables 

results were expressed as percentage. Differences between the controls and intervention group 

were determined with Chi-squared test, Fisher exact test or Mann-Whitney U test, depending on 

the data type. The normality of the distribution of the data was tested by means of a Kolmogorov-

Smirnov test. A p-value <0.05 was considered significant. 

Ethical aspects

The research was approved by the Hospital Medical Ethical Review Board. All patients provided 

informed consent to participate.

Results

In both the control and intervention group 194 and 95 patients were included, respectively. The 

patient characteristics are displayed in Table 1. The only statistically significant differences between 

the two groups were that patients in the historical control group used fewer medications in the 

ambulant setting as well as in hospital.



Table 1: Patient characteristics.

Control (n=194) (SD) Intervention (n=95) (SD) Statistics (p-value)

Age (years) 72 (±8) 71 (±11) NS

Sex (% female) 72% 65% NS

BMI (kg/m2) 28.0 (±4.7) 28.8 (±4.4) NS

ASA-score 2.4 (±0.7) 2.3 (±0.6) NS

Charlson index 0.73 (±1.11) 0.77 (±1.18) NS

eCreatinine Clearance 

(Cockroft-Gault) (ml/min)
74 (±23) 78 (±28) NS

% Total hip replacement 60.3 53.7 NS

Number of medicines used in 

ambulant setting
3.5 (±2.6) 4.7 (±3.0) <0.001

Number of medicines used 

during hospital stay* 
11.4 (±2.4) 12.0 (±2.4) <0.01

Abbreviations: BMI: Body mass index, ASA: American society of anesthesiologists.

*excluding medication used upon admission.

Table 2:  Actual and potential drug related problems during hospital stay (% of total 

number of drugs used in population)

Control (n=2831) Intervention (n=1654)
Statistics 

(p-value)

Total number of problems (%) 700 (24.7%) 147 (8.9%) <0.001

Mean number of problems per patient (SD) 3.6 (±2.6) 1.5 (±1.6) <0.001

Mean MAI-score (SD) 3.7 (±2.7) 1.5 (±2.0) <0.001

Mean length of hospital stay (days) (SD) 8.8 (±3.5) 8.2 (±3.1) <0.05

Incorrect drug selection (Beers-criteria) 167 (5.9%) 14 (0.8%) <0.001

Drug not withheld prior to surgery 158 (5.6%) 11 (0.7%) <0.001

Drug interaction 121 (4.3%) 75 (4.5%) NS

Duplication 102 (3.6%) 9 (0.5%) <0.001

Wrong dose 58 (2.0%) 12 (0.7%) <0.01

Condition not adequately treated 51 (1.8%) 13 (0.8%) <0.01

Toxicity or adverse drug event evident 16 (0.6%) 2 (0.1%) <0.05

Drug duration inappropriate 13 (0.5%) 4 (0.2%) NS

Lack of laboratory monitoring 8 (0.3%) 3 (0.2%) NS

Other problems 6 (0.2%) 4 (0.2%) NS

Abbreviations: SD: standard deviation, MAI: Medication appropriateness index
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Table 4:  Discrepancies of drugs used in the ambulant setting comparing patient information 
with outpatient information sources (% of total number of drugs at admittance)

Type of discrepancy Community  pharmacy 

n=388

General  practitioner 

n=388

Total number of drug discrepancies (%) 179 (46) 187(48)

Drug not on list (%) 64 (15) 72 (19)

• Prescription drug 28 33

• Over the counter drug 27 30

• Dietary supplement 2 2

• Homeopathy 1 1

• Vitamins/minerals 2 4

• Phytotherapy 4 2

Drug commenced after preoperative screening (%) 58 (15) 58 (15)

Higher dose than reported by patient (%) 40 (10) 41 (11)

Patient ceased drug (%) 10 (3) 7 (2)

Lower dose than reported by patient (%) 7 (2) 9 (2)

