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Introduction
Errors resulting in adverse events are among the leading causes of death in hospitalized
patients1. About 10% of hospitalized patients had at least one adverse event2-9. Among the
adverse events, 60% occurred in surgery and about half of them were preventable8-12. Further,
75% of surgical adverse events took place in the Operating Room (OR)11, 13. Thus, investigating
adverse events in the OR and implementing interventions to mitigate their potential harmful
effects are important steps to achieve improvement in patient safety.
In a highly complex system like the OR, small variations in individual and team
performances and environmental and organizational factors can accumulate to result in patient
harm14, 15. Currently, the analysis of intra-operative adverse events (iAE) often relies on postevent reconstruction of self-reported data from Morbidity and Mortality rounds, incident reports,
and retrospective chart review. This kind of analysis has serious limitations including reporter
recall bias, low compliance rate, and a lack of details16. A prospective observation is a more
sensitive method to detect small variations in the OR. However, prospective observations
required human analysts in the OR, rendering this process laborious, costly, and potentially
intrusive. Due to its limited sustainability and spread potential, this method has only been used
in small series.
Our group developed a synchronized multiport recording system called the OR Black
Box (ORBB). This technology continuously captures and synchronizes data feeds from the OR.
Research analysts review the recordings and collect relevant data outside of the OR. Thus, the
ORBB allows us to overcome the limitations posed by traditional methods of surgical safety
research using self-reported data and direct human observers. The purpose of this paper is to
describe surgical team performance, and environmental and organizational factors in the OR for
a one-year period from May 2015 to April 2016.
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Methods
Overview
We conducted a prospective study of consecutive operations performed by a single
surgeon in St. Michael’s Hospital (Toronto, ON), a tertiary academic center in urban setting. The
study was approved by the research ethics board of St. Michael’s Hospital.
The Operating Room Black Box (ORBB)
The ORBB used audio and video feeds during the study period. It captured video feeds
from a laparoscopic camera and two small wall-mounted room cameras. It also received audio
feeds from several microphones installed behind laparoscope monitors. The cameras and
microphones were strategically placed in the least conspicuous locations. The ORBB feeds
were then synchronized, encrypted, and stored in a secure server. This technology allowed
research analysts to perform a “fly on the wall” assessment of surgery without the intrusiveness
and laboriousness of being in the OR. Further, the analysts could pause, zoom in, and replay
the ORBB records to carry out accurate and detailed assessment. Two analysts are board
certified surgeons and received at least three months of training related to using the ORBB
data. Both have more than two years of experience in analyzing the ORBB records as of April
2016. A separate research analyst collected patient-specific characteristics and perioperative
variables. They did not have clinical responsibilities during the study period.
The ORBB recording begins when the patient is fully draped and ends right before the
drapes come off. The completed ORBB recording is assigned a random five-digit case number

linked to the patient log, which is kept in a secure server for 30 days. Patients and members of
the OR team have the right to withdraw their consents within 48 hours, at which point the
recording is deleted permanently. All recordings are automatically deleted after 30 days, in
compliance with the research ethics protocol.
Study Subjects
All elective laparoscopic general surgery procedures performed on adult patients (≥18
years old) were considered for inclusion. Cases with invalid or missing informed consent from
any member of the OR team or patients were excluded. The OR team often comprised of
nurses, anesthetists, and an attending surgeon and their respective trainees (clinical fellows,
residents, and students). The attending surgeon has fellowship certificate in minimally invasive
foregut surgery and nine years of practice. During the study period, performance of anesthetists
and their trainees were not measured.
Data Collection
OR Black Box Recordings
The ORBB analysts reviewed the recordings and annotated relevant data points along
the timeline. The data points were categorized into procedure steps (Table 1), environmental
factors and organizational factors (Table 2), and global assessment of surgeons’ technical skills
(Table 3).
The steps of procedures were marked along the ORBB timeline. The steps included
abdominal access, exposure, dissection, resection, reconstruction, inspection, and closure. We
also identified when the primary surgeon role changed from the attending surgeon to a surgical
trainee or vice versa. Environmental and organizational factors deemed disruptive to the flow of
operations were annotated. They included occurrences of loud noise, door opening and closing,
pager or telephone ringing, and nursing changeovers. Objective Structured Assessment of
Technical Skills (OSATS) was used to measure seven aspects of surgeons’ technical skills17.
Each category was rated on a 5-point scale to give a total score out of 3517. This instrument
demonstrated their validity in laparoscopic surgery and on surgeons and trainees.
Statistical Analysis
We performed descriptive statistics including frequency analysis (percentage) for
categorical variables and means (standard deviation (SD)) or medians (interquartile ranges
(IQR)) for continuous variables. We tested differences in OSATS score among the attending
surgeon, clinical fellows, and residents using the one-way analysis of variance (ANOVA). The
95% confidence intervals (CIs) and P values were reported using a two-tailed α level of 0.05.
We used SAS 9.4 (SAS Institute Inc., Cary, NC) to perform statistical analyses.
Results
Characteristics of Study Patients and Procedures (Table 1)
Between May 1, 2015 and April 30, 2016, 168 patients underwent elective surgery at the
pilot OR. Eight patients did not consent to our study. Of the remaining 160 cases, seven had
withdrawn consents from members of the OR team and 24 contained disrupted recordings.
Thus, 129 ORBB recordings were included for analysis. Sixty-three (47%) cases were bariatric
procedures, either laparoscopic roux-en-y gastric bypass or sleeve gastrectomy. Oncologic
gastrectomy cases had the longest procedure duration with a mean (SD) of 147 minutes (58.4
minutes). Paraesophageal hernia repair (62%) and diagnostic laparoscopy (55%) were the only
procedures where the attending surgeon participated as the primary surgeon for the majority of
case duration (Table 1).
Disruptive Environmental and Organizational Factors (Table 2)
The OR door opened and closed median 42 times [IQR, 32-54] or once every two
minutes per procedure. Loud noise was heard median 18 times [IQR, 6-29]. Pager or telephone

