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INTRODUCTION

Training in the operating room (OR) is an essential aspect in the education of a wide
range of healthcare professionals. It is the main venue for surgeons in training, and the
ideal setting for the specialized training of OR nurses, technicians and other periopera-
tive personnel. Training in the OR, however, presents important challenges. The OR is a
highly complex environment, marked by the interactions of personnel fulfilling different
roles, the presence of complex medical equipment and the dynamics of situational neces-
sity. Additionally, training in the OR may be constrained by workplace and logistical de-
mands. Recurrent limitations include lack of surgeries, limited available OR time, and
physical space for only a small number of trainees per surgery. Training in the OR can
be costly if it requires that trainees travel to attend training and need to cover trans-
portation and lodging expenses. Institutions, health professionals and trainees may find it
difficult  to coordinate schedules  and resources,  and the possibility  of  sudden surgery
rescheduling increases the monetary risk.

Over the last few years, institutions and companies have resorted to digital technology
to enhance medical education, and to counter the limitations and difficulties of in-person,
on-location training. Technical advancements have made it possible to realistically repro-
duce the view of a human observer in a given environment.  It is  now common in
healthcare  to  use  various  technologies  such  as  digital  simulations,  3D  modeling  of
anatomy or medical devices, and immersive audiovisual experiences for educational or
therapeutic  purposes.  The  increased  capacity  and  lower  cost  of  available  computing
power have made it feasible to create and deploy immersive experiences on a mass scale,
while retaining high fidelity as an audiovisual medium.

Among digital technologies, immersive digital video techniques such as virtual reality
(VR) have been used in healthcare for more than 20 years (see e.g. Mc Cloy, 2001). To-
day’s immersive technology affords the possibility of recording in video, then playing
back, any environment in such a way that the viewer experiences a sense of presence, i.e.
the  feeling  of  being  physically  present  in  the  environment  where  the  video  was
recorded. This perception facilitates attention and knowledge retention to a similar or
equal degree as being physically present in the original environment.

Since 2018, VR9 has recorded training sessions in the OR, during real surgical proce-
dures. The intervening surgeons perform the surgery and provide training in front of a
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360-degree camera. After postproduction, a trainee can view the training session as if
standing where the camera was located.

This white paper describes this modality of training, with a special focus on using
training sessions recorded during surgical interventions. An overview is provided of the
advantages and disadvantages of this modality in comparison to on-location training, as
well as budgetary considerations and the possibilities of integrating immersive content
with other training materials.

BRIEF OVERVIEW OF VR AND IMMERSIVE VIDEO

The term “virtual reality” or VR is often employed informally. The “range of rela-
tively varied and heterogeneous definitions of VR that can be found in the literature”
has caused at least one group of healthcare professionals to issue a call to unify definitions
(Kardong-Edgren et al, 2019). The term is sometimes used to designate 360-degree im-
mersive video recorded in real physical environments. While VR and 360-degree video
share key attributes, specially regarding visualization, in this white paper we consider
them as different media formats.

The term “virtual reality” usually refers to a simulated environment composed of com-
puter-generated images (CGI).  This  environment contains  virtual  objects  and entities
that simulate the behavior of real-world entities. VR media and devices may provide in-
terfaces for real-time user interaction, such as hand-held devices with haptic feedback.
The user can interact with elements in the virtual world, for example by manipulating
hand controls to manipulate virtual objects. In VR, the totality of the virtual world, or
at least all elements that allow for user interaction, are generated by CGI.

Unlike VR, immersive video is recorded in a real environment using a camera with an
omnidirectional field of view, called a 360-degree camera. The camera uses at least two
lenses to capture the totality of the environment around it. Each lens captures a portion
of the visible environment around the camera. In postproduction, the images from each
lens are assembled to conform a final 360-degree spherical image. As with VR, a user
viewing the finished video in a head-mounted display (HMD) has the illusion of being
physically present within the environment, that is to say where the camera was located
when the video was recorded. The user can turn to look at any part of the environment
just as in the real world. The experience, however, is not interactive, except if interac-
tive elements were added after the actual filming.
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Degrees of Immersion
In the context of VR research, immersion is defined as the objective degree to which

an immersive system conveys a  naturalistic  portrayal  in all  sensory modalities  (Slater,
2003). The sense of “presence” is a human response to the sensory input provided by the
immersive system. The degree of immersion can be determined by objective criteria such
as visual and auditory fidelity. For instance, visual fidelity is determined, in part, by im-
age and color resolution, field of view and field of regard.

