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Central Message

Team cognitive workload data may be useful in

supplementing traditional root cause analysis.

Perspective Statement

Limitations of root cause analysis are leading to

introduction of innovative approaches to
Cognitive workload data of members of the cardiac surgery team can be
measured intraoperatively and stored for later analysis. We present a case
of a near-miss (medication error) that underwent root cause analysis using
workload data. Heart rate variability data, representing workload levels,
were collected from the attending surgeon, attending anesthesiologist, and
lead perfusionist using wireless heart rate monitors. An episode of cognitive
overload of the anesthesiologist due to a distractor was associated with the
preventable error. Additional studies are needed to better understand the
role of psychophysiological data in enhancing surgical patient safety.
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INTRODUCTION
The concept of mental workload (MWL) is multidimensional—

encompassing cognitive workload, mental strain, and mental
effort—and captures the overall load imposed by performing a spe-
cific task on the operator.1 Recent advances in cognitive sciences
are being leveraged to assess in real-time dynamic changes in MWL
of surgeons and other team members.2 When MWL is excessive, a
state of cognitive overload ensues with associated performance deg-
radation and errors.3�5 The aim of this manuscript is to illustrate
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an example of howMWL data may be incorporated into root cause
analysis of clinical incidents to enhance the understanding of the
human factors that affect surgical quality and safety.
ROOT CAUSE ANALYSIS OF A CARDIAC SURGERY
NEAR-MISS

Clinical Case
A patient with multivessel coronary artery disease not amenable

to percutaneous coronary intervention underwent a 3-vessel coro-
nary-artery bypass surgery (CABG) using cardiopulmonary bypass
and cardioplegic arrest. Upon successful weaning from cardiopul-
monary bypass, the leader of the surgical team asked the anesthe-
sia team for administration of protamine for heparin reversal. The
junior anesthesia resident, working under the cardiac anesthesia
attending who was present in the room, administered the entire
dose of protamine as a single intravenous push. The sudden rever-
sal of heparin with a bolus of protamine required a quick response
from the 3 team principals from cardiac surgery, anesthesiology,
and perfusion aimed at: (1) minimizing the risk of thrombosis of
the arterial cannula still inside the aorta by its rapid removal, (2)
considering the potential need for return on cardiopulmonary
bypass following repeat heparinization in case of refractory vaso-
plegic shock, (3) need for quick repeat cannulation of the aorta
and right atrium, and (4) need to make adequate pharmacologic
resources available (eg, epinephrine, ephedrine, methylene blue)
to counter protamine reaction and provide inotropic support,
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according to our own crisis checklist protocol.5 Fortunately, no
protamine reaction was observed and the patient was discharged
home on postoperative day 5 without complications.

Root Cause Analysis
Root cause analysis is a systematic approach to identifying

errors in workflow (including near-misses) and is relied on
extensively for quality improvement in healthcare;6 additionally,
it is intended to generate solutions to prevent similar errors from
occurring in the future.7 During root cause analysis of our near-
miss case, the anesthesia resident that administered the bolus of
protamine stated that she was not aware of the best practice for
protamine administration, including test dose and slow infusion
over several minutes. The anesthesia teaching faculty staffing the
case was also managing the overall flow of cases for the entire
operating room and, immediately prior to the protamine admin-
istration error, had been involved in a stressful argument with
operating room staff on case flow and scheduling priorities.

Mental Workload Data
The root case analysis used data on physiological metrics of

