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“To our colleagues who selflessly take 
superb care of patients and make that 
care safer”



vii

Foreword

Sarah slumped into a chair. “I’m cooked,” she said in a halting voice. A talented 
surgeon devoted to her patients and to safe surgery, Sarah had performed a “wrong 
site surgery.” It was her second.

Today’s story was easy to piece together. She had four cases scheduled and they 
proceeded in a manner not unfamiliar to any surgeon. A cholecystectomy had been 
straightforward until, just as a little bit of bleeding had started, the insufflation 
failed. Unable to see, Sarah asked that the circulator change the CO2 bottle. The 
circulator was from another room—the regular circulator was on break. Everybody 
watched with impatience as the circulator fumbled with the valve. Sarah said, “Yes, 
in retrospect, I got agitated.”

While this case was delayed waiting for help, another force was at work nearby. 
The two following cases were breast operations. One was a lumpectomy and senti-
nel node biopsy for breast cancer. So was the case after that. Because one patient 
had eaten recently, the order of the cases was switched.

“The nurse read the timeout in the usual manner,” Sarah told me. “I was still 
worked up from the previous case and depended on the team for the checklist. I may 
have been told about the switch, but I don’t remember it. I made a mistake.”

This story illustrates why this book is so important to any practitioner of medi-
cine but especially to anyone who holds a sharp knife in her hand. As surgeons 
interface with systems and machines, we must know how human factors can help 
mitigate the risks that face our patients and us.

Sarah knew that she would be reprimanded and fined by the state board of medi-
cine and that a malpractice suit would be likely. At the sharp end of the stick, she 
would be held responsible for the mistake. In most other worlds, a system analysis 
would uncover the several causes of the mistake. They include the institution’ sys-
tem of allowing untrained circulators to substitute for others, the inaccurate and 
largely lip service way in which timeouts were conducted, the pressure to utilize OR 
time efficiently, the added risk when laterality is considered, and a culture of defer-
ence to surgeons, among others. Additionally, the interface with CO2 tanks, cam-
eras, and complex equipment would be examined. Why do we “run out of gas” 
so often?

In the pages that follow, you will learn how to protect yourself and your patients 
from what can be chaotic systems. If you are in a position of administration, you 
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will see how blaming the surgeon is misguided. You will start to see how systems 
and equipment interact with human beings, fallible human beings, and how those 
systems often leave hard working practitioners hanging out there on their own.

You will learn, again, that no surgeon wakens in the morning with the intent of 
harming a patient.

Tampa, FL, USA Richard Karl

Foreword
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About the Book

Human Factors in Surgery: Enhancing Safety and Flow in Patient Care delivers a 
comprehensive review of human factors principles as they relate to the operating 
theatre. Hippocrates was the first to suggest the environment, lighting, and instru-
mentation used can impact surgical performance. Throughout history, the science of 
human factors has advanced with aviation due to a combination of engineering, 
management science, and applied psychological research. Human factors research 
is a key component of modern safety and performance improvement in high-risk 
industries including road and rail transport, aviation, shipping, mining, nuclear 
power, and the military. Despite this, surgical care has been late to adopt human 
factors principles. The traditional belief suggests life or death depends largely on 
the technical ability of the skilled surgeon. However, research across the globe has 
demonstrated the organization and operation of a given system can also contribute 
to surgical outcomes. Human Factors in Surgery: Enhancing Safety and Flow in 
Patient Care provides examples of how appropriately designed systems can lead to 
success where previously there was failure. The implementation of effective human 
factors principles may be lifesaving.

The textbook provides multidimensional human-centered insights from the view-
point of academic surgeons and experts in human factors engineering to improve 
workflow, treatment time, and outcomes. This text provides an overview of human 
factors as it relates to the operating theatre. The authors (consisting of both surgeons 
and human factors experts) focus on describing elements of the surgical system and 
highlighting the lessons learned from systems engineering. The developers aimed to 
create a handbook that all surgeons at any level in their training could read to improve 
their practice. To guide the reader, the book will begin broadly with Human Factors 
Principles for Surgery then narrow to a discussion of broad surgical considerations 
followed by insights regarding specific surgical areas. The early human factors chap-
ters are written by experts in human factors and focus on describing methods used to 
study and improve interacting systemic factors in surgery. The chapters focused on 
specific surgical specialties and scenarios are written by experienced surgeons who 
have inherently adapted the principles of human factors to facilitate the care of their 
patients. Each chapter follows the following structure: (1) an overview of the topic at 
hand to provide a reference for readers, (2) a case study or story to illustrate the topic, 
(3) a discussion of the topic including human factors insights, and (4) lessons learned 
or personal “pearls” related to improving the specific system described.
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1Introduction to Human Factors 
in Surgery

Bruce L. Gewertz

As surgeons in training, we became familiar with routine. The 10-minute scrub for 
our first case of the day, the ritual of draping, and the synchronized actions of sur-
geons, assistants, and scrub techs. The counting of sponges, needles, and instru-
ments repeated twice. These rituals developed slowly over many years and were 
codified by all hospitals and slavishly examined by regulatory agencies. In the back 
of our minds, we knew they were introduced to lessen infections, improve the speed 
of operations, and avoid inadvertently leaving foreign objects inside operated 
patients. But, in truth, they were just part of our daily practice, like brushing our 
teeth. They were “hard wired” into our behaviors.

All that said, we knew that devotion to these practices was less than uniform. We 
all observed those who decided 10 minutes was just too long to scrub, and besides, 
they had other things on their mind. Sometimes a second count of the instruments 
was just too time consuming; after all, we looked into the wound and there was no 
way anything was left in there. And most of the time, nothing happened. The infec-
tion rates were low, hemostats did not appear in postoperative X-rays. And yet, 
every once in a while and in every hospital, bad things happened. A cluster of infec-
tions occurred in implanted heart valves, two patients developed abscesses from 
retained sponges, and the wrong finger was operated on.

These failures – and surely, they were failures of the worst kind – were not due 
to inherently faulty practices. They were, in the main, due to people not following 
those practices or guidelines. Possibly their behaviors also reflected larger, more 
systemic deficiencies including institutional demands that made surgeons rush 
through procedures, inefficient designs of the operating suites, or lack of training 
and supervision. But all resulted in people not following established protocols and 
putting patients at risk.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-53127-0_1&domain=pdf
https://doi.org/10.1007/978-3-030-53127-0_1#DOI
mailto:Bruce.Gewertz@cshs.org
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The science of human factors is focused on investigating these disconnects and 
identifying solutions to remedy them. Human factors research began in other high- 
risk industries such as military operations, industrial sites, and aviation and has only 
been widely applied to medicine in the last 15 years. The field takes the most expan-
sive view of the environment we work in and asks how that environment helps or 
hinders the behaviors of the people that work there. As research has evolved, much 
emphasis has been placed on more precisely quantitating these environmental fac-
tors and the attitudes and behaviors that contribute to safe behavior.

There are compelling reasons for incorporating more human factors analysis in 
our practices. For one, the pace of technology development in our fields has been 
accelerating. Whether surgeons are performing robotic surgery, endovascular proce-
dures, or complex musculoskeletal instrumentation, the devices we use are intricate 
and constantly being upgraded. It is not uncommon to find manufacturers’ represen-
tatives in our operating rooms every time the devices are deployed or implanted. 
Optimal interpersonal interactions between these nonphysicians and the operating 
surgeon are essential for safety and require heightened skill sets in communication, 
cooperation, and trust building.

Second, expectations for our work are ever increasing. Patients, families, and 
payors expect consistent and excellent outcomes even as we are performing com-
plex surgery on older and sicker patients. Benchmarks for outcomes and readmis-
sions as well as costs are widely available, and they drive all evaluations of our 
performances.

In this volume, we will examine how human factors principles can be applied to 
optimize care processes in surgery in general and in each major specialty. We hope 
to give readers a framework to analyze their own practices and improve the environ-
ment they work in. It is our sincere hope that implementing well-designed process 
improvements will deliver sustainable benefits to both patient health and physi-
cians’ well-being.

B. L. Gewertz
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2Human Factors Principles of Surgery

Tara N. Cohen, Eric J. Ley, and Bruce L. Gewertz

 What Is Human Factors?

When working in a hospital, you may have heard the term “human factors” during 
a root cause analysis (RCA) meeting or from hospital leadership when discussing 
safety and efficiency. Without a formal definition, the concept often remains a mys-
terious lumping together of two words whose definitions are known separately, but 
not when joined. Human factors approaches have been utilized since the mid-1900s 
(some argue earlier); however, the field did not gain traction in healthcare until the 
publication of the well-known report, To Err is Human, by the Institute of Medicine 
[1]. Despite the recent proliferation of interest in human factors engineering among 
medical organizations, the majority of even the most well-meaning of individuals 
who reference the term usually have little idea of how a human factors approach is 
actually applied in healthcare.

Human factors (also referred to as ergonomics) has been formally defined as “the 
scientific discipline concerned with the understanding of interactions among 
humans and other elements of a system, and the profession that applies theories, 
principles, data and methods to design in order to optimize human well-being and 
system performance” [2]. Rather than focusing on individual challenges within an 
organization (e.g., redesigning a certain piece of technology) without plan or pur-
pose, the goal of human factors is to analyze and improve the entire system by 
identifying and individually targeting its various components in a systematic way.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-53127-0_2&domain=pdf
https://doi.org/10.1007/978-3-030-53127-0_2#DOI
mailto:Tara.Cohen@cshs.org
mailto:Eric.Ley@cshs.org
mailto:Bruce.Gewertz@cshs.org
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 A (Very) Brief History of Human Factors

A complete history of the field of human factors would require an entire book, so we 
will just provide a general and brief overview of the field’s history. Interest in what 
we now call human factors arguably first arose as early as the fifth century BC, 
when the early Greeks used human factors principles to design tools, workplaces, 
and jobs. It was Hippocrates who first put down in writing the value of workplace 
design and tool arrangement during surgery. He was one of the first to argue that a 
surgeon’s posture; the source of light in the room; instrument location; and surgical 
weight, size, and shape impact performance [3].

The late 1800s sparked the rise of Taylorism, or the scientific study of the worker, 
named after Frederick Winslow Taylor, a mechanical engineer interested in improv-
ing industrial efficiency. In one of his seminal studies of the Bethlehem Steel 
Company, Taylor realized that the efficiency of the entire organization could be 
improved if each man used a better shovel. Prior to Taylor’s arrival, all of the tools 
in the factory fell under a “one-size-fits-all” model. Regardless of the task, be it 
breaking through dense, heavy substances or scooping light materials like ash, all 
workers used the exact same shovel. Taylor offered each worker eight specialized 
shovels that would be best designed for the task at hand. As a result of this change, 
worker daily output increased from 16 tons to 59 tons [4].

If you are familiar with the 1950 film “Cheaper by the Dozen,” then you already 
know about this next group of scientists. The movie was based on the real-life story of 
Frank Gilbreth (one of Taylor’s students) and his wife Lillian Gilbreth. The Gilbreths 
pioneered the modern incarnations of ergonomics and human factors (often experi-
menting on their own large brood of children), expanding upon Taylor’s work to 
develop time and motion studies that aimed to improve efficiency by eliminating 
unnecessary motions. Their most well-known study involved reducing the number of 
steps and actions associated with bricklaying. Through this process, they reduced the 
number of motions it took to lay a single brick from 18 to 4.5, which boosted produc-
tivity from 120 to 350 bricks laid per hour. More relevant to surgery, the Gilbreths also 
applied their expertise to the operating room environment by analyzing video record-
ings of surgical procedures. They analyzed surgeons movements to identify opportu-
nities to make work more efficient and less fatiguing. One of their major findings was 
that surgeons spent a great deal of time looking for their surgical instruments; as a 
result they recommended that instruments should be organized and presented in stan-
dardized and consistent patterns, a practice consistently applied today [5]. 

The terms “human factors” and “ergonomics” entered the contemporary lexicon 
during World War II. During this period, new and complex military machinery and 
weaponry were developed, placing higher cognitive demand on users. This was espe-
cially true in military aviation. Fully functional aircraft operated by the best- trained 
pilots were crashing to the ground. In fact, only one-third of US Army Air Corps pilot 
losses during this time were due to loss in combat, with the remainder occurring as a 
result of training crashes and operational accidents [6]. Researchers found that pilot 
error could be significantly reduced when cockpit design was taken into consideration 
and standardized controls were utilized. Over half a century later, researchers in the 
United Kingdom became some of the first to formally apply a human factors approach 
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to surgery. Leval and colleagues [7] studied the relationship between surgical perfor-
mance and outcomes in arterial switch operations and found that both  major and 
minor events can lead to negative outcomes. Uncompensated major events (failures 
that were likely to have serious consequences for the safety of the patient (e.g., seri-
ous  cannulation problems, failure to gain sufficient vascular access, ventilation 
errors)) were likely to lead to death, but could be avoided with appropriate human 
defense mechanisms. The more subtle and insidious minor events (failures that dis-
rupted the surgical flow but did not have serious consequences for the patient in isola-
tion  (e.g., coordination problems, communication breakdowns, distractions)) were 
likely to go undetected and uncompensated by the team and their multiplicative effect 
was found to have a strong relationship with negative outcomes [7].  

 What Is a System?

Each of these early iterations of human factors has one thing in common: they high-
light the importance of focusing on the system rather than individual performance. 
But what does it mean to focus on the entire system? How do we define a system? 
Human factors practitioners who work in healthcare often reference the Systems 
Engineering Initiative for Patient Safety (SEIPS) model when asked to describe what 
they mean by a system (Fig. 2.1) [8]. The SEIPS model was developed as part of the 

Work system

Technology/tools

Person

Tasks Environment

Organization

Fig. 2.1 The SEIPS 
model. (Adapted from 
Carayon et al. [8])
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Systems Engineering Initiative for Patient Safety and was originally funded by the 
Agency for Healthcare Research and Quality (AHRQ). The SEIPS model maintains 
that healthcare professionals (e.g., surgeon, nurse, technician) work with other indi-
viduals to perform a range of tasks requiring the use of various tools and technolo-
gies, within given physical environments under specific organizational conditions. 
Factors impacting surgical performance can have several components: (1) the per-
son  – including teamwork/communication; (2) tasks; (3) tools/technologies; (4) 
physical environment; and (5) organizational conditions. None of these components 
are experienced in isolation  – they are all part of an interacting and interlocking 
sociotechnical system in which the confluence of interactions produces various work 
processes which impact different outcomes related to satisfaction, safety, and quality. 
Notably, in 2013, the creators of SEIPS expanded and extended the model (SEIPS 
2.0) to incorporate three concepts: configuration, engagement, and adaptation [9]. 
Additionally, among other clarifications, they differentiated between the internal 
environment (physical environment) and an external environment (societal, ecologi-
cal, economic, and policy factors that occur outside of an organization). However, to 
keep things simple, we will use the original SEIPS model (shown in Fig. 2.1) when 
describing the role of human factors in surgery in this text.

 What Does This Mean for Surgery?

While much progress has been made in reducing adverse events in healthcare, the 
overall rate of error remains high. A 2013 review of 14 studies analyzing surgical 
adverse events found that unintended injury or complication occurred in about 
14.4% of all surgical patients and 5.2% of the total events were potentially prevent-
able [10].

Errors made during an operation have been traditionally attributed to a surgeon’s 
ability. By focusing on a surgeon’s perceived skill, the number of contributing factors 
to conditions that allow for errors is marginalized. This narrow attribution disregards 
the many factors that are vital to maintaining safe and efficient performance in surgery 
and other high-risk industries. Oft-overlooked yet essential ingredients in building 
safe and efficient working environments include organizational culture, teamwork and 
communication, physical layout, interface design, usability, and cognitive abilities.

A human factors approach, unlike the conventional human-centered perspective, 
suggests that error is often the result of a combination of these various work system 
factors. Surgical teams are required to integrate progressively complex technology, 
communicate and coordinate among several multidisciplinary team members with 
differing levels of expertise, problem-solve on the spot to develop solutions for 
unforeseen patient challenges, and manage cost and time limitations that organiza-
tions demand. It is important to note that while most errors or adverse events occur 
when multiple factors break down the existing defense mechanisms in a system, 
there are rare occasions in which the human willfully disregards the rules and regu-
lations and acts outside of the norm. These individuals are examples of exceptions 
to the norm which leadership should manage accordingly.

T. N. Cohen et al.
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 The Person

A human factors approach does not focus on the errors that a particular person 
makes; rather, human factors practitioners use expert and instinctual knowledge 
about human behavior, attitudes, and cognitions to understand and redesign sys-
tems and processes, so that errors are less likely happen in the future. The person 
part of the system focuses on the proactive identification of what fosters high-
quality surgical performance, rather than highlighting surgical mistakes or devel-
oping reactive methods to address these missteps. The person component can 
involve any member of the surgical team (e.g., surgeon, nurses, anesthesiologists, 
technicians, and other staff). Perhaps most central to patient safety in surgery is an 
individual’s ability to detect and recover from potential threats before they ever 
reach the patient, a skill described as error management. Historically, great sur-
geons were recognized based on their technical abilities, knowledge of the spe-
cialty, and diagnostic expertise. However, nontechnical abilities such as effective 
communication and individual leadership style also translate to safe, satisfied 
patients and better outcomes [11]. While some evidence suggests that certain 
leadership skills are innate, there are numerous ways to develop and improve 
upon these skills. For example, individuals can seek help from mentors, take part 
in institutional programs, attend leadership courses, or even obtain advanced 
degrees involving leadership and management.

 Teamwork/Communication
Teamwork has been studied extensively in the context of surgery, with much of the 
research focused on specific disciplines and how to improve teamwork and perfor-
mance in that unique discipline. Teams often interact with one another, or have 
smaller sub-teams, as well as larger overarching and overlapping teams. Teamwork- 
related factors can cause or prevent adverse events, and much research has gone into 
improving teamwork to prevent patient harm.

Consider the following example from a case observation: during a cardiac surgery (involv-
ing a cardiac surgeon, an anesthesiologist, perfusionist and support staff), the surgeon com-
mented: “I need you to go up” without explicitly referring to one person in the room. The 
perfusionist assumed the surgeon was talking to him and began to increase the flow of blood 
from the cardiopulmonary bypass machine to the patient. Simultaneously, the anesthesiolo-
gist believed the surgeon was talking to him and began to raise the head of the patient table. 
The surgeon, who was not expecting the head of the bed to rise during this point in the 
procedure, announced “whoa, what are you doing” to anesthesia. Luckily, this communica-
tion failure was caught before a catastrophic error occurred, but the situation could have 
been avoided entirely had the team communicated more effectively.

Common interventions that have alleviated communication failures include team 
training, checklist implementation, team briefings, and enacting stricter protocol- 
driven communication (e.g., standard formats like SBAR or IPASS). In one 
study, implementing a protocol-driven communication format decreased fre-
quency of communication issues from 11.5 per case to 7.3 per case, on average 
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[12]. Interventions for communication failures in healthcare (e.g., team training 
and checklists) are also common for other teamwork competencies, and for team-
work and team performance in general. For example, simulation has been used to 
integrate training for both technical (e.g., dexterity) and nontechnical (e.g., lead-
ership, communication, decision-making, error management, conflict 
management) skills.

 Tasks

As operative procedures become more complex, surgeons are at a greater risk of 
work-related injury and even burnout (characterized by emotional exhaustion, 
depersonalization, and low personal accomplishment) [13]. Several studies have 
investigated the role of job demands in surgery on performance and safety, such as 
workload, time pressure, cognitive load, and attention, which have been grouped 
together into the category of “surgical task factors.”

Physical workloads that can be described as excessive include prolonged mus-
cular load, awkward and constrained postures, and/or repetitive movements, with 
task duration and strength requirements most impacting these factors in the goal 
of completing a task. In certain types of surgery, muscular fatigue from pro-
longed and awkward surgical postures has been seen to cause physical symptoms 
such as neck, back, and shoulder pain, as well as injuries in the hand and elbow. 
Cognitive load (or mental workload) refers to the proportion of attentional 
resources that a task or set of tasks demands. Tasks that are more difficult tend to 
be associated with higher workload, leaving little or no spare attention to respond 
appropriately to new or unexpected events, thereby increasing the likelihood of 
errors [14, 15].

Workload issues have been shown to relate to physician burnout, manifesting 
in increased medical errors, lower patient satisfaction, and decreased professional 
work effort. While there are several factors that contribute to physician burnout, 
high workload due to clerical tasks and documentation associated with the elec-
tronic health record (EHR) have become a major pain point [16]. For example, a 
time-motion study involving direct observation of over 50 physicians found that 
the average physician spent 49% of their time completing bookkeeping tasks. 
Even worse, physicians spent twice as long on EHR-related tasks than they did on 
clinical work [17]. Several solutions have been suggested to decrease harmful 
task-related factors in the surgical environment. With respect to physical and men-
tal workload, recent literature has demonstrated the positive impact of intraopera-
tive targeted stretching micro breaks (TSMBs) on surgeons’ experienced pain and 
fatigue, physical functions, and mental focus [18, 19]. Perhaps more common, 
however, checklists to mitigate errors during stressful situations have seen a great 
deal of uptake. When well-designed and implemented under the correct circum-
stances, checklists can be incredibly useful. However, when designed or imple-
mented inappropriately, checklists can cause additional issues such as “checklist 
fatigue.”
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 Tools/Technologies

Participation in any surgical environment requires interaction with complex tools and 
advanced (or sometimes antiquated) technologies. Nowadays, tools and technologies 
used in surgery include the electronic medical record, medical devices, robots, auto-
mation techniques, virtual reality, and any other items you use in your daily activity to 
accomplish tasks. While tools and technology can improve surgical performance and 
patient care, they are often poorly designed and can cause harm by increasing errors 
or making work processes inefficient. Medical devices that are similar in design and 
purpose may not always function with the same user inputs. For example, laparo-
scopic surgery requires complex endostaplers to both divide bowel and create an anas-
tomosis. Seemingly similar devices function very differently such that one device may 
require squeezing the handle firmly while another requires a handle double click. If 
the user is unfamiliar with the device requirements, then the bowel anastomosis may 
breakdown postoperatively. These miscues from devices can lead to catastrophic com-
plications. Nearly half of all recalls of medical devices are due to design flaws, with 
certain devices being associated with dangerously high use error rates [20].

The introduction of new technology into the OR can lead to a range of intraopera-
tive inefficiencies and risks. Prior to the implementation of new tools and technology, 
it is imperative that surgeons and other team members are prepared and trained on the 
potential hazards and new procedures associated with the tools. It is a necessity that 
training be included anytime a new tool or technology is implemented in the surgical 
system. Some have argued that stringent regulations, including audits of initial per-
formance and comparison of standard approaches, should be required when new 
tools and technologies are introduced. A well-recognized approach to trialing these 
skills involves the use of medical simulation which can be used to investigate the 
effectiveness of new instruments with no impact to actual patients.

