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Abstract

The following is a training platform to allow robotic surgeons to develop the skills necessary to lead an interprofessional team in emergency
undocking of a robotic system. In traditional robotic training for surgeons, a brief web based overview of performing an emergency undocking is
provided during initial introductory training to the robotics system. During such a process, there is no training in delineation of interdisciplinary
roles for operating room (OR) personnel. The training presented here uses formative simulation and debriefing followed by a lecture. For the
simulation, a modified gynecologic simulator is draped in a steep trendelenburg position consistent with most gynecologic laparoscopic surgery.
The training torso is modified using tubing hooked to pressure bags of red food colored IV fluid used to simulate a catastrophic vessel injury on
demand. Positioned throughout the operating room setting is an interprofessional team consisting of embedded standardized persons (ESPs)
to fulfill the roles of a circulating nurse, scrub nurse, anesthesiologist, and bedside assist surgeon. Robotic surgeons are presented a case
scenario necessitating emergency undocking, and given control of the robotic instruments. The scenario is terminated following either successful
completion of an emergency undock, or at five minutes due to the emergent nature of the case. A debriefing session with hands on training of the
steps to emergency undocking, necessary equipment, troubleshooting techniques, and operating room personnel roles follows the simulation.
The learners are presented with a short lecture reemphasizing the material presented in the debriefing for their own self-study. This training
results in improved time accessing the patient, improved knowledge, confidence, and completion of critical actions, and can be replicated in most
institutions. All robotic surgeons should be able to demonstrate competence in this crucial intervention. A limitation of the curriculum is ability to
access the in-situ environment for training purposes.

Video Link

The video component of this article can be found at https://www.jove.com/video/57286/

Introduction

The purpose of this training is to improve robotic surgeons' confidence, knowledge, and proficiency of performing an emergency undocking of the
robotic system, and to improve the surgeon's ability to lead an interprofessional team through effective communication of clearly delineated roles
in the event of an emergency undocking. Despite the abundance of personnel and equipment in the operating room, there is a lack of experience
managing these crises1,2. Current training requirements of online course work and a short period of proctored cases leave many surgeons feeling
their training is inadequate3. Regardless of these feelings of inadequacy, prior studies have established that surgeons will encounter at least 1
OR emergency in their career4. Strategies to improve on these feelings of inadequacy include increasing usage of simulation training5. It is well
established that simulation training is becoming inseparable from surgical education6. Prior studies have determined that simulation-based team
training is an invaluable tool in helping learners overcome cognitive and behavioral gaps in surgical education and is useful as a tool to allow
trainees in sessions with other team members the ability to demonstrate baselines for knowledge and communication skills, while improving
performance following combining simulation exercises and debriefing4,7,8,9,10,11.

To improve robotic crisis management, various simulator-training scenarios have been developed1,12,13. While there have been numerous
studies examining the effects of team training, there is a dearth of research analyzing training on complex OR scenarios4. During complex OR
emergencies, checklists and the clear delineations of roles through effective communication are of paramount importance. In robotic surgery,
there is a paucity of literature available outlining protocols or training for this procedure14. Simulation has proven effective in validating checklists
for use during operating-room crises to improve surgical care15. Here, we present a training curriculum to allow robotic surgeons to develop the
skills necessary to lead an interprofessional team in an emergency undocking of a robotic system. Implementation of this curriculum takes place
over three sessions in an in-situ environment, as laid out in Figure 1, and can be used to provide training, demonstrate skills for credentialing,
and is easily reproducible in any hospital with a robotic system.
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Protocol

The IRB determined that this project was exempt from IRB review in accordance with federally defined categories of exempt review per 45 CFR
46.101 Category 2.

1. Gather and Prepare Materials

1. Collect materials for the training curriculum, including a robotic system with 2 training arms (see Table of Materials), 3 trocars, and a
laparoscope.

2. In the hollow training torso, create at least 3 separate incisions with a scalpel to place laparoscopic instrument trocars. Ensure that the
incisions are consistent with those found in robotic surgery, i.e., one above the umbilicus, and one in each the right and left lower quadrant
large enough to accommodate a trocar.

