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SUMMARY

Part I

Adverse drug events (ADEs) are a considerable cause of  inhospital morbidity and mortality. Patient 

flow differs substantially for surgical and nonsurgical patients: surgical patients are subjected to multi- 

ple medication changes, related to surgical intervention or postoperative care. However, most research 

on the epidemiology of  ADEs has been performed in nonsurgical, paediatric and intensive care pa-

tients. Studies on this subject specifically on surgical patients, were lacking. In the first part of  this 

thesis the occurrence and nature of  ADEs in surgical patients was studied and compared with nonsur- 

gical patients. 

Chapter 1 presents a systematic review on the occurrence and nature of  ADEs in surgical patients and 

a comparison with nonsurgical patients was made. A search was conducted in Embase and Medline 

identifying studies, that reported observational data on the occurrence and nature of  ADEs in adult 

surgical hospitalized patients. If  sufficient data were available, the occurrence of  ADEs was compared 

between surgical and nonsurgical patients. Six studies were included, and the occurrence of  ADEs in 

surgical patients ranged from 2.0 to 27.7 per 100 admissions, from 4.7 to 8.9 per 1,000 patient days, or 

involved 8.9% of  the patients. The various outcome measures can give this wide range in occurrence. 

Preventability of  ADEs was described in two studies and was 17.9% and 56.9%, respectively. A head-

to-head comparison of  surgical and nonsurgical patients in four studies showed that the occurrence  

of  ADEs in nonsurgical patients was significantly higher. In this study, no firm conclusions can be  

made on the underlying causes of  this difference. For the development and implementation of  fo-

cussed interventions it is essential to identify patient, system and medication factors increasing the risk 

for adverse drug events. 

In chapter 2 the results of  a prospective study on ADEs in surgical patients were presented. The 

in-cidence and nature of  ADEs was measured, as well as patient risk factors for experiencing ADEs 

and the effect of  experiencing ADEs on clinical outcome parameters. This study was performed in 

3 Dutch hospitals, a total of  567 patients were included. The incidence of  ADEs and preventable 

ADEs was 27.5 and 4.2 per 100 admissions, respectively. Important risk factors for experiencing ADEs 

were: age ≥ 65 years, cardiovascular comorbidity and undergoing vascular surgery. More ADEs occurred 

in a subgroup of  patients using more than 5 medications on admission (polypharmacy). Patients 

experiencing an ADE had a considerably longer duration of  hospital stay, compared to patients that 

did not experience an ADE. The factors associated with ADEs are closely related. For example, older 

patients are more likely to have cardiovascular comorbidity, and therefore expected to undergo vascular 

surgery or use more than 5 medications. The sample size of  this study was calculated to measure the 

incidence of  ADEs and not to determine the effect of  ADEs on clinical outcome parameters, or to 

perform subgroup-analyses to find risk factors. In order to determine these risk factors a larger patient 

population is needed. 

In order to determine a risk profile for experiencing ADEs of  patient characteristics, harmful events 

and associated medication in a larger population, an individual patient data meta-analysis was perfor-
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med and presented in chapter 3. The authors of  observational studies on preventable ADEs in adult 

surgical and nonsurgical patients were approached for collaboration. Four multicenter observatio-

nal studies were included; the data of  5,367 patients were available for analysis. Elderly patients with 

polypharmacy on admission had an increased risk for experiencing (preventable) ADEs. Preventable 

ADEs were associated with more serious harm than non-preventable ADEs. Antibiotics, sedatives, 

anticoagulants, diuretics and antihypertensives were considered high-risk drugs. Adverse events asso-

ciated with these drugs were respiratory insufficiency, renal and liver function disorder, impaired 

haemostasis and electrolyte imbalance. Most ADEs resulted from errors in prescribing medication. A 

tailor-made intervention to reduce medication related harm can be more specific and therefore more 

effective, according to the present evaluated risk profiles of  patients and/or types of  medication. 

Part II

The second part of  this thesis focuses on development and evaluation of  medication safety inter-

ventions, taking the patient, system and medication factors associated with ADEs into account. Based 

on these factors, an evidence-based bedside surgical drug rules tool was developed and described in 

chapter 4. This drug rules tool aids healthcare providers in making drug management decisions, du- 

ring the pre- and postoperative phase. The tool was developed with the support of  an expert team  

consisting of  a surgeon, a clinical pharmacist and a pharmacologist, all specialised in quality impro-

vement. The expert team identified and prioritized relevant medication related problems and critical 

pharmacotherapeutic decision steps in the surgical pathway. The final selection consisted of  uninten-

ded outcomes related to surgery and comorbidity related hazards. To develop the drug rules on these 

