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SAFETY IN VASCULAR SURGERY 

The landscape of vascular surgery has changed considerably over the past decades. The treatment of 

patients with arterial vascular disease has primarily shifted from open surgical techniques to a minimally-

invasive, endovascular approach. In these endovascular procedures, tools such as guidewires, 

catheters, balloons, stents, and stent-grafts are utilized to treat blood vessels from the inside, under 

fluoroscopic guidance of a C-arm system.  

These endovascular procedures are also performed more frequently in hybrid angiography suites 

(Figure 1). These high-tech rooms combine the characteristics of a traditional operating theatre (e.g., 

sterile working environment, laminar airflow system, surgical headlights) and an angiography suite with 

advanced medical imaging equipment (e.g., fixed C-arm system, overlay imaging), which allows 

vascular surgeons to perform open and endovascular procedures, as well as complex hybrid procedures 

in a single room.  

 

Figure 1: Endovascular procedure taking place in a hybrid angiography suite – Description of equipment/team:  

1: C-arm system; 2: Sterile table with endovascular tools; 3: Operating table; 4: Fluoroscopy screen (backside);  

5: Scrub nurse; 6: Primary surgeon; 7: Assisting surgeon; 8: Anesthesiology team (behind C-arm). 

4 

1 

3 

5 

6 
7 

8 

2 



CHAPTER 1 

14 

Overall, this vascular endo-revolution has resulted in faster patient recovery with lower in-hospital 

mortality and has allowed vascular surgeons to treat more complex pathologies, in patients with 

significant co-morbidities, who would otherwise be deemed unsuitable for open repair.1-4  

Alongside this rapid surgical development, the safety and well-being of patients and team members 

have also gained more attention. In November 1999, the Institute of Medicine released the report “To 

Err is Human”, which highlighted the major impact of medical errors on the American healthcare system 

and sparked a movement to improve the quality of medical care.5 Since then, providing patients with 

safe and high-quality care has been on the radar of every hospital board, increasing the interest in 

patient-reported outcome measures (PROMS),6,7 accelerated patient recovery8 and prevention of 

adverse events.9 

Currently, up to 16% of patients who are admitted to the hospital experience adverse events and a 

significant portion of these events can be traced back to (vascular) surgical procedures and may be 

considered preventable.9,10 Often, these adverse events are the consequence of a chain of events, 

including both individual errors and latent system deficiencies. This principle is illustrated by Reason’s 

Swiss cheese model (Figure 2) in which different safety systems and types of defences (e.g., safety 

protocols, well-trained teams, technological safety measures) are represented as slices of cheese. Each 

of these defences has unintended weaknesses, which are represented as holes in the cheese slices, 

which can appear and disappear at any given time. If by chance these holes are aligned, a safety threat 

can reach the patient and cause harm.11 

 

Figure 2: Swiss cheese model - J. Reason11 - Figure reproduced with permission of Springer.12 
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Historically, technical mistakes and lack of operator experience were considered the main causes for 

surgical adverse events, though nowadays, it is generally established that other types of errors are at 

least equally capable of causing events. In vascular surgery, the increasing complexity of procedures, 

as well as rapid evolution of surgical techniques and greater reliance on technology make endovascular 

procedures prone to various types of errors.13-16 Equipment-related problems and communication 

failures have been identified as the most frequent causes of preventable error during complex (endo) 

vascular procedures, posing new challenges for endovascular teams. Technical errors and problems 

related to patient variables (e.g., anatomy, prolonged bleeding) occur less frequently but may cause 

serious adverse events.13-17 

To successfully treat vascular patients without jeopardizing the safety of the endovascular team when 

using ionizing radiation, team members must master specific competencies to adequately manage the 

various errors they may encounter. This chapter summarizes the evidence-based strategies that can be 

implemented at hospitals to minimize surgical errors, to optimize radiation safety, and to obtain optimal 

patient outcomes. 

TRAINING & CREDENTIALING 

Prior to performing endovascular procedures in real patients, every endovascular team member 

(physicians, nurses, technicians, etc.) must possess the relevant knowledge, technical and non-

technical skills, and attitudes. 

Knowledge 

Knowledge about procedures, devices, and safety principles such as radiation protection should be 

taught using modern educational methods such as digital (online) learning and serious games. E-

learning courses allow team members to learn at their own pace, where- and whenever they want and 

are easily combined with cognitive assessments using built-in multiple-choice questionnaires (MCQ).18 

Additionally, serious games may increase user participation and motivation through elements of 

gamification, which potentially improves learning outcomes. Both modern-age technologies have 

already proven their effectiveness in other fields of expertise such as emergency medicine and may be 

valuable tools to provide (endo)vascular team members with relevant procedural knowledge.19,20 
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Technical skills 

Achieving optimal results also requires the appropriate and mature technical skills. Though, it has 

become challenging to master these skills solely through real-life practice due to increasing procedure 

complexity, diminished training opportunities, and rapid changes in technology.21 Therefore, before 

treating real patients, team members should train basic endovascular and procedure-specific skills in 

safe environments, using alternative training methods such as simulation-based hands-on training.22,23  

Hands-on training courses should be structured, proficiency-based, use validated benchmark scores 

(=pass scores), and provide participants with structured formative feedback after each training session. 

The efficacy of such a training curriculum was shown in a recent randomized controlled trial by Maertens 

et al.24 The PROficiency-based Stepwise Endovascular Curricular Training program (PROSPECT) 

program teaches trainees when and how to endovascularly treat basic iliac and femoral artery stenotic 

lesions using a combination of e-learning modules and virtual reality (VR) hands-on training on an 

ANGIO Mentor  express VR simulator (Simbionix - 3D systems,  Littleton, Colorado, USA), in addition 

to traditional surgical training (Figure 3). 

 

Figure 3: The stepwise protocol of the PROSPECT curriculum 
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Trainees who completed this curriculum scored higher on both cognitive assessments and technical 

assessments on the VR simulator compared to those who only had access to the e-learning modules in 

addition to regular training and those who did not receive any form of additional training. Trainees from 

the PROSPECT training group also outperformed the two other groups while treating actual patients 

under supervision, requiring significantly fewer supervisor takeovers which indicates that the skills 

mastered on the VR simulator transfer to the real-life procedures.  

Similar to these basic endovascular skills, device-specific skills (e.g., deployment of a new device), 

procedural steps, and novel technologies (e.g., overlay imaging25, cone-beam Computed Tomography 

(CT)26, robotic cannulation27) should also be practised in simulated environments before using them 

during real patient cases. 

It is often said that “practice makes perfect”. Therefore, after mastering the required skills, it is vital that 

these are retained and further improved through deliberate practice and repeated training.28 Ideally, 

objective skill assessments should be embraced to assess proficiency and monitor training progress. 

Validated rating scales of technical performance, such as the ‘Global rating scale of endovascular 

performance’29 or the recently developed ‘EndoVascular Aortic Repair Assessment of Technical 

Expertise’ (EVARATE) rating scale30 may be used during simulated or real-life procedures to evaluate 

technical skills. The first scale is derived from the ‘Objective Structured Assessment of Technical Skills’ 

(OSATS)31 assessment tool and evaluates generic endovascular skills such as the flow of the procedure 

and the operator’s awareness of wire position. In contrast, the second scale explicitly assesses 

procedure-specific competencies in endovascular aneurysm repair (EVAR) procedures like 

‘catheterization of the contralateral limb of the main graft’. For both tools, various competencies are 

scored on 5-point Likert scales, which are added up to provide a total score that represents the quality 

of the technical performance. 

However, since these rating scale-based assessments require trained evaluators and are often labour-

intensive, automatically registered parameters have gained increased interest for providing feedback. 

Examples include parameters generated by VR simulators (e.g., procedure time, fluoroscopy time, 

contrast use)32, information from video-motion analysis (e.g., pathway length33) or automatically 

registered radiation dose metrics (e.g., fluoroscopy time and dose-area product).34  
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Both rating scale-based assessments and automatically registered parameters can provide valuable 

information, allowing program directors to track trainees’ progress throughout surgical training and to 

ensure they achieve the required proficiency levels. However, their use is not solely limited to surgical 

trainees. Validated rating scales and assessments may also help to objectify the credentialing process 

of upcoming vascular consultants and assist in the re-credentialing of practising experts. 

Current consensus guidelines for credentialing35 are almost solely based on the number of performed 

endovascular procedures and EVAR cases. Although surgical literature demonstrates a strong volume-

outcome relationship for EVAR procedures36, caseload is not the only factor that determines proficiency. 

Therefore, adding objective assessment methods to existing case count requirements may be beneficial 

to ensure that practising surgeons and teams maintain the necessary skill levels throughout their clinical 

practice. Nevertheless, this use of rating scale-based assessments for credentialing purposes has not 

been well established and still requires further research. 

Non-technical skills 

Knowledge- and technical skills alone are not sufficient to successfully and safely perform endovascular 

procedures. Communication failures do occur in up to 30% of all relevant verbal exchanges during 

complex procedures17 and may increase during the critical procedural phases and in emergencies with 

ad-hoc assembled teams.13 Therefore, the role of non-technical skills such as communication, 

teamwork, and leadership, should not be underestimated.  

Patient-physician communication can easily be practised individually via simulation training with 

actors.37 However, other non-technical skills such as leadership, team communication, and coordination 

may require more extensive team training.38 During these team training sessions, teams treat a 

simulated patient and are faced with various stressors, while their non-technical performance is 

evaluated with validated assessment tools (e.g., ‘Non-Technical Skills for Surgeons’ (NOTSS) scale, 

‘Observational Teamwork Assessment for Surgery’ (OTAS) scale).39-41 These sessions are most 

effective when followed by an extensive debriefing session to provide structured feedback to the entire 

team, enabling them to improve their practices. 

These team training sessions are valuable in elective procedures, but may be even valuable to prepare 

teams for emergency scenarios where the crisis setting and ad hoc assembled teams may easily result 

in errors. To enhance outcomes and minimize errors during emergencies, standard operating 
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procedures (SOP) such as permissive hypotension or standardized Computed Tomography 

Angiography (CTA) protocols for acute aortic syndrome should be implemented and mastered by all 

involved specialities.  

Team members may train for these high-stress emergency procedures during dedicated training 

programs. These courses use several types of simulation, including a high-fidelity simulated hybrid 

angiography suite, to simulate an entire patient pathway, ranging from patients’ entrance to the Accident 

& Emergency department until postoperative care.38,42 This allows team members to focus on the 

technical and non-technical skills needed to handle a ruptured Abdominal Aortic Aneurysms (AAA), to 

learn how to function in a high-stress context and to optimize coordination during crises, thereby 

reducing errors.  

PERI-OPERATIVE STRATEGIES TO IMPROVE PATIENT SAFETY IN SURGICAL PRACTICE  

Planning and rehearsal 

It is said that good surgeons know how to operate, better ones when to operate, and the best when not 

to operate.43 Patient selection is a crucial aspect of EVAR and should be based on the input of a 

multidisciplinary team. When determining suitability, medical treatment should be optimized, and all 

patient-specific factors, such as aneurysm anatomy (e.g., size, neck length, angulation) and patient co-

morbidities, must be carefully considered.44,45  

Based on expert opinion, a technical treatment plan should ideally be designed, based on a thorough 

review of the CTA images on a dedicated 3D workstation with centreline measurements, which allows 

precise sizing and device selection.44,46 Sobocinski et al. have noted that in EVAR procedures the 

number of high flow type 1 endoleaks decreases significantly when a dedicated 3D workstation is used 

(1,4%) for planning, compared to traditional analysis of axial CTA scans (8,7%).46  

Pre-operative planning may also be improved by patient-specific rehearsal, using either 3D printing 

technology or VR simulation technology (PROcedure rehearsal studio, 3D systems, Ohio, Cleveland; 

CASE-IT, Mentice, Gothenburg, Sweden), based on the patient’s CTA-scans.  

These rehearsals allow physicians to test and optimize their treatment strategy (e.g., choice of 

appropriate devices, C-arm angle for visualizing landing zones, orientation of contralateral limb), and 

identify potential problems in advance, both in basic and more complex cases.23,47,48  
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Furthermore, a recent randomized controlled trial has shown that patient-specific rehearsal using VR 

simulation allows endovascular teams of all experience levels to practice and prepare for the procedure 

efficiently. This enhances teamwork and reduces both minor (e.g., asking the wrong endovascular tool) 

and major errors (e.g., inadvertently overstenting the internal iliac artery).16  

Case rehearsal is also most valuable in emergency settings. It provides team members with a clear 

overview of the anatomy and prepares them for potential critical points during the procedure, which 

reduces stress.49 Nonetheless, emergency case rehearsal is only beneficial if there is hospital-wide 

cooperation with clear SOPs, around-the-clock availability of an endovascular team, and a broad 

selection of off-the-shelf stent-grafts.  

Finally, two other low-cost and feasible measures that can be implemented to prepare the team and 

improve patients’ outcomes are pre-procedural checklists and pre-operative mental rehearsal. The first 

includes tools such as the well-known World Health Organization (WHO) surgical safety checklist and 

equipment-specific checklists.14,50 The latter is a short and structured team briefing led by the primary 

operator during which the team goes through the procedural plan, each person’s responsibilities, the 

required materials, and potential critical phases.51,52  

Communication strategies 

Next, effective communication during the procedures is mandatory. Closed-loop communication is an 

easy to implement communication technique to reduce the risk of losing valuable information.53 It 

assumes that when one person (e.g., surgeon) asks a question (=calling out), the recipient (e.g., nurse) 

should repeat the message (=checking back) after which the initial person verbally confirms whether the 

received message is correct (=closing the loop). 

Another easy-to-implement communication strategy is the use of CUS words (Figure 4) for addressing 

potential safety issues before they become errors.54 In the CUS-strategy, team members who are 

concerned about safety should speak up and state, “I am concerned about…”. If these concerns are 

not directly addressed or resolved, this should be followed by the verbal cue: “I am uncomfortable 

about…”. Finally, if the concerns are still not addressed or if the issue continues to escalate despite 

these verbal cues, team members should state “This is a safety issue!”, warranting the team to halt 

the procedure and address the issue at hand. 
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Figure 4: CUS words: Concerned, Uncomfortable, Safety issue  

Next, the principle of a “sterile cockpit”,55,56 which originates from the aviation industry may be beneficial 

during high-risk procedures and operative phases with high cognitive load (e.g., rapid pacing, stent-graft 

deployment, and open thoracoabdominal surgery). During these phases, all non-essential activities 

should be halted and only those team members with an essential role can be present in the operating 

room. Additionally, communication is limited to the bare minimum and is conducted following a 

standardized communication protocol. This sharply reduces the number of distractions and allows the 

team to focus on the task at hand. Wadhera et al. reported a significant reduction of communication 

breakdowns and improved verbalization of critical actions after implementing this sterile cockpit concept 

in a cardiac surgery setting.55 Although this communication strategy has not been implemented in 

vascular surgery, it may be able to reduce communication errors and improve patients’ outcomes during 

extended or complex (endo)vascular procedures. 

After the procedure, patients are transferred to the recovery ward or intensive care unit. During this 

hand-over, communication should be clear, concise, and structured to minimize errors. This can be 

achieved by using the Situation, Background, Assessment, Recommendation (SBAR) principles57, as 

well as standardized and dedicated vascular surgery handover protocols.58 These facilitate the handover 

process, prevent loss of information, and thereby reduce postoperative mistakes and complications.  

RADIATION SAFETY IN THE HYBRID ANGIOGRAPHY SUITE 

Endovascular teams should also focus on radiation safety. When performing endovascular procedures 

in the hybrid angiography suite, high radiation doses are often used, which may expose patients (through 

the primary X-ray beam), but also team members nearby the patient (through scattered radiation) to the 

potentially harmful effects of ionizing radiation. Indeed, radiation exposure may damage DNA within the 

cells and cause significant biologic effects.  
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Deterministic effects (e.g., skin damage) are the result of cell death following a sudden high dose of 

ionizing radiation, whereas stochastic risks (e.g., induction of malignancies) are caused by cell 

misrepair, mostly after repeated exposure to low radiation doses. 34,59  

To minimize these risks, it is essential to keep radiation doses as low as possible. Team members can 

achieve this by following the so-called “As Low As Reasonably Achievable (ALARA)” principle of 

radiation safety. This principle consists of various basic actions which, when applied effectively, 

considerably reduce patient and staff exposure.34,60 To achieve optimal results, all team members should 

understand the importance and apply this ALARA principle (Table 1; Figure 5).  

Table 1: The three central rules of the ALARA principle: Time – Distance - Shielding 

ALARA Principle As Low As Reasonably Achievable principle - Explained 

Reduce exposure time Decreasing the duration of the exposure reduces team doses linearly. 

Maximize distance from 
the radiation source 

Based on the ‘inverse square law’; increasing the distance from a radiation source 
reduces radiation doses by the square of the distance.  

E.g., doubling the distance from the table will reduce the doses by a factor of four. 

Use appropriate 
shielding equipment 

Absorbing materials or shields can be incorporated to reduce exposure levels. 

Personal protective 
equipment 

Personal shielding equipment worn over regular clothes:  this should at least consist 
of a lead apron, thyroid collar, and a pair of leaded glasses (for scrubbed-in team 
members). 

Mobile shielding 
equipment 

Mobile shields containing lead glass or lead fabric, which can be either mounted to 
the table or ceiling or can be completely mobile. 

Every team member should attend a mandatory radiation safety training course, followed by a 

knowledge test or exam, and regularly participate in refresher courses to maintain relevant knowledge. 

Additionally, team members need to familiarize themselves with novel dose-reducing technologies (e.g., 

flat panel detectors61, 3D-fusion imaging62) and ensure they are able to use these effectively to further 

reduce radiation doses. 

Finally, it is essential to routinely reflect on the radiation doses used in daily practice. Each healthcare 

worker who is regularly exposed to ionizing radiation must wear dosimeters to monitor their occupational 

exposure over an extended period (usually 1 – 3 months). Preferably, two dosimeters are worn: one 

under the lead apron at chest level and one above the lead apron at chest level or near the neck. These 

personal dosimeters usually report Hp(d) (personal dose equivalent; mSv), which represents the 

estimated equivalent dose in soft tissues at a specified depth (d).  
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Radiation safety in the hybrid angiography suite  

10 tips to keep radiation doses ALARA (As Low As Reasonably Achievable) 

1 Increase distance to the radiation source 2 Manage the radiation usage 

  

√ Step back from the table during angiographies 

√ Stand on the side of the image detector 

√ Keep fluoroscopy time as low as possible 

√ Avoid making unnecessary angiographies 

3 Use personal protective equipment 4 Use additional shielding equipment 

  

√ Wear a well-fitting lead apron and thyroid collar 

√ Scrubbed in = lead goggles 

√ Use ceiling- and table-mounted lead shielding 

√ Anaesthesiologists: use a mobile lead screen 

5 Collimate the fluoroscopy image 6 Avoid using optical magnification 

  

√ Collimate the image as much as possible 

√ Only show the area of interest 

χ Avoid optical magnification, but use digital zooming 

√ Use a large fluoroscopy screen, close to the operator 

7 Avoid using steep angulations 8 Optimize patient and table positions 

  
χ Avoid using steep C-arm angulations (>30°) 

√ Avoid overexposure: vary angulations if possible 

√ Use under-couch system: X-ray tube under the table 

√ Position detector as close to the patient as possible 

9 Adjust image settings  10 Teamwork and communication 

 
 

√ Use low-dose imaging mode whenever possible 

√ Use pulsed fluoroscopy with a low pulse rate  

√ Confirm safety: ‘Is everyone protected?’ 

√ Concerned about radiation safety? Speak up! 

Do not forget your dosimeters!  

Figure 5: ALARA-principles expanded. A set of practical strategies to reduce radiation doses in the hybrid 

angiography suite.  
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Additionally, the imaging system also reports and automatically stores radiation doses after each 

procedure. The Cumulative Air Kerma (CAK; mGy) represents the total dose throughout the procedure 

in the air at 15 cm from the isocentre of the C-arm. It is often used as a surrogate to evaluate patients’ 

risk of deterministic effects (skin injuries). The Dose-Area-Product (DAP; Gy.cm2) is the product of the 

air kerma with the area covered by the X-ray beam. It is often used to estimate stochastic risks 

(malignancies). Most systems also report Fluoroscopy Times (FT; minutes), which represents the total 

duration of the radiation exposure, however since it does not correspond well to either deterministic or 

stochastic risks, its clinical and scientific value is limited. 

STIMULATING SAFETY CULTURE THROUGH WORKPLACE-BASED ASSESSMENTS 

Although the strategies mentioned above have shown excellent results, barriers often hinder successful 

implementation in daily clinical practice. For instance, Pickering et al. described that throughout 294 

vascular procedures across five National Health Service (NHS) sites, surgical teams used the WHO 

checklist correctly in only a third of the cases, despite it being a well-established safety measure. 63 

To stimulate compliance and correct execution of safety strategies, a good safety culture must first be 

established, though this may be challenging. Nevertheless, this process can be facilitated by actively 

involving healthcare workers, by educating them about the importance of patient safety and the impact 

of their actions on patient outcomes and by stimulating proper management of errors.64 This 

understanding can be fostered by through critical reflection. Debriefing sessions may be organized to 

allow team members review their performance and discuss what went well and what could be improved, 

in a safe environment, without blaming individuals and without fear for repercussions or sanctions.  

Several tools can be used to organize such workplace-based assessments and structure debriefing 

sessions. The Imperial College Error CAPture record (ICECAP) 65 is an error capturing tool that enables 

structured reporting of surgical errors, by classifying them according to their significance (impact on the 

procedure progression and ease of resolution) and type. There are seven categories: equipment, 

communication, procedure-independent pressures, technical, safety, patient-related, and other errors, 

each with its secondary categories (Figure 6). When implemented as a debriefing tool, the ICECAP tool 

has shown to improve the team’s recall of errors greatly.15,65   
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Figure 6: Imperial College Error CAPture (ICECAP) tool 
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Alternatively, workplace-based assessments of team performance, using valid (procedure-specific) 

rating scales, may also be used to structure debriefing sessions, either through direct (rater present in 

the room) or post hoc video-based assessment (rater not present in the room).66  

This reflection process may be further augmented by introducing a medical data recorder into the hybrid 

angiography suite.67 This relatively new technology ‘Operating Room Black Box®’ (ORBB; Surgical 

Safety Technologies Inc. Toronto, Canada) registers all actions, verbal exchanges and patient 

parameters throughout the procedure. Afterwards, the collected data can be used for the semi-automatic 

analysis of errors and near-misses, making it potentially a potent tool for debriefing.  

Important errors identified during these assessments can be considered as learning opportunities and 

discussed within the team. However, not only errors, near-misses, or mistakes should be noted, but 

positive behaviours should also be considered as valuable learning opportunities. By highlighting what 

went well during a procedure, these positive behaviours are rewarded and reinforced.68  

These evaluations may also instigate specific interventions (e.g., simulated (team) training, 

implementation of new SOPs), so that in the future, these errors may be recognized and prevented 

before causing any harm. These interventions should be well chosen and adapted to the local clinical 

setting. They should first target those gaps (knowledge, technical skills, behavioural characteristics, 

system factors) that require the most attention. This results in custom-made programs, fulfilling the 

needs of individual organizations, as opposed to the “one size fits all’ approach. 

Furthermore, prospective data about error rates, complications, and patient outcomes, collected as part 

of these evaluations, should be registered in central databases to monitor the quality of care both locally 

and nationally. This allows centres to track their performance over time and may be used as a 

benchmark, allowing comparison with other centres, further stimulating initiatives to improve the quality 

of care.69,70 
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AIMS AND OUTLINE OF THIS THESIS 

The goal of this thesis is to investigate and deepen the knowledge about (radiation) safety practices in 

the hybrid angiography suite by focusing on three major topics: (1) the exploration of communication 

styles in surgical specialities; (2) the assessment of radiation safety behaviours and investigation of 

personal factors which may affect these behaviours; and (3) the need for standardized workplace-based 

assessments and introduction of medical data recorder technology in the hybrid angiography suite. 

To allow a comprehensive evaluation of safety within the hybrid angiography suite, this thesis explores 

the following research questions in consecutive studies: 

1. Is it possible to evaluate communication styles and attitudes towards uncertainty and risks in a 

mixed surgical population and can differences be noted, based on the level of clinical experience 

(Surgical staff, surgical trainees, candidates applying for surgical training)? (Chapter 2) 

2. Can a radiation safety climate be identified in the hybrid angiography suite using a self-

assessment questionnaire, and how does it relate to radiation safety behaviours? (Chapter 3) 

3. What are the key competencies of radiation safety that should be mastered by every 

endovascular team member, based on the insights of a panel of European endovascular 

practitioners? (Chapter 4) 

4. Can radiation safety behaviours during endovascular procedures be assessed reliably using a 

structured rating scale? (Chapter 5) 

5. Can an “Operating Room Black Box” system be installed in the hybrid angiography suite to 

capture the endovascular team’s performance? (Chapter 6) 

6. Can ORBB-technology be used for a holistic assessment of the endovascular team 

performances in the hybrid angiography suite? (Chapter 7) 
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Part 1: Non-technical attributes in surgical specialities. 

Effective communication is widely considered as one of the non-technical skills crucial for good surgical 

practice, though it is challenging to define what effective communication encompasses. Furthermore, 

being able to cope with uncertainty and risks is essential in high-stakes specialities such as vascular 

surgery.  

In chapter 2, the concept and potential value of communication styles and attitudes towards risks and 

uncertainty have been explored. A validated self-assessment questionnaire was used to gauge the 

communication styles and attitudes towards risks and uncertainty of surgical staff, surgical trainees, and 

candidates applying for surgical training of four surgical specialities. Differences between the three 

groups were studied to find out whether these non-technical attributes are innate qualities or whether 

these are influenced by clinical experience and alter over time.  

Part 2: Radiation safety in the hybrid angiography suite 

The use of ionizing radiation has risen steeply over the years. Good radiation safety practice in the 

hybrid angiography suite is essential to protect patients and healthcare workers. As a result, knowing 

and respecting the ALARA principle are essential qualities that all team members in the hybrid 

angiography suite should possess.16,34,71-75  

Despite educational initiatives and technological upgrades, reports have suggested that radiation safety 

practices are still poor.76,77 Chapter 3 introduces the concept of a radiation safety climate, which 

encompasses how team members perceive the radiation safety practices in their workplace. It was 

hypothesized that the radiation safety climate could affect radiation safety behaviours of team members, 

through direct and indirect relationships similar to the safety climates observed in the food safety industry 

and non-surgical medical specialities.78-80 In this multi-centric observational study, the perceived 

radiation safety climate of vascular surgeons, surgical trainees, and nurses working in a hybrid 

angiography suite at five Belgian hospitals was assessed using a modified self-assessment tool. 

Research has shown that improving radiation safety knowledge is an effective strategy to improve 

radiation safety behaviours, and professional societies and international organizations stress the need 

for qualitative radiation safety education.71,81,82 Chapter 4 aims to identify the key competencies in 

radiation safety that every endovascular team member in the hybrid angiography suite, independent of 

their role, should know and apply in daily practice.  
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A multispecialty Delphi study was initiated involving European endovascular specialists, who delineated 

these key competencies, using the knowledge-skills-attitudes framework. The resulting list of key 

competencies could potentially be used to develop concise practice-oriented (refresher) courses, as 

well as to create a dedicated assessment tool for radiation safety behaviour. 

Most often, the radiation safety performance of an endovascular team is evaluated using automatically 

registered radiation dose parameters from the C-arm system and team members’ dosimeters. These 

measurements provide valuable information about patients’ exposure/risks but provide little information 

about the actual radiation safety behaviours of the team members. Based on the earlier defined 

framework of key competencies, a modified Delphi study was conducted to design a radiation safety 

rating scale to evaluate radiation safety behaviours in the hybrid angiography suite. Chapter 5 describes 

the development process of this scale, as well as the testing of its reliability through post hoc video 

assessment of EVAR procedures by two experienced vascular surgeons. 

 Part 3: Workplace-based assessments in the hybrid angiography suite 

The Landscape of Error in Aortic Procedures (LEAP) study by Lear et al. revealed that various errors 

(e.g., equipment-related issues, communication errors, technical errors) occur during endovascular or 

hybrid procedures.15 To optimize patient safety and ensure that these errors do not (re-)occur, holistic 

assessments of the performance of the endovascular team are crucial. In laparoscopic surgery, an 

ORBB has been used to assess the performance of the team and identify near-misses and errors.83 

To assess the safety practices in the hybrid angiography suite, a similar system has been installed at 

our hospital. Chapter 6 describes the implementation process of this novel medical data recorder, 

including the organizational and technical challenges that were encountered. Additionally, an initial test 

EVAR procedure was captured to investigate whether this new system could be successfully used to 

capture an entire endovascular procedure and whether the captured footage was suitable for assessing 

the endovascular team performance. 

This was followed by a pilot study described in Chapter 7, which aimed to evaluate if the ORBB can 

facilitate the holistic assessment of team performances during two types of endovascular procedures. 

This single-centre study describes twenty-two endovascular procedures by various teams, which were 

captured using the ORBB. Additionally, this observational study provided an initial insight into the safety 

processes taking place in the hybrid angiography suite, opening avenues for future studies. 
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ABSTRACT 

Background 

This monocentric study aimed to explore whether a self-assessment questionnaire can reliably measure 

key non-technical attributes in a mixed population of candidates applying for surgical training, surgical 

trainees, and staff and to identify any differences between these groups. 

Materials & methods 

Candidates applying for surgical training, surgical trainees, and staff from four surgical specialities 

(general surgery, orthopaedics, plastic surgery, or urology) at a tertiary academic teaching hospital were 

all sent an online self-report questionnaire. The Communication Styles Inventory (CSI, 96 items) was 

used to assess a six-dimensional behavioural model of participant communication styles 

(expressiveness, preciseness, verbal aggressiveness, and questioningness, emotionality, and 

impression manipulativeness). Attitudes toward uncertainty and risks were assessed with the 

Physicians’ Reaction toward Uncertainty (PRU, 15 items) and Physician Risk Attitudes (PRA, 6 items) 

scales, respectively. Data was encoded and analysed using parametric testing. 

Results 

The questionnaire was completed by 177 participants (110 candidates; 42 trainees; 25 staff). All scales 

had very good internal consistency (Cronbach’s alpha >0.80). After controlling for gender-based 

differences, surgical candidates scored significantly higher on ‘expressiveness’ (P=0.012) and were 

significantly less risk-averse (P=0.006) than trainees and staff. Surgical trainees scored lowest on the 

CSI ‘questioningness’ subscale (P=0.019). They had significantly more difficulties dealing with 

uncertainty, characterized by their highest scores on the ‘concern about bad outcome’ (P=0.021) and 

reluctance to disclose uncertainty to patients’ (P=0.05) subscales. Multiple subscales revealed gender-

based differences in candidate and trainee groups, which were not noted for surgical staff.   

Conclusions 

Meaningful differences in non-technical attributes of surgical staff, trainees, and candidates have been 

identified, which may be explained by differences in clinical experience and learning and may suggest 

that these develop over time. Further research on assessment of non-technical attributes during surgical 

selections and the role of both technical and non-technical attributes in surgery at large is needed.  
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INTRODUCTION  

Errors and adverse events in the operative setting are more frequently caused by deficiencies in non-

technical aspects of patient care than technical issues 84. Some argue that surgical education needs to 

put more emphasis on non-technical attributes, which can be defined as critical cognitive and 

interpersonal skills (e.g., communication) and professional attitudes (e.g., risk aversion) that 

complement surgeons' technical abilities and contribute to safe and efficient task performance’ 85.   

While deficiencies in these attributes may lead to errors and poor clinical outcomes 84-87, well-developed 

non-technical attributes may enhance technical skills and help to create positive working and learning 

environments, thereby reducing burnout-risk and dropout of healthcare personnel and trainees 88. 

Although empirical evidence has demonstrated the vital role of non-technical attributes in high-risk fields, 

such as surgery, it remains unclear to what extent surgical candidates possess these attributes and 

whether these attributes change over time. 

Traditional tools to assess non-technical skills in surgery are often labour-intensive, require specific 

training of assessors, and can only be performed during simulated or real-life procedures 89. Due to 

surgical candidates’ limited experience 39,90 and financial constraints, self-assessment of non-technical 

attributes is proposed as a more feasible, less demanding, and valid alternative. Indeed, research in 

various professional groups has shown that non-technical attributes such as communication styles and 

professional attitudes can validly be measured through self-assessment 91-95. 

Communication styles can be defined as ‘the characteristic way people send verbal, paraverbal, and 

nonverbal signals in social interactions, denoting who they are or want to (appear to) be, how they tend 

to relate to people with whom they interact, and in what way their messages should usually be 

interpreted’ 91. As communicating is a core activity in surgery and communication styles may influence 

one’s leadership behaviour and professional outcomes (e.g., relations with colleagues and patients) 92, 

it is surprising that these communication styles have not been studied in surgery. 

Furthermore, attitudes towards uncertainty and risk can also be measured via self-assessment. These 

non-technical attributes have already been investigated in surgical trainees and staff, but not yet in 

surgical candidates.93,96,97 Therefore, the current study aims to explore whether communication styles 

and attitudes towards risk and uncertainty can be reliably measured in this mixed population of surgical 

staff, trainees, and inexperienced candidates and if any differences exist between these groups.  
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MATERIAL AND METHODS 

Sample and procedure 

Three groups with varying clinical experience were recruited from four surgical specialities: general 

surgery, orthopaedics, plastic surgery, and urology. Between 2016 and 2018, three cohorts of surgical 

candidates applying for training in one of these specialities were invited to participate. Candidates could 

apply at the end of their ‘Master in Medicine’ program or afterwards. One cohort of candidates received 

mentoring sessions during their undergraduate medical education while the others did not.  

