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Background: Although robotic surgery has gained popularity, safety concerns remain due to potential
delay in addressing intraoperative hemorrhages since the surgeon is not at the bedside. This study aimed to
test whether a training program for emergency robotic undocking protocols improved the performance of
thoracic operating room (OR) teams.

Methods: An emergency undocking protocol and checklists were created for massive hemorrhage during
robotic thoracic surgery. In phase I, two OR teams participated in #z-sizu simulations of the scenarios in
the OR without knowledge of the protocols. In phase II, the protocol and checklists were introduced to
four different OR teams by either high-fidelity lab simulation or video-based didactic sessions. The teams’
performances were tested with in-situ OR simulations. Performance assessments included the number of
missed critical steps, participant-reported feedback, and timeliness of crucial steps.

Results: All teams successfully converted from robot-assisted to open, with the attending at bedside within
five minutes from the decision to convert, regardless of phase or education type. Phase I (control) teams had
an average of 2.55 critical misses per team while the average was 0.25 for phase II teams (P=0.08). There was
no significant difference between phases in time required for the surgeon to be at the bedside (average 132.2
seconds, P=0.64).

Conclusions: Targeted education can lead to improved team performance. This study shows that high-

fidelity simulation and didactic sessions can both be used to effectively teach emergency undocking protocols.
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Introduction

In the past 20 years, robotic surgery has become increasingly
adopted. Nevertheless, it has sparked controversy in the
areas of financial expense and patient safety. The main
safety concerns pertain to intra-operative emergencies that
require expedient open conversion when the surgeon is not
at the bedside. Significant bleeding from vascular injury
can potentially occur in all operations regardless of type.
However, pulmonary resections are unique in their need for
pulmonary artery (PA) dissection, during which vessel injury
may lead to catastrophic bleeding in a very short timeframe.
A recent review of lobectomies from the Society of Thoracic
Surgeons database showed a conversion rate from robotic to
open approaches of 6% (1). Conversion was associated with
increased mortality, major complications, and intraoperative
and postoperative transfusions (1). Prior studies focusing
on gynecologic and urologic intra-operative emergencies
have found that pre-defined emergency protocols have
significantly improved undocking times and overall medical
responses (2-4). Similarly, emergency protocol utilization
during non-robotic intra-operative emergencies has led
to significantly higher adherence to best practices and a
significant reduction in failure of adherence to critical
management steps after initial implementation (5).

There is a paucity of emergency protocols associated
with robotic-assisted thoracic procedures. In addition,
there is limited data on the best approach to adapting
protocols to improve operating room (OR) team
performance. Our hypothesis was that protocol-based
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training programs of standardized checklists would improve
team performance during simulated emergency robotic
conversion as measured by completion of critical steps and
time to conversion. We produced new emergency protocols
specific to robot-assisted thoracic surgery and then created
two educational programs to teach the protocols: (I) a
high-fidelity simulation-based educational program and
(II) a video-based didactic educational program. These two
educational modalities were then tested for feasibility and
effectiveness.

Methods
OR team design and simulation model

A total of six different OR teams participated in the study
(Teams 1-6) (Figure 1). Each OR team consisted of six
members including an OR circulating registered nurse, a
certified OR scrub technician, a general surgery resident
[post-graduate year (PGY)-2 or -4], a thoracic surgery
attending, an anesthesia resident (PGY-3 or -4), and an
anesthesia attending. Teams were recruited via emails.
Whenever possible, volunteers chose the times they were
available to participate without knowing the difference
between groups. All simulation participants completed
pre-simulation surveys. The pre-simulation surveys were
created by the study team to assess for the participants prior
experience and confidence level in addressing emergency
situations in the OR. Participants were pre-briefed and
given information about the simulated patient and the
KindHeart Thoracic Surgical Simulator manikin (Intuitive
Surgical, Inc., Chapel Hill, NC, USA), the REAL’Ti360 vital
signs simulator (iSimulate, Albany, NY, USA). The porcine
KindHeart thoracic model included a fully perfused beating
heart and lungs. Injury to the great vessels led to significant
simulated bleeding (Figures S1,S2).

