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Abstract

Background The introduction of new technology into the operating room (OR) can be beneficial for patients, but can also
create new problems and complexities for physicians and staff. The observation of flow disruptions (FDs)—small devia-
tions from the optimal course of care—can be used to understand how systems problems manifest. Prior studies showed that
the docking process in robotic assisted surgery (RAS), which requires careful management of process, people, technology
and working environment, might be a particularly challenging part of the operation. We sought to explore variation across
multiple clinical sites and procedures; and to examine the sources of those disruptions.

Methods Trained observers recorded FDs during 45 procedures across multiple specialties at three different hospitals. The
rate of FDs was compared across surgical phases, sites, and types of procedure. A work-system flow of the RAS docking
procedure was used to determine which steps were most disrupted.

Results The docking process was significantly more disrupted than other procedural phases, with no effect of hospital site,
and a potential interaction with procedure type. Particular challenges were encountered in room organization, retrieval of
supplies, positioning the patient, and maneuvering the robot.

Conclusions Direct observation of surgical procedures can help to identify approaches to improve the design of technology
and procedures, the training of staff, and configuration of the OR environment, with the eventual goal of improving safety,
efficiency and teamwork in high technology surgery.

Keywords Robotics - Surgery - Human factors - Teamwork - Flow disruptions - Safety

The integration of technology into healthcare carries with it
a host of new challenges. Although the use of surgical robots
has various benefits for surgeons and patients [1, 2], there is

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s0046
4-020-08258-0.

P< Ken Catchpole
catchpol@musc.edu

Department of Anesthesia and Perioperative Medicine,
Medical University of South Carolina, Charleston, SC, USA

Department of Surgery, Cedars-Sinai Medical Center,
Los Angeles, CA, USA

Department of Urology, Medical University of South
Carolina, Charleston, SC, USA

4 Cedars-Sinai Medical Center, Los Angeles, CA, USA

Medical University of South Carolina, Storm Eye Building,
167 Ashley Avenue, Charleston, SC 29425, USA

@ Springer

also an increased need for intricate problem solving in the
OR, a high demand for effective communication [3, 4], and
the need to cultivate an environment that suits both the team
and technology during robotic assisted surgery (RAS) [5-7].
Identifying the obstacles that OR teams experience might
lead to more efficient robotic procedures and increase our
understanding of human interactions with complex surgical
technologies.

Direct observation of the clinical work environment
has been used to understand where barriers to optimal
system function may exist and assist with identifying
opportunities for improvement. The identification of
surgical flow disruptions (FDs) or deviations from the
optimal course of care that may alter, slow down, or
stop the process. [§—10] can help identify the challenges
that teams experience at a task-specific level, which can
guide interventions aimed at improving efficiency and
safety towards the most difficult aspects of RAS. The
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preparation and execution of robot docking involves
active participation from the OR team to coordinate the
management of the patient, equipment, and technology
in the work environment to ensure the robot is posi-
tioned correctly for a given procedure, the connection
of the robotic arms to the trocars, and the installation
of multiple robotic instruments as well as the camera
[11]. Numerous pieces of equipment including the CO,
gas canister and tubing for insufflation, the laparoscope
and trocars for port placement, the patient cart, power
and fiberoptic cables, robotic instruments, and standard
OR equipment (OR table, trash cans, anesthesia station,
surgical tables) must all be managed when repositioning
the robot. This equipment management must be done at a
specific time and within a constricted work environment.
This requires the team to communicate and coordinate
interdependent tasks with a range of hazards that require
specific technical skills—skills that go well beyond the
surgical training of traditional non-robotic OR staff. Dis-
ruptions are typically related to coordination, communi-
cation, training, and equipment [12—14].

This study aimed to investigate the tasks involved in robot
docking by analyzing the rate and content of FDs during
various robotic procedure types at multiple hospital sites in
an effort to identify the sources of disruption. By deploy-
ing the same observational methods across three different
sites, we also aimed to differentiate between local health
system issues and generalizable observations related to the
design of the robot. Finally, by breaking RAS docking down
into individual tasks, and exploring qualitative descriptions
of disruptions, we sought to identify methods that might
improve this process.