 Physical Environment

Within the operating room (OR), the “environment” refers to the physical space, 
equipment, and individuals (staff and patients) in that space. While most OR team 
members have adapted to the ever-increasing complexity of the surgical theater, 
there are several factors beyond competency that have the potential to impact surgi-
cal performance and patient safety. Such contributing factors include lighting, tem-
perature, noise, and physical layout of the room. Despite a vast increase in the 
number of instruments, equipment, and connecting wires better designed for effi-
cient monitoring and treatment of surgical patients, the size and architectural layout 
of the OR typically remains unchanged. This has led to cluttered equipment and 
entangled lines and wiring (known as the spaghetti syndrome) [21]. When paired 
with the challenge of working with several multidisciplinary team members (includ-
ing medical students, human factors researchers, and other visiting observers), a 
cluttered OR layout can restrict the movement of team members, hinder access and 
maintenance of lines and wires, and increase the risk of accidental line 
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disconnection and other errors. Additionally, team member traffic in and out of the 
OR during surgery has been found to distract the operating surgeon [22].

Overcluttered environments hosting multiple team members and numerous pieces 
of equipment, each with its own alarm or alerting systems, can make for a noisy 
OR. Healthcare has more recently applied the “sterile cockpit rule” used in aviation 
to reduce nonessential activities and discussion during periods of high risk. When a 
structured sterile cockpit-driven protocol was introduced in cardiac surgery, there 
were significant reductions in communication breakdowns (e.g., inaccurate/incom-
plete information or the failure to share information or involve team members) [12].

 Organizational Conditions

Most organizations have accepted the idea that whenever a human is involved with 
a process, error is inevitable. However, there are organizations operating in high- 
risk environments that continue to function at incredibly safe levels as compared 
with the average. These organizations are called “high reliability organizations” 
(HROs) and they design their work systems to anticipate risks and plan in advance 
for recovery from errors when they occur. HROs make a commitment to five values/
actions: (1) commitment to resilience – the ability to be adaptable and bounce back 
from failure or upsets; (2) sensitivity to operations – paying of special attention to 
those on the front line who are doing the majority of the work; (3) deference to 
expertise  – deferring to the experts (e.g., surgeons) rather than authority (e.g., 
administration); (4) reluctance to simplify  – taking deliberate steps to create the 
most complete picture of a process or situation; (5) preoccupation with failure – 
treating any lapse or near miss as a sign that there might be something wrong with 
the system instead of just individuals [23].

An organization’s culture has been found to play a substantial role in patient safety 
and even in surgical outcomes. In a cross-sectional study of 91 hospitals, those with a 
better safety climate overall had a lower incidence of patient safety indicators (indica-
tors of potential patient safety events). Programs that support the union of hospital 
administrators, leaders, and front-line providers have been found to improve safety 
culture in healthcare organizations. Interventions such as TeamSTEPPS [24], 
Comprehensive Unit-based Safety Program (CUSP: a model for safety improvement 
focused on educating staff in the science of safety, identifying defects, engaging lead-
ers, learning from defects, and implementing teamwork tools), [25] and executive 
walk rounds (frequent visits to patient care areas by individuals in leadership posi-
tions) [26] have been found to positively influence safety culture.

 Human Factors Methods

This chapter serves as an introduction and overview of the assorted work system 
factors that should be considered when applying a human factors approach to sur-
gery. Each of these factors and the methods used to study them, will be discussed in 
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greater detail in the subsequent chapters. Due to the diversity of thought and schol-
arship within the field, numerous methods [27] have been applied in human factors 
approaches to improve safety and efficiency in healthcare [28]. With respect to sur-
gery, data collection methods used to investigate each of the systems factors 
described above often include observations, interviews, and questionnaires.

Observational research approaches have been used to gather data about the cur-
rent state of safety and performance in a complex system through the identification 
of intraoperative flow disruptions (deviations in the natural progression of a task 
that may compromise the safety of the task), the evaluation of task complexity, and 
the exploration of process steps [29]. Interviews (structured, semi-structured, and 
unstructured) can be used to gather information on several surgical topics such as 
usability, user perceptions, cognitive task analysis, errors, and opportunity for 
improvement. Focus groups allow us to gather similar information that can be col-
lected from interviews but allows for group discussion that can be uniquely helpful 
in understanding group perceptions. Additionally, questionnaires have been imple-
mented to investigate factors and attitudes that may influence surgical performance. 
Other methods such as cognitive task analysis, process charting, and accident analy-
sis will be discussed in more detail throughout this text.

 Conclusion

The involvement of a human factors approach is a requisite for future success at 
improving processes in an ever-changing surgical environment. The individual 
must be considered in conjunction with their team, environment, tasks, tools, and 
organization if safety, efficiency, and well-being are to be effectively studied and 
improved. By understanding how all the parts fit together as a whole, a human 
factors approach allows for a more comprehensive understanding of surgery.

Lessons Learned
• Human factors involves the application information about interactions 

between humans and various systems components to improve safety, effi-
ciency, and well-being.

• The SEIPS model maintains that healthcare professionals (e.g., surgeon, 
nurse, technician) work with other individuals to perform a range of tasks 
requiring the use of various tools and technologies, within given physical 
environments under specific organizational conditions. Factors impacting 
surgical performance can have several components: (1) the person – includ-
ing teamwork/communication; (2) tasks; (3) tools/technologies; (4) physi-
cal environment; and (5) organizational conditions.

• A human factors approach does not focus on the errors that a particular 
person makes; rather, human behavior, attitudes, and cognitions are uti-
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3The Person: Individual- and Team-Level 
Factors Contributing to Safe 
and Successful Surgery

Jordan E. Rogers, Andrew C. Griggs, 
and Elizabeth H. Lazzara

 Who is Involved in Surgery?

The act of surgery involves delivering surgical interventions to a patient to treat 
diseases, injuries, or improve other conditions. In order for surgery to be safely car-
ried out, numerous highly specialized healthcare practitioners must work together 
to deliver care. As stated earlier in this book, “the person” component of the Systems 
Engineering Initiative for Patient Safety (SEIPS) model applies to any member of 
the surgical team: the surgeon, nurses, anesthesiologists, technicians, other staff, 
and even the patient.

 Case Study

An 84-year male with obstructive jaundice and pancreatic cancer is a candidate for 
a Whipple procedure, which is a complex operation where the head of the pancreas 
and the first part of the small intestines are removed. This procedure typically takes 
between five and eight hours to perform. The surgical team on this patient’s case 
consisted of a surgeon, resident, anesthesiologist, circulating registered nurse (RN), 
surgical technician, and a certified nursing assistant (CNA) who had not previously 
worked together within the same hospital, on the same type of operation.

During a delicate dissection along the posterior pancreatic head, the attending 
surgeon made a small incision in the superior mesenteric vein, a major blood vessel 
in the patient’s abdomen, which caused a large bleed. The surgeon packed the area to 
stop the bleeding and then requested a hemoglobin test to determine if the patient 
might require a blood transfusion. However, the entire event was imperceptible to the 
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remaining OR staff as the surgeon did not communicate that a bleed was occurring 
other than to request packing and lab work. The anesthesiologist drew blood from the 
patient’s arterial line and gave the sample to the RN. The RN labeled the specimen 
and requested an order from the lab using the hospital’s electronic medical record 
(EMR) software. The RN was not aware that all blood work sent during a major 
operation was considered STAT, so she requested it as routine in the EMR. The CNA 
who couriered the sample to the lab did not communicate the time-sensitive nature of 
the test to the lab personnel. Therefore, the lab received no indication that the order 
should be performed as quickly as possible. The surgeon was focused on repairing 
the hole in the superior mesenteric vein and completing the case. As the case pro-
gressed, the surgeon periodically asked for the results of the hemoglobin test and the 
RN would log into the EMR and state that it was not available. During the recon-
struction of the pancreas to the small intestine, the patient’s heart rate increased. The 
surgeon, rather than focusing completely on this important anastomosis, asked if the 
blood work was sent STAT, to which the nurse replied, “No, you did not ask for it 
STAT.” The surgeon became frustrated because all labs should be sent STAT for her 
case; subsequently, she verbally belittled the RN and other team members. The RN 
called the lab, requested the order status, and was informed that the specimen had not 
been analyzed yet, which further frustrated the surgeon who then requested two units 
of blood without knowing the results of the lab work. Because the focus was now on 
missing blood work, the pancreas anastomosis leaked postoperatively, which led to 
significant morbidity and an extended hospital stay.

 Overview

The nature of surgery has substantially evolved with the development of new medi-
cations, innovative techniques, and cutting-edge technology. For example, aug-
mented reality, three-dimensional printing, genomic testing, nanotechnologies, and 
robotics are all changing the landscape of surgery. The introduction of novel tech-
niques, equipment, and devices require changes in the surgical workforce; that is, 
individuals as well as teams must adapt and perform consistently and optimally.

To ensure that such innovations are implemented and mastered, attention must be 
directed toward the surgical team. Any deficits in individual and/or team perfor-
mance can result in disastrous consequences for patients. To illustrate, recent 
research indicates that almost 60% of surgical adverse events are due to human error 
[1]. Consequently, modern surgical team members must be equipped with the req-
uisite knowledge, skills, and attitudes, and surgical teams must be able to interact 
interdependently and expertly. Therefore, the purpose of this chapter is to synthe-
size what is currently known about individual- and team-level factors that lead to 
safe and successful surgeries. This chapter will define individual-level characteris-
tics (i.e., orientation, well-being, skills, expertise, and familiarity) and team-level 
characteristics (i.e., collective efficacy, leadership, communication, and coordina-
tion) (Table 3.1), describe assessment methods, detail intervention efforts, and dis-
cuss relevance to the case study.
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 Methods for Measuring and Optimizing Individual- 
and Team-Level Constructs

To set the stage for our discussion of methods and approaches for studying and 
improving aspects of surgery related to “the person,” several key components to 
situate the review must be presented. First, there are a plethora of individual- and 

Table 3.1 Summary of discussed constructs and relevance to surgical teams

Construct Application to surgical teams
Individual- 
level 
constructs

Orientation: An 
individual’s propensity to 
work with others

Individuals who are oriented toward teamwork 
may engage in beneficial team processes. Targeted 
team-building activities for surgical teams can 
promote orientation toward teamwork

Well-Being: An 
individual’s psychological, 
physical, and social health

Individual well-being (psychological, physical, 
and social) is linked with performance. Workplace 
redesign, team building, and improved safety 
practices can improve surgical team well-being

Skills: An individual’s 
technical or non-technical 
competencies

Surgical team members must exhibit both 
technical and non-technical skills in order to 
deliver effective care to patients. Surgical team 
members can improve their skills through training

Knowledge and Expertise: 
An individual’s areas of 
specialty

Knowledge and expertise facilitate individuals’ 
decision making and strategies during surgery. 
Training interventions and repeated exposure to 
relevant taskwork may improve knowledge and 
expertise within surgical teams

Familiarity with Team: An 
individual’s level of 
familiarity with his or her 
team

Familiarity between surgical team members and 
with individuals outside of the surgical team can 
guide many cognitions that affect team 
performance, such as a shared awareness of 
individual team member capabilities

Team-level 
constructs

Collective Efficacy: A 
team’s shared belief that 
they can accomplish their 
mission

Collective efficacy is related to greater team 
performance. High collective efficacy can be 
achieved in surgical teams when members 
positively perceive each other’s intentions and 
competencies

Leadership: The process 
of guiding team members 
toward the completion of 
their shared goals

Effective team leadership shapes team outcomes. 
Team training may help surgical team members to 
develop leadership skills and clearly define 
leadership roles and structure

Communication: An 
exchange of information 
among individuals

Effective communication is needed to transform 
individual efforts into collective performance. 
There are a number of communication tools (e.g., 
checklists) that facilitate effective communication 
in surgical teams

Coordination: The process 
of combining individual 
efforts into collective 
performance

High-performing teams are characterized by their 
ability to implicitly coordinate as a result of high 
task and team familiarity. This can be augmented 
in surgery through the use of intact teams
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team-level constructs that influence surgical performance and patient outcomes; 
however, the focus of the present review is on constructs that are malleable. For 
instance, one’s personality can influence whether he or she is collectively oriented, 
but it is nearly impossible to alter one’s personality. In order to maximize the utility 
of our review, we will focus on constructs that can be affected or improved through 
training or other interventions. Second, it is important to distinguish that there are 
different purposes behind the methods that will be discussed. There are methods 
that serve to measure constructs (e.g., skill assessment) and methods that seek to 
affect constructs through an intervention or change (e.g., team training).

 Individual-Level Constructs

There are a variety of individual- and team-level factors that influence surgical team 
performance and patient outcomes. First, we will review constructs relevant to sur-
gical teams at the individual-level, including orientation, well-being, skills, exper-
tise, and team familiarity.

Orientation People value teamwork to different degrees; individuals can hold varying 
attitudes toward working with others and exhibit different levels of engagement with their 
team members. Theorists have characterized the attitude of wanting to work with others 
as collective orientation [2, p.52]. Collectivists are loyal to their team and exhibit prefer-
ences for team norms that facilitate group harmony [3]. Conversely, individuals who have 
individualistic attitudes exhibit greater orientation toward working alone. Such individual 
differences in orientation concerning teamwork can foster or preclude vital team pro-
cesses and subsequently team performance. This is seen in the results of a meta-analysis 
performed by Bell (2007), which found significant effects for collectivism on team per-
formance in studies across multiple field settings [3]. Attitudes concerning team orienta-
tion are typically assessed through subjective questionnaire methods and can be improved 
through targeted team-building interventions [4]. Concerning the above case study sce-
nario, team orientation could have influenced each surgical team member’s attitudes 
toward teamwork, such that members higher in collective orientation may have facilitated 
beneficial team processes such as conflict management or backup behavior.

Well-Being Individual well-being is another attitudinal factor that can influence 
team performance. In the abovementioned case study, the surgeon became 
 increasingly distressed because a complication during the dissection was com-
pounded with both a delayed blood test and a circulating nurse who was not familiar 
with how lab work is ordered. The postoperative pancreatic leak might initiate a 
subsequent review of why the complication occurred, which would contribute to 
additional distress and possibly even burnout.

Well-being refers to a holistic perspective of one’s experience, functioning, condi-
tion, or state [5]. Well-being is a multidimensional construct. Grant, Christianson, 
and Price (2007) delineate three distinct forms: happiness (psychological 
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well- being), health (physical well-being), and relationships (social well-being) [5]. 
Psychological well-being emphasizes the subjective experiences of individuals, such 
as the prevalence of positive or negative thoughts or perceptions of individual fulfil-
ment. Physical well-being involves the intersection between work and physical 
health; it encompasses subjective experiences and objective measures of bodily 
health. Social well-being involves relational interactions and quality [5]. Well-being 
is linked to team performance, as individuals’ psychological, physical, and social 
well-being can affect their ability and motivation to coordinate their efforts alongside 
their team. There are a variety of interventions that facilitate well-being in the work-
place, such as workplace redesign, team-building exercises, and improving safety 
practices. However, organizations should be mindful of potential tradeoffs between 
dimensions of well-being as a result of an intervention, such as an increase in social 
well-being as a result of a team-building intervention accompanied by a decrease in 
psychological well-being due to reduced autonomy [5]. Physical well- being is typi-
cally assessed through various quantitative benchmarks of bodily health, while psy-
chological and social well-being are frequently assessed through survey methods. In 
the case study above, the well-being of the surgeon and nurse was impacted by a 
difficult case, a lack of familiarity with how lab work was ordered, a lack of effective 
teamwork, and expressing frustrations inappropriately. Decreased well-being can 
lead to reduced trust, coordination, and cohesion among teammates.

Skills Compared to the contributions of a single individual, teams can leverage a 
greater variety of skills across multiple team members during task completion. As 
such, organizations often try to create teams of individuals with varying skills. 
Skills are often referred to as being technical or non-technical [6]. Technical skills 
refer to domain- or context-specific competencies necessitated by the current task or 
goal, while non-technical skills refer to interpersonal competencies that augment an 
individual’s technical skills [6]. For example, a surgical team may need to rely on 
their clinical knowledge (technical skills) of a surgical procedure as well as effec-
tive communication strategies (non-technical skills) in order to successfully deliver 
care to a patient. Team training is an effective avenue for organizations to improve 
technical and non-technical skills [4], and there are a variety of methods that can be 
used to assess skills such as questionnaires or objective behavioral-anchor-based 
assessments. In the case study, deficits in technical skills could explain the acciden-
tal vessel laceration by the surgeon. Concerning non-technical skills, the delay in 
lab results is partially  attributable to inadequate communication between team 
members and the nurse requesting blood work as routine rather than STAT.

Knowledge and Expertise Individual variance in technical and non-technical skills 
is also a reflection of differences in expertise. Experts are colloquially known as 
individuals with extensive knowledge or experience in a topic and, compared to 
novices, are characterized by differences in strategy and information management 
during task completion. Garrett, Caldwell, Harris, and Gonzalez (2009) delineated 
six dimensions of expertise concerning team performance: subject matter expertise, 
situational context expertise, interface tool expertise, expert identification expertise, 
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communication expertise, and information flow path expertise [7]. Each dimension 
of expertise describes differences in cognition that take place during task comple-
tion. Expertise typically increases with time and exposure to relevant taskwork. 
Methods to assess expertise may include assessing an individual’s declarative (i.e., 
simple recall of concepts, terminology) and/or procedural (i.e., recall of skill-based 
knowledge to inform decision-making) knowledge. Both declarative and procedural 
knowledge can be measured via written examination, while procedural knowledge 
specifically may be assessed by observing or proctoring the individual’s behaviors. 
Team training is an effective intervention for the development of expertise because 
it provides increased exposure to taskwork in a risk-free environment (e.g., 
simulation- based training, and TeamSTEPPS) [4]. Expertise is highly related to sur-
gical team performance and can influence the strategies and resources used during 
surgery. For example, expert surgeons may encounter less difficulty in determining 
which information or contextual factors they attend to most during surgery in com-
parison to a newly licensed surgeon. In the above case study, differences in expertise 
can assist in explaining the miscommunication surrounding the lab order. The sur-
geon assumed that her team would understand the order to be highly time-sensitive 
without explicitly stating that the request was a STAT order. Furthermore, the RN 
had the requisite technical skills to enter the request into the hospital’s EMR appro-
priately but lacked the expertise to verify if the request should be STAT or routine.

Familiarity with Team Teams are not static entities and are composed of individu-
als who may or may not have previously worked together. One’s familiarity with 
his or her team can contribute to emergent cognitive states by improving shared 
awareness of team member competencies and facilitating shared understanding of 
concepts (i.e., shared mental models) between team members [2]. These emergent 
cognitive states can have downstream effects on team performance by enabling 
greater utilization of available competencies within the team. Familiarity increases 
with time and reflects how team members perceive their knowledge of other team 
members’ characteristics. As individuals begin their relationship with a team, they 
will exhibit greater preference for individuals whom they perceive as similar to 
themselves and for individuals with whom they are familiar [8]. As one’s relation-
ship with a team matures, he or she may exhibit preferences for those who he or 
she perceives as holding complimentary skillsets to him or herself and for team 
interactions that offer greater reward than cost [8]. Team familiarity can be assessed 
with surveys and improved through interventions such as team building, which 
provide opportunities to foster greater familiarity between team members [4]. 
Considering the case study, while the team has worked together for one year, a 
comparable level of familiarity did not exist between members of the surgical team 
and the lab personnel. Members of the surgical team did not have shared knowl-
edge structures and awareness of individual competencies with the lab personnel, 
and, as a result, likely perceived them as dissimilar. Moreover, these deficits in 
familiarity and related cognitions place additional emphasis on effective commu-
nication as a mechanism to reduce the impact of a lack of shared understanding and 
awareness across the teams.

J. E. Rogers et al.



25

 Team-Level Constructs

Hospitals and research organizations alike employ a number of approaches to evalu-
ate and improve aspects of teamwork during surgery. The crux of these methods is 
to better understand and subsequently optimize how the work of teams is performed. 
This review of team-level factors will focus on collective efficacy, leadership, com-
munication, and coordination, as these factors are influential and changeable.

Collective Efficacy Collective efficacy, the shared attitude or belief that the team 
encompasses the necessary resources and competencies to achieve their goals, is 
instrumental to safe and successful surgical care for a number of reasons. Similar to 
self-efficacy, collective efficacy drives the team’s motivation, effort, and ultimately, 
performance. In the context of surgery, negative surgeon leadership behaviors (e.g., 
abusive supervision, or overcontrolling leadership) have been associated with lower 
ratings of collective efficacy [9]. Meta-analytic evidence points to a strong relation-
ship between collective efficacy and team performance in teams with high interde-
pendence [10]. This is especially noteworthy since surgical teams are characterized 
by a high level of interdependence. Collective efficacy is commonly measured 
through self-report methods in the form of interviews or questionnaires. Since past 
performance often begets future performance, collective efficacy is largely driven 
by a team’s previous experiences together. Collective efficacy is mainly derived 
from an individual’s perception of resources and team members’ competencies and 
intentions; consequently, it may be improved through a number of avenues such as 
the effective provision of resources and team training. Considering this in light of 
the case study, had the team previously worked together, collective efficacy may 
have been improved by being aware of when the complication occurred, having a 
shared understanding that all labs are requested as STAT, and encouraging improved 
communication, while the surgeon’s negative behaviors may have contributed to 
decreased collective efficacy.

Leadership Leadership, the way in which efforts are influenced and guided into 
performance, is vastly influential in surgical teams. In surgery, the surgeons are 
often considered to be the “de-facto” leaders due to their hierarchical status, exten-
sive training, and expertise [11]. However, researchers have begun to study the phe-
nomena of shared leadership in the context of surgery. Formative work illustrates 
that while surgeons conduct the bulk of leadership behaviors, other team roles are 
involved in influential leadership activities as well [12]. Regardless of the source(s), 
leadership is vital to guide team members toward the accomplishment of shared 
goals, as well as the development and maintenance of a safe interpersonal climate in 
which team members feel they are able to speak up and share concerns (i.e., psycho-
logical safety). Leadership can be assessed by tracking leadership behaviors as well 
as evaluating team members’ perceptions. Fortunately, leadership can be taught and 
developed. Surgical teams may benefit from teamwork training that focuses on 
developing leadership skills (e.g., establishing goals, providing feedback, or solving 
problems) as well as clearly defining leadership roles for certain situations (i.e., if 
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an anesthesia-related complication arises, then the anesthesia team member is the 
appropriate leader). With regard to the case study, the surgeon’s frustration and 
belittlement of others characterizes ineffective leadership that likely contributed to 
decreased psychological safety.

Communication Many researchers posit that successful teams cannot function in 
the absence of effective communication; after all, communication is what drives key 
team functions such as situation awareness (i.e., maintaining an understanding of 
the current conditions and surroundings), mutual performance monitoring (i.e., 
team members overseeing each other’s behaviors and work), and shared mental 
models. As such, the act of communication, both verbal and nonverbal, has been 
explored in highly complex work settings such as surgery. In order for individuals 
with differing backgrounds to combine their efforts, communication is needed. 
Tiferes, Bisantz, and Guru (2015) identified different techniques that are used to 
analyze communication in surgery, such as documenting the topic/theme (e.g., 
equipment, or  patient), statement type (e.g., sharing information, or  making a 
request), as well as breakdowns (e.g., message not accurate or not heard) related to 
communication [13]. Similar to other constructs discussed in this chapter, strategies 
and behaviors that support effective communication can be trained and learned. 
Fortunately, research on communication in surgery and other healthcare settings has 
resulted in actionable findings. For instance, checklists have been employed to pro-
mote standardized information exchange. Of note is the surgical safety checklist 
that is used perioperatively to ensure that relevant information (e.g., procedure type, 
location, known allergies) is communicated among the team. Researchers found 
that surgical teams who utilize structured communication tools such as the surgical 
safety checklist are less likely to experience negative outcomes such as patient com-
plication and mortality rates [14]. Considering the case study, there were numerous 
instances of effective and ineffective communication. Notably, the surgeon failed to 
communicate the urgency of their lab tests. The RN, therefore, did not capture this 
in the lab request, and the CNA did not communicate this to the lab. If any of these 
individuals had more explicitly indicated the urgency level to the lab, the delay 
could have been avoided.

