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Abstract

Miscommunication in the OR is a threat to patient safety and surgical efficiency. Our objective
was to measure the frequency and causes of communication interference between robotic

team members. We observed 78 robotic surgeries over 215 h. 65.4% were General Surgery,

most commonly cholecystectomy, identifying Speech Communication Interference (SCI) events,
defined as “surgery-related group discourse that is disrupted according to the goals of the
communication or the physical and situational context of the exchange”. We noted the causes and
strategies to correct the miscommunication, near misses, and case delays associated with each SCI
event. Post-surgery interviews supported observations and were analyzed thematically. Overall,
we observed 687 SCI events (mean 8.8 + 6.5 per case, 3.2 per hour), ranging from one to 28

per case. 48 (7.0%) occurred during docking and 136 (19.8%) occurred during a critical moment.
The most common causes were concurrent tasks (66.1%); loud noises (10.8%) from patient cart,
lightbox fan, and suction machine; and overlapping conversations (4.2%). 94.8% resulted in a
case delay. These events distracted from monitoring patient safety and resulted in near misses.
Mitigating strategies included leaning out of the surgeon console to repeat the message and
employing a messenger. These findings help characterize miscommunication in robotic surgery.
Possible interventions include microphones and headsets, positioning the surgeon console closer to
the bedside, moving loud equipment further away, and upgrading the patient cart speaker.
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Background

Methods

Team communication is essential for maintaining patient safety in the OR [1].
Miscommunication in the non-robotic OR occurs 7-8 times per hour [2] and may be a
leading contributor to surgical harm [3, 4]. Task distractions, simultaneous overlapping
conversations, and loud machines equivalent to a domestic lawn mower have all been
observed to obstruct communication between the team members [5-7]. This may be
particularly disruptive in robotic surgeries, which typically have a greater physical
separation between the team members, a greater need for communication, and where the
room is mostly dark and not acoustically designed for loud equipment [8]. The inability of
the surgeon to maintain visual contact with the patient, bed, bedside assistants, circulating
nurses, and anesthesia providers leads to an increased need for coordination (e.g., docking,
instrument changes) [9], which the built-in speakers and microphones on the da Vinci
system do not appear to resolve [10-12].

Thus, it is not surprising that frequent communication and coordination disruptions

are common in the robotic OR, leading to repeated instructions and occasional
misunderstandings [10]. Strained communication in robotic surgery decreases team
effectiveness, raises safety concerns, and has been associated with longer operative times
and increased blood loss [11]. Our objective was to directly observe miscommunication
between robotic team members and measure its frequency and causes. Studying the
sources of acoustic interference on surgical team communication and process might
enable interventions that reduce speech interference, and enhance teamwork, performance,
efficiency, and safety in the robotic OR.

Setting and participants

This prospective observational study took place at an urban midwestern teaching hospital
with an associated medical school and surgical residency and fellowship programs
performing more than 400 robotic surgeries per year, primarily in General Surgery,
Gynecology, Urology, and Urogynecology specialties. The institutional review board
approved this study as exempt. Surgeries are usually staffed by a teaching surgeon,

resident and/or fellow, medical students, nursing staff, scrub techs, and anesthesia staff,
including anesthesiologists, CRNAs, and SRNAs. All participants were verbally recruited at
department meetings, including nursing staff meetings and again prior to each surgery, and
were offered the opportunity to privately decline to be observed. This study was approved as
exempt by the University of Missouri Kansas City IRB (#2090394).
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Data collection

78 robotic surgeries were directly observed, from setup to the patient leaving the room, by a
research assistant (AB) with prior experience in OR miscommunication research and robotic
surgery observation, including participant interviewing, minimizing participant reactivity,
and collecting field notes.

Data collection was accomplished with a Speech Communication Interference (SCI)
instrument, deployed previously in non-robotic surgery [5], and supplemented with field
notes. Inter-rater reliability was found to be between 0.87 and 0.98 [5]. SCI was defined as
“group discourse which is obstructed according to the goals of the communication, or the
physical and situational context of the exchange [13].”

The observer positioned themselves between the surgeon consoles and the bed, capturing
SCI events involving all team members. Using the SCI instrument, the observer labeled
each event with the relevant portion of the surgery, participants involved, evidence of the
event, and the context, including any concurrent loud noises, overlapping conversations, or
focus on another task. Roles were noted for each event: the sender, defined as the team
member originating and often repeating the message (most commonly an instruction), and
the receiver, the intended recipient of that instruction. We also identified any team members
who repeated the sender’s message to the receiver, who we describe as “messengers”.
Evidence of the event included the sender repeating themselves, the receiver not responding,
the receiver asking for clarification, or the messenger repeating the message for the receiver.
Case delays were defined as the amount of time a surgical task was interrupted until

the receiver responded to the message. Other field notes included the locations of team
members, machines in the room, descriptions of loud noises, and the tasks being completed
by the sender and receiver. We used a PCE Sound Level Meter 322A to measure the
loudness (dB(A)) of machines unique to the robotic OR at a 6-inch distance and repeated
twice. The frequency of SCI events was calculated per case and per hour to normalize for
differences in observational and procedural durations.