Methods

This prospective, direct observation study was conducted
between July 2019 and March 2020 across three hospital
sites (site 1: 208-bed academic county hospital designated as
a level II trauma center; site 2: 133-bed community hospital;
site 3: 866-bed non-profit academic hospital designated as
a level I trauma center) in Southern California. All research
activities were approved by the Institutional Review Boards
for all study sites. Site 1 acquired its single Da Vinci Xi
robot in 2017, and it is used by general surgery, urology, and
gynecology teams. Site 2 had one Si robot that was replaced
by an Xi robot that is used daily (up to 10 cases weekly),
with a robotic surgical program dating back to 2012. At Site
3 there are 5 da Vinci robots, including 2 Sis and 3 Xis with
teaching consoles for training, with a program dating back
to at least 2005.

Observer training

Trained human factors researchers conducted each obser-
vation following the completion of observer training.
The researchers were two full-time research assistants
based in the department of surgery at site 3 who visited
the other two sites to collect data. Human Factors experts
guided and trained each observer in the identification and
standardized collection of FDs. The observers were also
trained in the basic components of robotic surgery in order
to be able to tangibly isolate and describe such disruptive
events.

Comprehensive observer training was ensured with
both classroom and floor training. Observers were required
to review relevant literature, understand general practice
guidelines for observing in the OR (e.g., where to stand,
what to avoid, who to speak to), and conduct practice obser-
vations. The practice observations were broken down into
three phases, all performed under the direct supervision of
an experienced observer. During phase one, the trainees ori-
ented themselves to the real-time events of both the OR and
the general steps in RAS. The trainee was also introduced
to the OR staff and any other involved key personnel. Dur-
ing phase two, the trainer and trainee observed three RAS
procedures together to practice collecting FDs and become
familiar with the data collection tool. Phase three was
dedicated to determining inter-rater reliability by having
the trainer and trainee simultaneously, yet independently,
conduct observations for at least three full RAS procedures.
Observers were considered fully trained if, after three full
case observations, intra-class correlation coefficients (based
on number of observed disruptions per phase) were greater
than 0.80, indicating good reliability [15].

Data collection

Following the completion of training, observers indi-
vidually conducted observations in the OR. All relevant
RAS cases were pre-identified on a monthly basis by
scanning the surgical schedule and recording a list of
procedures. All procedures observed were conducted
with the Da Vinci Xi surgical robot, with the exception
of one procedure at site 2, which was performed with the
Si robot. Observers attended those cases that fit within
their allotted work hours and schedule. Observers used
Microsoft Surface Pro tablets configured with a cus-
tomized data collection tool developed using Microsoft
Excel to collect data. The data collection tool divided
procedures into five phases, as opposed to the four
phases previously used in similar research [8, 9, 16], to
more clearly distinguish between task demands through-
out the procedure. Phases consisted of phase 1—patient
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in the room to insufflation, phase 2—insufflation to sur-
geon on console (including docking), phase 3—surgeon
on console to surgeon off console, phase 4—surgeon off
console to patient closure, and phase 5—patient closure
to patient leaves the operating room. During each proce-
dure, FDs were recorded into the appropriate phase, and
a narrative, time-stamp, and classification (based off of
a robot-specific FD taxonomy [8]) were also recorded.
Hospital, OR number, robot model, procedure, and
whether the case involved trainees was logged as well
as the age, sex, body mass index, and American Society
of Anesthesiologists (ASA) physical status classification
of the patient.

Each FD was categorized into one of ten categories:
communication, coordination, environment, equipment,
external factors, other, patient factors, surgical task con-
siderations, training, or unsure. The categorization system
is modeled after previous studies [9], as well as the exam-
ples provided for each FD category (Table 1).

Once in the OR, observers remained as unobtrusive
as possible. They stood at an appropriate vantage point
in the room without getting in the way of team mem-
bers. Once an appropriate time presented itself, observ-
ers introduced themselves to the circulating nurse and
informed them of the reason for their presence. Observers
did not directly engage in conversations with operating
room staff, however, if a staff member approached them
with any questions/comments they would respond.

