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Abstract
Objective—To understand the etiology and resolution of unanticipated events in the operating
room (OR).
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Background—The majority of surgical adverse events occur intra-operatively. The OR
represents a complex, high-risk system. The influence of different human, team, and
organizational/environmental factors on safety and performance is unknown.

Methods—We video-recorded and transcribed 10 high-acuity operations, representing 43.7 hours
of patient care. Deviations, defined as delays and/or episodes of decreased patient safety, were
identified by majority consensus of a multidisciplinary team. Factors that contributed to each
event and/or mitigated its impact were determined and attributed to the patient, providers, or
environment/organization.

Results—Thirty-three deviations (10 delays, 17 safety compromises, 6 both) occurred – with a
mean of one every 79.4 minutes. These deviations were multifactorial (mean 3.1 factors).
Problems with communication and organizational structure appeared repeatedly at the root of both
types of deviations. Delays tended to be resolved with vigilance, communication, coordination,
and cooperation, while mediation of safety compromises was most frequently accomplished with
vigilance, leadership, communication, and/or coordination. The organization/environment was not
found to play a direct role in compensation.

Conclusions—Unanticipated events are common in the OR. Deviations result from poor
organizational/environmental design and suboptimal team dynamics, with caregivers
compensating to avoid patient harm. While recognized in other high risk domains, such human
resilience has not yet been described in surgery and has major implications for the design of safety
interventions.

Introduction
Operating is an inherently precarious task that requires complex coordination between
individuals and teams of disparate experience levels and disciplines, within the context of
intricately organized hospital systems, under constraints posed by time and uncertainty. For
this reason, the OR is a prime candidate for human factors analysis. As a field of
engineering concerned with “the interaction among humans and other elements of a
system…physical, cognitive, organizational, environmental, and other,”1 human factors has
been responsible for safety and reliability advances in other high-risk work domains –
nuclear reactor control and aeronautics, for example. It posits that error stems from multiple,
heterogeneous sources; effective interventions, therefore, must address all etiologies, at all
levels – individual, team, and organizational/environmental.

A growing body of literature addressing human factors in the OR exists. This research has
begun to describe the relationship between surgical outcomes and the performance of the
OR as a complex system2–4, but the relative contributions of the key components of this
system are unknown. Much of what we know about intra-operative adverse events comes
from malpractice claims analysis 5–7, self-reporting systems, and root cause analyses8–9 –
methodologies based upon retrospective reconstruction of events that therefore suffer from
recall bias. In hindsight, many significant intra-operative factors and events are forgotten,
particularly those that are recovered and do not result in a discrete adverse outcome.
Prospective analyses have generally entailed live observation in the OR3–4, 10–12, which,
while yielding rich data, is limited by the time and space it requires. Few observers may
reasonably be present during an operation, and their data is inevitably restricted by their
physical and mental capacity to observe, process, and remember.

Video offers several advantages to human factors researchers in the OR: its ability to record
prospectively and undergo review retrospectively minimizes the bias against partially or
fully compensated events, while its amenability to replay improves reproducibility,
facilitates the resolution of inter-observer discrepancies, and allows input to be gathered
from multiple observers without requiring their presence at the time of data collection. We
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sought to 1) develop a methodology of audio-video recording operations, and 2) identify the
individual, team, and organization/environment factors that play a role in =the etiology and/
or recovery of unanticipated events in the OR, using a human factors approach and a
multidisciplinary team.

Methods
Audiovisual Technology

Over a two year period, we piloted and refined the use of audiovisual recording technology
in the operating rooms at our institution. Our configuration (Figure 1) includes a camera
incorporated into the operative lights, a wide-angle (270°) camera, a feed from the
anesthesiologists’ monitor, 5 high-fidelity microphones, and synchronization hardware and
software. With it, we are able to capture a view of the operative field in detail, a view of the
entire operating room (OR), a dynamic record of the patient’s vital signs, as well as various
conversations occurring throughout the OR, in synchrony.