Coordination Coordination is integral to surgery as it is the process by which indi-
vidual efforts are combined to yield collective performance. There are two primary 
types of coordination, implicit and explicit. Implicit coordination occurs when indi-
viduals anticipate each other’s needs or next steps and work together seamlessly 
without reviewing or refreshing details such as specific responsibilities or timing 
related to the task. As evidenced in the above case study, the scrub tech knew exactly 
which instrument to hand to the surgeon during each step of the case without a spe-
cific request. Conversely, explicit coordination occurs when team members overtly 
explain or clarify aspects of their interdependency necessary for them to combine 
their efforts. When the surgeon had to review the steps to order blood work from the 
operating room, she lost focus during an important anastomosis. High-performing 
teams have been characterized by their ability to coordinate implicitly as this reflects 
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high task and team familiarity. Researchers have touted the benefits of intact team 
scheduling for surgical teams to increase implicit coordination and overall function-
ing. Intact teams are characterized by consistent membership, compared to non- 
intact teams where membership varies. A surgeon’s specific preferences may vary 
from physician to physician, so when team members are able to repeatedly work 
together, they gain familiarity with each other’s needs and preferences. However, 
logistics such as scheduling and turnover present a major challenge to promoting 
intact surgical teams. In cases where intact teams cannot be formed, coordination 
can also be improved through team training as well as standardized practices. One 
strategy that teams can be trained on is back-up behavior, which is when team mem-
bers “pitch in” to offer support to others when carrying out a task. Back-up behavior 
facilitates coordination, as it spans various roles and responsibilities and ultimately 
serves to ensure that all team tasks are completed. Considering the case study, coor-
dination concerning the lab request was poor. The surgeon assumed that the RN and 
anesthesiologist were aware of the urgency as they processed the EMR and couri-
ered the specimen. If the surgeon had overtly clarified the level of urgency, the delay 
may have been avoided.

 Conclusion

With the average American undergoing 9.2 surgeries in their lifetime [15] and 
with a mounting number of clinicians entering the surgical workforce, individ-
ual- and team-level factors that lead to safe and successful surgical care are more 
important to consider now than ever before. Given the complexities associated 
with surgical care and the mandated multidisciplinary approach, consideration of 
these factors is both necessary and beneficial. This chapter reviewed several 
methods whereby researchers and practitioners alike can seek to better under-
stand individual- and team-level constructs in surgery. In addition, this chapter 
outlined numerous strategies to bolster individual- and team-level competencies, 
such as the utility of individual and team training (both technical and non-tech-
nical), the usage of intact teams, leadership skill development and role clarifica-
tion, and effective communication tools. The aim of this chapter is akin to the 
twofold objective of many of the methods discussed: to better understand and 
thereby improve surgical teamwork.

Lessons Learned/Personal Pearls
• Individual-level constructs such as orientation, well-being, skills, exper-

tise, and team familiarity can impact performance and well-being.
• Team-level constructs including collective efficacy, leadership, communi-

cation, and coordination are influential and changeable.
• Team training has been found to improve various team-level constructs 

such as collective efficacy and communication.
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4Safe and Effective Use of Tools 
and Technology in the Operating Room
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 Inroduction

The SEIPS model highlights tools and technology as one of the interacting com-
ponents of the work system, which arguably is one of the only elements that 
involves usability engineering. Understanding the “user experience” of interact-
ing with the tools and technology in the operating room is paramount to ensure 
safe and effective use, which directly affects patient outcomes. User experience 
can be defined as the overall experience a person has while interacting with a 
product or software application. For software, this may include the experience of 
using it on a variety of devices from a desktop computer to a tablet to a smart-
phone. For medical devices, the overall user experience may include usage under 
different procedures, for example, an operating table designed for a variety of 
procedures will have multiple positions for patient positioning based on the pro-
cedure type and the patient’s risk factors. Proper user experience testing goes 
beyond the usability of a single tool or technology – it incorporates the tasks and 
the environment in which the tools may be used, understanding how users interact 
with them under different scenarios, and assesses potential errors that could influ-
ence patient safety.
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 Case Study

A 37-year-old male presented with a gunshot wound to the abdomen. Upon explora-
tion, the surgeon determined that the missile went through the retrohepatic inferior 
vena cava, stomach, and spleen. In order to facilitate two teams working on either side 
of the table, a request was made for two bovies for electrocautery. Because the sur-
geon’s instructions were not specific, rather than wheeling in a second bovie device 
into the crowded operating room, the circulating nurse plugged a second bovie into 
the initial unit. Unfortunately, and unbeknownst to the newly hired circulating nurse, 
two bovies cannot be connected to one device and used simultaneously. At the begin-
ning of the case, only one bovie was used at a time and no disruptions in the case 
occurred. However, when simultaneous electrocautery was attempted, neither bovie 
worked. The surgeon asked the team to troubleshoot why the bovies were not work-
ing. Maybe it was the grounding pad? The circulating nurse confirmed the grounding 
pad was attached appropriately. As one bovie was then used successfully, no problem 
was identified. The liver mobilization progressed for a few minutes until both bovies 
were again used simultaneously. The case was stopped while there was significant 
bleeding. The patient was packed, and it was subsequently noted that only one bovie 
generator was in the room so a second one was obtained and the case progressed.

The operating room is a busy and demanding environment for everyone involved 
in a procedure. Clinical workers need to understand their own job and the tools and 
technology they interact with but also their team members’ responsibilities. A typi-
cal operating room is filled with equipment, such as the surgical and back tables, 
lights, booms, and multiple monitors. It is also filled with people who make up the 
surgical team, typically including the surgeon, an anesthesiologist, a first assist, a 
circulating nurse, a surgical tech, and potentially others depending on the case. At 
times, simple instructions can be unclear with devasting results. The procedure dic-
tates the amount of equipment needed, which may include many medical devices, 
imaging equipment, or even a robotic surgical system. These tools and technology 
often need to be physically moved and set up by the surgical staff prior to a case for 
optimal placement to build the sterile field.

Figure 4.1 illustrates a typical operating room setup with tools and technology 
labeled by number as well as the positions in which members of the team might be 
located.

Let us consider the circulating nurse’s typical experience as an example of how 
tools and technology factor into the efficacy of their role. Before a case, the circulat-
ing nurse obtains and tracks supplies and sets up the operating room. They need to 
help the surgical (scrub) tech open surgical packages or kits, help the sterile staff 
with their gowns, and prep the patient. Throughout the procedure, they collaborate 
with the surgical team and coordinate with other departments as necessary, complet-
ing non-sterile tasks, such as documentation in the electronic medical record (EMR) 
system and interacting with medical devices, and toward the end of the procedure, 
coordinate for the current patient to be taken to recovery and prepare the next patient 
for surgery. If anything goes wrong with a device during a procedure, the circulating 
nurse is typically the one to troubleshoot since they are non-sterile. If the surgeon’s 
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pager goes off, the circulating nurse must answer for them. At each step from pre-op 
to post-op, the circulating nurse interacts with 25 or more different tools and tech-
nology in many different ways – from opening packaging to assembling a device 
with medication, to using the device per instructions, then documenting everything 
in the EMR. This routine is typical for even the most mundane surgery. Many sur-
geries, however, do not always go as planned. New surgical kits are sometimes 
needed, or new equipment needs to be set up mid-surgery. This adds a new level of 
complexity and responsibility to the team operations.

New tools and technologies are constantly being developed to enhance surgical 
teams, their tasks, and their performance. However, it is a common misconception that 
new technology offers a guaranteed advantage. How can we assess if a new tool or tech-
nology will make operations more efficient, or if it is safe for use? How do we know 
whether the investment is worth it? This is where human factors professionals can help.

 Methods

There are many ways to assess the tools and technology for use in the operating 
room with varying degrees of complexity. Human factors professionals use 
techniques like workflow analysis, ethnography, heuristic evaluation, and 

1

2

3
4

5

6

7

8

9

10 11

Fig. 4.1 Typical OR setup. Positions 1 through 11 are as follows: (1) surgical table; (2) additional 
table with surgical instruments and supplies; (3) anesthesia cart; (4) laparoscopy tower, which typi-
cally has a monitor, video and light monitors/equipment, an insufflation unit, and possibly an 
electrosurgical generator; (5) IV stand; (6) surgical light; (7) surgeon; (8) anesthesiologist; (9) 
surgical technician; (10) circulating nurse; (11) first assist (Designed by peoplecreations/Freepik)
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usability testing to assess the efficacy of tools and technology as well as to 
inform their design and redesign. The method employed depends on the 
research question at hand (Table  4.1). Workflow and ethnographic methods 
may be used as exploratory methods to better understand a certain role in the 
operating room, while heuristic evaluation and usability testing may be used to 
evaluate a particular tool or system both from an expert’s and an end user’s 
perspective.

 Workflow Analysis

Thinking again about the circulating nurse’s role in the operating room, we are 
reminded of the complexity of the tasks and necessity to think quickly under stress-
ful situations. Workflow analysis is a technique that allows us to analyze different 
users with the focus on how they complete the tasks necessary for their job, how 
they interact with others, how they navigate their environment, and how they inter-
act with technology. No new technology should be introduced to the operating room 
environment without this detailed understanding.

For example, suppose a surgeon enters the operating room and asks for addi-
tional equipment that was not originally anticipated by the circulating nurse. 
The circulating nurse becomes overwhelmed, as he is asked to obtain additional 
supplies while managing his very busy workload. Simultaneously, the surgeon 
becomes frustrated as she is waiting for the supplies and is unsure why there is a 
hold up. In an effort to mitigate these issues, the OR staff is interested in using a 
new electronic checklist that can be edited by surgeons the day prior to surgery 
and helps to ensure that all necessary equipment is pulled for the case. While 
this electronic checklist may appear to be helpful in isolation, its impact must be 

Table 4.1 Common human factors methods in medicine

Method Description When to use
Workflow 
analysis

Structured analysis of users in an 
environment with the focus on how they 
complete the tasks necessary for their job, 
how they interact with others, how they 
navigate their environment, and how they 
interact with technology

Early to understand typical 
workflow patterns of a single or 
group of users; understand 
interactions, use of technology, 
and tools to complete a task or 
set of tasks

Ethnography Observational analysis of users in their 
natural setting/environment

Early to learn about the many 
roles and complexities of the 
operating room environment

Heuristic 
evaluation

Expert review of design to identify 
usability issues that can be fixed early

Early and often throughout the 
design process. Can be used to 
identify issues that can be fixed 
prior to testing users

Usability 
testing

Testing the learnability, ease of use, and 
satisfaction with representative end users

Throughout the design process to 
detect and correct problems 
based on user interaction with 
the system, device, or process
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considered in the context that it will be used, namely the operating room during 
various surgeries. Workflow analysis can be done to determine where, in the typi-
cal task flow, a new technology could be introduced. Figure 4.2 shows a sample 
workflow for a circulating nurse from pre- to post-op. Seeing a context in which a 
new tool may be introduced helps to understand how it may fit, or not fit, into the 
flow with other tools and technologies.

 Ethnography Analysis

Ethnographic research has been growing in the healthcare field and a unique appli-
cation of this is through design ethnography. This extension of the traditional 
anthropology method consists of similar methods, such as observation and inter-
views, to better understand end users’ needs and preferences while also document-
ing keys aspects of their environment [1]. The goal of this analysis concerning tools 
and technology is to capture a “day-in-the-life” of a user and an appreciation of 
what works well and not so well. Additional stakeholders can be included in this 
process as well, for example, the entire surgical team that works with the circulating 
nurse discussed earlier. One outcome of this analysis is a representation of the “typi-
cal” user in each role as a persona (Fig. 4.3). A persona includes the typical charac-
teristics of the typical user in that role, their tasks and responsibilities, their goals, 
and frustrations. Knowing this information helps the human factors researcher 
understand where improvements can be made to streamline processes and increase 
efficiency and overall satisfaction for each role.

Heuristic Evaluation Heuristic evaluation is a method that can be used to assess a 
device, system, or software based on a set of principles. Three to five expert evaluators 
use the heuristics as a guide throughout assessment. The original heuristic set devel-
oped by Nielsen and Molich [2] consisted of nine categories, with a tenth category 

Assignment to an
operating room

Open and
organize the

room

Login to the EMR system and
document patient and
procedure information

Update any white boards
with the patient and

surgery team information

Procure surgical cart and or
surgical instruments and

supplies for the procedure

Find the patient
in pre-op

Identify and confirm
the patient and

surgical information

Continue any preparation
and draping while waiting

on the surgeon

Update
documentation in

the EMR as needed

Assist with
pre-induction

“time-out”

Assists with
first count

Cleans room and
prepares for next

procedure

Takes
patient to

PACU

Relays additional patient
information from surgeon to

PACU nurses 

Surgeon requests
speciment/biopsy

collection

Completes additional
documentation in the

EMR

Adds requested
equipment to

the sterile field

Surgical/Scrub tech
requests additional
surgical equipment

Continue
documentation

in the EMR

Operation
start

Assist with
pre-incision
“time-out”

Position the patient
on the operating table

Coordinate with
anesthesiologist/CRNA for case

and take the patient to OR

Begins coordinating
with PACU and pre-op

for next patient

Collects specimen from
Surgical/Scrub tech

Documents the
specimen collection

in the EMR

Writes name of biopsy on the
patient’s label and places on jar
and on a blank label for log book

Writes the spcimen
on the pathology

request sheet

Surgery
ends

Finishes
documentation in the

EMR

Assists with final
count before closing

Prepares
specimen

jar

Fig. 4.2 Sample workflow for circulating nurse from pre- to post-op
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added later [3] (Table 4.2) and is still one of the most popular sets used today. Over the 
years, researchers and practitioners have adapted Nielsen’s heuristics for other domains, 
including medical devices [4]. Additionally, heuristic checklists consisting of yes/no 
questions pertaining to design elements have been developed to increase clarity and 
obtain reliable results within this method. These checklists have been developed for 
mobile devices [5], accessibility [6], and clinical decision support mobile applications 
[7]. Although adapted for mobile devices, many of the questions in the decision support 
checklist [7] apply more generally to clinical decision support tools and technology 
that could be used in the operating room. Table 4.3 depicts a sample of such questions 
along with their heuristics and outcome category. Note that a new Clinical Decision 
Support category was added to Nielsen’s for medical decision support applications [7]. 
The value of the checklist is that it allows evaluators to simply sum the “Yes” and “No” 
violations to assess the strengths and weaknesses of the technology.

Using a checklist like this early in the design of the tool/technology or evaluation 
process can facilitate the decision whether the tool or technology will actually be useful 
in the operating room context. Will it actually minimize errors and decrease the work-
load of the medical team user? Note that the heuristic evaluation is conducted by experts 
in human factors and/or the surgery domain and is therefore speculative. While this 
technique has been shown to be very helpful and predictive of usefulness, heuristic eval-
uations are not a replacement for traditional usability testing which involves actual users 
of the tool/technology. We all know that human behavior is not always predictable!

Usability Testing Perhaps the most popular approach to ensure ease of use and 
safety of tools and technology is usability testing. This is a procedure whereby repre-
sentative users are brought into a controlled, yet representative, environment to test 

Circulating Nurse (Wendell)

Tasks During Surgery Goals Frustrations
•  Prep Patient

•  Help scrub tech;
   prepare kits

•  Ready tools/EMR
•  Assist team with non-
   sterile tasks

•  Gather surgical kits

•  Anticipate staff
   needs
•  Keep surgery
   running smoothly
•  Be ready for the
   unexpected

•  Accurately predict
   tool/tech needs for
   surgery •  Kit doesn’t have

   enough suture for
   closing
•  Surgical kits needed
   not readily available

•  Communication with
   surgeon is poor

•  Equipment not
   responding as it should

Fig. 4.3 Sample persona of a circulating nurse’s typical tasks, goals, and frustrations during sur-
gery (Designed using resources from Freepik.com)
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Table 4.2 Usability principles or heuristics proposed by Nielsen (1995)

Heuristic Description
Visibility of system 
status

The system should always keep users informed about what is going 
on, through appropriate feedback within reasonable time

Match between system 
and the real world

The system should speak the users’ language, with words, phrases, 
and concepts familiar to the user, rather than system-oriented terms. 
Follow real-world conventions, making information appear in a 
natural and logical order

User control and 
freedom

Users often choose system functions by mistake and will need a 
clearly marked “emergency exit” to leave the unwanted state without 
having to go through an extended dialogue. Support undo and redo

Consistency and 
standards

Users should not have to wonder whether different words, situations, 
or actions mean the same thing. Follow platform conventions

Error prevention Even better than good error messages is a careful design which 
prevents a problem from occurring in the first place. Either eliminate 
error-prone conditions or check for them and present users with a 
confirmation option before they commit to the action

Recognition rather 
than recall

Minimize the user’s memory load by making objects, actions, and 
options visible. The user should not have to remember information 
from one part of the dialogue to another. Instructions for use of the 
system should be visible or easily retrievable whenever appropriate

Flexibility and 
efficiency of use

Accelerators – unseen by the novice user – may often speed up the 
interaction for the expert user, such that the system can cater to both 
inexperienced and experienced users. Allow users to tailor frequent 
actions

Aesthetic and 
minimalist design

Dialogues should not contain information which is irrelevant or rarely 
needed. Every extra unit of information in a dialogue competes with 
the relevant units of information and diminishes their relative 
visibility

Help users recognize, 
diagnose, and recover 
from errors

Error messages should be expressed in plain language (no codes), 
precisely indicate the problem, and constructively suggest a solution

Help and 
documentation

Even though it is better if the system can be used without 
documentation, it may be necessary to provide help and 
documentation. Any such information should be easy to search, focus 
on the user’s task, list concrete steps to be carried out, and not be too 
large

Table 4.3 Sample heuristic checklist items for a medical decision support tool

Checklist question Heuristic
Outcome 
category

Are processes/tasks simplified as much as possible without 
compromising the process in any way?

Recognition 
rather than 
recall

Memory 
load 
reduction

Is content updated regularly to the most recent clinical 
guidelines?

Clinical 
decision support

Patient 
safety

Does the application provide essential alerts when 
necessary? (e.g., drug interaction alert if two separate drugs 
with allergies are entered, alert of age if inappropriate drug 
dosing is chosen and age is known, etc.)

Clinical 
decision support

Clinical 
workflow
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specific elements of a design and provide subjective feedback. The test is structured 
based on a set of usability goals. For example, suppose a hospital is assessing the 
efficacy of a new time-out checklist in the operating room. This tool will be a replace-
ment to an existing checklist that has been reported to be cumbersome to use. The 
usability test is structured to compare user performance and satisfaction between the 
two tools. Researchers track performance objectively through metrics such as time on 
task, number of steps, and success rate for each tool. Subjectively, participants provide 
comments on their experience using the tools. This objective and subjective data is 
then combined to provide a relative comparison of the tool effectiveness.

Almost 20 years ago, the Federal Drug Administration (FDA) began providing 
guidance for quality manufacturing process and quality system regulation for all 
medical devices and now requires usability testing as part of the premarket submis-
sion for 510k clearance [8]. Their guidance document is meant to help industry 
manufacturers design safe, effective products by minimizing use errors resulting in 
harm. This type of usability testing is preceded by a usability risk analysis that iden-
tifies potential hazardous situations that are then mitigated within the design. These 
mitigations are then tested during human factors usability formative testing for their 
effectiveness, and any new risks identified are added to the analysis, addressed in 
the design, and tested in the next round of formative testing. Summative usability 
testing is conducted with the final design and the results are submitted as part of a 
larger report and submission to the FDA.

The abovementioned methods are conducted outside the operating room envi-
ronment as controlled studies, but it is equally important to conduct field studies 
within the operating room. Case observations and time motion studies can be used 
to evaluate workflow, communication, interruptions, and teamwork to identify how 
tools and technology use can be optimized to increase safety and efficiency for pre-, 
intra-, and postoperative processes.

 Future Technologies and Considerations

Just understanding the complexity of the role of the circulating nurse, surgeon, and 
other team staff in a typical surgery leads to the question on how technology could be 
used more to make this process and workflow even more efficient. New technologies 
including voice recognition and head-mounted mixed reality have been proposed for 
the operating room setting (Fig. 4.4). Given the sterile environment, use of hands-free 
methods of communication, enhanced imagery, data look-up, and data entry appear to 
be promising. They also introduce the potential for new problems and inefficiencies, 
however. Imagine the following scenarios and potential pros and cons:

• A surgeon uses mixed reality glasses during surgery that displays patient data or 
pager call information upon voice request.
 – Pro: surgeon no longer requires circulating nurse to complete the task, so this 

task is completed more efficiently.
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 – Con: the augmented patient data and/or pager information is superimposed on 
top of the patient body, obscuring the surgical field, dividing surgeon’s atten-
tion and focus.

• A surgeon uses voice recognition software to display patient data on a computer 
monitor during surgery.
 – Pro: patient data is displayed upon command in an accurate and easy to view 

display, which aids the surgeon in decision-making.
 – Con: voice recognition software is not 100% accurate and results in repeat 

commands, error potential, and increased frustration in addition to divided 
attention to the surgery task being conducted.

Application of human factors methods and empirical research is needed to fully 
understand the likely outcomes of these scenarios in the operating room environ-
ment. Maintaining a focus on the end users of the tools and technology, whether it 
be through observation on the job or empirical testing in a simulation environment, 
is paramount to successful implementation.

Lessons Learned/Personal Pearls
• It is critical to understand the workflow and surgery environment before 

new tools or technology are introduced in the operating room.
• Ethnographic methods (observation, interviews) can be used to understand 

the interaction of the human operators and the technology.
• Expert evaluation of a new tool or technology can be done quickly by 

human factors and/or surgery specialists.
• Usability testing with representative users in a simulated environment 

should be conducted to truly understand the effect of the technology on 
user effectiveness, efficiency, and satisfaction.

• Futuristic technologies, such as mixed reality, may provide efficiency 
enhancements in some situations but must be assessed carefully to under-
stand if they introduce new problems.

Fig. 4.4 Mixed reality 
glasses provide virtual 
patient information during 
surgery (Designed by 
peoplecreations/Freepik)
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5Work System Tasks: Blending Art 
and Science

Bethany Lowndes and Bernadette McCrory

 The Task

In the work system, the tasks performed by the surgeon and surgical team require a 
blend of art and science. Whether the procedure is a routine and high-volume pro-
cedure or a nonroutine and novel procedure, surgeons must navigate various ana-
tomical and pathological differences that demand a high level of technical skill, 
cognitive and physical capacity, applied clinical knowledge, and ingenuity. Unlike 
many industrial fields including manufacturing and aviation, from which human 
factors principles and methods evolved, task standardization cannot supersede the 
necessary autonomy and adaptability required to accommodate patient variability 
and achieve optimal outcomes for patient care, safety, and satisfaction. However, 
integrating standard procedures can improve elements of patient safety as organiza-
tions strive for efficiency to balance resources and meet business goals [1]. Yet, 
standard procedures must not induce an unsustainable workload for the users. If the 
physical and cognitive demands (or workload) of the task exceed the capacity of the 
surgical team, surgical safety and efficacy will suffer. It is through task analysis and 
work design—as a part of the surgical process—that this balance between standard-
ization and flexibility can be best established and workload can be managed.