Immersive videos can be played back on 2D screens, but more effective playback de-
vices are head-mounted displays (HMDs) such as VR headsets. In this case, immersion,
and the ensuing sense of presence, are so effective that they engage the user’s proprio-
ceptive senses, enhancing spatial awareness and memory (Krokos et al., 2018).

IMMERSION AND LEARNING

Numerous studies have documented that human memory is essentially dependent on
context (Essoe et al., 2022,  Smith & Vela, 2001, Smith, 1979). Contextual cues can aid
knowledge retention and recall, even if they are not related to the knowledge itself; con-
versely, their absence can hinder recall (Tulving & Thompson, 1973).

The “method of loci” or “memory palace” is a well-known mnemonic technique that
relies heavily on context. It uses a mental representation of a physical environment to
spatially organize information within that environment. The environment itself may be a
recollection of an actual location, or entirely imaginary. During recall, the subject men-
tally  traverses  the  imaginary environment—e.g.  different  rooms in  a  palace—and “re-
trieves” the memorized items of information. Recall is activated by the context in which
the items are “stored,” i.e. the specific place within the environment. The technique was
described in classical Greek and Roman treatises on oratory. The Roman orator Cicero is
believed to have employed it to visualize portions of his speeches in locations within the
auditorium he was in.

Recent research in cognitive psychology supports the view that the mind is embodied,
i.e. that bodily states or the body’s interaction with the surrounding environment con-
tribute to cognition (Barsalou 2008, Shapiro, 2007). Sensory and motor systems influence
the way we construct concepts and recall information. Information about the environ-
ment is stored and recalled by the memory system known as spatial memory. Spatial
memory and embodied navigation are closely connected to memory  (Leutgeb et al.,
2005). Immersive environments engage our vestibular system and proprioceptive senses,
providing superior spatial awareness. Compared to traditional 2D display systems, they al-
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low viewers to better recall information (Krokos et al., 2018). Many studies indicate that
display systems with better immersion capabilities aid in episodic memory performance
(Smith, 2019).

How exactly learning in an immersive environment compares to real-world learning is
not readily apparent. Several studies indicate that memory retention in immersive virtual
environments is inferior than in real-world learning (Flannery & Walles, 2003). This ap-
parent deficiency, however, may be offset by the possibility of users spending more time
in the immersive experience (Waller et al., 1998), e.g. by repeated viewings.

The usefulness of VR training depends on the possibility of transfer of learning from
the VR setting to the real-world environment that was simulated (Smith, 2019). Knowl-
edge gained in an OR inside an immersive experience would not be useful if it could
not be precisely recalled during actual surgical interventions. In this regard, many studies
have demonstrated that information acquired in a virtual environment can be reliably re-
called in an analogous real-life environment (Smith, 2019, Ragan et al., 2010).

Most importantly, numerous studies show positive results when implementing immer-
sive environments for training, including performance improvements for beginner sur-
geons in the OR (Lan et al., 2023). A systematic review of 17 articles covering 307 par-
ticipants in four disciplines found that participants using immersive VR “demonstrated
improvement of  surgical  skills  through iVR” including “faster procedural  completion
times, greater task completion scores, and improved accuracy of surgical device implanta-
tion” (Mao et al.,   2021)  . Compared to in-person training, VR systems afford the possibil-
ity of training in a risk-free environment, and of repeating training lessons as many times
as is desired.

IMMERSIVE TECHNOLOGIES IN HEALTHCARE

Immersive technologies have been in use in healthcare for years. They are often em-
ployed in simulations—e.g. for training, equipment evaluation or interacting with pa-
tients—and in managing patient health and rehabilitation (Dhar E. et al. 2023).

