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    Abstract
Objectives To examine the causes of adverse events (AEs) and potential prevention strategies to minimise the occurrence of AEs in hospitalised patients.

Methods For the 744 AEs identified in the patient record review study in 21 Dutch hospitals, trained reviewers were asked to select all causal factors that contributed to the AE. The results were analysed together with data on preventability and consequences of AEs. In addition, the reviewers selected one or more prevention strategies for each preventable AE. The recommended prevention strategies were analysed together with four general causal categories: technical, human, organisational and patient-related factors.

Results Human causes were predominantly involved in the causation of AEs (in 61% of the AEs), 61% of those being preventable and 13% leading to permanent disability. In 39% of the AEs, patient-related factors were involved, in 14% organisational factors and in 4% technical factors. Organisational causes contributed relatively often to preventable AEs (93%) and AEs resulting in permanent disability (20%). Recommended strategies to prevent AEs were quality assurance/peer review, evaluation of safety behaviour, training and procedures. For the AEs with human and patient-related causes, reviewers predominantly recommended quality assurance/peer review. AEs caused by organisational factors were considered preventable by improving procedures.

Discussion Healthcare interventions directed at human causes are recommended because these play a large role in AE causation. In addition, it seems worthwhile to direct interventions on organisational causes because the AEs they cause are nearly always believed to be preventable. Organisational factors are thus relatively easy to tackle. Future research designs should allow researchers to interview healthcare providers that were involved in the event, as an additional source of information on contributing factors.
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Several studies in various countries have shown that a substantial number of patients experience adverse events (AEs) in hospitals.1–9 These studies have reported AE incidence rates ranging from 2.9% to 16.6% of all hospital admissions. Of the AEs, 25% to 50% were considered preventable, and in 5% to 13% of the AEs the patient died. The studies on the incidence of AEs have enlarged the sense of urgency to take effective countermeasures to increase patient safety in hospitals. Reduction of AEs can only be achieved if these interventions tackle the dominant underlying causes. To explore the causes of AEs and to gain more insight into potential prevention strategies, we carried out additional analyses of data that were gathered in the Dutch patient record review study.9 ,10
In accordance with the theoretical framework of Reason,11 the focus of our study was on active human behavioural failures and on latent factors present within the system (organisational and technical factors) before an accident sequence involving human behaviour actually begins. In other words, healthcare providers' behaviour was not the single point of attention; the conditions under which they work were considered important as well—for example, the design of equipment that healthcare providers have to work with or the number of staff installed by hospital management.
When planning quality and patient safety interventions in hospitals, information about prevention strategies that tackle the causal factors to prevent future AEs is valuable. Perhaps the most effective strategies to reduce AEs are improving technology, optimising procedures or training programmes for healthcare providers. Therefore, the reviewers in our study assessed potential prevention strategies next to the causes of the AEs. This information can be an aid for policy-makers in healthcare.
The objectives of our study were to gain more insight into (a) the causes of AEs, (b) the relationship between the causes of AEs and the preventability and health consequences of the AEs, (c) potential prevention strategies to prevent AEs and (d) the relevance of the prevention strategies for each main causal factor type.
Methods
Study design and setting
A retrospective patient record review study was conducted to examine AEs in Dutch hospitals with a stratified random sample of 21 hospitals: 4 university, 6 tertiary teaching and 11 general hospitals. From each hospital, a stratified random sample was selected of 200 admissions of patients discharged from the hospital in 2004 (>24 h stay) and 200 (or less if the total of patients who died in 2004 was lower) admissions of patients deceased in the hospital in 2004, excluding admissions of psychiatry, obstetrics and children <1 year old. Admissions of deceased patients and patients admitted to university hospitals were oversampled. The methods of determining AEs were based on previous AE studies in other countries and have been described in detail elsewhere.10

