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Introduction: A hybrid operating room (OR) is a surgical OR with integrated imaging

equipment and the possibility to serve both open surgery and image-guided interventions.

Aim: This study aimed to investigate the work processes and types of collaboration in

a hybrid OR during endovascular aortic repair (EVAR).

Methods: Data consisted of video recordings from nine procedures, with a total recording

time of 48 hrs 39 mins. The procedures were divided into four episodes (Acts). A qualitative

cross-case analysis was conducted, resulting in a typical case. The type of collaboration

during specific tasks was discussed and determined based on Thylefors´ team typology.

Results:An extensive amount of safety activities occurred in the preparation phase (Acts 1 and 2),

involving a number of staff categories. After the skin incision (Act 3), the main activities were

performed by fewer staff categories, while some persons had a standby position and there were

persons who were not at all involved in the procedure.

Discussion: The different specialist staff in the hybrid OR worked through different types of

collaboration: multi-, inter- and transprofessional. The level of needed collaboration

depended on the activity performed, but it was largely multiprofessional and took place

largely in separate groups of specialties: anesthesiology, surgery and radiology. Waiting time

and overlapping tasks indicate that the procedures could be more efficient and safe for the

patient.

Conclusion: This study highlights that the three expertise specialties were required for safe

treatment in the hybrid OR, but the extent of interprofessional activities was limited. Our

results provide a basis for the development of more effective procedures with closer and

more efficient interprofessional collaboration and reduction of overlapping roles.

Considerable waiting times, traffic flow and presence of people who were not involved in

the patient care are areas of further investigation.

Keywords: hybrid operating room, work processes, collaboration, tasks, video recording,

cross case analysis

Introduction
Hospital environments are becoming increasingly complex, technique intensive and

specialized. This is particularly evident in surgical environments where less inva-

sive image-guided treatments are replacing open surgeries. This development has

created the emergence of operating rooms (ORs) with extended imaging capabilities

while maintaining the ability to serve as rooms for open surgery. These modern

ORs are an integration of a traditional OR with an interventional radiologic room

and is called hybrid ORs.1–3 The competence requirements to work in a hybrid OR
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differs from those of a traditional OR and usually advocate

involvement of three specialties that are not used to work

together: radiology, surgery and anesthesiology.2 One

question this raises is if and how staff from different

cultural and educational backgrounds collaborate in

a hybrid OR and their efficiency.

Previous research and theoretical frame
Although the number of hybrid ORs in hospitals has

increased in the last decade, research about their potential

utilization, benefits and limitations remains scarce.4

A literature search results in few empirical publications

based on the professionals’ own experiences of using

a hybrid OR5,6 or discussions about the usefulness and

potential benefits of a hybrid OR.1,2,7 Some studies have

focused more on the technical aspects that affected deci-

sion-making for building a hybrid OR.7–13 Other studies

have highlighted the technical opportunities of a hybrid

OR including the possibility to convert, for instance, an

endovascular treatment to open surgery, as the most impor-

tant benefits.1 There is a lack of literature on the work

process and necessary collaboration for the staff within the

hybrid OR.

Collaboration between staff with different expertise is

abundantly described in the literature where collaboration

obstacles, regarding a lack of consensus in relation to new

skills, hierarchical valuations and role boundary conflicts,

are evident.14 In relation to collaboration, the term team is

often mentioned and defined differently in the literature. In

this paper and context, team can be operationalized as

a group of staff members who are required to work

together toward a common goal, such as a successful

medical treatment. This definition excludes how the team

is functioning or should function in terms of collaboration.

The term cross-professional refers to collaboration

between several specialties but does not tell in what way

the collaboration occurs. Depending on the number of

interactions and mutual dependency among team mem-

bers, collaboration can be divided into multi-, inter- or

transprofessional.15,16 In a multiprofessional team, the

members contribute independently and work in parallel

to care for the patient. Members of an interdisciplinary

team work together closely and communicate frequently.

A transprofessional team is the opposite end of the con-

tinuum of a multiprofessional team; team members work

very closely and have mixed roles which means that dif-

ferent members can take on each other’s role if deemed

necessary.16

In the hybrid OR context, the team function is

essential,17–19 but the practical work and collaboration

between the staff remain largely unknown. Such knowl-

edge is of importance for achieving patient safety, good

work environment for the staff and effective work

processes.

