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Abstract

Robotic-assisted techniques in surgery require complex equipment setup
and create surgeon isolation through loss of normal operative visual and
auditory exchanges. These changes demand enhanced team
communication and feedback in operating room settings so that robotic-
assisted surgery does not compromise safe, efficient surgical care.
Diverse simulation and training methods should be incorporated and
studied based on local needs to determine how these techniques
influence operating room communication, workflow, and safety culture.

Curricular Evolution

Although robots were used in the mid-1980s to assist in computed tomography-guided
brain biopsy,! robotic-assisted technology rapidly expanded within urologic and
gynecologic surgery in the early 2000s and was used with increasing frequency in
general surgery in the 2010s.23 In response to this rapid growth, many robotic training
programs and curricula have been developed to expose surgeons, trainees, and
operating room team members to the unique features of robotic-assisted surgery. Online
learning modules to introduce robotic surgical systems, for example, focus on providing
general knowledge, such as device function, instrumentation, and troubleshooting.
These programs and curricula have been coupled with bedside-training opportunities
and task practice on robotic surgery simulators for psychomotor skill development.45

Despite these initial focused efforts, surgeons and surgical teams still face both
technical and nontechnical challenges in the live operating room setting that pose
barriers to performance of safe and efficient robotic-assisted procedures. More complex
robotic preparation and equipment, for example, increase the opportunity for surgical
flow disruptions to occur in the operating room. Physical disruptions, such as incorrect
placement of carts and consoles, equipment collisions, and other issues, are common
and occur more frequently in robotic-assisted approaches than when using other
techniques.t7 Furthermore, communication disruptions have been associated with
worse surgical outcome metrics for patients, such as longer operative times and higher
estimated blood losses.8 Poor nontechnical skills in robotic surgery teams, such as
ineffective verbal communication, limited situational awareness of the patient’s
condition, and poor delegation and coordination of tasks have also been linked with
increased near-miss events during operative cases.®
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Given these new concerns, the surgical community must determine how best to train for
and use robotic-assisted surgery in ways that maintain patient safety and efficacy.
Herein we describe the unique physical and communication features of robotic-assisted
surgery that have impacted operating room culture and discuss potential strategies for
optimizing these features in the future to best promote a culture of safety.

Unique Challenges

To initiate the active operative component of a robotic-assisted surgical case, several
new steps are necessary that require the entire operating room team to participate in
the setup, preparation, and docking of the robotic system. First, the system must be
sterilely draped and positioned appropriately with respect to the patient and operating
table. Next, robotic arms are positioned in a procedure-specific orientation, and the
circulating team carefully moves the patient cart to the correct location over the patient.
Some teams then use the target function of the robotic platform to confirm and adjust
this positioning. Finally, robotic arms are docked to respective surgical trocars so that
appropriate surgical instruments can be inserted and ready for use. Lack of
communication or familiarity with the steps of this process can add significant time to
the setup phase of the procedure. However, with proper team training and experience
over time, the setup can be significantly streamlined with minimal additional risk posed
to the patient. Several studies have now shown acceptable robotic preparation and
docking times, which improve as team members gain experience.10.11

Following the initial setup, the surgeon and surgical trainees physically separate from
the sterile operative field by stepping away from the patient’s bedside to begin operating
at the robotic console. This separation is required for functioning of the robotic-assisted
system and is an act that distinguishes robotic-assisted surgery from other modalities.
The robotic console is typically positioned several feet away from the bedside assistant
as well as the scrub and circulating members of the team. When surgeons place their
heads in the console, they gain an immersive, high-resolution, 3D view of the operative
field as well as other advantages, such as improved ergonomics and dexterity. More
recently, many academic health centers have also acquired the dual-console robotic
system, which allows the proctoring or teaching faculty surgeon to experience these
benefits while participating in parallel with the training surgeon away from the patient’s
bedside in the operating room. The dual setup has been instrumental in allowing safe,
graded involvement of the training surgeon, as well as easier instrument handoffs and
use of features such as the virtual pointer tool to help facilitate intraoperative
teaching.12.13

As surgeons and trainees immerse themselves in the robotic console, however, the
physical separation or gap between surgeons and team members can lead to surgeon
isolation and loss of situational awareness, defined as an accurate understanding of all
patient and environmental factors throughout a procedure in the operating room.14
Physical positioning of the console away from the patient prevents the surgeon from
being able to globally observe what is happening in the operating room and to make
visual contact with bedside, nursing, and anesthesia teams.1> Common intraoperative
occurrences, such as team members stepping out of the operating room to retrieve
equipment or during a shift change, may go unnoticed if not verbally announced.
Console immersion or tunnel vision may also prevent a potential patient safety concern
from being properly identified.16 For example, surgeons with their head positioned in the
console see a visual feed from the camera and robotic instruments but cannot
immediately visualize equipment collisions and malfunctions or identify changes in
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patients’ hemodynamic monitoring without removing themselves from this console
“head-in” position. With the surgeon physically separated from the rest of the team, it is
also more difficult for the surgeon to coordinate team actions that may be needed to
address these issues and move the case forward safely.1? In addition, team members
who are assisting at the bedside for prolonged cases often become disengaged due to
this separation, again decreasing situational awareness.16