3. To simulate a vessel and subsequent vessel injury, create a vessel using rubber tubing. Tubing from a water seal chest drain functions well.
1. Cut a separate tube for the vena cava and descending aorta.
2. Connect two shorter pieces replicating the right and left common iliac veins and two shorter pieces replicating the common iliac arteries

to the vena cava and aorta, respectively, using a Y-connector.
3. Create a notch at the distal end of the common iliac artery to allow for simulated blood to escape in the case of a vessel injury.
4. Place the vessels against the posterior wall of the torso and secure using glue. Protrude the access point to the vessel through the

cephalad portion of the torso to allow for instillation of red food colored fluid.
5. Color as necessary for realism with oil base red and blue paint for artery and vein respectively. Coat with a protective clear enamel

spray for durability.

4. Obtain a 1-liter bag of IV fluid. Inject red food coloring until the fluid has a color consistent with blood. Hook this bag to the previously
assembled vessel.

5. Drape the torso with operating room drapes used for laparoscopic surgery or laparotomy. Ensure that the drape covers the entire OR table.
6. Have embedded standardized persons (ESPs) or confederates fulfill the roles laid out in the emergency undocking protocol (Figure 2). A

minimum of 4 individuals is required. Alternatively, OR personnel can be employed to perform their actual roles.

2. Setup of the Operating Room

1. Place the training torso, complete with vessel and IV tubing, and connect it to an IV fluid bag on the OR table. Place the table in a steep
trendelenburg position, then drape using OR drapes.

2. Place the laparoscopic trocars into the training torso through the incisions made previously. Move the robotic patient side cart to the bedside,
and attach robotic arms to trocars. Once attached, dock robotic training instrument and camera to torso using trocars.

3. Place ESPs or OR staff in desired roles as described in Figure 2. Have the surgeon console on and ready for surgeon to assume control of
robotic instruments.

3. Simulation and Debriefing

1. Have the surgeon enter the room and position at the surgeon's console. Instruct the surgeon to adjust positional settings, but not take control
of the instruments until completion of orientation to the case.

2. Introduce the ESPs or OR staff to the surgeon. Read one of the case stems presented in Figure 3. Then, instruct the surgeon to take control
of the instruments following completion of the case stem.

3. Have the anesthesia ESP initiate bleeding from the vessel via pressure bag or manual pumping of fluid bag once the case stem is completed.
The IV tubing should be wide open, allowing for brisk bleeding. Allow the surgeon up to 5 minutes to complete emergency undocking.

4. Following the case (or after 5 minutes), proceed with debriefing and didactic component of the scenario and procedure. During the debriefing
emphasize key points of personnel roles as listed in Figure 2, key equipment including instrument arms and patient side cart, and use of
closed loop communication.

5. Reposition ESPs or OR staff, and run a second case to reinforce the lessons taught during debriefing. Following the case, reiterate any points
missed during the second case.
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Representative Results

By incorporating this curriculum as outlined in Figure 1 and the undocking protocol outlined in Figure 2 during training in robotic-assisted
surgery, our study demonstrated an overall improvement in the confidence, knowledge, and critical actions performed by the surgeon as
demonstrated in Figure 3. Baseline measurements in knowledge and confidence were collected on all participants immediately prior to
participation in the curriculum. A 20 question multiple-choice exam and a 6-item Likert confidence scale ranging from very uncomfortable to very
comfortable provided this baseline. This was illustrated by the significant increase in the baseline level of knowledge of robotic surgeons after our
training curriculum was implemented (p = 0.001; Wilcoxon signed rank test of median change equal to 0), and our results also demonstrated an
increase in the confidence of surgeons when faced with an emergency undocking after completion of our curriculum (p = 0.003) (Table 1, Figure
4). This may indicate that utilizing robotic surgery simulation during training can be advantageous to robotic surgeons by boosting confidence
and familiarity with the emergency protocol. There was also an improvement in the undocking times (p <0.001) and increase in the critical actions
performed out of 7 possible measured actions (p = 0.002) (Table 2, Figure 4). This likely represents a combination of the robotic surgeon's ability
to recognize the need for an emergency undocking sooner and having the opportunity to simulate the entire emergency undocking process while
leading a team in an in situ environment with immediate feedback from content experts after completing the curriculum. It is important to be
consistent in training personnel in the execution of this protocol in order to ensure consistency among surgeons and to maximize effectiveness in
a real life scenario.

 

Figure 1: Curricular outline of the pre-training simulation, debriefing and didactic component, and post-training simulation. Please click
here to view a larger version of this figure.
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Figure 2: Emergency undocking roles. Please click here to view a larger version of this figure.

 

Figure 3: Case stems read to initiate simulation. Please click here to download this file.
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Figure 4: Summary graph of statistically significant results (median ± interquartile range). Please click here to view a larger version of this
figure.