Aims
The aim of the study was to describe the work processes

and collaboration in a hybrid OR during endovascular

procedures where staff categories from anesthesia, surgery

and radiology were involved. We aimed to generate

knowledge about the new phenomenon of work processes

and collaboration in a hybrid OR and highlight previously

uninvestigated aspects during real procedures. Two of the

main questions were: 1) What care and treatment activities

were performed during the procedure by which staff cate-

gory and 2) When and how did staff from different spe-

cialties (anesthesia, surgery and radiology) collaborate

during the procedure?

Methods
We included endovascular procedures, more specifically

endovascular aortic repairs (EVARs), which are the most

common procedures done in the hybrid OR within

a Swedish context. The current study was a non-participa-

tive, observational study with a descriptive and interpre-

tive design. As one of the goals of our study was to

investigate the new phenomenon “work processes and

collaboration in a hybrid OR”, we conducted an observa-

tional study with a low degree of structure, as recom-

mended by Einarsson and Hammar Chiriac.20 Based on

our research questions together with the nature and com-

plexity of the hybrid OR context, we decided to video

record the procedures to allow for multiple viewings to

ensure accurate analysis.

Setting and definitions
The study context was a hybrid OR, inaugurated in

May 2011, located in a university hospital. The room

size was 93 m2 and the imaging system used was a floor-

mounted system called Siemens Artis Zeego system.

Figure 1 is an illustration of the hybrid OR in which we

conducted our study. The staff that worked in the hybrid

OR were specialist physicians, registered nurses (RNs:

radiographer, nurse anesthetist and OR nurses) and

licensed assistant nurses from both anesthesia and surgery.

Collectively, the RNs were called nursing staff throughout
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this study. The physicians were either vascular surgeons or

interventional radiologists, referred to as operators. In

Sweden, the registered radiographer has a unique position,

as he/she is responsible for the technical planning and

execution of the entire radiological examination, as well

as providing good nursing care to the patient, including

administering medications and intravenous injections. The

anesthesia and OR nurses both have academic specialist

education; however, the assistant nurses have mainly been

trained in practical aspects of the job in different specialist

areas.

Data collection
The data of the study consisted of digital audiovisual video

recordings of nine EVAR procedures in the hybrid OR as

illustrated in Figure 1. All nine patients in the present

study were treated in general anesthesia. Two digital

video cameras (Sony BRC-z700 and, HD 3 CMOS),

which had been previously installed into the ceiling for

educational purposes, recorded an overview of the whole

room (except for a small area called image processing; see

Figure 1). These cameras focused on two opposite areas of

the hybrid OR: the inner portion of the room and the area

surrounding the entrance.

The two cameras had the ability to send live signals to

a video review room located away from the hybrid OR.

The cameras had to be activated initially in the hybrid OR

but could thereafter be controlled from the video review

room. It was then possible to watch the whole procedures

on two screens, one for each camera. The audiovisual

video recordings allowed simultaneous or separate display

on the two monitors. The time and duration of the proce-

dures were noted, and recordings could be replayed in

slow motion in the VLC media player. Four microphones

were placed to record oral communication in all parts of

the hybrid OR. There were three inclusion criteria: 1)

procedures had to be elective, 2) the treated patient had

to be an adult (18 years or older) and 3) the procedure was

expected to require staff from all three disciplines:

anesthesia, surgery and radiology. A large sign saying,
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Figure 1 Landscape of the hybrid operating room. Source: Tyréns Arkitekter used (and modified) with permission from Tyréns Arkitekter.
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“Recording in progress” together with written information

about the research project was placed outside the entrance

(see Figure 1) of the hybrid OR. The staff in the room

were again informed orally by the researcher before each

recording commenced. The cameras were then activated

by the researcher, and subsequently two signs inside the

hybrid OR were automatically activated to say,

“Transmission in progress.” After confirmation from the

staff, the researcher moved to the video review room, and

the recording could start. All activity in the room was

visually and audibly available to the primary researcher

(MB), who was the only attendant in the video review

room during the whole recording time. The recording

started when the patient was wheeled into the hybrid OR

and stopped when the patient left the room. Data were

collected from December 2014 to September 2015 and

consisted of videos involving nine EVAR procedures on

nine patients with a total recording time of 48 hrs 39 mins

(2,919 mins) with a range of 4 hrs 39 min to 7 hrs 32 mins

(279 mins to 452 mins). The average procedure time was 5

hrs 24 mins (324 mins).

