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The earliest contributions of human 
factors engineering to surgery probably 
occurred just over a century ago. Already 
well-known for their pioneering scien-
tific approaches to management, Frank 
and Lillian Gilbreth turned their exper-
tise in time and motion studies and the 
psychology of management to optimising 
the operating room environment (and 
various aspects of hospital operations).1 
Some readers may know this real husband 
and wife pair of early management gurus 
as the parents depicted in ‘Cheaper by 
the Dozen’. Written by two of their 12 
children, it humorously depicted the 
application of the science of efficiency to 
the lives of this family of 14. The book, 
first published in 1946, generated a film 
(1950), a television series and an updated 
film in 2003. None of the antics in these 
various productions convey the real-life 
contributions of either of the Gilbreths. 
For instance, the modern approach to 
laying out surgical instruments in regular 
and consistent patterns grew out of their 
detailed analyses of filmed surgeries, in 
which the Gilbreths noticed that surgeons 
often spent more time searching for their 
instruments than they did operating.1

Within contemporary circles, however, 
many would likely cite de Leval and 
colleagues2 as the first to empirically 
demonstrate the relationship between 
human factors in the operating room 
(OR) and surgical error. They studied 
surgical performance and outcomes across 
a series of 243 arterial switch operations 
performed by 21 surgeons. One of their 
most notable findings pertains to the role 
that system factors play in the aetiology 
of errors. Such factors were generally 
referred to as ‘minor’ events and included 
such factors as failed alarm systems, coor-
dination problems with the blood bank, 
perfusion issues and inappropriate task 

delegation. These minor events tended to 
disrupt to the flow of a surgical procedure, 
which subsequently impacted negatively 
the performance of even experienced 
surgical teams. Specifically, as the number 
of minor events increased, the ability of 
a surgical team to cope with major prob-
lems decreased significantly.3 4 The accu-
mulation of minor events appeared to 
diminish the compensatory resources of 
the surgical team, increasing their vulner-
ability and susceptibility to committing 
errors.5 6

Although de Leval et al, clearly delin-
eated the types of ‘minor’ events that they 
observed specifically, there remained a 
paucity of information about the under-
lying nature and frequency of minor 
events that occur in the OR more broadly. 
As a result, generalisable approaches to 
remediating these ‘minor’ events were 
not immediately evident. Consequently, 
in the early 2000s, our research team,7 8 
as well as other researchers in Europe,9 10 
set out to further explore the exact nature 
and frequency of minor events in the 
OR and their potential impact on overall 
surgical performance.

Based on our interdisciplinary under-
standing of surgical performance and 
human factors engineering, we began 
studying and documenting factors in the 
OR that could impede the progress of a 
case.7 We named these factors ‘surgical 
flow disruptions’ (SFDs) and developed 
a process for categorising them based on 
a human factors approach.8 Our initial 
categories included technological issues, 
environmental distractions, teamwork/
miscommunication, training delays and 
resource availability. We then correlated 
the frequency in which each type of SFD 
occurred with our other observations of 
performance during surgical cases. We 
found an overall positive correlation 
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between the rate in which different SFD occurred and 
the rate of errors that transpired during a case.

The findings of our initial study helped to further 
reinforce the notion that even experienced surgical 
teams can be impacted by the context in which they 
work. While such a conclusion may seem obvious to 
many, the prevailing culture within the field of surgery 
at the time focused almost exclusively on surgeon 
skill.10 When errors occurred, the surgeon was the one 
to ‘blame’. Actions taken to remediate the problem 
therefore often included admonishment or retraining. 
However, our empirical findings that no surgeon is 
an island, capable of achieving excellence indepen-
dent of their team or OR setting, further opened the 
door for human factor engineers and surgeons to 
work together to focus on systems issues rather merely 
training and skill development. James Reason’s adage 
that ‘we cannot change the human condition, but we 
can change the conditions under which people work’11 
had now gained considerable traction.