Statistical analysis

SPSS (version 25, IBM Corporation) was used to conduct
the statistical analyses. Analysis of Variance (ANOVA)

Table 1 Flow disruption categories, definitions, and examples

was used to compare FD rates between sites overall
and for each phase of surgery. Mixed model ANOVA
with repeated measures was used to determine if there
was an effect of phase, hospital site, or an interaction
between phase and site. When the assumption of spheric-
ity was violated, the p value of Greenhouse—Geisser was
reported. Procedure type was not included in the mixed
model ANOVA due to sample size limitations, however
FD rates for gynecological and hernia procedures were
compared using t-test analyses. These two categories
allowed us to compare abdominal versus pelvic proce-
dures, which have different implications related to robot
docking. We would have liked to compare all procedure
types but only gynecological and hernia procedures were
compared due to sample size limitations. Three proce-
dures were excluded from this analysis because they
included additional gynecological components as well as
hernia or general surgery components, therefore they did
not qualify into only one procedure category. Significance
was assessed at the alpha=0.05 level.

Development of work-system flow

A work-system flow diagram was developed based on edu-
cational videos about the Da Vinci Xi Surgical System, the
Da Vinci Xi System User Manual, and observations and nar-
ratives. The diagram outlined the tasks involved with phase
two of RAS procedures. An analysis of the written descrip-
tion of FDs within phase 2 of each procedure was conducted
to select the disruptions that pertained to the work-system
flow. The selected FDs were matched to the corresponding
step of the work-system flow, which revealed the distribution
of FDs across all steps.

Categories Definition Examples

Communication Any miscommunication that impacts surgery progress ~ Miscommunications on what tasks need to be done

Coordination Any lapse in teamwork to prepare for/conduct surgery ~ Reposition other equipment to accommodate the robot;
that affects surgery flow moving boom

Environment Any room conditions that impact surgery progress CN trips over robot cord

Equipment Any equipment issue that affects surgery progress Robot arms hit bedside assist; robot hits other robot arm

External factors

Other

Patient Factors
surgery

Surgical task considerations

Training Any instruction given to surgical team members related
to the case
Unsure Undecided on category for disruption

Any interruption that is not relevant to the current case

Disruption that does not fit into a category
Any patient characteristic that impedes efficiency of

Any surgeon pause to determine next surgical step

Non-relevant team members coming into the case to ask
questions/observe

Loud noise from equipment
Obesity making it difficult to place ports

Surgeon states he/she wants to identify the ureter before
moving forward

Surgeon explains to resident where to cut mesh

ST1 had to move trash can out of the way with foot,
Anes brought food into OR
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Results

Forty-five robotic-assisted procedures were observed
(Table 2). The average procedure length was 3.33 h (95%
CI 3.01-3.65 h). Gynecological procedures averaged 41.57
FDs/h (95% CI 32.15-51.02 FDs/h) and hernia procedures
averaged 40.59 FDs/h (95% CI 35.82-45.36 FDs/h). During
phase 2, gynecological procedures averaged 51.32 FDs/h
(95% CI 35.40-67.24 Fds/h) and hernia procedures aver-
aged 45.03 FDs/h (95% CI 36.99-53.07 FDs/h). These pro-
cedures did not have significantly different FD rates overall,
1(16)=0.202, p=0.843 (adjusted for unequal variance), or
during phase 2, #30)=0.860, p=0.397.

Phase and site

The procedures observed at site 1 had an average FD rate of
37.42/h (95% CI 30.24-44.60 FDs/h), at site 2 an average
of 40.19/h (95% CI 35.80-44.58 FDs/h), and at site 3 an
average of 42.83/h (95% CI 37.53-48.13 FDs/h) (Fig. 1).
ANOVA demonstrated average FD rates were not signifi-
cantly different between the sites, F(2, 42)=0.80, p=0.456.
Two procedures were removed from the analysis due to
incomplete data.

