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Abstract

Background Robotic systems introduced new surgical and technical demands. Surgical flow disruptions are critical
for maintaining operating room (OR) teamwork and patient safety. Specifically for robotic surgery, effects of intra-
operative disruptive events for OR professionals’ workload, stress, and performance have not been investigated yet.
This study aimed to identify flow disruptions and assess their association with mental workload and performance
during robotic-assisted surgery.

Methods Structured expert-observations to identify different disruption types during 40 robotic-assisted radical
prostatectomies were conducted. Additionally, 216 postoperative reports on mental workload (mental demands,
situational stress, and distractions) and performance of all OR professionals were collected.

Results On average 15.8 flow disruptions per hour were observed with the highest rate after abdominal insufflation
and before console time. People entering the OR caused most flow disruptions. Disruptions due to equipment showed
the highest severity of interruption. Workload significantly correlated with severity of disruptions due to coordination
and communication.

Conclusions Flow disruptions occur frequently and are associated with increased workload. Therefore, strategies are

needed to manage disruptions to maintain OR teamwork and safety during robotic-assisted surgery.
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Introduction

The adoption of robotic-assisted surgery created new
demands for operating room (OR) teams [1]. The spatial
separation introduced new challenges in maintaining situ-
ational awareness, team coordination, and information
exchange [2, 3]. The identification of process inefficiencies
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contributes to an enhanced understanding of system-related
issues responsible for delivery of robotic-assisted surgery
[4].

Surgical flow disruptions are events that potentially
distract or momentarily interrupt OR team members from
their tasks or stop operation flow [5]. They have been
identified across a variety of surgical specializations
[5-10]. Previous research suggested that flow disruptions
during robotic surgery are related to coordination, equip-
ment, and training [4, 11, 12]. Nonetheless, the current
literature concerning specific effects of flow disruptions
during robotic-assisted surgery is limited [13].

A key hallmark of surgical performance is coping with
intra-operative workload and stress [14]. Research in non-
robotic settings suggests that frequent intra-operative dis-
ruptions are associated with increased mental workload and
stress for OR professionals [15—18]. Workload is defined as
“cost incurred by a human operator to achieve a particular
level of performance” and evolves from interactions
between task demands, circumstances, skills, behavior, and
perceptions [19]. High workload can result in higher stress
levels, potentially deteriorating communication and deci-
sion making, and, subsequently, impacts surgical perfor-
mance and safety [14, 20, 21]. It has also been argued that
flow disruptions differ in their impact on process outcomes
and human performance [5, 8]. On the other hand, previous
investigations suggested that robotic-assisted surgery is
less stressful, physically demanding, and complex [22, 23].
Partly, because surgeons are less distracted while being at
the console [2, 22, 24]. Previous investigations on disrup-
tions and workload during robotic surgery are mainly based
on simulations and almost exclusively focused on sur-
geons, thus, ignoring the intra-operative demands of OR
nurses and anesthetists [21, 22, 24-26].

We sought to identify frequencies and severities of flow
disruptions during robotic-assisted surgery and assess
concurrent mental workload and performance of all OR
professionals. The main objective was to explore associa-
tions between flow disruptions and workload as well as
surgical performance during robotic-assisted surgery.

Materials and methods
Study design, procedure, and sample

A prospective and multi-method design was established,
combining structured observations of robot-assisted radical
prostatectomies with OR professionals’ self-reports. This
study was part of a research project about disruptions and
teamwork in robot-assisted procedures [27]. Assessments
were carried out in an Urological Department of an
University Hospital in Southern Germany. All observed
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procedures were performed with the Si da Vinci model.
Ethical approval was given by the Ethics Committee of the
Faculty of Medicine, Munich University (539-11). OR
team members were informed before observations and
provided written informed consent.

Observations started when the patient arrived at the OR
and stopped when the patient left the OR. During proce-
dures, flow disruptions were identified in real time by a
trained observer on-site (first author). The observer sat next
to the assisting surgeon, being able to overlook the whole
OR. At the end of each observed procedure, all OR team
members were asked to fill out short questionnaires to
report their perceived workload and intra-operative
performance.

