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Abstract

Background—The introduction of a robot into the surgical suite changes the dynamics of the
work-system, creating new opportunities for both success and failure. An extensive amount of
research has identified a range of barriers to safety and efficiency in Robotic Assisted Surgery
(RAS), such as communication breakdowns, coordination failures, equipment issues, and
technological malfunctions. However, there exists very few solutions to these barriers. The
purpose of this review was to identify the gap between identified RAS work-system barriers and
interventions developed to address those barriers.

Methods—A search from three databases (PubMed, Web of Science, and Ovid Medline) was
conducted for literature discussing system-level interventions for RAS that were published
between January 1, 1985 to March 17, 2020. Articles describing interventions for systems-level
issues that did not involve technical skills in RAS were eligible for inclusion.

Results—A total of 30 articles were included in the review. Only seven articles (23.33%)
implemented and evaluated interventions, while the remaining 23 articles (76.67%) provided
suggested interventions for issues in RAS. Major barriers identified included disruptions,
ergonomic issues, safety and efficiency, communication, and non-technical skills. Common
solutions involved team training, checklist development, and workspace redesign.

Conclusion—The review identified a significant gap between issues and solutions in RAS.
While it is important to continue identifying how the complexities of RAS affect operating room
(OR) and team dynamics, future work will need to address existing issues with interventions that
have been tested and evaluated. In particular, improving RAS-associated non-technical skills, task
management, and technology management may lead to improved OR dynamics associated with
greater efficiency, reduced costs, and better systems-level outcomes.

Tara Cohen, Tara.cohen@cshs.org.
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Robotic-Assisted Surgery (RAS) has revolutionized many procedures, with popularity
among surgeons and patients leading to a tripling of robotic-assisted cases over the past
decade [1]. In fact, one million RAS cases were performed between 2009 and 2012 [2]. The
benefits of RAS compared to open surgery include less postoperative pain, reduced blood
loss, shorter hospital stays, and quicker recovery times [3]. The improved dexterity and
precision provided by the robot instruments allows for a minimally invasive approach to
some procedures, particularly in the pelvis, that are less suitable for a more traditional
laparoscopic approach [4]. However, safety incidents in RAS may be double that of
traditional open surgery [5], and only recently have systems engineering studies begun to
explore the causes and strategies for mitigation [6-13].

In addition to changing basic surgical tasks and skills (which are generally the focus of
attention when exploring opportunities to improve RAS), RAS implementation introduces a
range of non-technical challenges which can have important performance implications. The
isolation of the surgeon at the console and separation from the rest of the team necessitates
changes in coordination, communication, and teamwork [14, 15]. This solution also
increases the demand on verbal communication [7, 12] which is already one of the most
frequently cited causes of procedural error [16] and surgical injury [17, 18]. Difficulties with
port placement, docking, instrument changes and unnecessary procedural steps contribute
significantly to operative time [19] exacerbating specific complications of anesthesia that
arise from placing the patient in the steep Trendelenburg (head-down) position [20, 21]. The
size of the robot and associated technologies exacerbate layout issues that are known to
contribute to clutter, obstructions, congestion from equipment and displays, disorganization
of tubes and lines, unnecessary movement, distractions, team performance [22], infection
risk, increased risk of accidental disconnection of devices [23], and slips, trips and falls [24].
RAS has particularly acute effects on equipment congestion, the movement paths of staff,
and the safe positioning of data and power cables [9]. These issues can persist due to the
lack of organizational resources to redesign ill-equipped operating rooms (OR) [25]. Thus,
RAS increases task demands for the whole OR team and increases reliance on teamwork and
communication while exacerbating already challenging workspace issues. These can
adversely impact surgical outcomes [26].

We sought to systematically review evidenced-based approaches that had been used to
understand and address these issues in RAS. Outside of RAS, frequent attempts have been
made to redesign multiple systems-level components, such as tasks, workspaces, and team
training to improve safety and performance. Checklists have been particularly influential on
teamwork and communication in the OR [27] and have been associated with improving
outcomes in surgery [28]. Non-technical skills, which are those that require interpersonal
and cognitive abilities to complement technical skills [29] (e.g., situational awareness,
decision making, communication, teamwork, and leadership) [26] have been demonstrated
to play a significant role in surgical outcomes alongside surgical technique. Although some
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literature exists on interventions developed to improve work-system function in RAS, the
majority of the literature focuses on the identification of barriers. Given the imbalance
between the discovery of issues and the creation and implementation of interventions to
alleviate those issues, we aimed to conduct a systematic review to better understand existing
interventions developed in hopes of reducing challenges in RAS.

Materials and methods

Using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses [30]
(PRISMA) methodology, a systematic review was conducted to examine all studies reporting
systems-level interventions in RAS from the introduction of the first surgical robot in 1985
[31] through January 2020. Institutional review board (IRB) approval and written consent
were not required for this study.