This chapter (1) provides an example of how the task influences workload, per-
formance, and outcomes as a part of the work system; (2) demonstrates how human 
factors professionals define and study surgical tasks; and (3) describes research 
methods used to break down and measure the task.
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 Example of Task-Specific Surgical Workload

Cholecystectomy is a common and generally routine procedure performed at hospi-
tals of varying levels and capacities from community hospitals to quaternary care 
hospitals. Decades ago, the technique advanced from an open to a laparoscopic 
technique, allowing patients to benefit from reduced bleeding and pain, improved 
recovery time, and improved cosmesis [2]. To achieve these patient benefits associ-
ated with minimally invasive surgery (MIS), the work system needed to support the 
new processes associated with the MIS technique. Transition from open to laparo-
scopic cholecystectomy (LC) involved many of the tasks within the procedure pro-
cess. The MIS technique also had overall implications for the work system.

For the transition to LC, several changes occurred within the surgical work sys-
tem. Fundamentally, LC separated the surgical team members distally from the oper-
ative field, resulting in no tactile/physical contact with tissues, which required novel 
instruments to recreate the “feel” of open surgery in LC. This new, diverse instru-
mentation must be surgeon-selected by case or procedure type, sterilized, and pre-
pared prior to the procedure, altering the preoperative phase of the surgical process. 
The physical environment and instrumentation transitioned to accommodate all team 
members working in tight proximity, manipulating advanced instrumentation and 
requiring visualization of the intra-abdominal operative field via the laparoscopic 
camera. The role-based responsibilities on the surgical team adjusted requiring less 
tissue retraction, but now necessitated laparoscopic camera operation for the dura-
tion of the procedure. Many of the steps including placement of the trocars (ports for 
the laparoscopic tools), insufflation of the abdomen for surgical working space, and 
dissection/removal of the gallbladder all differ from an open technique. Surgical 
trainees also had to be trained on the new technique. Over about two decades, the 
tasks associated with LC became routine with training, technology, and the surgical 
environment. Despite the increase in some workload measures for the surgeon and 
surgical team [3, 4], the work system evolved to meet the needs of the patients.

To continue improving care for the patients, laparoendoscopic single site (LESS) 
surgery—an advanced MIS technique—demonstrated promise of improved patient 
outcomes. Most notably, patient cosmesis was potentially improved by using only a 
single incision in the umbilicus compared to the multi-incision laparoscopic tech-
nique. While the literature on patient outcomes associated with LESS were limited, 
workload between the two techniques remained broadly undiscussed.

A randomized control trial (RCT) comparing LESS to LC [5] followed 48 (23 
LESS) cases for an assessment of patient outcomes associated with each technique. 
In collaboration with the surgical team, researchers studied the workload for these 
two techniques and determined that workload during LESS exceeded the appropriate 
capacity to be sustainable without negative complications for members of the surgi-
cal team [6, 7]. The surgeons experienced higher physical and cognitive workload, 
especially around the critical phase of bile duct clipping [6]. While there was a simi-
lar workload experienced across some members of the team, including the surgical 
assistant and resident, the surgical technician and circulating nurse did not report a 
similarly high cognitive or physical workload [5]. It was expected that the workload 
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would vary by role; however, a substantially lower workload may lead to task disen-
gagement by surgical team members and prevent the team cohesion required to meet 
shared goals [4]. Additionally, with the workload above a threshold that is sustain-
able for long procedures or multiple cases in a day, surgeons, surgical assistants, and 
residents are at risk of injury, experiencing an error, or work burnout [3].

The results of the RCT did not support LESS as a superior alternative to LC with 
LESS resulting in no significant difference in bleeding and an increase in post- 
operative pain [5]. With a higher workload and failing to achieve the desired patient 
outcomes, the surgical team decided not to continue performing manual LESS pro-
cedures; instead, they opted to complete LC or robotic LESS procedures moving 
forward.

 Surgical Tasks

A surgical task is an action carried out by the people within the work system as part 
of the surgical process. With advanced techniques and technologies, the tasks within 
surgery have become more numerous and further divided among more team mem-
bers. Due to specialization of team role and procedure types within surgery, the 
tasks are often more repetitive and demanding on the surgeon and team members. 
There are many examples of task-related injuries [3] and errors [8] associated with 
surgery and resulting in negative consequences for patients and surgical team mem-
bers. Human factors researchers focus on fitting the task and overall work system to 
the person in order to avoid these errors and reduce the risk of injury.

 Surgical Task Factors and Task Implications

As mentioned in Chap. 2, the surgical task factors include task difficulty, complex-
ity, variety, and ambiguity. Each factor describes an element of variability between 
and within different surgical procedures. A breast biopsy is not as complex as a 
bilateral mastectomy. During a bilateral mastectomy, the dissection of the more 
involved breast will have a higher difficulty level compared to the less involved 
breast. Between two different bilateral mastectomy procedures, one case could be 
more difficult due to patient anatomy or the size of a mass. Patients with a high BMI 
can change the orientation of the surgical team standing around the patient to access 
the surgical site, and the physical requirements for tissue retraction during open 
procedures can be much higher. These differences from case to case have a direct 
impact on the surgical tasks and the workload for the surgeon and surgical team.

The surgeon and surgical team must have the capacity to meet the demands of the 
task. When the workload is too high, the demand cannot be met and errors or inju-
ries can occur. During the study and design of tasks, workload is the main consider-
ation to fit the job to the human user. These physical and cognitive demands placed 
on the user are influenced by the other elements of the system. A well-designed 
surgical grasper can have a lower grip strength requirement and therefore reduce 
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physical workload. Optimal visualization of the surgical site paired with ideal trian-
gulation of instrumentation can reduce cognitive burden for surgeons. When work-
load remains at a sustainable level, the users are less likely to experience errors and 
have spare capacity to handle unexpected events.

 Human Factors Approach to the Task

Within the field of human factors, the task is studied as a more basic element of the 
process in order to measure system function and interactions. When studying the task—
or actions—within a work system, it is easy to include aspects of what occurs and when 
the steps take place. Surgical policies and procedures often define what should occur 
during the tasks and timing. Both are often dependent upon clinical resources and oper-
ational constraints. During a task analysis, the task can be further studied as a part of 
the system to analyze what resources are required for the task, how and why steps take 
place, and who completes the steps. As introduced in Chap. 2, the human factors 
approach studies the work system with the human at the center of the system. These 
“humans” carrying out tasks must have the capacity for completion. It is important to 
consider who is completing the task to determine if there are team interactions, how the 
demand will affect the individual(s), and if the workload is too high. Task performance 
is both dependent on the demand required by the task as well as the skill and capacity 
of those completing the tasks. The environment where the task takes place and the tools 
and technologies used are often influential in either facilitating or hindering task com-
pletion. Analyzing tasks allows all of the variables associated with the different ele-
ments of the work system—who, what, where, when, how, and why—to be defined and 
measured. This can guide the design of the work tasks to ensure the demands fit the 
capacity of the human as supported by the work system.

Designing, creating, and selecting ideal tasks, instrumentation, and required 
skillsets are difficult endeavors in even less complex work environments like manu-
facturing. Work design is an element of engineering methods studies that imple-
ments and studies tasks and processes to ensure the design of the work and workplace 
fit the human users. Operative procedures are extremely complex and require con-
tinuous efforts to design work through the creation and selection of the best meth-
ods, processes, and instrumentation. A comprehensive and systematic procedure to 
study, assess, and improve work design (tasks and processes) and the work system 
can lead to ideal conditions for value-based (i.e., safe and high quality) surgery. Yet, 
work design by itself cannot yield a holistic approach. Instead, by conducting sys-
tematic work measurement of the human users, tasks, and other technical and eco-
nomic factors, standard procedures can be established for tasks to meet needs of the 
patient, surgeon, and surgical team. As part of continuous improvement, it is critical 
to explore the tasks, collect and record data pertinent to that process, and to quanti-
tatively attempt to further develop and refine methods. Identifying who, what, 
where, when, and how then continuing to ask why is critical to: (1) change the role 
of the individual performing the task or provide appropriate training to ensure a 
person with the correct skill level completes the task; (2) eliminate unnecessary, or 
redesign, unsafe activities to better meet the intended purpose of the task and 
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achieve desired outcomes; (3) replace, remove, or acquire tools and technologies to 
facilitate the task; (4) change the locations/placement of tasks to better meet sur-
geon, patient, or staff needs; (5) change the time or sequence of tasks to optimize 
temporal necessity or personnel resources; and (6) simplify or improve the method 
of how a task is completed (Fig. 5.1).

There are several methods for analyzing surgical tasks and measuring the task 
factors. This chapter will describe three common methods utilized in human factors 
for analysis within the surgical work system and a description of approaches within 
each method (Table  5.1). Additionally, this section contains a description of the 
outcomes associated with each method (Table 5.2).

Who should perform this task?

What is the purpose of this task?

What is required to complete the task?

Where should this task be performed?

When should the task be performed?

How should the task be performed?

5 Whys
Analysis

Simplify or improve the method of
performing the task.

Change the time or sequence of the task.

Change the location or the task.

Replace, Remove or acquire
different equipment/technology.

Eliminate unnecessary activities or
redesign unsafe activities.

Ensure the task is performed by someone in
the appropriate role with the appropriate skill.

Fig. 5.1 The “who, what, where, when, how, and why’s” of task analysis within the surgical 
work system

Table 5.1 Methods of studying the surgical task

Method Description Outcomes
Task 
analysis

Approaches for breaking down a high-level 
task into lower-level steps to identify decision 
points, user goals, and interactions with other 
elements of the work system

Subtasks, task order, decision 
points, alternate tasks, goals, 
motivation

Workload 
analysis

The measurement of demand required to 
complete a task to compare user capacity to 
the task demands to determine fit, safety, and 
predicted performance

Physical demand, mental 
demand, performance, capacity, 
fatigue, burnout

Workflow 
analysis

A process-based analysis of the time-based 
flow of tasks, the individuals completing the 
tasks, and interactions with the environment, 
tools and technologies, and individuals on the 
surgical team

Work system interactions, team 
interactions, task order, 
efficiencies, inefficiencies, 
workarounds, patient safety 
risks
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 Task Analysis

Task analysis is a method of studying actions by breaking high-level steps into 
lower-level steps. Task analysis includes several different methodologies to dissect 
the task. Human factors experts commonly use the following two approaches:

• Hierarchical Task Analysis (HTA)—This is conducted to break down a higher- 
order task into subtasks and to gain insight into the order, motivation, barriers, 
and facilitators of the task. This approach can outline points within a higher-level 
task where decisions must be made on which subtask should be completed next 
or the order of the subtasks. HTA allows researchers to account for different 
paths in the workflow, which reduce standardization but may allow for autonomy 
to meet the demands of the surgical case.

• Cognitive Task Analysis (CTA)—The approach takes users through steps of a task 
and inquiries about why each step is taken. These questions get at the motivation 
or cues that lead to actions. Additionally, researchers gather information on the 
knowledge and judgment required for the decision-making throughout the task. 
This approach is often used for developing training guidelines for surgical train-
ees; however, CTA can help identify the thought process for diagnostics or 
decision- making when designing decision aids and afford opportunities to 
improve the surgical team’s shared mental model. Through CTA questioning, 
barriers that lead to workarounds or unsafe actions can be identified.

 Workflow Analysis

Analyzing workflow aims to define patterns of work tasks in order to identify oppor-
tunities to improve efficiency, standardize tasks, reduce workarounds, redefine 

Table 5.2 Outcomes associated with the surgical task

Method Description Examples
Patient/
procedural
outcomes

Patient outcomes can be associated with 
completed tasks. In surgery, this is often 
used to compare techniques, surgical cases 
with varying complexities and difficulties, 
and the associated patient outcomes

Length of stay, pain, retained 
foreign objects, wrong site/
wrong patient surgery, blood 
loss, Interruptions, operating 
room ins/outs, quality of life

Surgical team 
member 
outcomes

Outcomes associated with surgical team 
members include the impact of high or low 
workload due to the demands of the task. 
The outcomes may be acute or cumulative

Pain, fatigue and discomfort, 
distraction, quality of life, 
symptoms of burnout, 
difficulty

Organizational 
outcomes

Organizational outcomes will be process 
measures that impact the business of 
healthcare. These could include measures 
of efficiency, resource utilization, and the 
occurrence of work-related employee 
injury or illness

Surgical duration, throughput, 
errors/nonroutine events, 
reportable evens, workers’ 
compensation requests, staffing 
levels, material waste
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roles/responsibilities, and identify barriers or facilitators of successful task comple-
tion. Common approaches to complete workflow analysis include the following:

• Process Map—This approach maps out the process in a flowchart linking a series 
of nodes representing the tasks in a process from start to end. The nodes are linked 
using lines and arrows to show direction and sequence to indicate how and when 
the steps occur. It is presented in a chronological order; may contain loops in the 
process, decision points, and roles; and tracks the resources throughout the pro-
cess. The task could be mapped out as institutional procedures that describe the 
actions or as the actions take place on a daily basis. This approach can help in 
identifying tasks that are a part of a workaround that could threaten patient safety.

• Swim Lane Diagram—This is a type of flowchart that enables clear distinction of 
responsibilities across roles. Similar to a process map, the process tasks are mapped 
out through a series of nodes linked with lines or arrows from beginning to end. 
However, they are distributed across columns or rows (lanes) to display who is 
responsible for the different tasks. This approach aids human factors experts in iden-
tifying tasks that are conducted simultaneously or are interdependencies where one 
surgical team member relies on another member accomplishing a portion of the task.

• Process Failure Modes and Effects Analysis (FMEA)—This approach is most 
frequently performed when planning or redesigning a workflow to determine 
potential for failure. After completing a process map, FMEA can be used to pri-
oritize risks associated with individual tasks. Working with subject matter experts 
across the healthcare team, these stakeholders identify tasks that include a failure 
risk. The issues are evaluated and scored with criteria to determine likelihood 
and severity of occurrence. Then stakeholders work together to create an action 
plan to manage or mitigate the risk.

• Time and Motion Studies—This approach measures the time it takes to complete a 
series of steps within a task as well as the movements performed by an individual. 
The timing and movement are observed together in order to identify unnecessary 
movement or steps within the task and develop engineered solutions to make the 
work more efficient. This approach emphasizes the importance of the human 
resource and aims to optimize the system to support the person completing the task.

• Spaghetti Diagram—This provides a visualization of the workflow in a work 
environment. It includes continuous lines tracing the path of an individual or 
several individuals in a workspace during a task. While it is often used to rede-
sign physical layout of the work environment to support task performance, a 
spaghetti diagram can also be used to change workflow in order to improve task 
timing, mitigate congestion of multiple individuals, and reduce workload due to 
excess movement.

 Workload Measurement

Workload is the demand of the task and the associated impact on the person or 
people performing the task. Workload measurement is required to determine the 
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individual or team resources needed to complete the selected task. There are both 
subjective and objective measurement approaches. Workload is often measured 
relative to another task, a different role, or a different step during the overall proce-
dure. For example, workload was compared across surgical roles to determine that 
the surgeon and surgical resident often have the highest workload across many dif-
ferent workload dimensions [4]. Approaches are often utilized together to more 
accurately measure workload.

Common approaches to measure workload include the following:

• Self-Report—There are several questionnaires for reporting workload. These 
self-report questionairres include the Rating of Percieved Exertion (RPE) and 
category-ratio (CR-10) pain scale to assess workload of a surgical task or proce-
dure. One broadly used validated questionnaire to capture workload for surgical 
team members is the Surgical Task Load Index (SURG-TLX). This is a subjec-
tive measurement of physical and cognitive workload as well as four other 
dimensions of workload in surgery: temporal demand, task complexity, situa-
tional stress, and distractions (Fig. 5.2). In this validated survey, users indicate 
their level of workload on a visual analog scale from 0 to 20 with verbal anchors 
for each individual dimension [9]. This was used in the above example for both 
individual and team workload [6, 7].

• Wearable Instrumentation—Wearable sensors have become a common approach 
for measuring physical and cognitive workload during surgical task completion. 
Physical workload is often measured through muscle activation by electromyog-
raphy (EMG) and body movement by accelerometers or goniometers. Cognitive 
workload can be measured through heart rate variability, eye tracking, galvanic 
skin response, fMRI, and electroencephalography (EEG). This work may occur 
in the operating room—such as the heart rate variability for measuring workload 
in the example above [4]—or in surgical simulations as appropriate.

• Observational Analysis—Observational analysis, which can be conducted in 
a variety of ways, includes quantitative (e.g., task time) and qualitative (e.g., 
near miss) endpoints of interest. Direct observation studies can be completed 
in person via remote video monitoring and even still photographs. Often 
these observations can then be used with tools such as the NIOSH Lifting 
Equation, Rapid Entire Body Assessment (REBA), and the Rapid Upper Limb 
Assessment (RULA).

• Cognitive Analysis—Cognitive, and even emotional, state analysis can be per-
formed again using both quantitative (e.g., eye gaze time for decision making) 
and qualitative (e.g., self-reported cognitive workload) tools for particular 
 endpoints of interest. The following measures have been readily used to assess 
the cognitive and emotional workload of surgical tasks and procedures: reaction 
time, working memory capacity, self-reported mental/cognitive states, task/pro-
cedure/technique difficulty, learning curves, distractions, and stress (salivary 
cortisol levels, heart rate, blood pressure, etc.).

• Performance—While intraoperative assessment of surgical performance has 
mainly been measured during training [10], there are few objective (e.g., time) or 

B. Lowndes and B. McCrory



47

subjective measurements (e.g., error rate) of task performance. Didactic surgical 
trainers have been used for competency assessment and certification within lapa-
roscopic surgery. These trainers have focused on establishing maximum allowed 
performance times instead of a more traditional approach focused on achieve-
ment of average completion times.

Mental Demands
How mentally fatiguing was the procedure?

Physical Demands

Temporal Demands

Task Complexity

Situational Stress

Distractions

How physically fatiguing was the procedure?

How hurried or rushed was the pace of the procedure?

How complex was the procedure?

How anxious did you feel while performing the procedure?

How distracting was the operating environment?

Not Very Very

Not Very Anxious

Not Very Complex

Very Low

Very Low

Very High

Very High

Very Low Very High

Very Complex

Very Anxious

Fig. 5.2 The Surgical Task Load Index (Surg-TLX): A series of six visual analog scales for self- 
reported surgical workload [1]. (With permission from Wilson et al., 2011; Springer)
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 Outcome Measures

The outcomes from the analysis of surgical tasks vary and are dependent upon the 
goal of each method’s study. The outcomes may directly or indirectly and impact 
the patient, the procedures, the surgical team members, and/or the organization 
(Table 5.2). Most outcomes are comparisons such as using pre-/post-measures dur-
ing a process improvement study or a comparison to a local or national benchmark.

Procedural measures and patient outcomes already recorded in many operating 
rooms can provide information on the tasks completed by the surgical team mem-
bers. Patient outcomes such as length of stay, blood loss, and postoperative pain are 
commonly collected. In the example above, patient-reported pain was reportedly 
higher with the novel surgical technique. Since patient care is the ultimate goal of 
the surgical procedure, these are ideal outcomes for comparing surgical tasks. 
However, it can be challenging to link a change in the task to patient outcomes. It is 
often easier to compare procedural differences such as procedural duration or OR 
turnover times. Larger studies can be statistically powered to detect a change in the 
number of safety events such as a retained foreign objects.

Beyond the safety of the patient, the surgical team is at risk within the OR. It is 
well documented that injuries and musculoskeletal illnesses are associated with sur-
gery [3]. During task analysis, reported pain, fatigue, and discomfort can be mea-
sured as precursors to injuries or chronic musculoskeletal illness. Work design 
focused on reducing physical workload, in combination with selection of tools/tech-
nologies and environmental changes as a part of the work system, can address a 
majority of this risk. Self-reported measures on difficulty, distraction, and symp-
toms of burnout can be used to compare the lasting implications of stressful work-
load on surgical team members in order to address and prevent work stress and 
burnout.

Organizational outcomes for a hospital often focus on mortality and morbidity, 
OR throughput, or readmissions. Analysis of a surgical task could be related to these 
types of outcomes: commonly, process measures and measures of efficiency are 
identified as outcomes measures. Identifying opportunities to improve task perfor-
mance may lead to optimized staffing levels and reduce wasted resources. 
Additionally, work design may reduce the occurrence of work-related employee 
injury or illness. Finally, the organization can make strides in reducing reportable 
patient safety events through sound work design.

In all, the information resulting from analyzing a surgical task will help guide 
surgical work design and can help improve patient and provider safety and satisfac-
tion while meeting organizational business expectations.

Lessons Learned/Personal Pearls
• Surgical tasks are the actions carried out as a part of the overall work 

process.
• Surgical tasks vary by surgical team role, procedure type, and patient 

differences.
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6Surgical Performance and the Working 
Environment

Ken R. Catchpole and Myrtede C. Alfred

 Case Studies

Example 1: In November 2019, several operating rooms at Seattle Children’s 
Hospital were closed after it was found that 14 patients had been infected, and 6 had 
died, following exposure to Aspergillus mold that was present in the ventilation 
system. The pattern emerged over several years of routine data monitoring for infec-
tions. The eventual response was to install a new air handling system and custom air 
filters in each room. Routine monitoring of particulate matter and infectious agents 
within the OR ventilation system is essential.

Example 2: A brand new operating room was being used for robotic surgery on 
a complex patient, with a new surgical team. As the surgery progressed, the team, 
unfamiliar with the robot and struggling with the complexity of the case, chose to 
convert to an open procedure. This substantially added to the duration of the case. 
As the operation became progressively more difficult and the surgical time extended, 
the operating room became colder and colder. The surgical team was unable to use 
patient warming methods – due to the complexity of the case and the failure in the 
new operating room (OR) to make appropriate equipment available and the patient 
started to cool down. The anesthesiologist was initially unable to find the controls 
for the OR temperature, and when they did, was unable to operate it appropriately 
as it required a technical understanding of the system. The patient became increas-
ing hypothermic over the elongated course of the operation. Moreover, the new OR 
was several hundred yards from the intensive care unit (ICU), so the transition was 
longer and more complex than usual, contributing further to patient deterioration 
and delayed recovery.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-53127-0_6&domain=pdf
https://doi.org/10.1007/978-3-030-53127-0_6#DOI
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This demonstrates how people, tasks, teams, technologies, organizational deci-
sions, and the work environment can all interact to create good or bad outcomes. 
The built environment contributed directly to this incident through poor design of 
OR controls, lack of appropriate equipment availability, and the distance from the 
OR to the ICU. This was predisposed by an organizational decision to use a new OR 
without appropriate consideration for a range of risks associated with new build-
ings, and became critical when a set of technical problems associated with the surgi-
cal approach, technology used, and team, were combined.