Data Security and Protection of Human Subjects
In collaboration with Risk Management at our institution, we developed the following data
security policies. In order to minimize identification of individuals, the wide-angle camera is
purposely low-resolution and the in-light camera capture is restricted to the operative field.
After recording, each video is assigned a unique study identification number and stored on
our firewall-protected research server, which is backed-up via mirrored array. Identifiers
linking the videos to the patient are maintained for 30 days to facilitate chart review; no data
is recorded on the providers in the room. Video files are deleted within 90 days of recording
as per protocol. This study was approved by the Partners Human Research Committee. A
Certificate of Confidentiality was issued by the Department of Health & Human Services to
protect this sensitive research material against involuntary disclosure.

Subject Recruitment and Consent
The study was presented to the departments of surgery, anesthesiology, and nursing during
their weekly conferences. To minimize workflow disruptions, consent was obtained via an
opt-out process, whereby those who did not indicate a desire to “opt out” were assumed to
be willing to participate. Verbal assent was confirmed with participating OR staff members
immediately prior to each recording to the extent possible; if any person dissented, the
recording was cancelled.

To maximize our potential for capturing unanticipated events in the OR, we selected for
operations within general surgery and surgical oncology that had published expected
complication rates of >20%. We then identified these cases on review of the pre-admission
testing center and OR schedules. Prior to each, we contacted the operative attending surgeon
to ascertain his willingness to enroll a given patient in the study. Formal written consent was
obtained from the patient during the pre-admission testing appointment.

Among 17 surgeons with eligible cases, only one categorically opted out of the study,
stating that s/he would be willing to participate in future studies, after we demonstrated that
our recording processes would not affect OR turnover time. Sixteen assented to participation
at some point during our study period. We identified 389 cases meeting our inclusion/
exclusion criteria that were ultimately not recorded. The majority of these losses (59%) were
attributable to lack of a functioning in-light camera in the scheduled OR; only a subset of
ORs at our institution are installed with this piece of equipment, and 4 were under repair
when we began the study. A small minority of recording losses were due to lack of assent
from the attending surgeon (6%, usually citing an underlying mental or emotional
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vulnerability in the patient) or other OR staff (i.e. anesthesiologists or nurses, 5%), and as
such we feel that any selection bias towards the capture of teams with safer attitudes or
behaviors is unlikely.

Coding
Ten complex surgical procedures were audio and video-recorded from room set-up (marked
by the opening of the sterile kits) through patient exit. The videos were analyzed using a
modified version of RATE, open access software developed by Guerlain et al13 at the
University of Virginia for playing and annotating multiple video and audio streams in
synchrony. Two surgical research fellows (AFA, YYH) independently generated transcripts
of the videos, and these transcripts were reviewed by a surgeon (CCG), a cognitive
psychologist (EMR), and an educational psychologist (SEP). Transcript review was
supplemented by review of the primary video data as needed.

This core research team identified deviations by consensus, using two distinct definitions.
Delays consisted of complete halts in forward progress for the entire team lasting over 2
minutes, a threshold set by our international advisory panel of surgeons and intra-operative
human factors experts that is more conservative than those reported by others 14. Safety
compromises represented episodes of increased risk of harm to the patient. According to our
conceptual model (Figure 2), safety compromises may be partially or fully recoverable;
however, their effects may also be additive, accumulating until a threshold for harm is
reached.

We asked our clinical domain experts (two surgeons: RSS, RTO; an anesthesiologist: AMB;
and an OR nurse: PS) to independently categorize these deviations according to the
following schema: delay, safety compromise, both, or neither. The final designation of an
episode as a deviation and its type was based on a majority ruling among the clinical domain
experts and the core research team.