Study Cohort

Variable/Statistic (n = 21)

Baseline Knowledge Score (out of 20)

Mean (SD) 10.0 (1.82)

Median (IQR) 10 (8.5 - 11.5)

Range 7 - 13

Post-Baseline Knowledge Score (out of 20)

Mean (SD) 12.4 (1.29)

Median (IQR) 13 (12 - 13)

Range 9 - 14

Change in Knowledge Score

Mean (SD) 2.4 (2.20)

Median (IQR) 3 (1 - 4.5)

Range -2 - 5

p 0.001

Baseline Total Confidence (maximum 75)

Mean (SD) 38.5 (12.43)

Median (IQR) 40 (33 - 48)

Range 15 - 62

Post-Baseline Total Confidence (out of 75)

Mean (SD) 58.9 (13.65)

Median (IQR) 61.5 (53.75 - 69.25)

Range 25 - 74

Change in Total Confidence

Mean (SD) 20.1 (19.93)

Median (IQR) 18 (6 - 30.5)

Range -15 - 58

p 0.003

Table 1: Baseline/Post-simulation knowledge and total confidence of participants. p from Wilcoxon signed rank test of median change
equal to 0.
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Study Cohort

Variable/Statistic (n = 21)

Baseline Undocking Time (secs)

Mean (SD) 146.1 (40.01)

Median (IQR) 139 (116.5 - 169)

Range 88 - 254

Post-Baseline Undocking Time (secs)

Mean (SD) 89.6 (18.20)

Median (IQR) 89 (76 - 104.5)

Range 59 - 120

Change in Undocking Time (secs)

Mean (SD) -56.5 (41.95)

Median (IQR) -50 (-81.5 - -23.5)

Range -151 - -2

p <0.001

Baseline Critical Actions Performed (out of 7)

Mean (SD) 4.3 (1.06)

Median (IQR) 4 (3 - 5)

Range 3 - 6

Post-Baseline Critical Actions Performed (out of 7)

Mean (SD) 5.3 (0.78)

Median (IQR) 5 (5 - 6)

Range 3 - 6

Change in Critical Actions Performed

Mean (SD) 1.0 (1.05)

Median (IQR) 1 (0 - 2)

Range -1 - 3

p 0.002

Table 2: Baseline/Post-simulation undocking times and completion of critical actions. p from Wilcoxon signed rank test of median change
equal to 0.

Discussion

Incorporating this curriculum into training necessitates adherence to the protocol as outlined previously. Ensuring practice through hands on
training of both the technical aspects of emergency undocking, as well as delineation of roles of OR personnel, is essential towards successful
training. All three sessions of pre-training simulation, debriefing, and post-training simulation are likely required to ensure maximal benefit to the
learner.

An attempt should be made to create as realistic a learning environment as possible. Although use of an in-situ environment is not mandatory,
it is encouraged in order to identify any logistical hurdles or latent safety threats in an actual OR environment that might inhibit completion of
the emergency undocking. Another important detail is the vessel used during the training scenarios. Choosing a durable and realistic material is
essential as the learners may try any number of techniques to obtain hemostasis depending on their skill level. An ideal vessel design should be
able to withstand repeated simulations.

A major limitation to instituting this curriculum is lack of faculty or staff with training in simulation or debriefing. Part of the goal of this curriculum
is to clearly layout what is required regarding material and set up to ensure a successful simulation. The availability of the OR to perform training
may be a limitation, but the importance of in-situ practice for identifying unanticipated obstacles in the actual clinical environment in case of
an emergency undocking is invaluable. The resource of a pelvic model could also be a limitation for some. Although the modification to the
model was designed for repeated use, some institutions may not have a training model. There are a number of affordable alternatives to the one
mentioned specifically in the study.
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The significance of this training curriculum is that it is a single tool used to teach not only procedural skills for emergency undocking, but also
establishment of roles for the entire interprofessional team. The in-situ environment adds a level of realism to the simulation, and hands-on
training provides a proven tool for solidifying knowledge of the procedure.

This curriculum can be used for future applications including modification for use with other case scenarios involving catastrophic events in
robotic surgery. Although this curriculum was focused towards OBGYN robotic surgeons, it can be expanded to use with urology and general
surgery robotic surgeons. The modified torso can be used for teaching OR emergencies for any laparoscopic surgery, not only robotic surgery.
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