A second participant group consisted of surgical trainees who were already in training at an academic 

hospital or an associated non-academic training hospital. Trainees from all postgraduate years of 

experience were included. 

The last participant group consisted of surgical staff members employed at the same academic hospital. 

Data was collected using online questionnaires and encoded. No exclusion criteria were applied, 

participants were invited through e-mail, and reminders were sent to non-responders at two-week 

intervals. Participation was voluntary after signing online informed consent. The local ethics committee 

approved this single-centre observational study (registration number B670201628799). This work has 

been reported in line with the Strengthening the reporting of cohort studies in surgery (STROCSS) 

guideline. 98 

Measures 

The rating scales in this study were selected by the second author, who is active in the field of 

occupational psychology and familiar with the existing literature.  

Communication styles 

These were measured through the full Dutch version of the Communication Styles Inventory (CSI) 91, 

developed by De Vries et al. 91,92. The CSI-scale is a self-report questionnaire containing 96 statements, 

assessing six dimensions of communicative behaviour (Table 1). Each dimension is measured through 

16 statements (e.g., ‘I weigh my answers carefully’), which are rated using 5-point Likert scales. Per 

dimension, a mean item-score is calculated, which indicates how closely the communication style 

matches that specific dimension. Scale validity has been shown in heterogeneous Dutch populations 

consisting of university students 91 and healthcare- and non-healthcare employees 92. 
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Table 1: Meaning of Communication Styles Inventory (CSI) dimensions 

CSI dimension Meaning of a high score on dimension scale: 

1. Expressiveness A talkative, dominant, informal communication style with the use of humour. 

2. Preciseness A reflective, thoughtful, structured way of communicating, often straight to the point 

3. Verbal 

aggressiveness 

An authoritarian, non-supportive or even derogatory communication style and tend 

to react with anger when displeased or frustrated 

4. Questioningness An argumentative, inquisitive communication style with unconventional ideas and 

philosophical thoughts 

5. Emotionality People who often are sentimental, have problems to function when stressed or 

worried and have problems dealing with others’ opinion and critique 

6. Impression 

manipulativeness 

People who influence others by using their charm or by following others’ ideas and 

opinions while hiding their feelings or ideas. These people also tend to withhold or 

conceal information from others if this benefits them. 

Attitudes towards uncertainty 

The Revised “physicians’ reaction to uncertainty” scale (PRU) 94 assesses how participants cope with 

uncertainty in healthcare. It contains 15 items that are scored on a 6-point Likert scale (e.g., ‘Uncertainty 

in patient care makes me uneasy’) and cover four subscales. For each subscale, a total sum-score is 

calculated. A high sum-score indicates difficulty in coping with uncertainty. Translation/back-translation 

procedures were used to obtain the Dutch version, semantically equivalent to the original scales.  

Attitudes towards risk  

These were assessed with the “Physician risk attitude” scale (PRA) 95, consisting of six items (e.g., ‘I 

enjoy taking risks’), scored on a 6-point Likert scale. A high sum-score indicates greater aversion 

towards risks. Translation/back-translation procedures were utilized.  

Health status and life satisfaction 

To assess potential health status-related differences between groups, the RAND Short Form 36 health 

survey (RAND SF-36), a standardized self-reporting questionnaire, was used 99,100. It contains 36 items, 

covering eight health dimensions and the participant’s perceived change in general health during last 

year. Participants’ current life satisfaction was compared using a self-constructed 5-point Likert scale, 

with smiley faces (Figure 1), ranging from sad (score of one) to happy (score of five).  
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Figure 1: Scale used to measure ‘current life satisfaction.’ 

Statistical analysis 

Data analysis was conducted using SPSS 24.0 (Statistical Package for the Social Sciences, IBM Corp, 

Armonk, NY, USA). Data processing was performed after completion of the surgical selection process.  

General differences for the CSI and PRU-scales across genders and participant groups were 

investigated using MANOVA testing. Differences on CSI and PRU-subscale level and for the PRA-scale 

were examined using two-way ANOVA testing, corrected for gender-based differences, in line with 

previous research 91. Tukey Post-hoc tests were utilized to explore differences between individual 

participant groups. P-values <0.05 were considered to be statistically significant. 

THEORY 

We assume that communication styles and attitudes towards uncertainty and risks can be reliably 

assessed through on-line questionnaires and that significant differences in non-technical attributes exist 

between inexperienced surgical candidates and more experienced surgical trainees and staff members.  

RESULTS 

Participants 

Out of 304 surgical candidates, trainees, and staff members, 177 (58.2%) completed the survey (Table 

2). The mean age was respectively 25, 28, and 47 years. One-hundred and four males and seventy-

three females participated, with the highest participation rate in the candidate group (110/149, 73.8%). 

Ninety-six candidates were last-year medical students, and fourteen were postgraduates. 

Surgical candidates from the three selection cohorts were comparable for communication styles and 

attitudes towards uncertainty and risk, independent of receiving mentoring sessions or not during their 

medical education (Appendix 1). 
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Table 2: Overview response rates and sample demographics 

 

Candidates* 

(n = 110) 

Trainees 

(n = 42) 

Staff 

(n = 25) 

Discipline, n  

Response rate (%) 

General surgery - 
22/41 

53.6 

13/20 

65 

Orthopaedics - 
8/40 

20 

7/12 

50 

Plastic surgery - 
4/5 

80 

2/6 

33.3 

Urology - 
8/23 

34.7 

3/8 

37.5 

Total 
110/149 

73.8 

42/109 

38.5 

25/46 

54.3 

Gender (M/F) 

 

64/46 23/19 17/8 

Age (Years), Mean 

SD 

 

24.73 

2.33 

28.36 

2.08 

47.12 

8.56 

*Unfilled cells due to ongoing surgical selection procedure of applicants  

Communication styles 

Reliability analysis in this study revealed very good internal consistency for all subscales (Cronbach 

Alpha: 0.822-0.857). Exploratory factor analysis indicated that an oblique 6-factor solution explained 

62.45% of the variance in the CSI data, with all factors having an eigenvalue greater than one. 

Female candidates and trainees scored significantly higher on ‘emotionality,’ while males scored 

significantly higher on ‘impression manipulativeness.’ These differences were absent for staff (Table 3). 

Furthermore, ‘questioningness’ scores for male candidates were significantly higher than for female 

candidates; other groups did not show this difference (Table 3).  

After correcting for gender-based differences, candidates scored significantly higher than other groups 

on ‘expressiveness,’ while they had significantly lower scores on ’verbal aggressiveness.’ For 

‘questioningness,’ trainees scored significantly lower than both candidates and staff members. For the 

remaining dimensions, no significant differences were identified after controlling for gender-based 

differences (Table 4). 
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Table 3: Gender differences in communication styles 

 Candidates 

(n=41) 

Trainees 

(n=42) 

Staff 

(n=25) 

Mean  

SD 

P-Value 

Mean  

SD 

P-Value 

Mean  

SD 

P-Value 

Male 

(n=26) 

Female 

(n=15) 

Male 

(n=23) 

Female 

(n=19) 

Male 

(n=17) 

Female 

(n=8) 

CSI 

Subscales 

Impression 

Manipulativeness 

(/5) 

2.94 

0.46 

2.52 

0.64 
0.017 

2.96 

0.50 

2.38 

0.42 
<0.001 

2.61 

0.50 

2.48 

0.35 
0.501 

Questioningness 

(/5) 

3.42 

0.54 

3.10 

0.57 
0.004 

3.05 

0.49 

2.98 

0.53 
0.684 

3.49 

0.59 

3.26 

0.35 
0.316 

Emotionality 

(/5) * 

2.37 

0.49 

2.95 

0.49 
0.001 

2.56 

0.50 

3.07 

0.49 
0.002 

2.82 

0.34 

2.85 

0.69 
0.877 

PRU 

subscales 

Anxiety due to 

uncertainty 

(/30) 

14.39 

5.07 

16.41 

4.94 
0.039 

14.00 

4.5 

17.74 

3.62 
0.005 

16.0 

4.95 

11.88 

5.00 
0.074 

Concern about 

bad outcomes 

(/18) 

7.94 

3.37 

9.50 

3.46 
0.028 

8.43 

4.04 

10.26 

3.14 
0.115 

7.0 

4.12 

6.38 

2.56 
0.699 

*Maximum scale score is mentioned between brackets. P-values < .05 are mentioned in bold 

Attitudes towards uncertainty 

Internal consistency was very good (Cronbach alpha values: 0.805-0.942). Two-way MANOVA analysis 

showed meaningful differences between genders [F (4,168) =2.711; P<0.032] and participant groups [F 

(8,338) =2.471; P=0.013]. 

Gender-based differences were observed for ‘Anxiety due to uncertainty’ subscale: female candidates 

and trainees scored significantly higher than males (table 3). Additionally, female candidates also had 

significantly higher scores for ‘concern about bad outcomes’ than their male counterparts. 

In the staff group, gender-based differences were not observed. 

Two PRU-subscales were statistically significantly different across groups (Table 4):  staff scores on the 

‘Concern about bad outcomes’ and ‘reluctance to disclose mistakes to other physicians’ subscales were 

significantly lower than candidate and trainee scores. Trainees had the highest score for ‘Reluctance to 

disclose uncertainty to patients,’ although the difference was (borderline) non-significant. 
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Attitudes towards risk  

Internal consistency was excellent (Cronbach alpha: 0.850). Gender-related differences were absent. 

Candidates scored significantly lower on the PRA-scale compared to both other groups (Table 4).  

Table 4: Comparative results: Communication styles, attitudes towards uncertainty and risk in the three groups 

  Mean 

SD 
P-value$ 

Cronbach 

alpha Candidates 

(n=110) 

Trainees 

(n=42) 

Staff 

(n=25) 

Overall 

difference 

Candidates

vs 

Trainees 

Trainees 

vs 

Staff 

Candidates

vs 

Staff 

CSI 

Expressiveness  

(/5) * 

3,39  

0,51 

3,19  

0,52 

3,13  

0,46 
0.012 .067 0.898 0.053 0.857 

Preciseness 

(/5) 

3,31  

0,47 

3,32  

0,45 

3,59  

0,57 
0.148 0.999 0.068 0.028 0.847 

Verbal 

aggressiveness 

(/5) 

2,33  

0,48 

2,6  

0,42 

2,58  

0,58 
0.001 0.006 0.989 0.045 .0.824 

Questioningness 

(/5) 

3,29  

0,57 

3,02  

0,5 

3,42  

0,53 
0.019 0.020 0.013 0.543 0.836 

Emotionality 

(/5) 

2,72  

0,61 

2,78  

0,55 

2,83  

0,46 
0.796 0.779 0.937 0.614 0.856 

Impression 

Manipulativeness 

(/5) 

2,7  

0,56 

2,7  

0,54 

2,57  

0,45 
0.542 0.998 0.562 0.447 0.822 

PRU 

Anxiety due to 

uncertainty 

(/30) 

15,24 

5,1 

15,69  

4,49 

14,68  

5,24 
0.310 0.862 0.685 0.861 0.855 

Concern about bad 

outcomes 

(/18) 

8,59  

3,69 

9,26  

3,74 

6,8  

3,65 
0.021 0.559 0.022 0.071 0.805 

Reluctance to 

disclose uncertainty 

to patients 

(/30) 

11,97  

4,58 

14,12  

4,96 

11,12  

5,13 
0.05 0.034 0.034 0.693 0.841 

Reluctance to 

disclose mistakes to 

physicians 

(/12) 

4,75  

2,19 

4,57  

1,7 

3,56  

2,38 
0.022 0.891 0.138 0.031 0.942 

PRA 

Physicians’ risk 

attitude 

(/36) 

20,57 

6,1 

23,88 

6,34 

23,84  

6,890 
0.006 0.012 1 0.053 0.850 

*Maximum scale score is mentioned between brackets. $ P-values adjusted for gender-based differences; P-values 

< .05 are highlighted in bold; CSI: Communication styles Inventory; PRU: Physician’s reaction to uncertainty; PRA: 

Physician risk attitude 
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Current health status and life satisfaction 

Overall, all participants were both mentally and physically healthy, and satisfied with their current life, 

with candidates most often scoring highest and staff scoring lowest (Appendix 2). Specifically, 

candidates scored highest on the ‘physical functioning (29.54; 29.10; 28.64; P=0.029) and the ‘pain’ 

subscales (57.08; 54.12; 52.52; P=0.002), reflecting candidates perceive their physical functioning at 

large as better and experienced the lowest physical pain complaints during the last four weeks, 

compared to the other participant groups. 

DISCUSSION 

This is the first study attempting to assess non-technical attributes in a three-sample public, of surgical 

candidates, trainees, and staff members, using self-assessment tools. Although the three groups 

differed greatly in age and surgical related work experience, no meaningful differences in general health 

or life satisfaction were seen.  

Candidates  

Surgical candidates were mainly undergraduate students and had the least clinical experience. They 

were recruited during three periods of selection between 2016 and 2018. Due to a reformation in the 

educational system, candidates from the first two periods had followed a seven-year curriculum, without 

mentoring, while candidates from the third selection period (June 2018) followed a six-year curriculum 

with group-based and individual mentoring sessions by experienced staff members. However, this 

difference in educational systems did not seem to affect participants’ communication styles and 

professional attitudes (Appendix 1).  

Candidates’ lowest score on the PRA-scale, suggests they are significantly less risk-averse than more 

experienced groups. Possibly, their lack of clinical experience causes misinterpretation of risks and 

consequences of clinical choices (e.g., whether to operate), as they often only see, hear and observe 

(successful) results after others already made the decisions, possibly making them more favourable 

towards taking risks. 

Secondly, as leaders’ leadership-outcomes have been shown to strongly relate to their expressiveness, 

as perceived by subordinates 92, surgical staff could be expected to score highest on the expressiveness 

subscale.  
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However, surprisingly, candidates in this study had significantly higher expressiveness scores than 

trainees and staff. This may suggest that as clinical responsibilities increase, expressiveness decreases, 

causing candidates’ open, talkative communication style to change into a more formal, professional one, 

potentially at the cost of their leadership qualities. 

However, while this is an intriguing premise, the predictive validity of self-assessed expressiveness for 

future clinical leadership is not yet demonstrated. Therefore further research should explore whether 

self-assessment of communication styles is in line with the assessments made by others (e.g., peers, 

experts, referees) since these inexperienced candidates’ highest expressiveness scores may also 

reflect an overestimation bias, caused by their youthful enthusiasm 101.  

Finally, candidates were the least verbally aggressive of all groups. This may indicate that throughout 

surgical training and further professional life, a more verbally aggressive communication style is 

developed, which has also been suggested in recent literature 102. However, it should be noted that 

when completing the questionnaire, most candidates were doing internships, during which they were 

evaluated continuously and less likely to be exposed to stressful and/or frustrating work situations (e.g., 

surgical errors), which may elicit verbally aggressive responses. 

Trainees 

Surgical trainees scored significantly lower than other groups on the CSI dimension ‘questioningness’. 

This is surprising, as one expects trainees to be inquisitive and open to new ideas and information. 

Perhaps trainees are overwhelmed by high workloads and the amount of new information, hindering 

them from remaining questioning or raising new ideas themselves. Staff, on the other hand, possibly 

rely more on personal experience instead of others’ opinions, allowing them to ‘think out of the box’ 

more frequently. Additionally, staff members in this study worked in an academic institution, where 

criticism and inquisitiveness are natural, which is reflected in their highest ‘questioningness’ scores. 

Secondly, trainees scored highest on three PRU-subscales, of which two subscales differed significantly 

from staff member scores, even though both groups likely are exposed to similar causes of uncertainty. 

We speculate that surgical trainees’ higher scores reflect their experiences during training, where they 

are confronted with various sources of uncertainty, demands, and paradoxes, which may be 

experienced as threatening and result in negative feelings (e.g., anxiety). This illustrates the importance 
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of acquiring appropriate coping strategies and adequate technical- and non-technical skills to allow 

trainees to deal with daily stressful situations, uncertainty, and mistakes more efficiently.  

This may be facilitated through structured training programs, focusing on these topics, preferably before 

or early at the beginning of surgical training 103. Additionally, the precise role of clinical experience in 

coping abilities should be studied further, together with the conditions (e.g., work climate) and pathways 

(e.g., experiential learning, reflection, peer teaching) facilitating or hindering its potential influence. 

Staff 

Staff members scored, only in absolute terms, the lowest on ‘impression manipulativeness’ and the 

highest on ‘emotionality’ communication style domains. Although these CSI-dimensions were not 

significantly different between groups, gender-related differences were noted within groups. Such 

differences have been previously described 91, indicating that females score significantly higher on 

‘emotionality’ while males have higher ‘Impression manipulativeness’ scores. We confirmed these 

differences in both the candidate and trainee participant groups, but they were absent in the staff group.  

A similar situation was found for the PRU-subscale ‘Anxiety due to uncertainty’ for which female 

candidates and trainees scored higher than their male counterparts, while staff members showed no 

gender-related differences. This possibly indicates that staff members acquire more uniform 

communication styles, through shared (in)formal learning experiences and/or practice. 

Finally, staff members and surgery trainees reported similar extents of risk-taking behaviour, reflecting 

that both groups are aware of professional risks. From an educational point of view, this is a pursued 

training outcome. 

Surgical ‘gold standard’  

The results described above seem to suggest that some non-technical attributes (e.g., risk attitude) 

change progressively throughout professional training and that trainees may grow towards a standard 

profile set by staff members. Preece et al. 104 made similar observations and noted that as training 

progresses, surgical trainees adapt their behaviour and become more emotionally stable. 

This raises the question to what extent surgical staff members share a typical behavioural work style or 

ethic. Previous studies already attempted to characterize well-performing surgeons and trainees through 

a so-called surgical ‘gold standard’ based on assessments of various personality- and behavioural 

factors 105-108.  
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Although the relationship between communication styles and excellent clinical performance has not 

been studied yet, communication styles have already been shown to be closely related to and even 

have incremental validity above personality factors 91,92. This implies that a surgical ‘gold standard’ may 

be enriched with other non-technical attributes, to obtain a more complete surgical profile, which could 

prove useful as a benchmark in surgical candidate selection.  

Moreover, assessment of non-technical attributes may be useful during surgical training since it may 

identify trainees struggling with their professional responsibilities, uncertainties, and risks and who may 

benefit from additional professional and educational guidance. 

Limitations and further research 

These results need to be interpreted with some caution since only self-report measures were used. 

These are susceptible to common method variance and self-report bias, which are influenced by factors 

such as propensity to give socially desirable responses, fear for punishment, and situational pressures 

and cannot be eliminated entirely 109.  

This may have affected surgical candidates, as questionnaires were collected one month before the 

surgical selection procedures, potentially causing candidates to give answers that they deemed socially 

desirable 110. Nevertheless, to limit these effects, the authors used existing valid scales and made 

participation voluntary. Moreover, candidates were clearly informed that answers would not be 

identifiable and did not influence selection procedures in any way. 

Secondly, the response rate in the surgical trainee group was lower, mainly due to few responses from 

trainees in peripheral non-academic training hospitals (20/69 ‘peripheral’ trainees responded). This is 

likely due to the increased difficulty of reaching and motivating these peripheral trainees, especially 

when compared to those employed by the academic hospital. Additionally, participants were not 

matched; therefore, we cannot entirely exclude a sampling bias, but this is likely limited since the 

demographics of each group reflected the population characteristics well. Additionally, there were no 

relevant differences regarding participants’ general life satisfaction and current health status, despite 

their age and work experience differences.  

Finally, the statistical analyses were controlled for gender, implying that the described similarities and 

differences between the three participant groups are independent of participants’ gender. 
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Although the present study showed meaningful differences between groups, prospective studies are 

needed to assess how non-technical attributes evolve throughout surgical training accurately and to 

investigate any predictive value of these non-technical attributes for surgical proficiency, potential use 

during surgical selections and use for identification of trainees at risk of dropout. Further, it may be 

interesting to investigate whether ‘high ranking’ surgical candidates possess different non-technical 

attributes compared to ‘low ranking’ peers. Future research may also identify additional non-technical 

attributes relevant for surgery and the potential joined effect of non-technical attributes and technical 

skills on educational and work outcomes, aiming to foster human-centred surgery. 

CONCLUSION 

Communication styles and attitudes towards uncertainty and risk can be reliably measured through self-

assessment in a surgical population of experienced staff, trainees, and novices (candidates). Moreover, 

we demonstrated differences in these non-technical attributes, which are possibly attributable to 

differences in their clinical experience and educational learning, suggesting that some non-technical 

attributes develop over time. This study may form the base for further validation research and initiate 

advanced practices (e.g., medical curriculum development), thereby potentially contributing to better 

clinical performance and promotion of psycho-social well-being in (future) surgeons. 
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ABSTRACT 

Background 

Good radiation safety practice in the hybrid angiography suite is essential to protect patients and 

healthcare workers. Most strategies aim to advance radiation safety through technological upgrades 

and educational initiatives. However, safety literature suggests that additional ways to improve radiation 

safety in the hybrid angiography suite do exist. The safety climate reflects the way team members 

perceive various key characteristics of their work environment and is closely related to relevant safety 

outcomes. A specific ‘radiation safety climate’ has not been described nor studied in the hybrid 

angiography suite. This study explores the radiation safety climate in the hybrid angiography suite and 

its relation to team members' radiation safety behaviour, knowledge, and motivation.  

Materials and Methods 

Vascular surgeons, fellows/trainees, and operating room nurses active in the hybrid angiography suite 

at five hospitals were invited to complete an online self-report questionnaire assessing the radiation 

safety climate (28 items), radiation safety behaviour, radiation safety knowledge, and radiation safety 

motivation. Relations between climate scores and behaviour were investigated using Pearson 

correlations. Mediation was analysed using the Baron and Kenny analysis. P-Values < 0.05 were 

considered statistically significant.  

Results 

No major differences were identified in total radiation safety climate scores between centres or team 

member functions. Scale reliability for radiation safety climate was good to excellent (α > 0.663). Total 

radiation safety climate scores were positively related to the radiation safety behaviour score (r=0.403; 

p=0.015). This relation was partially mediated by radiation safety knowledge (β=0.1730; 95% CI: 

[0.0475; 0.3512]), while radiation safety motivation did not act as a mediator: (β=0.010; 95% CI: [-

0.0561; 0.0998]).  

Conclusion 

A well-developed radiation safety climate in the hybrid angiography suite fosters positive radiation safety 

behaviours, which may partially be explained through improved radiation safety knowledge transfer. 

Further research on (radiation) safety climate and its impact on radiation safety-related outcome 

measures for patients is recommended.   
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INTRODUCTION 

In vascular surgery, rapid technological innovation has shifted the surgical landscape towards the 

minimally invasive endovascular treatment of increasingly complex pathologies, often performed in a 

high-tech hybrid angiography suite. This has sharply increased the use of ionizing radiation59, exposing 

patients and endovascular team members to substantial risks, such as skin damage, cataract, and 

development of malignancies.34,111 To adequately manage these risks and warrant patient and team 

safety, team members need to apply the ALARA principles of radiation safety (Appendix 3) and optimize 

radiation safety practices in the hybrid angiography suite.34,111 

Establishing a (radiation) safety culture 

There are numerous interventions and management strategies through which (radiation) safety-related 

practices can be affected and improved. Following the safety literature, these can be categorized into 

two categories or ‘routes,’ depending on the organizational level at which they take place: 

The ‘technological/managerial/engineering route’ involves any technology-based interventions and 

managerial decisions regarding safety that take place at higher levels of the organization. Examples 

include perfecting radiation safety equipment to reduce radiation doses 62,112-118 and developing and 

implementing SOPs to routinely measure (occupational) radiation doses and manage overexposed 

patients or team members. 

Conversely, the ‘human route’ acknowledges and stresses the importance of non-technological, human-

related factors taking place at the workers’ level. Examples include employees' job satisfaction, safety 

motivation, and attitudes, but also encompasses educational initiatives to improve team members’ 

safety knowledge and influence their safety behaviours 119-122.  

Although both routes occur at different hierarchical levels within an organization and have distinct 

working mechanisms, they are not mutually exclusive, as they affect the same safety outcomes and can 

complement or even strengthen each other. In the food industry, De Boeck et al. 80 proposed and 

validated a conceptual framework that structures key components of both routes and their interplay into 

a single overarching concept called  ‘safety culture.’ In the context of radiation safety, several specialists 

and professional organizations have already expressed the urgent need for a well-developed ‘radiation 

safety culture’ 123-129, which combines characteristics of both the ‘human’ route and the 
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‘technological/managerial/engineering’ route to provide an all-encompassing outline of the habits and 

beliefs necessary for optimizing radiation safety practices.  

Examples include: ‘shared responsibility for radiation safety within the team, with a possibility to speak 

up,’ ‘frequent monitoring of doses and reflection on radiation safety performance,’ ‘optimization of 

technical performance through qualitative education,’ ‘Involvement and commitment of leaders in 

maintaining radiation safety.’ 127,129-131 As safety culture is a vast and inclusive higher-order construct, 

which tends to be relatively stable over time, safety scholars, nowadays, propose to measure safety 

culture more precisely and at the individual or group level, through assessment of safety climates at 

work 132. 

Radiation safety climate in the hybrid angiography suite 

Safety climate is defined as ‘employees' (shared) perception of leadership, communication, 

commitment, resources, and risk awareness concerning the safety situation within their work 

organization’ 80. It can be considered an expression of an organization’s safety culture at a specific 

moment in time, through the eyes of the employees, which makes it more tangible and suitable for 

evaluation (e.g., through questionnaires) compared to radiation safety culture.  

Safety climates have already been described in 1980 by Zohar et al. 133, and their relevance has been 

demonstrated in various technology-based environments in healthcare 79,134 and non-healthcare 

sectors, such as aviation, food industry, and nuclear and radiation facilities 135,136. Meta-analyses 78,137 

have also confirmed that better safety climates improve safety-related behaviours, yielding better work 

outcomes (e.g., safety performance, employees' attendance, and organizational commitment). 

Furthermore, previous research revealed a mediating role of safety knowledge and safety motivation 

(Table 1) in the relationship between safety climates and employees' behaviours 80,134,138. 

Nevertheless, despite this accumulating evidence, the radiation safety climate in the endovascular field 

remains unstudied. This study aims to investigate if a radiation safety climate can be evaluated in the 

hybrid angiography suite using self-assessment and whether previous findings in other fields regarding 

safety behaviour and its relationship with safety knowledge and motivation can be replicated in a 

radiation safety context.  
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Table 1: Definitions of frequently used constructs and study variables 

Construct Definition 

Radiation safety 
culture 

Combination of the technical, social, and scientific dimensions of safety management which 
encompasses all ideas, beliefs, and habits that affect how radiation safety is managed at 
different organizational levels. 124 

Radiation safety 
climate 

Perceptions and beliefs of the (individual) team members at a specific moment in time 
regarding the various aspects of the radiation safety situation in the hybrid angiography suite. 
80 

Radiation safety 
behaviour 

The entirety of individuals’ voluntary and mandatory radiation safety behaviours required to 
develop and maintain radiation safety. 

Radiation safety 
knowledge 

Individuals’ knowledge about the different aspects of radiation safety required for proper 
safety performance.  

Radiation safety 
motivation 

Individuals’ willingness to exert effort to enact radiation safety behaviours and the valence 
associated with those behaviours. 134 

Mediating 
variable 

A variable that can be used to explain the reason or mechanism for an (observed) relationship 
between two other variables.  

MATERIAL AND METHODS 

This multicentre observational cross-sectional study has been approved by the ethical committee 

(Registration number: B670201837824) and has been registered in the ‘Clinicaltrials.gov’ database 

(Unique Identifying Number: NCT04063969). This report is written following the STROCSS guideline98. 

Online questionnaires 

An online questionnaire (SurveyMonkey, California, United States) was used to assess the perceived 

radiation safety climate, radiation safety behaviour, radiation safety knowledge, and radiation safety 

motivation of vascular surgeons, fellows, trainees, and nurses in the hybrid angiography suite (Table 1). 

All questions were presented in the participants’ native language (i.e., Dutch). 

Eligible participants were invited per e-mail and non-responders were sent two-weekly reminders. 

Participants provided informed consent and completed a demographics questionnaire about their 

function and professional experience with endovascular procedures. Data were stored depersonalized. 

To assess participants’ perceived radiation safety climate, a validated (Dutch) safety climate 

questionnaire 139 was adapted to a radiation safety context by the research team, based on literature 

review and interviews with subject matter experts. The 28-item questionnaire assesses five components 

of the radiation safety climate (Appendix 4). First, 'leadership' (6 items) measures how team members 

perceive their leaders’ engagement and ability to set and achieve radiation safety objectives. Secondly, 

'communication' (5 items) reflects the perceived quality of radiation safety communication within the 
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team and with leaders. Thirdly, 'commitment' (5 items) measures whether radiation safety is perceived 

as a priority in the hybrid angiography suite. Fourthly, 'resources' (6 items), refers to the perceived 

availability of resources (time, equipment, education…) required for safe practice. Finally, 'risk 

awareness' (6 items) reflects the perceived awareness of team members/peers and leaders of radiation-

related risks within the hybrid angiography suite. All statements were rated on 5-point Likert scales (1: 

Completely disagree; 3: Neutral; 5: Completely agree). Sum scores were computed for each component 

and the total radiation safety climate (all 28 items). 

Participants' self-assessed radiation safety behaviour was measured using two items (Appendix 4), 

adapted from the safety performance framework of Neal et al., who described the role of safety 

behaviour in healthcare 134. This measure encompasses both mandatory behaviours (i.e., radiation 

safety compliance; ‘I follow the highest standards of radiation safety… e.g., wearing all required 

protective equipment…’) and voluntary actions to improve safety (i.e., radiation safety participation; ‘I 

put in extra effort to improve radiation safety… e.g., voluntary tasks or activities…’). Each item was rated 

using a 5-point Likert scale, and a total radiation safety behaviour score was computed by adding both 

ratings. 

Finally, self-reported radiation safety knowledge (‘I possess the necessary knowledge…) and radiation 

safety motivation (‘I consider it important to maintain radiation safety at all times…’) were assessed 

using two single items inspired by Neal et al. 134 (Appendix 4). 

Statistics 

Data analysis was performed using SPSS software (version 25; IBM Corp, Armonk, NY). Linear 

variables were analysed using t-tests or ANOVA with post hoc Bonferroni analysis for variables with two 

or three categories, respectively. Variable relationships were assessed using Pearson analysis. P-

Values < 0.05 were considered statistically significant.  

The mediation effect of radiation safety knowledge and motivation was investigated using the Baron and 

Kenny analysis (Figure 1)140. This method explores the relationship between independent (radiation 

safety climate) and dependent variables (radiation safety behaviour) to identify an indirect connection 

mediated through a ‘mediator’ (radiation safety knowledge/radiation safety motivation).  
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Figure 1: Baron and Kenny analysis of mediation: Context and legend. Total effect: Relationship between 

independent and dependent variables without taking the effects of the mediating variable into account. Direct 

effect: Part of the relationship between independent and dependent variables, which is not caused by the mediating 

variable. Indirect effect: Part of the relationship between independent and dependent variables, which is caused 

by the mediating variable. 

To test mediation, there should be significant relations between the independent and the dependent 

variables and between the mediator and both independent and dependent variables after controlling for 

confounding variables. Additionally, when controlling for the effect of the mediator variable, the 

relationship between the independent variable and the dependent variable should weaken (i.e., partial 

mediation) or disappear (i.e., complete mediation). All analyses were performed using the PROCESS 

macro (v3.3; Andrew F. Hayes). Effect sizes are reported as standardized β-values. All results were 

confirmed through bootstrapping and analysis of the 95% confidence intervals. 