Following our prior research [5], we defined two specific time periods, with several sub-
periods in each, configured to explore the unique demands of robotic surgery:

Setup: From staff entering the OR to the start of surgery, including setting up the
room and prepping and draping the patient. We defined three sub-periods that have
unique team communications: (i) Intubation: from the administration of intubation
medications to when the anesthesiologist leaves the OR (ii) Timeout: the time from
the circulating nurse announcing timeout to its completion, and iii) all other setup
activities.

Surgery Start to End: From the primary surgeon saying “incision” to the patient
leaving the room. Five sub-periods were extracted (i) Docking (ii) Surgeon in
console, (iii) Critical moment of the surgery: defined prior to timeout by the attending
surgeon as the portion of the surgery that is either necessary for a good outcome or

at most risk of a complication (iv) Extubation: from the patient opening their eyes to
the removal of their endotracheal tube, and (v) all other surgery activities, including
attending surgeon operating at the bedside.
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Occasionally we observed instances that came close to patient injuries, which we deemed
as near misses [14], and although our study was not systematically designed to count them,
these events provide valuable insights into the mechanisms of harm that might underlie
speech interference.

End-of-surgery interviews

Results

Semi-structured interviews were audio-recorded with selected SCI participants immediately
after the surgery, lasting between 1 and 3 min. All interviews began with “How would you
describe the communication during this surgery?” followed by questions about the details of
specific SCI events, including tasks being performed and noises that might have interfered
with communication. Recordings were transcribed, with interviewees identified only by
role and linked to the specific SCI event. Themes were generated from all field notes and
transcripts. We used PowerPoint to create visual representations and timelines related to the
themes to demonstrate the chronology of the event and the relationship to tasks and loud
sound sources.

215 h of robotic surgery was observed. Of the 78 observed cases, 65.4% were General
surgery (mostly cholecystectomy), with Gynecology (19.2%), Urology (7.7%), Gynecologic
oncology (5.1%) and Urogynecology (2.6%). The median duration of observation for all 78
cases was 133.5 min, and Q1 and Q3 were 97.3 and 230.5 min. End-of-surgery interviews
were conducted with 119 SCI participants, including 33 (27.7%) attending surgeons, 24
(20.2%) scrub techs, 39 (32.8%) resident surgeons, 22 (18.5%) circulating nurses, and 1
(0.8%) CRNA.

Frequency, evidence, timing, and participants

We observed 687 SCI events, with a mean of 8.8 SCI events per case, and 3.2 SCI events per
hour. Every case had at least one SCI event, with a maximum of 28 SCI events in a single
case. Evidence of the SCI events included the sender asking for repetition or clarification
(484, 70.5%), the sender repeating themselves (177, 25.8%), and no response from the
receiver (26, 3.8%), meaning the message was entirely lost. 58 (8.4%) SCI events occurred
during setup, including nine (1.3%) during intubation, 2 (0.3%) during timeout, and 47
(6.8%) during the rest of setup. 629 (91.6%) SCI events occurred between surgery start to
end, including 48 (7.0%) during docking, 277 (40.3%) while the surgeon was in the console,
136 (19.8%) during the critical moment, 8 (1.2%) during extubation, and 160 (23.3%) from
the rest of surgery start to end.

Participants were involved 1979 times in 687 SCI events (Table 1). Attending surgeons were
the most common sender (346, 50.6%), circulating nurses were the most common receiver
(234, 34.9%), and scrub techs were the most common messenger (238, 57.2%). Figure 1
shows the most common sender and receiver combinations. 61.7% of SCI events involved a
messenger, most commonly the scrub tech (238, 57.2%). Postoperative interviews indicated
that familiarity with both the procedure and the surgeon prevented SCI events. For example,
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even if a surgeon’s request was not explicitly heard over the room noise, the scrub tech,
based on prior experience, knew what instrument was requested.

The most frequent context for the SCI event (Table 2) was the receiver concentrating on
another patient-centered task. This included the circulating nurse charting on their laptop,
the scrub tech applying covers to the patient cart arms, and the resident at the bedside
watching the monitor.

Loud noises were the second most common context for an SCI. Noise intensity from
equipment associated with the robot system, including the patient cart, vision cart, lightbox
fan, AirSeal insufflation device, and surgeon console, ranged between 64 and 75 dB. These
sound sources were often located between the sender and receiver, who had to “talk over”
them. Other interfering noises included the forced air warming device, moving step stools
on the floor, opening packaging, and music. Bedside assistants who were receivers of SCI
events often spoke of not being able to clearly hear the attending surgeon’s instruction
relayed through the speaker on the patient cart.