All OR professionals were eligible, when present in the
OR for at least 1 h and actively involved in the procedure,
including surgeons (operating and assisting surgeons), OR
nurses (scrub nurse and rotating nurse), and anesthetists.

Identification of types and severity of surgical flow
disruptions

Flow disruptions were defined as unforeseen events that
potentially distract or momentarily interrupt one or more
OR team members from their task [5]. An established
observational tool was applied for identification of 12 pre-
defined types of flow disruptions [4, 5] (see Table 1).
Additionally, each disruptions was rated for its severity of
interference using an established scale that ranges from 1 to
9 [5, 6]: 1 to 3 refer to the rotating nurse: (1) a disruption,
which is potentially distracting, (2) a disruptions, which is
noticed, and (3) a disruption, which the rotating nurse
attends to; 4 to 6 refer to individual OR team members: (4)
one team member is momentarily distracted, (5) one team
member pauses the current task, and (6) one team member
attends to disruptive event; 7 to 9 refer to more than one
OR team member or the whole team: (7) OR team is dis-
tracted as whole, (8) OR team attends to the distraction,
and (9) the operation flow is disrupted.

Inter-rater agreement was established in a stepwise
procedure: First, five unsystematic pilot observations were
conducted on-site for observer training, achieving famil-
iarity with the OR team and robotic setting. Secondly to
obtain inter-rater reliability, five operations during the
study were observed by a second expert observer (last
author). During those observations, 210 and 205 flow dis-
ruptions were identified by the two observers, respectively
(total observation time: 14 h 34 min). As distribution of
observed events per minute suggested a prevalence prob-
lem, Gwet’s AC1 statistic as a variant of the kappa coef-
ficient was used for agreement per minute whether or not a
disruption occurred [28]. Gwet’s ACI1 statistic was .83,
which indicates very good agreement [29]. To test inter-
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Table 1 Types of flow disruptions during robot-assisted surgery

Flow disruption
type

Definition

Example

Case-relevant
communication

Case-irrelevant

communication

Coordination

People entering
the OR

Phone or beeper
calls

Training

Equipment

Environment

Patient factors

Procedural

Instrument
changes

Surgeon decision
making

Disruption involving a verbal communication between team
members, which concerns the actual OR-patient

Any conversation, which does not directly concern the actual
OR-patient

Disruption involving an interaction with a piece of
equipment and a team member or any lapse in teamwork
to prepare for/conduct surgery that affects surgery flow

External staff or visitors enter or exit the OR for whatever
reasons

OR or mobile phone rings during a surgery/beeper rings
during a surgery

Disruption involving instructions by the attending surgeon or
training of residents or fellows for their educational
benefit

Disruption involving a malfunctioning or missing piece of
equipment essential to the surgery

Disruption affecting the surgeon or OR staff through
auditory or visual means that is not directly related to the
surgery/movement in front or behind the monitors

Disruption involving patient-related factors

Disruptions intrinsic to surgical work

Disruption due to changes in robotic instruments or camera

Any surgeon pause to determine next surgical step including
disruptions due to an unanticipated need to consult with
another physician or staff member due to an unforeseeable
circumstance

Assisting surgeon cannot not hear directions from the
operating surgeon; anesthetist asks surgeon about blood
loss of patient

Surgeons are discussing the next case; team is talking about
their weekend-plans

Rotating nurse could not find an additional piece of
equipment needed for surgery; robot could be moved due
to the infusion stand; someone touched sterile table

Visitor comes into the OR and talks to the surgeon

Also counts if there was a phone or beeper call in the
anteroom and the surgeon is addressed or interrupted
afterward

Surgeon instructing resident on where to place the ports

Camera needs to be cleaned; clip applicator is not working
properly

The temperature in the OR was too hot to keep the surgeon
comfortable

Body habitus required use of extra-long trocars which then
had to be located and opened