MWL (heart rate variability—HRV) that was being recorded
for the case as part of a NIH-funded research study.8 HRV
Figure 1. Dynamic changes in the low frequency/high frequency rat
ing (blue), surgical attending (green), and lead perfusionist (red) thro
isolated cognitive overload state can be observed (HRV LF/HF ratio
error, the cognitive workload of all 3 team members rises synchron
semthorcardiovascsurg.com.)
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analysis is the most frequently utilized real-time physiological
measure of surgeons’ intraoperative cognitive workload.2 HRV
data were collected from 3 team members—attending surgeon,
attending anesthesiologist, and lead perfusionist—during the
course of the surgery. Each team member was equipped with a
wireless heart rate monitor (Polar H10 sensors, Polar Electro
Inc., Finland) that transmitted data via Bluetooth to a Polar
V800 watch. Heart rate data were archived for subsequent data
analysis; none of the team members had access to these data in
real time. Although the team members were equipped with
heart rate monitors, they were otherwise unaware of their own
MWL state because this information was not being fed back to
them in any way during the case. Of all HRV components, the
low frequency/high frequency (LF/HF) ratio has been used
extensively as an indicator of sympathovagal balance, and
higher values are reflective of higher states of MWL.9,10
RESULTS AND DISCUSSION
Figure 1 demonstrates the changes in HRV of the anesthesia

attending, surgical attending, and lead perfusionist throughout
the case. Prior to the error, an isolated cognitive overload state
can be observed (HRV LF/HF ratio of 37; normal is <2.5) for
the anesthesiologist correlating with the subjective emotions
io heart rate variability measurement of the anesthesia attend-
ughout the case. Prior to the error (labeled “Protamine”), an
of 37; normal is <2.5) for the anesthesiologist. Following the

ously. (Color version of figure is available online at http://www.
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(frustration/anger) resulting from the argument with operating
room staff. Following the error, around the time stamp of
12:01, the cognitive workload of all 3 team members rises syn-
chronously following the announcement of premature comple-
tion of the protamine administration by the trainee. The
synchronous mirroring observed at this time could be indica-
tive of team cohesion and strategy shift, absent elsewhere in
the case when a mutual awareness may not have been present.
CONCLUSIONS
The conflicting demands on the attention of the teaching anes-

thesiologist and the high emotions (frustration and anger) caused
a temporary cognitive overload state which interfered with the
completion of resident teaching and was a factor in the prevent-
able medication error. The high teaching demands of this case,
where a novice cardiac anesthesia resident was being mentored
through the first cardiac case, should have taken precedence over
conflicting demands of flow management in the operating room,
which acted as a disrupting distraction. While this error could be
easily dismissed as due to the resident’s lack of experience and
the attending’s lack of teaching, employing root cause analysis by
incorporating a reliable physiological indicator of cognitive work-
load illustrates that the latter—lack of teaching on the part of the
attending—is attributable to a temporarily ineffective mental state.
The attending anesthesiologist would have been better equipped
to take on the demands of teaching the novice resident were it
not for the mental overload experienced as a result of prior high
emotions and poor situation and plan awareness.11

To the best of our knowledge, this is the first report of a root
cause analysis that used cognitive workload data as a tool to offer
an explanation toward “why” the near-miss occurred. Despite
the retrospective nature of root cause analysis relying on HRV
data, this case illustrates a powerful potential debriefing tool to
bring awareness and stimulate conversation among team mem-
bers. Additionally, utilizing this approach in real time could
introduce error detection and resolution opportunities.

While surgical teams do not currently have access to heart
rate monitors and workload information according to current
routine practice, collecting these data in the operating room
represents a passive and noninvasive process. Real-time
awareness of cognitive load, indicated by HRV measures,
could be useful in determining the appropriate time to inter-
vene during task flow with low risk of disruption.12 In this
specific case, monitoring the attending anesthesiologists’ cog-
nitive load in real time could have indicated a state of cogni-
tive overload, and initiated coping strategies to regulate that
state prior to moving on to protamine administration. Doing
so may have enabled the attending anesthesiologist to devote
appropriate cognitive resources to mentoring and teaching
396 Seminars in T
the novice anesthesia resident, and thereby prevented this
near-miss event entirely.

In the event that future research corroborates the relevancy
and utility of incorporating such technology, this method
could be adopted into routine care readily. Overall, this case
illustrates the potential usefulness of cognitive datasets for
improvement of patient safety. Future work should incorpo-
rate additional HRV and psychophysiological measures and
evaluate real-time solutions based on cognitive state.
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