Simulation design

The simulated operative case was an elective robotic
lobectomy in a patient with no known pre-operative
comorbidities. The five consecutive emergency scenarios
were: (I) massive hemorrhage from a pulmonary artery,
(II) decision to convert to open, (III) hemodynamic
instability, (IV) pulseless electrical activity (PEA) arrest,
and (V) unstable ventricular fibrillation. The five scenarios
were designed with an expert team including thoracic
surgery and anesthesia attendings with support from
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Figure 1 Flowchart of educational program development and evaluation. Teams 1 and 2 completed in-situ OR simulations and high-fidelity

simulations without having received any educational program. Their feedback was elicited via pre- and post-simulation surveys. Performance

in the scenarios was also reviewed via round-table discussions with the participants and key stakeholders. This led to checklist and protocol

development, for which two separate educational programs were created to teach the information. Teams 3 & 4 received simulation-based

education, while Teams 5 & 6 received video-based didactic education. Teams 3-6 then completed in-situ OR simulations, which were

assessed with pre- and post-simulation surveys, debriefs and quantitative measures. Final analysis was conducted regarding the feasibility and

effect of the two educational programs. OR, operating room.

simulation experts from the UMass simulation laboratory
(Figure S3). To begin each high-fidelity simulation, the
respective OR teams gained intravenous access in the
manikin arm, intubated the manikin airway, performed
preoperative briefing, and prepped and draped the
KindHeart manikin. The anesthesia team had access to
various simulated medications and an arterial line set up.
The first scenario was initiated after the thoracic surgeon
purposefully cut the pulmonary artery, with each of the
five emergency scenarios occurring consecutively in order
without interruption.

Phase I—Emergency checklist protocol development and
in-situ OR simulations

The checklists and protocol (Figure S3) were created
through two separate round table discussions with key stake
holders as a single institution, including thoracic surgery
attendings, thoracic anesthesia attendings, OR staff, and
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staff from the UMass department of Patient Quality and
Safety. The first two simulation teams (Teams 1 and 2)
were considered the baseline group and did not receive any
specific training with respect to checklist protocols prior
to their in-situ OR simulation. Teams 1 and 2 (baseline)
each completed two simulations spaced two weeks apart.
The first simulations took place in the OR, without prior
knowledge of the scenarios. The second was done in a
healthcare simulation center, where the main goal was
discussion and feedback for each scenario. After Teams 1
and 2 completed their simulation sessions, each respective
group completed an oral debriefing session and written
post-simulation surveys. Latent safety threats (LSTs) were
identified and further processed with failure mode and
effects analysis (FMEA) with calculations of risk priority
number (RPN) for each LST. The results were previously
published (6). The protocol and checklists were fine-tuned
by the study team following these sessions and critical
checklist items were identified (Figure 1).
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Phase II—Educational programs to teach emergency
checklist protocols

The education program consisted of two different
approaches to learning the protocols and checklists.
Teams 3 and 4 underwent practice-based learning in a
healthcare simulation center, whereas Teams 5 and 6
received interactive video-based sessions. During the high-
fidelity lab simulation sessions completed by Teams 3 and
4, participants received feedback after completing each
scenario. Standardized pre-brief sessions were performed
in addition to faculty and simulation educator co-facilitated
debrief sessions.

The video-based didactic session for Teams 5 and 6
was approximately one hour in length and included a
PowerPoint presentation with video clips from previous
simulation sessions. This presentation was designed by the
study team utilizing the critical checklist items identified
previously. The session was interactive and included
discussion points that allowed participants to work through
the checklists from their personal perspectives. During
the in-situ simulations for Teams 3-6, the protocols and
checklists were available in the ORs as reference. Teams 3-6
underwent their respective education programs followed by
in-situ simulation in the OR after 2 weeks.