 Table 3: Overview of types of interventions

Specialist General Practitioner

Intervention proposal to prescriber Number (%) % approved Number (%) % approved

Cessation of medication to prevent duplication 112 (36.2) 97.3   

Peri-operative cessation of RAAS-inhibitors/diuretics 55 (17.8) 92.7   

Permanent cessation of drug without indication 54 (17.5) 100.0 11 (27.5) 63.6

Restart of drug at discharge 18 (5.8) 100.0 3 (7.5) 100.0

Peri-operative cessation platelet inhibitors 18 (5.8) 100.0   

Peri-operative cessation of oral antidiabetics 14 (4.5) 93.3   

Peri-operative cessation of bisphosphonates 8 (2.6) 100.0   

Start of drug because of undertreatment 7 (2.3) 100.0 9 (22.5) 44.4

Peri-operative cessation of coumarines 6 (1.9) 100.0   

Dose reduction 6 (1.9) 100.0 5 (12.5) 60.0

Prevention of NSAID gastropathy with PPI 4 (1.3) 100.0 2 (5.0) 50.0

Laboratory monitoring 3 (1.0) 100.0   

Screening for osteoporosis   3 (7.5) 33.3

Dose increase 2 (0.6) 100.0 2 (5.0) 100.0

Substitute short-acting BZ for long-acting BZ 2 (0.6) 100.0 4 (10.0) 75.0

Peri-operative cessation of female hormones   1 (2.5) 100.0

Total 309 97.4 40 62.5

Abbreviations: RAAS: Renin-angiotensin-aldosteron-system, NSAID: Non-steroidal anti-inflammatory drug, 

PPI: Protonpump-inhibitor, SSRI: Selective serotonin reuptake-inhibitor; BZ = benzodiazepine.



Table 2 provides an overview of the DRPs that were identified in the control and intervention groups. 

The following DRPs occurred significantly less frequently in the intervention group: wrong drug, drug 

duplication, drug not withheld before the operation. Moreover, a significant reduction in adverse 

events (e.g. electrolyte disturbances caused by diuretics and supratherapeutic INR’s caused by 

coumarines) was determined. The percentage of patients with a ‘wrong drug’ decreased from 69% 

in the control group to 8% in the intervention group. The interventions proposed and/or carried out 

during the intervention phase are shown in Table 3. The most frequent intervention  was cessation 

of medication used in the ambulant setting to prevent duplication with drugs prescribed peri-

operatively per protocol by the surgeon. Furthermore, peri-operative cessation of renin-angiotensin-

aldosteron-system(RAAS)-inhibitors and/or diuretics was a frequently performed intervention. In 

24% of patients (8% of all interventions) interventions had to be carried out before the admission 

of the patient (e.g. cessation of anticoagulants, platelet inhibitors and selective serotonin reuptake-

inhibitors (SSRI’s)) and another 25% of interventions concerned cessation of drugs on the day of 

the operation (oral antidiabetics, RAAS-inhibitors or diuretics and bisphosphonates). The feedback 

from general practitioners shows a lower acceptation rate (63%) compared to specialists (97%).

Finally, in 32% of patients (54 separate occasions) a drug was stopped by the clinical pharmacist 

because there was no longer an indication for its use and in 17% of the patients (18 separate 

occasions) the clinical pharmacist recommended a medication was to be recommenced at 

discharge. The majority (97%) of the interventions were approved by the anesthesiologist and/or 

orthopedic surgeon. 

Table 4 shows that 47% of the medication information obtained by the hospital pharmacy from 

the patient’s community pharmacy and general practitioner had discrepancies after the clinical 

pharmacist retrieved information from the patient. The most frequently encountered discrepancy 

was that a patient admitted to using a medication (prescribed and OTC) which was not provided by 

the community pharmacy (15% of discrepancies) and/or general practitioner (19% of discrepancies). 

Furthermore, 15% of prescriptions were started after the preoperative pharmacist consultation.

 

Discussion

Main findings

This study shows that clinical pharmacy services can have a significant impact on patient safety. 

The average number of actual and potential DRPs in the control group was 3.6 per patient, despite 

routine electronic medication surveillance, preoperative screening by an anesthesiologist and 

internal medicine specialist. In the intervention group the number of actual and potential DRPs was 

significantly reduced to 1.5 per patient. Moreover, a significant reduction in adverse events (e.g. 

electrolyte disturbances and supratherapeutic INR’s) was determined.
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Comparison with other studies

In the study of Hanlon et al.38 in 57% of the prescriptions a potential DRP was determined compared 

to 24% in our control group. This can be explained by the fact that at the preoperative screening 

less attention could be given to the indication for and the effectiveness or adverse events of the 

medication, because of the lack of insight in the medical file of the patient from the GP. If more 

information had been available more potential DRPs would have been determined and more 

interventions would have been possible in the intervention group. In the study by Weiner et al. 

a pharmacy led medication safety program in orthopedic and spinal surgery patients led to a 

reduction of medication errors from 62% to 39% in the control and intervention group, respectively. 