Members of the core research team then reviewed the final deviations to identify (again, by
consensus) all factors that played a role in the causality, as well as the mitigation or recovery
(if applicable), of each. These contributing and compensatory factors were attributed to the
patient, an individual, the team, or the organization/environment. Because we found
significant overlap between individual and team factors, a single providers category was
used to encompass both. Additionally, the time from inception until resolution of each
deviation was noted.

Summary statistics were calculated for the number of deviations per case, the number of
contributing and compensatory factors per deviation, and the time to resolution. The
frequency of appearance of contributing and compensatory factors is expressed as a
proportion of deviations.

Results
General descriptions of the cases under study are given in Table 1. As planned, a variety of
complex general surgical procedures were recorded, with individual case durations ranging
from 78 minutes to over 7 hours. In total, we obtained a total of 43.7 hours on video,
including 38.8 hours of patient-in-room time and 28.3 hours of operative time. Thirty-three
deviations – 10 delays, 17 safety compromises, and 6 both – were captured. As shown in
Table 1, every case had at least one deviation; each typically demonstrated more than 3
(mean 3.3, median 3.5). Eighty percent of cases had at least 1 delay (mean 2, median 1.5),
while 90% had at least 1 safety compromise (mean 2.6, median 2).
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Etiology
The factors found to contribute to each type of deviation are displayed on the left side of
Table 2. The distribution of these factors to patient, provider, or environment/organization is
seen in the top panel of Figure 3. An example illustrating each of the factors is provided in
Table 3. Only 24% of all deviations could be traced to patient factors. In contrast, provider
factors contributed to 70% of all deviations. Among these, failures in communication
(33.3%), coordination (30.3%), leadership (24.2%), and knowledge/training (24.2%) were
most frequently observed. Over half (52%) of all deviations were at least in part attributable
to the organization/environment, most commonly problems with organization (39.4%),
system-level communication (24.2%), system-wide coordination (21.2%), and equipment
(21.2%). To illustrate the distinction between factors that appear both at the level of the
provider and at the level of the organization/environment, notable instances of
communication and coordination failures are described below.

Communication—Problems with communication may result from inefficient delivery
and/or incomplete comprehension on the part of individuals. The following episode can be
used to demonstrate this more classic type of communication failure – occurring at the
provider-level. About one hour after incision, the anesthesiology resident noted low urine
output and significant volume in the suction canister. The surgeons, who were finding the
case more technically challenging than they had anticipated and initially indicated, had been
actively discussing the complexity of the case amongst themselves; however, they had not
notified the anesthesiology team about any altered expectations with regards to operative
time or blood loss. The anesthesiology resident asked the surgeons if irrigation had been
used (no) and if there was oozing (yes), but received no further insight. Throughout the
remainder of the case, the anesthesiology resident continued to ask the surgeons about
bleeding, and each time, they denied it. Resuscitation lagged, and the patient developed
cardiac ischemia. Towards the end of the case, the surgeons clarified that they had meant
that there had been no “surgical bleeding” – that they had only encountered continuous
oozing, as they had originally indicated. The lack of a shared understanding about the
expected course of the operation, as well as the differing perceptions each held about the
meaning of the term “bleeding” contributed to this deviation.

As this case demonstrates, deviations tended to be multifactorial in etiology; on average,
each was attributable to at least 3 factors (mean 3.1, median 3.3). Here, under-resuscitation
of a high-risk patient with a pre-existing heart condition led to cardiac ischemia and arose
from problems with several factors including 1) communication, as described above; 2)
monitoring/vigilance (surgeons did not notice the patient’s hemodynamic instability or seek
physiologic information; anesthesiology resident did not hear the surgeons’ discussion about
the changing demands of the case); 3) coordination (anesthesiology attending was unable to
fully supervise his resident due to his responsibilities in other ORs); 4) knowledge/training
(the anesthesiology resident did not recognize the urgency of the situation when the patient
became volume depleted), and possibly 5) status asymmetry (the anesthesiology resident felt
uncomfortable pushing the attending surgeon to explain or predict the blood loss).

