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GENERAL INTRODUCTION

Adverse drug events

Medication use is one of  the major causes of  in-hospital adverse events and can result in morbidity 

and mortality in hospital practice.1 This medication related harm is widely known as an adverse drug 

event (ADE).2 An ADE is defined as an injury, resulting from medical interventions, related to a drug.3  

The occurrence of  ADEs during admission ranges from 1.7 to 51.8 ADEs per 100 admissions.4 Many  

of  these ADEs can be prevented. A preventable ADE is caused by an error anywhere in the medication  

use process, for example prescribing or monitoring errors.2 Multiple studies assessed the preventability  

of  ADEs and provided overall preventability percentages from 14% to 56%.5,6 The range of  preventa-

bility percentages and occurrences suggest that it is not clear-cut which ADEs are preventable and 

which are not. The medication process consists of  many interacting steps. A recent review on methods 

for assessing the preventability of  ADEs also described a large variation of  preventability percentages. 

The review concluded that a large variation between studies was due to different instruments used 

for assessing the preventability.7 Besides harming patients, ADEs substantially increase in-hospital  

costs, with $5.6 million annually for a 700-bed teaching hospital.8 Another study estimated that the 

average costs of  an ADE in community hospitals were more than $3,000 dollars and an average 

increase of  length of  hospital stay of  3.1 days.9

Surgical patients

Most research on the occurrence and type of  ADEs focuses on general medical care units, medical 

intensive care units and paediatric units. Little specific attention is paid to ADEs in surgical patients, 

while it can be expected that surgical patients are particularly at risk for experiencing ADEs. The sur-

gical procedure causes many (almost 40%) of  the in-hospital adverse events, and medication accounts 

for 15% of  the surgical adverse events.10 Moreover, surgical patients frequently use medications as-

sociated with ADEs.11,12 For example, surgical patients receive anaesthetics and analgesics during the 

surgical intervention and throughout the post-operative period. During the surgical process many 

patient handovers take place, because patients are transported from the ward to other locations in  

the hospital for their intervention.13 Handovers between physicians in hospitals are routinely medi-

ated through a verbal or sometimes written “sign-out”, often missing important information.14 These  

failures in communication can lead to uncertainty in patient care decisions, resulting in patient harm.15  

Medication used for comorbidities unrelated to surgery, increases the risk of  postoperative complica-

tions by 2.7.16 Also, a positive correlation between the duration of  drug withdrawal and the complication 

rate was found. Withdrawing chronic cardiovascular drug therapy for more than 1 day during a surgical 

admission causes a cardiac complication in 14% of  patients.16

Medication safety interventions

The last decade, many different intervention methods or tools to prevent drug-related events have 

been proposed. These interventions vary from technology-based interventions such as computerized 

physician order entry systems (CPOE) with clinical decision support (CDS) and bar code technology 

as well as team-based interventions.17,18 
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The most commonly implemented intervention is CPOE (with CDS). Although this tool has shown  

to reduce medication errors, an effect on harm from (preventable) ADEs, is disputable.19,20 CPOE can 

introduce new types of  errors as well, such as configuration and interoperability errors and errors due 

to human misunderstanding of  this technology.21,22 Furthermore, many of  drug safety alerts genera- 

ted by CPOE are overridden by clinicians (49%-96%).23 While this system is well implemented in most 

hospitals, numerous ADEs still occur.24

Multiple studies have shown that clinical pharmacy interventions can reduce medication related harm.17 