Structured review of patient records
Between August 2005 and October 2006, 55 trained physicians reviewed the medical, nursing and, if available, outpatient record of all sampled admissions that contained triggers (clues) for AEs—for example, an unplanned readmission, unplanned return to the operating room or unexpected death. The presence of one or more of the 18 predefined triggers was judged in advance by trained nurses. For each patient record, two physician reviewers determined independently the presence, consequences and degree of preventability of the AEs, based on a standardised procedure and review form. An AE was defined as an unintended injury among hospitalised patients that results in disability, death or prolonged hospital stay, and was caused by healthcare management. Preventable refers to care that fell below the current level of expected performance for practitioners or systems. Disability was defined as temporary or permanent impairment of physical or mental function attributable to the AE (including prolonged or strengthened treatment, readmission and death).10
In total, 7926 patient records were reviewed. The reviewers identified 744 AEs in the records. When generalised to all hospital admissions, the AE incidence rate was 5.7% (corrected for overrepresentation of patients admitted to a university hospital and patients who died in hospital). Forty per cent of the AEs were considered preventable and 12.8% resulted in permanent disability (including death). Detailed results of this study are reported in a previous publication.9
Part of the review procedure was an assessment of the underlying causes and prevention strategies of each AE as judged by the physician reviewers. The review form presented five main causal factor categories to choose from: technical, human, organisational, patient-related and other. For each AE, reviewers selected one or more of these main causal factors based on the information in the medical record and their perception of the situation. Having opted technical, organisational and/or human causes, reviewers selected one or more subcategories of causal factors within these main categories. The causal factor categories were derived from a recognised taxonomy of root causes: the Eindhoven Classification Model (ECM) of PRISMA-Medical, a root cause analysis tool.12 ,13 The taxonomy includes concepts of the theoretical frameworks of Reason11 and Rasmussen.14 Reason's system approach to accident causation can be seen in the recognition of latent factors (organisational and technical) next to active failures (human). The human categories of the ECM fit in the skill-rules-knowledge framework (SRK framework) of Rasmussen (see Box 1).
Box 1 Skill-based, rules-based and knowledge-based behaviour14
To understand the mechanisms behind human error, Rasmussen developed the skill-rules-knowledge framework (SRK framework), with the notion that human behaviour can be controlled at different levels of conscious control, dependent on the degree of familiarity with the task and the environment. At the skill-based level, behaviour is regulated by the lowest level of conscious involvement and is characteristic of highly routinised and automated activities. The individual is seldom able to verbalise how performance of the behaviour is controlled or explain the information on which the performance is based. Rule-based behaviour requires some degree of conscious involvement; at this level, behaviour is controlled by stored rules derived from experience or other's know-how. At this level, performance is typically based on specific ability and the rules for performance can be verbalised. At the knowledge-based level, stored rules do no longer apply and a novel situation is presented for which a plan must be developed to solve a problem. Here, the individual uses conceptual reasoning or trial-and-error.

Reason used the SRK framework for his Model of Unsafe Acts, in which “violation” is added to the basic error types of the SRK framework.11 Violations are deliberate deviations from rules or procedures. The ECM does not cover the concept of violations. We have added violations to the taxonomy to cover all concepts of the Model of Unsafe Acts. In table 1, the main causal factor categories and subcategories are listed and explained.
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Table 1 Explanation of causal factors categories



Beside the causal factor categories, the review form distinguished 10 prevention strategies (table 2). The categories were based on PRISMA13 and the Canadian patient record review study.7 For each AE, the reviewers could select one or more prevention strategies that they judged relevant for the AE.
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Table 2 Explanation of prevention strategy categories



There were two reviewers per AE. Both reviewers could select more than one cause and more than one prevention strategy per AE. We reported all causes and prevention strategies that were selected by this panel of two physicians irrespective of whether one or both reviewers selected the particular cause or prevention strategy. We wanted to find a broad variety of indications to improve patient safety in our exploratory study and we did not intend the reviewers to reach a shared conclusion. Because there is a lot of information in patient records, the likelihood of missing a causal factor (false negative) will be larger than the likelihood that a causal factor is selected mistakenly when in reality it does not exist (false positive). Thus, reviewers were considered complementary to each other.
When both reviewers selected the same causal factor or prevention strategy for an AE, these were counted only once in the analyses.

Statistical analysis
Causes of AEs and prevention strategies were analysed using descriptive statistics and frequency tables. Frequencies were calculated using weights that corrected for overrepresentation of patients admitted to a university hospital and for overrepresentation of patients who died in hospital. The sampling weight was the inverse of the probability of being included in the sample owing to the sampling design.9
For 8 of the 744 AEs, neither of the reviewers filled out any of the items in the review form about causal factors. Consequently, results on causal factors will be presented for 736 AEs. For the prevention strategies, results of the 315 AEs that were considered preventable will be presented. All statistical analyses were performed using SPSS V.14.0.


