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OBJECTIVE: To measure the physiological stress
response associated with high-fidelity endovascular
team simulation.

DESIGN: This is a prospective cohort study.

SETTING: This study was performed at St Mary’s Hospi-
tal (Imperial College London, London, UK), in a tertiary
setting.

PARTICIPANTS: Thirty-five participants (10 vascular sur-
gical residents, 4 surgical interns, 12 theatre nurses,
2 attending vascular surgeons, 6 medical students and
1 technician) were recruited from the Imperial Vascular
Unit at St Mary’s Hospital, Imperial College London by
direct approach. All participants finished the study.

RESULTS: Junior surgeons experienced significantly
increased sympathetic tone (Low frequency/high fre-
quency (LF/HF) ratio) during team simulation compared
to individual simulation (6.01 + 1.68 vs. 8.32 + 2.84,
p < 0.001). Within team simulation junior surgeons expe-
rienced significantly higher heart rate (beats per minute)
than their senior counterparts (82 + 5.83 vs. 76 + 6.02,
p =0.033). Subjective workload scores (NASA Task Load
Index [NASA-TLX]) correlated moderately and signifi-
cantly with sympathetic tone in surgeons across all stages
of simulation. (# =0.39, p=0.01).

CONCLUSIONS: A discrete, measurable increase in
stress is experienced by surgeons during high-fidelity
endovascular simulation and differentially effects junior
surgeons. High-fidelity team simulation may have a role
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to play in improving nontechnical skill, reducing intra-
operative stress, and reducing error. (J Surg Ed
76:864—871. Crown Copyright 2018 Published by
Elsevier Inc. on behalf of Association of Program Direc-
tors in Surgery. All rights reserved.)
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INTRODUCTION

Failures in nontechnical skill may account for up to half
of all of errors that lead to harm in patients undergoing
vascular surgery."” There is a high nontechnical skill
demand during endovascular procedures due to device
complexity, challenging patients, and the need to work
within a large multidisciplinary operating team.’ This
challenge is compounded by modern working patterns
which result in a lack of team stability and the need for
unrehearsed and unfamiliar multidisciplinary operating
practices.

Nontechnical skill is defined as a triad of interper-
sonal skills, executive cognitive function, and per-
sonal resource skills.”> Unlike technical skill,
nontechnical skill training is not formalized within
surgical curricula.® The drastic shortening of postgrad-
uate training’ and the increasing complexity of endo-
vascular procedures” is promoting surgical simulation
as the modality of choice to deliver surgical education.
Current endovascular simulators are largely designed
for technical skill acquisition and practice and gener-
ally do not offer the required immersive context for
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the development of vital nontechnical skills.” The
advent of high-fidelity simulation endovascular suites,
such as ORCAMP, offers an ideal platform to recreate
the realism required for nontechnical skill acquisition
and training. However, this hypothesis is under a mul-
tifaceted review.

High-fidelity simulation encourages participants to
suspend disbelief and buy into the simulation scenario,
resulting in stronger imprinting, rapid acquisition of
skill, and a durable impact on future behaviors.'’ High-
fidelity endovascular simulator-based training has already
shown to reduce technical error, procedure time, and
radiation exposure in endovascular aortic proce-
dures.""'? If proven, nontechnical skills training may
have significant translational potential; especially timely
given the introduction of the next generation accredita-
tion system by the Accreditation Council for Graduate
Medical Education. '’

Poor nontechnical skill results in mismanagement of
cognitive load. When a task surpasses the individual’s
cognitive threshold, performance may be impaired, lead-
ing to a state known as cognitive overload."* Cognitive
overload in turn contributes to a physiological stress
response, but it is important to note there are multiple
causes of physiological stress that are unrelated to cogni-
tive load within high-fidelity simulation and may contrib-
ute to a stress response. This study aims to measure the
physiological stress response of participants associated
with high-fidelity team simulation compared to low-fidel-
ity simulation.