Data analysis
All nine videos were reviewed by three observers (MB, IB

and SL) with different backgrounds and experience in

patient care and treatment in technologically complex

environments. Each observer separately made notes on

what they had observed on the recorded digital videos

prior to discussing them with each other. These notes

included video recordings from both cameras. Then, all

notes were read and discussed by the observers trying to

reach concordance/consensus, sometimes resulting in

repeated, joint viewing of the videos. The first impression

of the videos was that the procedure, including the tasks

performed, could be divided into four episodes, labeled as

Acts (see Table 1). In the next step of the analysis, main

activities and the involved staff (which were seen as

actors) including their collaboration were noted, inter-

preted and analyzed inspired by Gadamer’s21 thoughts

and descriptions of the “play, acts, and actors.” In the

final step, a cross-case procedure22 with identification of

similarities and differences of the typical activities in the

nine videos was conducted. This cross-case analysis

resulted in characteristics of each Act that could be amal-

gamated into one paradigm or typical case23 used by, for

example, Emami24 and Melheim.25

In the discussions concerning the results, the collabora-

tion type was based upon course/clusters of events and

was reflected upon in relation to the team type index

suggested by Thylefors et al.15,26 Based on this team

type index, the different tasks/activities that occurred

were categorized as being multi-, inter- or transprofes-

sional. A multiprofessional activity was considered specia-

lized, and only those with that special professional

education could perform the task. An interprofessional

activity was also considered specialized, but everyone on

the team was expected to interact and be prepared to

participate in the task as required. When performing

a transprofessional activity, everyone had to be prepared

both to complement and to replace each other when neces-

sary. The type of activity was determined by looking at the

staff category(ies) performing the activity. If an activity

was always performed by a specific staff category(ies) and

had a distinct boundary, it was judged to be multiprofes-

sional. When the activity engaged different staff categories

and could not be specified to one staff category, it was

assessed as a transprofessional activity. All activities that

required different staff categories to communicate and help

each other for the activity to be completed and where

boundaries partly overlapped were considered as

interprofessional.

Ethical considerations
The study was approved by the Regional Ethical Review

Board (No. 392-14) and was conducted in accordance with

the Helsinki Declaration.27 Permission to video/audio

record was also obtained from the hospital management.

All patients were informed both verbally and in writing in

advance, and they had given their written informed con-

sent to participate. The staff were orally informed repeat-

edly during different staff meetings and had the possibility

Table 1 Definition of the Acts 1–4 and their duration in minutes

Start of
act

End of act Average
time
(minutes)

Act 1 Patient enters

the room

Placement of the tracheal

tube

30

Act 2 Patient is

intubated

Preparation for the skin

incision with ultrasound

guidance

79

Act 3 Start of skin

incision

Skin closure and wound

dressing is finalized

182

Act 4 Removal of

surgical sheets

starts

The patient is transported

out of the hybrid OR

33
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to raise questions and concerns. All staff also received

written information by e-mail, and their right to withdraw

from participating was clearly explained. Detailed infor-

mation about the usage, handling, and storage of the data

was given. This information included that the data would

be available only for the research group, and the videos

would be stored in a fireproof locked cabinet and saved in

accordance with the Swedish Archives Act.28

Results
The results are presented in two parts. First, the typical

case is presented for each Act separately, with Act 2 being

subdivided into three scenes due to the amount and varia-

tion of events that particularly occurred during this Act.

The main staff categories involved and present in the

hybrid OR were eight, the vascular surgeon, the interven-

tionist, anesthesiologist, OR nurse, nurse anesthetist,

radiographer and assistant nurses from two disciplines

(OR and anesthesia). Second, based on the analysis, the

main activities and who performed in each Act are pre-

sented in Figure 2.