The third most common context was overlapping conversations, which included: discussions
about the patient (e.g., the CRNA and SRNA discussing the patient’s vitals) or other patients
(e.g., a patient operated on earlier in the day); teaching conversations (e.g., the attending
surgeon teaching the medical student); and sometimes case-irrelevant conversations. There
was often more than one conversation occurring simultaneously. For example, in one SCI
event, the attending at the bedside did not hear the resident at the console’s question about
the dissection while room conversations included those between the attending and another
resident, between the scrub tech and circulating nurse, and between the CRNA and SRNA.

Effect on case delay

53 SCI events had missing case delay data. Out of the remaining 634 SCI events, 601
(94.8%) were associated with a case delay. Delays had a median duration of 12.0 s, Q1 and
Q3 were 6 and 28, and a range of 1-86 s. 5 s was the most common delay. Most case delays
were resolved by clarification or repetition by the sender. Figure 2 shows the distribution of
all case delays.

Telephone game and messengers

When SCI events involved a messenger, participants described a “telephone game,” in which
the message was transmitted through one or more team members to get to the receiver (Fig.
3). This often involved the attending surgeon’s instruction through the console microphone
not being clearly heard by the bedside assistant. 247 (36.0%) of SCI events involved a
surgeon leaning out of the console and turning their head toward the bed to repeat the
instruction, which was still not clearly heard. One or more messengers, e.g., the resident or
the scrub tech, would then relay the message to the receiver. This resulted in a case delay in
which the attending surgeon temporarily could not directly view the surgical field.

Attending surgeon instructs the bedside assistant by speaking through console microphone,
but the message is not heard. The attending removes their head from console viewer, “leans”
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away from the console, rotates their head, and repeats the message toward the bed, but the
message is still not heard. The resident, acting as a “messenger,” then repeats the instruction.

Near misses

No intraoperative patient injury was documented although review of field notes and
transcripts of interviews with participants revealed near misses. For example, during an
umbilical hernia repair, the resident at the surgeon console requested a clip to address an
actively bleeding vessel. The scrub tech was talking to the circulating RN, who was on the
phone, and neither heard the request. The attending surgeon repeated the request, and the
scrub tech inserted the clip after a 24-s delay. Had the resident lost their tenuous grasp of the
vessel during the delay, the patient would have experienced significant blood loss.

In a near miss during a robotic inguinal hernia repair, the attending surgeon, standing by

the OR doors and supervising while watching a 2D monitor, told the resident twice to “stop
dissecting. ” They were separated by the patient cart, vision cart, and lightbox fan. There was
music playing and others talking. The resident did not hear the first instruction and asked for
clarification after the second instruction. The scrub tech relayed the message to the resident,
who then stopped dissecting. Had the resident not heard the instruction and continued their
dissection, they may have injured vital organs.

In another near miss, loud machine noise prevented the scrub tech from clearly hearing
which arm’s instrument needed to be removed. The scrub tech, began to remove the wrong
instrument, prompting the console surgeon to yell “No, that’s 4! You were talking about
2r” Had the scrub tech removed the wrong instrument, tissue could have been inadvertently
damaged.

Discussion

Across 78 robotic surgeries, we found SCI events to occur approximately three times per
hour; and nine times per case. Every team member of the OR was affected. SCI occurred

at every stage of the surgery, especially while the surgeon was in the console, and was rare
during the face-to-face timeout. Every case had at least one event. Approximately 20% of
SCls occurred during the critical moment, 62% involved a messenger, 66% occurred while
the receiver was multitasking, 11% in the setting of a loud noise and 4% in the setting of an
overlapping conversation. 4% of the time there was no response from the receiver and the
message was lost. SCI almost always resulted in a case delay, which, although mostly brief,
often extended beyond 25 s. These results suggest that obstructed communication in the loud
and busy robotic OR promotes near misses, increases the team’s workload, and threatens
employee satisfaction.

These findings partially replicate our prior study of non-robotic surgery [5], with a similar
frequency of SCI events. However, the consequences for case delays were higher here,
which was likely related to the more frequent use of messengers, the need for the surgeon
to “lean” from the console, and the “telephone game”. As well as an inherent risk of the
message being changed [15], this has broader implications for both surgical safety and
surgeon well-being. Nurses commonly experience [1] and worry about being blamed for
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miscommunication [12]. The console surgeon may not be aware that the bedside assistant is
experiencing difficulties [16]. The need for the surgeon to lean away from the console, and
the need for the scrub tech to act as messenger, divides the attention of both, a well observed
cause of human error. For the surgeon, there is an added musculoskeletal penalty for leaning
and twisting the torso from the console [17-20], the consequences of which may emerge
over months or years of repetition.