METHODOLOGY

Participants

This is a prospective cohort study examining 3 prede-
fined types of endovascular assessment, each with
increasing fidelity and complexity. Thirty-five partici-
pants (10 vascular surgical residents, 4 surgical interns,
12 theatre nurses, 2 attending vascular surgeons, 6 medi-
cal students, and 1 technician) were recruited from the
Imperial Vascular Unit at St Mary’s Hospital, Imperial
College London. Data relating to clinical experience
were collected from the 10 surgical residents (6 male,
vascular surgery experience [, SD] 4.2 years & 3.8, tho-
racic endovascular aneurysm repair (TEVAR) as primary
operator [, SD] 7.3 £ 6.1) and 6 nurse participants
(1 male, vascular surgery experience (., SD) 2.1 years +
1.2, TEVAR as primary nurse assistant [, SD] 11.4 £
6.1) acting in principal roles. The remaining participants
formed the multidisciplinary surgical team supporting
the simulation.

Participants refrained from vigorous activity, caf-
feine, and tobacco for 2 hours before participation to
minimize confounding. “Junior” surgeons (n=5) were
defined as those surgical residents with experience of
fewer than 15 cases of EVAR as primary operator.
“Senior” surgeons (n=5) were defined as those with
experience of more than 15 cases of EVAR as primary
operator. No participants had previous experience of
the ORCAMP simulator. Informed consent was
obtained from all participants. Approval was obtained
from the Imperial College London Educational Ethics
Review Service and informed consent was obtained
from all participants.

Experimental Design

Surgical residents were assessed during 4 predefined
stages of training. The clinical scenario selected for
assessment involved an uncomplicated TEVAR in the
elective setting. Each stage of the simulation was time
limited for standardization, and participants were not
necessarily expected to complete the task in the allotted
time depending on experience. All stages of simulation
were video and audio recorded for subsequent analysis.
Surgeons’ heart rate (HR) and heart rate variability
(HRV) were measured continuously throughout each
stage. A simple (unweighted) paper-based NASA-Task
Load Index (NASA-TLX) questionnaire'’ was completed
by both surgeon and nurse participants after each stage.

Stage 1: “Baseline,” 8-minute duration

Participants completed demographic questionnaire
but remained otherwise sedentary.

Stage 2: “Verbal rehearsal,” 10-minute duration

Surgeons verbally rehearsed the index TEVAR proce-
dure via standardized step-wise questioning from the
expert facilitator and asked to identified key endovascu-
lar tools.

Stage 3: “Individual simulation,” 20-minute duration

Surgeons performed the index EVAR alone on a standard
bench virtual reality endovascular simulator (Mentice VIST
G5 Simulator, Mentice AB, Gothenburg, Sweden)'® with
an expert facilitator observing. Verbal time warning at 10
and 18 minutes was given.

Stage 4: “Team simulation,” 30-minute duration

Team simulation was performed in ORCAMP. ORCAMP
is a validated,'”'? fully-immersive simulated environment
(Orzone AB, Gothenburg, Sweden)"’ equipped with an
electric adjustable operating table, realistic patient dummy,
independent C-arm manipulation, virtual fluoroscopy with-
out exposure to ionizing radiation and access to a full range
of endovascular devices and equipment. Dynamic patient
physiology was available and there were dedicated work
stations for the anesthetist, radiographer, scrub and circu-
lating nurses as well as the interventionalists to facilitate
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whole team training. Wires, catheters, simulated balloons,
and stent grafts could be inserted and deployed; both static
and dynamic fluoroscopic imaging were available.

In each team simulation, the surgeon and lead nurse
were supported by a multi-disciplinary surgical team
consisting of 6 team members: surgeon assistant, circu-
lating nurse, radiographer, anesthetist, technician, and
an expert facilitator. Each team member was trained and
given a standardized script to follow for each simulation
to ensure reliability and consistency. The role of the
facilitator and technician was passive with intervention
only if requested by the primary participant. The sur-
geon acting as team leader and was given control of the
entire procedure from team brief and organization of the
supporting operative team, through to performing
the index TEVAR procedure and subsequent team
debrief as appropriate. The index case medical notes
and radiography were available. Verbal time warnings at
15 and 25 minutes were given.