RESULTS 

Characteristics of participating centres 

Between February and May 2019, 69 out of 89 team members (85%) from five centres completed the 

questionnaire. Centres 1 and 4 utilized a Philips C-arm equipped with AlluraClarity™ (Philips N.V., 

Amsterdam, Netherlands), centres 2 and 5 used a Siemens Zeego™ C-arm (Siemens, Munich, 

Germany) and centre 3 used a GE healthcare Discovery™ IGS C-arm system (GE Healthcare, Chicago, 

Illinois, United States). Participant characteristics are shown in table 2. 
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Table 2: Participant characteristics for each centre 

 Centre 1 Centre 2 Centre 3 Centre 4 Centre 5 

Response rate, N,  

% 

 36/38 

94.7 

9/12 

75.0 

11/12 

91.7 

6/8 

75.0 

7/11 

63.6 

Function within the 

team, N % 

Staff 

surgeon 

5 

13.9 

2 

22.2 

2 

18.2 

2 

33.3 

3 

42.9 

Fellow 

surgeon 

2 

5.6 
0 

1 

9.1 
0 0 

Trainee 

surgeon 

6 

16.7 

3 

33.3 

3 

27.3 
0 

1 

14.3 

Nurse 
23 

I 

4 

44.4 

5 

45.5 

4 

66.7 

3 

42.9 

Years active in the 

current function 

Median  

IQR 

6 

2-10 

5 

2.5-6 

5 

2.5-15 

17.5 

5-26 

11 

1-30 

Number of EVAR 

procedures attended in 

the current function, N 

% 

0 
4 

11.1 
0 0 0 0 

<10 
11 

30.6 

3 

33.3 

4 

36.4 

1 

16.7 
0 

10 - 50 
14 

38.9 

4 

44.4 

5 

45.5 

3 

50.0 

3 

42.9 

51 - 100 
3 

8.3 
0 

1 

9.1 

1 

16.7 

2 

28.6 

> 100 
4 

11.1 

2 

22.2 

1 

9.1 

1 

16.7 

2 

28.6 

Followed a radiation 

safety training course, N 

% 

No 
18 

50.0 

6 

66.7 

4 

36.4 

1 

16.7 

2 

28.6 

Yes 
18 

50.0 

3 

33.3 

7 

63.6 

5 

83.3 

5 

71.4 

Years since radiation 

safety training course 

Median  

IQR 

4 

4-11 

7 

6-14 

12 

5-17 

9 

5-17 

11.5 

5.5-17 

Control variables 

Significant differences between centres were noted for the radiation safety climate ‘leadership’ 

component, with the lowest scores in centre 1 and the highest in centre 5 (Table 3). Comparison of 

function groups revealed a significant difference in reported radiation safety knowledge, with staff 

surgeons scoring highest, followed by nurses and trainees/fellows scoring lowest (respective means 

(SD): 4.2 (1.0) vs 3.5 (0.9) vs 3.3 (1.0); p=0.018). Other outcome variables did not differ significantly 

between function groups. Team members who had completed a radiation safety educational course 

scored significantly higher on self-reported radiation safety knowledge, compared to those who had not 

(respective means (SD): 4.0 (0.8) vs 3.2 (1.0); p=0.001). 
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Table 3: Questionnaire results for each centre 

 

Mean 

SD P-Value 

ANOVA* 
Centre 1 

(n=36) 

Centre 2 

(n=9) 

Centre 3 

(n=11) 

Centre 4 

(n=6) 

Centre 5 

(n=7) 

Radiation safety climate - 

Leadership 

19,94 

4,41 

22,33 

1,32 

22,09 

2,12 

21,17 

2,32 

24,43 

1,90 
.023 

Radiation safety climate - 

Communication  

16,39 

2,96 

18,00 

2,45 

16,73 

2,15 

16,83 

3,06 

18,29 

3,09 
.374 

Radiation safety climate -  

Commitment 

19,83 

4,34 

21,00 

2,92 

20,64 

2,69 

22,00 

2,10 

23,14 

1,95 
.211 

Radiation safety climate -  

Resources 

19,11 

3,62 

19,33 

4,12 

19,82 

3,82 

20,83 

3,43 

22,57 

1,72 
.199 

Radiation safety climate -  

Risk awareness 

18,36 

3,60 

18,00 

3,24 

18,18 

2,23 

19,67 

1,03 

19,00 

2,71 
.844 

Radiation safety climate -  

Total   

93,64 

16,09 

98,67 

11,29 

97,45 

11,41 

100,50 

9,18 

107,43 

6,70 
.166 

Radiation safety behaviour 
6,75 

1,50 

7,78 

1,48 

6,82 

1,25 

7,17 

1,72 

8,29 

,95 
.065 

Radiation safety motivation 
4,50 

,56 

4,56 

,53 

4,36 

,50 

4,83 

,41 

4,71 

,49 
.413 

Radiation safety knowledge 
3,47 

1,06 

3,44 

1,01 

3,73 

,79 

3,67 

,82 

4,29 

,76 
.344 

* Post-hoc testing with Bonferroni correction for multiple analyses; statistically significant p-values are mentioned in 

bold 

When investigating the correlations between control variables (work experience in the current function 

and since radiation safety training) and study variables, a significant, weak correlation was identified 

between team members’ work experience in their current function and their risk awareness (r=0.388; 

p<0.001). 

Given these results, participants’ centre, their function within the team, attendance of a radiation safety 

education course, and work experience (in years) were used as control variables. 

Radiation safety climate, behaviour, knowledge, and motivation 

Overall, moderate to strong positive correlations were found between the five radiation safety climate 

components and the total radiation safety climate score, with Pearson’s r values between 0.666 (risk 

awareness) and 0.899 (leadership). Scale reliability was excellent (α=0.880). Radiation safety climate 

correlated positively with radiation safety behaviour (r=0.403; p=0.015). Employees' radiation safety 
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knowledge correlated moderately positive with total radiation safety climate (r=0.454; p=0.005) and 

three component scores: leadership (r=0.468; p=0.004), communication (r=0.338; p=0.044) and risk 

awareness (r=0.523; p=0.001). There was no statistically significant correlation between radiation safety 

motivation and the radiation safety climate score. However, moderate positive correlations were 

identified between employees' radiation safety motivation and their radiation safety behaviour (r=0.463; 

p=0.004) and knowledge scores (r=0.378; p=0.023). 

Mediation analysis 

The Baron and Kenny mediation analyses confirmed that radiation safety knowledge partially mediated 

the positive relationship between radiation safety climate and radiation safety behaviour (Figure 2). This 

was confirmed after bootstrapping, as the 95% confidence intervals estimating the indirect effects of 

radiation safety climate on radiation safety behaviour did not contain zero (β=0.1730; 95% CI: [0.0475; 

0.3512]; SE=0.0770). Radiation safety motivation did not mediate the relationship between radiation 

safety climate and radiation safety behaviour (Indirect effect: β=0.010; 95% CI: [-0.0561; 0.0998]; 

SE=0.0381).  

 

Figure 2: Baron and Kenny analysis of mediation. Mediating effect of radiation safety knowledge in the relation 

between radiation safety climate and radiation safety behaviour; statistically significant values are highlighted in 

bold 
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DISCUSSION 

To protect patients and team members from the harmful effects of ionizing radiation in the hybrid 

angiography suite, proper application of radiation safety principles is crucial. 

Assessment of Radiation safety climate 

This multi-centric study is the first to measure the radiation safety climate in (endo)vascular practice 

using a self-assessment tool. The use of this online survey among vascular surgeons, trainees/fellows, 

and nurses active in the hybrid angiography suite was feasible and resulted in reasonable response 

rates and satisfactory internal consistency. 

Radiation safety climate and employee behaviour  

The radiation safety climate was positively correlated to radiation safety behaviour, which seems to 

replicate previous findings in other technological environments. 79,80,138  

Radiation safety climate and radiation safety knowledge 

Various international scientific organizations such as the International Commission on Radiological 

Protection (ICRP)81 have already highlighted the importance of adequate radiation safety knowledge 

and stressed the crucial role of universities, hospitals, and scientific societies in establishing and 

promoting well-developed radiation safety education. 119-122 

In the hybrid angiography suite, radiation safety knowledge acted as a partial mediator in the relationship 

between radiation safety climate and radiation safety behaviour. This suggests that in addition to 

theoretical training courses, developing a strong radiation safety climate may also improve a team’s 

radiation safety knowledge, which in turn fosters safe behaviours.  

More specifically, radiation safety knowledge was most strongly related to ‘leadership’, ‘communication’, 

and ‘risk awareness’ components of radiation safety climate. These factors may diminish barriers to 

share/develop radiation safety knowledge and enhance knowledge transfer among the team. 141  Indeed, 

it seems plausible that when leaders highlight the importance of radiation safety and put the ALARA 

principles into practice, team members will pay more attention and remember these better. Similarly, it 

is likely that dissemination of radiation safety knowledge is better in an environment with clear 

communication, where team members can freely speak up about radiation safety issues and are heard. 
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Radiation safety climate and radiation safety motivation  

Previous research has emphasized the critical psychological role of motivational processes in 

employees’ work behaviour and team functioning 141,142. Although safety motivation has previously been 

shown to mediate the relationship between safety climate and safety-related behaviours 79,80,134, we 

were not able to replicate this in the hybrid angiography suite.  

Nevertheless, this does not make radiation safety motivation irrelevant. Positive correlations were found 

between radiation safety motivation and radiation safety behaviour, suggesting that radiation safety 

motivation may be part of a separate, unexplored pathway towards radiation safety behaviours.  

For example, motivation might be affected by other factors, such as employees' psycho-social well-

being (e.g., burnout, job stress), work characteristics (e.g., job content, work conditions), or individual 

characteristics (e.g., conscientiousness). Future studies are required to investigate the potential 

influence of these alternative factors on one's radiation safety motivation and behaviours. 

Study limitations  

These study results need to be interpreted with caution. Firstly, self-report measures and single-item 

questions (radiation safety knowledge and radiation safety motivation) in this study might have caused 

common-method-variance and self-report bias, which may limit construct validity as individuals tend to 

over-report socially desirable answers 109. Since self-report bias depends on many factors (e.g., nature 

of the question, personal characteristics, fear for punishment, situational pressures), it cannot be 

eliminated. Nevertheless, the authors tried to limit this bias by guaranteeing confidentiality, using existing 

pilot-tested scales, and selecting items with high factor loadings and high face validity. 

Additionally, due to the explorative nature of this study, the sample size was small. Nevertheless, similar 

sample sizes have also been reported by several valuable studies on safety climate in various 

specialities.80,143  Additionally, despite the limited sample size, high response rates were achieved 

(overall 85%), with only a single centre below 70%. This is crucial, as survey-driven studies are often 

plagued by non-response bias. Although this bias cannot be totally excluded, it is unlikely that it played 

an important role, suggesting that, while the current sample is small, it may be representative of the 

radiation safety climate within hybrid angiography suites in the participating centres. 
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Furthermore, while five centres of varying sizes with both academic and non-academic backgrounds 

participated, all hospitals were in the same region. However, these findings may differ in other countries 

due to differences in national culture and habits, regulations regarding radiation safety education77 or 

composition of the team, and roles of the various team members. For example, in some countries, a 

dedicated radiographer is responsible for operating the C-arm and optimizing radiation safety, whereas, 

in the current study, this was done by vascular surgeons and/or scrub nurses. Future studies should 

evaluate if differences between countries exist and how these may affect the radiation safety climate 

and team members' behaviour. 

Finally, as our findings are based on a cross-sectional research design, no causal statements can be 

inferred. Further longitudinal studies are needed to investigate potential causal effects. 

Future research 

Previous studies described positive relationships between safety climates and safety outcomes 78,137. 

However, this was not investigated in the current study. Future large-scale studies should focus on the 

potential relationship between radiation safety climate and radiation safety-related outcomes, using 

relevant and representative outcome measures. 

In general healthcare settings, safety outcomes include measures such as the number of patient/worker 

injuries or adverse events. However, in the context of radiation safety, this is challenging since direct 

radiation-related injuries are scarce and difficult to identify. Indirect radiation dose parameters such as 

the Dose Area Product and the Cumulative Air Kerma could be used, given their established value in 

the scientific community, though they may strongly vary between (e.g., different imaging systems), and 

within centres (e.g., differences in patient anatomy, procedure difficulty, lead physicians), independent 

of the perceived radiation safety climate. Therefore, these confounding factors will also need to be 

captured in detail to allow comparison between teams and centres. Alternatively, it may be valuable to 

investigate measures, such as direct assessment of team members' actual radiation safety behaviours. 

This may provide an objective evaluation of radiation safety-related outcomes, independent of patient, 

team, and centre-based characteristics. A rating scale to assess video recordings of radiation safety 

behaviours is currently under development. 

Additionally, these outcome measures may also strengthen the analysis of the local radiation safety 

climate, through method triangulation 144. This generates insights about how team members’ perceptions 
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influence their radiation safety behaviours and may facilitate the development of targeted interventions, 

based on local needs and deficiencies. 

Finally, future research may also study the joined or synergistic effects of the human route (e.g., human 

factors) and the technological/managerial route (e.g., safety control and assurance procedures) on 

radiation safety outcomes. 

CONCLUSIONS 

This multicentre study is the first to investigate the radiation safety climate in the hybrid angiography 

suite. The results have shown that there is a strong positive direct and indirect effect of radiation safety 

climate on radiation safety behaviours of team members. The indirect effect seems to be primarily 

mediated through team members' knowledge about radiation safety, which emphasizes the importance 

of high-quality education, radiation safety training, and knowledge sharing within endovascular teams. 

This investigation of the human pathway towards radiation safety suggests that solely applying control 

systems, standards, and procedures may not be sufficient to achieve an optimal radiation safety culture. 

We hope that these results might inspire the medical industry, (endo)vascular scientists and staff to 

recognize the importance of the 'radiation safety climate' and value human factors in their work 

environment.
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ABSTRACT 

Objectives 

Radiation protection training courses currently focus on broad knowledge topics that may not always be 

relevant in daily practice. The goal of this study is to determine the key competencies in radiation 

protection that every endovascular team member should possess and apply routinely, through 

multispecialty clinical-content expert consensus. 

Design 

Consensus was obtained through a two-round modified Delphi methodology. 

Methods 

The expert panel consisted of European vascular surgeons, interventional radiologists, and 

interventional cardiologists/angiologists experienced in endovascular procedures. An initial list of 

statements, covering knowledge skills, technical skills, and attitudes was created, based on a literature 

search. Additional statements could be suggested by the experts in the first Delphi round. Each of the 

statements had to be rated on a 5-point Likert scale. A statement was a key competency when the 

internal consistency was larger than alpha = 0.80, and at least 80% of the experts agreed (rating 4/5) or 

strongly agreed (rating 5/5) with the statement. Questionnaires were emailed to panel members using 

the SurveyMonkey service.   

Results 

Forty-one out of sixty-five (63.1%) invited experts agreed to participate in the study. The response rates 

were 36/41 (87.8%) overall:  38/41(92.6%) in the first round and 36/38 (94.7%) in the second round.  

The 71 primary statements were supplemented with 9 items suggested by the panel. Results showed 

excellent consensus among responders (Cronbach’s alpha = 0.937 first round; 0.958 second round). 

Experts achieved a consensus that 30/33 knowledge skills (90.9%), 23/27 technical skills (82.1%), and 

15/20 attitudes (75.0%) should be considered as key competencies. 

Conclusions 

A multispecialty European endovascular expert panel reached consensus about the key competencies 

in radiation protection. These results may serve to create practical and relevant radiation protection 

training courses in the future, enhancing radiation safety for both patients and the entire endovascular 

team.   
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INTRODUCTION 

Background / rationale 

Endovascular procedures have become the treatment choice for most cardiovascular pathologies. 

Often, these minimally invasive procedures result in shorter recovery periods compared with 

conventional approaches. However, X-rays used during these procedures can cause significant 

biological effects: deterministic effects occur if a threshold dose is exceeded, causing skin damage, hair 

loss; and stochastic effects, responsible for various solid cancers and leukaemia, which can occur at 

any dose, but the risk increases at higher doses.82,145 Both patients and healthcare workers are at risk, 

as increased incidences of conditions such as posterior subcapsular cataract have been reported in 

healthcare workers chronically exposed to ionizing radiation.146,147 Therefore, to protect patients and 

healthcare workers during endovascular procedures, it is crucial that radiation doses are minimized, 

without jeopardizing quality or safety. This is the basis of radiation protection: the ALARA principle.34,82 

To ensure that healthcare workers apply these principles in daily practice, appropriate education, 

followed by refresher courses, is essential.148,149 The Euratom Basic Safety Standards Directive 

2013/59, issued by the European Commission, states: “… practitioners and individuals involved in the 

practical aspects of medical radiological procedures have adequate education, information and 

theoretical and practical training for the purpose of medical radiological practices, as well as relevant 

competence in radiation protection.”.71  

Unfortunately, ‘adequate’ training has not been clearly defined and specific training curricula are lacking, 

causing variations in content, format, and requirements across Europe. International guidelines71,150,151 

were developed to design more uniform radiation protection training. However, these documents often 

cover a multitude of topics (e.g., elemental physics, practical radiation protection aspects, various 

imaging modalities), which may not always be relevant nor feasible to implement in daily practice. 

Additionally, these guidelines are often not up to date with new technologies, which are increasingly 

being used to reduce radiation.25,152 

To create relevant uniform European training- and refresher courses, we first must define which 

competencies in radiation protection (knowledge skills, technical skills, and attitudes) are the most 

important and relevant for all healthcare workers active in (hybrid) angiography suites. This study was 

initiated to identify these key competencies. 
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MATERIALS AND METHODS 

The Delphi technique 

This study was conducted using an email-based modified Delphi technique. The Delphi methodology 

has already been used in various areas of healthcare research to obtain expert consensus.153 It is an 

iterative and structured consensus-forming process, conducted through multiple successive rating 

rounds. Participants evaluate Delphi statements and further re-evaluate these statements in subsequent 

rounds, based upon anonymous controlled feedback about group responses. This process is repeated 

until consensus is achieved or a pre-determined number of rounds is completed.153-156 

This technique has important benefits: firstly, emailed questionnaires allow panel members from various 

geographical locations to participate without logistic problems. Secondly, the modified Delphi technique 

is conducted anonymously, ensuring that participants have equal possibilities to give or change their 

opinion during the process, eliminating the risk of having dominant panel members, which may occur 

with face-to-face consensus-formation strategies. 

Expert panel 

A heterogeneous expert panel of European vascular surgeons, interventional radiologists, and 

interventional cardiologists/angiologists was identified through purposive sampling and invited. An 

expert was defined as someone with experience in endovascular procedures, a high-volume clinical 

practice, and sufficient knowledge about clinical content (indicated by their publication track record 

and/or appearance as congress faculty). Considering expert dropout, the study aimed to have at least 

5-10 experts per discipline, which has been suggested as a minimum when working with different 

professional groups.155,157 All participants gave written consent prior to the start of the study, and their 

identity remained hidden during the study’s course. 

Survey and Delphi statements  

The first-round Delphi statements were defined prior to the start of the study, based on radiation 

protection literature and international recommendations and adapted to the knowledge/skills/attitudes 

framework.34,71,82,150,151,158  
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All statements were reviewed by the research team, comprised of three vascular surgeons and one 

physicist. In total, the first Delphi round contained 71 statements: 29 knowledge, 25 technical skill, and 

17 attitude statements, which had to be rated on a 5-point Likert scale ranging from ‘1-Strongly disagree’ 

to ‘3-Neutral’ to ‘5-Strongly agree’.  

Additionally, experts could provide comments and suggest new statements. Information about 

participants’ demographics, endovascular experience, and radiation protection habits was collected 

through a questionnaire included in the first-round survey.  

Consensus 

There are no formal criteria to define consensus in an expert panel153; therefore this study used two 

frequently utilized measures: firstly, the Cronbach’s Alpha score157,159, for which an alpha value of 0.80 

was chosen as an indicator of consensus; secondly, the percentage of experts (dis)agreeing with a 

statement153,157: if at least 80 per cent of the experts scored an item as “(Dis)agree” or “Strongly 

(dis)agree,” it was considered as panel (dis)agreement.  

Delphi rounds – Data collection  

Responses were collected through SurveyMonkey (SurveyMonkey Inc., San Mateo, California, USA). 

Participants had five weeks to complete each round, with reminders being sent to non-responders in the 

third and fifth week. After the first round, participants’ comments about the Delphi statements and 

suggestions for new statements were processed, and distribution parameters (mean and standard 

deviation) were calculated. The second-round survey was sent to the experts who had completed the 

first round and contained the adjusted Delphi statements, with the distribution parameters and the newly 

added statements.  

Statistical analysis 

Statistical analysis was performed using SPSS 24.0 (Statistical Package for the Social Sciences, IBM 

Company, Armonk, NY, USA). The final ranking of the statements was established using mean values 

of the first-round ratings. Statistical analysis was only performed for the participants who completed all 

rounds. The Kruskal-Wallis H test was used to determine if there were differences in ratings between 

two or multiple groups, and the Wilcoxon Signed-Rank test was used to compare ratings between 

different rounds. P-values <0.05 were considered to be statistically significant. 
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RESULTS 

Participants – Demographics and radiation protection habits 

Forty-one of sixty-five high volume, clinical-content experts participated in this study. Thirty-eight experts 

(22 vascular surgeons; 10 interventional radiologists; six interventional cardiologists), representing 16 

European countries (Table 1), completed the demographics and radiation protection habits 

questionnaires (Table 2). In three of 16 countries (Greece, Serbia, and Portugal), a radiation protection 

course was not mandatory, while a theory-based course was required in the remaining countries.  

Table 1: Represented countries. 

Countries Participants Countries Participants 

Austria 3 Italy 5 

Belgium 2 The Netherlands 5 

Denmark 1 Portugal 1 

France 2 Serbia 1 

Germany 3 Spain 1 

Greece 1 Sweden 2 

Hungary 1 Switzerland 3 

Ireland 1 United Kingdom 6 

Delphi results 

The overall response rate was 87.8%: thirty-eight of 41 experts completed the first Delphi round, and 36 

completed the second round. Table 3 provides detailed response rates per round and speciality. 

Consensus was achieved for 68 of 80 statements (85.0%) in the second round. Overall internal 

consistency was excellent in both rounds (first: 0.937; second: 0.958). Between rounds, nine statements 

were added (four knowledge skills, three technical skills, and two attitudes). One technical skill was 

transferred to the category attitudes. Twenty-four statements were adjusted after the first round: mainly 

minor additions such as “whenever possible” (15/24) and clarifications of the context (9/24). 

A detailed overview of the ratings for both rounds can be found in appendix 5. The following section 

summarizes the results of the second Delphi round. 
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Table 2: Participant demographics and radiation protection habits 

 Participant answer 

(n=38) 

Mean (range) age, years 49.5 (38-65) 

Mean (range) experience as specialist, years 14.5 (2–27) * 

Gender M/F, n 36/2 

Active in a (hybrid) angiography suite, n (%) 27 (71.1) 

Active in an academic hospital, n (%) 34 (89.5) 

Number of total endovascular procedures, n (%)  

51 – 100 1 (2.6) 

101 – 500 6 (15.8) 

Over 500 31 (81.6) 

Number of endovascular procedures past year, n (%)  

None 1 (2.6) 

1 – 50 4 (10.5) 

51 – 100 8 (21.1) 

101 – 500 16 (42.1) 

Over 500 9 (23.7) 

Use of personal protective equipment, n (%)  

Lead apron 38 (100) 

Thyroid collar 36 (94.7) 

Lead glasses 19 (50) 

Lead gloves 1 (2.6) 

Use of shielding equipment, n (%)  

Table mounted lead flaps 30 (78.9) 

Ceiling mounted systems 18 (47.4) 

Mobile shielding 11 (28.9) 

Number of dosimeters used, median (IQR) 2 (1-2) 

Use of passive dosimeters, n (%) 35 (92.1) 

Use of active dosimeters, n (%) 8 (21.1) 

* n=37 due to erroneous input  

 

Table 3: Participant response rates per speciality. 

 
Vascular surgeons 

Interventional 

radiologists 

Interventional 

cardiologists 

Invited 31 18 16 

Agreed to participate 

N (% of invited) 

24/31 

77.42 

10/18 

44.44 

7/16 

43.75 

Responses round 1 

N (% of participating) 

22/24 

91.67 

10/10 

100 

6/7 

85.71 

Responses round 2 

N (% of participating) 

22/24 

91.67 

10/10 

100 

4/7 

57.14 
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For the knowledge skills, Cronbach’s alpha was 0.948 and 0.949 in the first and second rounds. Three 

of 33 (9.10%) statements were not considered key competencies and removed: “The mechanism of X-

ray production,” “the electromagnetic spectrum & the position of x-rays” and “The difference between 

flat panel detectors and old school image intensifiers.”  

The top three knowledge statements were “Specific risks for healthcare workers,” “Management of 

pregnant staff, threshold doses & period of highest risk,” and “Cause and importance of scatter radiation” 

(table 4). Cronbach’s alpha for the technical skills was 0.832 in the first and 0.897 in the second round. 

Twenty-three of 27 technical skill statements (85.18%) were considered key competencies. The top 

three technical skill statements were “Increase distance from radiation source when performing DSA 

runs,” “Avoid putting hands within the fluoroscopy field,” “Maximize distance from the radiation source, 

whenever possible” (Table 4). There was no consensus for the statements “Use a live-feedback 

personal dosimeter,” “Vary fluoroscopy angles to limit patient peak skin dose,” and statements regarding 

control of the C-arm. 

Table 4: Top rated statements for each of the three categories. 

Top 3 Statements per category 
Round 1 

(n=38) 

Round 2 

(n=36) 

 Mean SD Median 
Consensu

s (%) 
Mea

n 
SD Median 

Consensus 
(%) 

Knowledge skills 

Specific risks for the healthcare workers 4.71 0.46 5 100 4.92 0.28 5 100 

The management of pregnant staff, 
threshold doses & period of highest risk 

4.68 0.74 5 97.4 4.81 0.40 5 100 

The cause and importance of scatter 
radiation 

4.84 0.37 5 100 4.78 0.59 5 97.2 

Technical skills 

Increase distance from radiation source 
when performing DSA runs 

4.95 0.23 5 100 4.94 0.23 5 100 

Avoid putting hand within the fluoroscopy 
field 

4.82 0.39 5 100 4.94 0.23 5 100 

Maximize their distance from radiation 
source whenever possible. 

4.82 0.39 5 100 4.89 0.32 5 100 

Attitudes 

Use a lead apron and thyroid collar 4.92 0.27 5 100 4.97 0.17 5 100 

Only use X-rays when all team members 
are adequately protected 

4.84 0.55 5 97.4 4.92 0.37 5 97.2 

Confirm adequate protection of other team 
members before using X-rays 

4.84 0.55 5 97.4 4.86 0.54 5 97.2 
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For attitudes, Cronbach’s alpha in the first and second round was 0.750 and 0.820. Expert consensus 

was achieved in 15/20 statements (75%). The statements “Use a lead apron and thyroid collar,” “Only 

use X-rays when all team members are adequately protected,” “Confirm adequate protection of other 

team members before using X-rays,” were rated the highest (Table 4).  

No consensus was achieved for the statements: “Register the administered radiation doses in the 

patient's file,” “Consider the risk/benefits for each procedure (justification principle),” “Inform patients of 

the radiation-related risks,” “Use leaded leg protection” and “Use radio-protective gloves.” 

Seven statements were rated significantly different between rounds (Table 5), of which two (“The 

difference between flat panel detectors and old school image intensifiers” and ”Consider the 

risks/benefits for each procedure (justification principle)”) were removed after the second round. 

Alternatively, “Use 3D overlay imaging to reduce the number of DSA runs”, “adjust table- and gantry 

positions without X-rays” and “Avoid the use of steep angulations whenever possible,” only achieved 

consensus after statement re-evaluation.  

There were no differences in ratings among different specialities for knowledge skills and attitudes. 

However, for technical skills, three statements were rated significantly lower by vascular surgeons 

compared with other specialities (Table 5).  

Table 5: Significant changes in ratings between the two rounds. 

Statement 

Rating 
round 1  
Mean 

SD 

Rating 
round 2  
Mean 

SD 

P-value 

The electromagnetic spectrum & the position of x-rays 4 
1.10 

3.56 
1.16 

0.04 

Specific risks for healthcare workers 4.72 
0.45 

4.92 
0.28 

0.04 

The difference between flat-panel detectors and old school image 
intensifiers 

4.14 
0.80 

3.83 
0.85 

0.03 

Use & position radioprotective drapes correctly, if available 4.31 
0.82 

4.56 
0.65 

0.02 

Avoid the use of steep angulations whenever possible 3.86 
1.10 

4.36 
0.76 

0.003 

Use 3D overlay imaging to reduce the number of DSA runs and 
adjust table- and gantry positions without X-rays 

4.08 
1.00 

4.42 
0.73 

0.02 

Use radioprotective gloves 3.08 
1.18 

2.69 
1.12 

0.005 
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When comparing expert ratings based on their radioprotective behaviour, users of active dosimeters 

(n=8) did not rate statements regarding dosimeter use different from other experts: “Use passive 

dosimeters in a correct way” (mean 4.57 vs 4.75; P=0.61) and “Use a live-feedback (active) personal 

dosimeter (e.g., dose-aware)” (mean 3.82 vs 4.38; P=0.26).  

Ratings for the statement “The C-arm movements & settings should only be controlled by people who 

are scrubbed in” were significantly different between participants who always (n=20), sometimes (n=10) 

or never (n=6) controlled the C-arm themselves (mean 4.80 vs 3.50 vs 2.83; P<0.01). Ratings for “A 

radiographer should be in control of the C-Arm” did not differ between these groups (mean 2.95 vs 3.20 

vs 3.83; P=0.54).  

DISCUSSION 

Radiation protection is essential in specialities where ionizing X-rays are used for diagnostic and/or 

therapeutic purposes, to warrant the safety of team members and patients. This study aimed to define 

the key competencies in radiation protection as viewed from the perspective of high-volume clinical 

content experts. Using a two-round modified Delphi methodology, a European multispecialty panel 

identified which competencies should be mastered by every healthcare worker involved in endovascular 

procedures.  

Knowledge skills  

Traditional radiation protection training often covers topics like theoretical aspects and fundamental 

physics. However, in this study, these topics were among the lowest-rated, with some not considered 

key knowledge. This may indicate clinical-content experts believe these theoretical topics may be 

touched upon during radiation protection training, however possibly not extensively, nor during refresher 

courses, since it may not be relevant during actual clinical practice. In contrast, experts perceived 

scattered radiation and practical knowledge about radiation reducing measures as essential topics, 

suggesting these should be extensively covered during training courses.  

Other statements scored highly by the panel included knowledge about risks associated with ionizing 

radiation, especially the risks and management of radiation during pregnancy. The latter is logical, 

considering the increasing number of women among staff and because fetal X-ray exposure may have 

considerable effects on fetal development, depending on the exposure doses and timing.160,161  
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This is indeed relevant for patients, who may be exposed to high X-ray doses, but far less for pregnant 

healthcare workers, as the doses they receive are spread out over time and not high enough (given 

adequate protection) to cause meaningful effects on fetal development or childhood malignancy rates.161 

Therefore, radiation protection training should handle the risks for patients and personnel in a realistic 

and pragmatic way.  

Technical skills 

The main principles of radiation protection are considered to be ‘reducing exposure time,’ ‘increasing 

distance from the radiation source’ and ‘adequate shielding.’34,82 In this study, these skills were among 

the highest-rated and scored as ‘relevant’ by nearly all experts, emphasizing that these basic but 

effective principles should be mastered by everyone in the angiography suite. 

Although operator-controlled imaging during EVAR procedures has been shown to lower radiation 

doses25,162, experts did not reach consensus on who should control the C-arm. Differences in local 

practices may play a role in this since the role of radiographers is strongly dependent on local 

rules/habits. In this study, experts who controlled the table themselves scored the statement about “on-

table-control” significantly higher than other experts. However, such differences were not observed for 

the statement about radiographers controlling the C-arm.   

While live-feedback dosimeters provide operators with useful information and reduce radiation doses163-

165, they were used less than passive dosimeters and were not considered necessary in routine practice. 

Although ratings may have been influenced by those who had access to this technology, experts’ scores 

did not differ significantly between those who use this technology and those who do not. Panel members 

did comment that this technology could be beneficial under specific circumstances: e.g., people at risk 

of surpassing their dose limits or for training and alerting new team members.  

Attitudes 

This study also gained insight into the radioprotective attitudes that should be present during 

occupational radiation exposure, such as personal protection, ensuring the safety of team members and 

the importance of communication. ‘Wear a lead apron and thyroid collar’ was rated the highest, reflecting 

current practices reported by the experts. Lead gloves and leg protectors were the only types of personal 

protective equipment not considered standard use, possibly because the use of lead gloves during 

interventional procedures is being questioned, as they are only beneficial when hands are kept out of 
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the primary X-ray beam.166 Additionally, using leaded leg protection was not considered a key attitude, 

possibly because research in this area is relatively new, and the topic requires further study.   

This study also touched upon topics of justification and patient consent, concepts regarded as 

cornerstones of radiation protection and medical practice, and legally required in multiple European 

countries, following the European Council Medical Exposures Directive 97/43/Euratom.150 Malone167,168 

previously raised concerns about informing patients of risks associated with diagnostic radiology, 

possibly due to a lack of knowledge about administered X-ray doses and its possible effects and 

overestimation of an examination’s benefits. 

Malone’s concerns may also apply to endovascular treatments since statements about justification, and 

patient consent were not seen as key competencies. Endovascular clinicians may overestimate 

treatment benefits and thereby over-prioritize treatment of the acute illness (e.g., limb salvage, 

aneurysm repair), especially since direct damage to patients rarely occurs169 and knowledge about 

longer-term consequences of radiation exposure may be lacking.76 Additionally, experts commented 

that patients might easily overestimate the risks of radiation exposure during a procedure and thus may 

refuse treatment. We, as clinicians, have interpreted this as a concern that long-term effects may cloud 

patients’ judgment of the acute issue, which possibly explains why informing patients was not regarded 

as a key competency. This also suggests that endovascular clinicians may require more education about 

the methods for informed consent and the actual risks of long-term harm of radiation doses and their 

effects.  

Limitations 

Since this study used the Delphi methodology, it may be subject to some limitations characteristic for 

this type of research. The observed dropout rates between rounds resulted in a small number of 

interventional cardiologists in the second round, which may make it difficult to generalize our findings 

within this field. However, we observed an increase in Cronbach’s Alpha scores between rounds for all 

competency categories. Since Alpha usually decreases with fewer participants, the effect of consensus 

formation in this study was more important than the attrition.  