Statistical analysis

Quantitative measures

All simulations and education sessions were video recorded
for accurate measurement of quantitative measures
including: (I) time from decision for open conversion to
attending at bedside, (II) time to removal of all robotic
instruments (measured as time from initial instrument
removal to last instrument removal), and (III) total
undocking time (measured as time from instruction to
undock to all robot arms completely undocked and stowed).
Critical checklist items are listed in Figure 2. Critical
checklist items were considered complete if seen or heard
on video recordings of the in-situ OR simulations. All videos
were scored by three different observers (B.B., K.M.D.,
F.L.). The percentage of critical checklist items missed
was calculated for each team. The interrater reliability was
measured by the level of agreement (93%) and the Kappa
of 0.463, 95% confidence interval (CI): 0.116 to 0.709,
P=0.01. We performed a descriptive analysis, then used an
independent samples Kruskal-Wallis test, with a 95% CI, to
test for statistically significant differences across the groups.
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The data was analyzed with SAS studio v3.81.

Qualitative measures

Participants completed pre- and post-surveys for each
simulation and education session (Appendices 1,2). Likert
scales were used and later converted to numerical values
for statistical analysis (7,8). The study was conducted in
accordance with the Declaration of Helsinki (as revised
in 2013). This study was approved by the institutional
review board at the University of Massachusetts Chan
Medical School (No. H00022131) and informed consent
was obtained from all simulation participants prior to study
initiation.

Results

Between April 2021 and December 2021, six different OR
teams underwent a total of 50 simulated scenarios in 10
sessions. Thirty of the scenarios were completed in the OR
and 20 in the simulation laboratory. There was a total of
36 participants. All except for one participant were based
in the same institution. Due to unforeseen circumstances,
last-minute substitutions occurred for two nurses and one
anesthesia attending. Three thoracic surgeons participated.
Each surgeon was on two teams with the same intervention
i.e., one surgeon was in Teams 1 and 2, another in Teams 3
and 4, and an additional in Teams 5 and 6.

Objective performance evaluations

The two baseline OR teams (Teams 1 and 2) completed 90%
(average 22.5/25) of the critical check list items (Zable 1). In
contrast, after either simulation or didactic education, Teams
3—6 successfully completed an average of 99% (24.75/25)
of critical tasks (P=0.08). The improvement was statistically
significant at the level of 0.10. A significance level of 0.10
was selected due to our small sample size and the relevance
of this study for informing future work (9). After simulation
training, Teams 3 and 4 had no critical misses. The two OR
teams (5 and 6) who completed the didactic video-based
education sessions achieved an average of 98% (24.5/25)
critical checklist points. Team 1 had one critical miss, due
to lack of discussion of undocking plan. Team 2 had the
highest number of critical misses, which included lack of
discussion of undocking plan, failure to maintain manual
pressure on the bleed while removing robotic instruments,
lack of closed loop communication between the surgery
and nursing team members during robot undocking, and

7 Thorac Dis 2024;16(7):4286-4294 | https://dx.doi.org/10.21037/jtd-24-291


https://cdn.amegroups.cn/static/public/JTD-24-291-Supplementary.pdf

4290

Bludevich et al. Improving OR team performance through high fidelity simulations

Critical checklist items:

Identify bleeding source.

Apply manual pressure.

Determine need for conversion.

Communicate regarding hemodynamic status and control of bleeding.

Call for blood products.

Overhead page for help/call for help.

Open tray in room.

Obtain bleed bag/hemostatic agents.

Discuss undocking plan.

Remove all robotic instruments without removing manual pressure.

11

Attending scrubbed and present at bedside (within 5 min of decision to convert).

12

Discuss giving blood or vasopressors or hemodynamics.

13

Confirm undocking plan with surgeon with closed loop communication.

14

Completely Undock and stow robot without interfering with surgical team.

15

Discuss reasons for hemodynamic instability.

16

Adequate cardiac massage.

17

Correctly identify rhythm change.

18

Determine if rhythm is shockable.