Inclusion criteria

Peer-reviewed articles in the English language were included in the review if the study
focused on identifying, implementing, or implementing and evaluating interventions aimed
to reduce systems-level issues in RAS.

Exclusion criteria

Avrticles were excluded if the publication was a literature or narrative review, an abstract, a
poster or conference presentation, a commentary, an editorial, a viewpoint, the focus of the
study was on technical skills or the design of the robotic console, or the outcome measures
of the study were focused on clinical methods.

Search criteria

The search was conducted on March 17, 2020 using PubMed, Web of Science, and Ovid
Medline. The search strategy involved locating articles that focused on RAS, systemic issues
posed during RAS, and suggested or implemented and evaluated interventions to improve
systemic issues. The following keywords were used in conjunction with “robotic surgery”
OR “robotic-assisted surgery”: “interventions,” “solutions,” “teamwork”, “communication,”
“coordination,” “Human Factors,” “Ergonomics,” “checklist,” “checklists,” “non-technical
skills,” “training,” “improve,” “development,” “assessment,” “task design,” “task analysis,”
“workspace,” “lean,” “six sigma,” “quality improvement,” “implementation,” “workflow,”

and “workload”.

Selection methods

Searches from each of the three databases were uploaded into Rayyan QCRI, a web and
mobile application for systematic reviews [32]. Duplicate records were discarded prior to the
review and categorization of each article. Two reviewers (FK, EC) independently reviewed
and categorized each of the non-duplicate studies with arbitration by a third reviewer (TC)
when necessary. The review and categorization process began with the title and abstracts and
were either included or excluded based on the inclusion and exclusion criteria. The full text
of the remaining articles was reviewed if the abstract provided information about system-
level issues in RAS. Following the review of the included articles, two reviewers (FK, TC)
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organized the articles into eight categories based on the non-technical areas that were
addressed. The articles were then further categorized by two reviewers (FK, EC) based on
the type of intervention discussed or tested (e.g., checklists) and then by year, title, authors,
abstract, issue addressed, and intervention (suggested, implemented, or implemented and
evaluated, see Table 1).

Search results from PubMed, Web of Science, and Ovid Medline returned 4630 articles that
contained any one of the search terms AND either the key term “robotic surgery” or
“robotic-assisted surgery”. Of the 4630 articles, 1868 were removed due to duplication. The
abstracts of the remaining 2762 articles were reviewed for selection. At the conclusion of
this process, 2727 articles were excluded and the full text of the remaining 42 articles were
reviewed for selection. Of the 42 articles, 12 were excluded due to the following reasons: the
focus of the study was on technical skills (n= 4), the focus of the study was on the design of
the robotic system (7= 1), a systems-level intervention was not provided (7= 4), the
information provided in the article was not based on a study that was implemented (7= 1),
the article was a review of literature (7= 1), the study was focused on trainee development
from a technical perspective (1= 1) (see Fig. 1).

Of the articles that were found to discuss various aspects of RAS, 30 articles discussed
solutions to existing system-level issues in RAS and were included for analysis; 23 articles
discussed proposed interventions based on the issues identified in RAS, and the remaining
seven studies implemented interventions and discussed the impact of those interventions.

Studies included in this review were published between 2013 and 2020, with a majority
being published during 2016 (n=7, 23%) and 2018 (/7= 6, 20%). Most studies were
conducted in the United States (1= 19, 63.33%) followed by the United Kingdom (=2,
6.67%). The remaining studies were published in Germany (7= 2, 6.67%), Italy (7= 2,
6.67%), Netherlands (7= 2, 6.67%), New Zealand (7= 1, 3.33%), Norway (7= 1, 3.33%),
and Sweden (n=1, 3.33%).

The mechanism of studies included in this systematic review were included in multiple
categories and consisted of observational approaches, which included video, audio, and live
observation (n7= 20, 66.67%), surveys (n= 11, 36.67%), focus groups or interviews (7= 5,
16.67%), and tool/intervention proposal (7= 4, 13.33%).

The most common work-system problems addressed with proposed, implemented and
evaluated interventions were flow disruptions (7= 9, 30%) followed by ergonomic
challenges for the surgeon/first assistant (/7= 5, 16.70%), challenges with communication (»
=5, 16.70%), safety and efficiency (1= 4, 13.33%), and “non-technical skills” overall (n=
3, 10%). The remaining studies assessed teamwork (/7= 2, 6.70%), integration of a robotic
system (7= 1, 3.30%) from the perspective of team coordination and operating room
environment, and team preparedness (n= 1, 3.30%). Interventions included checklists, team
training or methods to improve team coordination, or the redesign of workspace to improve
team efficiency in the operating room (see Table 1).