Anesthetist exists room to get medication from the
preparation room; change of the sub team, waiting for
instantaneous sections results

Replacement of needle drivers with Maryland forceps and
endoscopic scissors

Surgeon caused a small bowel injury requiring intra-
operative consultation with a general surgeon; Surgeon
state he/she wants to identify the ureter before moving
forward

Based on Catchpole et al. and Antoniadis et al. [4, 5]

rater reliability for correct classification of disruption types,
a two-way, absolute agreement, single-measure intra-class
correlation (ICC) of .80 was calculated. Furthermore,
agreement on flow disruption severity was determined: the
two-way, consistency, single-measure ICC was .78. Both
ICCs demonstrate high inter-observer agreement [29].

Procedure and patient characteristics

Four operative phases were determined [4]. Phase 1 started
when the patient entered the OR until abdominal insuffla-
tion via port placement was prepared. Phase 2 commenced
with abdominal insufflation, including robot-docking, until
the surgeon sat down at the robotic console. Phase 3 cov-
ered the main surgical intervention time when the surgeon
operated at the console. Phase 4 included the postoperative

activities after the surgeon left the console, including
robot-undocking, until the patient left the OR.

Additional information about patient and procedural
characteristics were collected through department’s inter-
nal documentation and patient chart information. It inclu-
ded patient’s age, BMI and ASA score, experience of
operating surgeon, training case, daytime, duration of the
procedure, and number of OR team members.

OR professionals’ workload and performance
ratings

At the end of the observed procedure, each OR team
member was asked to fill in a survey. This comprised three
items of the validated Surgery Task Load Index (SURG-
TLX), namely mental demands (“How mentally fatiguing
was the procedure?”), situational stress (“How anxious did
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you feel while performing the procedure?”), and distrac-
tions (“How distracting was the operating environment?””)
[16]. Two further questions were included to assess intra-
operative performance, namely productivity (“How pro-
ductive have you been in your work during the opera-
tion?”’) and perceived quality (“How do you evaluate the
quality of your work during the operation?”) [30]. As
internal consistency between both items was good (Cron-
bach’s a = .85), performance scores collated both ratings.
All items were answered through a visual analogue scale
ranging from 0 = very low to 10 = very high. Additionally,
all OR members reported their profession (surgical nurse,
surgeon, anesthesia) and professional tenure (<5 years,
5-10 year, >15 year).

Analyses

Rates were calculated as flow disruptions per hour to
control for procedure and phase duration. When multiple
members of an OR profession filled out a survey, ratings
were aggregated per profession. Analyses of variance with
repeated measures (ANOVA) were calculated for differ-
ences in disruption rate between phases and for differences
in workload and performance ratings between OR profes-
sions. When the assumption of sphericity was violated, the
p value of Greenhouse—Geisser was reported. For differ-
ences in severity between the 4 phases, an unpaired
ANOVA was applied. Correlation analyses were used to
determine associations between rate and severity of dis-
ruptions and OR professionals’ reports, i.e., intra-operative
workload and performance. Finally, these associations
were adjusted for patient and procedural characteristics
(e.g., training case, patients’ BMI, size of OR team) with
Pearson partial correlation analyses. Those analyses
revealed similar results patterns and were therefore not
further included to the results section. In addition, we also
controlled for multiple testing using Bonferroni correction.
For all analyses, R 3.3.1 was used.

Results

Forty robot-assisted procedures (radical prostatectomies)
were observed with a total observation time of 146 h
55 min (Mean procedure time: 3 h 40 min, SD = 31 min;
Range 2 h 40 min, 5 h 04 min). Of the observed proce-
dures, eight were training cases. In seven cases, the main
surgeon had low (<250 robotic cases), in 14 medium, and
in 19 high (>700) experience. Patients’ medium age was
66 years and mean BMI = 27.4 kg/m”. Distribution of
patients’ ASA score was: 1 = 3 patients, 2 = 22, 3 = 15.
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Observed rates and severity of surgical flow
disruptions

In total, 2285 flow disruptions were identified with an
overall mean rate of 15.80 events per hour (SD = 2.18).
Overall rates and especially disruption rates due to coor-
dination issues were significantly the highest during robot-
docking (cf. Table 2). Rates of disruption types varied,
being the highest for people entering the OR, case-irrele-
vant communication, and procedural issues. The rates of
observed disruptions are depicted in Fig. 1 (and reported
per phase in Supplementary Material, Table A-1).