 The Surgical Work Environment

The physical design, layout, configuration, and acoustic, visual, temperature, 
humidity and ventilation of each OR and OR suite can influence individual perfor-
mance, cognition and awareness, teamwork, staff satisfaction, process, infection 
control, tool and technology use, and thus, ultimately, the success of surgical proce-
dures. As the system of surgery is complex and adaptive, rather than linear and 
deterministic, the relationship between OR room design and clinical outcomes may 
not be direct, so traditional clinical evidence is not always available. While there is 
some evidence relating design decisions to performance, little relates specifically to 
patient outcomes. Instead, much of what we know comes either from direct obser-
vational studies of surgical procedures, or basic experimental work that can be 
related to measurements in the real world. In this chapter, we explore a range of 
supposed effects of the built environment on the surgical process, and the methods 
that can be deployed to understand it.

 The Built Environment

The design of every operating suite requires a trade-off among building costs, the 
size of each OR, and the number of ORs available (See Fig. 6.1). More ORs with a 
smaller footprint theoretically allow a greater number of surgeries for a reduction in 
building capital and maintenance but may hamper or even prevent certain types of 
surgeries. An OR must be large enough to accommodate the patient, team, tools and 
technologies. While the optimal OR size will differ for different types of proce-
dures, it is generally considered that approximately 400 square feet is reasonable for 
traditional inpatient procedures. This has steadily increased over time, with 600 
square feet recommended for procedures with more staff and/or equipment [5, 7]. 
This is based on the need for a sterile field and space around it, space for two people 
to pass each other without touching, and also contains the minimum equipment for 
a surgical procedure (anesthesia equipment, IV poles and stands, chairs, and waste 
receptacles). A recent 5-year research project [3, 8–10] – probably the most com-
prehensive exploration of the range of dimensions associated with safety and per-
formance in OR – identified the following considerations:
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 (i) Improve movement and flow
 (ii) Support visual awareness
 (iii) Facilitate digital information access and display
 (iv) Reduce disruptions and interruptions
 (v) Reduce slips, trips, and falls.

The space needs to be large enough to use for the surgery in question without risk 
of physical contamination; contaminated airflow; or unwanted interactions between 
supplies, instruments, or devices. It should provide clear sight lines; facilitate visual 
interactions and communication among team members; and allow the anesthesiolo-
gist, surgeons, and nursing staff to monitor each other. It should have enough space 

Fig. 6.1 Photos from four different operating rooms in three different hospitals in the UK and 
USA, showing aspects of space design utilization and common associated problems
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to use, move, store, and maintain a range of equipment necessary for the surgeries 
conducted within it. It needs to allow easy ingress and egress of people, supplies, 
patients, beds, and equipment. The floor needs to be smooth, easily cleanable, and 
sufficiently durable to withstand frequent exposure to a wide array of chemicals and 
the weight of equipment. Ceiling and wall surfaces should also be easily cleanable 
and reduce sound reflection. The physical environment should provide enough light 
for the visual demands of the surgery, permit sufficient light for the rest of the team 
to conduct their tasks, and allow easy adjustment for different surgical demands. 
Ideally, the surgical team would also have access to natural light. OR environmental 
controls should also be available for the team, and electric sockets need to be con-
veniently located to allow powering of all necessary devices without the cables 
interfering with the surgical process or movement of people or devices.

The use of an OR suite will change over the lifetime of use, so it needs to be 
highly adaptable to a range of surgeries and future technologies. Few ORs are 
designed specifically for certain types of surgeries, as procedures and uses are 
expected to change over the life of the building. While it is challenging to predict 
future breakthroughs, we might assume, based on prior developments, that imaging, 
data, and robotics will be increasingly used, probably requiring more space, more 
power, improved access to imaging and data displays, and a broader range of dis-
play and control devices. Meanwhile, patients are getting older, more medically 
complex, and larger, so multiple teams may be required, and access to specialized 
equipment, such as bariatric equipment and lifting capabilities, may also require 
larger ORs in the future.

 The Operating Room Layout

Most ORs can be functionally divided into the “sterile zone,” where the surgical 
procedure takes place and where maintenance of sterile protocol is essential; the 
circulating zone, outside the sterile zone, which should allow clear movement in, 
out, and around the sterile zone; and the anesthesia zone, usually at the head of the 
patient, where anesthesia tasks are completed.

The placement and movement of a variety of equipment, storage, workstations, 
overhead booms (containing lighting, power, cameras, displays), and furniture (such 
as tables for surgical equipment, documentation and drug preparation) have to be 
carefully done so as not to compromise the sterile zone and to allow movement of 
sterile and non-sterile OR staff around this area. Most of this is the work of the cir-
culating nurse (or nurses), who assists the scrub technician (scrub tech); obtains 
supplies; configures, operates, or maintains equipment (such as the bovie, or the 
insufflator and stack in laparoscopy); records the surgical count; and enters data into 
the electronic health record (EHR). The anesthesiologist or certified registered 
nurse anesthetist (CRNA) also needs to move about this space, and for specific 
tasks – such as taking X-rays – other technicians and large devices may be required.

The anesthesia zone has to have enough space for a range of monitoring devices 
and displays, intubation, ventilation and airway maintenance, and the preparation 
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and delivery of drugs. It also needs enough space for the anesthesiologist and CRNA 
to work together. Traditionally, the operating table is placed at the center of the 
room, though this may not always provide the best use of the space. Early studies 
have suggested that placing the table diagonally in the room can enhance the circu-
lating zone (especially at the foot of the table) while still providing sufficient room 
for anesthesia.

Multiple studies have demonstrated the surprising frequency with which doors 
are opened, not just for patient and team ingress and egress, but for procedural rea-
sons (to go for supplies), and for staff to communicate or monitor progress from 
outside. Sometimes particular ORs are used as through routes by staff to other areas, 
which does not seem appropriate, but has been predisposed by the design of the OR 
suite. Frequent door openings contribute to air and surface contamination as well as 
flow disruptions [9]. OR doors should be positioned to direct the flow of traffic 
through the circulating zone. Windows can also be incorporated into the OR design 
to reduce door openings by allowing staff external to the surgery to check on prog-
ress visually (or communicate) rather than having to open the door.

There is also the need for multiple storage approaches for a range of basic sup-
plies such as sponges, towels, gloves, gowns (which need to be easily accessible); 
sterile water, iodine, alcohol solutions, enzymatic solutions; other supplies (such as 
suction receptacles); and either costly or controlled substances, which are normally 
stored for charging and dispensing in a controlled, automated cabinet. There also 
needs to be space for an EHR workstation that will be periodically used throughout 
the case.

One particular challenge is the location of power cables, which seems relatively 
simple but can have profound effects for the layout, use, and reconfiguration of the 
OR space. New technologies and more sophisticated instruments tend to require 
more space. The introduction of more sophisticated imaging into the OR, such as 
portable X-ray and CT, image-guided orthopedic and spinal procedural technolo-
gies, surgical robots, or interventional catheter procedures, require both space and 
the ability of the team to work with them while doing a range of other complex 
procedural tasks. Many of these devices are not assigned to a particular room but are 
moved in, out, and between as required. This means that not only does the room 
need to be large enough to accommodate these devices, it also needs to allow paths 
of access (ingress and egress) for these devices, which are often large. For example, 
hybrid ORs, allowing for both interventional cardiac catheterization and cardiac 
surgery, tend to require more space and considerable attention to the location of a 
range of critical devices, including imaging and perfusion (which may or may not 
be used concurrently, but in the case of perfusion in particular, need to be quickly 
accessible).

 Ancillary Space and the OR Suite

In Europe, induction rooms are generally used and initially were designed to allow 
the anesthetization of one patient while another surgery is finishing. Anesthetic 
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rooms provide excellent storage for anesthesia supplies and equipment, and may be 
particularly popular with patients in general and children especially, but require 
transfer of the anesthetized patient in the OR, while the original mooted advantage 
of being able to speed up the anesthesia process cannot be realized, without addi-
tional staff. One alternative use for this ancillary space is for equipment breakdown 
and point-of-use instrument reprocessing post-procedure.

Some OR suites have been designed around the “sterile core” idea, where sup-
plies are located in a controlled environment between operating rooms, but sepa-
rated from the normal ingress/egress routes for patients. Theoretically, this allows 
the storage of commonly used items outside the OR (freeing space inside) without 
increased door openings to acquire supplies, which may compromise sterility.

The surgical process often consists of a preoperative (pre-op) waiting area and a 
different postoperative(post-op) recovery area. However, many patients, and espe-
cially parents of pediatric patients, value returning to the same pre-op waiting room 
that they left. Ideally, the OR should ideally be located close to post-operative facili-
ties – ether the post-anesthetic care unit (PACU) or the intensive care unit (ICU). 
This is to facilitate both transfer of patients and to allow the appropriate anesthetic 
care, which can extend beyond one OR, with anesthesiologists looking after multi-
ple patients for lower complexity cases, and often requiring them to leave the OR to 
care for unexpectedly sick patients. Physical proximity improves communication 
and responsiveness.

 Ventilation, Temperature, and Humidity

The control of air flow has been seen as vital for reducing infections, with design 
standards requiring positive pressure differential, downwards from the ceiling 
(assumed to be cleaner than the floor), with a “screen wall” of air that separates the 
sterile zone from the outer zones [1]. Together, this aims to push clean air from the 
ventilation system, down and away from the OR table, and out of the door, thus tak-
ing any particulates or potential biohazards away from the patient. However, such 
“laminar flow” designs may not be especially beneficial for reducing infections, 
while the regulations do not cover particulate matter to the same rigor as found in 
some manufacturing environments [15].

Temperature and humidity can also have implications for infections and other 
organisms. The recommended range is 68–75  °F. for temperature and 40–60% 
humidity [16]. The appropriate settings need to be balanced with the need to control 
the temperature of the patient (e.g., in cardiac cases requiring deep hypothermia), 
and the risks of unintentional hypothermia, which is not infrequent and can have a 
profound effect on patient outcome. It is a basic requirement to allow control of 
these environmental settings by the surgical team, but cannot always be assumed. 
Anecdotally, the difficulty in controlling OR temperature, especially in new, unfa-
miliar ORs with over-engineered controls, can contribute to hypothermia and cata-
strophic patient outcomes.
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 Visual Environment

The visual environment in the OR supports the primary tasks required for success in 
the procedure; for monitoring of team, patient, and process in support of the primary 
tasks; and to facilitate beneficial interactions with the outside world.

The basic science of task lighting was conducted in the 1960s and illustrates how 
tasks requiring varying degrees of visual precision benefit from different levels of 
lighting [4]. Measured in Lux, boom or head-mounted lighting enables a higher 
contrast for the surgeon to support the visual precision required. This is particularly 
critical for fine precision surgery, such as for cardiac and vascular surgery. Allowing 
a range of motion and multiple light sources on overhead booms also eases move-
ment and reduces shadow effects. Head-based lighting also serves to aid in this 
purpose. Frequent need to manipulate boom lighting can be distracting, and a num-
ber of high technology solutions to help with this have been suggested, but their 
value has not necessarily been established. For laparoscopy, there is usually a pro-
tocol for establishing the appropriate visual environment for the monitor stack, first 
configuring the white balance, then reducing glare and improving contrast by lower-
ing the ambient lighting in the operating room. This may conflict with other tasks 
(precision scrub tech work such as counting needles or anesthesia work), so consid-
eration in supporting these tasks might be valuable.

The visual environment also needs to provide visibility of the surgical field and 
to allow the team to monitor each other. Simple visual cues help team members see 
when help is needed, or to monitor ongoing activity. An overhead camera helps the 
rest of the team track the procedure and anticipate requirements without needing 
verbal confirmation from the surgeon. This is especially helpful for tasks requiring 
close coordination such as initiation of cardiopulmonary bypass [6]. Similarly, the 
ability of the surgical team to view anesthesia monitoring can be valuable in situa-
tions where shared decision-making is necessary, or where there are significant 
impacts between surgical and anesthetic tasks.

Windows can allow communication with the rest of the OR suite and offer the 
potential for some observation. They can also be an important source of natural 
light, though they need to be controlled during laparoscopic surgeries where con-
trast needs to be maximized and glare minimized on the surgeon’s screen. Placing a 
window in close proximity to an external scrub sink can also allow the surgeon time 
to monitor progress of the case preparation while they scrub up and mentally 
prepare.

As the use of surgical robotics and image-guided surgery has increased, it has 
presented new opportunities and challenges for the team. Being able to see and 
manipulate complex visual and monitoring information (such as CT or X-ray imag-
ery) can improve precision of treatments and diagnosis, while the three-dimensional 
displays on surgical robots provide a perceptual depth unavailable in traditional 
laparoscopy. However, image-guided surgery requires thoughtful configuration of 
displays and lighting to avoid glare and maximize contrast while still allowing use 
of boom and overhead lighting for direct visualization of the surgical field; Even 
more importantly, the robotic surgery console removes the surgeon from direct 
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physical and visual contact with the rest of the team, necessitating specific commu-
nications to and from the surgeon to replace this shared visual environment.

 Acoustic Environment

Communication and teamwork are important for a successful surgery. However, 
many ORs are noisy, impacting communication, creating distractions, and increas-
ing cognitive workload [3, 17]. Sources of noise in an operating room come from 
ventilation, tools, doors, monitors and alarms, phones and pagers, conversation, and 
music. Surgical tools, particularly those used in orthopedic cases – saws, hammers, 
drills – can be especially loud, reaching a peak of 110 dB [11, 14]. It is increasingly 
being acknowledged that auditory displays on devices – especially warnings and 
alarms – are also problematic. This presents a number of potential performance- 
reducing factors related to the acoustic environment [2].

ORs are highly echoic, that is, sound waves bounce off the floors, walls, and 
multiple other flat surfaces. This impacts speech intelligibility, which is based on 
auditory localization and sound source segregation [12, 18]. In order to understand 
what someone is saying, our auditory system filters out the irrelevant signals by 
comparing the time and amplitude of signals arriving at each ear. It then groups 
sounds into different “streams” – say, one from someone speaking, one from the 
music in the corner, and one from the pulse-ox anesthesia sound. We can then direct 
attention to one or other of those streams to concentrate on that information and 
exclude others. Stream segregation is a nonconscious process (a good example of 
how powerful this can be is the “cocktail party” effect, where your attention is 
drawn to someone from across the room who mentions you, or some other topic of 
specific interest). In highly echoic environments, auditory signals from a single 
source bounce around, interfering with signals from the same source arriving 
directly from the source (sooner) or through multiple reflections (later) and interfer-
ence with other sources. This makes localization and auditory stream segregation 
more difficult and consequently lowers speech intelligibility. Thus, theoretically, 
speech intelligibility in the OR could be improved by putting sound absorbent mate-
rials on the walls or ceiling. Though this theory has not been tested, it is supported 
by observational studies of speech intelligibility, which reduces with increased OR 
size, and improves with increasing OR contents [13].

The use of music can be controversial. For some, it helps maintain alertness and 
vigilance and raises the mood of the surgical team. For others, it can be annoying, 
disruptive and interfere with communications. The science of sound annoyance 
demonstrates that the perception is not directly related to intensity, but to the implied 
intent of the source. Thus, rather than necessarily “turning down” music, recogniz-
ing that obtaining permission from everyone in the OR to play music, and to agree 
moments when it might be appropriate to stop it, will help find the right balance for 
the team.
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 Human Factors Approaches

The basic human factors approaches to exploring the effect of the OR work environ-
ment on the surgical team consist of traditional environmental survey techniques; 
direct observation; instrumented tracking; and instrumented built environment.

The traditional techniques involve light meters for the visual field (probably 
measured in Lux). Temperature and humidity can be measured using thermometers 
and hygrometers. The auditory environment benefits from a range of basic sound 
intensity measurements (based on the decibel scale, dB), with an added benefit of 
sound frequency measurement. Usually, an A-weighted network is used, which is 
designed to reflect human auditory sensitivity (which varies across frequency). 
Since an acoustic environment will always be changing, the time over which a given 
intensity is measured is critical. For example, impulse noise (such as a hammer 
blow) might have a high peak intensity, but may not carry as much overall sound 
energy or be as disruptive, as a steady-state environmental noise source of moderate 
intensity. Furthermore, the frequency content of the sound will have an impact on 
speech intelligibility and other aspects of annoyance.

Direct observation of the surgical team is useful for exploring ingress and egress, 
movement about the OR, and the potential for disruptions of work from the built 
environment. A traditional “spaghetti” map can be used to illustrate the usual paths 
taken by different members of the OR team. This can be complemented with studies 
of physical interference or disruptions of surgical flow related to the OR layout [3]. 
Lag-sequence analysis of the passage between two points can also help identify 
where disruptions, or walking distances, might be reduced by placing equipment or 
other important items in different parts of the room. Direct observation, eye- 
tracking, or point-of-view cameras can also be used to explore at where team mem-
bers look, with a view to facilitating visual scan patterns (much like the “t-scan” in 
aviation) or reducing spatial interferences.

Finally, a range of other technologies are becoming accurate, available, and 
affordable for tracking the movement or people and things about an OR and OR 
suite. Bluetooth, Radio Frequency Identification and other “indoor GPS” technolo-
gies can accurately and quickly be used to collect considerable amounts of data on 
movement. However, they do not replace the need to understand the task or techni-
cal requirements that drive movements, requiring care in turning the data that they 
collect into useable and meaningful information.

 Summary

There is no doubt that the design of the OR environment can have a range of effects 
on individual performance, process, and outcomes in surgery. Basic experimental 
science exploring how working environments affect human performance is avail-
able, which forms the basis for this understanding. However, there remains much 
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speculation and limited evidence about how particular design parameters affect par-
ticular processes and patient outcomes. Nevertheless, thinking about how the built 
environment, the auditory and visual configuration of ORs, and ventilation might be 
configured to improve surgical performance remains a worthwhile activity. We hope 
that there will be more opportunities to test configurations and effects in systematic 
ways in the future.
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7Organizational Influences and Surgical 
System Safety

Harry C. Sax

 What Role Does the Organization Play in Surgical Safety 
and Performance?

Medical organizations are reactive by nature – a patient develops a symptom, or 
routine screening uncovers an abnormality. A series of events flow from the initial 
finding, additional testing is carried out, and a plan developed. If all goes well, the 
interventions are effective, and health is maintained or restored. Is it any wonder 
that that same reactivity becomes central in the investigation of adverse events or 
the implementation of human factors into solutions? Yet, truly successful organiza-
tions have created a proactive culture of “what if?” and have designed programs 
utilizing the Systems Engineering Initiative for Patient Safety (SEIPS) model in 
strategic planning or building design. In this chapter, we will examine the organiza-
tion’s role in supporting change and the lessons learned from other industries that 
have integrated these tools into the culture.

 Applying the Concepts in Real Life

I was Chief of Surgery at an affiliated hospital of a large academic medical center. 
The main institution had several wrong-side surgeries and we responded by estab-
lishing checklists and protocols. We thought that we had developed a strong culture 
of safety. Everyone agreed the knife would not be handed up until checklists were 
run and the site marked. We were proud to be different than “the Mother Ship.”

Then, one of my orthopedic surgeons placed an arthroscope in the wrong knee.
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The error was not discovered until the patient awoke in the recovery room, 
and screamed, “My God, they operated on the wrong knee!” The newspapers 
were calling within hours and my CEO was beside herself with shock and 
disbelief [1].

What should I do next?

 Organizational Influences

Surgery by nature involves risk to both patient and physician. The fact that most 
cases are completed with little harm is testament to the robust nature of training, 
team dynamics, technology, and human resilience. Human factors insights are 
increasingly recognized not just as a part of a root cause analysis, but also as a key 
aspect of maintaining the health, vigor, and productivity of our providers. The shift 
in injury patterns in surgeons from back and neck in open surgery to repetitive use 
in minimally invasive surgery emphasizes the critical need to anticipate the unin-
tended consequences of new technology.

Organizational influences can be broadly categorized into three areas: availabil-
ity of resources; the operational or “effector” aspect, supporting change manage-
ment; and the ambiguous term “culture,” with its alignment to the basic mission of 
the entity [2]. There are inherent challenges in each category.

 Resource Allocation

Resources come in many forms and the sources of support are often siloed and dif-
fuse. For example, though human capital is controlled by Human Resources, recruit-
ment and retention for physicians are different from those of nurses and support 
personnel. The influences of unions or the presence of Magnet designation creates 
different cultural norms in each subgroup and misaligned incentives. Equipment 
purchases flow through operations, and the value analysis process may focus on 
how quickly one achieves a return on investment as opposed to whether care will be 
improved, or the providers’ work enhanced. These tensions are being exacerbated 
by a shift in funding to bundled payments and risk contracts, where investment is 
seen only as a cost, as opposed to a potential profit center.

 Operational Aspects

Once resources are allocated, they need to improve patient care and enhance human 
performance. Policies and procedures are developed that may not reflect real-world 
best practices. In well-functioning organizations, the operational leaders have had 
direct experience “in the trenches,” or engage those that do. Multiple strategic initia-
tives can work at crossed purposes, which becomes especially challenging as orga-
nizations expand with mergers and acquisitions.
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 Organizational Culture

“Mission, Vision, Core Values” are the keynote of an entity’s existence. While high 
reliability organizations (HROs) emphasize safety over funds flow, there will always 
be a dynamic tension between the two, especially with increased downward pressure 
on revenues. An increasingly important cultural value is transparency. High- 
functioning hospitals use their missteps as an opportunity to share and grow. They do 
not shy away from openly admitting where they have failed. Safety is a primary report 
at the board level. For example, a list of the names of patients that have been harmed 
in the previous month is displayed at each board meeting. Culture is on display after 
an adverse event. How is the science of human factors included in the analysis? Is the 
response calibrated to the outcome or to the intent of the action that led to it?

 Tools and Techniques to Understand Organizational Influences

 Using the Human Factors Analysis and Classification System 
as a Framework to Understand Organizational Influences 
on Surgery

We previously discussed organizational influences such as resource allocations and 
operations. The human factors analysis and classification system (HFACS), based on 
James Reason’s Swiss Cheese Model of Accident Causation, can be a helpful frame-
work for thinking about how accidents and errors occur in healthcare. HFACS defines 
a number of conditions at four tiers: unsafe acts, preconditions for unsafe acts, super-
visory factors, and organizational influences (previously discussed) which organiza-
tions contribute [3]. This framework can be applied retrospectively on existing data 
(e.g., event reports or interviews recorded following a serious adverse event) or pro-
spectively during in-situ observations to categorize the types of systemic breakdowns 
that may contribute to accidents and errors [4]. Perhaps most relevant to our conver-
sation on the organization (outside of organizational factors) is the preconditions for 
unsafe acts tier – or the tier focused on latent failures that contribute to accidents and 
incidents. This tier highlights situational, individual, and team factors. Situational 
factors focus on the physical environment. For example, at a trauma center, multiple 
resuscitation bays are designed and outfitted to be identical to each other. The team 
knows the thoracostomy tubes will be to their left and the access trays to the right. 
Individual factors include the skill sets of the team members and their ability to 
deliver those skills. This ability changes throughout the day due to stress, fatigue, 
multitasking, or distraction. Many high-reliability organizations must also provide 
services 24/7. Normal human diurnal variation, light/dark cycles, and the need to 
work beyond a normal 8-h shift can lead to chronic fatigue. Further, surgeons are 
hard driving individuals by nature. They tend to discount their own personal foibles 
and push limits, which can lead to an unsafe act. Ironically, these same personality 
characteristics are rewarded by organizations, for example, those that base incentives 
on relative value units (RVU.) Other vital team factors and skills include leadership, 
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clear communication, and facile coordination among members. Traditionally in 
medicine, leaders are chosen based on objective measures such as papers published, 
procedural expertise, or grant funding. These are not necessarily the optimal skill set 
to lead a team effectively. Additionally, there is increasing interest in the role of 
Emotional Intelligence in effective surgical leadership [5].