For phase 2 (docking), site 1 averaged 44.62 FDs/h (95%
CI 31.95-57.28 FDs/h), Site 2 averaged 49.54 FDs/h (95%
CI 40.44-58.64 FDs/h), and site 3 averaged 53.52 FDs/h
(95% CI 42.37-57.28 FDs/h) (Fig. 1). ANOVA demonstrated

Table 2 Procedures observed

there was no significant difference in FD rate among sites
during phase two, F(2, 44)=0.573, p=0.568.

A mixed model ANOVA demonstrated a significant effect
of phase [F(3, 125)=2.72, p=0.045] but no main effect
of site (p =0.462) and no interaction effect (p =0.591) of
flow disruption rate (FDs/h). The average FD rate for phase
1 was 39.99 FDs/h (95% CI 32.45-47.53 FDs/h), phase 2
was 49.22 FDs/h (95% CI 43.33-55.08 FDs/h), phase 3
was 38.00 FDs/h (95% CI 34.53—41.40 FDs/h), phase 4 was
41.69 FDs/h (95% CI 35.94-47.44 FDs/h) and phase 5 was
33.77 FDs/h (95% CI 26.81-40.73 FDs/h) (Supplemental
Figure S1). Pairwise comparisons using Least Significant
Difference and applying Bonferroni correction, demon-
strated significant differences between phase 2 and phases 3
(»p=0.015) and 5 (»p=0.019), and no significant difference
between phases 1 and 4 (p > 0.05). Phases 1 and 4 were not
significantly different than any other phase (p >0.05).

Categorization of flow disruptions

A total of 1229 FDs were observed during phase two. Coor-
dination FDs were most common across all sites occurring
at an average of 27.13 FDs/h (95% CI 23.89-30.37 FDs/h)
and making up an average of 55% of recorded FDs. Commu-
nication FDs were the second most common (14%), occur-
ring at an average of 6.45 FDs/h (95% CI 5.02-7.89 FDs/h).
The remaining categories of FDs occurred at 4.58 FDs/h or
less (Supplemental Figure S2). Patient factors, surgical task

Hernia repairs Gynecological

Urological General

Inguinal (x17)
Umbilical (x1)
Ventral (x1)
Hiatal (x1)

Excision of endometriosis (X2)

Hysterectomy/salpingectomy/sacrocolpopexy (x10)
Umbilical hernia + hysterectomy + salpingectomy (x1)

Prostatectomy (x2) Gastric bypass (X2)
Colon resection (X2)
Sleeve gastrectomy (X2)

Hiatal hernia + sleeve
gastrectomy (X2)

Fig. 1 Flow disruption rate by 70
site and surgical phase
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considerations, other, and uncategorized (unsure) disrup-
tions each represented less than 1 FD/h. Site 2 experienced
the highest rate of equipment FDs (4.2 FDs/h) while site 3
experienced a relatively even distribution of communica-
tion (5.78 FDs/h), environment (6.17 FDs/h), external (6.56
FDs/h), and training disruptions (5.89 FDs/h).

Work-system flow

The tasks in phase two included preparing the OR and
patient for robot docking via instrument preparation, insuf-
flation and laparoscopy, and positioning the patient and
patient bed followed by docking the robot. Substeps are
listed under the more complex tasks (Fig. 2). While this
is not a complete list of all tasks, and the order of the task
steps vary based on the surgical procedure and surgical
team, this flow diagram serves as a visual to identify at

what point, and why, FDs were occuring within the second
phase of surgery.

