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Abstract:
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]We conducted a comprehensive literature search on medical errors in Interventional Radiology (IR).
Our search only retrieved three studies, which quantitatively assessed the incidence of errors in IR. A total number of 503 patients were included in the studies. All studies instituted a change in practice in order to reduce the incidence of errors. They have all demonstrated a significant reduction in IR errors following implementation of their proposed intervention. 
Our search highlights the paucity of studies quantitatively assessing medical errors in IR. We urge further research into the field in order to enhance patient safety.
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Patient safety in clinical medicine is determined to a large extent by adverse events{Vincent, 2001 #5@@hidden;Weingart, 2000 #8}. These are defined as unintended harms to patients resulting from medical errors leading to prolonged hospital stay, disability at the time of discharge or even death. Up to 14% of adverse events result in death with 50% being attributable to preventable errors [1]. One in ten hospitalized patients experience adverse events, with half occurring in invasive disciplines such as surgery.
We speculate that Interventional Radiology (IR) may have a similar rate of adverse events to surgery. This may be partly due to IR’s rapid expansion to include a wide array of therapies for a variety of pathologies [2]. Furthermore, IR’s increasing reliance on equipment and complex imaging, renders it particularly vulnerable. Unlike surgical disciplines, the exact frequency of medical errors and their nature in IR is not apparent and their effect on patient outcomes is not yet known.
We conducted a comprehensive literature search in order to collate quantitative studies assessing medical errors in IR. After reviewing study titles, six articles were selected for abstract analysis of which three were relevant to our search. The studies were by Morbi et al [3], Koetser et al [4] and more recently Lutjeboer et al [5]. They included a total of 503 patients.
All three studies assessed error rates before and after a proposed change. Morbi et al used verbal pre-procedural team rehearsal, following a modified World Health Organization (WHO) checklist. Koetser et al used a three-part Radiological Patient Safety System checklist (RADPASS), covering the pre-procedure plan, immediate pre-procedure phase and immediate post-procedure period. The two studies recorded a total of 1611 failures in the IR care pathway, of which, 78% occurred during the procedure. 12% and 10% of errors occurred pre and post-procedure respectively.
Lutjeboer et al on the other hand compared error rates and patient satisfaction between two patient groups; a control group who were pre-assessed in clinic by the referring physician and an experimental group who were reviewed in a dedicated IR outpatient clinic. Only pre-procedure errors were addressed. 43 errors were recorded in the control group compared with 7 in the experimental group. The three studies suggest that 55 – 84% of errors in IR may be preventable.
Most reported intra-procedural failures were non-technical, including planning errors (19.7%), staff absence (16.2%) and equipment unavailability (12.2%). Most post procedure failures were related to delays in communicating findings / procedure outcomes to the clinical team or patient.
There was a significant reduction in preventable failures in all three studies after implementing their respective proposed interventions from 54.6% to 27.3% (P < .001), 24% to 5% (P < .001) and from 39% to 6% in Morbi et al, Koetser et al and Lutjeboer et al’ s studies respectively. 
Although not all studies assessed the intra-procedure period, there was a clustering of errors in this phase, suggesting that more research into this is needed in order to identify the causes and offer suitable solutions.
IR’s safety culture has lagged behind other invasive disciplines. Recent years have seen growing interest in safety in IR both from clinicians and policy setters. The body of literature, however, remains limited. There is a wealth of research concerned with medical errors in surgery across its different disciplines. This is in stark contrast to IR, in which the safety culture is in its infancy. In a systematic review in general surgery, the frequency and the type of errors in the operating theatre were estimated. Twenty-eight quantitative articles were reviewed, demonstrating a median of 15.5 errors per operation, 23.5% of which were equipment related [6]. Furthermore, they noticed that those surgical techniques that relied more on new technology, unsurprisingly had a higher proportion of equipment-related errors.
Our search retrieved only three studies assessing the frequency of errors before and after a suggested intervention. Non-technical errors were the most commonly occurring errors in IR. This rate is comparable to the surgical literature. The paucity of data analysed makes it difficult to draw any generalizable conclusions, and calls for more research into safety in IR.
Non-technical, preventable failures account for two thirds of intra-procedural errors in the angio-suite. These errors are, at least in part, due to suboptimal communication among the IR team. The unavailability of equipment is not uncommon and is due to inadequate planning and the lack of communication between the operator and those responsible for equipment stock. None of the studies assessed the entire patient's journey, highlighting the need for a more comprehensive study of the IR care pathway from admission to discharge.
Morbi et al reported 2040 errors in 55 IR procedures in the pre-intervention period. In contrast, Koetser et al only identified 67 errors during a similar period in 94 IR procedures, while Lutjeboer et al reported 50 errors in 220 procedures. The difference may be due to a number of reasons including different thresholds for recording medical errors. The predefined nature of the recorded errors may also explain the discrepancy. In addition, only Morbi et al addressed the intra-procedure period, during which the majority of errors are likely occur. The complex intra-procedure interactions between the different team members and continuously developing equipment technologies make a fertile environment for medical errors to occur. 
The lack of standardisation in medical error reporting remains a major shortcoming in current and future studies concerned with errors in IR. Standardised error reporting and a complications registry will facilitate larger multicentre studies, which will help identify the most common errors as well vulnerabilities in the IR care pathway. This will in turn help develop strategies for error prevention.
Conclusion:
IR literature lacks research concerned with medical errors and patient safety outcomes. It is therefore paramount, for the interventional radiology community to react to this and investigate the incidence of medical errors at all phases of the IR pathway. In addition, it is crucial to devise strategies to reduce these failures and maintain a safe IR practice.
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