This section focuses on immersive videos of classes and clinical cases, recorded during
surgical interventions in the OR. This modality of training is especially used to expand
the reach of traditional training methods. Immersive technology allows more medical
professionals to access training provided by interventionists in the OR. Common subjects
of training sessions include surgical procedures, evaluation or usage of medical equip-
ment, and demonstrations of specific clinical cases. —

White Paper | Benefits of Using Immersive Training in Interventional Medicine  6 



Relative to traditional training in the OR, some of the main advantages of immersive
training are:

• Possibility of reaching a much larger audience
• Reduced costs
• Reduced logistic demands on workplace and personnel
• Possibility of repeated viewings of training sessions
• Possibility of integrating immersive training or VR simulations into wider training

curricula
Employing immersive training allows for  facilitating an experience very similar  to

training in the OR to a far greater number of trainees than would be possible with in-
person training. It also allows trainees to access training from anywhere in the world, as
many times as needed.

For the company or institution producing training sessions, one of the clearer advan-
tages is the lower cost associated with providing training. Depending on a number of
factors, cost reduction can reach 85%.

The below sections examine some usage possibilities, as well as advantages and disad-
vantages, of immersive training.

Example Use Case: Surgical Intervention

Medical Lesson in the OR
In the OR, an interventional cardiologist (IC) and his team are ready to begin a surgi-

cal procedure. The patient is fully sedated. The IC is standing next to the operating ta-
ble. On the other side of the operating table is a 360-degree camera, about the size of a
smartphone, set on a tripod.

The IC talks directly to the camera, as if it were a trainee. He briefly describes the
clinical case: a 74-year-old man, with a history of coronary disease and chronic kidney dis-
ease, will receive a cardiac device for percutaneous left atrial appendage closure. The pa-
tient has been imaged with MRI during pre-procedural planning.

The IC begins the procedure. For the next hour he and his team will explain the pro-
ceedings as they perform the intervention. The camera remains fixed in a stationary posi-
tion on its tripod, while a single technician monitors the video recording. There are two
additional cameras recording closeups of the IC’s hands and the output of medical instru-
ment monitors.

White Paper | Benefits of Using Immersive Training in Interventional Medicine  7 



Occasionally as he works, the IC comments on the procedure. He outlines the steps
followed in the intervention, describes best practices, remarks on the readings of medical
instruments, and gives such practical indications as where to place the instrument moni-
tors and what to watch out for during catheter insertion.

The procedure lasts 55 minutes. Once it is finished, the IC confirms that everything
went as planned, and thanks his colleagues.

The Experience in the VR Headset
For this specific clinical case, it was decided that the most effective approach was to

begin the training video not with the surgical intervention, but with an overview of the
pre-operative studies conducted on the patient. Thus the immersive video begins with
the MRI images of the patient studies, and a verbal explanation provided by the IC.

As the immersive video begins, the trainee has the illusion of standing on an abstract
white space, facing a large, finely detailed screen of cardiac MRI images. In voice-over,
the IC describes the clinical case and procedural planning criteria that determined the
use of MRI images. The MRI images zoom and scroll as the voice-over explains how to
use them as aids for device implantation, covering subjects such as identifying the entry
point and determining the angle and landing zone for the device.

This first section of the immersive experience runs for about five minutes. The trainee
is then transported into the OR. He or she has the sense of standing exactly where the
camera was located during the intervention, next to the operating table and facing the
IC. The IC talks directly to the trainee.

The intervention begins. The procedure has been edited to remove redundant por-
tions, such as most of the catheter insertion. In this case, the client—the biotechnology
engineering firm that manufactures the cardiac implant—requested several edited ver-
sions, including a 30-minute version and a summarized version of 12 minutes.

The trainee can look directly at the IC, or down at the patient, or up and to the sides
to view enlarged versions of the instrument monitors. After the first viewing, the trainee
can watch the experience as many times as desired.