The typical case
Act 1

Act 1 started when the patient was wheeled into the hybrid

OR by the nurse anesthetist and anesthesia assistant nurse.

Inside the hybrid OR an additional nurse anesthetist, OR

nurse, OR assistant nurse and sometimes two radiogra-

phers were present and greeted the patient. Each category

of the attending staff was usually located in the parts of the

room designated for their professional tasks (see Figure 1).

When the patient bed was parked near the centrally located

OR table, all present staff directed their attention to the

patient and the forthcoming transfer. The patient was

informed by one of the nursing staff about the transfer

approach, and the most common transfer action was that

the patient bed was situated next to the OR table and the

patient was moved laterally, sometimes using a sliding

board. Approximately five people from the nursing staff

and assistant nurses, standing on either side of the OR

table, were involved in this activity. Once the patient was

on the OR table, the empty bed was rolled out by the

anesthesia assistant nurse. Instructions for adequate posi-

tioning were given by the nurse anesthetist to the patient

followed by a dialog involving questions about the

patient’s comfort level. When the correct patient position

was achieved, the patient gown was removed by the OR

assistant nurse and replaced with a blanket that covered

the patient’s entire body, usually excluding their feet.

Usually both the nurse anesthetist and the OR nurse were

around the patient, and the OR assistant nurse took the

urine drainage bag and placed it beside the OR table. Two

nurse anesthetists were closest to the patient’s head, and

they occasionally spoke with the patient while performing

practical tasks, such as connecting infusions, blood pres-

sure cuffs, pulse oximeters, ECGs (echocardiography) and

defibrillator plates.

From time to time, the patient got a pat on the shoulder

by the nurse anesthetist or another member of the nursing

staff. These moments of contact happened occasionally but

mostly when correction of the patient position was being

made. Both arms of the patient were laid on armrests at

a 90-degree angle from the patient’s body by the nurse

anesthetist. Most of the staff, except for one nurse anesthe-

tist, occasionally left the room and then returned, but they

were mostly engaged in different activities in different

parts of the hybrid OR. If present, the radiographer mainly

moved in the center of the room, while the OR nurse was

mainly located in the surgery area (Figure 1) unlike the

OR assistant nurse who moved throughout the room. One

(sometimes two) anesthesiologist was already in the

hybrid OR or called for when it was time for the anesthe-

sia induction, which was performed by the anesthesiologist

and nurse anesthetist. Placement of a peripheral artery

catheter was an activity performed by the anesthesiologist

with assistance from the nurse anesthetist. At the time for

tracheal intubation, a respiratory mask was placed over the

patient’s mouth and nose, and the nurse anesthetist asked

the patient to think about something beautiful. Act 1 ended

when the tracheal tube was successfully inserted by the

nurse anesthetist.

Act 2

Many activities in different parts of the hybrid OR were

taking place simultaneously in different locations of the

hybrid OR (see Figure S1 – online supplementary file).

Due to the complexity and number of tasks occurring

during Act 2, it was, therefore, subdivided into three

scenes.

Scene 1: “The patient was placed in the right posi-

tion.” The main activities in this scene concerned the

patient’s body and occurred in the center of the room.

The correct positioning of the patient’s body was

a prerequisite for the activities in this phase of the proce-

dure and was performed by all nursing staff and the OR

assistant nurse. The patient was placed with both arms out
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from the body for easy access, for the anesthesia staff to

place peripheral vein catheters and connect infusions. The

nurse anesthetist generally stayed near the patient’s head.

The OR assistant nurse had an active role in this scene

when he/she after putting on gloves, plastic apparel, and

placing protective coats on both sides of the patient,

shaved and cleaned the patient’s trunk and covered the

patient’s body with surgical blankets. Pressure relief

(foam) cushions were placed under the patient’s arms

before they were wrapped in a sheet. Sometimes, this led

the nurse anesthetist to tell other staff that the monitoring

curve was disturbed. A black belt was tightened around the

patient’s legs. When all staff were pleased, they returned to

their area (see Figure 1) in the hybrid OR.

Most commonly, staff from the radiology department

(two radiographers) arrived at this time if they had not

already arrived during Act 1. The radiographers entered

the room with a hospital trolley with different material on

it. They started to prepare for their tasks by moving

different equipment and radiation protection devices to

the right places in the hybrid OR.