Stress Measures

HR and HRV were measured continuously by a wire-
less heart monitor (Polar RS800CX, Polar Electro Ltd,
Warwick, UK) throughout all stages of simulation.
The heart monitor recorded the electrocardiogram R-
R intervals (NN, milliseconds) and transferred the
data wirelessly to a computer using Polar Precision
Software (Polar Electro Ltd, Warwick, UK). For each
of the 4 simulation stage epochs, HR, the R-R inter-
vals, and the ratio of low-frequency (LF) and high-fre-
quency (HF) of the power spectral analysis (LF/HF)
were calculated using the fast Fourier transform algo-
rithm in MATLAB 8.0 (The MathWorks, Inc., Natick,
Massachusetts). HRV analysis was performed using
5-minute interval readings and HR was graphically dis-
played at 1-minute intervals for ease of point identifi-
cation. The LF component is thought to increase in
response to sympathetic activity and the HF compo-
nent is thought to increase in response to vagal tone.
The LF/HF ratio is linearly proportionate to sympa-
thetic tone and can be equated to sympathetic
tone.”’ The relationship between LF/HF ratio and
sympathetic tone is considered valid and sensitive.”’
The LF/HF ratio is a commonly used primary outcome
measure in stress-performance studies,”*** and is pre-
ferred to repeated blood pressure measurements as it
produces more data points and is less invasive.

Technical Skill Measures

In Stage 2, 3, and 4, surgeon global technical skill was
assessed by an expert observer via video analysis using
the global rating scale of endovascular performance
(GRS-E) scale to evaluate the impact of stress on

technical performance. The GRS-E scale comprises of 7
generic components of operative skill that are marked
on a 5-point Likert scale with the middle and extreme
points anchored by explicit descriptors.“

Statistical Analysis

Descriptive data are presented as mean () and standard
deviation (SD). Data were tested for normal distribution
using the Shapiro—Wilk test. A coupled repeated meas-
ures ANOVA statistical test was used to compare the dif-
ferences between the 4 stages of simulation in HR, HRV
(or sympathetic tone), and NASA-TLX scores. An inde-
pendent t-test was used to compare 2 unrelated groups
for continuous, dependent variables. Univariate linear
correlation analysis of subjective NASA-TLX and objec-
tive stress was calculated using Pearson’s rank correla-
tion coefficient.

The significance level was set at p < 0.05 (2-tailed). All
statistical data analyses were performed using the Statis-
tical Package for the Social Sciences (SPSS) version 24.0
(IBM Corporation. 2012, IBM, Armonk, New York).

RESULTS

Shapiro-Wilk statistical test showed data to be normally
distributed (df160] = 0.94, p = 0.59).

Between Group Stress Comparisons

HR remained at baseline during verbal rehearsal and indi-
vidual simulation but increased in team simulation for
both groups of surgeons (Fig. 1). During team simulation
junior surgeons had a significantly increased HR com-
pared with senior surgeons (76 + 6.02 vs. 82 £ 5.83,
p=0.033).

Sympathetic tone of both junior and senior sur-
geons increased incrementally in all 4 stages of simu-
lation (Fig. 2). The increase in sympathetic tone for
junior surgeons from individual to team simulation
was significant, indicating an increase in stress (6.01
+ 1.68 vs. 8.32 £+ 2.84, p < 0.001) that was not pres-
ent for senior surgeons. Within team simulation,
junior surgeons’ sympathetic tone was significantly
higher than that of senior surgeons (8.32 + 2.84 vs.
5.57 £ 1.90, p < 0.001). These results suggest that
when exposed to high fidelity team simulation sur-
geons with less surgical experience a higher objective
stress response.