Failures in communication may also result from a feature of the larger organization/
environment. We observed several instances in which the structure of the organization that
was built to facilitate communication in fact hindered it. In one case, we observed extensive
and redundant discussions about the potential need for available blood as different providers
– nurses, anesthesiologists, and the surgical fellow – arrived preoperatively. Blood had not
been ordered with the booking, whereas all of these providers had expected it would be;
hence, they ordered it. When the attending surgeon arrived, he announced that blood was not
necessary for this case – that he had intentionally not ordered it. The booking sheets, which
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varied by surgeon, all had space for the surgeons to make requests for such needs, but some
lacked corresponding ones in which to explicitly deny them. To the recipients of these
forms, the purposeful act of not ordering blood appeared exactly the same as forgetting to do
so. In relying on teams to surmise the attending surgeons’ intentions, this poorly designed
vehicle for communication contributed to wasted resources, time, and energy.

Coordination—Coordination was similarly observed to contribute to deviations at both a
provider and an organizational/environmental level. Attending surgeons were frequently
absent at the beginning of their cases, causing delays ranging from 8 to 28 minutes. Even
teams familiar enough with their attendings’ preferences to begin without them ultimately
reached a point at which progress halted and they were forced to idly wait. These attending
surgeons often arrived to find that their preferences had been inaccurately approximated –
the positioning suboptimal or the proper supplies unavailable – and the delays persisted
while the team reconciled the discrepancies.

In comparison, among nurses and anesthesiologists, coordination failures tended to be
induced by organizational factors such as scheduling policies. For example, poorly timed
hand-offs were generally the product of an OR scheduling mechanism insensitive to the
demands and/or progress of individual cases, rather than the actions of discrete providers;
therefore, these were attributed to the organization. In one case, a second attending
anesthesiologist arrived in the midst of induction to send the original attending home and the
resident to assist in another OR. This unexpected hand-off prompted an extensive discussion
of ongoing staffing issues throughout the OR and necessitated an immediate, but unplanned,
transfer of information, increasing the team’s workload during its highest-intensity phase of
care – a set-up conducive to lapses in memory. Furthermore, the providers responsible for
the remainder of the patient’s anesthetic care, including intra-operative management and
extubation, were not those who were the most knowledgeable about him; they had not
experienced his difficult airway or hemodynamic instability. Following the completion of
the induction and the hand-off, a replacement resident also unexpectedly arrived, requiring
yet another hand-off – again increasing workload as well as the potential for information
loss. Finally, because the switch had been wholly unanticipated, the original team indicated
they were unprepared for the hand-off; the outgoing attending and resident noted and
apologized for various tasks that remained to be done, which, with more notice, they would
have completed prior to hand-off in order to streamline the workload for their successors. In
similar fashion, inopportune hand-offs were noted to prolong surgical bleeding (when a
scrub technician’s scheduled break occurred during a critical portion of the case, his
substitute could not find the appropriate instruments) and complicate the count (when the
scrub technicians and circulators handed-off immediately prior to closure, the new team,
unfamiliar with the case, was unable to reconcile the other’s count).

Recovery
Some form of compensation was observed in every deviation except one, in which the
patient left the OR before the safety compromise was recognized. Only 1 of the remaining
22 safety compromises concluded with measurable patient harm. On average, each deviation
lasted 37 minutes from beginning to end, and while safety compromise and delays tended to
be similar in duration (34 and 31 minutes, respectively), the simultaneous occurrence of the
two took nearly twice as long to resolve (54 minutes). Like contributing factors,
compensatory factors were rarely patient-related (3.0%). In stark contrast, however, we were
unable to ascribe any compensatory factors directly to the environment/organization.
Overwhelmingly (97.0%), providers were the source of recovery.
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As in their genesis, the mitigation of deviations tended to be complex, typically requiring 3
factors each to resolve (mean 3.3, median 3). To compensate for deviations, providers most
frequently intensified teamwork efforts, including communication (60.6%), coordination
(45.5%), leadership (39.4%), and cooperation (30.3%). More individual attributes such as
monitoring/vigilance (57.6%), decision-making (27.3%), and contingency planning (24.2%)
commonly emerged as well.