Surg Endosc. Author manuscript; available in PMC 2021 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kanji et al.

Page 5

Each article was categorized into one of two groups: (1) articles that suggested an
intervention based on the results of a study examining systems-level issues in RAS (n= 23,
76.67%); or (2) articles that discussed the development, implementation and evaluation of an
intervention aimed to address systems-level issues in RAS (=7, 23.33%). Following the
categorization of intervention implementation, the studies were further broken down by the
type of intervention discussed. Keeping in mind that some studies evaluated more than one
system-level issue, some interventions were included in multiple categories (see Table 1).
The categories included training (7= 9, 30%), adjustments to the operating room
environment (7= 6, 20%), checklists to improve workflow, preparation, or safety (n=5,
16.67%), teamwork to improve coordination among operating room staff (7= 5, 16.67%)
communication improvement (1= 4, 13.33%), ergonomics (7= 2, 6.67%), use of technology
(n=2, 6.67%), implementation of guidelines (7= 1, 3.33%), optimization of workflow to
improve efficiency (7= 1, 3.33%), and team briefings (7= 1, 3.33%).

More specifically, the seven articles that discussed the development, implementation and
evaluation of an intervention included checklists (7= 2, 28.57%), ergonomic training (1= 2,
28.57%), robotic to open conversion training (7= 1, 14.29%), development of guidelines for
robotic to open conversion (n= 1, 14.29%), and the implementation and evaluation of new
technology (7= 1, 14.29%). Interventions were evaluated in both training environments (7=
4, 57.14%) and in operating rooms during real procedures (7= 3, 42.86%). Multiple
outcome measures were used to determine the success of the intervention which included
surveys (n= 3, 42.86%), evaluation of errors and time (n= 2, 28.57%), focus groups (7= 1,
14.29%), and hospital readmissions over a 30-day period (7= 1, 14.29%). All seven
interventions that were implemented were determined to be successful such that the
interventions decreased ergonomic strain (1= 2, 28.57%) or improved non-technical skills
such as communication, teamwork, workflow, and patient safety. Although the interventions
were impactful in improving issues faced in the operating room during RAS, six of the
studies reported limitations of the intervention related to the method chosen to test or device
chosen to use for the intervention (e.g., simulation, headsets, etc.) (7= 3, 42.86%),
reluctancy of staff to adopt the intervention (7= 1, 14.29%), or the subjective nature of
responses or assessment of ergonomic strain (7= 2, 28.57%) (see Table 2).

Discussion

The 30 studies that met inclusion criteria support the notion that introducing RAS
technology into the operating room presents challenges that force new adaptations to
existing routines and processes. Rather than solely focusing on surgical techniques,
implementing systems-level solutions can make a positive impact on team dynamics,
communication, preparedness, patient recovery and safety. However, many risks and issues
with RAS remain unaddressed systematically, evidentially, and in everyday practice.
Multiple commentators have observed that the spread of surgical innovation often precedes
systems-level safety analysis [5, 14]. RAS is no exception. As robotic systems improve and
RAS becomes more popular, it is important to address the current issues that exist within
RAS and develop solutions to overcome those barriers.
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All 30 studies identified systems-level issues associated with the integration of RAS, and a
majority (76.67%) proposed solutions, but did not implement or evaluate the impact. Ahmad
et al. [9] explored OR setup by tracking movements of OR staff and argued that
approximately 50% of all movements could have been avoided if the OR setup was designed
to cater toward the needs and tasks of OR team members. In another example Allers et al.
[38] studied flow disruptions in ten robotic-assisted prostatectomy procedures and proposed
that improved preparation could aid in decreasing the amount of disruptions that occur
during a single procedure and in turn improve efficiency and safety. Similarly, Catchpole et
al. [6] examined flow disruptions in RAS in urology, gynecology, and cardiac surgery and
suggested that OR staff performance, efficiency, and operative duration could be improved
through training and effective communication and coordination among OR staff members.
Craven et al. [40] investigated ergonomics of the robotic console through the evaluation of
strain experienced by the operating surgeon in gynecologic oncology and suggested that
ergonomic training could educate surgeons on proper ergonomic practices. While each of
these studies helped to paint a clearer picture of how work is done in the RAS system, the
proposed interventions served only as suggestions and were neither investigated nor
evaluated.