Subjective NASA-TLX scores were moderately corre-
lated with objective measurements of sympathetic tone
(r=0.39, p=0.01) (Fig. 3), and there was no difference
in subjective stress reported by nurses and surgeons.
(r=0.21,p=0.8D).
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FIGURE 1. Befween group comparison of mean heart rafe [beats per minute, bpm| across the 4 study stages. A coupled repeated measures ANOVA fest
with a Greenhouse-Geisser correction demonstrates a significant difference between mean heart rate and simulation stage (F (9.26, 28.56)=23.09, p <
0.001). *Posthoc Bonferroni correction reveals a significant increase in junior surgeons (black) mean heart rate from individual simulation to feam simulation
(69 £8.13vs 82 £ 5.83, p=0.016). **Within team simulation, junior surgeon mean heart rafe was shown fo be significantly higher than senior surgeons
(grey) (76 £ 6.02 vs. 82 £ 5.83, p=0.033). */** represents p < 0.05.

Technical skill was associated with poorer global technical perfor-
mance, but this difference was not significant
(r=-0.703, p=0.078). This association can be
explained by the observation that senior trainees who

There was no global difference in technical performance
between the simulation scenarios. Individually, across
the scenarios, increased sympathetic tone of participants

sk E
| —
* Junior lead operators

11.01 - 1 Senior lead operators

9.0

7.0

Sympathetic Tone i
3.0 -
1.0 T T T T
Baseline Verbal Individual Simulation ~ Team Simulation
rehearsal

FIGURE 2. Comparison of sympathefic tone (LF/HF rafio] befween junior surgeons and senior surgeons across the 4 stages of simulation. A coupled
repeated measures ANOVA test with a Greenhouse-Geisser correction demonstrates a significant difference between mean heart rate and simulation stage
(F[1.22,19.13]=15.34, p=0.02). * Posthoc Bonferroni correction shows a significant rise in the sympathetic tone of junior surgeons (dark gray) from indi-
vidual simulation to team simulation ([, SD] 6.01 & 1.68 vs. 8.32 £ 2.84, p < 0.001). ** Within team simulation, junior surgeons exhibited significantly
higher sympathetic tone than their senior counterparts (light gray) ([, SD] 8.32 & 2.84 vs. 5.57 £ 1.90, p < 0.001). */** represent p < 0.05.
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FIGURE 3. Subjective workload scores (NASATLX) correlate moderately
and significantly with sympathetic tone in surgeons across all stages of sim-
ulation. {r=0.39, p=0.01).

exhibited less stress, were more technically competent
than their junior counterparts with a mean difference of
(v, SD) 3.5 & 2.26 on the GRS-E scale (p =0.081, 95% CI
-1.13-5.87) as would be expected. Importantly. this asso-
ciation supports the internal validity of this study.

DISCUSSION

Surgical residents were assessed during 3 distinct assess-
ment stages, with increasing fidelity to determine the
additional physiological stress associated with the
increased demands of high-fidelity team simulation. Junior
surgeons demonstrated a significant increase in stress dur-
ing high-fidelity team simulation compared to lower fidel-
ity individual simulation. In contrast, senior surgeons did
not exhibit any significant changes in stress.

Potential confounders in this study were eliminated
by the step-wise increase in fidelity of the different
assessment stages. Stress associated with background
levels, cognitive recall, technical skill performance and
the environment was accounted for in the first 3 stages.
Therefore, the increase in stress seen in junior surgeons
during high-fidelity team simulation may be attributable
to the additional cognitive load associated with team
engagement.

Whilst other studies have found a similar stress
response in high-fidelity team simulation,”” *’ there are
no studies that specifically isolate the stress associated
with team engagement in high-fidelity simulation to the
authors knowledge. This present study demonstrates
the strength of association between self-reported stress
and objective measures of stress which, whilst

moderately and significantly correlated appeared weaker
than other reports in the literature.”®” This in part may
be explained by the well-described phenomenon of
questionnaire ‘response fatigue"%” with surgical resi-
dents in this study completing a total of 5 question-
naires.

Nevertheless, participant awareness of own stress is
known to be conducive to engagement and adherence
to simulation-based education programs.’'** The good
agreement between self-reported stress and objective
stress support the lone use of self-reported stress meas-
ures as metrics of stress in future studies with regards to
time, financial, and logistical efficiency savings.