Docking-related flow disruptions

The task that was most disrupted during phase two was
docking the robot. Observers noted a total of 96 FDs during
this task; this represented 38.10% of docking-related disrup-
tions. The most common FDs were coordination and envi-
ronment FDs related to obstructions or collisions while the
robot was moving towards the patient. Organizing the room
for the case (44 FDs), preparing the robot for docking (41
FDs) and retrieving instruments and supplies (40 FDs) were
the other tasks commonly disrupted. Coordination and envi-
ronment FDs such as adjustment of the OR bed and patient
in preparation for docking, team members leaving the room
to retrieve missing supplies, scrub techs missing a tool or

Fig.2 Docking worflow
Phase 2 begins |———
: l
Room organized for robotics case
E S 2 Insufflation
. Robot set to correct surgical setting
. Three pieces of robotic equipment (patient l
cart, vision cart, surgical (.:onsole) are in Laparoscopy
safe and preplanned locations -
. Plan for placement of non-robotic ® Prepare equipment
equiplnent L4 Insert ]aparoSCOpe
A
Retrieval of instruments and
supplies
v
> Prepare for robot docking <
o Prepare equipment
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Table 3 Docking steps with FD frequencies and descriptions. The bolded tasks are the major tasks identified in the work system flow
Phase 2 work-system steps Overall  Gyn Hernia Flow disruptions
(n=45) (m=12) (%) (n=20)
(%) (%)
Room organized for robotics case 17.5 24.7 14.0
Robot set to correct surgical setting 0.4 0.0 0.9 Robot set to “umbilical” instead of “lower abdomen” (1)
Three pieces of robotic equipment are in 6.0 6.2 6.1 Location of patient cart/vision cart/console creates move-
safe and preplanned locations ment congestion (15)

0.4 0.0 0.9 Robotic equipment is not functioning (1)

4.0 8.6 0.9 Cords on floor hazardous to human and equipment move-
ment (9), OR door hits vision cart (1)

0.4 0.0 0.9 Console in incorrect location (1)

Plan for placement of non-robotic equip- 0.8 0.0 1.8 Confusion on where equipment should be to accommodate
ment robot (1), anesthesia must move equipment to accommo-
date for robotic equipment (1)

5.6 9.9 2.6 Equipment moved to allow human movement (7), cables

run over while moving equipment (7)
Retrieval of instruments and supplies 159 9.9 17.5 Team member leaves OR to retrieve missing supplies (20),
circulator misses request while retrieving supplies (2),
scrub tech missing a tool/incorrect tool/broken tool (18)
Insufflation 24 3.7 0.9 Surgeon asks for gas on, no response (5), gas can is empty
1
Laparoscopy 8.7 11.1 8.8
Prepare equipment 7.1 9.9 6.1 Bed or patient adjustment (14), monitors or camera are off/
need adjustment (4)
Insert laparoscope and ports 1.6 1.2 2.6 Instruments still being sterilized (2), camera must be
cleaned (1), incorrect type/number of laparoscopes (1)
Prepare for robot docking 16.3 124 17.5
Prepare equipment 0.8 0.0 0.9 Circulator does not know how to switch monitors to Da
Vinci view (2)
0.4 1.2 0.0 Lights are off (1)
2.0 2.5 1.8 Clarification about where robot will dock (5)
Adjust OR bed and patient 11.9 4.9 14.9 Bed adjustment (27), anesthesia unfamiliar with adjusting
bed for robot (1), patient must be moved (2)
Create path for robot 1.2 3.7 0.0 Repeated requests to move equipment (2), lights/boom/IV
poles are in the way (1)
Dock robot 38.1 38.3 38.6
Direct the robot driver 11.1 7.4 15.8 General ability to drive robot (27), rep is out of the room
when he/she is needed for docking (1)

0.4 1.2 0.0 Confusion between surgeon and OR staft about where robot
should dock (1)

0.4 0.0 0.9 Driver cannot hear instructions from surgeon (1)

Robot moves toward patient 0.8 1.2 0.9 Piece of robot breaks off due to collision (2)
15.9 17.3 114 Obstruction or collision with lights (8), cart or tray (3),
trash can (1), monitor (7), boom (7), cords (2) patient (7),
team member (2), OR door (1), or kick bucket (2)

2.0 0.0 2.6 Robot driver needs assistance (1), has poor visibility (1),
collides with monitor (1), has to stop driving to retrieve
item for scrub tech (1), yells across room to ask team to
move equipment (1)