The high number of medication errors in this study compared to our study can be explained by the 

fact that incorrect written or incomplete orders were also classified as error39. In the study of Buck 

et al. a suboptimal prescription was found in 20% of all patients on orthopedic wards. In 70% of 

cases these prescriptions were adjusted after intervention by a pharmacist40.

Medication reconciliation by pharmacists during the preadmission period has previously been 

shown to reduce the need for medication clarification postoperatively22;41. Our study results support 

the recent findings from a randomized controlled trial in Canada, which clearly demonstrated that 

a pharmacist’s involvement in a preadmission clinic significantly reduced postoperative medication 

discrepancies related to home medications from (40.2% to 20.3% of patients in the control and 

intervention group, respectively42. In the study of Hick et al. the participation of a clinical pharmacist 

in the pre-operative setting of a surgical department led to an increased number of clinically relevant 

interventions22. In this study no specific details were given on the number of interventions in peri-

operative drug management. The most important contribution to the process was considered 

transcribing discharge prescriptions.

Medication reconciliation is not the only tool to enhance medication safety. The clinical pharmacist 

can provide insight in the impact of continuing or stopping these medications. Moreover, it has 

been shown that as a result of incomplete drug use profiles, omissions to restart medication and 

lack of information, many modifications are necessary after discharge from the hospital in the 

medication use of the patient43. The studies by Walker and Kaparinar show that a pharmacy-led 

discharge service leads to significantly less medication discrepancies44;45. For drug management 

in orthopedic surgery the specialty ‘orthopedic pharmacist’ is recognized in England since a few 

years46.

The higher number of medications reported by patients in the intervention group is not unexpected 

since other studies have shown pharmacists often obtain more information than physicians and 

nurses about patients’ medication use when they are admitted to hospital9;26. The study by Davis 

et al. showed an average number of chronic drugs used prior to hospitalization by patients aged 

60 or more of 4.1, compared to 3.5 and 4.7 in the control and intervention group of our study, 

respectively47.



Our study shows that a comprehensive medication review contributes to the reduction in DRPs. 

The most important decrease of potential DRPs took place in the field of ‘wrong drug’ according 

to the updated Beers criteria32. This significant decrease in use of ‘wrong drug’ can be explained. 

Prior to the intervention the orthopedic surgeons in the study hospital were routinely using 

indomethacin to prevent heterotopic ossification (HO). During the transition from the control period 

to the intervention period, discussions were held with the prescribing surgeons in order to restrict 

the use of indomethacin to patients at high risk of HO because of the potential toxicity for this 

particular non-steroidal anti-inflammatory agent. Hence, it is possible a learning effect contributed 

to the results in this area. In addition, as part of the preoperative screening, the pharmacist made 

recommendations to the general practitioner to make therapy adjustments using the written 

feedback method. Although numbers are low in this study the results show a acceptation rate of 

63%, which is considerably higher than the 17% found in another Dutch study48.

The analysis of medication use of the patients at hospital admittance shows that in only approximately 

53% of the prescriptions the information from the GP and the community pharmacy is in accordance 

with patients’ actual use. This is similar to prior outcomes26. This is partly caused by inadequate 

compliance of the patient and partly by inaccurate pharmacy and GP data. This inaccuracy is only 

partly caused by OTC-drug use from the patients. Additionally, 15% of the prescriptions is started 

in the period between the preoperative screening by the pharmacy and hospital admittance. This 

result shows the importance of the intake interview at day of admittance where attention is given to 

the medication use of the patient and a structured report is provided to the pharmacy. 

The results show no significant decrease in the number of interactions after the intervention. This 

can be partially explained by the fact that both the intervention and control groups had routine 

computerized medication surveillance by the clinical pharmacist during their hospitalization. 

Moreover, the most frequent interaction that was determined was between NSAIDs and RAAS-

inhibitors and/or diuretics, which is a relevant interaction since it can result in impaired hypertension control 

and/or renal failure49. However, this interaction is based mainly upon data on long-term concomitant 

use, which may not be relevant in short-term use33. The NSAIDs in our population were prescribed 

routinely for pain relief and prevention of HO. Only in patients with moderate or severe renal impairment 

a recommendation was made to the treating doctors to cease or not commence an NSAID. A further 

reduction of the number of potential DRPs could be achieved if NSAIDs would no longer be prescribed 

routinely in this population. The usefulness of routine use of NSAIDS for HO seems limited50.