topics, a search was performed, aiming at international evidence-based guidelines. A total of  55 drug 

rules were formulated, divided in 6 categories: pain, respiration, infection, diabetes, cardiovascular 

diseases and anticoagulation. The drug rules were presented in practical tables covering the most com- 

monly used drug categories during surgery, comorbidities that require dosing adjustments and contra-

indicated drugs in the perioperative period. This tool seems to be a practical base to aid healthcare 

providers in their decisions regarding medication in the perioperative period. In chapter 5 this drug 

rules tool was validated and the number of  drug rules has been limited in order to develop a lean 

instrument for implementation in clinical practice. The validation was performed in a prospective 

dataset of  1,114 patients. Identification and severity assessment of  ADEs was performed by reviewing 

medical records. To develop a lean instrument, the most relevant drug rules were selected and the the-

oretical effectiveness of  the tool on ADE prevention in this dataset was evaluated with an expert team. 

A core set of  9 drug rules was selected. This core set could theoretically prevent 135 of  all 333 ADEs 

(41%). The proposed lean instrument of  9 core drug rules can prevent a substantial proportion of  

ADEs in surgical patients and seems easy to implement in standard care.

Another method to reduce medication related harm is the implementation of  a ward-based pharma-

cy team on the clinical ward. This method has shown to be effective in nonsurgical, intensive care 

and paediatric patients, in settings with large numbers of  hospital pharmacists available in hospitals.  

Chapter 6 describes the development and implementation of  a ward-based pharmacy intervention 

strategy in a setting with a smaller number of  hospital pharmacists available. This strategy, tailored 

to the specific surgical pathway and associated risks, from admission to discharge, was developed and 
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implemented in three Dutch hospitals. The ward-based pharmacy intervention strategy consisted 

of: medication reconciliation on admission and at discharge and medication review by the hospital 

pharmacist. A total of  547 surgical patients were included in this study, 89% of  these patients had their 

medications reconciled on admission and at least one medication review was performed by the hos- 

pital pharmacist during their stay. An intervention was recommended 880 times, mostly stopping, 

starting or altering medicines. The advice was accepted and followed by an action of  the physician in  

83% of  cases. This pharmacy intervention provides a practical approach for ward-based medication 

reviews in surgical patients. The effectiveness of  this ward-based pharmacy intervention strategy on 

medication related harm in surgical patients was described in chapter 7. The effect of  the previously 

described ward-based pharmacy intervention strategy was evaluated in a multicentre prospective 

controlled trial and compared with standard pharmaceutical care, the SUREPILL study. Standard 

pharmaceutical care in the control group took place in a central pharmacy and consisted of  (at least) 

daily screening of  alerts, generated by the computerized physician order entry system (CPOE), by phar-

macists. Ward doctors checked medication use at admission and discharge. Outcome parameters were 

preventable ADEs and clinical outcomes. A non-significant crude reduction of  30% of  preventable 

ADEs was seen in the intervention group, compared to the control group (2.74 vs 3.84 pADEs per 

100 admissions). Also no differences were seen in the clinical outcome parameters such as length of  

hospital stay, number of  complications and quality of  life. An extensive introduction of  ward-based 

pharmacy care in surgical patients is not recommended based on the results of  this study.

ADEs constitute of  a serious problem in healthcare and occur more frequent in nonsurgical than in sur-

gical patients. Factors associated with ADEs are older age, polypharmacy, cardiovascular comorbidity  

and undergoing a vascular surgery intervention. Most errors are made in the prescription of  drugs, espe-

cially of  drugs that are considered to be high-risk drugs: antibiotics, sedatives, anticoagulants, diuretics  

and antihypertensives. Evidence-based drug rules can aid the healthcare providers in prescribing me-

dication. A core set of  drug rules appears to be effective in preventing ADEs in theory and seems 

easy for use in standard care. Implementing a ward-based pharmacy intervention strategy tailored for 

surgical patients is feasible, but does not show a significant reduction of  medication related harm and 

clinical outcomes.

FUTURE PERSPECTIVES

One of  the major issues in curative healthcare of  the Dutch healthcare inspectorate is medication 

safety.1 Most preventable ADEs occur due to errors in prescribing medication. Most of  these errors 

occur due to inadequate transmission of  medication information between healthcare providers, 

institutions or wards. To reduce these errors the Dutch healthcare inspectorate developed a guideline 

‘medication transmission’. The aim of  this guideline is to have an accurate medication overview 

available at any time. 