One or two OR nurses walked back and forth or stood

near the OR desk (see Figure 1), waiting for an upcoming

activity. The staff moved quite actively and there were

a number of door openings, as staff walked in or out of the

room. Sometimes, the entrance door opened without anyone

entering or exiting.

Scene 2: “Material and devices/equipment prepared

for the intervention.” The main activity was to prepare the

material, equipment and patient for the intervention. The

OR nurse left the room and returned wearing a surgical

mask and a radiation protective apron, waving his/her

washed hands to be dried.

TheOR nurse got assistance, usually from theOR assistant

nurse, when he/she put on a sterile gown. He/she additionally

put on sterile gloves and moved closer to the sterile table,

removed the protective sheet and started to prepare the specific

surgical material. With help from the OR assistant nurse, he/

she cleaned the patient’s skin with chlorhexidine and covered

the patient’s body with several sheets. At the final stage of the

dressing, the radiographer started to get dressed in a sterile

gown and covered different equipment in plastic. The radio-

grapher then worked in parallel with the OR nurse and another

radiographer. In this parallel work, the most obvious scenario

was that the OR nurse covered the patient with sterile sheets,

while the radiographer covered the equipment. However, these

roles were not strict, and they supported each other when

needed. The patient’s body was now largely invisible under

the protective sheets. The nurse anesthetist stayed close to the

head of the patient and mostly moved between the patient and

the anesthesia equipment.

Scene 3: “We are ready now.” In the third scene, the

staff had finished their preparations and safety measures,

thus, the interventional procedure could start. The opera-

tors (usually a vascular surgeon and an interventional

Ac
t 1

Patient arrival 
Nurse anesthetist

Anesthesia assistant 
nurse

Patient transfer Nursing staff+assistant 
nurses

Anesthesia induction Nurse anesthetist
Anesthesiologist 

Ac
t 2

Patient positioning Nursing staff+OR 
assistant nurse

Patients body is put  in 
order

Nursing staff+OR 
assistant nurse

Wrapping the patient OR nurse/Radiographer

Material preparation OR nurse and assistant 
nurse, Radiographer

Time-out procedure Nursing staff+OR 
nurse+operators

Ac
t 3

Ultrasound 
examination and skin 

incision 
Operators

Intervention procedure Operators and
Radiographer 

Wound closure Operators
Radiographer/OR nurse 

Ac
t 4

Removal of surgical 
sheets 

OR nurse/OR assistant 
nurse/Radiographer

Awakening
Nurse anesthetist
Anesthesiologist

Used material sorting OR nurse and Assistant 
nurse

Patient discharge 
Nurse anesthetist

Anesthesia assistant 
nurse

Performed activity Staff involved

Figure 2 Examples of the main activities related to the patient (body) in each Act

and performed by which staff category(ies).
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radiologist) could, therefore, be contacted. The anesthe-

tized patient was in the center of the room while the staff

stood ready in different parts of the hybrid OR. The OR

nurse had now removed the sterile gown and stood close to

the OR desk (see Figure 1). The radiographer, still dressed

in a sterile gown, stood close to the patient’s feet with his/

her back turned toward the patient. He/she was busy

focusing on the sterile table and flushing different inter-

ventional material with a saline solution.

The operators entered the room together or within a short

time of each other. One of them usually started to talk with

the radiographer and/or an OR nurse. The operators analyzed

the screens in the image processing area (see Figure 1) and

had discussions about the situation. Shortly after, they left the

room, returned with radiation protective aprons on and ready

to put on a sterile gown with the assistance from the sterile

dressed radiographer. When the operators were ready, a time-

out procedure based on the WHO Surgical Safety Checklist

and Guidelines for safe surgery (World Health Organization,

2009), was conducted. In this procedure, all team members

introduced themselves and confirmed the procedure and

patient identity. Act 2 ended when one of the operators

examined the patient’s groin by ultrasound at the area of

skin incision.

Act 3

The third act was the longest in duration (see Table 1) and

started with the incision of the skin (artery puncture). Only

a small part of the patient’s skin was visible (the groin),

and most of the working activity occurred on this exposed

area.