Beyond the physical challenges, communication using the robotic system also presents
unique difficulties for operating room team members. First, though dual console
operators communicate with each other throughout the case using a built-in microphone
system, their commentary and requests are often difficult for the rest of the room to
hear, given variable sound transmission and muffled speakers.16:18 This microphone
system would benefit from a technical redesign that allows better amplification of
bidirectional communications between surgeons and their teams. The team’s inability to
hear surgeons’ instructions and vice versa can result in disorganized assistance being
provided at the patient’s bedside, including exchange of incorrect robotic instruments at
relevant points in the case. Instances of poor communication and subsequent surgical
flow disruptions contribute to delays in forward case progression for patients. Repeated
or unacknowledged requests can also lead to surgeon frustration and subsequent team
conflicts.1® Given the additional loss of nonverbal cues and exchanges between team
members secondary to the robotic spatial configuration, a focus on improving the verbal
communication component of these cases is of utmost importance to promote
increased safety in robotic operating rooms.20

Potential Solutions

To improve successful integration of robotic technology, decrease potential harmful
robotic workflow disruptions, and ideally overcome the challenges discussed, several
interventions have been proposed and studied.

Interprofessional team training. Interprofessional team training and simulation are
promising methods for increasing situational awareness. Heightened situational
awareness is particularly critical in robotics, given the tunnel vision effect of the console.
Interprofessional simulation training involving surgeons and nurses has previously been
shown to decrease robotic system docking times, mean operative times, and mean
costs per case.2! Participation in game-based educational competitions has also been
shown to help robotic team members cultivate an understanding and a culture of
teamwork through use of interactive learning environments.22

Interdisciplinary training has the potential to help team members practice their
individual roles while the team reviews its functioning as a collective unit. In
interdisciplinary training, surgeons, trainees, anesthesiologists, as well as scrub and
circulating nurses, jointly participate in hands-on workshops and simulations to practice
operating room and robotic system setup, emergency scenarios, and communication
strategies, such as time-outs and debriefings.21 Such trainings can enhance team
performance and streamline workflow to minimize physical and communication
disruptions that are unique to robotic surgery. New assessment tools, such as the
Robotic-Assisted Surgery Oxford Non-Technical Skills observational tool, have also been
developed for assessment of teamwork behaviors in robotic surgery.23 This tool can now
be used before and after team training events to determine which interventions are
most impactful. It can also be applied in live operative procedures to better characterize
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strengths and weaknesses of the operative team overall for future, focused
improvement efforts.

Patient emergency training. Given robotic surgery’s potential risks to patient safety,
other approaches have focused specifically on team functioning in the event of patient
emergency. Curricula to train emergency robotic undocking procedures have been
shown to improve undocking times and performance of critical actions for operative
teams.24.25 Emergency simulations have additionally promoted improvement of robotic
team members’ nontechnical skills, such as situational awareness, decision making,
leadership, communication, and teamwork.2¢ It is critical that hospitals with robotic
capabilities develop emergency safety protocols and provide relevant training and
simulation opportunities to support cohesive responses in life-threatening patient
events. Emergency safety protocols can reduce both errors and process disruptions in
such high-pressure scenarios.2?

At our own institution, we have developed emergency undocking protocols for specific
occurrences, such as life-threatening intraoperative bleeding and patient code events
(see Figure). These protocols are organized by “swim lanes” to delineate team roles and
duties to be performed in parallel during the emergency event. For example, as the
surgeon and bedside assistant attempt to control bleeding with robotic instruments, the
circulator alerts the operating room front desk and charge nursing team of the situation,
and the anesthesia team assesses the patient for appropriate intravenous access
should blood products be required. These protocols have been tested with robotic teams
in our simulation center and refined for larger-scale group training and assessment.
Although our focus has been on intraoperative bleeding and code events, the
algorithmic approach could be applied to other scenarios, such as intraoperative
anaphylaxis or cardiac events, and even to technical system malfunctions.
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Figure. Barnes-Jewish Hospital/Washington University Emergency Undocking Bleeding Protocol
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Although many efforts have focused on improving robotic operative culture and
teamwork, there is still a need for routine, robotic-specific communication practices.
Training in closed-looped communication may help to promote increased patient safety.
This strategy focuses on simple and standardized procedures for message transmission,
reception, and verification between team members.28 Read-back techniques in closed
loop communication, wherein the team member receiving information verbally repeats it
back to the sender, have been shown to increase information transfer among members
of health care teams in other settings2° but have not been explicitly studied in robotic
surgery. Preparing each robotic case with a briefing, a reminder of docking
requirements, delineation of specific roles, and read-backs after completion of key tasks
could increase team efficiency and coordination. This preparation may also help to
overcome visual and auditory challenges that are unique to robotic surgery. Although
several checklists have been developed to guide this process in robotic simulated and
live operative environments,30.31 these checklists require further study to determine
their effectiveness when implemented in routine robotic cases.

Conclusion

The introduction of robotic technology in surgery has allowed for innovation while
creating several new challenges that teams must overcome to provide safe and efficient
surgical care. Diverse simulation and training methods have been studied and should be
incorporated within institutions based on local needs to minimize workflow disruptions
and potential patient safety events. Highly motivated operative teams that encourage a
culture of teamwork will be most successful in overcoming these challenges and closing
the physical and communication gaps attendant on robotic-assisted surgery in the
future.
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