2.0 2.5 0.9 Robot backed away from bed and readjusted (1), arms need
adjustment (3), undock/redock (1)

0.8 2.5 0.0 Drapes falling off robot (2)

Attach robot arms to ports 1.2 2.5 0.9 General training of residents/scrub tech (3)
Switch monitors to Da Vinci view 2.0 2.5 2.6 Missing cable (1), monitors not connected correctly (1),

poor camera visibility (3)
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Table 3 (continued)

Phase 2 work-system steps Overall  Gyn Hernia Flow disruptions
(n=45) (m=12) (%) (n=20)
(%) (%)
Insert instruments 1.6 1.2 2.6 Robot arms need manual adjustment (1), scrub tech strug-
gles to hand surgeon instruments due to location of robot
arms (1), incorrect insertion of instruments (2)
Robot docked, ready to operate 1.2 0.0 2.6
Patient cart in a safe location 1.2 0.0 2.6 Anesthesia must adjust entire station (2), placement of

monitors to accommodate patient cart cuts off anesthesia
view of patient and communication with team (1)

having an incorrect or broken tool, and cord hazards gener-
ated a high percentage of the total FDs collected (Table 3).

Discussion

The equipment and processes required to appropriately,
safely, and efficiently dock a surgical robot in a limited phys-
ical space and under time pressure creates several unique
challenges for surgical team members. The unique technical
and non-technical challenges during this part of the surgery
were reflected in a higher rate of surgical FDs in compari-
son to all other phases of care, replicating findings from
previous studies [8, 9, 13, 14]. This held true in the current
study across sites and surgical procedure types, suggesting
the systemic challenges associated with the preparation and
execution of docking in RAS are related to the design of the
robot rather than the skills of the teams studied. Building
on our prior studies, which focused on quantification and
classication of FDs, we were able to utilize the qualitative
FD descriptions to explore the specific docking challenges
observed across sites. The most common FDs were gener-
ated by organizing the room for a robotic procedure, retriev-
ing instruments and supplies, preparing for robot docking,
and docking the robot. The technical complexity, physi-
cal size, and basic design of the robotic system increases
demands on the surgical team to successfully coordinate the
technology and equipment within the work environment.
Through direct observation of FDs, it may be possible to
identify work-system interventions aimed to mitigate these
challenges.

The majority of FDs primarily manifested during four of
the seven major steps associated with the docking phase of
RAS as defined by our work system flow diagram: (1) room
organized for robotics case, (2) retrieval of instruments and
supplies, (3) preparation for robot docking, and (4) docking
the robot. Organizing the room prior to docking requires
the arrangement of robotic and non-robotic equipment in
preparation for the surgical procedure. The most frequently
recorded FDs related to traffic in and out of the OR and the

@ Springer

positioning of cords on the floor, both of which disrupt the
arrangement of robotic (patient cart, vision cart, surgical
console) and non-robotic (surgical tables, booms, anesthesia
station) equipment. The movement of people and equipment
in a relatively concentrated space is exacerbated by the need
to retrieve missing, incorrect or broken instruments and sup-
plies. While this is a common problem in surgery [17, 18],
it can be especially disruptive as RAS equipment is often
stored outside of the OR, due to the size of the equipment
and the lower frequency of robotic procedures. Team mem-
bers who have to leave to deal with instrument and supply
problems are also unable to contribute to the other necessary
preparation and docking tasks. Relative expense means that
inventories are kept low, increasing the risks of delays from
broken or unsterilized equipment. This increases the pres-
sure on sterile processing departments (SPDs) to be accu-
rate, efficient, and fast in cleaning robotic instruments; the
responsibility of OR staff to be able to prepare equipment
and recognize omissions or breakages early; and the need for
close collaboration between the OR and SPD [19].