The main actors were the two operators (vascular sur-

geon and interventional radiologist) and the sterile dressed

radiographer (see Figure S2 – online supplementary file).

These three performed the actual intervention, which var-

ied in approach and complexity depending on factors, such

as patient anatomy and general overall health. Close col-

laboration was seen between the operators and the

radiographer.

The sterile dressed radiographer’s activity included

assisting the two operators with material, an ongoing pro-

cess during all of Act 3 and there was continuous discus-

sion regarding the procedure between these three actors.

A second radiographer assisted the sterile dressed radio-

grapher with material and handled the contrast injector and

image exposure during the procedure. During imaging

exposures, the radiographer communicated with the nurse

anesthetist about inducing temporary apnea to avoid

blurring the images from respiratory movements. The

nurse anesthetist was by the head of the patient throughout

the procedure, to monitor the patient’s vitals. One or two

OR nurses were also continuously in the room and were

mostly located near the OR desk, using the computer and

talking on the phone or with a colleague. A few times an

OR nurse moved closer to the center of the room and

watched the ongoing procedure or handed over some

material to one of the operators. The OR assistant nurse

moved around all parts of the hybrid OR and was engaged

in tasks that did not directly involve the patient. He/she

sorted packages of materials, checked the material against

a paper inventory and spoke on the phone. Additional

activity happened when he/she approached the nurse

anesthetist and received a test tube of blood and left the

room for a while to have it analyzed. In this Act, the

majority of the staff stood in the same place except during

imaging when the staff moved and took a position behind

a radiation protective wall near the entrance of the

hybrid OR.

When the procedure was completed, the interventional

radiologist removed the sterile gown, and the vascular

surgeon continued to apply mechanical pressure over the

site of the vascular catheter insertion. The ceiling light was

raised, and the radiographer slowly withdrew while the

OR nurse again became more active with the vascular

surgeon when it was time to suture and dress the wound.

Surgical suturing was performed by either the vascular

surgeon assisted by the OR nurse or the interventional

radiologist and the radiographer. A large wound was

usually handled by the OR staff and a small one by the

radiological staff. After the incision was closed, the OR

nurse or the radiographer continued to dress the wound

with protective compresses.

Act 4

The radiographer was still in the hybrid OR, but the activity

had changed to be focused on cleaning and sorting the

consumed material. All patient covers were removed by

the OR nurse and then a blanket was put over the patient’s

body. The anesthesiologist returned into the room and the

tracheal tube was removed by the nurse anesthetist, and

shortly after, one could see the patient moving. The nurse

anesthetist communicated with the patient and checked if he/

she could move his/her legs. The nurse anesthetist asked the

patient several questions and requested him/her to take deep

breaths. The operators remained in the room engaged in

postprocedural image reviewing. After a while, one of the
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operators returned to the patient, palpated the feet and com-

municated shortly with the patient. Several activities were

performed by the OR nurse and OR assistant nurse, such as

cleaning, recycling of material, documentation and sorting

of used material.

After a phone call, the patient bed was brought back in

by the anesthesia assistant nurse, and with support from

the nurse anesthetist, the bed was parked beside the OR

table. The OR nurse, OR assistant nurse and anesthesia

staff were again involved in the activity of transferring the

patient to the bed. The Act and whole procedure ended

when the patient was transported out of the hybrid OR by

the nurse anesthetist and anesthesia assistant nurse.

Main activities and staff involved
Identification and analysis of the main activities performed

by which staff category are presented in Figure 2. The main

activities related to the patient body in Act 1 involved the

anesthesia staff, and the nurse anesthetist had the main role.

After anesthesia induction and during Act 2, the main activ-

ities involved a wider range of staff categories. These activ-

ities included patient positioning and different preparations

and safety procedures which basically involved all staff in

the room. Another shift in main activities and staff involved

appeared in relation to Act 3 where the main activities

involved only a few of the staff categories: the operators

and the radiographer, who cooperated in the actual perfor-

mance of the intervention. In the final part of the process,

during Act 4, all staff categories but the operators were

involved. In this Act, the main activities were dominated

by cleaning and sorting consumed material, where the main

roles were held by the OR nurse and OR assistant nurse.