Concerning severity of disruptions, significant differ-
ences were found between all phases (F[df=3,23]=
19.48, p < .001), with the highest interference during
robot-docking (cf., Table 2). Disruptions due to instrument
changes or equipment problems were rated with the highest
severity. Disruptions due to people entering the OR as well
due to telephone calls were least severe.

OR professionals’ intra-operative workload
and performance

Overall, 216 staff reports were collected after the proce-
dures (93 of nurses, 81 of surgeons, and 42 of anesthetists).
The response rate was 90% of all eligible OR team mem-
bers. Figure 2 reports perceived intra-operative workload
and performance: anesthetists reported higher mental
demands compared to surgeons (#[df = 36] = 4.27,
p < .001) and nurses (#[df = 36] = 2.69, p = .011). Anes-
thetists also reported higher intra-operative distractions
than surgeons (f[df = 36] = 4.25, p < .001). Mean perfor-
mance ratings differed between professions (F[df = 2,72]
=51.30, p <.001) with higher values for surgeons
(tf[df = 36] = 9.66, p < .001) and nurses (#[df = 36] =
4.77, p < .001) compared to anesthetists.

Associations of flow disruptions and intra-operative
workload and performance

Our main objective was to explore associations between
flow disruptions and OR professionals’ experiences of
intra-operative workload and performance. The mere count
of flow disruption during the observed procedures was
associated with increased intra-operative distractions per-
ceived by anesthetists’ (r =.33, p =.046) and nurses
(r = .38, p = .017). Higher disruption rates were also cor-
related with nurses’ intra-operative stress (r = .34,
p = .036). Prospective associations of disruption rates with
staff reports can be found in Supplementary material (see
Table A-2). We further observed that higher severities were
associated with increased distractions ratings by the whole
OR team (r = .34, p = .030, cf., Table 3). For individual
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Table 2 Duration, observed overall flow disruption rate, and flow disruption severity during robotic-assisted procedures and per phase

Overall Overall Phase 1 Phase 2 (robot- Phase 3 (console  Phase 4 (robot-undocking
(preparation) docking) time) and finish)
N (%) M (SD) M (SD) M (SD) M (SD) M (SD)
Mean duration 146 h 24:45 min 12:21 min (5:53) 2:28 h 35:02 min (5:33)
55 min (4:38) (25:09 min)
Overall flow 2285 (100) 15.80 15.75 (6.04) 21.41 (9.51) 16.14 (2.31) 12.13 (5.89)
disruptions (rate) (2.18)
Flow disruption type Severity of interference evaluation
Overall 2285 (100) 5.32 (2.22) 5.04 (2.21) 5.81 (2.24) 5.46 (2.19) 4.48 (2.15)
Case-relevant communication 209 (9.2) 5.84 (1.58) 5.48 (1.76) 6.75 (1.06) 5.84 (1.58) 5.65 (1.50)
Case-irrelevant communication 308 (13.5) 5.56 (1.55) 5.67 (1.57) 5.60 (1.43) 5.51 (1.56) 5.69 (1.50)
Coordination 226 (9.9) 6.77 (1.58) 6.38 (1.91) 7.19 (1.45) 6.95 (1.40) 6.03 (1.56)
People entering/exiting the OR 456 (20.0) 3.65 (2.18) 3.49 (2.35) 3.23 (2.08) 3.85 (2.17) 2.98 (2.03)
Telephone, beeper 236 (10.3) 4.45 (2.40) 3.24 (1.96) 4.75 (3.65) 4.96 (2.25) 2.59 (1.93)
Training 136 (6.0) 5.13 (1.48) 5.14 (1.31) 5.43 (1.50) 5.15 (1.54) 4.53 (1.36)
Equipment 231 (10.1) 6.92 (1.89) 6.10 (2.13) 6.43 (1.87) 7.12 (1.85) 5.44 (1.50)
Environment 54 (2.4) 5.83 (2.07) 4.56 (2.79) 8.50 (.71) 6.05 (1.82) 5.50 (1.64)
Patient 34 (1.5) 6.15 (1.62) 6.00 (2.00) 6.32 (1.64) 5.71 (1.38)
Procedural 287 (12.6) 5.04 (2.13) 5.60 (1.35) 5.46 (1.56) 5.06 (2.23) 4.41 (1.84)
Instrument changes 52 (2.3) 8.04 (1.34) 8.04 (1.34)
Surgeon’s decision making 40 (1.8) 5.60 (.74) 5.60 (.74)