BUDGETARY CONSIDERATIONS

This section contains a comparison of costs between traditional in-person training in
the OR and training in immersive video. Costs and time estimates are based on a US
company providing training sessions in the US East Coast, Latin America and Europe.
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Data for this section is derived from VR9’s collaboration with clients in the United
States during the years 2022 and 2023.

Training in the OR
Materializing a training session in the OR requires fulfilling a series of steps, of which

some are subject to the influence of adverse external factors such as scheduling conflicts
or lack of available surgeries. Roughly outlined, these steps are:

• Coordinating with interventional surgeons and the healthcare institution to select
the relevant surgical interventions

• Coordinating attendance and travel schedules with each trainee, and each trainer
when required

• Covering travel and lodging expenses for each trainee, and each trainer when re-
quired

The time estimates for one trainee’s attendance to 10 surgical cases are:
• Organization: 0.5 to 2 days depending on surgery and resource availability
• Attendance to 10 surgical cases: At least 9 days per trainee, including travel
(The above estimates assume that surgeries are programmed back-to-back, minimizing

transportation and lodging costs.)
Budget Estimate

The average budget estimate for one trainee’s attendance to 10 surgical cases is:
• Surgical cases within the US: $2500-$3000
• Surgical cases outside the US: $4500-$6000
(These numbers do not include the cost of trainers who are sometimes required to

provide support en route.)
Real-world Example

In order to provide a training course comprising 10 surgeries, one of our clients esti-
mated an average cost of $3720 per trainee. Since the client needed to provide training
to 90 company representatives, the overall cost was estimated at $335,000. The minimum
required time to provide the training course for all 90 representative was three years.

The required number of surgeries to provide training to all representatives was diffi-
cult to predict. Variable factors such as the number of trainees allowed to witness each
surgery in the OR, and the possible need to repeat surgical procedures in certain cases,
caused the final estimate to fall at anywhere between 300 and 900 surgical interventions.
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Disadvantages of Training in the OR
• Adapting to varying surgical demand/lack of surgeries
• Training is time-consuming to organize and implement
• Quality of surgeries and clinical cases can be inconsistent
• Attendant risks such as surgery rescheduling
• Need to repeat process for every new trainee
• Each procedure may be performed and seen only once by each trainee
• Limited number of trainees in the OR, each with a limited view

Advantages of Training in the OR
• Presence in the actual operating theater will likely bring trainee attention to its

highest level
• If the situation allows, the interventionist may interact with trainees, for example

by answering questions

Training with Immersive Experiences
Filming a training session with immersive video in the OR requires the same steps as

taking one trainee to witness the surgical intervention. However, these steps are per-
formed only once per surgery or set of surgeries. The presence of a videographer sup-
plants that of a trainee. Once filmed and edited, each training session can be seen any
number of times by any number of trainees.

After filming, the training session is assembled in postproduction. Editing makes it
possible to introduce modifications to the training session: It is possible to add audio
commentary,  explanatory captions,  additional  medical  instrument  monitors,  or  graphs
such as patient scans from pre-operative studies. The final training session can include
content filmed outside the OR, as in the use case outlined earlier.

Budget Estimate
The final budget will be divided into three stages: Filming, editing, and visualization.

Filming and Editing

Since only one videographer is required to film a training session in the OR, the logis-
tics of filming cost the same as the logistics of providing training for one trainee. To this
must be added a flat fee for each day of filming. The cost of editing is usually covered by
a flat fee per minute of edited video or as part of a multiple-video package.
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The client mentioned  above, who had estimated $335,000 for training 90 company
representatives, was able to film almost all surgeries back-to-back, for a final cost of under
$7000. Including postproduction, final spend was under $26,000 for all completed immer-
sive videos. The client was then free to choose when and how to provide the immersive
training to its representatives.

Type of training Number of surgeries required Cost in USD
In-person in the OR 300-900 335,000

Immersive 10 26,000

Table 1. Cost comparison, 90 company representatives, 10 surgeries each.