In one exemplary episode, the patient desaturated and became hypotensive about 30 minutes
after incision. The anesthesiology resident recognized these changes immediately
(monitoring/vigilance) and clearly alerted the surgeons (communication), explaining that he
had already given phenylephrine without response. He instructed them to remove their
retractors, followed by any packing (decision-making, leadership, coordination); they
complied readily (cooperation). The surgical attending then requested a fluid bolus
(decision-making, leadership), to which the anesthesiology resident agreed (cooperation).
While waiting for the patient to recover, both the anesthesiology resident and the surgical
attending taught the surgical resident about troubleshooting hemodynamic instability with an
open abdomen (knowledge/training). Four minutes later, the anesthesiology resident notified
the surgeons that it was possible to proceed (coordination, leadership).

Interestingly, we observed episodes of hemodynamic instability often, but without such
smooth engagement from the team. In another case, upon noting bradycardia and
hypotension, the anesthesiology attending alerted the surgical attending. He, however,
responded, “Well, we’re not really doing anything,” and proceeded to operate. The previous
team is thus worth highlighting first for its ability to cooperate, but also for its exchange.
Leadership and decision-making roles were shared among team members, and such
flexibility permitted an interplay of expertise that improved the team’s ability to provide
care.

Discussion
Intra-operative deviations in care occur routinely – by our estimates, once every 79 minutes
during complex procedures. At the root of these deviations, both provider and
organizational/environmental factors predominate; we observed suboptimal team dynamics
and poorly designed systems causing delays and compromising patient safety. These
findings are in keeping with previous work on human factors, both in and outside of
medicine2, 10–12, 15–16.

In surgery, the contribution of various provider factors to deviations is well-established.
Communication, for example, is an often-cited provider factor in both safety compromises
and delays. Based upon intra-operative observations, Lingard17 estimated that 31% of all
procedurally-relevant communications in the OR fail, with 36% of these failures impacting
case flow (18% cause inefficiency, 8% delays, 2% workarounds, 2% resource waste) and/or
patients (2% inconvenience, 1% procedural error). Mazzocco4 demonstrated an increased
odds of complications or death with low intra-operative information sharing. Higher levels
of positive communication were correlated with lower risk-adjusted mortality rates across
Veterans Affairs Medical Centers18. Similarly, absence of the attending surgeon at the
beginning of the operation has been highlighted in a number of studies of OR delays14, 19.

The impact of organizational/environmental factors on intra-operative processes has also
been recognized. Many have published their stories of OR efficiency improvements based
upon changes in infrastructure and/or policy – for example, those regarding the allocation of
human resources19, block time release20, and standardization of booking processes21 or
instrument trays20, Equipment problems are particularly common in the OR. In their intra-
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operative observations, Healey22 noted that unavailable or non-functional equipment was
the distraction/interruption most likely to interfere with the case, while Wiegmann11 traced
11% of all surgical flow disruptions to difficulties with equipment or technology.

To our knowledge, no previous studies have attempted to determine the relative importance
of specific provider or organizational/environmental factors in precipitating deviations or
characterized their role in mitigation. Nearly all of our deviations (97%) were salvaged by
providers; the organization and environment played no direct role in recovery in the cases
that we observed. Such data seems to directly contradict the prevailing dogma. Our
understanding of error in medicine has paralleled that in the human factors world, albeit with
several years’ lag time. Initially, in their field, as in ours currently, adverse events were
blamed on human fallibility, and emphasis was placed on the construction of standardized
systems with safeguards to protect us from our own inconsistent performance 23.