n = 40 robotic-assisted procedures

N Number of flow disruptions, M mean, SD standard deviation; scale range 1-9 (1 = potentially distracting, 9 = operation flow disrupted)

Surgical flow disruptions during robotic-assisted surgery

FDs per hour (Mean)

Fig. 1 Flow disruptions during robotic-assisted surgery

disruption types, high severity of case-relevant communi-  Moreover, higher severity of case-irrelevant communica-
cation, case-irrelevant communication, and coordination  tion was linked to higher stress reports of anesthetists.
were related to increased team distractions (cf., Table 3).  Increased severity of surgeons’ decision making was
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Fig. 2 Intra-operative mental workload and performance of OR
team members

correlated with inferior performance of anesthetists’ and
nurses’ mental demands. Severe disruptions due to equip-
ment issues were negatively correlated with anesthetists’
but positively correlated with nurses’ mental demands (cf.,
Table 3). Lastly, after adjusting for multiple testing, none
of the above reported associations remained significant.

Discussion

We explored associations of surgical flow disruptions and
intra-operative workload and performance during robotic-
assisted surgery, suggesting that improved communication
and team coordination could reduce workload and increase
intra-operative performance.

Around 16 flow disruptions occurred per hour with
variation across procedure phases. Our results show that
particularly the docking phase is critical. Frequent disrup-
tions due to coordination corroborate intense interaction
and communication demands while moving the patient into
a steep Trendelenburg position, rearranging the robot, and
configuring monitors for assisting surgeon and scrub nurse
[4, 31]. During console time, flow disruptions due to
equipment issues indicate the extended use of complex
technology [32]. Frequently, the camera had to be cleaned
or a clip applicator was not working properly. Overall,
most disruptions occurred due to people entering/exiting
the OR [5, 6, 8].

Lower levels of workload and high-performance ratings
of surgeons reflect the advantages in ergonomics, precision,
and 3D-visualization due to the robotic system [22, 33]. In
contrast, anesthetists reported higher workload and inferior
performance. Younger age and less experience of
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anesthetists in this study could have been one reason.
Secondly, robot-assisted radical prostatectomies pose
additional strains for anesthetists including CO,-insuffla-
tion of the peritoneum, patients’ steep Trendelenburg
position with increased risks of complications [34], and
limited intra-operative access to patient’s head and lines
[34-36].

Concerning our main objective, we observed that per-
ceived distractions increased with higher overall disruption
rate. This corroborates the validity of our observational
approach. Furthermore, perceived distraction increased
with more severe disruptions due to case-relevant com-
munication, case-irrelevant communication, and coordina-
tion. Severe disruptions due to coordination often involved
incorrect patient position, equipment being in the way, and
difficulties in arranging the catheter during urethro-vesical
anastomosis [31]. Severe case-relevant communication
often comprised discussions about relaxation of the patient
or pressure of gas insufflation, but also involved miscom-
munication, acoustic problems, or missing reactions to
console surgeon’s instructions [2, 4]. It is difficult for team
members to anticipate surgeon’s instructions due to spatial
separation and due to impossibilities of non-verbal com-
munication [2, 3, 32, 37]. In consequence, OR team
members invest more effort into communication, which
might deplete attention or awareness. Our results revealed
that severe case-irrelevant communication increases anes-
thetists’ stress. Previous research suggested that case-ir-
relevant communication may serve as a strategy to reduce
stress and that is more likely to occur during non-stressful
cases [6, 8]. Our findings suggest that this is not true for all
team roles [38, 39].