 The Categorization of Unsafe Acts

Leaders of an organization must respond effectively to unsafe acts. The key aspect 
in addressing a poor decision is to categorize it on the degree and intent of conscious 
actions. Unsafe acts can be broken into violations and errors. Violations occur on a 
regular basis, often as the workarounds to policies and procedure that do not appear 
to add value or safety. Many of these evolved over years as a new rule is added in 
response to a single event. Human nature is to find ways to achieve a task and to 
avoid specific rules seen as irrelevant. Over time, these actions become part of the 
culture, a syndrome known as “normalized deviance.” By understanding why the 
work around persists, an organization can either reeducate or alter the process to 
achieve similar levels of safety without obstruction to flow [6].

On the other hand, there are true acts of commission with willful violation. These 
include excessive risk taking, disruptive behavior, or practicing above one’s level of 
license. These situations must be investigated with an eye to motivation behind the 
behavior. Remediation is often indicated.

Errors occur in the subconscious. The individual may not be aware that they are 
in a situation beyond their skills or training until an accident occurs. Altered sensory 
inputs such as visual distortions, excessive noise, and flow disruptions prevent rel-
evant information from being processed. When simultaneous processes occur, and 
priorities may conflict, the practitioner must be able to choose the correct path. This 
can be aided by mnemonics such as “Airway, Breathing, Circulation” or “Aviate, 
Navigate, Communicate.”

 The Just Culture

Marx has published extensively on organizational response to error. He, too, exam-
ines the intent of the decision independent of its outcome. If the decision made was 
found to be inadvertent and unintentional, the response should be similar regardless 
of the outcome [7].

Similar to the HFACS model, just culture focuses on four actions: human error, 
negligence, reckless conduct, and intentional rule violations.

Simple human error occurs regularly, often without consequence. We turn left 
when we meant to go right. We buy 1% milk instead of skim, because we felt we 
were too busy to write down a list. Diversions and competing priorities are often in 
play. We tend to recognize this as momentary lapses in judgment or a “Senior 
Moment.” Simple errors in medicine are usually caught by redundancy, but if not, 
can be the beginning of an error chain.
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Negligent conduct suggests a proactive tone. Negligence is a legal definition that 
includes failure to exercise the significant skill or care expected of the average pro-
vider. Negligence reaches criminal levels if the person should have been aware that 
their actions would cause significant harm. It is basis for justifying reparations. 
Negligence does not imply a premeditated decision to commit the act.

Reckless conduct is one step above mere negligence. It includes a component of intent 
and that the person was clearly aware of the deviation yet consciously proceeded. 
Reckless conduct is associated with a higher degree of culpability than negligence.

Intentional rule violations may or may not be reckless or negligent. Rules or proce-
dures specify a behavior or process. They are designed to standardize procedures and 
avoid error. In many cases, rules and procedures are created in response to an adverse 
event. The unintended consequence of excessive rules and regulation is when they are 
not relevant to everyday operations and therefore are subject to being ignored.

In the just culture scenario, intent is central to organizational response. While it 
is important to establish clear consequences for negligent or reckless behavior, 
excessive levels of discipline inhibit open discussion of error, leading to further 
latent risk. The concept of “the second victim” is recognized as a serious conse-
quence of medical error. Practitioners involved in significant adverse events already 
are dealing with high levels of guilt and remorse. They begin to second-guess their 
abilities and the risk for additional harm in subsequent patient care is raised. Add 
censure by their own organization and it is likely that that a valuable member of the 
healthcare team could forever be wounded.

 Creating a Safe Error Reporting Environment

After a series of fatal accidents, where information was available that could have pre-
vented the incident, aviation created a protected error reporting system. The Aviation 
Safety Reporting System (ASRS) provides a venue for self-reporting unintentional 
mistakes that could lead to action by the Federal Aviation Administration. The reports 
are collated, significant safety trends are identified, and then, they are widely distrib-
uted. For example, ambiguity in the wording of an approach clearance brought an 
aircraft closer to terrain than was intended. After having several reports of near misses, 
the wording of the approach was clarified. Had pilots who inadvertently committed 
the error of descending too soon not felt safe reporting, tragedy could have resulted 
[8]. The culture in medicine is still focused on individual failure. Fortunately, this is 
beginning to shift, seen by morbidity and mortality conferences now including both 
human factors and systems in their analysis of the complication.

 Organizational Change and Persistence

An organization can embrace human factors to optimize performance; inculcating it 
into the DNA and engagement by the members is more challenging. Humans do not 
respond well to change in the short term. Early responses include active and passive 
resistance or disengagement and underhanded sabotage. With persistent and 
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consistent messaging, change will ensue, albeit at a slow rate. Change is not linear – 
there is a period of loss with ending of the current scenarios “neutral zone” of the 
transition and then a new beginning (Fig. 7.1) [9].

Change requires both leadership and management. Leaders must establish direc-
tion, motivate, and inspire. They create a compelling vision and are able to support 
those that follow in this journey. Leaders must work closely with their managers who 
become the effector arm, as they redeploy resources and set priorities. Problems are 
dealt with in real time to build confidence in the process and not allow minor setback 
to derail the process. Stakeholder analysis is key, as the response to each is different 
(Fig. 7.2).

Kotter breaks down organizational change into eight stages, each with different 
lengths and strategies to overcome resistance (Fig. 7.3).

The stages range from setting a sense of urgency through eventual consolidation 
and anchoring the process. This is not accomplished by a single individual as the 
skill sets are varied. Because the process is long, it is key to celebrate early successes.

The change process itself has key ingredients and various combinations that will 
lead to success, false starts, or failure (Fig. 7.4) [12].

These ingredients are vision, skills, incentives, resources, and an action plan. 
Lack of any one of these can move the process in an undesirable direction. These 
red flags can guide leaders and what is needed to get back on track.

 Responding to the Wrong-Side Surgery

We immediately shifted into mitigation mode. We spoke to the patient and their 
spouse, as well as the operative team. Arrangements were made to assure that treat-
ment of the correct knee was carried out, and support for postoperative recovery 
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Fig. 7.1 The stages of change. (Adapted from [9])
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arranged. The fact that the surgeon had an excellent relationship with the patient 
was a factor in our favor. We notified the Department of Health.

A root cause analysis team was assembled. For unclear reasons, and despite 
appropriately signing the correct knee, the contralateral limb was prepped and 
draped. The room had been set up differently, due to equipment availability issues. 
A resident had placed purple marks on the now draped knee to show scope insertion 
sites. The checklist was run and on the segment site and side confirmed, team 

Latents

Keep satisfied Manage closely

Keep informedMonitor

Apathetics Defenders

Interest

P
ow

er

Promoters
Fig. 7.2 Stakeholder 
analysis. (Adapted 
from [10])

Implement &
Sustain Change

Step 8
Incorporate Change Into The Culture

Step 7
Never Let Up

Step 6
Generate Short-Term Wins

Step 5
Empower Broad Based Action

Step 4
Communicate The Vision for Buy-In

Step 3
Develop A Change Vision

Step 2
Create The Guiding Coalition

Step 1
Establish A Sense Of Urgency

Engage & Enable
The Whole

Organization

Create a
Climate For

Change

Fig. 7.3 Kotter’s eight steps of change. (Ref. 11)

7 Organizational Influences and Surgical System Safety



70

members compared the consent and operative schedule. A few glanced at the leg 
and saw some purple but could not say that they confirmed the surgeon’s mark. A 
traveling nurse was in the room and new to the time-out procedures. She had not 
been formally oriented as to the procedures. The surgeon was a superb technician 
but was quick to show displeasure with inefficiencies. Finally, the incorrect knee 
also had arthritic changes, which is what the physician has expected to see, leading 
to the delayed recognition of the problem. It was a classic error chain. Issues involv-
ing human factors clearly played a role, and I wanted the response to be proportion-
ate to intent of the error.

At a hearing before the State Medical Board, the question before me focused on 
whether the surgeon, as “captain of the ship,” was ultimately responsible. In the 
past, it was the surgeon who would be censured. I said that we were all responsible, 
myself included. Because we had been proactive in our safety work, the response 
was consistent and fair. The Department of Health (DOH) sent a strong message by 
peer reviewing all members of the surgical team. There was no licensing action, but 
the findings were made public.

In lieu of formal sanctions, everyone participated actively in fixing the problem, 
defining the human factors-related issues and more importantly, sharing with others 
their experiences. Steps in the checklists were clarified. For my part, I led a state-
wide initiative to standardize the Universal Protocol, and minimize the chance that 
a surgeon, who might work in multiple hospitals, would have to remember disparate 
marking and time-out protocols. A patient safety organization was formed to share 
practices, near misses, and areas of vulnerabilities.
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 Conclusion

The application of human factors in surgery is not an intellectual concept. An orga-
nization must make the decision to do business based on the concept of both human 
fallibility and motivation, resistance to change, and striving for something better 
and learning from the past without being restrained by it.

Subsequent chapters put these concepts into action.
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8Human Factors in Perioperative Care

Anahat Dhillon, Jessica Lee, and Ashley Fejleh

 Introduction/Overview

Despite increasing patient and surgical complexity, perioperative mortality has 
declined significantly over the past 50 years, especially in developed countries [1]. 
Advances in patient monitoring and surgical techniques, as well as increased under-
standing of the nuances of preoperative preparation and postoperative care, contrib-
ute to improving outcomes. With an aging population with increasing comorbidities, 
offering minimally invasive procedures challenges systems and practitioners to con-
tinue to maintain high-value care. Focus shifts away from intraoperative outcomes, 
thereby requiring effective communication between practitioners, increased situa-
tional awareness, as well as regard for human error throughout the entire periopera-
tive period. To illustrate human factors principles, we will follow a case through its 
entire perioperative course.

 Preoperative Considerations/Human Factors

 Case

A 68-year female with a past medical history of morbid obesity, obstructive sleep 
apnea (OSA), current smoker, and diabetes mellitus (DM) presents for a robotic- 
assisted total hysterectomy. Her last echocardiogram showed an ejection fraction 
of 45% with moderate pulmonary hypertension. In addition, she had poor 
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exercise tolerance with a Measurement of Exercise Tolerance before Surgery 
(METS) score of less than four suggesting a high risk for surgery. The anesthesi-
ologist, evaluating the patient on the day of surgery, is concerned about the lack 
of a stress test. She is also concerned about the impact of insufflation and steep 
Trendelenburg positioning being associated with inability to ventilate leading to 
a pulmonary hypertension crisis. There ensues a lengthy discussion with the sur-
geon about canceling the case and then regarding if proceeding with open sur-
gery is the safest option. The conversation results in anxiety for the patient and a 
delay in the case.

In a patient-centered multidisciplinary perioperative team model, outcomes 
require concerted effort; buy-in; and adherence by the surgeon, the anesthesiolo-
gist, primary care physicians (PCP), consultants, as well as the patient. As a result, 
a reliance on communication and coordination leads to multiple points of vulner-
ability. It has been well established that a visit to a preoperative evaluation clinic 
decreases day of surgery cancellations, costs related to unnecessary testing, as 
well as postoperative mortality [3]. From the patient’s perspective, a visit may 
alleviate fears about anesthesia and improve expectations on processes on the day 
of surgery. Our case example clearly illustrates a patient who would have benefit-
ted from a preoperative workup to further investigate the current severity of her 
pulmonary hypertension and right heart function. Additionally, she may also be a 
candidate for pulmonary rehabilitation and risk modification, decreasing her risk 
of postoperative pulmonary complications, improving wound healing, and reduc-
ing the length of stay.

Health care systems must balance the benefits of a preoperative visit with the 
resource cost to the system, as well as to the individual patient who must take 
time for a visit. Designing a comprehensive system requires the identification 
and referral of the patients most likely to benefit with adequate resources and 
time to allow for optimization and follow up. For example, a patient getting cata-
ract surgery, regardless of comorbidities, is unlikely to benefit and more likely to 
feel burdened by another visit to a clinic [4]. Conversely, moderate-risk surgical 
patients may most benefit from a clearance which could be facilitated by a phone 
call or a protocolized preoperative workup made available to surgical teams and 
primary care physicians. A select group may most benefit from intensive care 
coordination and optimization including pulmonary rehabilitation and nutritional 
support (Fig. 8.1).

In developing the systems for identification, referral, and management of patients 
preoperatively, each institution should utilize workload and resource analysis to 
identify the most effective processes (Fig. 8.2). Catchment areas, patient access to 
clinics, and primary care physicians have to be mapped and overlaid with the exist-
ing resources. The utilization of technology such as teleconsultation can further 
enhance the patient experience and broaden the impact. Human factors design anal-
ysis can help streamline the implementation process.

A. Dhillon et al.
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 Intraop Emergencies/Incidents

 Case

The team decided to proceed with robotic surgery with general anesthesia and an 
arterial line. Surgery proceeded uneventfully, until the patient experienced a signifi-
cant sinus pause on ECG followed by extreme tachyarrhythmia associated with 
unreadable blood pressure on the arterial line. The anesthesiologist initially consid-
ered an inaccurate arterial line and spent time trying to “fix” the arterial line. 
Eventually, the anesthesiologist notified the surgeon and requested immediate 
desufflation and undocking of the robot and pulse check. The patient was eventually 
stabilized with vasopressors and antiarrhythmics. Another discussion was held 
between the surgeon and anesthesiologist regarding aborting the case versus resum-
ing robotically or completing the surgery transvaginally or open.

The Joint Commission identifies communication failures account for 43% of 
errors in the operating room. Despite its known importance, there are still many 
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cases of poor communication during patient care. Why is this and what causes these 
breakdowns in communication? Identified barriers to communication include poor 
intraoperative communication skills, fear of how the receiving individual will 
respond to new or conflicting information, and a lack of closed loop communica-
tion. Arguably, the greatest impact on a team performance, like that of the operating 
room (OR) team, is the leadership dynamic between the surgeon and anesthesiolo-
gist within the team.
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The use of communication tools is a validated method for reducing medical 
errors and improving patient care. They range from surgical safety checklists  – 
piloted by WHO and adopted in various forms and implemented in an increasing 
number of hospitals worldwide; to TeamSTEPPS [6] (Fig. 8.3) – an evidence- based 
framework used to optimize team communication and performance in health care; 
and health care handoff tools such as SBAR (Situation, Background, Assessment, 
Recommendation). Use of these tools intraoperatively has been shown to decrease 
miscommunication events and foster a culture encouraging team members to voice 
concern [9].

But do checklists have a role during an intraoperative emergency? During emer-
gent situations, even well-trained and experienced practitioners are prone to error, 
particularly cognitive error, which can be exacerbated by noise pollution (alarms, 
unnecessary conversations), emotional exhaustion, performance pressure, and 
fatigue. During a crisis, it is important to understand the prevalence and role of com-
mon cognitive errors in anesthesia and surgical settings (Fig. 8.4). The anesthesiolo-
gist in our example displays an example of a confirmation bias. In crisis, heuristics 
assist in time-pressured decision-making, however, inherently exposing clinicians 
to cognitive errors. Beyond retrospectively identifying these errors, there are tools 
to mitigate them in real time. The authors use the rule of twos which states that two 
interventions at two different times not leading to an expected outcome should trig-
ger the clinician to consider a cognitive error.

Cognitive aids reduce decision-based errors and compensate for human fatigue 
and biases. Comprehensive intraoperative cognitive aids like the Stanford Emergency 
Manual created by the Stanford Anesthesia Cognitive Aid Group provide anesthesi-
ologists a bright graphic easy-to-read tool [5]. It is designed to guide the user away 
from fixation errors and confirmation biases through a stepwise approach and dif-
ferential diagnoses. Likewise, OR crisis checklists such as the one developed 
between Brigham and Women’s Hospital and Harvard School of Public Health have 
shown improved crisis management in randomized trials in simulated crises.
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 Postoperative Care

 Case

A decision was made to complete the surgery transvaginally as it was agreed that 
the patient was too unstable for robotic surgery and too late to abort the case as the 
uterus had already been devascularized. The patient was stabilized and extubated in 
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the operating room. The surgeon requested admission to the inpatient floor; how-
ever, the anesthesiologist recommended postoperative ICU monitoring.

Postoperative care including initial disposition and timely identification of any 
postoperative complications is an extremely important element of the perioperative 
period that can define the patient’s overall course. Unforeseen postoperative com-
plications delay length of stay, resource utilization, and contribute to patient mortal-
ity and morbidity [7]. Elements of the postoperative period that are prone to human 
factors include disposition planning thorough handoff between care teams, attention 
and management of patient’s comorbidities, and implementing Enhanced Recovery 
After Surgery (ERAS) protocols where appropriate.

In deciding the right place for a patient, preoperative care coordination can signifi-
cantly impact outcomes by ensuring that high-risk patients are considered for an appro-
priate level of postoperative monitoring. Postoperative patients transferred from the 
floor to the ICU have worse outcomes than those admitted directly to an ICU or those 
never transferred back. Although not specifically proven, it seems likely that a high-risk 
patient admitted to the ICU for monitoring is less likely to suffer a complication and 
thereby have improved outcomes and decreased length of stay. Preoperative planning 
for disposition allows the health system to better estimate patient bed flow. Additionally, 
team dynamics in the operating room as well as good communication ensure perspec-
tives of all team members are considered in determining appropriate care.

Transfer of care occurs frequently and across disciplines throughout the periop-
erative period. Each exchange of information about the patient introduces the pos-
sibility of communication error which can jeopardize patient safety. For this reason, 
the Joint Commission requires “a standardized approach” for handoffs to minimize 
adverse events. A proper handoff to the post-anesthesia care unit or the ICU should 
include all providers involved in the case including OR nurses, surgical team, anes-
thesia team. Not only is it important to provide a thorough handoff, it is also impor-
tant the information is received. For this reason, some institutions require a pause 
for patient identification with handoff when all teams are present and attentive. 
Even if handoffs are standardized, it is important to recognize there can still be vari-
able quality and quantity of information exchanged. Succinct or protocolized check-
list expedites the handoff process while maximizing the quality of the information 
provided (Fig. 8.5) and resulting in improved outcomes [8].

In the postoperative period, measures for accelerated recovery include early 
mobilization, pulmonary hygiene, physical therapy/occupational therapy, adequate 
nutrition, preventing pressure ulcers/skin integrity, and pain control as part of ERAS 
protocols decrease length of stay. While many patients qualify for these protocols 
across surgical specialties, systems to identify patients that are not appropriate pre-
operatively as well as systems for early rescue of complications are necessary to 
ensure patient safety.
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checklist/)

Conclusion/Pearls/Things We Learned
• Human factors play a significant role in patient safety and outcomes in the 

perioperative period.
• Preoperative patient risk stratification allows for more efficient use of 

resources and improved medical optimization prior to surgery.
• Communication is key to safe patient care: use of intraoperative and hand-

off communication tools decreases miscommunication events and fosters a 
culture encouraging team members to voice concern.

• Cognitive aids reduce decision-based errors and compensate for human 
fatigue and biases.

• Appropriate preoperative care coordination also addresses postoperative 
disposition, resulting in decreased complications and shorter length of stay.

• By recognizing potential errors, practicing effective communication, and 
utilizing available cognitive aids/tools, perioperative medicine can reduce 
adverse events.
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9Counting Backwards: Tracing the Effect 
of Human Factors in Anesthesiology

Kristen L. W. Webster and James H. Abernathy

 What Is Anesthesiology

During procedures, anesthesiology providers are responsible for ensuring patient 
unconsciousness, providing appropriate pain relief, optimizing patient surgical con-
ditions, ensuring optimal perfusion of all organ systems, and preparing the patient 
for an expedited and enhanced recovery.

 Case Study

A 79-year-old 103 kg female with newly diagnosed pancreatic cancer presented to 
the operating room (OR) for a Whipple procedure. At the Amazing Hospital, anes-
thesiologists practiced alone in the operating room. Preoperative workup and risk 
factor modification were unremarkable. An epidural was placed preoperatively. The 
patient was induced with standard medications, intubated, and appropriate intrave-
nous (IV) access and arterial monitoring were placed. About an hour into the case, 
while the surgeon was dissecting around the portal vein, the blood loss began; it was 
not a dramatic blood loss, but it was more insidious and steady. The anesthesiologist 
reflexively increased the rate of IV fluid administration, and the noise from the suc-
tion continued. But the anesthesiologist was unaware of the amount of blood loss 
because the collection canister was hidden on the other side of the boom, out of 
sight. Forty-five  minutes later, the patient’s heart rate had increased 20% above 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-53127-0_9&domain=pdf
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baseline, and her blood pressure was about 20% less, neither remarkable in their 
values but both suggesting hypovolemia.

A second anesthesiologist came in to offer the first anesthesiologist a break. A 
perfunctory handoff occurred. Concern for blood loss was not addressed in the 
handoff. While the primary and first anesthesiologist was out on break, the patient’s 
blood loss quickened, and the patient arrested. Cardiopulmonary resuscitation 
(CPR) and advanced cardiac life support (ACLS) ensued. Emergency release blood 
was given along with resuscitation medications, and the patient’s blood pressure 
returned to normal. After adequate resuscitation, the patient did well and was dis-
charged home after staying about a week in the hospital.

Post analysis of the event revealed an operating room where the music was loud, 
communication was delayed due to misunderstanding and inability to hear over 
music in the OR, suction canisters were placed out of sight of the anesthesiologists, 
and the nursing team did not feel empowered to speak up.

 How Can We Improve Anesthesiology Using Human 
Factor Principles?

The anesthesiologist, commonly relegated to the head of the patient, is surrounded 
by towering machinery and separated from the surgical field by a sterile drape. 
Monitors display the patient’s vital signs, ventilator parameters, and depth of anes-
thesia. These variables cycle at varying intervals, and alarms sound with varying 
intensity. Monitoring the incredible amounts of information created during surgery 
requires high levels of vigilance and interactions with the multiple pieces of equip-
ment. Yet, the physical and cognitive environments are rarely considered when cre-
ating the structures, machines, and tools necessary for anesthesiologists to complete 
their jobs. This chapter will expand upon numerous shortcomings in the design of 
the anesthesiologist’s workspace and offer insights to improvement through appli-
cation of human factors principles.

 Physical Ergonomics

Anesthesiologists must accommodate to other providers’ work fields, while keeping 
their own sterile. At the head of the bed, anesthesiologists are visually confined to 
their space while monitoring fluid levels and gas saturation levels. Drapes, wires, 
and machinery can obscure other visual cues that may trigger immediate response, 
like blood loss. Further, these obstacles can cover access points like intravenous or 
central lines and other items like suction canisters. These obstacles require that the 
anesthesiologist maneuver within the workspace, bending, twisting, and contorting 
to see or interact with the lines (See Fig. 9.1). While this is a common workflow, it 
can lead to serious repercussions to the musculoskeletal system.