Association Between Technical Performance
and Stress

Although technical skill was poorer in those participants
with higher sympathetic tone response, the study did
not elicit a significant inverse association. The reason for
this may be 2-fold. First, this study has a small sample
size, and secondly the association between stress and
performance is nonlinear. The Yerkes-Dodson Law”’
suggests that the relationship between stress and techni-
cal skill follows a parabolic curve. Increasing stress
improves technical performance but only up to a point,
thereafter increasing stress reduces performance. This is
difficult to detect without graded stages of planned stres-
sors within a single simulation.

Future studies will identify the appropriate point-level
of stress at which performance drops. This is vital to
informing the ideal stress level, known as the “zone of
proximal development” > in pedagogical theory,
which is just beyond the learner’s skill level, yet not
overwhelmingly challenging, at which learning is most
efficient. An alternative explanation to the maintenance
of technical skill is, reassuringly, that surgical residents
are capable of maintaining their performance despite
increased stress levels. This stress reserve can be sur-
mounted by planned additional stressors. Finally, the
results show a positive direction of agreement between
surgeon and nurse self-reported stress. This observation
may indicate a whole-team effect by proxy. As surgeon
stress correlates with team stress, the converse may be
true where any benefit gained by surgeons in a future
high-fidelity team simulation training program may
extend to the whole team. A future study should seek to
test this important and plausible hypothesis.

Clinical Relevance

This study indicates the appropriateness of high-fidelity
simulation as a tool for nontechnical skill training, how-
ever, more work is required to validate this link. Further
objective evidence will help bring nontechnical skill
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training to the forefront of surgical education and guide
translation of surgical education from the operating
room to simulators. Already, there are examples of
improved patient safety arising from technical skill
focused immersive team simulation. Desender et al.”® in
a randomized control trial demonstrated immersive
team simulation led to significant improvements in tech-
nical metrics and a reduction in minor and major errors
in the operating room. As nontechnical skill failures are
a substantial contributor to errors, a focus on whole
team nontechnical skills training may have a similar
impact on patient care.

Limitations

A statistical power calculation was not possible due to
paucity of pre-existing data in the literature and thus we
recognize the increased risk of Type II error. Ergo, the
results of this study should be used to guide future stud-
ies and generate hypotheses.

The failure of outcome metrics to identify changes in
stress in senior surgeons may be a result of a ceiling
effect attributable to both the relative simplicity of the
index TEVAR simulation and the absence of planned
stressors. Indeed, studies in the field of urology,'57 anes-
thetics’® and emergency medicine®” have shown senior
surgeons do benefit from high-fidelity team simulation.

Retrospective single expert video analysis of technical
skill may have introduced bias as video footage would
certainly have unblinded the assessor. However, the
direction of bias would be toward significance in techni-
cal performance and stress association testing, and there-
fore did not affect the results of this study.

The outcome measures used in this study give no qual-
itative information on which, if any, of the 3 domains of
nontechnical skill the observed changes in stress are
associated with. Qualitative data is critical to the design
of curricula and so future work should seek to use medi-
cal imaging technologies, such as Functional Near Infra-
red Spectroscopy (fNIRS),”” which may better inform
the differential contribution of specific executive func-
tion subdomains in times of operative stress.

Finally, this study has not considered the cost and cost-
effectiveness of ORCAMP, nor how this disruptive technol-
ogy will impact on the work-stream of surgical training.
These are important factors in the translatability of simula-
tion technology in improving patient safety and outcomes.

Conclusions

Junior surgeons showed increased stress in high-fidelity
team simulation compared to low-fidelity simulation. This
study is the first to isolate and identify a discrete stress
load associated with team engagement in high-fidelity
team simulation. The index endovascular procedure used

in this study is not intrinsic to the performance of the par-
ticipants and therefore the results of this present study
are potentially applicable across most specialties. These
findings indicate high-fidelity team simulation may be a
useful adjunct for nontechnical skill training and may
have a role in postgraduate surgical and endovascular edu-
cation.
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