The above table does not include the cost of visualization by trainees. The cost can be
negligible if the viewing equipment is already available, or can increase if equipment
needs to be bought or rented. Some of the available visualization options are discussed
below.
Visualization

There is no fixed cost per trainee for accessing an immersive training session, since
each session can be viewed repeatedly, in different contexts and viewing platforms.

If trainees will access the training session outside company or institutional premises, it
may be necessary to send them hardware (ideally, a VR headset). A training session may
be visualized without a headset—in a computer, tablet or phone—but the provided level
of immersion will decrease.

An  institution  can  designate  a  single  VR  headset  for  use  by  multiple  trainees,
whether simultaneously (as in a headset available on-premises) or sequentially (a headset
successively loaned to different trainees as required).

The estimated average cost of buying and delivering a headset (Meta Quest 3) within
the US is $350. In the case outlined above, if the company chose to purchase headsets
for half of its representatives, the total cost of purchases and deliveries would be $15,750.
The total cost of providing training, including filming, editing and visualization, would
be $41,750.

Even after viewing the training sessions and returning the headset, a trainee can still
access  training  sessions  for  training  reinforcement  on  a  desktop  computer,  tablet  or
smartphone, if the sessions are made available online.
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Training sessions may also be exhibited at institutional or company events, in full or
abbreviated form, at stands provided with headsets or via other equipment such as phones
or tablets. Sessions may be integrated, totally or in part, into traditional 2D videos, e-
learning platforms or Metaverse conferences.

ENHANCING IMMERSIVE TRAINING VIDEOS

The digital medium offers almost endless possibilities for recording, editing and inter-
acting with training videos.

An immersive training video can be recorded in the OR and streamed live in a multi-
user environment, such as the Metaverse. In this scenario, as many trainees as desired can
view the intervention live, in immersive video, from their remote locations. Live stream-
ing offers trainees the possibility of direct interaction with the medical specialist in the
OR, e.g. by asking questions.

Once recorded, immersive training videos can incorporate additional audiovisual and
even interactive elements. In the use case outlined earlier, MRI images and the interven-
tionist’s voice-over explanation were used as an introduction to the intervention in the
OR. Other examples of additional audiovisual material include captions and graphs, and
CGI renderings of human anatomy or medical instruments.

Traditional editing techniques offer a wide range of narrative possibilities to enhance
the educational potential of a training session. New user interface technologies provide
the additional capability of creating videos that are both immersive and interactive, with
the possibility of including tests or exams directly within the training session.

For example, immersive training videos in the OR frequently include captions to indi-
cate or highlight a particular event or action. Captions can be static or interactive. In the
latter case, the training session pauses while the trainee answers multiple-choice ques-
tions.

Immersive training videos themselves can be integrated into new contexts. For in-
stance, they can be streamed live during events in the Metaverse, or integrated into e-
learning platforms and learning management systems (LMS). They can be converted to
traditional 2D video for use in non-360-capable platforms, for institutional or product
presentations, or as part of additional training modules.
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CONCLUSION

The available evidence indicates that immersive training is a more effective learning
tool than traditional 2D-based remote training. How exactly it compares to real-world
learning is not yet fully understood. While some studies suggest the superiority of real-
world learning, this apparent deficiency may be offset by the possibility of repeated view-
ings of the immersive experience. Based on our own experience, we add that the possi-
bilities for enhancement offered by editing and interactive technologies may also contrib-
ute to bringing immersive learning to the level of real-world learning.

From a practical  standpoint,  three important advantages of immersive learning are
readily apparent. The first is the enormous reduction in cost. The second is the possibil-
ity of virtually unlimited reach, for any number of trainees and for any amount of time.
The third is the ductility of immersive training sessions to be re-used and/or integrated
with other learning systems and contexts, beyond their original scope.

For these reasons, immersive training offers a cost-effective solution to the need of
providing training in the OR for health professionals. Immersive videos use the power of
the human sense of presence to leverage context as a knowledge acquisition and reten-
tion tool. They are a significant contribution to the democratization of medical learning,
and a valuable tool to complement healthcare education.
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