Patient and robot positioning were also a challenge. RAS
procedures require specific height, location and patient posi-
tioning adjustments [20]. This requires expertise and fore-
knowledge in the requirements for surgery, and in maneuver-
ing patients into position, operating the bed appropriately,
then securing patients for the surgery [21]. Moving the robot
towards the patient was the most disrupted task, caused by
the robot being obstructed by or colliding with equipment
(monitors, IV poles and drips, lights, and booms, the patient
bed, anesthesia equipment, surgical tables, robotic equip-
ment, trash cans, and cords on the floor). This is especially
challenging, as the driver (usually OR staff) has to listen
to the surgeon for guidance while simultaneously steering
and avoiding obstacles. Often the driver is unsure of where
the robot should dock in relation to the surgical anatomy.
We noted damage to the robot, equipment, injury to team
members or the patient, and a delay in the docking process.

By taking a closer look at how teams interact with the
robot and OR environment during multiple types of proce-
dures at several hospitals, we have a greater understanding
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of why the docking process is highly disrupted, regardless of
procedure or site. Space limitations, inadequate room con-
figuration, lack of specialized training, and inadequate team
communication and coordination are all factors that likely
had a negative impact on the second phase of RAS. Address-
ing these disruptions can be broadly organized into work-
space management—that is, configuring the layout of the
OR to reduce the potential for collisions/obstructions while
allowing for staff movement and access to instruments and
supplies; teamwork and coordination, to ensure appropri-
ate supplies, deal with problems, and to maneuver the robot
and patient into place safely; and specialized robotic skills,
training and cognitive support to ensure staff are able to pre-
pare and perform to the specific requirements of RAS. Role-
specific training could enable team members to sharpen their
understanding of the unique instruments, supplies, bed and
patient positioning for different RAS procedures. The con-
cept of assigning a “leader” nurse who is responsible for
organizing training has been proposed but not empirically
tested, however we believe this new role could lead to oppor-
tunities for improving task training [22]. Team-based train-
ing could improve communication and coordination skills
that would particularly benefit the task of docking the robot,
but would likely have a positive impact on the entire phase.
Reconfiguring or altering OR design and space allocation
is another chance to improve the second phase of RAS. A
reorganization of current equipment may allow for the safer
movement of human and equipment traffic, and the possi-
bility of more robotic supplies being stored in the room.
Human movement patterns during RAS have been studied,
and could guide the reorganization process [5].

We attribute the higher rates of FDs found here, in com-
parison to prior studies, to using a smaller number of dedi-
cated and more carefully trained observers, who may have
been more cued in on the types of FDs to look for given our
prior work. The three different organizations also predis-
posed higher numbers of FDs since one had seen a recent
increase in the robotic services there, diluting the expertise,
while the other two had lower volumes and thus less extant
expertise. One particular strength of our FD method is that
it uses both quantitative ‘counts’ of FDs and the qualitative
free-text note that describes each FD as it is observed. The
qualitative data were used here both to ensure there were
no false positives, and to provide the specific events that
were used in the final detailed analysis in Table 3. For exam-
ple, we reviewed bed-related flow disruption, specifically
because adjusting the bed can be a trial & error process. In
doing so, we found miscommunications between surgeons
and anesthesia providers; instances where the room had not
been set up in the first place so the table had to be physically
moved with the patient on it; disruptions where the robot
needed to be undocked and re-docked to find the right posi-
tion; and equipment limitation issues that prevented optimal

positioning. While the focus of prior studies has been on
quantitative and statistical analysis, the mixed methods and
qualitative data employed here provides a richer understand-
ing of RAS challenges, and specific areas for improvement.
Interviews or focus groups, guided by these findings, could
also provide a deeper perspective.