Work-related musculoskeletal disorders (WRMSDs) are commonly associated 
with or caused by repetitive, continuous or high-force motions, and/or misalignment 
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of the body during action [1]. WRMSDs can cause muscle fatigue, pain, injury, and 
illness, resulting in the loss of work time due to recovery or the inability to per-
form certain functions. As a result, this leads to decreased job satisfaction and work 
performance [2]. While many organizations address these issues by providing ses-
sions supporting relaxation techniques, medication, and exercise opportunities [3], 
a more sustaining approach to reducing WRMSDs would be preventative through 
user-centered designs.

Anesthesiologists receive little attention in the literature regarding the discom-
fort associated with the job. Because the operating table is placed in regard to the 
needs of the surgeon, anesthesiologists must maneuver under opaque drapes, 
through lines, while generally bent over in order to administer medications. Low 
operating table heights have been referenced as reasons for pain in regard to admin-
istering spinal anesthesia, but this discomfort would persist with any low table 
arrangement such as the operating table [4]. The operating table is generally placed 
as needed for the operating surgeon, commonly low or in a position that allows 
optimal access to the surgical site. While this is necessary and vital for patient safety 
and to protect the musculoskeletal structure of the surgeon, this often means that 
other providers such as the anesthesiologist (or perfusionist) must consistently 
adjust their own body positions and workflow to accommodate for the surgeon’s 
preferred table height or the necessary position of the table for that particular sur-
gery. Placement of equipment requires anesthesiologists to choose between visual-
izing the equipment or their physical comfort and safety. This could potentially be 
avoided by introducing the ability to adjust the height of the provider rather than the 
height of the operating room. This can be accomplished with stools, ramped operat-
ing room floors, or recessed floor spaces for anesthesia providers.

Tubes, wires, and cables can lead to workplace injury due to slips, trips, and falls 
[5]. To prevent providers from injuring themselves, electrical and mechanical con-
nection design should take advantage of the vertical space in the OR by attaching to 
ceiling-mounted booms. Gas flow to anesthesia equipment would greatly benefit 
from this vertical orientation. When not able to accommodate for a vertical 

Fig. 9.1 Anesthesiologist 
and resident strain to reach 
under the sterile drape
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orientation, rubber mats should be used to reduce the risk of fall by covering exposed 
cables and wires. Further, the extension of these cables and wires can be reduced by 
designing the surgical bed as the main power hub, so that electrical power, gases, 
and light sources radiate outward from the operating table rather than the exterior of 
the room [6].

OR designs could greatly benefit from the influence of human factors engineer-
ing principles. Previous iterative design processes have recommended that OR beds 
be angled. (See Fig.  9.2). This places the anesthesia workstation away from the 
door, minimizing interruptions caused by others passing through the anesthesia 
workspace. Additionally, this arrangement allows anesthesia personnel to maximize 
the use of space in the OR and providing more accommodation for storage space. 
Other considerations in this design include the need for a hardwired phone and a 
wall-mounted glove dispenser [7].

 Cognitive Support

The anesthesia workspace requires revision not only to improve physical conditions 
but to support cognitive conditions as well.

The operating room can reach deafening levels, up to 80 dB and higher, which 
can inhibit expedient and necessary communication when coordinating medical 

Unobstructed
walkways
-view surgical site
-view equipment
-less trip hazards

Anesthesia
Storage
-accessible
-provides quick
access
-minimal obstruction

Angled OR table
-table angled
-accommodate
sidedness of surgery
-space for scrub nurse
to maneuver

Door Location
-easy movement
in/out of room
-doesn’t infringe on
equipment placement

Anesthesia Storage

Anesthesia Zone Surgery Zone

Surgery Zone Circulator Zone

Fig. 9.2 Suggested layout for anesthesia space
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care, especially during emergent situations. These decibel levels sometimes exceed 
the Occupational Safety and Health Administration and National Institute of 
Occupational Safety and Health standards [8, 9]. Noise pollution in the OR comes 
from many sources, including general conversations, general practices in the OR 
generated from work tasks (i.e., typing, exchanging surgical tools, equipment oper-
ation), music, and alarms being a frequent contributor.

Within any procedure, an average of 1.2 alarms takes place per minute, of which 
approximately 80% are deemed to have no therapeutic consequences [10], requiring 
the anesthesiologist to decide at least once a minute if action must be taken, demand-
ing the anesthesiologist be at a constant state of arousal and vigilance. Or, worse, 
creating an atmosphere where the anesthesiologist ignores all alarms. As demon-
strated through signal detection theory (Fig. 9.3), this type of environment leads to 
increased desensitization of the observer due to the number of false positives, mean-
ing that it is less likely for a correct identification of an alarm that requires action. 
These cognitive and physical barriers, or flow disruptions, as they are commonly 
called, are correlated with higher perceived workloads, higher stress levels, and poten-
tial negative patient outcomes and length of surgery [11]. To address this issue, sug-
gestions have been made to require calibration specific to each patient, integration of 
algorithms that analyze the whole system, increase sensitivity in the measurement, 
and that equipment manufacturers provide different signals or tones for alarms based 
on the priority of response needed. Tones could vary by pitch, loudness, or cadence.

Because the operating room environment demands that anesthesiologists switch 
between tasks every 9  seconds—communicating with other providers, managing 
anesthetic levels and other vitals, drawing up medications, and other tasks—it is 
important to limit the need to preform higher cognitive functions such as computing 
calculations [12]. The literature has demonstrated the inability for humans to multi-
task and instead rapidly task-switch. This work highlights the need to condense 
complex information within the visual displays to support the ability for the anes-
thesiologist to focus on the direct needs of the patient and less on maintenance of 
the equipment, such as false alarms, electronic medical record entry, or data, which 
do not directly affect the safety of the patient.

The anesthesia workspace requires that the provider balance information from 
others as well as complex machinery and, as such, can be regarded as a 
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human–machine–system. This system is “information-intensive” and places a large 
mental load upon the anesthesiologist [13]. Designing anesthesia equipment, 
machinery, and software with the user in mind can assist in relieving mental load, 
physical strain, and communication errors.

 Communication

As a foundation for all interactions with a team, communication is paramount for 
high-reliability performance. As a high-risk, high-consequence environment, the 
operating room depends upon effective teamwork and reliable communication 
channels.

It is difficult for the anesthesiologist to obtain all the possible patient information 
perioperatively. The timing of surgeries and requirements for documentation and 
consent signing often means that the anesthesiologist is provided time for a brief 
conversation with the patient to sign consents and ensure the correct procedure is 
being followed, then a handoff with the pre-op nurse before wheeling the patient 
back to the operating suite to prepare and place the patient under anesthesia. This 
type of short communication style trends throughout the whole surgery.

Anesthesiologists are provided short breaks to eat, check on other patients, or step 
out of the operating room for other reasons. This break requires that the anesthesiolo-
gist hand off the patient to an incoming anesthesiologist delivering critical and timely 
information as quickly as possible without decreasing the level of vigilance. Handoffs 
have been criticized within the literature for the lack of ability to pass all pertinent 
information in a reasonable amount of time. Further, handoffs increase the risk of 
controlled drug discrepancies [14]. This highlights the need to reduce the amount of 
transfers of care during anesthesia and the need for standardized hand-off protocols. 
Though structured conversations are awkward for the users, highly structured con-
versations can potentially reduce noise clutter and improve communication [15].

Guttman et al. posits an updated model (Fig. 9.4) of communication that acknowl-
edges that attitudes, behaviors, and cognitions (ABCs) are influenced by internal and 
external factors [16]. These barriers can be overcome by increasing the use of closed-
looped communication techniques such as “check backs,” clarification, assurance of 
accuracy, and precision. Additionally, the environment can be changed to support 
the ability for providers to communicate visually as well as auditorily. For example, 
clear drapes and masks have been demonstrated to improve communication, espe-
cially for those with hearing loss [17, 18]. The ability to see the full face and read 
facial expressions as well as watch the mouth of the active speaker increases the 
likelihood of information transmission between the two parties. Check backs ensure 
that what is said is understood and assists in limiting miscommunications.

Not all noise in the operating room is created by equipment, alarms, or conversa-
tion. Music can contribute a considerable amount of noise in the operating room. 
Discussion over the effect of music on surgeon performance, communication, and 
mental task performance has been varied, with studies suggesting positive, neutral, 
and negative effects.
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The effects of music on anesthesiologists are still unknown. Overall, 26% of 
anesthesiologists felt that vigilance and communication was negatively affected 
by music, and 51% believed that music was distracting when resolving a prob-
lem [19]. Yet other studies are unable to demonstrate a link between music and 
psychomotor testing like vigilance, tack, and reaction time in anesthesia resi-
dents [20].

 Compounding Issues

The design of the workspace is a compounding and cascading issue. In particular, 
human factors offer the ability to evaluate systems as a whole and place the user as 
the focal point. Placement of the anesthesiologist as the focal point within their 
workspace highlights how sub-optimal conditions can radiate to affect not only the 
patient but also the other healthcare providers in the operating room. As referenced 
earlier, an unacceptable loss of blood should trigger an immediate response, but 
then the blood detection device is obscured by a boom and consistently out of reach 
and sight of the anesthesiologist; the ability to detect the loss of blood and, subse-
quently, time to react to this blood loss is increased. Without the ability to detect the 
blood loss, the anesthesiologist is unable to communicate this to the surgeon who 
may or may not realize the accumulation of blood loss. Items like this demonstrate 
the need for accurate and precise redundancy measures. Rather than relying on 
visual inspection or estimations, collection tools should provide accurate weights 
and alarm when a pre-programed weight has been reached. As discussed previously, 
these alarms should be calibrated precisely for each patient to reduce false alarms 
and potentially have unique tones or audible/visual signals to allow the providers to 
distinguish them from other alarms.
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Fig. 9.4 Communication model in healthcare. (Adapted from Guttman et al. [16])
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10Human Factors in Military Surgery

Jason Nam and Matthew J. Martin

 Military Surgery Overview

Modern battlefield medical and surgical care is characterized by a dangerous and 
rapidly changing environment, limited resources, and challenges due to the number 
of casualties and the severity of their injuries. After 18 years of war against violent 
extremist organizations, the military has constantly evolved to fight a determined 
foe. Military surgeons have concurrently had to adopt a mentality of developing 
new best clinical practices, sharing them, and learning new advanced procedures for 
this new way of warfare [1].

Case Study: To better understand how human factors led to a well-designed mili-
tary medical care system that provides the highest possible care in severely chal-
lenging environments, here are two case studies.

 Point-of-Injury and Resuscitation

Somewhere in the Middle East, on a joint combat patrol, one US soldier and one 
partner force soldier suffered dismounted blast and fragmentation injuries from an 
improvised explosive device (IED). They were transported by non-medics in the 
bed of a pick-up truck to a US Army forward damage control resuscitation (DCR) 
team staffed by a physician and combat medics within 30 minutes of injury. They 
were positioned in a building of opportunity, and no pre-hospital field interventions 
had been performed [2].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-53127-0_10&domain=pdf
https://doi.org/10.1007/978-3-030-53127-0_10#DOI
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On arrival, patient Alpha was hypotensive with extensive fragmentation wounds 
and a mangled right lower extremity with a partial amputation at the level of the 
mid-tibia. During resuscitation, an extended focused assessment with sonography 
for trauma (eFAST) was positive in the abdomen. Patient Bravo suffered a right 
open tibia-fibula fracture, left femur fracture, and extensive fragmentation injuries. 
An eFAST exam was similarly positive in the abdomen. A partner force ambulance 
transported both patients to a US Air Force damage control surgery (DCS) team 
located 45 minutes away (Fig. 10.1) [2].

 Surgical Facility Care

The DCS team consisting of a single surgeon operated out of a makeshift building. 
Both patients arrived hypotensive and confused. A right-sided chest tube was placed 
in Patient Bravo for pneumothorax without any significant blood output. At this time, 
it was recognized that both patients required immediate surgery with only one surgeon 
and operating room available. The decision was made by the surgeon to place resusci-
tative endovascular balloon occlusion of aorta (REBOA) catheters in both patients [2].

An ER physician placed one of the REBOA catheters. Patient Bravo was taken 
to the OR. Exploratory laparotomy was performed with extensive lysis of adhe-
sions, mesenteric hemorrhage control, multiple enterotomy repairs, ascending colon 
resection, and abdominal washout and packing. Total OR time was approximately 
1.5 hours. While awaiting surgery, the resuscitation team maintained Patient Alpha’s 
SBP with transfusion of four units of Low O-titer Whole Blood (LTOWB). He 
underwent exploratory laparotomy with mesenteric bleeding control, ileocecec-
tomy, and multiple small bowel resections [2].

Postoperatively, both patients maintained hemodynamic stability and were noted 
to be making urine. Patient Alpha was the partner force (host nation) soldier. He 

Fig. 10.1 US forward damage control surgery team operating in a building of opportunity at an 
austere location
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survived the 4-hour transport to the next level of care. We were unable to get any 
outcomes from the local partner forces due to active fighting and significant dis-
tance between sites. Patient Bravo was the US soldier. He survived successive trans-
fers of care to include follow-on surgeries at a role III hospital. Within 48 hours of 
injury, Patient Bravo had consecutive critical care air transport transfers to Germany 
and then onto Walter Reed National Medical Center for definitive surgery. The cases 
and care of both patients were reviewed at all echelons throughout this continuum 
and discussed on a weekly system-wide video conference call that included the 
relevant providers involved in these cases from the point-of-injury through to the 
hospital in the United States.

 Analysis

There were extensive rehearsals and preparation prior to arrival. Because of the aus-
tere nature of their work, both DCR and DCS teams did extensive field training and 
practice doing medicine in resource-limited areas. The DCR and DCS teams com-
pleted rehearsals together, so that patient care and transfer would be seamless. Both 
patients had casualty care cards filled out with vital sign trends and interventions 
performed. The DCR physician called the DCS surgeon to give a “doc-to-doc” hand 
out prior to patient transfer. Though the REBOA procedure is commonly reserved for 
surgeons, the DCS surgeon had done extensive training with the ER provider in case 
there are more patients requiring a REBOA catheter. All of the critical aspects of care 
in this patient, including resuscitation, REBOA, initial evaluation, and surgical inter-
ventions, were covered in an up-to-date set of clinical practice guidelines (CPGs) for 
combat casualty care developed by the Joint Trauma System (JTS).

Patient Alpha was a partner force soldier and was ultimately “lost to follow-up.” 
This is a fairly common occurrence in the deployed setting when our partners have 
their own respective healthcare systems that vary widely in capabilities, capacity, 
and quality. With no feedback, there is little room for process improvement. Patient 
Bravo’s journey to the United States highlights multiple key areas where the US 
military medical system functioned well: communication between successive ech-
elons of medical care, seamless patient handoffs and tracking across three conti-
nents, and a well-led process honed by years of war. However, it is critical to note 
that many of these systems and processes were not in existence at the beginning of 
combat operations in the Middle East, but instead had to be developed and adopted 
based on real-time experience and lessons learned from deployed providers and 
medical/surgical units.

 How Military Surgeons Use Human Factor Principles

The Global War on Terrorism (GWOT) has been ongoing for 18 years (at the time 
of this writing) across a wide geographic territory, which includes Asia, Africa, 
Europe, and the Middle East. To support such disparate combat operations, military 
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surgeons have been placed in a variety of remote locations and austere settings. 
Furthermore, enemies have evolved their combat tactics and procedures to defeat 
US and coalition forces.

The ubiquitous improvised explosive device (IED) has evolved as coalition 
forces developed countermeasures. In doing so, combat wounds and injuries have 
become increasingly complex and devastating. Surgeons have had to share best 
practices and also continuously adopt new and evolving practices as the battlefield 
has changed. Lastly, battlefield commanders have increasingly pushed military sur-
geons further forward, requiring surgeons to be able to transfer patients and com-
municate with other surgeons at different echelons usually several time zones away. 
All of these factors make the establishment and implementation of an effective, 
reliable, and well-ordered system of care extremely difficult. Arguably, of most 
importance from a human factors design standpoint is the superimposed challenge 
of constantly changing and rotating personnel, with physicians and other key per-
sonnel being replaced as frequently as every 3–6 months. This resulted in noticeable 
declines in the quality of care immediately following handoffs to a new and inexpe-
rienced team and early individualized efforts to preserve and pass on critical infor-
mation and lessons learned (Table 10.1).

With wars being waged in Afghanistan and Iraq, in 2004, the US Assistant 
Secretary of Defense (ASD), Health Affairs (HA), ordered all respective military 
services to work together to establish a single trauma registry and deployed trauma 
system. The ASD (HA) Policy Memorandum 04-03, Coordination of Policy to 
Establish a Joint Theater Trauma Registry was a mandate for all services to collect 
and aggregate combat casualty care epidemiology, treatments, and outcomes [3, 
4]. This was essential to understanding the challenges, successes, and failures that 

Table 10.1 Example of a unit-specific document used to pass on key lessons to incoming person-
nel—top 10 list of lessons from the 28th Combat Support Hospital, Baghdad, Iraq in 2008

Top ten combat trauma lessons

 1. Patients die in the emergency room, and
 2. Patients die in the CT scanner
 3.  Therefore, a hypotensive trauma patient belongs in the operating room ASAP
 4.  Most blown up or shot patients need blood products, not crystalloids. Avoid trying 

“hypotensive resuscitation”; it is for civilian trauma.
 5.  For mangled extremities and amputations, one code red (which allows immediate blood 

availability) per extremity started as soon as they arrive.
 6.  Patients in extremis will code during rapid sequence intubation, be prepared, and intubate 

these patients in the OR (not the ER) whenever possible.
 7.  This hospital can go from empty to full in a matter of hours; don’t be lulled by the slow 

periods.
 8.  The name of the game here is not continuity of care, it is throughput. If the ICU or wards 

are full, you are mission incapable.
 9.  MASCALs live or die by proper triage and prioritization—starting at the door and 

including which X-rays to get, labs, and disposition.
10. No Personal Projects!!! They clog the system, waste resources, and anger others.

Reprinted with permission from: Martin et al. [1]
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military medicine faced in providing effective and timely care for combat casual-
ties and to implement rapid solutions to pressing problems/challenges identified in 
real- time. In order to help manage this registry, the Joint Trauma System (JTS) was 
created to build and manage the Department of Defense (DoD) Trauma Registry 
(DODTR). This is a critical resource to validate and analyze collected data, provide 
data-driven system-wide quality/process improvement efforts (Fig. 10.2), and act 
as an advisory resource to combatant commanders on combat trauma-related top-
ics [3, 4]. By 2016, the Office of the Under Secretary of Defense for Personnel and 
Readiness recommended the DoD “establish the JTS, in its role as the DoD Trauma 
System as the lead agency for trauma in DoD with authority to establish and assure 
best practice trauma care guidelines to the Director of the Defense Health Agency, 
the Services, and the Combatant Commanders” [3].

Establishment of the JTS is arguably the most important human factors event that 
occurred in modern battlefield medical care for the US military. This ensured a cen-
tral agent that assumed responsibility for the conduct and quality of forward trauma 
care. One of the earliest initiatives of the newly formed JTS was to establish the 
weekly combat casualty care video teleconference call series. This call is used to 
discuss the care of casualties at all deployed US medical treatment facilities and to 
provide feedback from the various echelons along the chain of care. The teleconfer-
ence is open to all relevant military and civilian providers to discuss individual 
patient care issues, local/regional issues, and system-wide processes that need to be 
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improved and adjusted. This is also used as a means to track patients as they prog-
ress through the casualty evacuation chain. The JTS Combat Casualty Care confer-
ence has been held weekly since 2005 and has expanded in scope to be open to all 
members of our trauma system team [5]. This provides near real-time feedback on 
trauma care outcomes and recent patients. The conference also highlights the criti-
cal work military surgeons perform in assessing and improving outcomes. This con-
ference serves as a model for communication and inclusion, shared awareness, and 
validation of the contributions of all members to improve trauma and combat casu-
alty care outcomes [5, 6].

Clinical Practice Guidelines (CPGs) are the backbone of the system-wide JTS 
Performance Improvement (PI) program. Health data abstracted from patient 
records and after-action reports are analyzed and distilled into globally relevant 
CPGs to remove medical practice variations and prevent needless deaths. These 
are updated frequently to establish best practices. It allows for greater uniformity 
of practices across military surgeons doing surgery in a variety of locations and 
echelons of care [6]. The CPGs are developed by clinical Subject Matter Experts 
(SME) in response to needs identified in the particular area of operations. The pro-
posed topic usually identifies a perceived gap in care and would drive changes in 
performance [7]. The JTS CPGs are evidenced-based as best as possible, although 
the degree and quality of evidentiary support varies widely based on the topic 
and the available relevant literature. Although they frequently parallel guidelines 
for civilian trauma care, there are often significant differences in the approach or 
recommendations because much of combat casualty care occurs outside of fixed 
hospitals and in an austere setting. The evidence is derived from the published lit-
erature or internal JTS analysis of combat casualty data [5]. The JTS has a working 
group ranging from front line medics to hospital-based physicians, which ensures 
that the proposed CPG is suitable to the deployed environment and applicable to 
point-of-injury and pre-hospital phases of care [7].

Upon approval by the JTS Director, the final CPGs are published on the JTS 
website and are publicly available (https://jts.amedd.army.mil/index.cfm/PI_CPGs/
cpgs). The JTS sends recently published CPGs to all relevant medical and leader-
ship personnel in that theater of operations, who then share it with their teams to 
ensure awareness and compliance. Individual units or theater commanders are wel-
come to utilize or to modify the JTS CPGs into geographic-specific CPGs that are 
better tailored to their specific area of operations and system resources. Routine 
updates to CPGs occur every 5 years, as the operational need arises, or as new evi-
dence surfaces [8].

Every CPG has performance improvement metrics. This is applicable from 
the medic near the point of injury all the way to the surgeon at a fixed US mili-
tary hospital. The JTS Performance Improvement (PI) Branch measures CPG 
adherence through the use of PI indicators, which are built into each CPG plan. 
Each CPG is assigned up to four core measures—quality indicators [8]. Tracking 
the core measures exposes deficiencies that are addressed by providing educa-
tion, material solutions, or improving processes. The JTS also provides 
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solutions as “good,” “better,” and “best,” so that providers in resource-limited 
settings can approach clinical problems in a stepwise fashion.

Unfortunately, there still remains a significant deviation in the adherence to 
CPGs. A recent review of US military surgical practices in Operation Inherent 
Resolve (Iraq-Syria) found significant variability in surgical adherence to these 
CPGs despite widespread emphasis on their importance from the medical leader-
ship [9]. There have also been ongoing problems with ensuring that all providers 
deploying to one of the current combat theaters are aware of the existence of CPGs, 
know how to access them, and are familiar with their scope and content. This repre-
sents an ongoing human factor challenge that the JTS and military medicine con-
tinue to struggle with, and that is made more challenging by the frequent turnover 
of personnel both within the military services and in staffing of the forward military 
treatment facilities.