19

Check for pulse.

20

Obtain code cart.

21

Call code over intercom.

22

Obtain intra-thoracic cardiac paddles.

23

Tell nurse joules setting if not already done by anesthesia.

24

Determine if strip is displaying a shockable rhythm.

25

Hook up paddles and set joules on defibrillator if anesthesia has not already
completed.

Figure 2 List of the 25 critical checklist items. Of all the checklist items that were created during the round-table discussions, 25 were

deemed to be critical, as missing one of them would confer a high likelihood of resulting in a devastating consequence.

physical interference with surgical team during the robotic and present at the bedside in less than 200 seconds from

stowing process. Team 5’ one critical miss was failure to the decision to convert from robotic to open (7able 1). The

recognize shockable rhythm.

Time to task completion

observed time to bedside ranged from 90-193 seconds, with
a mean of 132.2 seconds. Total time to remove all robotic
instruments ranged from 89-266 seconds, with a mean of
215.7 seconds. Total undocking time ranged from 31-214

In all simulations, the surgical attendings were scrubbed seconds, with a mean 71 seconds (Table 1).
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Table 1 Quantitative measures of completion of emergency checklists and protocol during both study phases
Time from decision Total time Total Total number of Percentage
Team Phase .Iand to conYert to P value® to remoYe P value® undocking P value® cr.itical checklist  of criti(l:al P value®
education type attending at all robotic time® points completed  checklist
bedside® instruments® (n=25) complete
1 Phase I: baseline 174 232 46 24 96.0
2 Phase |: baseline 90 89 214 21 84.0
1+2  Baseline mean 132 160.5 130 22.5 90.0
3 Phase II: simulation 1983 266 31 25 100.0
4 Phase II: simulation 125 229 66 25 100.0
3+4  Simulation mean 159 247.5 48.5 25 100.0
5 Phase II: didactic 91 227 37 24 96.0
6 Phase II: didactic 120 251 32 25 100.0
5+6 Didactic mean 105.5 239 34.5 245 98.0
1-6  Mean overall 132.2 0.64 215.7 0.36 71 0.17 24 96.0 0.08

2 times displayed as seconds; °, baseline vs. any education (simulation or didactic).

Discussion

In a study of in-situ OR simulations of thoracic surgery
robotic emergency scenarios, we found that introduction
of checklists and protocols through high-fidelity laboratory
simulations and interactive presentations improved team
performance and decreased critical missed steps. Participant
survey responses (Appendices 1,2) from the teams who
underwent education demonstrated increased confidence
and understanding of their role during intraoperative
robotic crises. Almost all participants (94%) agreed pre-
and post-simulation that high-fidelity simulations of
intraoperative emergencies are beneficial and provide
a helpful training opportunity to practice high-stakes,
low-frequency events. The complete survey results were
previously published (6). High-fidelity simulations allowed
for hands-on team-based learning that may be superior to
didactic learning. Although only four teams were in the
education arm (phase II, Teams 3-6), the two teams who
underwent high-fidelity simulation learning (Teams 3 and
4) successfully accomplished all critical tasks. Performance
after video-based didactic learning sessions was also superior
to the baseline teams. However, there was one critical miss
related to rhythm recognition. In all in-situ simulations,
the time of surgeon to bedside was less than 200 seconds.
Most critical failures in the baseline groups were related to
team collaboration, including closed loop communication,
discussion of undocking plans, and removal of robotic arms

© Journal of Thoracic Disease. All rights reserved.

at the appropriate time without interfering with the surgical
team.