Although this assumption became the impetus for many successful safety advances such as
checklists24–25 and technological adjuncts for tracking sponges26, the human factors field
has since experienced a sea change. To follow-up his 1990 treatise on failure and the
limitations of human cognition, “Human Error,”27 James Reason recently published “The
Human Contribution: Unsafe Acts, Accidents, and Heroic Recoveries”28. Human factors
experts like Reason now recognize the power embedded within human variability: our
ability to adapt. The concept of human resilience is beginning to emerge in healthcare29.

In their observational study of 243 neonatal arterial switch operations, deLeval et al3 found
that compensation reduced the risk of death in the event of major (potentially life-
threatening) intra-operative errors. In a case study of patient load increases in the emergency
department, Anders et al30 described individual personnel as the source of resilience; they
alone recognized strain on the system and recruited additional resources to buffer it.
Patterson et al31 detailed the role of collaborative cross-checking in detecting and recovering
medication error incidents. Protocol-driven cross-checks were noted to be relatively
ineffective; resilience was largely induced by people outside of their official roles and
responsibilities.

System redesign is unquestionably an important tool in preventing and mitigating
deviations. Some of the deviations we captured in our study could have been prevented
through system modifications – particularly those that were attributable to the organization
or environment, like the unnecessary blood order or the inopportune shift changes – thus
obviating the need for provider-driven rescue. However, deviations are, to some degree,
inevitable in the practice of medicine, where the potential knowledge base is limitless and
presentations and circumstances constantly change. Academic tertiary care centers, for
example, are bound to encounter physiologic fragility or provider inexperience, no matter
how thoughtfully their support systems are designed. Therefore, as we continue our work to
improve safety and efficiency in health care, we must simultaneously build systems that will
help us avert deviations and train providers to anticipate and deal with those that are
unavoidable.

We posit that the best-designed systems incorporate a degree of flexibility to accommodate
positive fluctuations in the performance of its providers. Indeed, attempts at system redesign
may have unintended consequences. Standardization, for example, so often the product of
systematic change, may prove constricting in certain situations when the opposite is
required. We have previously reported on the deleterious impact of disabling protocols32,
and suggest that hospitals examine the downstream impact of all new procedures post-
implementation, with particular focus on changes in provider functionality33–34. In order for
providers to flexibly adapt as deviations arise, the environment must be conducive to
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exploration. The importance of a culture of safety in this regard cannot be understated35–38.
For any safety initiative to gain traction and achieve meaningful, lasting results, it must
have, at its foundation, support. Safety must be institutionalized – valued by hospital
leadership and administration, as well as individual providers. As has been said repeatedly
by human factors experts, safe is not something organizations are, but something they do.
Safety comes with an ongoing commitment and willingness to change39.

Limitations
As in any observational study, the Hawthorne effect may be a concern. However, we believe
the use of video, with equipment placed as non-obtrusively as possible, minimized this risk.
We suspect that its impact on our findings was smaller than that of a similar study using
field observations, in which the presence of live personnel in the OR may serve as a constant
reminder of the ongoing study. The operations we recorded were long and often arduous,
absorbing the full attention of the teams. As the discussion in the room occasionally touched
upon confidential topics, it became apparent that participants forgot about the recording in
the course of the case. Thus, we believe that our capture is naturalistic. However, even if the
teams remained aware of the study throughout the case and adjusted their actions
accordingly, then our estimate of deviations – our primary outcome – is a conservative one.

Because all recordings were performed at a single institution, generalizability may be a
concern. As an academic, tertiary-care hospital, we may treat more complex patients;
however, as patient factors contributed a relatively small amount to the evolution or the
recovery of deviations, this difference in case mix is likely immaterial. While we have a
strong safety culture, our hospital does not employ the system innovations reported by other
groups20–21, 40, and team training efforts41 here are not yet widespread; thus, we doubt our
results would differ significantly from those of a typical academic tertiary care hospital. As
others in the surgical literature have previously reported the importance of various provider
and system factors – communication4, 6, 17, 42 or leadership12, for example – in the OR, we
suspect the themes highlighted by our data are universal.