We found no significant association between flow dis-
ruptions and surgeons’ mental demands, situational stress
or performance, suggesting that robotic systems create
protective effects against disruptive events [22, 24]. It is
conceivable that being immersed in the console reduces
awareness of disruptions and consequently distractions,
which is in line with low distraction ratings of surgeons in
this study. Furthermore, performing on the robotic system
has been shown to reduce surgeon’s mental and physical
workload so that surgeons may have more cognitive
resources left to cope with flow disruptions [22, 24].

Limitations

Like other observational studies, we cannot rule out
observer bias [5, 6, 8]. Limited external validity should be
considered since results are based on one department with
high volume of robotic cases in Germany. Although we
controlled for experience, it is reasonable to assume that
flow disruptions occur more often, when OR teams have
less robot experience. Our design of our study forbids



3605

World J Surg (2018) 42:3599-3607

GO > d, :pjoq ‘pardnisip moy uonerado

6

‘Sunoensip Afrenudjod = 1 :suondnisip Mo Jo AJI9ASS Jo sa3uel 9[edS ‘Y3IY AIoA = ()] ‘MO[ AToA = () :sSunjer aoueuwriojrad pue peopyIom Jo d3uel J[eOS ‘saInpadold palsisse-onoqol (O = u
ampaooid 1od souewroyred pue ‘UONOBNSIP ‘SSONS [EUONIBMIS ‘SpUBWAP [ejudw uo uorssajoid 1od sSuner pue (d£) 1od pue [[e10A0) suondnisip MOp JO AJLIOASS UQOMIAQ UONE[AIIOD UOSIE]

9C — 60" — 60’ or — 8T or — ST SO’ Sunfew UOISIOAP §,U0dTING
6l — el €0 — L0 — Y0’ or 14 0 LT — S9SUEBYD JUdWNNSU]
[4 0 148 LT €T [4 0 144 9T 8T [eInpadold
€0’ 14 0 el — 90" — S — 61" — 9T 14 jusned
90" — 1T — S — (44 Y0’ 6C — 98 w juswuoIAUY
S k4 a - SO €0 — L0 L0 — €T — yuswdinbg
#9¢€" — 1T 8T Ie [4 0 ST ST el Sururerf,
81" — 10" — or — S — 9C — 00 S — 0C — 1odaaq “euoydoray,
90" — ol 14 LT L0 — 0¢” LO I YO oy Surreyue ofdoed
L€ — =SP 60’ N0 [4 0 #he 148 L0 — uoneulpIoon
6l — #6¢" #*SE 60 e - 9T 00° L0 — UOHEIIUNWWOD JUBAI[QLIT-OSET)
0" — =6V L0 — 60" — 90 #LE 0" — LT — uonesunwos JULAS[I-9587)
< — #Pe 9T 148 yi-— 6T LO LO [Te1eA0
QOUBWLION] uonoensIq SSaI)s [euonEMIS SpPUBWIAP [BIUSJA QOUBWIOJIO] uonoensiq SSQI)S [eUOIIBMIS SpPUBWIAD [EIUSA]
wed) YO [[BIPA0 suoa3ing KJI9AIS
[4 S I = 80" — =6V — %=LS" — 80" — 80" — 0T Sunjew UOISIOAP §,U0ATING
0¢ — ST 60’ ST €0’ 60" — SO’ (4 SoZURYD JudWNISU]
I = 10" — or I - 90" — L0 0" — 0T [BINP3d0Iq
90" — (4 So" — 14 M LT — 00 e — 61" — jusned
cr =Py — ST — 00 90" — SO’ €e — L0 jusmiuotAuy
0 (44 10 B el — cr ST — =y — Juowdmbg
#S€ — 81 143 145 or — €0 — (4 9T Sururery,
SO — 10° or — 81" — SO0 — SO — 90’ 0T Iadoaq ‘ouoydarof,
6l — Y0 8 L0 — 6l 90 YT e O oy Sutdud o[doad
¢ — =0F L0 I =0V — LT €0 — €0 — uoneutploon
w0 - 48 9T Y0 SO0 — =LE =1 ST UONEIIUNWWOD JUBAS[QLIT-OSET)
10" — 9T g0 145 00’ =1 (40 80" — UONESTINUITIO) JUBAJ[II-OSET)
- 90’ 6T 0" — 90’ [4% er €T [[eI2AQ
Q0UBULION] uonoensIq SsaI)s [euonEMIS SPUBWIAP [BIUSJA Q0UBWLION] uonoensiq SsoIs [euorBNIS SpPUBWIAD [BIUDA
SOSINN SISTIQYISAUY KJ119A98