Since our first publication in this area, numerous 
studies have been conducted by our research team 
and others to further explore SFDs during surgery. 
These studies have highlighted the fact that SFDs 
are not always the same across institutions or types 
of surgical cases. Other studies have expanded this 
line of research to explore SFDs (often referred to as 
simply ‘flow disruptions’ (FDs)) across a diverse range 
of surgical procedures and healthcare settings.12–14 
Other studies have expanded on our methodology to 
develop standardised SFD data collection and anal-
ysis tools.15 Indeed, it now appears that the study 
of observable and quantifiable flow disruptions 
that potentially impact patient care is becoming a 
common approach to improving quality and safety.

One of the most exciting advancement in this line 
of research is the growing sophistication in how SFD 
are analysed to better understand their interrelation-
ships and actual impact on performance.16 To date, 
the vast majority of research in this area has simply 
focused on describing the nature of different SFDs 
and the frequency of in which they occur. Yet, not all 
SFDs are likely to impact performance in the same 
way. Some researchers have found that breakdowns 
in teamwork and communication are most impactful 
on overall surgical performance,8 whereas others 
have found that OR layout17 is highly influential. 
Furthermore, SFDs do not appear to be indepen-
dent of one another. The findings by de Leval and 
colleagues2 clearly suggest that SFDs can interact in a 
way that fosters subsequent SFDs and that SFDs can 
have a cascading effect, which increases their poten-
tial impact on performance.

The study by Joseph et al in this issue of BMJ 
Quality and Safety18 provides an excellent example of 
how the study and analysis of SFDs can be advanced. 
These authors analysed video recordings from four 
digital cameras located in the four corners of the 

OR (the Gilbreths would be proud!). This method 
allowed for a more systematic identification of SFDs 
and their temporal relationships in a manner not typi-
cally afforded by simple observational methods and 
hand-written notes. The authors were able to identify 
a total of 2504 disruptions across 28 surgeries. They 
also adapted a methodology proposed by Parker 
et al15 for scoring the severity of each disruption 
in terms of its actual impact on performance. The 
severity of each disruption was classified into one of 
six categories (1—no impact/minor disruption, no 
response; 2—momentary disruption (acknowledge-
ment of disruption, no pause in task); 3—momen-
tary distraction (short pause <10 s); 4—primary 
task interrupted (task cessation >10 s); 5—primary 
task disruption (secondary task engaged) and 6—
repeat task. For the purposes of further analysis, 
the authors then defined any SFD that resulted in 
a pause or break in the primary activity as a ‘major 
flow disruption’ (categories 3–6). All other SFDs 
were designated as ‘minor flow disruptions’ (catego-
ries 1 and 2).

Joseph et al were able to develop logistic and linear 
regression models that allowed them to explore 
possible relationships between minor and major 
SFDs. Results revealed that increases in layout-re-
lated minor SFDs significantly increased the rate of 
major SFDs and that there was a significant asso-
ciation between minor SFDs related to equipment/
furniture positioning and the rate of major SFDs. 
The study contains numerous other findings related 
to the roles of staff members involved in SFDs, types 
of staff activities associated SFDs and OR traffic-re-
lated factors. As noted by the authors, this study is, 
to date, the ‘most comprehensive attempt to observe 
and model FDs and their systemic causes’. Indeed, the 
findings of the study are too numerous to summarise 
here. So, we strongly recommend those interested in 
this topic to read the study by Joseph and colleagues.

In closing, we would like to note that the main 
reason for studying SFDs and their interrelationships 
is not simply to understand them. Rather, it is to use 
our understanding of SFDs so that we can reduce their 
occurrence or mitigate their consequences when they 
do occur. Nevertheless, studying SFDs using sound 
methodologies and robust analytical methods is a 
crucial step in identifying appropriate interventions. 
The growing body of literature clearly indicates that 
the types of SFDs that impact performance vary 
across contexts. Hence, no single solution is likely to 
work across all settings or even address all the types 
of SFDs that may occur. Given the limited resources, 
the study of SFD affords the ability to judiciously and 
systematically invest in improving safety and patient 
care. Furthermore, a mature process for measuring 
and analysing SFDs also provides the means for 
empirically evaluating whether any intervention has 
been effective in achieving one’s desired goals.19–21 
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There are likely to be instances where certain inter-
ventions prove to have an impact while others do 
not. A reliable means of evaluating the efficacy of 
our efforts, or return on investments, thus consti-
tutes the vital key to progress.
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