Delphi studies have been criticized because the included items are chosen by the researcher, potentially 

inducing bias.159 To counteract this, a literature search was performed before creating the statements, 
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and experts had the opportunity to comment on statements, or suggest additional ones. This strategy 

resulted in a complete, yet very long list of statements, which may have caused some of the attrition. 

Thirdly, we also cannot rule out possible selection bias, since the selection of experts at-random or free 

participation are not feasible, because experts need to match quality requirements. Therefore, a rather 

large group of experts from across Europe was invited.  

Additionally, even though all experts were respected specialists in their respective fields, they were 

drawn from a pool of interventionalists. We assumed that expertise in clinical content where the use of 

radiation is necessary would also confer expertise in radiation dose awareness. In fact, this may not 

always be the case, which is a key finding in this manuscript. It should be acknowledged that experts in 

radiation, such as physicists, would likely have netted a different overall conclusion. However, our 

deliberate design of the study to include content experts was to understand the impact and scope of 

radiation education at the coalface of clinical care. 

Finally, all experts worked in different hospitals and countries; thus, it is possible that participants’ 

answers were influenced by local traditions and hospital policies. Additionally, participants’ special ity 

may have also affected their ratings; however, only a few statements were scored differently between 

the three groups, meaning this effect was relatively small. 

Future perspectives: 

Since radiation protection is continually evolving, it may be necessary to regularly update the consensus 

achieved in this study, possibly with the addition of other expert groups. 

The competencies identified in this study may be used to construct future curricula. Further research 

should be conducted to identify and/or develop modern training methods to acquire, practice, and 

improve radioprotective skills. Not only traditional lectures but modern and interactive media like e-

learning, simulation, and game-based learning may allow users to learn about and/or practice these 

principles in safe environments, without using actual X-rays. This could improve user participation and 

possibly stimulate continued learning outside of the classroom or angiography suite.  

  



DEFINING KEY COMPETENCIES IN RADIATION SAFETY 

77 

CONCLUSION 

To achieve optimal radiation protection practice, appropriate education of healthcare workers is 

essential. Unfortunately, current training courses often are too theoretical and cover topics that may not 

always be relevant or applicable in daily practice. In this study, an international and multispecialty expert 

panel reached consensus about the radioprotective knowledge skills, technical skills, and attitudes that 

should be considered as key competencies, creating the basis for future relevant and practical training 

courses and refresher sessions.  
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ABSTRACT 

Purpose 

Radiation safety performance is often evaluated using dose parameters measured by personal 

dosimeters and/or the C-arm, which provide limited information about teams’ actual radiation safety 

behaviours. This study aimed to develop a rating scale to evaluate team radiation safety behaviours 

more accurately and investigate its reliability.  

Materials and methods 

A modified Delphi consensus was organized involving European vascular surgeons, interventional 

radiologists, and interventional cardiologists. Original items and anchors were drafted a priori and rated 

using 5-point Likert scales. Participants could suggest additional items or adjustments. Consensus was 

defined as ≥ 80% agreement (rating ≥ 4) with Cronbach’s alpha ≥ 0.80. Two vascular surgeons with 

expertise in radiation safety evaluated 15 video-recorded endovascular repairs of infrarenal aortic 

aneurysms (EVAR) to assess usability, inter, and intrarater reliability.  

Results 

Thirty-one of 46 invited specialists completed three rating rounds to generate the final rating scale. Five 

items underwent major adjustments. In the final round, consensus was achieved for all items (alpha = 

.804; agreement > 87%): ‘Pre-procedural planning’, ‘Preparation in angiosuite/operating room’, 

‘Shielding equipment’, ‘Personal protective equipment’, ’Position of operator/team’, ‘Radiation usage 

awareness’, ‘C-arm handling’, ‘Adjusting image quality’, ‘Additional dose reducing functions’, 

‘Communication/leadership’ and ‘Overall radiation performance and ALARA principle'. All EVARs were 

rated, yielding excellent Cronbach’s alpha (.877) with acceptable interrater and excellent intrarater 

reliability (ICC = .782; ICC = .963, respectively).  

Conclusion  

A reliable framework was developed to assess radiation safety behaviours in endovascular practice and 

provide teams with formative feedback. The final scale is provided in this publication.   
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INTRODUCTION 

During endovascular procedures in high-tech hybrid angiography suites, patients and team members 

may be exposed to high doses of ionizing radiation, leading to harmful effects such as skin damage or 

malignancies 34,59. To minimize these risks, endovascular team members (=endovascular specialists, 

nurses, anaesthesiologists, and radiographers/technicians) should know and respect the ALARA 

principle 34,81,170.  

Currently, team radiation safety performance is often evaluated through dose measurements from (live-

feedback or post hoc) dosimeters or from the C-arm system, including CAK (mGy) and DAP (Gy.cm2). 

These measurements provide valuable information about the exposure of team members and patients 

171 and may evaluate the impact of technological improvements (e.g., imaging protocol adjustments 

73,172,173, flat-panel detectors 174). However, dose-related measures depend on the patient and 

procedure-related factors (e.g., BMI, procedure type, difficulty), making it challenging to use them for 

analysing radiation safety performance in different settings. Moreover, they only provide limited 

information about team members’ actual choices and radiation safety behaviours.  

Nowadays, rating scales are used to assess various skills, during and after training 30,66,175-178, and some 

include aspects of radiation safety 30,66,175. Yet, a dedicated radiation safety rating scale is lacking. 

Therefore, this study aims to develop a new rating scale based on currently available best-practice 

recommendations and guidelines 34,60,72,76,81,179,180 and to study its usability and reliability. 

MATERIALS AND METHODS 

Modified Delphi Consensus  

A modified Delphi consensus study was conducted. European vascular surgeons, interventional 

radiologists, and cardiologists were identified through purposive sampling, based on their clinical 

experience, publication record, and/or appearance as congress faculty. Potential participants were 

invited and provided consent through e-mail. 

The Delphi literature contains no criteria regarding panel size; however, studies in healthcare have 

involved 20-30 participants 30,181-183. Therefore, expecting a participation rate of 75% and a completion 

rate of ±80%, almost 50 participants were invited.155  
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Delphi Statements and Data Collection 

A preliminary framework of 11 items, tentative scoring anchors, and example behaviours was 

constructed by the researchers based on previously-defined key competencies 180 and the Objective 

Structured Assessment of Technical Skills framework. Surveys were created using SurveyMonkey 

(SurveyMonkey Inc., California, USA). Participants were given standardized instructions to rate items 

on 5-point Likert scales (1: completely disagree – 5: completely agree) and could provide feedback or 

suggest additional items. After each round, panel members received the previous round’s mean 

(standard deviation) and median scores. 

Consensus 

Consensus was defined as more than 80% agreement (rating 4 (agree) or 5 (completely agree)), without 

relevant comments and with a Cronbach’s alpha of at least .80 (i.e., internal consistency). If these 

requirements were not fulfilled, low-scoring items and comments were reviewed and revised by the 

research group, followed by a new round. 

Reliability Analysis 

Scale reliability was evaluated through post hoc analysis of 15 videotaped elective EVAR procedures 

of asymptomatic infrarenal AAA >55 mm. Ten elective EVAR procedures were randomly chosen from 

a pool of pre-existent recordings (2012–2014). An additional sample of five ‘modern’ EVARs was 

collected in ‘2019’ using the same criteria, to account for changes in radiation safety practices over the 

years. Teams and patients were consented and aware that radiation safety was studied.  

To assess inter-rater reliability, two vascular surgeons with significant experience in radiation safety 

(A.H., B.M.) independently evaluated the procedures using video-recordings (Figure 1) of the hybrid 

angiography suite and the fluoroscopy screen, including information about radiation doses, procedure 

and fluoroscopy times. Additionally, a random subset of five procedures was re-evaluated by both 

surgeons to assess intra-rater reliability. 
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Figure 1: Video-recordings used by raters for reliability assessment. a: operating room view. b: fluoroscopy 

screen view 

Statistical Analysis 

Statistical analysis was performed using SPSS 25.0 (Statistical Package for the Social Sciences, IBM, 

Armonk, USA). P-values <0.05 were considered statistically significant. Inter- and intra-rater reliability 

were assessed with internal consistency (Cronbach’s alpha) and intraclass correlation coefficients (ICC) 

using two-way random ICC models with single measures. Finally, a Bland-Altman analysis was 

conducted to investigate the rater agreement 186,187 further. 

RESULTS 

Delphi Panel Characteristics  

Thirty-two out of 46 invited endovascular specialists participated (69.56%). One participant was 

excluded due to an incomplete response. Thirty-one participants from 15 European countries (Table 1) 

completed all rounds, including questionnaires on demographics (Table 2) and radiation safety practices 

(Table 3). All participants reported having received formal radiation safety education.  

Table 1: Overview of the number of participants and participant specialities per country. 

Country VS IR IC Country VS IR IC 

Austria 1 1 1 Italy 3 - 1 

Belgium 1 - - The Netherlands 3 - - 

Denmark - 1 - Serbia 1 - - 

France 2 - - Spain 1 - - 

Germany 1 1 1 Sweden 2 - - 

Greece 1 1 - Switzerland 1 1 - 

Hungary 1 - - UK 2 2 1 

Ireland 1 - -     

VS: Vascular surgeon; IR: Interventional radiologist; IC: Interventional cardiologist 
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 Table 2: Participant characteristics 

Participant 
demographics 

Panel members’ age, years  

Median (IQR) 52 (46 – 56) 

Mean (Min-Max) 52 (39 – 69) 

Median (IQR) experience as specialist, years 14 (10 – 20) 

Gender (M/F) 28/3 

Participant occupation, n (%)  

Vascular surgeon 21 (67.8) 

Interventional radiologist 7 (22.6) 

Interventional cardiologist / angiologist 3 (9.7) 

Works in academic training hospital, n (%) 25 (80.6) a 

Works in hybrid angiography suite, n (%) 22 (71) 

Participant 
experience 

Number of endovascular procedures during the past year as the 
primary operator  

 

1-50 8 (25.8) 

51-100 10 (32.3) 

101-500 8 (25.8) 

>500 5 (16.1) 

Total number of endovascular procedures in career as the primary 
operator n (%) 

 

101-500 6 (19.3) 

>500 25 (80.6) 

IQR: interquartile range; M: Male; F: Female 

a Other panel members: district hospital:4; Non-academic training hospital:1; Currently not employed in hospital:1 

Table 3: Participant radiation safety practices 

Personal 
protective 
equipment 

Use of personal protective equipment N = 31 (%) 

Lead glasses 22 (71) 

Lead apron 29 (93.5) a 

Thyroid collar 30 (96.8) 

Lead gloves 1 (3.2) 

Lead cap 7 (22.6) 

Lead sleeve 4 (12.9) 

Mobile shielding 12 (38.6) 

Ceiling mounted shielding 21 (67.7) 

Table mounted shielding 22 (71) 

Dosimeter 
usage 

Median (IQR) number of dosimeters used 2 (1-2) 

Position of dosimeters N (%) 

Eye level 3 (9.7) 

Thyroid collar 9 (29) 

Chest over lead 11 (35.5) 

Chest under lead 20 (64.5) 

Waist over lead 1 (3.2) 

Waist under lead 5 (16.1) 

Control of the C-
arm 

Control of the C-arm system N (%) 

‘I always control the C-arm myself.’  13 (41.9) 

‘I sometimes control the C-arm myself.’  15 (48.4) b 

‘‘I never control the C-arm myself.’  3 (9.7) b 

IQR: interquartile range; a Two participants used ceiling mounted zero-gravity technology instead of a lead apron. 

b Others to control the C-arm: Radiographer/technician: 8; Colleague/assistant: 5; Nurse: 2; Combination: 3 
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 Delphi Study – Scale Development 

Three rounds (June–September 2018) were required to achieve consensus (Table 4). Statements in the 

first round were rated highly, with the minimum agreement of 87.1% and good internal consistency 

(alpha=.85). Comments generated four minor changes to item phrasings and descriptions. Three major 

changes were made: the items ‘Image quality settings’ and ‘Appropriate use of dose reduction 

functionalities’ were merged. The item ‘Preparation and flow of the operation’ was adjusted to capture 

the effect of (im)proper planning on radiation doses. Finally, leadership factors were added to the item 

‘Communication.’ 

Second-round ratings yielded agreement between 93.5% and 100%. Nevertheless, Cronbach’s alpha 

was only .787, and participant comments required additional adjustments. The items ‘Knowledge of 

ALARA principle’ and ‘Quality of final product’ were merged, whereas ‘Planning and preparation of the 

procedure’ was split into separate items. Similarly, ‘Image quality versus radiation dose’ was split into 

its original components. 

Agreement for the third-round items ranged from 87.1% to 100%, with Cronbach’s alpha of .804). The 

final scale was reviewed and approved by the university’s lead medical physicist.  

 Rating Scale 

The radiation safety rating scale (Figure 2) contains 11 items encompassing well-known radiation 

safety principles as well as newer attitudes. Items are rated on 5-point scales, with descriptive 

anchors, for which a rating of ‘1’ corresponds to unacceptable performance with major points of 

improvement, whereas a rating of ‘5’ corresponds to exemplary performance. When using the rating 

scale, raters should start at a neutral score of ‘3’ (i.e., an ‘acceptable’ performance) for each rating 

scale item, which can increase or decrease based on the observed positive or poor behaviours, 

respectively (Figure 3). After rating all items, scores are added, yielding a total score ranging between 

11 (=minimum) and 55 (=maximum). A total score of 33 (i.e., an average of ‘three’ on all items) may 

be used as an indicative measure of overall ‘acceptable’ performance. 
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Table 4: Overview of rating scale items and Delphi ratings per round. 

Round 1 (Cronbach’s alpha =.850) Round 2 (Cronbach’s alpha =.787) Round 3 (Cronbach’s alpha =.805) 
 

Item 
Mean 
(SD) 

Median 
Agree  

(%) 
Item 

Mean 
(SD) 

Median 
Agree  

(%) 
Item 

Mean 
(SD) 

Median 
Agree  

(%) 

P-Value a 

Personal protective 
equipment 

4.77 
(.497) 

5 96.8 
Personal protective 
equipment 

4.84 
(.454) 

5.00 96.8 
Personal protective 
equipment 

4.77 
(.425) 

5 100 .405 

Additional shielding 
equipment 

4.65 
(.551) 

5 96.8 
Additional shielding 
equipment 

4.71 
(.529) 

5.00 96.8 
Additional shielding 
equipment 

4.65 
(.709) 

5 93.5 .670 

Position relative to radiation 
source 

4.81 
(.402) 

5 100 
Position of operator /team 
relative to radiation 
source 

4.81 
(.402) 

5.00 100 
Position of operator /team 
relative to radiation source 

4.84 
(.374) 

5 100 .920 

Awareness of radiation usage 
4.84 

(.374) 
5 100 

Awareness of radiation 
usage 

4.84 
(.374) 

5.00 100 
Awareness of radiation 
usage 

4.9 
(.301) 

5 100 .513 

Handling of the  
C-arm system 

4.61 
(.558) 

5 96.8 
Handling of the  
C-arm system 

4.71 
(.461) 

5.00 100 
Handling of the C-arm 
system 

4.84 
(.374) 

5 100 .058 

C-arm image quality settings 
4.48 

(.570) 
5 96.8 

Image quality versus 
radiation dose 

4.55 
(.568) 

5.00 96.8 

Image quality versus 
radiation dose 

4.52 
(.570) 

5 96.8 .819 

Appropriate use of dose 
reduction functionalities. 

4.42 
(.720) 

5 93.5 
Use of additional dose 
reducing functionalities 

4.23 
(.762) 

4 87.1 .047 

Communication 
4.42 

(.720) 
5 93.5 

Communication and 
leadership 

4.48 
(.570) 

5.00 96.8 
Communication and 
leadership 

4.71 
(.529) 

5 96.8 .009 

Preparation and flow of 
operation 

4.45 
(.568) 

4 96.8 
Planning and preparation 
of the procedure 

4.77 
(.425) 

5.00 100 

Pre-procedural planning 
4.77 

(.425) 
5 100 .066 

Preparation in angiography 
suite/ operating room 

4.48 
(.769) 

5 90.3 .032 

Knowledge of ALARA 
principles. 

4.68 
(.599) 

5 93.5 
Knowledge of ALARA 
principles  

4.77 
(.497) 

5.00 96.8 Overall radiation 
performance and respecting 
the ALARA principles 

4.65 
(.551) 

5 96.8 

.327 

Quality of the final product 
4.35 

(.798) 
5 87.1 

Quality of the final 
product 

4.42 
(.620) 

4.00 93.5 .062 

SD: standard deviation – a Significance testing using Friedman test- p-values <0.05 in bold  
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Figure 2: The final rating scale items with scoring anchors 
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Figure 3: Users’ manual. This document contains a non-restrictive list of positive (green) and negative (red) 

exemplary behaviours for each scale item, as well as blank spaces to note additional observations and comments. 

This document may be used by raters to structure observations and facilitate scoring. The final rating scale items 

with scoring anchors

Scale Item Example behaviours 
Comments and 

Extra observations 

1. Pre-procedural 
planning 

 The operator has defined a clear treatment strategy (e.g. CTA/MRA review with dedicated 3D 
workstation)  

• C-arm angulations for proximal and distal landing zones 

• Approach / cannulation strategy (e.g. standard or ballerina configuration) 

 The team is aware of plan 

 

 Delay due to lack of planning (E.g. landing zone angles not known ; Team is unaware of plan) 

2. Setup of 
angiography suite/ 
operating room 

 The necessary equipment is available and the operating environment has been prepared.  

• Large display monitor close to operator 

• Setup of system (e.g. setting up fusion imaging) 

• Correct positioning of patient on operating table 

 All necessary endovascular equipment is available (e.g. appropriate wires, catheters) 

 

 Delay as a result of suboptimal equipment (e.g. catheter for cannulation unavailable) 

3. Additional shielding 
equipment 

 Table mounted lead shields (+ extension) are available and correctly positioned 

 Ceiling suspended lead screens are available and correctly positioned 

 Mobile lead shielding is available and correctly positioned  
 Shielding equipment is not used despite being available 

 Shielding equipment hinders progression of procedure or C-arm movement  

 Shielding equipment is not repositioned when necessary 

4. Personal protective 
equipment 

 Personal protective equipment is worn correctly (May vary for primary operator if using zero-
gravity style shielding) 

• Lead apron (Single-piece or vest and skirt combination) + thyroid collar + lead glasses 

 Dosimeter(s) worn correctly, according to local policies. 

 

 Personal protective equipment is not or incorrectly worn. 

5. Position of 
operator/team relative 
to radiation source 

 Team members maximize their distance from the radiation source (e.g. using long sheath, 
angio with extension line or power injector) 

 Team members step back from the table during DSA/ciné runs  

 Team members stand on side of image detector whenever feasible  

 Team members  remain in the same spot throughout the entire procedure. 

 Non-scrubbed team members repeatedly work too close to the C-arm when not necessary. 

  Team members do not step back during an angiography  or only for a limited distance 

6. Awareness of 
radiation usage 

 Operator only uses x-rays when looking at the screen. 

 The number of DSA/ciné runs is kept as little as possible. 

 Collimation is used efficiently. 

 X-rays are deactivated as soon as the endovascular phase ends. 
 

 Unnecessary fluoroscopy when handling endovascular tools (e.g. during balloon deflation). 

 No or inefficient collimation  

7. Handling of the C-
arm system 

 Maximize source-object distance (=table up).  

 Minimize source-image distance (=detector down).  

 Angulations are only used when necessary and returned to neutral (AP) as soon as possible   

  Unnecessary use of steep angulations  

 The same C-arm angles are used throughout the entire procedure. 

8. Image quality versus 
radiation dose 

 Operators systematically start at the lowest dose settings. 

• Pulsed fluoroscopy with low pulse rate  

• Use of low-dose imaging modes 

• Adjust imaging protocols based on target region. 

 Operators critically reflect about required image quality and only upgrade when necessary  

 Unnecessary use of high-quality imaging 

 Unnecessary use of (optic) magnification function 

 Image quality settings / imaging protocols not adjusted throughout entire procedure. 

 Adverse event (e.g. delay, damage) due to insufficient image quality 

9. Use of additional 
dose reducing 
functions. 

 Correct use of additional dose reducing functions (if available) 

• Digital magnification 

• 3D image fusion 

• Automatic positioning of C-arm / saving C-arm positions 

 

 Dose reducing functions not used when available or used inappropriately  

10. Communication 
and leadership 

 Ensure team members are adequately protected. 

 Confirmation of team protection at the start of the procedure (e.g. is everyone protected?). 

 Warn team members before making a DSA/cine run. 

 Effective communication with anaesthesiologist/x-ray technician. 

 Radiation safety issues are expressed (i.e. speaking up). 

 Clear communication with patient. (e.g. apnoea during angiography) 

 

 No or lacking communication within the team 

 No or lacking communication with the patient 

11. Overall radiation 
performance including 
the ALARA principles 

 The team has sufficient knowledge of the ALARA principles and correctly applies it. 

 Overall radiation dose is acceptable considering case difficulty .  
 Team members unfamiliar with ALARA principles 

 Operator disregards passing of threshold doses or C-arm alarms  
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Rating Scale Usability and Reliability  

Fifteen EVAR procedures, recorded at three tertiary hospitals, were included (Table 5). In five cases, 

operators utilized 3D fusion imaging (‘2012-2014’:3 cases; ‘2019’:2 cases). In one case, a polar renal 

artery was coiled. Three procedures were performed outside IFU due to severe infrarenal neck 

angulation; one of these procedures also involved the placement of an iliac branched device. 

Reliability analysis indicated high internal consistency (Cronbach’s alpha =.877) with acceptable 

interrater reliability and excellent intrarater reliability (ICC=.782 and ICC=.963, respectively). In two 

cases, raters scored the performance on different sides of the 33-point threshold, with rater B scoring 

higher than rater A (Appendix 6). A Bland-Altman analysis (Appendix 7), revealed a mean difference 

of 2.6 points with no cases exceeding the 95% confidence interval of an acceptable agreement. 

Table 5: Overview of equipment and team characteristics for each centre. 

  Centre 1 
(n= 5) 

Centre 2 
(n= 8) 

Centre 3 
(n= 2) 

C-arm system 
Philips Allura 
Xper FD20 

Philips Allura 
Xper FD20 

Philips Allura 
Xper FD20 

Endoprosthesis 
device 

Excluder AAA 
(W.L. Gore) 

4 4 1 

Endurant 
(Medtronic) 

1 3 - 

Zenith Alpha 
(Cook) 

- 1 1 

Team composition  VS-IR VS-VS VS-VS 

Number of unique 
operators 

VS 3 6 2 

IR 4 - - 

AAA: Abdominal aortic aneurysm; VS: Vascular surgeon; IR: Interventional radiologist. 

DISCUSSION 

This report describes the development and first tests of a new rating scale to assess endovascular 

teams’ radiation safety behaviours. 

The Delphi Study 

The Delphi methodology has become popular for developing evaluation frameworks in various 

healthcare disciplines. In this study, consensus was defined using internal consistency and participant 

agreement 159. Our results suggest that these measures may not always be adequate to define 

consensus.  
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After the second round in this study, the overall participant agreement had increased, implying more 

uniform ratings, whereas internal consistency had dropped below 0.8, suggesting that consensus had 

weakened. This was most likely due to skewed second-round ratings, which is known to lower 

Cronbach’s alpha 184. Holey et al. 185 suggested interpreting the interquartile ranges and standard 

deviations as an alternative, which become narrower as participants’ opinions align. This was indeed 

noted for all second-round statements. 

Likewise, the criteria for selecting panel members are vague. Ideally, participants should possess 

theoretical knowledge and clinical experience with radiation, but these are difficult to assess.  

Therefore, alternative measures were selected: formal radiation safety education and annual 

endovascular case count. Some participants reported low annual cases because they 

assisted/supervised procedures without being the primary operator but did possess other ‘indicators of 

experience’ such as qualitative publication record and/or good standing among colleagues. 

Using the Rating Scale 

This framework was developed to evaluate radiation safety behaviour, but it should be stated that 

correctly interpreting and evaluating behaviours may be challenging without knowledge of the 

endovascular techniques and workflow. For example, steep angulation may be crucial to accurately 

visualize the ostia of vessels, which, from a radiation safety-based perspective, is considered poor 

behaviour 186. Therefore, two vascular surgeons with extensive experience in EVAR procedures and 

radiation safety rated the cases in this study. 

Rating scale scores ranged between 20 and 53, indicating that the scale captures both low and high-

scoring performances (Appendix 6). The difference in ratings between raters ranged from zero (perfect 

agreement) to twelve points, which was acceptable, based on the Bland-Altman analysis (Appendix 7).  

In half of the cases (8/15; 53.3%), both raters’ scores were lower than the indicative threshold of 33 

points. However, it should be stressed that this 33-point threshold must not be considered as a hard 

pass/fail score denoting proficiency, but rather as an indicative score for use in formative assessments 

and team feedback. To establish a pass/fail score for use in formative assessments, additional standard-

setting studies are required.  
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For example, the contrasting groups method may be used to determine a total passing score, or 

alternatively, the Angoff method may be used to investigate whether or not all items should be given the 

same value/weight and to determine individual pass scores for each item, based on the opinion of clinical 

experts and medical physics experts.187 

Possible Applications 

This rating scale provides a detailed evaluation of a team’s radiation safety behaviour, during 

endovascular procedures and may facilitate structured formative feedback, and targeted radiation 

safety training adapted to the needs of a specific team. It can be used by interventionalists, 

radiographers/technicians, medical physics experts, or a combination of multiple assessors, provided 

they possess the necessary knowledge and expertise from both a clinical and medical physical 

perspective. 

This feedback may be enhanced by combining rating scale evaluations with real-time dosimeters, dose 

registration software, and structured dose reports, 117,188 providing information about the behaviours and 

exposure of individual team members and about how the C-arm system has been used (e.g., collimation, 

zooming, table position). This broad view on radiation safety allows raters to pinpoint the behaviours 

responsible for high exposures and enhances the quality of the feedback. Unfortunately, these doses 

managing technologies were not available in the current study and should be evaluated in future studies.  

The proposed scale can also be embedded or combined with other technologies aiming to study 

radiation safety performance, such as the Operating Room Black box (Surgical Safety Technologies 

Inc. Toronto, Canada).83 This system captures and synchronizes audio-visual, patient-related, and 

environmental data for semi-automatic evaluation of team performance, combining expert-ratings with 

artificial intelligence (AI)-driven evaluations. When applied to radiation safety, this technology may 

support experts using the current rating scale (e.g., automatic analysis of team members’ distance from 

the table or automatic estimation of patients’ risk of harmful effects186). Although the feasibility and added 

value of this method triangulation still must be shown, this black box seems to be a promising avenue 

for further research.  

This rating scale may also be valuable during initial and continued radiation safety education. Team 

members can put their radiation safety knowledge into practice without being exposed to radiation during 

hands-on simulation-based radiation safety training. Often metrics automatically assess performances 

(e.g., the simulated radiation dose), yet sometimes they are not validated and do not capture behavioural 
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elements like communication. Adding the radiation safety rating scale may enhance simulation sessions 

and enables proctors to provide high-quality formative feedback. Finally, it may also be useful to 

compare radiation safety performance between centres with different setups. 

Future Perspectives 

While the current study established the reliability of the radiation safety rating scale, validity was not 

explicitly investigated. Because the tool was based on established frameworks 31,180 and developed 

through Delphi consensus, face- and content validity can be assumed. However, construct and 

concurrent validity should be investigated in future studies with larger sample sizes. 

Furthermore, two endovascular specialists performed the ratings in this study, with expertise and 

academic interest in radiation safety, but additional insights of interventional radiologists, medical 

physicists, or radiographers are recommended in future evaluations to challenge the standards set by 

vascular surgeons to optimize radiation safety practices. 

Limitations 

The modified Delphi method with pre-drafted initial statements was chosen to reduce the burden of the 

first round, but this approach risks inducing bias by directing outcomes. To avoid this, participants could 

provide feedback and suggest new items, which successfully solicited essential changes to the 

framework. 

This Delphi study enrolled a panel of European endovascular specialists, though these specialists were 

not always in control of C-arm, as this was the responsibility of radiation technicians, radiographers, or 

nurses in some centres (Table 3). Given the well-established content of the ALARA principle, we feel 

that involving these other groups likely would have yielded similar outcomes. Similarly, the same 

reasoning can be applied to the nationality of the panel members and the choice of solely involving 

European specialists.  

Additionally, although the interrater and intrarater reliability of this rating scale were satisfactory, these 

findings are based on only a relatively small number of procedures and raters. Future studies with 

larger sample sizes are needed to confirm these initial findings.  

Finally, since team members were aware of the evaluations, their behaviours may have been 

influenced by the Hawthorne effect. Since a wide range of behaviours was observed, including poor 

behaviours, indicated by the lower scores, the Hawthorne was most likely minimal.  
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Furthermore, the goal of this paper was to prove good intra and inter-rater reliability with a focus on the 

raters (‘Can radiation safety behaviours can be reliably identified and evaluated?’) rather than on the 

teams. Nevertheless, this remains an important phenomenon and should be considered when 

performing evaluations in the actual clinical practice, e.g., by introducing a ‘pilot period’ during which 

teams should get accustomed to being studied. 

CONCLUSION 

A modified Delphi consensus was used to develop a reliable radiation safety rating scale. Suitability of 

this tool for objective evaluation of endovascular teams has been demonstrated. The tool, which is 

provided in this publication, provides detailed information about key aspects of an endovascular team’s 

radiation safety behaviour, and facilitates targeted feedback and the development of radiation safety 

training interventions, adapted to the needs of a team. The scale can be applied to foster radiation safe 

(endo)vascular surgical practice. 
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ABSTRACT 

Purpose 

In laparoscopy, the Operating Room Black Box® (ORBB) provides insights into operative performance 

to improve patient safety. This technology may also enhance endovascular surgical practice; however, 

the use of a C-arm and X-rays pose important challenges, hindering transferability to an endovascular 

context. We describe the first implementation of ORBB technology in a hybrid angiography suite and 

illustrate its value in evaluating surgeons’ radiation safety, technical and non-technical performance. 

Methods 

Team members (surgeons, nurses, anaesthesiologists) and stakeholders were informed during several 

information sessions. Together with teams from Surgical Safety Technologies (Toronto, Canada), an 

implementation plan was developed, and video-evaluation frameworks were chosen. Radiation safety 

was assessed using dose measurements and video-evaluation of safety-related behaviours. Technical 

performance was assessed using the ‘global’ and ‘procedure-specific’ rating scales and the 

‘EndoVascular Aortic Repair Assessment of Technical Expertise’ (EVARATE) framework. Surgeons’ 

non-technical skills were assessed with the NOTSS framework. 

Results 

The system captures Audio-visual data from four ceiling-mounted cameras, three ceiling-array 

microphones, the fluoroscopy screen, and the anaesthesia monitor. After patient and team consent, an 

elective endovascular aneurysm repair was successfully analysed. Dose-Area-Product and Air Kerma 

were 71094 mGy.cm2 and 270mGy, respectively. The behavioural analysis revealed deficiencies in 

stepping back and radiation safety communication. Technical skill assessment was feasible: Global 

rating scale’: 29/40; ‘Procedure-specific rating scale’: 27/35; EVARATE: 29/35. Non-technical analysis 

highlighted surgeons’ leadership qualities. 

Conclusion 

An innovative data capture platform has been successfully installed to evaluate overall performance 

during endovascular procedures. This technology may facilitate the identification of (radiation) safety-

related errors and instigate educational interventions based on real-world issues. 
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INTRODUCTION 

Errors in vascular surgery 

Rapid technological evolution and innovation of surgical techniques, treatment devices, and imaging 

modalities have enabled vascular surgeons to treat more patients with increasing complex pathology, 

using minimally invasive, endovascular approaches.  

Previous research has noted a considerable number of medical errors during endovascular procedures, 

including equipment failures (e.g., malfunction, unavailable equipment), procedure independent 

pressures (e.g., distractions, time pressure, absence of team members), communication breakdowns 

(e.g., lack of communication about next step, unclear communication) and technical failures (e.g., 

psychomotor errors, unfamiliarity with equipment) 15,189,190. These errors also occur within well-trained, 

experienced teams, even after preoperative patient-specific rehearsal 16, and are linked to an increased 

rate of adverse events and re-interventions. 15 Some errors may not seem to impact procedures directly, 

or are easily corrected without consequence (i.e. ‘near-miss’ errors); however, the effects of several 

smaller errors and system deficiencies may add up over time, causing more severe events, as illustrated 

by Reason’s “Swiss cheese model” 11. 

Furthermore, (endo)vascular procedures are more often performed in high-tech hybrid angiography 

suites, with powerful fixed C-arm systems to provide high-quality imaging. To safely treat patients in this 

complex environment, members of the endovascular team (surgeons, anaesthesiologists, nurses, 

radiographers/technicians) must master a wide range of knowledge, skills, and attitudes. Responsible 

use of ionizing radiation is an inherent requirement to establish a safe endovascular practice. Fixed C-

arm systems may expose patients and team members to high radiation doses when not appropriately 

handled 191,192, which may result in harmful effects such as skin damage, cataract, and malignancies. 

To minimize radiation exposure, qualitative radiation safety education is essential 71,81, and all team 

members should know and apply the ALARA principle of radiation safety 34. 