Published studies regarding the compared efficacy of
teaching emergency checklists with simulation-based versus
video-based didactic educational programs are limited,
especially in the context of robotic surgery. Nevertheless,
a pilot study has shown that simulation training may be
more effective than didactic education for teaching the
management of abdominal compartment syndrome (10).
A simulation-based curriculum has also been successfully
used to teach the “situation, perspective, invitation,
knowledge, empathy, summary” (SPIKES) protocol for
delivering bad news (11). A group in 2021 demonstrated
that an #n-situ simulation program, initially with video-
assisted thoracoscopic surgery (VATS) and later switched
to robotic-assisted thoracoscopic surgery (RATS), was a
feasible program at their institution (12). Their methods
differed slightly in that simulation scenarios were
constructed from root-cause analysis of cases discussed at
Morbidity & Mortality conferences, as opposed to systems
issues identified from simulation debriefing sessions. In
addition, only two scenarios, hemorrhage, and contralateral
pneumothorax with acute hypoxia, were included in their
simulations. The checklist available to the team was “Code
Red”, which was initially designed by Cerfolio et 4/. in
2016 (13). The participants were assessed on technical
skills, non-technical skills for surgeons (NOTECHS), and
stress management. In a separate study conducted in 2018,
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Robot conversion due to massive hemorrhage
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v Identify bleeding vessel

v Place manual compression/control bleeding,
if possible, with the robot
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Anesthesia: Anesthesia:
¥ Communicate with surgery team about
possible blood loss
v Prepare for potential hemodynamic
instability

central access

Circulating Nurse:

¥ Call the front desk for additional surgery help
¥ Place hemostatic agents on sterile field

¥ Obtain emergency open instrument set

Scrub Tech/Nurse:
v Prepare for possible conversion
undocking plan

¥ Use closed loop communication about

¥ Call blood bank and alert team of the situation
¥ Determine need for additional IV access or

Circulating Nurse:

¥ Remove robot only when instructed
¥ Call front desk for additional OR help
v Page additional surgeon as needed
¥ Manage extra personnel in the OR

Scrub Tech/Nurse:

v Use closed loop communication to confirm

Surgeon:
v Discuss transfer of patient to ICU
v Identify any obstacles to the conversion

Debrief

¥ Prepare for open incision

Anesthesia:
v Discuss transfer of patient to ICU, call elCU

Circulating Nurse:
¥ Lead discussion about conversion and areas of
improvement

Scrub Tech/Nurse:
v Discuss any issues with instruments or sterility
during the conversion

¥ Instruct additional staff to break down robot
instruments/table

Figure 3 Proposed OR poster for emergency robotic undocking due to hemorrhage. A design for a large, clearly visible sign that could

potendally be displayed in robotic operating rooms was created. This sign was not used in our simulations but serves as a concept for future

quality improvement in robotic operating rooms. This poster could serve as a quick reference for all team members when responding to

massive hemorrhage that requires emergency conversion from robotic-assisted to open. OR, operating room.

Ballas ez al. created an educational program for gynecologic
surgery that used formative simulation and debriefing
followed by a lecture (2). In the study, only the surgeons
were active participants. The other roles, like circulators
and scrub techs, were fulfilled by embedded standardized
persons. The implementation of their curriculum led to
greater confidence, baseline knowledge assessments and
performance of critical actions (such as undocking time) by
the surgeon (2).

The benefits of emergency checklists have been
demonstrated in aviation, aeronautics, as well as medicine
(12,14). In a landmark study on OR checklists by Haynes ez
al., a multicenter study found that the physical availability
of checklists reduced the rate of death from 1.5% to
0.8% (P=0.003), while decreasing the rate of inpatient
complications from 11% to 7.0% (P<0.001) (5). In our
study, physical copies of emergency robotic undocking
protocols were available to all team members in phase II.
This can be more permanently displayed in the format of a
poster, a proposed version of which is visible in Figure 3.

It is possible that having the checklist readily available
improves performance. However, the team interaction and
skills required for emergency undocking and resuscitation of
thoracic surgery patients in lateral positioning are complex.
Hands-on skills like expedient undocking of the robot
can only be learned through practice. Similarly, closed-
loop communication during emergency situations is also
a learned skill, not easily accomplished as a checklist item.

© Journal of Thoracic Disease. All rights reserved.