Most importantly, we found threats to patient safety and extensions of operative time. We
witnessed staff repeatedly unable to communicate effectively and efficiently about important
tasks. We also witnessed staff distracted from monitoring patient safety. For example, when
the surgeon lifted their head out of the console to repeat a message, they were unable to
directly observe the surgical field. In another common example, the scrub tech would delay
delivering instruments necessary to stop bleeding into the patient cart. Although no patient
injuries were observed, we observed several near misses related to miscommunication
events.

We join others [16] in calling for novel ways to improve communication in the robotic OR.
This could include arranging the OR to facilitate communication between console surgeons
and bedside assistants, and relocating loud machines, including the lightbox fan and the
vision cart, to reduce communication interference. In the absence of an updated robotic
platform with added microphones and speakers, headsets and microphone systems might be
beneficial [21]. Standardized language, including scripted speech centered around common
tasks [11, 22-24]. and closed-loop communication [1, 12, 22], while also helpful, have
been challenging to implement [25]. Other recommendations, including those that bring
team members closer in proximity [26], are in Table 3. Rather than there being a single
solution for a given OR, constraints, such as feasibility, cost, and sustainability [27], would
be valuable to explore.

Study limitations

Our study was limited to one hospital although we suspect our findings are generalizable to
other robotic ORs. Though we enacted observational methods to limit participant reactivity
(Hawthorne Effect) and the observer was largely ignored through careful positioning and
familiarity with OR staff it cannot be discounted [30]. This means our SCI estimates

may be conservative. We did not collect the durations of the sections of each case, so

we are unable to calculate how SCI events per minute differed, for example, in docking.
Similarly, for communication disruption pairs the denominator (i.e., how frequently each
pair communicated) was not available, so overall failure rates for communication could

not be calculated. In future, we plan to experiment with measuring overall communication
using video and audio recordings. Future studies should also consider the frequency content
rather than just the intensity of the machine noises. As we did not anticipate how serious
the near misses would be, we did not start out collecting near misses methodologically, so
further work should include methods to systematically collect near misses. Finally, we did
not follow the patients post-operatively and thus could not correlate the SCI events or near
misses to long-term patient outcomes.
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Conclusions

Speech Communication Interference commonly occurs in the robotic OR. Caused by
concurrent tasks, noisy equipment, and simultaneous conversation, SCI has a range

of implications for surgical performance and safety, including miscommunication, case
delays, and potential patient harm. Solutions include alternative OR layout, improved
communication technologies, and behavioral training such as closed-loop communication.
Future studies should evaluate these interventions and explore the consequences for patients.
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Layout of robotic OR and most common sender and receiver combinations
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Fig. 2.
Duration of case delays associated with SCI events (h = 634)
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Fig. 3.
Cartoon demonstrating the “Lean” and the “Telephone Game”
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Table 1

SCI event participants and participant combinations

SCI event participants  SCI events (per 687)

Surgery attendings 533 (26.9%)
Surgery resident 531 (26.8%)
Scrub tech 407 (20.6%)
Circulating nurse 385 (19.5%)
CRNA 63 (3.2%)
Other ™ 60 (3.0%)
Total ™ 1979
Notes:

*
Other participants include Anesthesia attending, SRNA, a second surgery attending, and a medical student

Hok
Participants were implicated 1,979 times in 687 SCI events over 78 observed cases. Percentages are out of a denominator of 1979
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Table 2

SCI Context, Including Combinations, from 673" Events

Context

Multitasking * 445 (66.1%)
Concurrent loud noise ™ 73 (10.8%)
Concurrent overlapping conversation 28 (4.2%)
Context combinations
Multitasking + loud machine 37 (5.5%)
Multitasking + overlapping conversation 32 (4.8%)
Multitasking + loud machine + overlapping conversation 31 (4.6%)
Other 27 (4.0%)
Total 673

Notes:

*
Alone, and not in combination with other contexts

*:

14 of the 687 SCI events had missing context data
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Table 3

Suggestions to Reduce Speech Communication Interference in the Robotic OR

Improve room layout so console surgeons’ backs are not to the bed

Remove loud machines located between team members (i.e.: between scrub tech and CRNA)
Improve line of sight between team members, perhaps with more screens

Headsets and microphones, directed for key communications

Conclude any telephone game with closed-loop communication

Add more microphones and speakers to the patient cart

Sound absorbing materials on the loudest machines

Compose robotic teams with high familiarity to each other and the surgery itself

Explore nonverbal communication methods to augment verbal communication [28, 29]

Standardized scripts for common tasks
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