Therefore, to improve the quality of (endo)vascular care, a holistic view is required, in which all 

(radiation) safety-related behaviours and errors are considered, independent of their nature, severity, 

and effect. This may stimulate team reflection (e.g., through structured debriefing), allowing teams to 

identify and address errors before they lead to adverse, which may improve team performance and 

collaboration.  
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Capturing and analysing error in endovascular procedures 

Currently, knowledge about errors and system deficiencies is based on postoperative investigations, 

such as morbidity-mortality discussions and (voluntary) incident reports. However, these post hoc 

investigations are strongly dependent on the completeness of patient files and team members’ ability to 

recall specific situations, which may cause valuable information to be lost. 193. Moreover, they 

predominantly focus on severe incidents and provide limited information about smaller near-miss errors.  

To address these concerns, a team from St. Michael’s Hospital in Toronto, Canada, has developed the 

ORBB (Surgical Safety Technologies Inc. Toronto, Canada); a comprehensive data capture platform, 

based on principles from aviation and other high-stake industries 67,83. This system captures and 

synchronizes various sources of audio-visual (e.g., videos from room cameras, procedural video, 

microphone recordings), patient-related (e.g., blood pressure) and environmental data (e.g., door 

movements, alarms) for semi-automatic data analysis which combines human rating scale-based 

assessments with artificial intelligence (AI)-driven data analysis. This allows identification of important 

and/or frequently occurring (near-miss) errors, events, and distractions; and facilitates detailed feedback 

about technical and non-technical performance. 

For example, in a recent paper, Jung et al. describe surgical errors, events, and distractions occurring 

in 132 laparoscopic surgical procedures captured with the ORBB 83. Distractions which may affect 

surgical performance and speed, (e.g., opening of OR doors, alarms, loud noises…), occurred once 

every 40 seconds. Additionally, errors and events were identified in nearly every single procedure 

(130/132), with a median error rate of 13 errors per hour. Finally, the ORBB provided unique insights 

into these errors and the underlying mechanisms.  

Study goal 

The ORBB technology has been used mainly for analysing laparoscopic procedures across Canada, 

Europe, and the USA, but not yet for studying endovascular procedures or radiation safety. This paper 

describes the first-time implementation of an ORBB in a hybrid angiography suite worldwide and the 

challenges involved with this process, including modifying the evaluation process to match this new 

context. Finally, the potential of this technology is illustrated through the example of an endovascular 

procedure, captured with the newly installed ORBB and (manually) evaluated using the new evaluation 

process. 
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METHODOLOGY  

This study project was approved by the local ethics committee (Registration number B670201834949).  

Informing stakeholders and team members. 

Early-on, videoconference meetings were organized between the engineering team from Surgical Safety 

Technologies (Toronto, Canada) and the key stakeholders in the hospital (Table 1) to inform them about 

the system, discuss technological/infrastructural/juridical requirements and concerns and ultimately to 

plan the implementation process.  

Table 1: Stakeholders involved in the implementation process 

Team Function – role 

Biomedical engineering - Overseeing installation of capturing hardware (cameras, microphones). 

- Planning connection of ORBB and third-party systems (e.g., Fluoroscopy 

screen; anaesthesia monitor). 

- Procuring additional hardware (e.g., video encoders) 

Facility management 

(infrastructure) 

- Installing necessary power sockets and Ethernet connections. 

- Installing capturing hardware (cameras, microphones) 

- Connecting capturing hardware to local capture server. 

Information technology (IT) - Setting up a secure connection with the Toronto datacentre. 

- Setting up the in-hospital network and local storage solution. 

- Procuring and installing a local capture server (hardware). 

OR Black box system engineers - Providing advice on the installation of capturing hardware (number of 

devices, position). 

- Calibration of capturing equipment and setup of data capture-flow. 

Legal department - Overseeing legal agreement  

- Safeguarding safe data management 

- Safeguarding rights and safety of patients and team members 

Data protection officer - Guaranteeing safe data management complying with the European 

GDPR laws 

Representatives of team members 

(heads of department) and labour 

unions 

- Safeguarding rights and safety of team members from surgical, nursing, 

and anaesthesiology departments. 

 GDPR: General Data Protection Regulation 

Additional information sessions and meetings with the hospitals’ board of directors, workforce unions 

and heads of the various departments were organized and included discussions about potential benefits 

(creating real-life learning opportunities to enhance surgical performance and patient safety) and 

organizational aspects of ORBB capture (e.g., who can/cannot access ORBB data). Finally, all team 

members who were expected to participate in ORBB-procedures (i.e., nursing, anaesthesiology, and 

surgical teams) had the opportunity during multiple structured information sessions to ask questions or 

raise concerns. 
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Implementing the ORBB in the hybrid angiography suite  

The high-tech hybrid angiography suite and the skills required during endovascular procedures required 

a different implementation strategy compared with the laparoscopic surgical setting in which the ORBB 

has been used to date. One of the main challenges for installing the ORBB in the hybrid angiography 

suite involved the presence of a fixed C-arm (Philips® Allura Xper FD20 at our hospital - Philips® N.V., 

Amsterdam, Netherlands), which regularly moves and rotates around the operating table and thus may 

block cameras’ line of sight. Moreover, team members’ positions may also change between and even 

within procedures, depending on the patient and chosen approach. To account for these movements, 

the procedure must be captured from multiple angles, using several cameras.  

Prior to installation, a thorough site visit was conducted by ORBB engineers to evaluate the hybrid 

angiography suite to test the potential camera and microphone positions, discuss additional hardware 

requirements (e.g., power sockets, Ethernet connections) and establish a hardware installation plan with 

relevant stakeholders (Table 1). Finally, all devices were installed in the hybrid angiography suite 

(Figures 1, 2), followed by calibration by the ORBB engineers.  

 

Figure 1: Final setup of OR Black Box system. Green circles indicate the position of ceiling-mounted microphones,  

Red circles indicate positions of ceiling-mounted cameras; blue arrows indicate the C-arm gantry. 

Sample procedure and evaluation frameworks 

After calibration, the system was tested to ensure that all data could be captured and analysed correctly. 

Written consent was obtained from every individual (including the patient) present in the hybrid 

angiography suite during capture. The final choice of frameworks was based on the frameworks already 

used in laparoscopic cases 83, scientific literature, and our own experiences with evaluating 

endovascular procedures 16,24.  
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Figure 2: Camera views.  A: Operating table (Close-up); B: Surroundings (Doors); C: Anesthesia monitor;  

D: Operating table (Wide); E: Anesthesia team; F: Fluoroscopy image, including radiation dose parameters 

Radiation exposure and safety behaviours 

The correct application of the ALARA principle is crucial in endovascular procedures. However, since 

ionizing radiation is seldom used during laparoscopic procedures, a suitable framework to assess 

radiation safety performance in ORBB was not yet available.  

Based on international guidelines 60,81,194, radiation exposure is predominantly evaluated using objective 

measures from the C-arm system: CAK (mGy) is the air-kerma measured at a reference point, 15 cm 

from the isocentre of the C-arm. DAP (Gy.cm2) is the product of the air-kerma with the area covered by 

the X-ray beam. These measures can be compared with trigger levels and/or diagnostic reference levels 

to provide a general idea of radiation safety performance.195 Furthermore, these dose indicators are an 

essential input for the calculation of patient skin doses and stochastic risks.82 These measures can 

provide a general idea of radiation safety performance and relevant patient risks: the CAK estimates 

deterministic risks (e.g., skin damage), whereas DAP relates to stochastic risks (e.g., malignancies).  

To complement dose analysis, team members’ radiation safety behaviours were also assessed. Two 

experienced vascular surgeons evaluated relevant behaviours post hoc using a novel radiation safety 

rating scale (Figure 3), covering 11 radiation safety aspects.196 Items are scored on a five-point Likert 

scale, generating an overall score between 11 and 55 points, with a score of 33 (i.e., overall average of 

3), considered satisfactory.  

Additionally, the position and distance to the operating table of the team members were evaluated by 

superimposing a virtual box on the ORBB video, which extends one meter laterally on either side of the 

operating table (Figure 4). For each angiography run, the number of team members who stepped back 

was registered, as well as whether they stepped outside of this virtual box.  
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Figure 3: Radiation safety rating scale evaluations. Ratings by experts are highlighted for each item:  

Scores by rater 1 indicated using rings; Scores by rater 2 indicated using coloured dots. 1: ‘Strongly lacking and/or 

dangerous behaviours’ – 3: ‘Acceptable behaviour with room for improvement’ - 5: ‘Ideal and radiation safe 

behaviour’. 
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Figure 4: Analysis of radiation safety performance - Stepping back 

Non-technical skills 

For evaluation of the surgical non-technical skills, the Non-Technical Skills for Surgeons (NOTSS) 39 

framework was used, similar to ORBB evaluations in laparoscopic surgery. 

Technical skills 

In laparoscopic procedures, the Objective Structured Assessment of Technical Skills (OSATS) 

framework is used for assessing overall technical performance 31. Similarly, endovascular technical skills 

were evaluated post hoc with a modified ‘global rating scale for endovascular performance’ (GRS), a 

procedure-specific rating scale (PRS) 16,24, and the EVARATE framework.30. For each scale, a 

satisfactory score was defined, corresponding to an average rating of ‘3’ per item (i.e., GRS: 24; PRS: 

21; EVARATE: 24). 

Distractions  

Distractions were evaluated using an available framework, based on the Disruptions in Surgery Index 

(DiSI) 197. This facilitates the identification of cognitive (e.g., device issues, irrelevant conversations) and 

auditory (e.g., alarms, loud noises) distractions and analyses the frequency of doors opening and team 

members entering or leaving the room. 
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RESULTS 

Informing team members and stakeholders 

Two conference calls were organized between the stakeholders (Table 1) and the ORBB engineers. 

The most common questions and concerns raised during these discussions were related to data safety 

(transfer and storage) following the European General Data Protection Regulations (GDPR) 198 and 

possible uses and confidentiality of recorded videos.   

In total, eight information sessions were required to inform all potential team members (Surgical: one 

session; Anaesthesiology: two sessions; Nursing: five sessions). Some team members were concerned 

about data confidentiality and medicolegal aspects of ORBB capture, e.g., whether patients can access 

or obtain ORBB recordings. 

Implementation process and final setup 

The implementation process took place between October 2017 and January 2019. Ethics approval 

required 54 calendar days, whereas drafting, editing, and approving legal and financial agreements 

required 252 calendar days. Site visit and hardware installation each required two working days, while 

system calibration required a single day.  

Unlike previous iterations of the ORBB, cameras and microphones could not be wall-mounted in the 

hybrid angiography suite, due to lead plating in the walls. Instead, these were ceiling-mounted and 

carefully positioned to avoid obstructing the gantry that moves the C-arm, which is also fixed to the 

ceiling. 

Four wide-angle cameras are required to capture the teams and environmental factors while accounting 

for the movement of the C-arm and team members (Figures 1, 2). Camera positions were strategically 

chosen to allow an analysis of multiple teams a single view. For instance, the anaesthesiology view 

(Figure 2E) captures the anaesthesiology team as well as the surgical team (e.g., when team members 

stand behind the C-arm), and the equipment storage room (e.g., when additional devices are required). 

Conversations and environmental sounds are captured with three flush-mounted ceiling-array 

microphones near the operating table, anaesthesiology machine, and console room (Figure 1).  

Microphones are configured to capture audio from four specific zones, thereby providing each video 

with a matching soundtrack.  
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Finally, the ORBB also captures video-footage from the fluoroscopy screen and anaesthesia monitor 

(Figures 2C, 2F). All captured data is synchronized and encrypted, after which it is transferred to a 

protected data centre at St. Michael’s Hospital (Toronto, Canada) for analysis, using a dedicated 

connection. 

Sample procedure 

Procedure information 

A 66-year-old male with a 55 mm infrarenal asymptomatic AAA, was scheduled for an EVAR. He was 

an active smoker (70 pack-years) with a Body Mass Index of 23 and American Society of 

Anaesthesiologists (ASA) Class III. On the right side, surgical cut-down to the common femoral artery 

was performed to introduce the main body, whereas on the left, percutaneous ultrasound-guided access 

was used for introducing the contralateral limb. Two out of eight team members (scrub nurse and junior 

anaesthesiologist) indicated having performed fewer than ten EVAR procedures and were considered 

inexperienced. 

Total procedure time (incision to closure) was 87 minutes. All videos and soundtracks were successfully 

recorded, synchronized, and transferred. Image of the room cameras was clear; however, hand 

movements of the surgical team during surgical cut-down could not be evaluated due to overexposure 

by the bright ceiling-mounted surgical lamps. Additionally, these lamps could also block the line of sight 

of the operating table cameras, making it essential to move them away whenever possible. No other 

issues related to data capture were noted.  

Radiation exposure and safety behaviours 

The fluoroscopy time was 15:27 minutes, with seven angiographies, a CAK of 270mGy, and a DAP of 

71094 mGy.cm2. Six angiographies used an oblique rotation of 21°-25° LAO; two of these were 

angulated 20° CAUD. Radiation safety behaviours were scored 43/55 by the first rater (B.M.) and 39/55 

by the second (A.H.). Lowest scores on the radiation safety rating scale (Figure 3) were noted for the 

items radiation safety-related communication (Item 10; e.g., lacking communication about 

angiographies, no speaking up), management of image quality (Item 8; e.g., unnecessary optic zooming) 

and team members’ position within the hybrid angiosuite (Item 5). During four runs (57%), the 

supervising surgeon stepped back at least one meter, while other scrubbed team members did not alter 

their position.  
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For the remaining three angiographies, two team members did step back, but less than one meter 

(Figure 4). A Left Anterior Oblique rotation (LAO) was used for six runs (range: LAO 20–25). Only a 

single team member was positioned on the side of the image detector, for four of these runs. 

Non-technical skills 

Non-technical skill analysis was feasible (Table 2). Although the surgical team had rehearsed the 

procedure, the plan was changed last minute by a senior surgeon (altering the introduction of the main 

body from the left groin to the right). Nevertheless, the team quickly adapted and used the pre-defined 

C-arm angles for visualizing the renal and iliac arteries (positive situational awareness). For the surgical 

team, 11 instances of positive non-technical skills were identified (Communication: 4; Leadership: 3; 

Situational awareness: 4). Most notably, the supervising surgeon remained calm and aided the 

inexperienced scrub nurse who was struggling with device preparation. Furthermore, communication 

between the surgical and anaesthesia teams was adequate, with closed-loop communication (e.g., 

heparin administration, need for apnoea). 

Table 2: Overview of surgeons’ (non-)technical performance and operative distractions 

Non-technical skills  Observed behaviours (N) 

Positive non-technical skills  

Communication 4 

Leadership 3 

Situational awareness 4 

Negative non-technical skills  

Decision making 1 

Technical skills  Rating scale score 

Procedure-specific rating scale (/35) 27 

Global rating scale (/40) 29 

EVARATE (/35) 29 

Distractions Observed events (N) 

Opening of OR doors 28 

Auditory distractions  

Alarm anaesthesia monitor 14 

Alarm C-arm system 3 

Incoming phone calls 3 

EVARATE: EndoVascular Aortic Repair Assessment of Technical Expertise; OR: Operating room (i.e., hybrid angiography suite) 
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Technical skills 

Technical success was achieved without endoleaks on the final angiography. Technical skill analysis for 

the endovascular phase was performed by one rater (Table 2) and revealed issues with handling and 

stability of guidewires (e.g., unintentional wire movement, inadvertent renal artery cannulation). There 

was one takeover by the supervising surgeon, due to difficulties with the introduction of the contralateral 

limb of the stent-graft.  

Distractions 

Throughout the procedure (incision to closure), between seven and nine individuals were simultaneously 

present in the hybrid angiography suite. In total, 48 distractions were noted (Table 2). The OR doors 

were opened with a frequency of 19 times per hour or approximately once every three minutes.  

DISCUSSION  

This is the first report describing the implementation of ORBB technology in a hybrid angiography suite 

for a comprehensive evaluation of radiation safety and endovascular performance in all its aspects. The 

methodology of this holistic analysis has been illustrated through the example of a basic elective EVAR 

procedure. 

Information and implementation  

Since our ORBB is primarily used for research, participation in black box procedures is voluntary. To 

stimulate acceptance of new technology, stakeholders and team members must be involved early on. 

During the information sessions, most questions and concerns raised focused on data safety, 

medicolegal aspects of black box capture, and fear of litigation. Similar findings were reported after 

interviewing Canadian surgeons, anaesthesiologists, and nurses about their perceptions of the ORBB 

technology in the operating theatre 199. To ensure that team members feel comfortable and safe while 

working in an ORBB-equipped environment, a positive safety culture should be fostered. Data should 

be stored securely, conform with the European GDPR 198, and should only be accessible by a distinct 

group of individuals (i.e., researchers/assessors). Additionally, data should only be used for providing 

feedback and improving the quality of care and not for taking repercussive measures or punishment 

after an event. 
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Secondly, the successful implementation of an ORBB and the evaluation of ORBB procedures, require 

the input and cooperation of several content experts. For example, evaluation of radiation safety 

practices should involve practitioners, medical physics experts and/or radiographers.71 This 

combination of theoretical and clinical expertise provides a comprehensive evaluation of radiation 

safety practices in the hybrid angiography suite, which can drive the optimization of both technology-

related safety factors and of team radiation safety behaviours. Although the test procedure described 

in this paper was mainly evaluated by vascular surgeons, future studies assessing radiation safety 

using the ORBB should employ this multidisciplinary evaluation strategy and include medical physics 

experts as a part of the assessor team. 

Radiation exposure and safety behaviours 

To prevent patients and teams from being exposed to excessive radiation doses, a strict application of 

the ALARA principle is fundamental. The ORBB technology provides a unique opportunity for detailed 

analysis of radiation safety practices, by combining objective measurements with behavioural analysis. 

Radiation doses registered during the sample EVAR procedure were well within the safe limits described 

in the literature (DAP < 500mGy.cm²; CAK < 5Gy; FT < 60 min)82. Nevertheless, they were still 

considerably higher than doses reported by Hertault et al., who illustrated that rigorous application of 

the ALARA principle enables surgeons to achieve exceptionally low radiation doses, without 

jeopardizing technical success 117. The higher dose in our sample procedure is very likely attributable to 

the use of oblique projections, the continued use of optic zooming, and a higher number of 

angiographies since 3D fusion imaging was not used for this sample procedure.34 Additionally, 

differences in the type of C-arm can also account for differences in radiation doses. 

Additionally, behavioural analysis (rating scale and video-analysis of team positions) revealed important 

deficiencies such as team members’ position during angiographies (scarcely stepping back), lack of 

radiation safety-related communication, and suboptimal use of shielding equipment. These behaviours 

are essential to minimize team members’ exposure but could be missed when solely relying on 

traditional methods.  

This emphasizes the value of ORBB-driven evaluations of radiation safety, as it allows teams to identify 

both positive behaviours and issues that require attention, based on real-life experiences. Ultimately, 

this knowledge may facilitate targeted team feedback and development of specific training sessions to 

improve the safety of patients and healthcare workers. 
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Strengths 

The major strengths of this technology are the prospective evaluation methods and broad analysis of 

team performance, including errors, events, and distractions. Moreover, by using video-based 

assessments, footage can be replayed as often as needed and reviewed by multiple assessors, if in 

doubt. This is crucial to study technical or non-technical skills and near-misses, which may not always 

be picked up during live-assessment by non-scrubbed assessors…15 

The gathered data may be used for numerous purposes: first, it may facilitate structured debriefing 

sessions, through performance reports based on ORBB recordings. This promotes specific interventions 

targeted towards the actual issues and needs of the team, e.g., excessive radiation doses 200. Currently, 

in the Academic Medical Centre in Amsterdam, a black box is being used to analyse laparoscopic 

surgical procedures and organize debriefing sessions, led by an objective facilitator (TOPPER Trial) 201. 

The ORBB may also revolutionize morbidity-mortality conferences by providing objective data about the 

context and near-misses and errors responsible for adverse events 193. During these sessions, it is 

essential that a no-blame culture is established, and the information is only used for educational 

purposes and quality improvement.  

Furthermore, the ORBB may play a significant educational role in the training of surgical trainees. The 

ORBB evaluations provide objective information about trainees’ performance, highlighting what went 

well and what needs to be improved. Furthermore, it facilitates the accurate tracking of trainees’ 

progress throughout training, thereby stimulating competency-based education. Likewise, supervisors 

and senior surgeons may benefit from these ORBB evaluations, as they provide trainers feedback about 

their teaching skills, using train-the-trainer principles. 

Finally, besides its feedback capabilities, the ORBB may also be used to study quality initiatives such 

as the WHO surgical safety checklist or to investigate overall OR efficiency. To achieve its potential as 

a powerful tool for improving safety and education, the ORBB needs to be implemented as a quality 

initiative and capture data through the entire cycle of the OR day. 

Weaknesses  

Nevertheless, this ORBB system also has limitations. When assessing operational performance, either 

through video-analysis or direct observation, team members may initially alter their behaviours to match 

the typical behaviours: the so-called Hawthorne effect. The impact of this effect in healthcare is usually 
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limited and short-lived 202. The more noticeable the rater or recorder is, the stronger this effect may be. 

In our hospital, ORBB-procedures are announced using a sign outside of the room, which may increase 

the Hawthorne effect, yet once inside the hybrid angiography suite, the ORBB is barely noticeable. 

Furthermore, the teams at our department have experience with video-assessment in previous studies 

16,24, which likely further reduces the impact of the Hawthorne effect.  

Second, since ORBB was installed in a vascular surgical setting for the first time, several well-

established analysis methods for laparoscopic surgery could not be utilized. Currently, most of the 

analyses are still performed manually, until automated alternatives become available. To develop these 

semi-automated processes and reach a level of automation equivalent to laparoscopic procedures, 

future studies with large sample sizes are necessary 203. A promising technique for automating technical 

skill analysis is video-motion analysis, which tracks the movement of endovascular tools to calculate 

path lengths automatically. Previous research has associated these path lengths with surgeons’ level of 

competence in EVAR (path length for contralateral gate cannulation) and carotid stenting procedures 

33,204,205.  

Future perspectives  

Although the current ORBB already captures a substantial amount of data, new technologies may still 

be included in future implementations. Personal real-time dosimetry systems 188,206-208 actively measure 

and report team members’ radiation exposure throughout the procedure, allowing team members to 

reflect on their actual exposure and adjust their behaviours accordingly. However, it may also aid 

assessors to pinpoint specific instances of high dose, requiring more detailed analysis using the ORBB. 

This helps to identify the factors responsible for these high doses (e.g., lack of collimation, use of high-

dose imaging modes) and creates learning opportunities about how to keep radiation doses as low as 

possible. Unfortunately, this technology was not available in the current study due to logistic limitations. 

Another exciting technology is the real-time capture of team members’ position within the OR 209. This 

‘motion capture’ technology has been successfully used during cardiac and orthopaedic surgical 

procedures to track team members’ movement 209. For radiation safety, this would allow an accurate 

evaluation of team members’ positions, whether and how far they step back from the radiation source 

during angiographies. This technology is still in early development and requires further studying. 
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The quality of captured data may also be further improved using structured DICOM reports. The 

current dose report contains detailed information of all angiography runs (e.g., radiation doses, C-arm 

angles, detector height). Structured DICOM reports build upon this and report data for each individual 

pedal press, providing detailed insight into the used radiation doses, which allows detailed simulation 

of patient doses per location. This further improves the quality of analyses and, therefore, will be used 

in future ORBB studies. 

Finally, the current paper describes the ORBB evaluation process, using only a single endovascular 

procedure. Therefore, a pilot study is in progress to investigate whether the ORBB be used for evaluation 

of elective endovascular procedures (peripheral angioplasty and EVAR) on a larger scale, using the 

currently presented knowledge and experiences.  

CONCLUSION 

An innovative surgical data capture technology has successfully been installed to evaluate radiation 

safety, technical and non-technical team performance, and distractions during an elective endovascular 

repair of an infrarenal AAA. The OR Black Box platform has great potential and may facilitate the 

identification of radiation safety-related errors and risks, which may instigate educational interventions 

based on real-world issues and hazards so that, ideally, every error or near-miss remains unique. 
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ABSTRACT 

Objective: Report of the first worldwide use of the Operating Room Black Box (ORBB)-technology in 

the hybrid angiography suite to evaluate team performances in common elective endovascular 

procedures. 

Design: Single-centre observational study 

Summary Background Data: The hybrid angiography suite is a complex, high-risk environment 

requiring teams (surgeons, anaesthesiologists, nurses, and technologists) to master various skills, 

including the ‘As Low As Reasonably Achievable’ principle of radiation safety. The ORBB captures 

audio-visual information in the hybrid angiography suite for a structured analysis of team performances. 

Materials and methods: Patients undergoing endovascular repair of an infrarenal abdominal aortic 

aneurysm (EVAR) or treatment of symptomatic iliac-femoral-popliteal atherosclerotic disease (PVI) were 

included. The ORBB data of these procedures was assessed using validated measures and established 

assessment tools for technical skills (procedure specific and global rating scales), non-technical skills, 

radiation safety, and environmental distractions. Descriptive statistics are provided. 

Results: Six EVAR and sixteen PVI procedures were successfully captured. Technical performance for 

one EVAR was rated 19/35 on the procedure-specific scale, which was below the ‘acceptable’ score of 

21. For PVI procedures, all technical skills were rated above the acceptable scores (i.e., an average 

rating of 3/5 on all scale items). Shared decision making and leadership qualities were rated highly in 

12/22 cases, whereas surgical communication and nurses’ task management were rated low in 14/22 

cases. Scrubbed and non-scrubbed team members rarely stepped back from the C-arm during 

angiography runs. A median (IQR) number of 12 (6-23) auditory distractions was observed per 

procedure.  

Conclusions: The ORBB facilitates a holistic workplace-based assessment of endovascular 

performance in the hybrid angiography suite by combining objective assessment parameters and rating 

scale-based evaluations. Strengths and deficiencies were identified in team members’ technical, non-

technical, and radiation safety practices. This technology has the potential to improve vascular surgical 

practice, though human input remains crucial. 
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INTRODUCTION 

Since the landmark report ‘To Err is Human’5 highlighted the importance of medical errors, patient 

safety has become a top priority in healthcare, including high-stakes specialities such as vascular 

surgery. To provide optimal care, vascular surgical teams must possess a wide range of procedural 

knowledge, technical, and non-technical skills. Moreover, as endovascular and hybrid procedures 

increasingly take place in high-tech hybrid angiography suites equipped with fixed C-arm systems, 

teams should know and respect the ‘As Low As Reasonably Achievable’ (ALARA) principle of 

radiation safety to protect patients and healthcare workers.210 

Although most aforementioned skills can be trained in safe environments24,211,212, even well-trained 

teams encounter errors in complex working environments, due to system deficiencies, fluctuations in 

human performance and/or patient-related factors.15,16 

In sports, the army and aviation industry, ‘workplace-based assessments’ allow teams to reflect on 

their performance and learn about their strengths and weaknesses, based on real-life experiences. 

However, in surgery, routine evaluation of (team) performance is uncommon, often limited to research 

initiatives, trainee evaluations, and/or focused on a limited number of skills. To minimize errors in the 

hybrid angiography suite and prevent these from escalating or re-occurring, standardized workplace-

based assessments should become part of everyday surgical practice. 

Video-based evaluations enable remote assessment by multiple assessors, providing increased 

accuracy compared to direct evaluation methods, while being less intrusive.213 However, these ratings 

require high-quality video footage, which may be challenging in hybrid angiography suites where 

teams and the C-arm system are frequently moving. 

In 2013, the Operation Room Black Box® (ORBB; Surgical Safety Technologies Inc. Toronto, Canada) 

was launched at St. Michaels’ Hospital, Toronto, Canada.83 This system captures several sources of 

audio-visual and procedural data, which are subsequently synchronized and analysed by experts and 

Artificial-Intelligence (AI)-algorithms. This technology has been used to analyse errors and events 

during laparoscopic surgery in various specialities in centres across North-America and Europe.83,214 

In 2019, this technology was modified and installed for the first time in the hybrid angiography suite at 

Ghent University Hospital, to facilitate standardized, high-quality video-based assessments.215  
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Vascular surgery is a diverse and technology-driven speciality, treating patients with atherosclerotic 

and/or aneurysmal disease, each with its specific approaches, tools, and frameworks. Hence, the 

existing ORBB technology was modified to capture and assess these characteristic skills (e.g., wire-

and-catheter skills, radiation safety) and provide a holistic workplace-based assessment of team 

endovascular performance. 

This pilot study aims to establish whether this new data capturing technology may be used to analyse 

technical, non-technical, and radiation safety performance of teams during two types of endovascular 

procedures as well as to evaluate the environmental influences which may affect performances. 

MATERIALS AND METHODS 

Study design 

A single-centre prospective observational study (Approval ethics committee: B670201834949) was 

conducted between February and June 2019.  

Case selection  

Case selection was restricted to two commonly performed endovascular procedures to capture 

elective cases with varying difficulty and/or team experience. Adults planned for a peripheral vascular 

intervention (PVI) of aortoiliac and/or femoropopliteal stenotic/occlusive disease, or who were planned 

for an endovascular aneurysm repair (EVAR) of an infrarenal aortic (>55mm) and/or iliac aneurysm 

(>35mm), could be included. 

All eligible patients were considered for inclusion; however, the final selection was limited by the 

availability of research staff, with a daily maximum of two procedures. Procedures were only captured 

when patients and all present team members had provided written informed consent. 

Data collection 

Patients’ demographics and comorbidities, in-hospital events, and clinical outcomes at 30 (±7) days 

were collected using standardized data sheets and stored pseudonymized. Information about the 

composition (roles) and technical experience of the team was collected for each procedure and stored 

anonymously.  
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A team was considered ‘experienced’ if at least 60% of the scrubbed team members had 

performed/assisted in 50 EVAR or 100 PVI procedures.16 The endovascular team was divided into 

three distinct entities for performance analysis (Table1). 

Table 1: Overview of participating team members and procedural roles 

Participants 

(N of unique 

participants) 

 EVAR (N=6) PVI (N=16) 

Team entity 

Total 

participations  

(all cases) 

Procedural role 

Total 

participations  

(all cases) 

Procedural role 

Vascular surgery 

staff 

(n=4) 

Surgical team 

10 

5 Primary surgeon 

1 Assisting surgeon 

4 Supervising surgeon 

12 

5 Primary surgeon 

1 Assisting surgeon 

6 Supervising surgeon* 

Vascular surgery 

fellows 

(n=2) 

4 
1 Primary surgeon 

3 Assisting surgeon 
12 

11 Primary surgeon 

1 Assisting surgeon 

Surgical trainees 

(n=3) 
3 

3 Assisting surgeon 

(second) 
2 2 Assisting surgeon 

Undergraduate 

medical students  

(n= 2) 

0 - 3 
3 Scrubbed student 

(no specific role) 

OR nurse 

(n=18) 

Nursing team  19 

6 Scrub nurse 

7 Circulating nurse 

6 Anaesthesia nurse 

48 

16 Scrub nurse 

15 Circulating nurse 

14 Anaesthesia nurse 

3 Combined: circulating/ 

anaesthesia nurse 

Anaesthesia trainee 

(n=9) Anaesthesia 

team  

6 
6 Primary 

Anaesthesiologist 
13 

13 Primary 

Anaesthesiologist 

Anaesthesia staff 

(n=5) 
6 

6 Supervising 

anaesthesiologist 
4 

4 Supervising 

anaesthesiologist 

OR operating room; EVAR: Endovascular aneurysm repair; PVI: Peripheral vascular intervention * Including two as a nonsterile 

supervising surgeon.  

The ORBB (Figure 1) was used to capture audio-visual data and parameters from multiple sources: 

four ceiling-mounted cameras captured performance of the different teams, environmental factors, and 

distractions, while conversations and environmental sounds in the hybrid angiography suite were 

recorded with three ceiling-array microphones. Additionally, the ORBB directly collected patient 

parameters, fluoroscopy images, and radiation doses from the anaesthesia monitor and imaging 

system (Philips® Allura Xper FD20 - Philips® N.V., Amsterdam, Netherlands). Further technical details 

about the implementation of the system have been described elsewhere.215  
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Figure 1: Illustration of ORBB installation and captured video. Panel A: Illustration of ceiling-mounted cameras 

(circled red) and ceiling array microphones (circled green); Panel B: Illustration of ORBB video – overview image 

including operating table. // Team members (red letters, lower case): a: Primary surgeon; b: scrub nurse; c: primary 

surgeon; d: research fellow; Panel C: Analysis of team members' position during angiography runs - Virtual box 

superimposed over the ‘anaesthesia’ camera images. Lateral edges of the box correspond to a distance of 1 meter 

from the operating table.// Team members (red letters, lower case): a: primary anaesthesiologist; b: anaesthesiology 

nurse; Panel D: Analysis of team members' position during angiography runs Virtual box superimposed over the 

‘operating table’ camera images. Lateral edges of the box correspond to a distance of 1 meter from the operating 

table. 

Black box evaluations 

Data captured by the ORBB was used for a holistic assessment of the team (Table 2). When possible, 

(semi-automatic) evaluation techniques used in laparoscopic surgery, were retained; 83 if this was not 

feasible/relevant, alternative frameworks were chosen, based on previous experiences.16,24,34 

The primary surgeon’s technical skills were evaluated by a single assessor, using global (GRS) and 

procedure-specific rating scales (PRS). For each scale, an ‘acceptable’ score was defined as an 

average rating of 3/5 on all scale items (Table 2). 