Finally, the number of duplications was significantly reduced. During the control period it became 

apparent that many patients were receiving duplications of NSAIDs, acetaminophen and proton 

pump inhibitors, which were routinely prescribed to the patients for HO prevention, pain relief, and 

peptic ulcer prophylaxis, respectively. These duplications were not always recognized in the control 

group because medication surveillance did not always take place at the day of hospital admission 

but could occur after the operation.
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The results of the intervention group show that in 24% of the patients an adjustment of the 

medication was necessary before the patient was admitted to hospital, e.g. ceasing of platelet 

inhibitors and anticoagulants. Furthermore ceasing or tapering SSRI’s, stopping or tapering ‘wrong 

drugs’ according to the Beers criteria and starting of PPI because of prevention of NSAID-induced 

gastropathy are interventions for which the general practitioner of the patient or another specialist 

needs time to discuss with the patient. Therefore, timely involvement of the pharmacy in the process 

is essential. The preadmission surgery clinic seems to be the ideal time and place in the process for 

both patient and anesthesiologist in which the clinical pharmacy services start for this patient group. 

In the postoperative phase a drug was restarted in 17% of the patients that had been ceased peri-

operatively and was omitted to restart at the time of discharge. This is comparable to other studies51. In 

the study of Hick et al. 10 omissions were determined in 50 patients. From the results of this study it was 

not clear whether this was in 10 different patients, although the results seem comparable to our study22. 

Another study showed elective hospitalization resulted in unintended cessation of warfarin in 11.4% of 

warfarin users51. Furthermore, a drug was permanently stopped by the pharmacist in 32% of the patients 

because there was no longer an indication. This is likely to result in a reduction in costs and possibly 

adverse events. Several studies have demonstrated the positive results of medication reconciliation44;45;52-

57. A study in elderly medical and surgical patients showed that 44% had at least one unnecessary drug 

at hospital discharge52. In another study a drug could be stopped in 55% of discharged patients44.

Strengths and weaknesses

The major strength of this study is that all possible aspects of pharmaceutical care for surgical 

patients have been implemented in the intervention group of this study. A complete follow-up of 

the patients during the whole process from preadmission clinic to discharge was achieved in both 

the intervention and control group. In contrast with prior studies not only medication reconciliation, 

or discharge services have been assessed. Compared to the study of Van den Bemt et al. peri-

operative drug management advice to the anesthesiologist was not limited to anticoagulants28. 

Moreover, all possible DRPs have been determined based upon the widely used and accepted 

MAI-criteria30;31, except quality of directions provided to the patient, practicality of these directions 

and determination whether the cheapest alternative is used. 

The study had insufficient power to show an impact on clinical endpoints or health care utilization 

such as postoperative complications, blood transfusions and unplanned readmissions. The results 

showed a significant decrease in adverse drug events and on the length of hospital stay. Whether 

this was as a result of the intervention at reducing the number of potential DRPs, or is a time trend 

independent of this study cannot be concluded from our data, although it has been shown in some 

earlier studies. Similarly the interventions are likely to affect clinical outcomes3-5;58, although the data 

is not consistent45. Further research in this area should be performed in order to specify the relation 

between potential DRPs, the MAI-score and clinical outcomes.



No one was blinded to the pharmacist intervention, which could have had an impact on the treating 

doctors to screen more carefully for DRPs themselves. This so called Hawthorne effect could have 

diluted the effect of the pharmacists’ intervention59.

Finally, the cost-effectiveness of the activities performed by the pharmacist in this study was not 

determined. Given that this study suggests that the length of stay in hospital may be reduced because of 

the pharmacist intervention, future studies should address the economic impact of the intervention. 

Conclusion

The results of this study show that complete peri-operative drug management by clinical pharmacists 

not only reduces medication discrepancies, but also reduces actual and potential DRPs. The 

number of DRPs was reduced by approximately 50% from an average of 3.6 to 1.5 per patient 

in the control- and intervention group, respectively. Moreover, a significant reduction of adverse 

events was determined. Finally, discharge service based upon the pre- en peri-operative drug use 

of the patients rationalized drug use and prevented omission of drugs that were discontinued peri-

operatively. In conclusion the clinical pharmacy service is an essential part of pharmaceutical care 

for orthopedic surgery patients and significantly enhances medication safety.
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