sampaodoid pajsisse-o110qol Juunp oouewrioprod pue peopyiom s Jjels YO ‘suondnisip mop [ed13Ins Jo AJLIOADS UdOMIAq SUONR[ALIO) ¢ d[qe],

pringer

A



3606

World J Surg (2018) 42:3599-3607

inferences on causality between disruptions and individual
outcomes [40]. Although interference and severity of dis-
ruption events was measured, it was not possible to capture
potential positive effects, e.g., transmission of urgent
information [41]. Our self-report approach among OR staff
comprises risks of recall bias and omission of rapid
workload changes during the surgery [6, 8]. Future studies
on this topic should further delve into the impact of OR
team roles [21], OR team familiarity [3], gender, and
members’ strategies to deal with stress [42, 43]. In our
study department, it is standard practice that the head
surgeon is present during positioning and docking (phase
2). Nonetheless, within other institutions where junior
residents perform docking and positioning, different dis-
ruptions frequencies may occur during this phase. We
recommend future studies to further elucidate disruptions
prior to docking, since we examined flow disruption fre-
quencies before and after incision.

Implications

Our results show that system-based analyses and
improvements are necessary that carefully take account of
the complex inter-dependencies of surgical tasks and
technology, OR environment, and the social system [4, 32].
In order to mitigate adverse consequences of disruptions,
balanced and nuanced measures are advised to identify
especially those flow disruptions that severely affect
operation flow as well as OR professionals’ workload and
performance (e.g., communication and coordination). Since
flow disruptions often signify deeper system problems, OR
management’s efforts to safeguard patient safety include
development of an enhanced understanding of system-re-
lated issues responsible for safe surgery. Key drivers
analyses facilitate an understanding of how high severity
disruptions may curb surgical performance as well as how
multiple, avoidable minor events may accumulate. Effec-
tive team training interventions and strategies to compen-
sate for impossibilities of non-verbal communication could
master demands on teamwork and communication [37].
Particularly during robot-docking, efforts for shared situa-
tion awareness, clear communication, and adaptive coor-
dination problems are recommended [2, 31, 44]. Future
interventions should especially target the docking and
positioning of the robot and examine whether additional
resources brought into the OR or a surgical pause facilitate
smoothness of collaboration. Lastly, future studies shall
include meaningful clinical outcomes and examine corre-
lations of if or how disruptions during robotic procedures
are deleterious for patients, e.g., for blood loss or
intra-/postoperative complications.

@ Springer

Conclusions

Our results highlight the need for strategies improving
shared situation awareness, communication and team
coordination during robotic-assisted surgeries. Especially
during critical steps involving increased interactions
between OR team members and the robotic system, such as
robot-docking, this is essential to mitigate flow disruptions
and to establish a smooth and effective operation flow.
Consequently this could reduce workload and improve
performance of OR professionals.
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