A native-speaking, trained assessor, evaluated non-technical skills of the surgical and nursing teams 

using NOTSS39 and SPLINTS216 methodology, respectively (Table 2).  

a 
c b d 

b 

a 
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Each category was coded as ‘1-Poor’ (i.e., significant issues and (potentially) endangering patients 

and/or team members); ‘2-Marginal’ (i.e., substandard quality, with a considerable need for 

improvement); ‘3-Acceptable’ (i.e., satisfactory quality with minimal need for improvement) or ‘4-Good’ 

(i.e., high quality, may serve as an example to enhance patient safety). Additionally, noteworthy 

individual behaviours were registered for each behavioural category and categorized as positive or 

negative, in line with previous ORBB implementations.217  

Table 2: Frameworks and outcome measures used in the pilot study 

Category Frameworks used Outcome measures 

Technical 

skills 

EVAR 

GRS: Modified global rating scale of 

generic endovascular skills 16,29 

Total scale score (Min:8-Max:40) 

[‘Acceptable’ score: 24] * 

PRS: Procedure specific rating scale for 

technical performance in EVAR16 

Total scale score (Min:7-Max:35) 

[‘Acceptable’ score: 21] * 

EndoVascular Aortic Repair Assessment 

of Technical Expertise (EVARATE) 30 

Total scale score (Min:7-Max:35) 

[‘Acceptable’ score: 21] * 

PVI 

GRS: Modified global rating scale of 

generic endovascular skills 16,29 

Total scale score (Min:8-Max:40) 

[‘Acceptable’ score: 24] * 

PRS: Examiner Checklist for diagnostic 

angiography, angioplasty and stenting 218 

Total scale score (Min:17-Max:85) 

[‘Acceptable’ score: 51] * 

Non-

technical 

skills 

Surgical 

team 

Non-Technical Skills for Surgeons 

(NOTSS) 39,219 

Overall score scale element (Min:1-Max:4) 

• Situational awareness 

• Decision making  

• Communication-teamwork 

• Leadership 

Amount of negative and positive behaviours per scale 

element 

Nursing 

team 

Scrub Practitioners’ List of Intraoperative 

Non-Technical Skills (SPLINTS) 216 

Overall score scale element (Min:1-Max:4) 

• Situational awareness 

• Communication-teamwork 

• Task management 

Amount of negative and positive behaviours per scale 

element 

Radiation safety practices 

Radiation dose measurements 

Fluoroscopy time (FT; hh: mm: ss) 

Dose Area Product (DAP; Gy.cm2) 

Air Kerma (AK; Gy) 

Radiation safety behaviours: increasing 

distance 
Position of team members during angiography runs 

Distractions 

Modified Disruptions in Surgery Index 

(DiSI) 

Number and type of Auditory distractions 

Maximal number of people in the room 

Number of times doors open in the hybrid angiography 

suite 

* Represents an average rating of 3/5 on all scale items; GRS: Global rating scale; PRS: Procedure specific rating scale; EVAR:  

 



OBJECTIVE ASSESSMENT OF ENDOVASCULAR PERFORMANCE IN THE HYBRID ANGIOGRAPHY SUITE  

USING BLACK-BOX TECHNOLOGY: A PILOT STUDY. 

125 

Team members’ radiation safety performance was evaluated using automatically registered dose 

parameters and a behavioural marker: a virtual box, which was superimposed over the room videos, 

was used to assess the position of team members during angiography runs (table 2) and to estimate 

team members’ distance from the table (Figure 1 C, D). 

Finally, distractions and disruptions were assessed semi-automatically, using existing ORBB 

frameworks (Table 2). 

Statistical analysis 

All outcome measures are reported using descriptive statistics: median (IQR) for continuous variables, 

whereas categorical variables are reported as frequencies (% of total). Given the small and diverse 

sample of procedures, further statistical testing for group or procedure-based differences was not 

performed. 

RESULTS 

Procedure and participant characteristics 

In total, six EVAR (Appendix 8) and sixteen PVI (Appendix 9) procedures were included and analysed. 

Patient characteristics and procedure times are provided in table 3. Forty-three unique team members 

participated in ORBB procedures (Table 1), with a median team size of six (IQR: 6-7; range 4-8). 

The ORBB successfully recorded the surgical phase of all procedures. Three procedures were briefly 

(<1 minute) interrupted to troubleshoot connectivity issues and restart capturing when the maximum 

procedure duration was about to be exceeded. Data transmission and synchronization was uneventful. 

Technical skills 

Median (IQR) technical performance scores during EVAR procedures were GRS: 31.5/40 (27.5-34); 

PRS: 28.5/35 (27-30.75) and EVARATE: 30/35 (29-31.75). Technical performance during one EVAR 

procedure was rated below the ‘acceptable’ score of 21 on the PRS (GRS: 24; PRS: 19; EVARATE: 

22). Take-over by the supervising surgeon was observed in four EVARs (66%). Primary technical 

success (i.e., absence of type 1 or 3 endoleaks45) was 100 per cent and confirmed on computed 

tomography angiography at 30 days.  
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Table 3: Patient and procedure characteristics 

 EVAR Procedures 

(n=6) 

PVI Procedures 

(n=16) 

Gender, N; male / female 6/0 11/5 

Age (years), median  

IQR 

66  

60–68.5 

70.5 

64–75 

BMI*, median  

IQR 

32.5  

28.6 – 34.5 

24.6  

21.6–26.4 

Cardiovascular risk factors 

N  

Active or ex-smoker 5 13 

Diabetes 3 6 

Arterial hypertension 4 11 

Hyperlipidaemia 4 11 

ASA grade 

N  

II 2 5 

III 4 11 

Comorbidities 

Medical history 

N 

Coronary artery disease 2 7 

CVA/TIA 0 1 

Renal impairment  

(GFR<60 ml/min1,73 m2) 
1 3 

Intermittent claudication 1 16 

Procedure time (hh:mm: ss)  Surgical time$, median 

IQR 

2:13:51 

1:38:31 – 2:55:35 

1:31:01 

1:20:08 – 1:40:48 

Endovascular phase%, median 

IQR 

1:27:43 

0:55:59 – 2:19:01 

0:56:59 

0:51:49 – 1:16:21 

*BMI: Body Mass Index: Weight (kg) / length2 (m); $: Surgical time: from patient prepping to removal of the drapes; %: 

Endovascular phase: from the introduction of the first guidewire to removal of the sheath; CVA: Cerebrovascular accident; 

TIA: Transient ischemic attack; GFR: Glomerular filtration rate 

For the PVI procedures, the median (IQR) rating on the GRS was 32.5/40 (30-34.5) and 82/85 (81-

84), on the PRS. All PVI procedures were rated above the ‘acceptable” scores. In three (18.75%) PVI 

procedures, the supervising surgeon had to take over at least once. Revascularization was successful 

in all PVI procedures, but in one patient, vessel spasm was noted and partly resolved after papaverine 

administration. At 30 days, a re-intervention was needed because of worsening claudication with rest 

pain. In another case, a flow-limiting dissection was observed and left untreated in the distal popliteal 

artery, with an acceptable 30-day clinical outcome. Technical performances during these two 

procedures were among the lowest-rated (GRS: 26 and 25; PRS: 76 and 75, respectively). 

Additionally, minor postoperative bleeding at the puncture site, requiring compression of the groin in 

the recovery ward, was reported twice. 

Non-technical skills 

The evaluation of non-technical skills is shown in Table 4. In six procedures (EVAR: 2; PVI: 4), the 

non-technical performance was rated as ‘2-Marginal’ for at least one NOTSS/SPLINTS scale element, 

while in five cases (EVAR: 3; PVI: 2) at least one element was rated as ‘1-Poor’. 
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In one EVAR, surgeons’ communication and teamwork was rated ‘1-Poor’ due to suboptimal 

communication with the anaesthesiology team, e.g., confusion about heparin administration, lack of 

communication when to start and stop apnoea during angiographies, ultimately leading to desaturation 

(SpO2: 90%). ‘1-Poor’ ratings were also observed for NOTSS ‘leadership’ in one case and SPLINTS 

‘task management’ in two cases. 

Overall, surgeons’ ‘decision making’ was the highest-rated NOTSS element for EVAR and PVI 

procedures, with 12/22 procedures being rated as ‘4-Good’, due to exemplary shared decision making 

with the entire team (e.g., whether to stent a lesion based on the angiography images). For nurses, 

the highest scores were observed in the SPLINTS ‘communication and teamwork’ categories. 

Table 4: Summary of non-technical skills assessment of surgical and nursing teams. 

 EVAR (n=6) PVI (n= 16) 

Score (/4) 

Median  

IQR 

Positive 

Median  

IQR 

Negative 

Median  

IQR 

Score (/4) 

Median  

IQR 

Positive 

Median  

IQR 

Negative 

Median  

IQR 

NOTSS 

(Surgeons) 

Situational awareness 
3 

3-3 

1.5 

1-2 

1 

0-2 

3 

3-3 

1 

0-1 

0 

0-1 

Decision making 
4 

3-4 

2 

1-3.5 

0 

0-1 

3.5 

3-4 

1.5 

1-2 

0 

0-0 

Communication – 

Teamwork 

3 

2-3 

3  

1.5-4 

2 

1-3.5 

3 

3-3 

2 

1-3 

0.5 

0-1 

Leadership 
3 

3-3 

2 

1-3 

0.5 

0-1 

3 

3-3 

1.5 

1-2 

1 

1-2 

SPLINTS 

(Nurses) 
Situational awareness 

3 

3-3 

1 

0-2 

0 

0-0 

3 

3-3 

1 

1-2 

0 

0-0 

Communication 

teamwork 

4 

3-4 

2 

1-3 

0 

0-0 

4 

3-4 

3 

2-5 

0 

0-1 

Task management 
2 

1-3 

1 

0-1 

1.5 

1-3 

3 

2-3 

1 

0-2 

1 

1-2 

EVAR: Endovascular aneurysm repair; PVI: Peripheral vascular intervention; IQR: Interquartile range; NOTSS: Non-Technical 

Skills for Surgeons39; SPLINTS: Scrub Practitioners’ List of Intraoperative Non-Technical Skills216- NOTSS and SPLINTS scores: 

1 – poor; 2 – marginal; 3 – acceptable; 4 – Good 

Radiation safety 

Median radiation doses and fluoroscopy times are reported in Table 5. In two EVARs, the DAP 

exceeded the safe threshold of 500Gy.cm2, and in one of these procedures, the CAK also exceeded 

the safe threshold (5Gy).82 Table-mounted lead shielding was used in two EVARs.   

Analysis of team members’ position (Figure 1B) revealed that scrubbed team members seldom 

stepped back from the operating table during angiography runs and often less than one meter (Figure 

2).  
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For half of the procedures, the anaesthesiologist and/or anaesthesiology nurse regularly stood close 

to the patient’s head, without additional shielding. Finally, in 14 procedures, at least one non-scrubbed 

team member was in the direct vicinity (<1m) of the operating table during an angiography run. 

Table 5: Summary of radiation safety parameters 

 EVAR (n=6) PVI 

(n= 16) Including adjunctive Excluding adjunctive 

Endovascular phase*, (hh:mm: ss), median 

IQR 

1:27:43 

0:55:59 – 2:19:01 
 

0:56:59 

0:51:49 – 1:16:21 

Fluoroscopy time (hh:mm: ss), median 

IQR 

0:28:02 

0:16:11 – 43:44 

0:17:02 

0:16:08 – 0:17:58 

0:11:27 

0:08:34 – 0:14:31 

Dose Area Product (Gy.cm²), median 

IQR 

226 

86.11 – 521.91 

114.44 

86.71 – 250.13 

24.7 

16.3 – 37.6 

Cumulative Air Kerma (Gy), median 

IQR 

1.13 

0.39 – 2.01 

0.604 

0.385 – 1.150 

0.82 

0.549 – 0.112 

Number of angiographies - median 

IQR 

8.5 

6 – 13 

6.5 

6 – 7 

15 

12 – 19 

*: Endovascular phase: from the introduction of the first guidewire to the removal of the sheath  

 

Figure 2: Analysis of team members' position during angiography runs. Overview of team members’ behaviour 

during angiography runs. The reported values represent the number of procedures for which the respective 

behaviour was observed in most angiography runs. Case counts for assisting/supervising surgeons are lower, as 

not all procedures included these roles.  
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Distractions and environmental disruptions 

Between patient prepping and removal of the surgical drapes, doors to the control room or central 

hallway were opened with a median (IQR) frequency of 43 (34– 52) times per hour. A median number 

of 12 (IQR: 6-23) auditory distractions was registered per procedure; originating from the anaesthesia 

machine (median (IQR): 5.5 (2-15)), C-arm system (median (IQR): 2 (1-3)) and phone calls (median 

(IQR): 2.5 (1-4)). 

DISCUSSION 

Operating Room Black Box in the hybrid angiography suite  

This single-centre observational study is the first to use the ORBB in a hybrid angiography suite for 

holistic assessment of endovascular team performance, including technical skills, non-technical skills, 

and radiation safety performance. Despite the previous successful use of ORBB technology for analysis 

of errors in laparoscopy83,214, the novel setting and different procedural types in the hybrid angiography 

suite required the introduction of new frameworks (e.g., endovascular technical skills, radiation safety) 

to assess team performances. 

Technical skills 

The relationship between technical performance and patient outcomes has been previously 

established.220,221 Likewise, we observed that PVI procedures with perioperative events were scored 

lower (GRS and PRS) than uneventful procedures. PRS scores often reached the maximum score with 

a limited range in PVI procedures, whereas GRS scores suggested a more extensive spread in 

performance. Therefore, this PRS, which was initially developed for assessing surgical trainees24,222, 

may be suboptimal to assess more experienced operators, stressing the importance of taking the target 

group and level of training into account when selecting evaluation frameworks. 
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Non-technical skills 

Non-technical skills such as situational awareness, communication, and teamwork are crucial for 

providing safe care. These skills were assessed in this pilot study by combining existing ORBB 

evaluation processes (i.e., identification of individual positive and negative behaviours), with overall 

ratings of non-technical performance using NOTSS and SPLINTS scale elements. This provides a 

complete and detailed assessment to monitor non-technical skills in the hybrid angiography suite. 

Radiation safety 

In daily practice, radiation doses reported by the C-arm system and/or team members’ individual 

dosimeters are used to monitor radiation safety practices. In this study, radiation doses reported by the 

C-arm appeared to be within the safe ranges.34,82, with radiation doses during EVAR being slightly higher 

than previous reports and PVI being lower.34,223,224 Nevertheless, despite these encouraging 

measurements, essential safety issues were identified during the analysis of the teams’ safety 

behaviours. 

Optimizing personal protective equipment and environmental shielding is crucial to minimize team 

radiation doses, yet table-mounted lead shielding was only used in two procedures, despite it being 

readily available. Similarly, maximizing the distance from the C-arm by stepping back is an easy and 

effective way to reduce ones’ exposure, especially during angiography runs.225 Nevertheless, both 

scrubbed and non-scrubbed team members did not change their position and stayed close to the C-arm 

during angiographies in most procedures. These observations highlight the benefit of including 

behavioural assessments in addition to traditional dose measurements.  

Of course, several other behaviours may have influenced the radiation doses, such as effective 

procedural planning, efficient radiation safety communication, correct handling of the C-arm system 

(e.g., choosing correct table height, collimation, optical zooming).34,73 Although these behaviours were 

not analysed in the current study; they should be considered when assessing teams’ radiation safety 

practices. Therefore, to objectively assess the radiation safety performance of a team in a structured, 

standardized fashion, independent of patient-, system- or procedure-based variations in radiation doses, 

a novel radiation safety rating scale has been developed 196, which will be implemented for future ORBB 

assessments. 
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Initial insights 

This holistic assessment provided preliminary insights into how technical/non-technical performances 

and radiation safety behaviours may affect each other and impact on patient safety.  

For example, in one challenging PVI, the scrub nurse forgot to put on his lead apron, which he realized 

halfway through. He immediately informed the primary surgeon, who did not pause the procedure 

despite this vital safety issue. The surgeon initially tried to comfort the nurse, though, after repeatedly 

expressing his concerns, the scrub nurse could eventually re-scrub and put on his lead apron. 

Throughout the residual procedure, the nurse was visibly worried, repeatedly asked about the risks of 

his exposure, and distracted the team. The primary surgeon completed the PVI rapidly but only partially 

solved a flow-limiting dissection in the distal popliteal artery to save time (“if we keep going, we only 

expose you to more radiation”). These behaviours were reflected in the lower technical (GRS: 25/40; 

PRS: 75/85) and non-technical scores (‘1-Poor’ for the NOTSS ‘leadership’ and ‘decision making’ and 

for SPLINTS ‘task management’ elements). 

Besides detecting areas for improvement, the ORBB system may also highlight positive team behaviour. 

During one EVAR, an inexperienced scrub nurse had challenges with preparing the stent-graft due to a 

lack of knowledge, causing a delay. The team demonstrated resilient behaviour by remaining calm and 

supported the scrub nurse by explaining how to prepare and handle the devices. Additionally, the 

primary surgeon, who had prepared, planned, and rehearsed the procedure, clearly communicated the 

plan, and announced the next step timely, reducing the stress on this scrub nurse.  

This illustrates how active and supportive team members may compensate for weaknesses of other 

team members or vice versa how poor leadership may affect the technical and non-technical 

performance of the team. 

Future perspectives 

Despite its small sample size, this single-centre study revealed both positive and negative safety 

practices in the hybrid angiography suite. Next, a large-scale prospective observational study will 

carefully analyse overall team performance in elective endovascular procedures over the course of six 

months to identify high-risk procedures, catalogue near-misses, and errors in the hybrid angiography 

suite and carry out a root cause analysis, followed by implementation of targeted quality improvement 
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initiatives. One example includes a new massive open online course (MOOC) to improve radiation safety 

practices: “Radiation safety in the hybrid angiography suite: The do’s and don’ts”, which combines 

knowledge training with video scenarios and game-based learning. Post-course, the ORBB will 

subsequently be used to evaluate the impact of the MOOC on the radiation safety behaviours and team 

performances. Additionally, ORBB technology may also be used to monitor safety processes such as 

the WHO surgical safety checklist50, and to drive psychological research on how teams should ideally 

function (e.g., leadership qualities, types of team communication) to achieve excellent outcomes.226,227 

The holistic ORBB-based assessment may facilitate structured multidisciplinary debriefing and provide 

endovascular teams with feedback.200,214 These debriefings can highlight positive behaviours to 

strengthen overall team performance, but they also allow team members to reflect on and discuss their 

weaknesses in a safe setting, transforming urgent and potentially threatening events into learning 

opportunities. In laparoscopic surgery, this approach has been proven successful, with overwhelmingly 

positive reactions by the different team members.214 This type of feedback requires a detailed 

understanding of the individual behaviours and actions taken by team members, as well as the errors 

and events that occur throughout a procedure. In this study, non-technical skills were analysed using a 

precise, time-based method, allowing identification of individual positive and negative behaviours. 

However, this was not yet possible for technical skills and surgical errors and events. Therefore, 

frameworks for the time-based assessment of PVI and EVAR procedures have been developed, 

(ENDORATE frameworks – unpublished results), based on the Generic Error Rating Tool (GERT)228 

used in laparoscopic surgery. These frameworks facilitate the identification and coding of individual 

errors and events, which may further increase the relevance of ORBB assessments. The feasibility and 

reliability testing of these tools are currently ongoing. 

Finally, this holistic evaluation of endovascular procedures using ORBB data required a significant 

amount of human input due to the novelty of the frameworks. Conversely, in laparoscopic surgery, 

ORBB-data is often analysed semi-automatically, with the assistance of AI algorithms.203 To advance 

the automatization of ORBB evaluations in vascular surgery, and develop similar AI-driven assessment 

methods, further studies with large sample sizes are required. 

Limitations 

This pilot study was a single-centre observational study with a small sample of various endovascular 

surgical procedures. Nevertheless, the main goal of this study was to demonstrate the feasibility of using 
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these frameworks for ORBB-driven workplace-based assessments, rather than drawing conclusions 

from the evaluations themselves. 

Additionally, a Hawthorne effect cannot be excluded as team members were aware that their 

performance was being assessed. Nevertheless, the cameras and microphones used by the ORBB are 

all ceiling-mounted, which sharply diminishes its presence in the hybrid angiography suite202 (Figure 

1A), allowing team members to adapt more quickly to the situation, mitigating potential influences of this 

Hawthorne effect. 

CONCLUSION 

The presented work demonstrated the feasibility of using ORBB-driven workplace-based assessment 

of technical and non-technical skills, radiation safety practices of teams, and environmental 

distractions/disruptions within the hybrid angiography suite. Although this analysis currently still requires 

much human effort, the triangulation of ORBB recordings with behavioural observations, rating scales 

assessments, and objective performance indicators provides a comprehensive analysis of team 

performance which may help healthcare workers to optimize their team functioning and performance; 

and augment safety at work by learning from identified derailers and errors that hinder desirable work 

outcomes. 
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SAFETY IN THE HYBRID ANGIOGRAPHY SUITE 

This thesis aimed to explore and deepen the knowledge about the safety practices in the hybrid 

angiography suite. The Oxford English Dictionary defines ‘safety’ as “a state of being protected from 

or guarded against hurt or injury; freedom from danger”. 229 In the hospital, patient harm is often caused 

by medical errors occurring around or during surgery, half of which may be considered avoidable.10,189,230 

Vascular surgery is a unique speciality that combines traditional open surgery with minimally-invasive 

endovascular procedures in often old and sick patients, requiring vascular surgical teams to master a 

wide array of technical, non-technical and radiation safety skills. 

Over the years, quality initiatives such as the well-known WHO surgical safety checklist50 have been 

designed to improve the safety of surgical procedures by bringing together the entire operating team 

(surgeons, anaesthesia providers, and nurses) to perform key safety checks during vital phases of 

perioperative care. Furthermore, new training programs, are trying to shorten and flatten the learning 

curve by using (VR) simulation-based techniques to allow surgical trainees to learn and practice 

endovascular skills in a safe environment.24 Likewise, pre-operative mental or patient-specific 

rehearsals allow inexperienced and experienced endovascular teams to refresh or practice their skills 

and prepare for a procedure prior to treating patients in real life.16,51,231   

Despite these efforts, near-misses, errors, and events still occur due to variations in environmental and 

patient-related factors and fluctuations in human performance. According to the Swiss cheese model of 

J. Reason, hazards (i.e., errors) are prevented from causing (serious) adverse events by a series of 

defences (cheese slices). During a surgical procedure, both active failures and suboptimal latent 

conditions (e.g., loud noises, operator fatigue, unclear organizational policies) can weaken these 

defences (holes in cheese slices), and potentially open up a pathway that results in patient harm.11  

Therefore, evaluation and understanding the number, type, and cause of errors and events that may 

occur throughout endovascular surgical procedures, is crucial to improve patient safety. Recently, the 

LEAP study by Lear et al. used a standardized assessment tool to study the safety processes and errors 

in both open and endovascular aortic procedures in ten hospitals across the United Kingdom.15 

However, this study only included aortic procedures and used both live-assessment and self-reporting 

methods for identifying failures, which can be resource-demanding and strongly depend on the ability 
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of live assessors/team members to notice/recall errors.193 Furthermore, radiation safety practices were 

not evaluated, while this is a crucial element for safe performance in endovascular procedures. 

This doctoral dissertation aimed to expand the current knowledge and methods for assessing safety 

practices in the hybrid angiography suite using a wide variety of safety-related constructs including 

technical, non-technical, behavioural and (inter)personal factors . Figure 1 provides a visual summary 

of these different topics and constructs as discussed in each of the chapters in this thesis.  

The upper section of the figure (rectangular cells), illustrates how safety-related outcomes, such as 

errors and events, are generated. Essentially, these outcomes can be considered to be a direct result 

of the local safety culture, as well as several external influencing factors (e.g. disruptions during a 

procedure, challenging patient anatomy, time of the day). 

The concept of safety culture used in this model is based based on De Boeck’s framework of ‘Safety 

culture’, which has been described in chapter 3.80 It describes (radiation) safety culture as an 

overarching construct which comprises all safety-related practices, beliefs and habits which affect how 

safety is managed in the hybrid angiography suite. This culture can be divided into two distinct levels 

(i.e. routes). The first covers technological and organizational factors which influence and improve safety 

(i.e. technology and management based route), while the second route contains factors which act on 

the level of employees or teams (i.e. human-based route) and ultimately affect how team members 

behave (safety-related behaviours).  

The middle section of the figure (orange cells) contains different strategies/techniques which may be 

used to capture/evaluate the safety-related constructs above it.  

Finally, the bottom section (green cell) represents potential interventions which may target specific 

issues identified during the evaluations (in the middle section). Of course, these interventions can in turn 

affect the overall safety status and safety culture in the hybrid angiography suite, which completes the 

cycle and is represented by a returning arrow. 

In the following sections, we will revisit and answer each of the research questions posed in chapter 1, 

followed by an appraisal of the impact of this thesis and discussion of potential future research topics. 
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Figure 1: Visual summary and overview of variables and concepts presented in this thesis based on the safety culture framework. Rectangular white cells: Safety-related 

constructs discussed in this thesis; the number(s) within each rectangular cell corresponds to the chapter number of the related chapter(s). Round orange cells: strategies to 

capture/evaluate safety-related constructs. Round green cell: potential interventions which may be initiated based on these evaluations. 
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RESEARCH OBJECTIVES REVISITED 

Part 1: Non-technical attributes in surgical specialities. 

Non-technical skills, including communication, have been generally accepted as crucial skills for safe 

surgical practice. The first research question (Chapter 2) in this thesis was whether it is possible to 

evaluate communication styles and attitudes towards uncertainty and risks in a mixed surgical 

population and whether differences can be noted based on the level of clinical experience.  

In this single-centre study, an online self-assessment questionnaire consisting of three validated tools 

was completed by 117 participants (surgical staff, surgical trainees, and candidates for surgical training). 

The questionnaire successfully identified valuable differences between the three participant groups: the 

communication style of the candidates for surgical training was characterized by high expressiveness 

and low verbal aggressiveness, and they were significantly less risk-averse than the more experienced 

groups. On the other hand, surgical trainees in this study had a surprisingly low score for 

‘questioningness’ and experienced more difficulties to cope with uncertainty compared to the less-

experienced candidates and more-experienced surgical staff. This suggests that additional coaching 

and mentoring may be valuable, especially for young trainees who lack the experience to cope with 

these stressful situations.232  

Furthermore, previously described gender-based differences91 in ‘emotionality’ (females scored higher) 

and ‘impression manipulativeness’ (males scored higher), were observed in the candidate and trainee 

groups, but were absent in the surgical staff group. This suggests that besides inherent variations in 

communication styles and attitudes between individuals, some of these non-technical attributes may 

change and mature throughout surgical training and evolve towards a typical working style. These 

attributes allow experienced staff to cope with the stress and uncertainty they encounter in surgical 

practice and thus may be useful for optimizing the quality of care in the hybrid angiography suite.  

Attrition is an important issue in surgical specialities, with up to a fifth of the trainees in general surgery 

dropping out of training, mostly within the first year of training.233  In the current surgical selection 

process, communication styles and personality traits are evaluated indirectly during internships and 

board interviews, based on the supervisor’s previous experiences and gut feeling. If a golden standard 

does indeed exist, including assessments of non-technical attributes may revolutionize the current 

surgical selection process and surgical education in general.  
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During this surgical selection process, non-technical attributes could be assessed in addition to the 

competencies which are currently being evaluated. This multi-faceted approach matches the CANMEDS 

ideology (Figure 2), in which several competencies should be mastered (i.e., CANMEDS ‘roles’) to 

become a successful physician. One of these competencies is communication skills (i.e., the 

‘communicator’ role), which provides additional arguments for evaluating non-technical attributes.  

 

Figure 2: CanMEDS framework. This framework distinguishes six different roles: Medical Expert, Communicator, 

Collaborator, Leader, Health Advocate, Scholar, and Professional. 

This could allow program directors to identify trainees who match the golden standard profile but also 

those who could potentially encounter difficulties due to discrepancies in their attributes, who may then 

be provided with additional supervision and support (e.g., through mentoring sessions or training 

sessions).  

Likewise, communication styles, trainee attitudes, and/or personality traits may become a valuable 

parameter to track trainee development and wellbeing throughout their training. For example, identifying 

sudden changes in non-technical attributes such as difficulties to cope with risks/uncertainty may 

indicate a worsening mental state, which may help identifying trainees at risk of dropping out. 

However, it is challenging to draw hard conclusions based on the current findings and further prospective 

research is needed before any of these assessments may be implemented in the selection programs.  
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A larger-scale prospective study has been initiated to investigate how non-technical attributes of 

accepted (surgical) candidates evolve throughout and after their surgical training to identify whether 

(and which) communication styles are related to clinical success and whether non-technical attributes 

can identify trainees at risk of burnout / dropping out. 

Part 2: Radiation safety in the hybrid angiography suite 

Good radiation safety practices are essential to protect patients and healthcare workers in the hybrid 

angiography suite. The second research question in this thesis (Chapter 3) was whether a radiation 

safety climate could be identified in the hybrid angiography suite using a self-assessment questionnaire 

and how this climate relates to radiation safety behaviours. 

The radiation safety climate in the hybrid angiography suite was assessed using an online questionnaire 

which was completed by 69 healthcare workers, active in the hybrid angiography suite in five Belgian 

hospitals. This tool was able to successfully map the radiation safety climate, with satisfactory internal 

consistency. A positive relationship was observed between the radiation safety climate perceived by 

team members and their self-reported radiation safety behaviours, indicating that a well-developed 

safety climate may indeed affect safety-related behaviours. Moreover, radiation safety knowledge 

played an essential role in this relationship and acted as a partial mediator, supporting the call for 

qualitative radiation safety education by international organizations and professional societies71,81,234,235. 

On the other hand, results also indicated that safety knowledge is not solely acquired through theoretical 

courses, but is also transferred in the workspace through effective safety communication, leadership, 

and good risk-awareness, which stimulate the exchange and maintenance of radiation safety 

knowledge.  

Additionally, research has also shown that when team members perceive that safety is considered a 

priority within the organization and are actively engaged and challenged by their leaders (i.e., factors 

which all contribute to a well-developed safety climate), these team members will be more motivated to 

mimic and reciprocate these actions and actively engage in safety-related activities (e.g., following of 

procedures).79,80,134 Nevertheless, in our study on the radiation safety climate, team members’ radiation 

safety motivation did not appear to be related to their local radiation safety climate. This may have been 

a result of a relatively low number of participants causing a lack of statistical power. However, it is also 

possible that radiation safety motivation interacts with radiation safety behaviours through another 

pathway.141,142   
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Indeed, we did discover a direct relation between team members’ motivation and their self-reported 

behaviours, which may suggest that these interact in a different way; however, no conclusions can be 

drawn about this without further research. Ideally, a longitudinal study should be initiated, which 

assesses the self-reported radiation safety climate, knowledge, motivations, and self-reported safety 

behaviours in the hybrid angiography suite on multiple occasions over the course of several years. 

The essential nature of well-developed radiation safety knowledge is more than evident; however, theory 

on radiation safety is broad and may not always be essential in daily clinical practice (e.g., creation of 

X-rays, physical formulae). Therefore, the third research question in this thesis (Chapter 4) was which 

competencies should be mastered by all members of the endovascular team, to develop concise and 

practical (refresher) courses on radiation safety. 

A modified Delphi methodology was used to generate consensus among 41 European endovascular 

specialists and successfully identified the key knowledge skills, technical skills, and attitudes required 

to safely manage ionizing radiation in daily clinical practice, as well as topics that are less relevant during 

daily practice or may not apply to all members in the hybrid angiography suite. 

Purposive sampling was used to ascertain the competency/expertise of the involved interventionalists. 

This type of sampling is frequently used in Delphi studies as it may improve response rates and increase 

the quality of responses. When choosing the clinical experts for our studies, we aimed to invite a mix of 

knowledgeable European experts, to meet the minimally required number of panel members. Yet, this 

sampling methodology does risks inducing a selection bias.  

An alternative to the purposive sampling technique would have been “snowball sampling”, in which panel 

members can nominate additional colleagues for participating. However, this increases the duration of 

the Delphi study, due to the need for an extra invitation round and requires a more elaborate 

demographics questionnaire to ensure panel members have the required expertise. These factors may 

both harm participation rates and result in participant dropout in the long run. 

Another alternative is to distribute the study using (inter)national professional organizations. Although 

this does reach many interventionalists, this strategy often has low response rates and requires a more 

elaborate demographic questionnaire, to ensure respondents are sufficiently experienced.  

The highest-rated items for knowledge skills were understanding of: “specific risks for the healthcare 

workers”; “the management of pregnant staff, threshold doses and period of highest risk” and “the cause 
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and importance of scatter radiation. On the other hand, topics involving fundamental physics and 

theoretical constructs were among the lowest-rated items.  

Similarly, the key technical skills consisted mostly of practical strategies and actions that teams can take 

to reduce radiation exposure. The three highest-rated technical skills were “Avoid putting hands within 

the fluoroscopy field”, “Increase distance from the radiation source when performing DSA runs” and 

“Maximize distance from radiation source whenever possible”. The usage of a live-feedback dosimeter 

or being able to operate the C-arm system, could not be agreed upon.  

The correct use of personal and mobile shielding equipment, as well as communication-based attitudes, 

were considered to be key radiation safety attitudes by the Delphi panel: “Use a lead apron and thyroid 

collar”, “Only use X-rays when all team members are adequately protected” and “Confirm adequate 

protection of other team members before using X-rays”. 