The results of  this thesis confirm that most errors occur in prescribing medication. An important 

contribution of  the SUREPILL study is supplying healthcare providers with an accurate medica- 
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tion overview, by medication reconciliation at admission and discharge. The complete package of   

ward-based pharmacy interventions, presented in this thesis, also includes medication review by a 

hospital pharmacist on wards. In its current form this ward-based pharmacy intervention is not effec-

tive on significantly reducing preventable ADEs in surgical patients. It is yet to be determined which 

subsets of  the ward-based pharmacy intervention were responsible for the major part of  preventing 

ADEs. Implementation of  subsets, and not the complete package of  the ward-based pharmacy inter-

ventions, may be less expensive, easier to implement, and more efficient. Still, this is only worthwhile 

if  a substantial proportion of  potentially serious ADEs are intercepted. Certain patient groups at high  

risk for experiencing ADEs, i.e. multidrug using elderly with comorbidity, may benefit from the com-

plete package of  ward-based pharmacy interventions. To exclude the confounding factor of  time and 

other covariates, a randomized crossover trial comparing an intervention with standard care might be 

an adequate method.

Besides providing an accurate medication overview to prevent prescribing errors it is essential to edu-

cate healthcare providers in medication and its related problems. The bedside clinical drug rules tool 

in this thesis, presents specific medication related issues in surgical patients. The drug rules tool aids 

healthcare providers in making important medication related decisions. Implementation of  this drug 

rules tool can be established by educating surgical staff  and residents, for instance during their surgical 

training, and providing them with pocket cards. It is crucial to create awareness of  medication safety 

issues. Discussing medication related problems regularly during ward rounds could create awareness. 

New drug rules can be developed based on these discussions. Medication safety is a dynamic subject 

and needs continuous attention and improvement. 

Quality and patient safety in healthcare is a universal issue. To maintain best practice, hospitals and aca- 

demic medical centres can be accredited, for instance by the Joint Commission International (JCI).2 

The Academic Medical Centre (AMC) in Amsterdam has been accredited based on the international 

guidelines of  the JCI in 2012, as first hospital in the Netherlands. The starting point was: ‘continuous 

improvement’. Six central patient goals are assessed by the JCI, the ‘International Patient Safety Goals’.

They include: 

1. Identify patients correctly

2. Improve effective communication

3. Improve the safety of  high-alert medications

4. Ensure correct-site, correct-procedure, correct-patient surgery

5. Reduce the risk of  healthcare-associated infections

6. Reduce the risk of  patient harm resulting from falls. 

The results in this thesis fit well with these ‘International Patient Safety Goals’ and can therefore play 

an important role in improving quality in healthcare. Correct identification of  patients is addressed in  

medication reconciliation. If  a medication overview is accurate, a first step is made in improving me- 

dication safety. The ward-based pharmacy intervention is an example of  improving effective com-

munication. The hospital pharmacists took part in the grand rounds on wards. In this way the synergy 
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between ward doctors and pharmacists was visibly optimal using the specific expertise of  one another. 

The third goal ‘improve the safety of  high-alert medications’ is discussed extensively in this thesis. 

High-alert (or high-risk) medications are identified for surgical as well as nonsurgical patients. The 

identification of  these medications led to the development of  the surgical drug rules tool. This tool 

aids the physician in making the right decision in prescribing and monitoring high-alert medications. 

The protocol of  the ward-based pharmacy also includes specific attention for high-alert medications. 

Goal number four is particular for the surgical procedure. To improve safety in surgery, the Surgical 

Patient Safety System (SURPASS) has been developed and implemented in many Dutch hospitals.3 

This checklist has shown to reduce in-hospital mortality almost by half. The drug rules tool, described 

in this thesis, consist of  preoperative and postoperative rules. In the future it may be beneficial to link 

some drug rules to the SURPASS checklist, this combination may prevent even more errors in surgery. 

The final two patient safety goals are often associated with medication. For instance, if  the period 

of  antibiotic treatment is not correct, bacterial resistance to antibiotics may develop. The drug rules 

tool and the ward-based pharmacy intervention strategy, described in this thesis, are therefore alert 

on these drugs and advice on the (drug) treatment and prevention of  infections. The prevention of  

falls includes many aspects, one of  these is to be alert on the use of  medication that can reduce the 

level of  consciousness. In the observational studies, presented in this thesis, it is shown that ‘central 

nervous system events’, which includes falls, occur frequent due to (preventable) ADEs. These events 

occur most frequent due to medication in the ‘nervous system’ category, such as sedatives. These 

drugs are therefore categorized in the high-risk medication category and require extra attention. The 

ward-based pharmacy intervention strategy and drug rules tool take these drugs into account as well. 

 

The results presented in this thesis are relevant for, and linked with, current international patient safety 

interventions research. A combined effort of  ward-based pharmacy for high-risk patients only, and 

clinical drug rules in all, may have a substantial impact on the prevention of  medication related harm 

in surgical patients. 
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