Discussion
Type of collaboration
We used Thylefors’15 definitions of different teams and

collaboration types in relation to activities in order to further

analyze and discuss the findings. Figure 3 illustrates exam-

ples of multi-, inter- and transprofessional activities.

Performing one’s own expert

multiprofessional activities
Throughout the whole procedure, the anesthesia staff per-

formed their multiprofessional tasks connected to the anesthe-

sia induction mainly in the area behind the patient’s head.

Placement of the peripheral artery catheter was an obvious

multiprofessional activity performed by the anesthesiologist,

while tracheal intubation was conducted by the nurse anesthe-

tist. In parts of the procedure, the nursing staff worked inde-

pendently with specific multiprofessional tasks, such as when

the radiographer and the OR nurse prepared material on sepa-

rate tables and partly during sterile dressing where the radio-

grapher seemed to focus on covering the equipment while the

OR nurse dressed the patient. Multiprofessional collaboration

was evident in Act 3 where the operator and the sterile dressed

radiographer performed the interventional procedure.

Collaboration was evident, but different activities belonged

to a specific staff category. Examples of that were the ultra-

sound examination and skin incision, which were the opera-

tor’s area of competence. A previous study indicated that

nursing staff perceive collaboration as low despite the proxi-

mity to the physicians.29 Our study revealed that staff from

different specialties (anesthesia, surgery and radiology) did not

work as a cohesive unit but more in their own separate teams

(see Figure S1, online supplementary file), also during the

interventional procedure itself. The work in separate groups

supports results from a study conducted in Sweden in an OR

where radiology staff were not involved.30 That study argued

that working in separate groups is associated with interaction

and communication difficulties. However, collaboration could

be made more obvious and efficient through increased aware-

ness of each other’s roles and by viewing the procedure as

a whole. Identifying common tasks, around which to coop-

erate, could result in more collaboration and perhaps a better,

more efficient distribution of tasks and improved time effi-

ciency within the hybrid OR.

Inter- and multiprofessional activities
All staff together seemed to have the same overall objec-

tive and thus worked toward a shared goal in different

parts of the procedure and, therefore, could be seen as one

team with a holistic view at the entire procedure. This was

most obvious in Act 2 where the extensive preventive

safety work occurred. Some examples of these safety

activities were the placement of foam cushions under the

patient to prevent pressure ulcers and stabilization of the

patient in a way to avoid falling, both involving all nursing

staff. The hygienical preparation of the patient, staff and

the room could be categorized as multiprofessional, but, in

a way, this could also be interprofessional when the OR

nurse and the radiographer collaborated and the boundary

between their activities was not strict. Ensuring patient

safety has been reported as the main focus for the OR

nurse31 and nurse anesthetist,32 and our study also found

this to be accurate. Radiation protection was mainly
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a multiprofessional activity where the radiographer had

a clear responsibility, both for the staff and for the

patient.33 This was verified by the way they moved differ-

ent protective devices and shields to the “right” place, and

how they verbally instructed the rest of the staff about

radiation protection. Preparing radiation protection could

in a way be an interprofessional activity because this issue

seemed to interest and involve several staff categories.

Understanding their own and others’ roles and responsi-

bilities promoted interprofessional work in line with pre-

vious research.34 In parts of the procedure, the staff

worked simultaneously with different activities, but some-

times one activity had to be completed before the next

could start, illustrating a mutual interdependency between

the staff in the room.26 This appeared in all Acts during the

whole procedure and was understood as a know-how

practice, which was shared by all involved as some kind

of silent agreement and shared knowledge.23 Hence, con-

siderable waiting times were identified in different parts of

the procedure especially in Act 3. The radiographer had

the main role in the interventional procedure, while the OR

nurse had a standby position during almost the whole of

Act 3. It was, however, evident that the main operators

were generally active while present in the room, reflecting

a more time-efficient use of the operators.