rang median 6 times [IQR, 3-8]. Together, these environmental disruptions occurred 66 times,
or once every 76 seconds per case. Nursing changeover occurred median once [IQR, 0-2] per
case for a mean (SD) of 2.9 (4.4) minutes. Technology in the OR, such as surgical instruments,
patient warmers, and laparoscope consoles were absent or malfunctioning in 40 (23%) cases.
Finally, “time pressure”, or an inquiry about the estimated time of case completion was
communicated in 14 (11%) procedures.
Global Rating of Surgeons’ Technical Skills (Table 3)
The attending surgeon had the highest mean (SD) OSATS score at 32.0 (1.7), followed
by clinical fellows at 29.8 (2.0) and residents at 28.0 (3.8). The difference among the three
mean OSATS scores was statistically significant (p< 0.001).
Discussion
This study presents a prospective audio-video analysis of consecutive elective
laparoscopic procedures in the OR for a one-year period. First, we described duration of various
procedural steps that make up an operation. A significant amount of time was spent on
dissection, resection, or reconstruction. Then, we demonstrated the proportion of time spent as
the primary surgeon by the attending, fellows, and residents. On average, the attending spent
more time as an assistant than the primary surgeon. Several studies have focused on the
increased operating time due to the presence of surgical trainees in the OR18, 19. However, no
study demonstrated how much time the trainees spent as the primary surgeon.
We described frequency of disruptive environmental and organizational factors. The OR
door opened and closed once every two minutes. Door opening is associated with change in
airflow, which is hypothesized to increase the risk of wound infection20. Disruptions such as loud
noises, phone rings, nursing changeovers, and technological failure are linked with increased
chance of surgical errors21. Avoidable disruptions represent latent failures in the system that
may lead to adverse events.
Our study has several strengths. This is the largest sample of prospectively collected
consecutive direct observations of the OR. The data points are identified and annotated by
dedicated analysts with extensive training in surgery and our study method. The ORBB
technology enables the analysts to pause, rewind, and replay the recordings to provide detailed
and accurate descriptions, free of recall bias and low compliance.
Our study has several limitations. All procedures were performed by the same attending
surgeon at a single center. Further, all cases were elective laparoscopic general surgery. Thus,
our findings may not be generalizable to other institutions. Only two ORBB analysts performed
data collection. However, these two analysts demonstrated satisfactory level of inter-rater
reliability throughout the study period (Jung et al. work in progress). Every 3 months, both
analysts rated 10% of the ORBB records to determine the inter-rater reliability. Lastly, there
were a significant number of ORBB cases that were disrupted. This might represent a sampling
bias. However, the disrupted records contained similar pattern of procedure types as our final
sample. Also, they occurred at random temporal distribution.
In conclusion, our study describes procedural steps, environmental and organizational
factors, and surgeons’ technical skills at the level of detail that was not feasible without the
ORBB technology.

Table 1. Procedural steps and proportion of case as primary surgeon by training level

Table 2. Disruptive environmental and organizational factors in the OR

Table 3. OSATS scores of attending, fellow, and residents

OSATS, mean (SD)

Attending
32.0 (1.7)

Fellow
29.8 (2.0)

Resident
28.0 (3.8)

p-value
<0.001
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