Results
Causes of AEs (objectives a and b)
The 736 AEs were associated with 1017 main causal factors because reviewers could select more than one category per AE. Figure 1 presents the weighted percentages of the five main causal factor categories. Human causes were predominantly involved in AE causation (in 61% of the AEs). In 39% of the AEs, patient-related factors were involved. In 14% of the AEs, organisational factors contributed to the AE, in 4% technical factors and in 19% other factors.
Organisational factors had a relatively high proportion of AEs that were preventable (out of all AEs with an organisational cause involved, 93% was considered preventable), followed by human causes (61% of all AEs with human causes). Organisational factors also had a relatively high proportion of AEs that led to permanent disability (20%). Technical factors had low proportions of preventable AEs (22%) and AEs resulting in permanent disability (5%) (figure 1). In the subgroup of AEs that were preventable and led to permanent disability, the distribution of causal factors shows that in these AEs there were nearly always human causes involved (94%), frequently organisational (36%) and patient-related causes (33%), and rarely technical causes (1%) (figure 2).
[image: Figure 1]
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Figure 1 Percentages are weighted for over-sampling of deceased patients and patients admitted to a university hospital (N: actual numbers of causes, not weighted). Reviewers could select more than one casual factor per AE. Preventability is related to the assessment of the preventability of the AE, not the preventability of each cause underlying the AE.
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Figure 2 Percentages are weighted for over-sampling of deceased patients and patients admitted to a university hospital (N:actual numbers of causes, not weighted). Reviewers could select more than one casual factor per AE. Preventability is related to the assessment of the preventability of the AE, not the preventability of each cause underlying the AE.



For the technical, human and organisational categories, one or more specific subcategories of causes were selected as well. The results are presented in table 3 (see also Appendix for examples). Material defects were the most common technical factors (34% of all AEs with technical causes). Contrary to the other technical factors, material defects were all associated with preventable AEs.
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Table 3 Causes of AEs (subcategories): proportions with preventable AEs and AEs leading to permanent disability (including death)



Human causes were predominantly knowledge based (46% of all AEs with human causes) and/or related to rule-based failures regarding monitoring (27%), intervention (26%) and/or verification (21%). These causal factors, as well as violations, were associated with large proportions of preventable AEs (74% to 89%).
Transfer of knowledge was the most frequent organisational factor contributing to AEs (50% of all AEs with organisational causes). Failures relating to the quality and availability of protocols were related to the highest proportion of AEs with permanent disability (33%).

Potential prevention strategies (objectives c and d)
For all preventable AEs (n=315), reviewers selected 871 prevention strategies (table 4). Quality assurance/peer review was the most frequently selected strategy (65%), followed by evaluation (53%) training (50%) and procedures (40%). Financial investments, up-scaling of the problem to a higher organisational level and increasing the number of personnel were least often considered as relevant methods to prevent AEs (2% to 3%).
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Table 4 Recommended strategies for preventing AEs in relation to causes of AEs



For the AEs with human and patient-related causes, reviewers predominantly recommended quality assurance/peer review (68% and 78%, respectively). AEs caused by organisational factors were considered preventable by improving procedures (67%).


Discussion
General findings
The study provides an initial overview of causes of AEs and required remedial action. The causes identified by the reviewers were predominantly related to human errors, especially knowledge-based and rule-based errors—for example, incorrect reasoning by a healthcare provider or not verifying if all necessary instruments were present before the start of a procedure. AEs with organisational factors involved were relatively often preventable and resulted relatively often in permanent disability, particularly AEs caused by inadequate or unavailable protocols. Overall, technical factors (eg, an inadequate construction of equipment) contributed relatively less often to preventable AEs and AEs resulting in permanent disability. However, the technical factors within the material defects subgroup all contributed to preventable AEs.
The most frequently recommended strategies to prevent AEs were quality assurance/peer review, evaluation of safety behaviour, training and improvement of procedures. For AEs with human and patient-related causes, reviewers indicated these could be prevented by quality assurance/peer review. For AEs caused by organisational factors, reviewers predominantly recommended completing or improving procedures.
To sum up, active failures played a large role in AE causation, but the reviewers also identified latent factors that were present in the system and that contributed to AEs. To tackle active human causes, which occurred most frequently, quality assurance/peer review was recommended. To deal with latent organisational factors, which underlie AEs that were believed to be most preventable and were associated with the most severe consequences, improving procedures was recommended.