Transprofessional activities involving all

staff
The staff performed their activities and tasks simulta-

neously while directed toward a mutual goal, such as

moving the patient to the OR table which was

a transprofessional activity. Professionals with a common

goal, the patient’s welfare, are able to work well together

to achieve this goal.26,34 Patient transfer from the wheeled

bed to the OR table was a shared transprofessional activity

that involved everyone independent of their professional

roles and positions in the hybrid OR. In this phase of the

procedure, it seemed that all involved staff were concen-

trating on the same goal: to provide the patient with

a correct, secure and comfortable transfer and position on

the OR table. The “time-out procedure” was an additional

transprofessional activity where all staff in the room

participated.

Methodological considerations
It is important to keep in mind that the results of this

study are not necessarily valid for other EVAR contexts.

Generalization may, therefore, be difficult, but the results

may still be of interest for other or similar environments.

Data for this study were collected by video/audio record-

ings of image-guided interventions performed in

a hybrid OR. Video recording of work and interaction

in hospital settings, such as surgical operations, enables

researchers to address a range of phenomena that pre-

viously remained largely unexplored.35 Several previous

studies have utilized this method in the hospital

environment.25,36 The three main disadvantages of

video recording OR procedures are the ethical issues

connected with registration of human beings, costs asso-

ciated with the camera equipment and the overwhelming

amount of data.35 However, video recording offers major

advantages including data that can be shared and

observed repeatedly, which is impossible if based only

on live observations. The researchers were not

Multiprofessional 
activities 

• Tracheal intubation
• Artery puncture
• preparing radiation 

protection
• Hygienical preparation 

of the patient  
• Ultrasound 

examination 
• Skin incision 
• Wound closure 
• Material preparation 
• Awaking of patient 

Interprofessional 
activities 

• Patient positioning 
• Safety preparations 

like stabilizing the 
patient, placing foam 
cushions to prevent 
pressure ulcers  

Transprofessional 
activities 

• Patient transfer
• Time out procedure 

Figure 3 Examples of types of cross-professional activities conducted in the hybrid operating room.
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physically present in the hybrid OR during the record-

ings, but all staff present in the hybrid OR were aware of

the cameras and the study’s objectives. This raises the

question of how this could have influenced behavior.

However, the researcher’s effect on behavior was judged

to be limited in this study, partly because the researcher

was not located in the hybrid OR during the recordings.

Nevertheless, it cannot be ruled out that some partici-

pants (staff) may have been more self-conscious or rigid

to protocol in front of the video cameras than they

would otherwise be.37 It seems unlikely, however, that

the staff could have had the researcher and cameras in

mind for a long period of time since they had to focus

on their tasks during the treatment.

The videos were analyzed qualitatively with an induc-

tive approach, and the observers’ relationship between

preunderstanding and openness can be discussed. One of

the strengths of the study was that the video recordings

were observed by three researchers with different back-

grounds, and the very awareness of preunderstanding

might have reduced this effect.

Conclusion
In conclusion, this study emphasizes that the professional

expertise from all three specialties (anesthesia, surgery and

radiology) was required for the treatment to be carried out

and to ensure patient safety, but the extent of interprofes-

sional activities was limited and the staff largely worked in

separate teams. The degree and type of collaboration

depended on the actual activity and was more or less obvious

across the procedure. Our results provide a basis for the

development of more effective procedures with closer and

more efficient interprofessional collaboration. This could be

achieved by more training in working as a cohesive team and

with clearly defined roles. A question this study raised was if

the material could be placed more strategically so that the

staff movement in the room, especially during Act 2, could

be reduced and promote more collaboration. Even if the

traffic flow was not specifically evaluated in this study, it

was considered to be high. This study provides significant

information to consider when building and staffing a hybrid

OR in the future. It also provides information that could be

valuable in academic discussions about renewed education

programs. The study highlights specific issues in relation to

patient safety that should be further investigated. These

include collaboration and communication, traffic flow and

door openings and the presence of unnecessary persons in

a hybrid OR.
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Figure S1 Activities that take place simultaneously and in separate locations in Act 2. At the top and middle of the picture (areaA), the nurse anesthetists are visibly preparing the

patient. To the left (areaB), the operating room (OR) nurses and assistant nurse are preparing material, while a radiographer (areaC) is engaged in preparing the contrast injector.

Figure S2 Two operators (A) and one radiographer (B) standing closest to the patient in Act 3.
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