A hospital pharmacist interacts and advises the healthcare team by participating in patient rounds and 

reviews the medication in combination with the patients’ clinical chart and laboratory findings. By 

implementing team-based interventions, (preventable) ADEs can also be limited. An ADE reduction 

of  78% was achieved in one study. This high reduction percentage might be due to the hospital phar-

macist time investment in this study. Standard care was provided by one hospital pharmacist in 30 

patients, in the study group, one hospital pharmacist in 15 patients was available.18  This hospital phar-

macist/patient ratio is common in North-American care settings. In Europe, hospital pharmacist 

available for standard care, ranges from one hospital pharmacist per 23 to 417 beds. Standard care in 

the Netherlands is granted on average by one hospital pharmacist for 133 beds.25

Though these interventions contribute to the reduction of  (preventable) ADEs, most of  these in-

terventions are costly, time consuming, or place the physician in a dependent and passive role with  

respect to recognition of  medication safety issues. Moreover, many interventions cannot be pro-

vided continuously. Although some drugs are well known to require special measures (e.g. insulin, 

anticoagulants and corticosteroids), less attention is paid to other drugs, that appear to be safe. 

Nonetheless, interaction between these drugs and other, surgery or comorbidity related, drugs, or inap- 

propriate cessation of  drugs, can lead to adverse outcome. More and more the effect of  clinical rules 

on ADEs is studied with potential additional on reducing (preventable) ADEs.26,27 but there is not 

much experience with sophisticated systems. We have recently developed a more advanced CDSS, a 

computerized adverse drug event alerting system (ADEAS Due to the complexity and multidiscipl-

inary nature of  the surgical process, a systems approach for reducing medication related problems 

seems to be an appropriate method.28 

Aim of  the thesis

This thesis aims to present an overview of  the medication related problems in surgical patients and 

to provide suggestions for improvement. The first part of  this thesis focuses on the epidemiology 

of  ADEs in hospitalised surgical and nonsurgical patients and presents risk factors for experiencing 

ADEs. If  it is clarified which patients are at risk, and what type of  ADE is most harmful for the 

patient, than interventions can be targeted more efficiently. A targeted approach aims at selective 

ADE prevention, which may be more effective and less costly. In the second part, two methods to 

prevent ADEs in surgical patients are described, a practical drug rules tool and a ward-based pharmacy 

intervention strategy. Also the effectiveness of  these methods is assessed. If  these interventions are 

shown to be effective, than they can be implemented in hospitals in order to prevent medication rela-

ted harm in surgical patients. 
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OUTLINE OF THE THESIS

The first part of  this thesis focuses on the occurrence and nature of  ADEs in surgical patients. In 

chapter 1 a systematic review of  literature on the occurrence and nature of  ADEs in surgical patients 

is presented. Furthermore, the occurrence of  ADEs in surgical and nonsurgical patients is compared. 

In chapter 2 the results of  a prospective study to measure the occurrence and nature of  ADEs, and 

potential risk factors for experiencing ADEs in surgical patients are shown. The effect of  experiencing 

ADEs on patient outcome (i.e. length of  hospital stay, quality of  life, readmissions) is also measured. 

Since little information was available on the nature and risk factors of  ADEs in hospitalized patients, 

a meta-analysis of  individual patient data is performed in chapter 3. In this individual patient data 

meta-analysis, the occurrence of  ADEs in hospitalized patients and patient risk factors for ADEs are 

evaluated. Moreover, the association between the severity of  the ADE and type of  medication ac-

countable for ADEs is explored. 

In the second part of  this thesis, the development of  two medication safety interventions is described 

and evaluated. Chapter 4 describes the development of  an evidence-based practical tool of  bedside 

surgical drug rules for physicians involved in the care of  surgical patients. In chapter 5, the theoretical 

effect of  the bedside surgical drug rules tool is assessed, in order to provide a lean instrument for phy-

sicians that can easily be implemented in daily care. 

In chapter 6, a ward-based pharmacy strategy is described, tailored to surgical patients in a Dutch hos-

pital setting, where a considerably small number of  hospital pharmacists is available. In the final chapter 

of  this thesis, chapter 7, the effect of  apreviously described ward-based pharmacy interventions on 

the occurrence of  preventable ADEs in surgical patients in three Dutch hospitals with CPOE systems 

is presented. 
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