For practicing RAS surgeons, we offer a number of sug-
gestions. Not all options will be available to you, but some
certainly are. First, recognize that efficiency and safety in
RAS are not just about precise individual technical skill,
but also about leading and supporting the rest of the team.
Docking needs multiple people with a shared understanding
to coordinate in sequence. Rely on and encourage leadership
from your more experienced staff. New team members will
need more guidance and support. Preparing with a briefing,
and training as a team will make this more effective. As you
prepare to dock, remind the team of the docking sequence
and requirements, and ensure everyone has a role before you
start. Announcing the start of the docking process and the
completion of key tasks, verbal acknowledgements from the
time (“readbacks”) would also enhance team coordination.
Having a key word or phrase that will halt the process might
also be beneficial. Specificity in language and communica-
tion particularly in relation to positioning will also make the
process smoother. Having a well-organized room of suffi-
cient size and organization of the operating room also makes
a difference. Locate equipment in places that are appropriate
for the case, and make sure clear paths are available for staff
and equipment to traverse when needed. Also, anticipating
that the robot can interfere with overhead booms, and power
cables on the floor may allow you to create a movement path
to avoid damage to the robot or other equipment. This clear
path might even be marked out on the floor. Making sure a
team member is there to look out for either floor or overhead
problems as the robot is moved would also be valuable. Con-
sistency of roles during docking allows team members to
become familiar with specific tasks which will also be ben-
eficial. Finally, having opportunities to review performance
as a team or even practice together in simulation might con-
tribute to a continuous learning cycle that will enhance the
process. This may be informed by translating models from
other high risk industries [23].

A number of prior studies have related FDs to specific
outcomes including morbidity and death [24], and major
failure escalations [25] in congenital heart surgery; sur-
gical errors in cardiac surgery [10], and increased work-
load that reduces technical performance [26]. However,
the relationship between FDs and outcomes is not direct.
Damage to a robot after clashing with an overhead boom
might lead to multiple case cancellations, which may or
may not affect patient outcome measures or the course of
care for an individual patient. A damaged robot that lead
to a patient injury would be a significant safety event, but
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might not make a statistical difference to outcome rates. In
most cases, docking issues make no detectable difference
to patient outcomes. However, while patient outcomes are
paramount, they are not the only outcome of importance. For
many teams, addressing FDs would create a smoother, more
efficient process that can reduce OR time, enhance teamwork
and job satisfaction while also reducing the risks of multiple
complications. Thus, FDs are best seen in the context of a
complex adaptive system [27], which may not be directly
reducible to process-outcome relationships, but which sug-
gest a very broad range of clinical implications for this work.
Though we feel that a larger sample might not demon-
strate different FDs, it might enable a stronger compari-
son between sites, revealing differences in how individual
robotic programs or specialties overcome obstacles. Oppor-
tunity sampling meant that there was an imbalance in sam-
pling across sites, as procedure types were not controlled for,
so differences according to anatomical site were not included
in the mixed model analysis. Though extensive work was
conducted to prepare and train observers, and it is difficult to
see other ways to collect these data—direct observation car-
ries a range of challenges [28]. Certainly it is possible that
some of the observers missed or did not perceive or record
certain FDs. However, the training process used for observa-
tion supported high levels of inter-rater reliability, and the
clinical implications were not a focus of this study. Addition-
ally, factors such as surgeon experience with RAS, or patient
considerations (e.g., BMI, complexity of case, etc.) were not
included in this analysis, but could have provided additional
context about the individual factors that impact RAS dock-
ing. A comparison between the Da Vinci Si and Xi was not
included in this analysis, since only a single procedure was
performed with the Si. Future studies could focus on the
effects of surgical experience, procedure type and room size
on FD rate and content during docking. We plan to observe
more RAS procedures for a further analysis of the effect
of procedure type on FDs, particularly to compare dock-
ing by surgical site (abdominal versus pelvic regions), and
to explore the effects of different interventions, including
teamwork, task design, and workspace management.

Conclusion

Robotic-assisted procedures are complex processes that
create unique challenges for OR teams. Through our pro-
spective observational study of FDs during RAS, we have
identified robot docking as a highly disrupted part of RAS,
with several tasks within the docking process commonly
generating disruptions. Organizing the room for a robotic
procedure, retrieving instruments and supplies, preparing
the robot for docking, and docking the robot generated the
most flow disruptions. Workspace management, improved

@ Springer

teamwork and coordination, and the development and sup-
port of RAS-specific skills might help reduce these problems
and make the docking process safer and smoother. Analyz-
ing FDs during RAS can help bridge the gap between teams
and technology in surgery, and might lead to safer and more
efficient robotic procedures.
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