Based on this Delphi consensus, including theoretical knowledge in (refresher) courses may 

undoubtedly be valuable though it should focus on the impact and rationale behind practical radiation 

safety principles and cover the risks associated with excessive radiation exposure for patients and team 

members. This largely echoes the findings in chapter 3, which also advocated the high value of risk-

awareness. 

To ensure that every endovascular team member applies these key radiation safety principles, it is vital 

to be able to evaluate team radiation safety performance. However, a standardized rating scale has not 

been described. The fourth research question in this thesis (Chapter 5) was whether it is possible to 

develop a structured rating scale to reliably assess team radiation safety behaviours during 

endovascular procedures. 

A modified Delphi study was organized to develop and refine a novel radiation safety rating scale. Three 

rounds of ratings were required for 31 European vascular surgeons, interventional radiologists, and 

interventional cardiologists to reach consensus and to generate an 11-item OSATS-based rating scale. 

This scale was used by two experienced vascular surgeons who independently evaluated the radiation 

safety practices in 15 videotaped EVAR procedures, which confirmed that the rating scale could be 

reliably used. It was noted that assessing these radiation safety behaviours may, at times, be 

challenging for raters with insufficient or without procedural knowledge, yet this does not mean the scale 

should only be used by vascular surgeons. It may be worthwhile that other specialists such as 
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interventional radiologists, medical physicists, or radiographers use this scale to challenge the standards 

set by vascular surgeons and to optimize radiation safety practices, given their incremental knowledge 

about the hazards and risks of radiation.  

Similarly, although this scale was evaluated in a vascular surgical setting, this does not mean that the 

application of this instrument should be limited to the hybrid angiography suite. This scale can be used 

in a variety of settings, including angiography suites for interventional cardiology or radiology, or during 

urologic or orthopaedic procedures where ionizing radiation is used. 

Part 3: Workplace-based assessments in the hybrid angiography suite 

How many near-misses or errors occur in the hybrid angiography suite, and how do these lead to 

adverse events and possible complications? This question is the essence of many patient safety 

initiatives and has started a revolution in the field of laparoscopic surgery, where an ORBB is used to 

assist with detailed performance analyses. 

The fifth research question (Chapter 6) of this thesis was whether an ORBB can also be installed in the 

hybrid angiography suite and whether it can capture the performance of an endovascular team during a 

single endovascular procedure.  

Based on the work performed in laparoscopic surgery, combined with our own experiences in 

performance assessment and video-based ratings, an ORBB system was successfully installed for the 

first time worldwide in our hybrid angiography suite. The first step of this process was to inform and 

involve the stakeholders and team members by organizing constructive meetings and information 

sessions. During these interactive sessions, information was provided about the new technology and 

study goals and everybody could raise questions and express their concerns. These sessions provided 

valuable feedback but also reduced the perceived risks of this new technology, increased trust, and 

strengthened the perceived usefulness of the technology among team members, which has shown to 

influence the acceptance of new technology by end-users.236 This was essential since participation in 

ORBB studies is voluntary and depends on the acceptance of these endovascular team members.  

Physical installation of the ORBB in the hybrid angiography suite was successful, though placement 

options for cameras and microphones were limited mainly due to the presence of lead plating in the 

walls and movement of the C-arm system, which required the installation of multiple ceiling-mounted 

cameras and microphones. 
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To evaluate endovascular procedures, the evaluation strategy used for ORBB-driven assessments of 

laparoscopic procedures was adapted. The evaluation frameworks for surgeons’ non-technical skills 

(i.e., NOTSS) and distractions in the hybrid angiography suite (i.e., DiSI) were retained from the 

laparoscopic setting. Additionally, a number of new frameworks were introduced to evaluate skills 

specific to the endovascular setting: endovascular technical skills were evaluated using both procedure-

specific and global rating scales, and radiation safety performance was assessed by combining dose 

measurements with video-based behavioural assessments.  

Although intensive, this holistic assessment strategy was able to successfully capture the performance 

of the primary surgeon in a first-ever test EVAR case. During this procedure, it was noted that 

distractions and disruptions were plentiful, as the doors leading to the control room and central hallway 

were opened once every three minutes, and alarms were heard regularly. While these distractions are 

often considered as innocent, visual and auditory distractions may affect performances, especially 

during challenging procedures.237 Therefore, distractions should not be dismissed but analysed and 

interpreted in the context of the surgical procedure. During more complex endovascular procedures, 

critical moments should be identified during which interactions and distractions should be minimized, 

similar to the so-called “sterile cockpit” principle (Figure 3).55 

 

Figure 3: The sterile cockpit principle. 

This principle originates from the aviation industry and refers to a form of protocol-driven communication 

which forbids all/non-essential interactions between crew members during crucial periods of the flight 

(e.g., during take-off and landing). In cardiac surgery, this strategy has been used to direct the 

communication and interactions of team members during the initiation and termination of a 
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cardiopulmonary bypass.55 By Implementing this strategy, researchers were able to significantly reduce 

the number of communication breakdowns during these critical phases. A similar strategy may be 

implemented in the hybrid angiography suite, though this will require the identification of high-risk 

procedures/surgical phases and the development of procedure-specific communication-protocols. 

After this successful test procedure, the ORBB technology was pilot tested in multiple elective 

endovascular procedures. Therefore, the sixth and final research question (Chapter 7) of this thesis 

was whether the ORBB could be used for a holistic assessment of endovascular team performance in 

the hybrid angiography suite.  

This pilot study included two types of elective endovascular procedures (EVAR and PVI) and involved 

22 patients and 43 endovascular team members. The procedures were successfully captured and 

analysed semi-automatically using ORBB videos, which provided valuable initial insights into the safety 

processes inside the hybrid angiography suite.  

Post-hoc, one assessor scored the technical skills performances without issues. For the PVI procedures, 

the ratings using the procedure specific rating scale PVI only showed minor differences in experienced 

vascular surgeons. This highlights the value and importance of using different rating tools to assess the 

same construct and suggests that these evaluation frameworks should be chosen and adapted to the 

experience level of the user. Non-technical skills were assessed by combining detailed time-based 

assessments, which highlighted individual positive and negative non-technical behaviours, with a rating-

scale based general assessment of surgeons’ and nurses’ non-technical skills. This identified several 

examples (54% of procedures) of excellent decision making and supportive behaviours in the surgical 

team but also some important shortcomings in communication between different teams. In eight 

procedures, questions asked by the anaesthesiologist were not heard or disregarded, or questions 

asked by the surgical team would not “reach” the anaesthesiologist.  

These observations show the value of taking the entire endovascular team into account instead of solely 

observing the performance of the vascular surgeon. Similarly, feedback sessions after a procedure 

should include all members of the team and not only the surgeon. These types of team debriefings are 

already widely used in simulated team training settings and have recently been used to assess team 

performance in actual clinical practice. 68,214,238 
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Similarly, radiation safety was assessed by combining objective dose measurements and evaluation of 

the position of team members in the hybrid angiography suite. While radiation doses were often 

acceptable or even low, safety behaviours of some team members, especially the scrub nurse, were 

lacking. Team members seldom stepped back from the operating table, even in procedures where 

radiation doses surpassed the “safe” threshold levels. This suggests that urgent action is needed to 

improve the radiation safety practices in our hybrid angiography suite.  

Implications of the current work for surgical safety 

This thesis has investigated the quality of care and safety practice in the hybrid angiography suite from 

various angles. For a long time, the surgeon’s knowledge, technical capabilities, and experience were 

crucial for good surgical outcomes. Nowadays, patient outcomes are known to be influenced not only 

by patient-related factors and technical skills but also by non-technical skills, the team itself, the 

operative environment, and by organizational safety nets and human factors such as the perceived 

safety climate and well-being of team members. All these elements are part of an overarching safety 

culture. Although each of the empirical studies in this thesis focused on a particular element within this 

culture, their effects are often not limited to a single construct.  

The ORBB technology introduced in chapters 6 and 7 may play an essential role in future safety research 

in our hybrid angiography suite and in endovascular surgery at large.  

Introducing a medical data recorder, such as the ORBB, in a working environment, should always be 

performed with care. To facilitate the uptake and acceptance of this system, it is essential to actively 

involve and inform both team members and policymakers to ensure that all involved parties are 

comfortable with the technology and how it will be used. Establishing a safe and secure working context 

is equally crucial, therefore capturing data in a correct and safe way according to the European GDPR198 

is of utmost importance. These regulations dictate that data should only be stored using secure methods 

for well-defined purposes and a well-defined timeframe. Therefore, all recordings and data are 

automatically encrypted before they are stored on a secure server.  

A recent literature review by Van Dalen et al. describes the main concerns and points of attention, from 

both an organizational and legal perspective, which need to be respected when using medical data 

recorders in an OR..239 Van Dalen states that when recordings are solely used for quality improvement 

(QI) and data is not stored in the medical records, that an opting-out system may be used for patient 
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registration instead of written informed consent (i.e., patient consent is assumed). Likewise, the authors 

suggest that team members may be expected to participate in recorded cases, given that sufficient 

safeguards are available to ensure safe and purposeful storage. Nevertheless, while the OR Black Box 

at our hybrid angiography suite was solely installed for QI purposes as part of a research project, 

participation was still on a voluntary basis, and all patients and team members were asked for written 

consent.  

For the team members, fear of litigation is often one of the main concerns when a data recorder is 

installed. To maximize team participation, it is essential to establish a positive safety culture in which 

team members feel safe to operate. In order to achieve this, multiple precautions were taken in our 

centre: first, agreements were made with the board of directors and chiefs of the various departments 

that data collected by the OR Black Box can never be used for repercussive measures, but only for 

research and quality improvement. Additionally, captured footage and data are only available to a 

distinct group of researchers and are never shared with team leaders. Thirdly, identifying information 

such as name, age, or patient- or employee numbers are not collected by the ORBB. Instead, 

registrations are made according to the functions within the team (e.g., anaesthesiologist, scrub nurse, 

primary surgeon), which makes it impossible to trace the data back to a specific team member after 

analysis. 

Ideally, a legal framework should be developed, which protects the data captured by medical data 

recorders by law, granting it the same status and protection as data captured by black boxes in the 

aviation industry. This means that the data can only be used for quality improvement purposes and not 

for medicolegal purposes such as lawsuits. This opinion is also reflected in the review by Van Dalen et 

al., though it may take a considerable amount of time. 

Nevertheless, despite all these measures and safety nets, the installation of an ORBB can still cause 

behavioural changes in team members. This Hawthorne effect does not only affect surgeons but also 

members of the anaesthesiology team and nursing team, though, this effect often is temporary and 

short-lived, especially when team members are not constantly reminded of the recordings (e.g., by 

assuring the devices are not in plain sight). 
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The ORBB captures several types of data, including behavioural observations, rating scales 

assessments, and objective performance indicators. This principle of method triangulation allows users 

to capture different aspects or dimensions of the same construct, providing additional context, which 

increases the reliability of the observations and strengthens the validity of the research.  

These assessments may be valuable in several ways. First, they can provide information about the 

type, number, and possibly the cause of errors, events, and system deficiencies that may occur 

throughout endovascular procedures, allowing teams to identify the most important issues in their 

practice, which may then be targeted through specific interventions. 

Secondly, the ORBB may assist in monitoring and assessing safety practices with the WHO surgical 

safety checklist. Although this tool has shown its value in multiple reports, it remains challenging to use 

this seemingly basic checklist correctly in daily practice.63 The ORBB may assess whether and how this 

WHO checklist is being applied in the hybrid angiography suite and identify any issues.  

Thirdly, the ORBB may also facilitate team feedback and debriefing sessions, either as part of routine 

practice or on request by team members if they felt uncomfortable about the course of the procedure. 

This type of debriefing has recently been described by Van Dalen et al. in the ‘Transparency in the 

Operating Room’ (TOPPER) trial, which implemented team debriefing sessions facilitated by an ORBB-

generated performance report and video clips of noteworthy events. During the session, team members 

who were present during the procedure were encouraged to share their opinion and discuss the case in 

a safe environment without blaming or shaming. The success was overwhelming with high satisfaction 

scores, and nearly all team members recommended to use this type of debriefing sessions in routine 

practice. While these debriefing sessions undoubtedly ameliorate patients’ safety by addressing team 

weaknesses and stimulating strengths, the effects on the safety climate and team perceptions may be 

far more important, as indicated by the high acceptance levels. Thereby the ORBB may revolutionize 

safety practices in the hybrid angiography suite by highlighting the importance of safe practice and 

removing the taboos of discussing mistakes, which may stimulate team members to speak up more 

frequently and communicate more clearly during a procedure. Furthermore, these improved working 

conditions may also reduce work burdens and improve efficiency, which affects the well-being of team 

members. These factors may increase the team members’ engagement, stimulating them to act as 

change agents and to spread their knowledge and/or perceptions about safety practices, further 

improving the safety climate (i.e., a bottom-up approach).  
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Ideally, every future operating room should be equipped with an Operating Room Black Box, similar to 

how every aeroplane is equipped with a black box in the aviation industry. However, this technology is 

not only useful in the operating theatre but may potentially be used in all high-stakes work-environments 

where multidisciplinary teamwork is required, such as acute trauma unites at the accident & emergency 

department or on the Intensive Care Units. Additionally, the ORBB may be used in departments with 

high workloads, frequent problems, or a high turnover of team members to facilitate a detailed root-

cause analysis. Of course, both the soft- and hardware of the ORBB-system may need to be adjusted 

to meet the specific requirements for each of these complex environments, before it can be used to its 

fullest potential. 

Finally, the impact is not limited to the ORBB alone, as the other topics covered in this thesis, such as 

the communication styles of surgeons (and potentially other healthcare workers), and (radiation) safety 

climate measures will undoubtedly be important factors that will allow us to quantify and monitor these 

perceptions using validated methodology Over time, these perceptions may cause a sustained change 

in the safety culture of a department, which should be considered the ultimate goal of quality 

improvement initiatives.  

  



CHAPTER 8 

152 

FUTURE PERSPECTIVES  

Although the research described in this thesis has successfully introduced modern methods to assess 

and positively influence safety practices in the hybrid angiography suite, follow-up research will be 

crucial for the ORBB and the characteristics of safety culture studied in this work to reach their full 

potential. 

Firstly, research about personality traits of surgeons and surgical trainees has previously suggested that 

a distinct surgical personality does exist and that it may evolve throughout a surgeon’s career.50,105-108,240 

Similarly, our research about communication styles in chapter 2 suggested the existence of “a surgical 

golden standard. However, due to the cross-sectional nature of this single-centre study and the small 

sample size of surgical staff, the profile of staff surgeons may not fully represent the surgical population. 

A large multi-centre study is needed in surgical and non-surgical populations to investigate if this distinct 

surgical communication style exists by using the Communication Styles Inventory.  

Currently, a prospective observational study evaluates the communication styles of surgical trainees 

biannually to track the evolution throughout surgical training to confirm if and how communication styles 

and attitudes of surgical trainees change throughout their training program and their surgical career 

thereafter.  

Secondly, not only appropriate communication styles are crucial to enhance the quality of care in the 

hybrid angiography suite, but also the concept of radiation safety climate contributes to a safe 

environment for both patients and healthcare workers. Our study in chapter 3 was able to only partially 

replicate the findings from the food safety industry80, and other medical specialties79, which describe a 

mediating effect of (food) safety motivation on the relationship between (food) safety climate and (food) 

safety behaviours. Future studies should investigate the role of radiation safety motivation in optimizing 

safety behaviours, as well as the role of human factors and mental well-being of team members.  

Additionally, reports in safety literature also describe that self-reported safety climate predicts not only 

self-reported behaviours but also safety outcome measures such as accidents and injuries.79,241,242 

Further research will assess whether this is also applicable to the radiation safety climate. A large-scale 

multicentric study should prospectively register the radiation safety-related outcome measures (e.g., 

radiation doses, radiation safety-related injuries) during several years, while the radiation safety climate 

should be studied at regular time intervals, since the radiation safety climate may change over time, as 
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well as the endovascular team. Although this study may be challenging to organize and time/resource 

consuming, it would provide invaluable knowledge about the underlying psychological mechanisms and 

steps needed to establish a well-developed radiation safety practice, which ultimately benefits both 

patients and healthcare workers. Recently reported Dose Archiving and Communication Systems 

(DACS) 117 may play a significant role in enabling this type of study.  

Thirdly, this thesis has successfully installed and pilot-tested the ORBB in a hybrid angiography suite 

for the first time worldwide. Although the current evaluation methods were feasible and provided 

valuable information about team members’ technical skills, non-technical skills, and radiation safety 

practices, this technology may still be improved. A novel ENDORATE evaluation framework is being 

developed to allow detailed time-based analysis during PVI and EVAR procedures of individual technical 

errors, events, and procedural phases, similar to the practices in laparoscopic surgery.214,221,228 Future 

studies should investigate the feasibility and validity of using this novel framework together with the 

ORBB, to expand the possibilities of ORBB-driven performance analysis further. 

However, to reach its true potential, the current (mostly manual) assessment methods need to be 

modernized and automatized to reduce the human effort involved with ORBB assessments. Video 

motion analysis of technical performance33,205, as well as novel AI-based analysis strategies, should be 

integrated into the ORBB system. For instance, radiation safety assessments may be enhanced by 

using AI-machine learning to analyse the position of team members in the hybrid angiography suite and 

automatically flag worrisome events (e.g., team members not stepping back), which subsequently can 

be used by human analysts to enhance assessment quality. Furthermore, ORBB-driven analysis of 

radiation safety may also be improved by combining prospectively collected dose measures (collected 

live, or through structured DICOM data) with new risk assessment tools. An example of such tool was 

described by De Ruiter et al. who developed a tool which provides interventionalists with a tangible risk 

assessment, based on patient characteristics (BMI), as well as C-arm settings such as the C-arm 

angle.186  

Fourthly, our current study evaluated the performance of the endovascular team, with a specific focus 

on the surgical team. However, the benefits of the ORBB system should not be limited to the surgical 

team. In the analysis of the ORBB footage, several suboptimal interactions were encountered between 

the surgical and anaesthesiology teams, e.g., unclear communication administration and/or continuation 

of heparin or lacking communication regarding apnoea during angiographies.  
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Currently, these interactions were assessed from the perspective of the surgeon, using the NOTTS 

scale; however, these types of suboptimal communication may also be evaluated using the 

anaesthetists’ non-technical skills (ANTS) scale. This tool is similar to the NOTSS and SPLINTS scales 

and categorizes anaesthesiologists’ non-technical behaviours into four distinct items, which each are 

scored on a scale of 1 – 4.  

By adding this additional dimension to the current non-technical analyses, the origin of communication 

errors between teams may be identified more efficiently, which improves the value of black-box-driven 

debriefing sessions. These additional insights may also result in targeted interventions such as a 

lesson/e-learning course about closed-loop communication to ensure that information is transferred 

correctly and understood by both parties. 

Fifthly, now that the ORBB has been installed successfully, the next step in this project is to organize a 

zero-measurement during six consecutive months to prospectively capture and evaluate elective 

endovascular procedures to identify near-misses, errors and events that occur in the hybrid angiography 

suite. This will allow us to identify high-risk interventions and the areas for improvement, as well as to 

detect re-occurring errors and error patterns that may lead to adverse events and/or endanger patients’ 

outcomes. Targeted interventions will be developed to focus on these specific issues.  

One of these planned quality initiatives will try to improve radiation safety practices, as chapter 7 

described that team members showed only little risk-awareness and continue to work close to the C-

arm, even during angiography runs. Based on the results presented in chapter 3, improving radiation 

safety knowledge is an effective way to improve safety practices. Therefore, a new concise training 

course has been developed. The MOOC “Radiation safety in the hybrid angiography suite: The do’s and 

don’ts” is based on the key competencies identified in chapter 4 of this thesis and combines online e-

learning modules, multiple-choice questions, practical instructional videos and a serious game to 

enhance the radiation safety knowledge of the endovascular team members (Figure 4). 

Ideally, every person who can potentially be exposed to ionizing radiation (from a C-arm system) should 

have attended a radiation safety course, encompassing knowledge, skills, and attitudes required for 

safe practice. This includes trainees and staff members, but also medical and nursing students. Hence, 

this course may be used as an introduction and overview for those without experience, or as a brief 

refresher for those who already attended a more elaborate course.  
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Figure 4: Radiation safety serious game (in development) 

To test the effectiveness of this serious game, a zero-measurement with ORBB will be used as a 

baseline for the current radiation safety practices, followed by a new ORBB- mediated assessment to 

measure the impact of this initiative after providing the endovascular team members access to the 

MOOC.  

Of course, the principle of baseline measurement – intervention – effect measurement can be applied 

to numerous targets and interventions. The main benefit of the ORBB is that the data capturing, and 

analysis are highly standardized and consistent in quality. Moreover, the ORBB provides a fly-on-the-

wall perspective as it is integrated into the ceiling, minimally visible, and hardly influences the behaviour 

of team members. As such, this medical data recorder system may be ideal for future studies in the field 

of psychology.  

For instance, a recent study by Bakker-Pieper et al. has shown that the communication styles can be 

reliably used for other-assessments (as opposed to the self-assessments described in chapter 2 of this 

thesis).In their study, the communication style of a leader (based on other-assessments by their 

subordinates) was closely related to the leaders’ leadership outcomes. More specifically, leaders with 

high scores on the “preciseness” and “expressiveness” domains of the CSI-96 tool outperformed leaders 

with lower scores. The ORBB provides an ideal platform to investigate whether other-assessments of a 

leader’s communication style can be incorporated in the current black box evaluations and whether a 

relationship between communication styles and leadership qualities can be observed.92  

Additionally, the ORBB may also be to study different leadership styles in surgery. The Multifactor 

Leadership Questionnaire framework describes three distinct types of leadership: transactional 

leadership (i.e., a style focusing on rewards and punishment, based on the performance of the team), 

passive leadership (i.e., avoiding actions until errors or problems cannot be ignored anymore), and 

transformational leadership (i.e., a style focusing on enhancing team motivation, inspiring team 
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members by acting as a role model, and increasing ownership of team members). In a study involving 

152 Belgian nurses, a transformational leadership style was shown to improve overall safety outcomes 

and boost nurses’ performance because of enhanced (perceived) safety knowledge.  

Therefore, a study has been initiated to investigate whether these distinct leadership types can also be 

identified in surgeons by using the ORBB-recordings and whether a surgeons’ leadership type affects 

their outcomes (e.g., number of communication errors, technical errors). 226  

These two new research projects will generate new knowledge and insights which can be used to guide 

surgeons, improve teamwork during surgical procedures to optimize safety-related practices in the 

hybrid angiography suite, and to maintain team members’ psychosocial well-being.  

Finally, the ORBB has mainly been used to assess the performance in experienced endovascular teams 

but may also be beneficial in assessing surgical trainees to track their progress. Although assessment 

tools such as OSATS are increasingly being used for post-operative feedback, these formative 

assessments, initiated by trainees, happen infrequently or seldom. The ORBB may change this practice 

by facilitating structured and standardized assessments of trainees’ performance, including constructive 

feedback about technical, non-technical, and/or radiation safety performance in the hybrid angiography 

suite. This may facilitate routine assessments of the trainee’s performances, taking away the fear of 

assessment, and provide trainees with tips on how to improve their skills, e.g., by practising in a 

simulated environment stimulating deliberate practice before reapplying these skills on actual patients.  

Similarly, the newly developed radiation safety rating scale may be used to evaluate the radiation safety 

behaviours of team members during real-life procedures or simulated procedures, after which the scale 

can also be used as a debriefing/feedback tool. This type of simulation-based radiation safety training 

is currently not very popular, although it may have several benefits: simulation-based training allows 

standardization of the procedure, allowing teams and raters to purely focus on the radiation safety 

aspects instead of on the pathology. Additionally, simulation-training allows teams to train in safe 

conditions as they are not exposed to ionizing radiation.  

This type of training could be included as a practical hand-on training during the postgraduate radiation 

safety training course, which is in line with the current guidelines and regulations which strongly 

advocate hands-on training.71,81 
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In conclusion, this thesis has investigated the safety practices in the hybrid angiography suite from both 

a human-based perspective through communication styles and safety climates, as well as from a 

technologically driven performance-based perspective. Technological and human-based interventions, 

despite their distinct working mechanisms, are closely related and part of a broader safety culture that 

affects both patients and healthcare workers. To truly optimize safety practices in the hybrid angiography 

suite, a cultural change is necessary (monitored through safety climates and communication styles) as 

well as the technological means to achieve this culture change (e.g., ORBB assessments). The 

presented research has laid the foundation for future research and safety initiatives, which will have a 

significant impact on patient and healthcare workers’ safety.  

In other words, we have opened Pandora’s box, and now others will have to discover what is inside… 
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SUMMARY (ENGLISH) 

In vascular surgery, minimally invasive, endovascular techniques have become the preferred treatment 

strategy for most vascular atherosclerotic and aneurysmal diseases. Although this has resulted in faster 

recovery with shortened hospital admissions and reduced mortality rates, it has also increased the 

complexity of procedures, requiring specific knowledge, skills, and attitudes. Additionally, these 

endovascular procedures require the use of ionizing radiation which may be harmful to patients and 

team members when not handled responsibly.  

Ensuring that patients receive safe and high-quality care is a top priority in vascular surgery. Quality 

improvement initiatives worldwide have been studied and initiated to avoid adverse events and optimize 

the conditions in which procedures take place. Examples are patient-specific rehearsal, proficiency-

based stepwise endovascular training course, and investigation of errors and events in the vascular 

hybrid angiography suite. 

However, nobody is perfect, and mistakes may happen if humans are involved, especially in high-tech, 

complex environments such as the hybrid angiography suite. To avoid near-misses and errors from 

escalating and turning into significant events and possible complications, endovascular team members 

should be able to recognize these errors and act aptly.  

The main objective of this thesis was to gain a deeper understanding of the safety practices in the hybrid 

angiography suite, by investigating safety-related topics, including communication styles, radiation 

safety practices, and performance assessments. 

The first part of this work explores the concept of communication styles and attitudes towards risks and 

uncertainty in various surgical specialities. By comparing the communication styles and attitudes of 

candidates applying for surgical training, surgical trainees, and surgical staff members, several valuable 

differences were identified, which suggest that some important attributes, such as being able to cope 

with uncertainty, can be developed through clinical experience. Surgical trainees may grow towards a 

typical professional work style as they progress through their training. Additionally, surgical trainees’ 

responses also suggested that work-related pressures and stressors may affect the trainee’s attitudes. 

Our findings may stimulate future research of the potential use of non-technical attributes as an 

additional parameter in surgical selection programs; as a well-being-marker of surgical trainees, and as 

a potential pathway towards the enhancement of safety at work. 
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The second part focuses on radiation safety practices in the hybrid angiography suite. Based on 

principles from safety literature and experiences from the food- processing industry, the concept of a 

radiation safety climate was proposed as an unexplored factor for improving radiation safety practices 

in the hybrid angiography suite. Based on questionnaires completed by healthcare workers active at five 

Belgian vascular surgical departments, a relation was identified between radiation safety climate and 

safety behaviours, which was partially mediated by radiation safety knowledge. In addition to 

(theoretical) training courses, radiation safety knowledge may also be enhanced by stimulating 

communication and leadership skills and risk awareness of team members. Improving the radiation 

safety climate in the hybrid angiography suite may be an efficient way to improve radiation safety 

practices.  

Improving knowledge is essential, though currently, radiation safety education courses handle several 

topics, which are not always crucial in daily clinical practice (e.g., origins of X-rays). To optimize radiation 

safety practices, we aimed to identify the most important knowledge, skills, and attitudes that everyone 

should know and master (i.e., key competencies). Guided by the opinion of a European panel of 

endovascular specialists, a modified Delphi study was organized, which highlighted that training courses 

for radiation safety could include theoretical knowledge on the condition that it is concise, relevant, and 

practical.  

Besides improving radiation safety practices, it is equally important to assess those radiation safety 

practices. Currently, radiation doses measured by the C-arm or team members’ dosimeters are mostly 

used, but these measures strongly vary based on patient anatomy (difficulty, BMI), type of procedure, 

and devices and systems that are used.  

To study the actual radiation safety behaviours of a team, a modified Delphi study was initiated to distil 

currently available key competencies into a usable rating scale. The scale was successfully used to 

evaluate a series of videotaped endovascular test-procedures, establishing its usability and reliability, 

but does require a minimal degree of knowledge about technical procedural aspects.  

The third and last part covers the need for standardized assessment in daily vascular surgical practice 

and introduces the Operating Room Black Box, a novel medical data recording technology. This system 

captures and synchronizes several sources of audio-visual and procedural data for semi-automatic 

assessment of surgical performance and errors. This system was adapted and successfully installed in 
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a hybrid angiography suite for the first time worldwide. To optimally use this novel application, evaluation 

frameworks were adjusted and designed to be able to evaluate endovascular technical skills and 

radiation safety in the hybrid angiography suite. A pilot study confirmed that the ORBB could be used to 

holistically assess the performances of endovascular teams in a sample of mixed elective endovascular 

procedures, though assessments still required a significant amount of human input. Initial investigations 

of endovascular team performances revealed several deficiencies in the technical and non-technical 

technical skills of team members but also highlighted positive and supportive behaviours. Additionally, 

radiation safety practices were evaluated for the first time using the ORBB. Although radiation doses 

were well within safe ranges, safety behaviours such as the correct use of shielding equipment and 

stepping back from the operating table to reduce the radiation exposure, were absent for most team 

members. This system may be used to gain a better understanding of the strengths and weaknesses of 

teams and the errors/events that may occur in a hybrid angiography suite. This knowledge may facilitate 

tailor-made interventions and targeted safety initiatives such as radiation safety training courses, or 

initiatives to improve communication in the hybrid angiography suite, as well as for feedback and 

debriefing purposes, both voluntary and as part of standard surgical care.  

In conclusion, reducing and correctly managing surgical errors is crucial for safe patient care. This thesis 

has investigated different aspects of safe surgical practice and has laid the foundation for future 

initiatives to catalogue and tackle errors in the hybrid angiography suite. Standardized assessment of 

team performance using ORBB technology is a potentially powerful tool to improve patient safety, yet 

this should not become the sole focus. Investing in and monitoring the well-being of team members and 

their perceived (radiation) safety climate is equally important to maximize the chances of successful 

implementation of these measures and team compliance. This may ultimately result in a well-developed 

safety culture in which patient and team safety are top priorities and safeguarded by every endovascular 

team member.  
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SAMENVATTING NEDERLANDS 

Binnen de vaatheelkunde zijn minimaal invasieve endovasculaire technieken de voorkeursstrategie 

geworden voor de behandeling van de meeste vasculaire atherosclerotische en aneurysmatische 

aandoeningen. Hoewel deze aanpak zorgt voor een sneller herstel van de patiënt met kortere 

ziekenhuisopnames en lagere sterftecijfers, maakt deze aanpak de procedures ook een stuk complexer, 

waardoor specifieke kennis, vaardigheden en attitudes nodig zijn om optimaal te functioneren. 

Bovendien wordt er tijdens deze endovasculaire procedures gebruik gemaakt van röntgenstraling, wat 

schadelijke gevolgen kan hebben voor patiënten en gezondheidswerkers wanneer er niet verantwoord 

mee wordt omgegaan. 

In de vaatheelkunde is het garanderen van een veilige en kwaliteitsvolle zorg voor patiënten, een 

topprioriteit. Wereldwijd is er steeds meer onderzoek naar fouten en onverwachte gebeurtenissen in de 

hybride angiosuite, welke leiden tot diverse kwalteitsinitiatieven zoals bijvoorbeeld patiënt-specifieke 

voorbereidingen en stapsgewijs endovasculair vaardigheidsonderwijs op tempo van de deelnemer. 

Hierdoor kan men zorgen dat ingrepen in optimale omstandigheden kunnen doorgaan waardoor 

ongewenste voorvallen voorkomen kunnen worden, wat de kwaliteit van de zorg verbetert. 

Niemand is echter perfect en zolang er mensen betrokken zijn, zullen er ook fouten gemaakt worden, 

vooral in hightech, complexe omgevingen zoals de hybride angiosuite. Om te voorkomen dat deze 

fouten escaleren en mogelijks complicaties worden, moeten endovasculaire teamleden deze fouten 

kunnen herkennen en adequaat kunnen handelen. 

Het hoofddoel van dit doctoraatsproefschrift was om een beter inzicht te krijgen in de 

veiligheidspraktijken in de hybride angiosuite, door onderzoek te voeren naar drie 

veiligheidsgerelateerde onderwerpen: communicatiestijlen, stralingsveiligheidsgedrag en 

prestatiebeoordelingen. 

Het eerste deel van dit werk onderzocht het concept van communicatiestijlen en attitudes tegenover 

risico's en onzekerheid in verschillende chirurgische specialismen. Door de communicatiestijlen en 

attitudes van kandidaten die solliciteren voor chirurgische opleiding; heelkundige assistenten in 

opleiding; en chirurgische stafleden te vergelijken, werden verschillende waardevolle verschillen 

geïdentificeerd, welke suggereerden dat enkele kenmerken, zoals de manier waarop men omgaat met 

onzekerheid, ontwikkeld worden door klinische ervaring. Naarmate assistenten in opleiding vorderen in 
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hun opleiding, groeien ze mogelijks naar een algemeen gemeenschappelijke professionele werkstijl toe, 

om zo beter met moeilijke situaties om te kunnen gaan. Bovendien suggereerden de reacties van deze 

assistenten in opleiding ook dat werkdruk en stressfactoren de houding en communicatiestijl van 

assistenten in belangrijke mate kunnen beïnvloeden. Verder onderzoek moet zich richten op het nut van 

niet-technische kenmerken als een aanvullende parameter bij chirurgische selectieprogramma's; of om 

het welzijn van heelkundige assistenten in opleiding te monitoren en zo de veiligheid en mentale 

weerbaarheid van teamleden te bevorderen. 