At the same time, overall familiarity with the sequence of
responses to unexpected catastrophic bleeding is essential.
Ultimately, both team-based simulations and checklists
are important in the success of an OR team’s response to
catastrophic bleeding during robotic surgery.

A large part of OR team performance is dependent on
each team member’ experience. For example, a new surgical
scrub technologist may not be as effective as a seasoned
technologist dedicated to robotic thoracic surgeries. While
some institutions have teams that are exclusively dedicated
to certain specialties, others do not. At our institution, there
is a limited number of OR staff members who routinely
help with thoracic surgery cases. At times, robotic thoracic
operations are done with OR teams without significant
experience with thoracic surgeries. The difference in staff
and anesthesia experience cannot be always controlled in
simulations. Team 1 from phase I was composed of OR staff
members with thoracic surgical experience. As a result, they
performed well with only one critical miss despite lack of
preparation.

Although the study was not designed to address the
frequency of education or how experienced participants are,
there is evidence that education (either simulation or video-
based) did improve team performance overall. Emergent
conversions during robotic operations are low frequency
events. In an analysis of Society of Thoracic Surgery data by
Servais et al., 6% of robotic surgeries ended with conversion
to open approach of which 17.9% were converted

7 Thorac Dis 2024;16(7):4286-4294 | https://dx.doi.org/10.21037/jtd-24-291
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emergently (1). Given the infrequency, simulations learning
would still have a role in improving outcomes even in
institutions with dedicated specialty teams. Simulation can
also help to address logistical questions such as which team
member ought to be responsible for the checklist in an
emergency scenario.

One of the disadvantages of simulation learning is the
resources and staff time requirement. We demonstrated
that simulations of complex undocking scenarios can
be accomplished without significant time investment.
Simulations for each team in the laboratory lasted for
approximately two hours. If there is adequate preparation,
three teams can complete simulations in one day. If
simulation learning is not feasible, then interactive video-
based learning can still be performed, which requires less
resources. Finally, an approach that maximizes long term
learning and maintenance of skills may include simulations
followed by periodic video-based learning at regular intervals.

There are several limitations in our study. We performed
a single-institution investigation, considering educational
methods in the context of one surgical specialty. Our results
may not be applicable to all robotic practices. In addition,
only three thoracic surgeons and five anesthesiologists were
involved in the six OR simulations. As a result, there may be
an over-estimation in surgeon performance. However, the
surgeons did not cross intervention groups. There was one
surgeon for phase I, and two for phase II. The surgeons in
phase II participated in teams that received either simulation
training or video-based learning. Although 50 simulation
scenarios were carried out, only 6 OR teams participated in
the study. Because of the low number of teams, our results
in critical misses only trended toward statistical significance.
The study does not address whether simulation or video-
based learning is more effective. Finally, we did not follow
the participants’ knowledge after the /n-situ simulations and
therefore cannot conclude how frequently the team-based
learning should be performed.

Future research should include simulations in a multi-
institutional, multi-specialty collaboration. Current
literature is limited to mostly single-institution studies
involving only one surgical specialty. The available
conclusions have been limited to expert opinions of single
surgeons. Therefore, expansion of simulation education
research in robotic surgery is crucial, as any robotic surgery
could result in catastrophic bleeding. With more simulation
data, further refinement can be made to the standardized
protocol, leading to implementation of society-based
guidelines.

© Journal of Thoracic Disease. All rights reserved.
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Conclusions

Emergency checklist protocols can be used to improve
thoracic surgery team adherence to best practices in the
context of high-stakes, low-frequency events. In-situ and
lab-based simulations of emergency scenarios followed by
debriefing, video analysis, and round table discussion can
be used to develop an emergency checklist protocol for
emergent undocking of the robot in the context of massive
hemorrhage and subsequent clinical decompensation. This
study shows that targeted educational programs, whether
didactic or simulation based, can feasibly and effectively be
used to teach OR teams these checklist protocols. Further
studies are needed to optimize emergency undocking
protocols and elucidate the role of simulation and video-
based learning in other surgical specialties.
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