We developed a novel coding system for identifying and classifying deviations. Benefiting
from the input of a multidisciplinary team, we based our decisions upon discussion and
consensus rather than attempting to achieve concordance between two trained coders.
Existing global rating scales for provider performance43–45 and environmental
distractions22, 46, while seemingly easier to report and/or replicate, were considered, but
ultimately discarded for their insufficient inter-rater reliability, which we surmise stems
from their ambiguity. Likert-type rating scales cannot encompass the nuances in human
interactions with each other or their environment. Furthermore, our study teams (both the
core research team and the clinical domain consultant team) were constructed with the goal
of representing multiple, equally valuable perspectives. The discussion that preceded
consensus allowed us to achieve a nuanced understanding of each deviation. If we had
instead required the agreement of independent coders to designate deviations, the highly
informative, domain-specific data generated by any single expert’s reading of an event (e.g.
human factors, nursing, anesthesiology) may have been lost. Finally, as consensus was
readily achieved despite the disparate backgrounds of our study team members, we expect
that the results are indeed reproducible by others.

As Jeffcott et al47 state, tools for measurement in resilience engineering are currently
lacking. Sheridan48 further explains that because resilience is in its early stages of
development, the approach to it is more likely to be qualitative than quantitative. As such,
there were no existing methodologies to aid us in our characterization of error mitigation in
the OR. We feel that our methods, which combined qualitative and quantitative techniques
and allowed us to retain a rich level of detail in our data, were best suited to our purposes.
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Implications
Using video, we captured and deconstructed episodes of safety compromise and delay, as
well as their recoveries, in the operating room. These events are common, and, contrary to
popular belief, are not purely the consequence of human imperfections allayed by protective
systems. While providers contributed to deviations (along with system and organizational
factors), they were also an important source of recovery. Such human resilience has been
recognized outside of surgery and will be a critical component of surgical safety in the
future.

To date, the approach to improving surgical safety has focused primarily on error
prevention. While such interventions have led to marked improvements in safety, our results
suggest that increased standardization is only part of the solution. Error mitigation is a
complementary approach to patient safety; in this model, practitioners, with the uniquely
human capacity for adaptation, are a primary source of resilience in an imperfect system. To
cultivate this quality, we must design systems and promote a culture able to accommodate
it48–49, taking care not to restrict providers’ ability to improvise with over-protocolization.
In doing so, we will not only minimize deviations in care, but we will also learn to recover
from them when they inevitably occur.
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Figure 1.
Video Recording Configuration. Left, view from camera installed in operative lights. Center,
view from 270° camera. Right, anesthesia monitor feed.
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Figure 2.
Conceptual Model of Safety Compromise. The course of the operation is represented by the
solid black line. 1. At the beginning of the case, the patient’s level of safety is determined
largely by baseline patient factors. 2. A safety compromise occurs, decreasing the level of
safety, but the case remains within the Zone of Safety; buffering by other factors maintains a
safe environment for the patient. 3. Another safety compromises decreases the level of
safety beyond the Zone of Safety, but partial recovery (upward slope) prevents the patient
from progressing further towards harm. 4. A final safety compromise decreases the level of
safety below the Threshold for Harm; negative patient outcomes are manifested. 5.
Stabilization (flattened slope) is achieved; the patient’s harm is not reversed, but no further
harm is done.
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Figure 3.
Attribution of Factors to Patient, Providers, or Environment/Organization. Top, distribution
of factors that contributed to deviations among patient, providers, or environment/
organization. Bottom, distribution of factors that aided in compensation and/or mitigation of
deviations among patient, providers, or environment/organization.
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