Het tweede deel richtte zich op stralingsveiligheid in de hybride angiosuite. Gebaseerd op principes uit 

de veiligheidsliteratuur en ervaringen uit de voedingsindustrie, werd het concept van een 

stralingsveiligheidsklimaat geïntroduceerd als nieuwe factor om de stralingsveiligheid in de hybride 

angiosuite te verbeteren. Door middel van vragenlijsten werd het stralingsveiligheidsklimaat bevraagd 

bij gezondheidswerkers afkomstig uit vijf Belgische vaatheelkundige afdelingen waarbij een verband 

werd geobserveerd tussen het stralingsveiligheidsklimaat en het veiligheidsgedrag, dat ook gedeeltelijk 

gemedieerd werd door de kennis van stralingsveiligheid van teamleden. Deze kennis kan bevorderd 

worden door (theoretische) trainingen, maar ook door het verbeteren van communicatie- en 

leiderschapsvaardigheden in de hybride angiosuite en door het stimuleren van risicobewustheid. 

Het staat vast dat verbeteren van kennis essentieel is om stralingsveiligheid te bevorderen. Daarom 

moeten alle gezondheidsmedewerkers die in aanraking komen met röntgenstraling een verplichte 

opleiding volgen die grote hoeveelheden (theoretische) informatie omvatten, welke niet steeds relevant 

is in de dagelijkse klinische praktijk (bijv. Oorsprong van röntgenstralen).  

Om de stralingsveiligheid te optimaliseren, is het nuttig om een overzicht te hebben van de meest 

essentiële kennis, vaardigheden en attitudes sterk. Op basis van de mening van een Europees panel 

van endovasculaire specialisten werd een ‘modified Delphi’-studie georganiseerd, waaruit bleek dat 

trainingen voor stralingsveiligheid theoretische kennis kunnen bevatten op voorwaarde dat deze 

beknopt, relevant en praktisch is. 

Naast het verbeteren van de kennis en vaardigheden op vlak van stralingsveiligheid is het ook belangrijk 

om die stralingsveiligheidspraktijken te beoordelen. Momenteel baseert men zich hiervoor op de 

stralingsdosissen die worden gemeten door de C-boog of door de dosismeters van teamleden. Deze 

metingen kunnen sterk variëren op basis van de anatomie van de patiënt (moeilijkheidsgraad, BMI), het 
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type procedure en de apparaten en systemen die worden gebruikt. Om het daadwerkelijke 

stralingsveiligheidsgedrag van een team te bestuderen, werd een ‘modified Delphi’ georganiseerd om 

de beschikbare kerncompetenties en algemene stralingsveiligheidsprincipes te herwerken tot een 

bruikbare beoordelingsschaal.  

De schaal werd succesvol gebruikt door twee ervaren vaatchirurgen met speciale interesse in 

stralingsveiligheid om opgenomen endovasculaire procedures post-hoc te bestuderen. Deze evaluaties 

bevestigden de bruikbaarheid en betrouwbaarheid van de schaal, en stelden ook vast dat een minimale 

kennis over technische procedurele aspecten belangrijk is om het gedrag correct te interpreteren. 

Het derde en laatste deel behandelt introduceert de Operating Room Black Box, een sterk 

hoogtechnologische medische datarecorder om tegemoet te komen aan de nood tot 

gestandaardiseerde evaluaties in de operatiekamer. Deze nieuwe technologie verzamelt beeld- en 

geluidsmateriaal via camera’s en microfoons, alsook medische informatie afkomstig van het 

fluoroscopiescherm en de anesthesiemonitor. Deze gegevens worden nadien gebruikt om de prestaties 

van het team en de fouten die tijdens de ingreep gemaakt zijn, op semiautomatische wijze te analyseren. 

Dit ‘black box‘ systeem werd in ons centrum voor het eerst wereldwijd geïnstalleerd in een hybride 

angiosuite. Om deze nieuwe technologie optimaal hierin te kunnen gebruiken, werd een nieuwe 

evaluatiestrategie ontwikkeld. Deze combineert evaluatieschalen die al gebruikt worden binnen de 

laparoscopie (vb. om afleidingen te identificeren), alsook instrumenten die specifiek zijn voor de 

vaatheelkunde, zoals stralingsveiligheid en endovasculaire technische vaardigheden. 

Een pilootstudie bij electieve endovasculaire ingrepen bevestigde dat deze black box gebruikt kan 

worden om de prestaties van endovasculaire teams te beoordelen, hoewel voor beoordelingen nog 

steeds een aanzienlijke hoeveelheid menselijke input nodig was. 

Bij dit eerste onderzoek naar de prestaties van endovasculaire teams, kwamen verschillende 

tekortkomingen in de technische en niet-technische technische vaardigheden naar voren, maar de black 

box was ook in staat om positief en ondersteunend gedrag te identificeren. Daarnaast werden de 

stralingsveiligheidspraktijken voor het eerst geëvalueerd met behulp van deze black box. Hoewel de 

stralingsdoses ruim binnen veilige grenzen lagen, was het stralingsveiligheidsgedrag van de meeste 

teamleden ondermaats (vb. correct gebruik van loden schermen en het achteruit stappen van de 

operatietafel om de stralingsblootstelling te verminderen). 
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Deze zwarte doos kan in de toekomst worden gebruikt om een beter inzicht te krijgen in de sterke en 

zwakke punten van teams en de fouten/ gebeurtenissen die kunnen optreden in een hybride angiosuite. 

Deze kennis kan op termijn leiden tot op maat gemaakte interventies en gerichte veiligheidsinitiatieven, 

zoals stralingsveiligheid-specifieke trainingen of initiatieven om de teamcommunicatie in de hybride 

angiografiesuite te verbeteren, evenals om feedback en debriefing te optimaliseren, dit zowel vrijwillig 

als onderdeel van standaard chirurgische zorg. 

Concluderend, is het bestuderen, verminderen en correct omgaan met chirurgische fouten cruciaal voor 

veilige patiëntenzorg. Dit doctoraatsproefschrift heeft verschillende aspecten van een veilige 

chirurgische praktijk onderzocht en heeft de basis gelegd voor toekomstige initiatieven welke fouten in 

de hybride angiografiesuite kunnen onderzoeken, catalogiseren en aanpakken. Gestandaardiseerde 

beoordeling van teamprestaties met behulp van black box-technologie is een potentieel krachtig 

hulpmiddel om de patiëntveiligheid te verbeteren. Dit is niet de enige focus; investeren in en monitoren 

van het welzijn van teamleden en hoe zij hun (stralings)veiligheidsklimaat ervaren, zijn even belangrijk 

om deze maatregelen succesvol te implementeren met de steun van het voltallig team. Dit zal uiteindelijk 

zorgen voor een goed ontwikkelde veiligheidscultuur waarin zowel de patiënt- als de teamveiligheid als 

topprioriteiten beschouwd worden door elk lid van het endovasculair team
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Appendix 1: Comparative results: Communication styles, attitudes towards uncertainty and between mentoring, 
and no mentoring.   

  Mean  
(SD) 

P-value 
Cronbach 

alpha 

Mentoring 

(n=35) 

No mentoring 

(n=75) 

  

CSI subscales 

Expressiveness  
(/5) * 

3,31 
(0,52) 

3,44  
(0,5) 

0.219 0.856 

Preciseness 
(/5) 

3,24  
(0,39) 

3,35  
(0,5) 

0.239 0.829 

Verbal aggressiveness 
(/5) 

2,37  
(0,43) 

2,31  
(0,51) 

0.573 0.803 

Questioningness 
(/5) 

3,16  
(0,61) 

3,35  
(0,55) 

0.111 0.835 

Emotionality 
(/5) 

2,72  
(0,64) 

2,72  
(0,6) 

0.969 0.871 

Impression Manipulativeness 
(/5) 

2,62  
(0,54) 

2,74  
(0,56) 

0.266 0.826 

PRU subscales 

Anxiety due to uncertainty 
(/30) 

15,15  
(4,98) 

15,43  
(5,4) 

0.795 0.877 

Concern about bad outcomes 

(/18) 

8,29  
(3,81) 

9,23  
(3,38) 

0.217 0.789 

Reluctance to disclose uncertainty to 
patients 
(/30) 

11,97  
(4,78) 

11,97  
(4,18) 

0.998 0.840 

Reluctance to disclose mistakes to 
physicians 
(/12) 

4,68  
(2,15) 

4,89  
(2,3) 

0.657 0.958 

PRA scale 
Physicians’ risk attitude 
(/36) 

20,41 
(6,26) 

20,91 
(5,83) 

0,750 0.831 

*Maximum scale score is mentioned between brackets; P-values < .05 are mentioned in bold 
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Appendix 2: Comparative results: Current health status and life satisfaction in the three participant groups 

 Mean  
(SD) 

P-value 
Cronbach 

Alpha 

Candidates 
(n=110) 

Trainees 
(n=42) 

Staff 
(n=25) 

Candidates 
vs trainees 

vs staff 

Candidates 
vs 

Trainees 

Trainees  
vs 

Staff 

Candidates  
vs 

Staff 
 

Physical functioning  

(/30) * 

29,54  
(1,34) 

29.10 

(2.07) 

28.64 

(1.82) 
0.029 0.288 0.503 0.034 0.820 

Role limitations due to 
physical health  

(/8) 

7,87  
(0,45) 

7.67 

(0.93) 

7.88 

(0.33) 
0.139 0.133 0.325 0.998 0.775 

Role limitations due to 
emotional problems  
( /6) 

5,67  
(0,78) 

5.52 

(0.89) 

5.44 

(1) 
0.357 0.592 0.918 0.425 0.774 

Energy/fatigue  
(/24) 

18  
(2,91) 

17.45 

(2.92) 

17.12 

(3.95) 
0.341 0.590 0.904 0.403 0.804 

Emotional well-being  
(/30) 

24,2  
(3,4) 

24.57 

(3.28) 

23.96 

(3.42) 
0.745 0.816 0.753 0.945 0.796 

Social functioning  
(/10) 

9,27  
(1,21) 

9.12 

(1.43) 

9.04 

(1.34) 
0.637 0.787 0.693 0.968 0.705 

Pain  
(/60) 

57,08  
(5,58) 

54.12 

(8.31) 

52.52 

(7.71) 
0.002 0.039 0.607 0.006 0.765 

General health  

(/25) 

21,55  
(3,19) 

20.69 

(2.75) 

20.24 

(2.89) 
0.084 0.273 0.829 0.133 0.612 

Change in health last 
year  

(/5) 

3  
(0,66) 

2.98 

(0.52) 

2.96 

(0.68) 
0.95 0.977 0.994 0.956 - 

Current life 
satisfaction 
(/5) 

4,44  
(0,67) 

4.43 
(0.70) 

4.12 
(0.78) 

0.114 0.998 0.187 0.102 - 

*Maximum scale score is mentioned between brackets. 
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Appendix 3: Poster-styled overview of radiation safety guidelines – 10 tips to keep doses ALARA 

Radiation safety in the hybrid angiography suite  

10 tips to keep radiation doses ALARA (As Low As Reasonably Achievable) 

1 Increase distance to the radiation source 2 Manage your radiation usage 

  

√ Step back from the table during angiographies 

√ Stand on the side of the image detector 

√ Keep fluoroscopy time as low as possible 

√ Avoid making unnecessary angiographies 

3 Use personal protective equipment 4 Use additional shielding equipment 

  

√ Wear a well-fitting lead apron and thyroid collar 

√ Scrubbed in = lead goggles 

√ Use ceiling- and table-mounted lead shielding 

√ Anaesthesiologists: use a mobile lead screen 

5 Collimate the fluoroscopy image 6 Avoid using optical magnification 

  

√ Collimate the image as much as possible 

√ Only show the area of interest 

χ Avoid optical magnification, use digital zooming 

√ Use a large fluoroscopy screen, close to the operator 

7 Avoid using steep angulations 8 Optimize patient and table positions 

  
χ Avoid using steep C-arm angulations (>30°) 

√ Avoid overexposure: vary angulations if possible 

√ Use undercouch system: X-ray tube under the table 

√ Position detector as close to the patient as possible 

9 Adjust image settings  10 Teamwork and communication 

 
 

√ Use low-dose imaging mode whenever possible 

√ Use pulsed fluoroscopy with a low pulse rate  

√ Confirm safety: ‘Is everyone protected?’ 

√ Concerned about radiation safety? Speak up! 

Do not forget your dosimeters!  
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Appendix 4 – Online questionnaire radiation safety climate 

The following questionnaire assesses how you think about radiation safety in your current 

workspace. Please read each of the following statements carefully and indicate how much you 

agree with each of these statements: 

1 
Completely disagree 

2 
Disagree 

3 
Neutral 

4 
Agree 

5 
Completely agree 

Leadership concerning radiation safety in the hybrid angiography suite  

L1 In our hybrid angiography suite, the leaders set clear objectives concerning 
radiation safety. 

1 2 3 4 5 

L2 In our hybrid angiography suite, the leaders are clear about the expectations 
concerning radiation safety towards team members. 

1 2 3 4 5 

L3 In our hybrid angiography suite, the leaders are able to motivate their team 
members to work with ionizing radiation in a safe way. 

1 2 3 4 5 

L4 In our hybrid angiography suite, the leaders listen to team members, if they have 
remarks or comments concerning radiation safety. 

1 2 3 4 5 

L5 In our hybrid angiography suite, leaders address radiation safety issues in a 
constructive and respectful way. 

1 2 3 4 5 

L6 In our hybrid angiography suite, the leaders strive for a continuous improvement 
of radiation safety.  

1 2 3 4 5 

Communication concerning radiation safety in the hybrid angiography suite  

C1 In our hybrid angiography suite, the leaders communicate regularly with team 
members about radiation safety. 

1 2 3 4 5 

C2 In our hybrid angiography suite, the leaders communicate in a clear way with 
team members about radiation safety.  

1 2 3 4 5 

C3 In our hybrid angiography suite, it is possible for team members to communicate 
about radiation safety with the leaders. 

1 2 3 4 5 

C4 In our hybrid angiography suite, the importance of radiation safety is permanently 
present by means of, for example, posters, signs, and/or icons related to 
radiation safety. 

1 2 3 4 5 

C5 I can discuss problems concerning radiation safety with colleagues in our hybrid 
angiography suite. 

1 2 3 4 5 

Commitment concerning radiation safety in the hybrid angiography suite  

Co1 In our hybrid angiography suite, the leaders clearly consider radiation safety to 
be of great importance. 

1 2 3 4 5 

Co2 My colleagues are convinced of the importance of radiation safety for the work 
within the hybrid angiography suite. 

1 2 3 4 5 

Co3 In our hybrid angiography suite, working in a radiation safe way is recognized 
and rewarded. 

1 2 3 4 5 

Co4 In our hybrid angiography suite, the leaders set a good example concerning 
radiation safety. 

1 2 3 4 5 

Co5 In our hybrid angiography suite, the leaders act quickly to correct 
problems/issues that affect radiation safety. 

1 2 3 4 5 

Co6 In our hybrid angiography suite, team members are actively involved by the 
leaders in radiation safety-related matters.  

1 2 3 4 5 
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1 
Completely disagree 

2 
Disagree 

3 
Neutral 

4 
Agree 

5 
Completely agree 

Resources concerning radiation safety in the hybrid angiography suite  

R1 In our hybrid angiography suite, team members get sufficient time to work with 
ionizing radiation in a safe way. 

1 2 3 4 5 

R2 In our hybrid angiography suite, sufficient staff is available to follow up radiation 
safety. 

1 2 3 4 5 

R3 In our hybrid angiography suite, the necessary infrastructure (e.g., good 
workspace, good equipment) is available to be able to work with ionizing 
radiation in a safe way. 

1 2 3 4 5 

R4 In our hybrid angiography suite, sufficient financial resources are provided to 
support radiation safety (e.g., external support, maintenance, purchase of 
equipment). 

1 2 3 4 5 

R5 In our hybrid angiography suite, sufficient education and training related to 
radiation safety are given. 

1 2 3 4 5 

R6 In our hybrid angiography suite, good procedures and instructions concerning 
radiation safety are in place. 

1 2 3 4 5 

Risk-awareness concerning radiation safety in the hybrid angiography suite  

Ra1 In our hybrid angiography suite, the risks related to radiation safety are known. 1 2 3 4 5 

Ra2 In our hybrid angiography suite, the risks related to radiation safety are under 
control. 

1 2 3 4 5 

Ra3 My colleagues are alert and attentive to potential problems and risks related to 
radiation safety. 

1 2 3 4 5 

Ra4 In our hybrid angiography suite, the leaders have a realistic picture of the 
potential problems and risks related to radiation safety. 

1 2 3 4 5 

Ra5 In our hybrid angiography suite, the members of the endovascular team have a 
realistic picture of the potential problems and risks related to radiation safety. 

1 2 3 4 5 

Personal behaviour, knowledge, and motivation regarding radiation safety in the hybrid 
angiography suite. 

 

Mo1 I consider it important to maintain radiation safety at all times to prevent events 
and incidents in our hybrid angiography suite. 

1 2 3 4 5 

Kn1 I possess the necessary knowledge to maintain or improve radiation safety in our 
hybrid angiography suite. 

1 2 3 4 5 

Com1 I follow the highest standards of radiation safety when I am active in the hybrid 
angiography suite (e.g., wearing all required protective equipment, applying the 
correct safety regulations) 

1 2 3 4 5 

Pa1 I put in extra effort to improve radiation safety in our hybrid angiography suite 
(e.g., voluntary tasks or activities, promoting radiation safety) 

1 2 3 4 5 

*Note: The currently presented (English) questionnaire was adapted from the (Dutch) questionnaire used during 

the study through a translation-back-translation process. 
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Appendix 5: Ranking and descriptive statistics for the replies in both Delphi rounds. 

Statement Round 1 

(n=38) 

Round 2 

(n=36) 

 Mean SD Median 
Consensus 

(%) 
Mean SD Median 

Consensus 
(%) 

Knowledge skills 

Specific risks for the healthcare workers 4.71 0.46 5 100 4.92 0.28 5 100 

The management of pregnant staff, threshold 
doses & period of highest risk 4.68 0.74 5 97.4 4.81 0.40 5 100 

The cause and importance of scatter radiation 4.84 0.37 5 100 4.78 0.59 5 97.2 

The management of pregnant patients and 
patients of fertile age 4.71 0.46 5 100 4.72 0.70 5 91.7 

The ALARA principles and effects of practical 
dose reduction measures. * - - - - 4.72 0.51 5 97.2 

The differences in radiation dose while using 
fluoroscopy, digital subtraction angiography 
(DSA) and cine modes * 

- - - - 4.72 0.62 5 97.2 

Scatter radiation is the largest near the X-ray 
source. 4.68 0.77 5 94.7 4.69 0.86 5 94.4 

Specific risks for the patient 4.58 0.50 5 100 4.69 0.62 5 97.2 

The ways x-rays interact with objects and 
tissues 4.66 0.53 5 97.4 4.67 0.63 5 97.2 

Types of skin damage that can occur at 
different doses. 4.47 0.73 5 86.8 4.61 0.65 5 97.2 

Patient factors that increase the risk of large 
radiation doses 4.71 0.46 5 100 4.61 0.65 5 97.2 

Which procedures generally have high 
radiation doses 4.63 0.59 5 94.7 4.61 0.65 5 97.2 

The effects of automatic exposure control 
(AEC) setting * - - - - 4.5 0.70 5 94.4 

Patient factors that increase the risk of tissue 
damage, e.g., diabetes, connective tissue 
diseases, etc. 

4.37 0.67 4 94.7 4.42 0.69 4.5 94.4 

Deterministic risks & the concept of a threshold 
model 4.53 0.60 5 94.7 4.39 0.90 5 83.3 

Stochastic effects & the concept of a linear no 
threshold model 4.37 0.79 4.5 92.1 4.39 0.87 5 86.1 

Attenuation and the mechanism of image 
production. 4.58 0.68 5 94.7 4.36 0.80 4.5 91.7 

The difference between x-rays and 
radioactivity turned on or off, emitted 
continuously. 

4.18 0.87 4 86.8 4.28 0.78 4 91.7 

Threshold dose and strategy for the adverse 
event following of overexposed patients. 4.21 0.81 4 81.6 4.25 0.73 4 88.9 

X-Ray beam filtration 4.47 0.56 4.5 97.4 4.22 0.90 4 86.1 

The international operator dose limits 4.37 0.67 4 94.7 4.22 0.80 4 88.9 

The differences between mobile and fixed 
(hybrid angiosuite) C-arms 4.32 0.70 4 86.8 4.17 0.85 4 83.3 

The differences between hard & soft X-rays 4.24 0.91 4.5 78.9 4.14 0.83 4 83.3 

Indirect dose measurements & units 4.21 0.70 4 84.2 4.14 0.80 4 86.1 

Direct dose measurements & units 4.24 0.63 4 89.5 4.14 0.76 4 88.9 

Different types of follow-up examinations and 
the associated doses 4.34 0.67 4 94.7 4.14 0.72 4 86.1 
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Doses and radiation protection principles in 
infants and children. ** - - - - 4.14 0.68 4 88.9 

The components of a C-arm 4.29 0.69 4 86.8 4.08 0.84 4 80.6 

Differences between absorbed -, equivalent- & 
effective doses 4.26 0.79 4 84.2 3.89 0.79 4 80.6 

Interventional reference levels 4.11 0.86 4 78.9 3.86 0.83 4 80.6 

The difference between flat-panel detectors 
and old school image intensifiers. 4.13 0.78 4 86.8 3.83 0.85 4 77.8 

The mechanism of X-ray production 3.92 1.02 4 73.7 3.67 1.07 4 61.1 

The electromagnetic spectrum & the position 
of x-rays 3.92 1.17 4 78.9 3.56 1.16 4 63.9 

Technical skills 

Increase distance from radiation source when 
performing DSA runs 4.95 0.23 5 100 4.94 0.23 5 100 

Avoid putting hand within the fluoroscopy field 4.82 0.39 5 100 4.94 0.23 5 100 

Maximize their distance from radiation source 
whenever possible. 4.82 0.39 5 100 4.89 0.32 5 100 

Use X-rays only when actively looking at the 
screen 4.92 0.27 5 100 4.83 0.45 5 97.2 

Adjust the dose settings according to the 
situation 4.76 0.49 5 97.4 4.81 0.58 5 97.2 

Use table- and ceiling-mounted shielding 
correctly, if available. 4.76 0.49 5 97.4 4.78 0.49 5 97.2 

Choose a pulse rate and dose matching the 
required image quality 4.82 0.39 5 100 4.75 0.65 5 94.4 

Adjust table height and C-arm position to 
patient 4.79 0.47 5 97.4 4.69 0.75 5 94.4 

Use mobile shielding correctly 4.79 0.41 5 100 4.67 0.54 5 97.2 

Use physical (hard) collimation whenever 
possible. 4.76 0.49 5 97.4 4.67 0.63 5 97.2 

Limit use of DSA as much as possible by using 
pre-operative images and proper planning ** - - - - 4.67 0.63 5 91.7 

Move the team to the detector-side of the table 
when using large laterolateral angulations, 
whenever possible. 

4.39 1.00 5 86.8 4.64 0.59 5 94.4 

Use passive dosimeters in a correct way 4.58 0.64 5 97.4 4.61 0.65 5 91.7 

Place the fluoroscopy screen as close to the 
operator as possible 4.61 0.68 5 94.7 4.58 0.69 5 94.4 

Use & position radioprotective drapes 
correctly, if available. 4.34 0.81 5 84.2 4.56 0.65 5 91.7 

Go back to an AP view as soon as possible 4.53 0.73 5 92.1 4.5 0.70 5 94.4 

Use digital zoom 4.34 0.85 4.5 89.5 4.44 0.91 5 91.7 

Use 3D overlay imaging to reduce the number 
of DSA runs, and adjust table- and gantry 
positions without X-rays 

4.13 0.99 4 76.3 4.42 0.73 5 91.7 

Avoid the use of steep angulations whenever 
possible. 3.89 1.09 4 78.9 4.36 0.76 4.5 88.9 

Adapt table height to the primary operator 4.24 0.88 4 81.6 4.28 0.88 4.5 83.3 

Reduce fluoroscopy to a minimum when 
handling catheters and wires ** - - - - 4.28 0.91 5 80.6 

Interpret the administered dose on the 
fluoroscopy screen 4.39 0.68 4 94.7 4.25 0.91 4 86.1 
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Use virtual collimation 4.24 0.63 4 89.5 4.25 0.77 4 86.1 

The C-arm movements & settings should only 
be controlled by people who are scrubbed in 4.11 1.20 5 76.3 4.11 1.26 5 72.2 

Use a live-feedback personal dosimeter (e.g., 
dose-aware) 3.87 0.93 4 65.8 3.94 1.09 4 69.4 

Vary fluoroscopy angles to limit patient Peak 
skin dose. 3.95 0.96 4 76.3 3.83 0.91 4 72.2 

A radiographer should be in control of the C-
Arm * - - - - 3.17 1.50 3 47.2 

Wear personal protective equipment in an 
appropriate manner ** 4.95 0.23 5 100  - - - 

Attitudes 

Use a lead apron and thyroid collar 4.92 0.27 5 100 4.97 0.17 5 100 

Only use X-rays when all team members are 
adequately protected 4.84 0.55 5 97.4 4.92 0.37 5 97.2 

Confirm adequate protection of other team 
members before using X-rays 4.84 0.55 5 97.4 4.86 0.54 5 97.2 

Wear personal protective equipment in an 
appropriate manner ** - - - - 4.86 0.35 5 100 

Store protective clothing in a 'responsible way' 4.76 0.49 5 97.4 4.81 0.40 5 100 

Address people who are not protected 
adequately 4.82 0.56 5 97.4 4.81 0.71 5 94.4 

Indicate that X-rays are being used inside of 
the room 4.84 0.37 5 100 4.72 0.57 5 94.4 

Use lead glasses 4.39 0.92 5 89.5 4.58 0.65 5 91.7 

Use a large fluoroscopy screen, if available 4.53 0.65 5 92.1 4.53 0.74 5 91.7 

Whenever possible, replace DSA runs with 
fluoroscopy loops or fluoroscopy mask 4.47 0.80 5 86.8 4.53 0.74 5 91.7 

Ensure clear communication with patients 
when the procedure is performed under local 
anaesthesia. ** 

- - - - 4.5 0.66 5 91.7 

Use magnification as little as possible 4.32 1.04 5 89.5 4.28 0.91 4.5 83.3 

Use dedicated 3D software pre-procedurally to 
determine optimal C-arm angulations 4.21 0.93 4.5 76.3 4.22 0.83 4 80.6 

Register the administered radiation doses in 
the patients file 4.18 0.83 4 78.9 4.11 0.95 4 72.2 

Discuss the type of anaesthesia with the 
patient ** - - - - 4.08 1.05 4 80.6 

Consider the risk / benefits for each procedure 
(justification principle) 4.39 0.82 5 89.5 4.03 1.16 4 75 

Inform patients of the radiation-related risks. 3.84 0.92 4 65.8 3.42 1.20 4 52.8 

Use leaded leg protection 3.63 1.13 4 52.6 3.39 0.90 3 33.3 

Use radio-protective gloves 3.13 1.19 3 28.9 2.69 1.12 3 16.7 

Only use dosimeters in procedures with large 
amounts of radiation (e.g., EVAR, FEVAR) 1.74 1.31 1 84.2*** 1.58 1.08 1 88.89*** 

*   Statement added in the second round, after comments in the first round.  
**  Statement moved from technical skills section to attitudes. 
*** Consensus: disagreement 
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.  

Appendix 6: Comparison of ratings between raters (scatter plot). The dashed lines represent the threshold score 

(33 points). Two cases were rated on different sides of the threshold with rater B rating higher compared to rater A 

(dots in the upper-left quadrant): in one case ratings were 6 points apart, in the second case there was a difference 

of 12 points 
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Appendix 7: Bland-Altman plot – Mean of ratings plotted against their difference  

(rater A – rater B). On average rater A scored 2.6 points lower compared to rater B 
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Appendix 8: Procedure characteristics – EVAR Procedures 

Nr 
Experienced 

team$ 

Aneurysm 
diameter (mm) 

Access Adjunctive procedures Technical success45 
30-day Outcomes 
AE/SAE 

1 

Yes 47 * Bilateral open 

Bilateral Iliac Branch 
Device 
Coiling polar renal 
artery 

Yes  

2 

Yes 60 Bilateral open 
Iliac Branch device  
Embolization internal 
iliac artery  

Yes 
Type II Endoleak 

Type II Endoleak 

3 
No 64 

Ipsilateral: open  
Contralateral: US-guided puncture 

 Yes Type II Endoleak 

4 
Yes 56 

Ipsilateral: open  
Contralateral: US-guided puncture 

 
Yes 
Type II Endoleak 

 

5 
Yes 55 Bilateral open 

Coiling Inferior 
Mesenteric Artery 

Yes 
Type II Endoleak 

Type II Endoleak 

6 
Yes 71 

Ipsilateral: open  
Contralateral: US-guided puncture 

 
Yes 
Type II Endoleak 

 

US: Ultrasound; AE: Adverse event; SAE: Serious adverse event.  $: At least 2/3rd of scrubbed team members having performed/assisted >50 procedures.  

* Diameter iliac aneurysm 
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Appendix 9: Procedure characteristics PVI- procedure 

Nr 
Experienced 

team$ 

Lesion #1 Lesion #2 Lesion #3 Lesion #4 
(Post)operative 
Events / 
complications 

30D outcome-  
(Serious) Adverse 

events 

Lesion type 

Location 
Action 

Lesion type 

Location 
Action 

Lesion type 

Location 
Action 

Lesion type 

Location 
Action   

1 
Yes Occlusion 

Right SFA (Diffuse) 
DES          -   

2 
No Stenosis 

Left EIA 
POBA 

Stenosis 

Right EIA 
POBA       

Minor non-flow 
limiting dissection 

 AE: Gluteal/hip pain. 

3 
Yes Stenosis 

Left SFA (proximal) 
BMS 

Stenosis 

Left SFA (Distal) 
BMS 

Stenosis 

Left PA (Distal) 
POBA       

4 
Yes Stenosis 

Left CIA 

Stenting 
(Kissing stent) 

Stenosis 

Right CIA 

Stenting (kissing 
stent) 

Stenosis 

Right SFA (Distal) 
POBA    -   

5 
No Stenosis 

Right CIA 
BMS          -   

6 
No Stenosis 

Right SFA (Distal) POBA 

Stenosis 

Right PA (proximal) 
POBA 

Stenosis 

Right PA (Distal) 
     

Dissection distal PA 
Conservative  

AE: Bilateral oedema 
lower limbs 

7 
Yes Stenosis 

Left CIA BMS 

Stenosis 

Left EIA 
BMS 

Stenosis 

Left SFA (Mid) 
BMS    -   

8 
Yes Stenosis 

Right SFA (Distal) BMS 
 

  
 

     -   

9 
No Stenosis 

Left CIA 
BMS 

Stenosis 

Right SFA (Proximal) 
POBA 

In-stent stenosis 

Right SFA (Distal) 
DEB       

10 
Yes Stenosis 

Right SFA (Distal) POBA 

Stenosis 

Right PA (proximal) 
BMS 

Stenosis 

Right PA (Mid) 
POBA    

Vessel spasm - 
Papaverine 
administration 

SAE: Persisting 
claudication + rest pain – 
Re-intervention 

11 
Yes Stenosis 

Right SFA (Mid) 
BMS  

  
 

     
Postoperative 
bleeding puncture 
site 
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12 

Yes 
Stenosis 

Left CIA 
BMS Right CIA BMS 

Stenosis 

Right EIA  
POBA 

Occlusion 

Right SFA 
(Diffuse) 

DEB 
Minor non-flow 
limiting dissection 

  

13 
Yes Stenosis 

Right CIA BMS 

Occlusion 

Right SFA (Distal) 
DEB 

Stenosis 

Right PA (proximal) 
POBA 

  

  
  -   

14 
Yes Stenosis 

Right SFA (Diffuse) BMS 
 

  
 

     -   

15 

Yes 
Stenosis 

Right SFA (Proximal) 
BMS 

In-stent stenosis 

SFA (Distal) + PA 
(proximal) BMS 

 

     
Postoperative 
bleeding puncture 
site 

  

16 
No Dissection + thrombus 

Distal Aorta / CIA  CERAB 

  

    
 

     -   

 

CIA: Common Iliac artery; EIA: External Iliac artery; SFA: Superficial Femoral artery; PA: Popliteal artery; POBA: Plain old balloon angioplasty; DEB: Drug-eluting balloon; BMS: Bare metal stent; DES: 

Drug-eluting stent; CERAB: Covered Endovascular Reconstruction of Aortic Bifurcation; US: Ultrasound; AE: Adverse event; SAE: Serious adverse event. 

$: At least 2/3rd of scrubbed team members having performed/assisted >50 procedures.  
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