A much smaller proportion of studies (23.33%) actually implemented and evaluated
interventions. A 2016 New Zealand study introduced a surgical checklist for radical
prostatectomies [33]. The checklist was used for two months; its use resulted in improved
efficiency, increased confidence among OR staff when assisting in a RALRP procedure, and
a positive change in teamwork between OR staff [33]. More specifically, through focus
groups, it was reported that the checklist was helpful during setup prior to the prostatectomy
procedure, allowed the surgical teams to be more prepared for the procedure, and improved
teamwork and efficiency while decreasing workflow interruptions [33]. McCarroll and
colleagues (2015) also evaluated the efficacy of a checklist in RAS. Here authors
investigated the use of a Robotic Operating Room Computerized Checklist during robotic-
assisted gynecologic surgeries to reduce readmissions post surgery. The checklist was
developed specifically for RAS and included items such as ensuring that the robotic
instruments were properly inspected, the surgical team had the opportunity to introduce
themselves to the rest of the team prior to performing the initial incision, and equipment
issues were addressed before the patient was wheeled out. The implementation of the
checklist reduced the number of readmissions without affecting operating times [34].

A lack of evidence-based approaches, and more importantly, standardized interventions to
address the challenges in RAS, means that some organizations (or units within them) have
developed techniques to prepare their staff for the introduction of this technology, while
others have not. Ongoing observational work would suggest that team members adapt to the
unique challenges presented by RAS [7]. Consequently, some teams, and some hospital
systems, understand and address risks better than others. One criticism of healthcare
solutions is that they are human-focused (e.g., encouraging individuals to “try harder”,
“work faster”, or “figure it out”) rather than being oriented towards embedding behaviors
within the wider socio-technical system. Consequently, there is a need to change the way
stakeholders think about issues in RAS. This includes developing interventions that include
multiple solutions, from developing checklists to rearranging operating room layout, and

Surg Endosc. Author manuscript; available in PMC 2021 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kanji et al. Page 7
evaluating the effects on individuals (teamwork, workload), processes (disruptions,
duration), and outcomes (length of stay, blood loss, adverse events).

Though clinical evaluation usually focuses on patient outcomes, this assumes a linear and
deterministic relationship. Meaningful process evaluations may be more important for the
evaluation of human factors interventions than the outcomes, which do not afford the ability
to diagnose and mitigate breakdowns, especially with respect to non-technical skills like
teamwork [35]. Furthermore, while individual interventions may have some value within a
complex system, a combination of interventions may amplify the effects of a more limited
approach. For example, a surgical safety checklist might also benefit from improved
teamwork training [36] which in turn might benefit from attention to the OR layout and
design of the space. While there has been a recognition of a range of issues associated with
RAS, and some suggested interventions, the evaluation of these effects has been less
rigorous or absent. A better clinical evidence-based approach would improve the
implementation of human factors methods for improving RAS safety and efficiency.
Limitations

This review was focused on identifying interventions developed to address system-level
challenges in RAS and excluded studies that failed to suggest or implement interventions.
As a result of exclusion criteria, we may not have documented additional work-system
challenges in RAS that may have more clearly emphasized the gap between identified
challenges and proposed solutions. In other words, this gap may be wider than what was
captured in the current review. Moreover, 20 studies involved observational methods for
assessing challenges and interventions and may be susceptible to detection bias.
Complementary approaches such as Failure Modes and Effects Analysis might be less
susceptible to bias, even though such approaches may oversimplify other aspects of the task.
Next, by limiting the review to only peer-reviewed published articles, information on
suggested or implemented interventions that exist in the gray literature (i.e., literature
published in a non-traditional way), conference proceedings, or dissertations may have been
missed. In addition, given that work-system breakdowns and interventions encompass a
wide range of terms (e.g., teamwork, tools and technology, tasks, workplace environment),
some relevant studies may not have been captured, therefore limiting our findings.

Conclusions

The aim of this study was to develop a better understanding of the interventions developed to
address work-system challenges associated with RAS. Despite decades of use, interventions
to address frequently identified side effects of RAS implementation such as task complexity,
ineffective communication, and workspace limitations have only been proposed in the last
several years. Moreover, only a handful of these suggested interventions have been
implemented and evaluated. The introduction of complex technology (e.qg., a surgical robot)
to the surgical system drastically changes the way in which work is traditionally done, and
while interventions may help teams adapt to new processes, we must bear in mind that the
processes we are trying to improve must be studied and addressed systematically. Future
work should focus on identifying problems and implementing systems-level interventions
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aimed at improving OR efficiency during RAS such that disruptions to workflow are
minimized, while outcomes related to safety, teamwork, ergonomic practices, and other non-
technical skills are improved.
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Records identified through database searching
n=4,630

Abstracts screened after duplicates removed
n=2,762

Excluded (n=2,727)

Full-text articles assessed for eligibility

n=42

Reasons for exclusion (n=12)
Technical Skills (n=4)
Robotic System (n=1)

No systems level intervention (n=4)
No study conducted (n=1)
Review (n=1)

Trainee Development (n=1)

Studies for inclusion
n=30

Fig. 1.
PRISMA Diagram of included studies demonstrating the number of records identified

during the database search and abstracts excluded and full-text articles that were included
and excluded [30]
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