Comparison with previous record review studies
Up to now, two retrospective patient record review studies have assessed the causes of the AEs15 ,16 and two have examined possible prevention strategies.15 ,17 It is quite difficult to compare our results with these and other studies on the causes and prevention strategies of AEs because the classifications used vary to a large extent and most studies examined the causes of a specific group of AEs, such as medication errors. However, the design of the Australian record review study was comparable to ours.2 ,15 Wilson et al2 reexamined the 2353 AEs identified earlier and found that AEs in which the cause was a cognitive failure were associated with high preventability scores. This is similar to our findings: we found that AEs caused by human errors were often preventable, next to AEs caused by organisational factors. Latent factors (organisational and technical factors) were not examined in the Australian study. Furthermore, the main prevention strategies were comparable to our results: they recommended new or better implemented policies and protocols, better formal quality monitoring and better education.15

Strengths and limitations
Our study has some advantages over previous studies on the causes of AEs. Causes and prevention strategies were examined directly, together with the assessment of the presence of AEs, instead of afterwards. The reviews were thus based on original records and not on summaries of information compiled for the review, like in the Australian study.15 Moreover, we used a classification of causes in five main categories, divided in several subcategories. The categories were based on the well-established theoretical frameworks of Reason and Rasmussen, which are often referred to in error management and patient safety literature.
There are however some limitations. The usability of a patient record as a means to examine the causes of AEs is limited. It is hard to get information about all contributing factors by reading the patient record only. Human actions are regularly reported on in a patient record and therefore human causes are most visible for reviewers. One can imagine that healthcare providers are less inclined to note technical or organisational factors in the medical or nursing record of an individual patient. This can be an explanation for the relatively small amounts of technical and organisational factors found in our study.
Another limitation is that there was no contact between the reviewers and the involved healthcare professionals to gather more information about the event and contributing factors. This was not possible because of privacy restrictions made before the study started and because the reviews were performed 1 to 2 years after the occurrence of the AE. Neale et al18 attempted to overcome these difficulties in their pilot study in one UK hospital. The clinical staff of the hospital assessed patient records, shortly after discharge, in combination with external reviewers. Clinical teams have “inside” knowledge about the care provided to the patients.18
Despite the limitations, exploratory study has offered an interesting overview of the causes and prevention strategies of AEs.

Implications for practice and future research
The Dutch Society of Medical Specialists, among others, has formulated a national patient safety action campaign for hospitals “Prevent harm, work safely” in 2008. The results of the present study served as input for this safety programme. The programme includes quality monitoring at department level, (team) training, evidence-based procedures and evaluations of the Individual Functioning of Medical Specialists, including the construction of a personal portfolio, a personal progress plan and annual interviews about quality of care and communication with colleagues and patients.19
We recommend that in future research into causes of AEs a more prospective design is used in which the period between the occurrence of the AE and the assessment of its causes is only a few weeks. In that case, involved healthcare providers can be interviewed to provide more information about contributing factors soon after the occurrence of the AE.
Finally, studies on AEs should use the same taxonomy for causes of AEs to make national and international comparisons of causes of AEs possible. The World Health Organization is formulating a taxonomy of patient safety events and contributing factors.20 ,21 This taxonomy is partly based on the ECM we have used in our research.
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Appendix
	Description of AE	Main causal factors	Subcategories of T, H and O	Prevention strategies
	Leaking undersized intravascular aortic stent, resulting in readmission and endovascular reintervention	Technical, human	Materials (TM), intervention (HRI)	Technology/equipment, training, procedures
	Inadequate planning operation (ankle fracture) resulting in extended length of stay	Organisational	Management priorities (OM)	Procedures, motivation, staffing
	Pneumonia after thoracotomy, requiring artificial respiration and treatment with antibiotics	Other	–	– (not preventable)
	(Blood) infusion rate too high in patient known with heart failure and gastrointestinal bleeding, resulting in respiratory insufficiency and contributing to death	Human	Knowledge (HKK), qualification (HRQ), verification (HRV)	Evaluation
	Not-indicated surgery of adrenal gland (lung metastases) resulting in needless suffering, respiratory insufficiency and early death	Human, organisational	Knowledge (HKK), coordination (HRC), knowledge transfer (OK)	Procedures, information and communication, evaluation
	Persistent haemorrhage of wound feeding probe	Patient related	–	– (not preventable)
	Missed diagnosis pulmonary embolism, contributing to death	Human	Knowledge (HKK), violation (V)	Training, procedures, quality assurance/peer review
	Lens remains left behind after lens extraction, requiring resurgery	Human	Intervention (HRI)	Training, quality assurance/peer review

	*For explanation of causal factors, see table 1.




Examples of adverse events (AEs) and their causes and potential prevention strategies
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