However, one major success story involving CPGs is the use of whole blood 
(WB) transfusion. Initially, at the onset of the wars in Iraq and Afghanistan, the US 
military medical teams were using component therapy comprising individual 
packed red blood cells, plasma, and platelet products. With subsequent publication 
of the Pragmatic, Randomized Optimal Platelet and Plasma Ratios (PROPPR) Trial, 
it was found that in patients with severe trauma and major bleeding, early adminis-
tration of plasma, platelets, and red blood cells in a 1:1:1 ratio vs 1:1:2 ratio did not 
result in significant differences in mortality at 24 hours or 30 days [10]. However, 
more patients in the 1:1:1 group achieved hemostasis, and fewer experienced death 
due to exsanguination at 24 hours [10]. Such scientific evidence has forced the US 
military to evolve to the point that now WB is readily available for transfusion 
among most military aid stations, deployed surgical teams, and larger combat sup-
port hospitals [11]. WB transfusion is a standard of practice that has been demon-
strated to result in superior outcomes among combat casualties and that has 
particular benefits in the austere setting due to its ease of use compared to individual 
component blood products [11]. Even Special Operations Forces (SOF) medics will 
now go on missions with several units of Low O-titer WB (LTOWB).

The sporadic nature of trauma in a deployed setting and the need to frequently 
draw providers from outside the organic surgical team necessitate the need for 
frequent rehearsals. This is particularly true for mass casualty events (MASCAL), 
which are inherently chaotic and challenging in an already chaotic “fog of war” 
situation. In such incidents, military surgical team members will have defined 
responsibilities to include triage, DCR, and initiating a walking blood bank. 
Especially since these teams have members with a wide range of experience and 
training, MASCAL rehearsals are often the first things a team will accomplish 
upon arriving at a deployed setting [12]. The most critical factors to the recog-
nized success of forward military units in dealing with multiple MASCAL situa-
tions have been the system-wide emphasis on frequent and realistic MASCAL 
preparation and training (Fig.  10.3), the requirement for units to have a well-
developed written MASCAL plan, and the capture of key lessons learned and best 
practices [13].
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As the US military continues to push surgeons into forward remote areas, the 
surgeon is often task-saturated, especially in a situation such as MASCAL. Teaching 
of advanced procedures to non-surgeon providers such as REBOA is critical and 
physician-extending. There are now examples of US military non-surgeons placing 
a REBOA as a lifesaving adjunct to stabilize a severely injured casualty while 
awaiting surgery [14]. And there are programs in place with Special Forces units to 
train their advanced combat paramedics to first learn how to place a REBOA cath-
eter and how to do so on an aerial evacuation platform [15, 16]. Both examples 
highlight the importance of realistic and effective training paradigms, communica-
tion, and rehearsals.

As with our Patients Alpha and Bravo, since military surgeons often require 
transfer of patients to higher levels of command, communication is critically 
important. In the initial years of the current combat experience, there were signifi-
cant challenges to communicating critical medical information from one location 
to the next along the echelon of care, leading to fragmentation and medical errors 
or major lapses. Individual workarounds such as documenting directly on patient 
dressings or sending handwritten notes were common, but were sporadic and non- 
standardized (Fig. 10.4). The military has since adopted standardized and more 
universal approaches to documentation and medical records, including the use of 
a tactical combat casualty care (TCCC) card (Fig.  10.4b), a standardized Joint 
Theater Trauma Registry (JTTR) chart, and a universal web-based electronic 
medical record (EMR) system [7]. The TCCC card is more often completed by the 
medic or buddy at point- of- injury. It allows the start of medical documentation of 
injuries, vitals, physical exam, medications administered, and interventions per-
formed. By the time the patient has been seen by a provider in a Role II setting, a 
physician or surgeon has begun to chart on the JTTR paper chart and data is then 
entered into the EMR [7].

Fig. 10.3 Mass casualty exercise being performed at a Combat Support Hospital in Iraq as part of 
the turnover process to a new medical team, emphasizing (a) realistic scenarios with live patients 
and (b) continuing the exercise through to the operating room and subsequent preparation for 
transfer
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Lessons Learned/Personal Pearls
• The more austere, chaotic, and resource limited the environment, the 

greater the need for a human factors approach to ensure consistent, safe, 
and high-quality care.

• Individual and “personality driven” processes of care can be effective in 
the short term, but long-term solutions require embedded and system-wide 
processes.

• Robust data collection and real-time analysis are the cornerstones of 
trauma quality improvement—you are only ever as good as your data.

• Periods of key personnel turnover/handoffs are particularly vulnerable to 
declines in the quality of care and require focused attention and processes 
to avoid preventable morbidity and mortality.

• The US military achieved remarkable improvements in combat casualty 
care by centralizing responsibility and accountability for battlefield trauma 
care in one agency, the Joint Trauma System, and implementing numerous 
“failsafe” processes/programs (Table 10.2)

TACTICAL COMBAT CASUALTY CARE (TCCC) CARD
BATTLE ROSTER #:

EVAC:

NAME (Last, First):

a b

DATE (DD-MMM-YY):GENDER:
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TQ: R Arm
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Fig. 10.4 (a) Handwritten documentation on the abdominal dressing of a patient transferred 
between facilities and (b) tactical combat casualty care card subsequently introduced to facilitate 
and standardize documentation
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Table 10.2 Sample of major initial limitations or problems existing early in the combat experi-
ence and the human factors programs or interventions that were implemented to address them

Initial limitations/problems Intervention or programs implemented
Lack of standardized medical record or 
documentation process

Creation of templated medical record form
CPG on medical documentation

Limited ability to communicate between 
locations

Introduction of low bandwidth EMRs and 
web-based medical records systems

Frequent turnover of key personnel/expertise Standardized hand-off process during personnel 
changes
Creation of “living” documents capturing key 
lessons

Inconsistent trauma expertise and level of 
experience among deploying surgeons

Standardized pre-deployment training
Creation of “continuous certification” process
Development of military-specific animal and 
cadaver-based courses

Wide variations in patient care and 
deviations from accepted standards of care

Creation of evidence-based CPGs on high 
priority topics
Standardized pre-deployment CPG 
familiarization training
Weekly JTS teleconference and patient care 
review

Loss of institutional knowledge/expertise Creation of multiple textbooks to capture and 
pass on critical knowledge and lessons to new 
deployers
Partnering with civilian trauma organizations to 
enhance mentoring and education of military 
surgeons

No organized trauma system in place Establishment of Joint Trauma System
No universal and standardized data 
collection

Establishment of Department of Defense 
Trauma Registry

Inability to address system-wide issues/
problems

Weekly JTS teleconference and patient care 
review
Deployment of dedicated JTS personnel to 
theater
Routine data review and process improvement 
filters

No local or regional authority in the combat 
theater with oversight and ownership of 
combat casualty care

Creation of a Theater Trauma Director in each 
major theater of operations, filled by an 
experienced trauma surgeon

Lack of coordination/communication 
between pre-hospital, en-route, and 
in-hospital personnel

Elevation of JTS to position of responsibility/
authority
Coordination between DCOTs responsible for 
pre-hospital, en-route, and in-hospital combat 
casualty care

CPG clinical practice guideline, JTS Joint Trauma System, DCOTs Defense Committees on Trauma
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11Enhancing Safety and Efficiency  
in Robotic Surgery

Monica Jain, Kate Cohen, and Daniel Shouhed

 What Is Robotic Surgery?

Robotic surgery, or robot-assisted surgery, is a type of minimally invasive procedure 
performed with a camera and small keyhole incisions through which instruments 
are inserted. In contrast to laparoscopic surgery, a surgeon performing robotic sur-
gery sits comfortably at a console away from the patient, at which they are able to: 
1) look through a screen that provides improved visualization via 3-dimensional 
optics, 2) control the movements of up to four robotic arms, and 3) enjoy increased 
manipulation and articulation of instruments through the use of joysticks. Robotic 
surgery offers improved visualization, ergonomics, precision, and autonomy com-
pared to conventional laparoscopic surgery.

 Case Study

Below are two case studies that may help characterize how human factors can facili-
tate better system design within robotic surgery to provide the best possible care, or 
alternatively, prevent catastrophe.

 When Things Go Wrong

A young male is being prepped and draped in the operating room in preparation for 
a robotic right inguinal hernia repair with mesh. The attending surgeon has per-
formed 50 robotic cases and is planning to take his surgical resident through the 
case. He is unaware that both the resident and scrub technician are participating in 
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their first robotic case. The circulating nurse attempts to dock the robot but struggles 
due to the small size of the room and collisions with the overhead lights. She then 
trips over the electric cords, which causes an unrecoverable fault, requiring the 
robotic system to be reset. After a more than 20-minute delay, the arms are docked. 
One of the instruments typically used for this procedure has expired and the nurse 
must go to a different floor to obtain another one. The robot is finally docked with 
the appropriate instruments, enabling the attending and resident to sit at the console. 
When asked to “burp back” one of the robotic trocars, the nurse inadvertently 
removes the entire trocar, requiring the attending to scrub back in to re-insert the 
trocar. The resident is struggling to perform basic tasks despite the attending’s 
efforts to train him. The attending is also training the scrub technician via verbal 
instruction on how to perform basic tasks, such as instrument exchanges and camera 
cleaning. The scrub technician then removes the instrument from the incorrect arm, 
which was holding onto a vessel, leading to significant bleeding. The bleeding is 
controlled, however, the case requires an additional 90 minutes to complete. After 
removing all of the trocars and closing the incisions, the nurse informs the attending 
that the needle count is incorrect. The abdomen is re-explored and the needle is 
found, adding additional time to the case.

Analysis: The case above demonstrates a cascade of errors and disruptions in the 
flow of an operation that ultimately led to an adverse event and a near miss. Although 
the attending surgeon was nearly past his learning curve, the other members of the 
team, including the surgical resident, scrub technician, and circulating nurse, were 
not. Inefficient docking of the robot caused the initial delay, leading to frustration 
and a break in the flow of the operation, a key contributor to subsequent flow disrup-
tions and errors. The attending surgeon could have prevented some of the issues that 
occurred by using a more methodical preoperative approach. He might have com-
municated ahead of time what instruments he needed, or might have demonstrated 
how to dock the robot before scrubbing out. Better team communication or more 
extensive training may have prevented the inadvertent removal of the instrument 
that led to bleeding. Tasks that are typically easy to perform were difficult for the 
team members, requiring more focus on the part of the novice individuals to per-
form basic tasks and requiring the attending to expend significant attention on train-
ing others. These distractions led to operative delays and an inaccurately performed 
needle count, which led to a near miss event.

 When a System Functions Well

You are scheduled to perform a robotic gastric bypass, an operation that involves 
extensive operative steps, instrument exchanges, and technical expertise. Before the 
start of the case, you performed a team huddle, alerting the anesthesiologist to the 
need for a sizing tube and suggested how much fluid to give during the case. You 
also inform the circulating nurse and the scrub technician what instruments, sutures, 
and other equipment you will need during the case. Prior to scrubbing the case, you 
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move all barriers that may be in the way of the robot when it is to be docked, such 
as overhead lights, towers, and electrical cords. In addition to a scrub technician, 
you have a physician assistant (PA) who has done countless robotic cases with you, 
particularly robotic gastric bypasses. You place your ports and dock the robot and 
the robotic arms within 3 minutes. All instruments are connected and you scrub 
out to get on the console with your senior resident, who has been practicing on the 
robotic simulator and has watched several videos pertinent to the technical details 
of the case. As you progress through the case, you inform the scrub technician and 
PA in advance what instruments will need to be exchanged and what sutures will 
need to be placed so they have time to prepare. As the PA removes one instrument, 
the scrub replaces it with another, in sync with one another, to seamlessly maintain 
the perfect flow of the operation. The attending surgeon repeats each request, which 
the PA then repeats back. At one point during the case, you notice limited intra- 
abdominal space to work and the PA immediately resolves the problem after real-
izing he had forgotten to place the 8-mm reducer into the 12-mm robotic trocar. You 
encounter bleeding from a short gastric vessel, which is quickly controlled as you 
have suction connected, a sponge already placed in the abdomen, and a clip applier 
in the room ready to be opened. The case concludes in 2 hours and the patient has 
an uneventful recovery.

Analysis: The case above demonstrates how a case runs smoothly when the right 
preparations, training, and communication have been employed. Preoperative plan-
ning is crucial, which, in the scenario above, led to a timely, inconsequential recov-
ery during the bleeding event. Communication was excellent during the case and 
requests were recited back to ensure the proper exchange of instruments, efficient 
insertion of sutures, and speedy replacement of instruments. Despite minor compli-
cations and interruptions, such as bleeding and loss of insufflation, the procedure 
progressed without incident, as each participant knew their role and executed each 
task deliberately, safely, and effectively.

 How Can We Improve the Safety and Efficiency of Robotic 
Surgery Using Human Factors Principles?

 Situation Awareness and Training

As our knowledge and understanding of medicine continues to evolve, so does the 
technology that enables physicians to provide medical treatment and surgical care. 
Over the past 20 years, the field of surgery has reached a new frontier - robotic surgery 
has penetrated nearly every specialty of surgery. The da Vinci robot provides a plat-
form that enables surgeons to perform an operation while sitting comfortably with a 
console, viewing the operation through a 3-dimensional screen, and controlling four 
articulating arms through the use of two joysticks. Most would argue that robotic 
surgery, as compared to conventional laparoscopic surgery, provides superior ergo-
nomics, better visualization, greater precision, and more autonomy.

11 Enhancing Safety and Efficiency in Robotic Surgery
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Greater complexities, opportunities for inefficiencies, and potential safety haz-
ards accompany these technologic advancements and expansion into new surgical 
tools and equipment. In the traditional surgical setting, surgical team members are 
centered around the patient and the operating room table. Even in complex cases 
when there are additions to the surgical team, such as endovascular technicians or 
perfusionists, surgical team members are in close proximity to and are able to inter-
act with one another constantly. The surgeon relies on her assistant(s) for visualiza-
tion, retraction, dissection, and other critical portions of the operation. In addition, 
the surgeon is in constant communication with the surgical technician for instru-
ment management. The majority of interactions occur face-to-face, although non- 
verbal interactions make up a significant portion of all communication around the 
operating room table.

Robotic surgery changes the spatial configuration of the operating room. The 
surgeon is now seated at the robotic console, removed from the patient and the 
majority of the surgical team. He relies on the first assistant and surgical techni-
cian to provide direct assistance at the bedside. The surgeon views the operation 
through a set of lenses with his entire visual field focused solely on the telescopic 
operative field. Unless the surgeon removes his head from within the console, he 
has no view of what is happening in the surrounding environment. Thus, the sur-
geon becomes more dependent on his other senses, such as hearing, and auditory 
signals from the robotic system and anesthesia machine have much greater bear-
ing. Finally, as face-to-face interactions are not feasible, verbal communication 
from the anesthesiologist and the staff are critically important  during robotic 
surgery.

Situation awareness is an essential non-technical skill, defined as “the perception 
of elements in the environment, comprehension of their meaning, and the projection 
of their status in the near future” [2, 3]. Certain disciplines demand heightened situ-
ation awareness due to an expanded operating room staff (e.g. cardiac surgery 
and the addition of a perfusionist); however, in these cases, all of the surgical team 
members are still at the operative field and within reach [2]. In robotic surgery, the 
physical separation of the surgeon at the console makes situation awareness an 
especially critical behavioral skill. Poor situation awareness may be detrimental to 
the quality of intraoperative decision-making [3].

It would be deceptive to assert that the surgeon alone is responsible for being 
cognizant of the operating room environment. Team situation awareness depends on 
the shared goal of responsibility for the wider operating room between the surgeon, 
the anesthesiologist, and the staff. The surgeon must rely partly on the other mem-
bers of the operating room team  to transmit  information about  the status of the 
patient since she cannot see the patient [3]. In this regard, non-verbal communica-
tion amongst the staff facilitates monitoring of the operating room and bolsters team 
situation awareness [3].  Importantly, excellent team situation awareness can act as 
a safeguard to degraded surgeon situation awareness.

Traditional laparoscopy and robotic surgery share the need for deliberate prac-
tice dedicated to the attainment of discrete technical goals in a non-clinical environ-
ment in order to develop long-term expertise [4].  However,  to date,  there is no 
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established and validated comprehensive, standardized curriculum for robotic sur-
gery [4]. Furthermore, the unique complexities and configurations of robotic sur-
gery demand new technical and non-technical skills that call for innovation in 
training programs beyond what currently exists. Simulation alone cannot fully com-
municate the  additional skills needed in robotic surgery, which must be learned 
through both training and experience [4–6]. It is crucial that training also takes place 
in the clinical setting so that trainees may experience first-hand typical issues during 
robotic surgery and strengthen their situation awareness.

Due to the difficulties of conducting mentored intraoperative teaching in robotic 
surgery, training approaches have relied upon techniques such as needs assessments 
to develop proficiency-based curricula based on deconstructed skills, ex post facto 
flow disruption analyses, and simulation [4, 5]. Even these methods have draw-
backs, such as the high cost of the supplies used for simulated training (e.g. sutures 
and robotic instruments). Furthermore, there are few standard metrics for measuring 
progress in proficiency [4].

Experienced surgeons progressively develop situation awareness and respond 
better to visual cues. For example, greater familiarity with the robot leads to fewer 
robotic arm collisions and shorter operative time [3]. The same is true of experi-
enced operating room staff and bedside assistants. A properly trained bedside assis-
tant is crucial in robotic surgery due to the spatial separation of the surgeon from the 
operating room table while on the console. Assistant-made errors may lead to severe 
consequences, including higher rates of complications, retained foreign items, and 
conversion to open surgery, in addition to inefficiency in operative time and 
increased lengths of stay. Going forward, there may be a need for earlier and more 
formal training programs specifically geared towards bedside assistants in robotic 
surgery [7].

 Operating Room Turnover

The time required to clean and prepare an operating room between two surgical 
cases is commonly referred to as turnover time (TOT). The addition of a robot in the 
operating room requires better communication and coordination among team mem-
bers during turnover. It also requires more time to clean and prepare an additional 
tool with separate instruments and unique needs [8]. Unsurprisingly, research has 
found that turnover time for cases involving robotic surgery may be longer and more 
variable than those that do not utilize this technology [9]. Lowering robotic TOT has 
significant implications for the hospital as a whole because it can lead to improved 
patient and staff satisfaction as well as economic benefits.

Several approaches to reduce robotic TOT have been proposed and tested in the 
literature, including the introduction of process improvement methodologies like 
Lean and Six Sigma, workflow assessment, and redesign (e.g., applying parallel 
processing practices) [10]. Souders et al. applied concepts from motor racing pit 
stops, such as role definition, task allocation, briefings, and task sequencing, to 
improve robotic TOT. This method was successful in reducing turnover time from 
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99.2 to 53.2 minutes when measured 3 months after intervention [9]. Rebuck et al. 
aimed to reduce time and costs associated with robot-assisted laparoscopic radical 
prostatectomies via the implementation of parallel processing, the introduction of a 
dedicated anesthesia team to assist with setup of the robot, and removal of unused 
disposable equipment. These researchers were successful in reducing TOT from 
43.0 to 30.9 minutes [11]. Price et al. formed a working group to review current 
robotic TOT practices and developed solutions for their robotic surgery program. 
This group reduced their robotic TOT from 59 to 49 minutes by implementing peri-
operative patient care technicians and robotic staff members to support task overlap 
during turnover, in addition to standardizing practices of opening supplies [12]. 
Finally, Cohen et al. used a human factors approach to unveil the perceived versus 
actual barriers to efficient robotic TOT. They found that the average robotic TOT 
across observed cases was 72 minutes. Cleaning was the largest contributor, fol-
lowed by instrument setup and patient retrieval from the pre-operative area. Survey 
data measuring perceptions of robotic TOT length and practices proved inaccurate 
when it came to estimating robotic TOT and predicting factors that influence 
TOT. The authors were also able to gain insight into individual perceptions associ-
ated with turnover and why certain behaviors occurred [13].

A multidisciplinary systems approach targeting all levels of the operating room 
and the hospital is required to create a cultural change amongst surgeons and staff 
about how robotic surgery turnovers should be addressed.

 Workflow Disruptions and Team Dynamics

Flow disruptions (FDs) are deviations from the natural progression of an operation 
[14]. Evaluations of FDs can diagnose weaknesses in teamwork, communication, 
training, and other systemic factors, which can impact safety and efficiency in sur-
gery [14, 15]. Given that robotic surgery has fundamentally changed the delivery of 
surgical care, the nature and frequency of FDs and  the approaches to addressing 
them have also changed significantly. FDs occur often in robotic operations, with 
several studies tallying 25 to nearly 50 FDs per case [15, 16]. FD frequency is sig-
nificantly greater in robotic cases than in non-robotic cases, reflecting the complex 
nature of robotic surgery [17]. An increased number of FDs correlates with longer 
operative duration; however, the precise impact of each FD is variable based on the 
FD type and its effect on the progression of the operation [5, 15, 16].

Most frequently, FDs in robotic surgery involve issues with coordination, com-
munication, equipment, and training [5, 14, 15]. Further evaluation of the nature of 
these FDs demonstrates distinct concerns related to robotic surgery. 

A major category of avoidable FDs unique to robotic surgery involved technol-
ogy-related challenges. Robot docking is a process especially fraught with potential 
FDs due to the need for synchrony amongst the surgical team members to set up the 
robot for the main portion of the operation [5, 14–16]. Surgeons and the surgical 
team may use several different models of robotics in their regular surgical practice, 
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further complicating the process, and changes to standard operating procedure with 
each successive robot model may reset the learning curve. 

The altered operating room setup in robotic surgery also has significant implica-
tions for team dynamics. There may be a breakdown in the usual interactions between 
the surgeon and the surgical team due to the team’s difficulty in anticipating the 
surgeon’s actions when she is removed from the patient, as well as due to the lack of 
non-verbal communication. Multiple studies have demonstrated a significant increase 
in the number of communication acts during robotic surgery, as compared to that 
during laparoscopic surgery, due to the need for clarification or explicit feedback of 
various requests [1, 15]. In one study, a sub-classification of communication FDs, 
“repeat information,” or when the surgeon has to repeat a request, accounted for 
approximately 60% of all communication disruptions [15]. Specifically, it was fre-
quently observed that the surgeon had to remove her head from the console to repeat 
verbal commands, thereby prolonging the procedure.  Although there have been 
attempts to address these communication issues with the installation of microphones 
and speakers within the robotic system, this solution is problematic as well. For 
example, the surgeon and the surgical team members may have difficulty hearing or 
understanding each other, or the surgeon may misinterpret communications meant 
for other members of the surgical team, leading to confusion and frustration. 

Human factors interventions to decrease FDs in robotic surgery target the entire 
organization. Robotic surgery is a complex sociotechnical system that involves 
numerous stakeholders within and outside of the operating room. Team training is 
of the utmost importance as it allows a surgeon and their team to become familiar 
with the equipment, its arrangement, the necessary steps of an operation, and other 
technology-related concerns [3, 5, 14–16, 18–20]. Uniform deployment of team 
training interventions would significantly reduce coordination, equipment, and 
training FDs. In addition, team familiarity decreases each individual’s cognitive 
load, resulting in fewer errors and improved efficiency [18, 20]. 

Communication and coordination are also improved in the setting of an experi-
enced surgical team that is familiar with each other [1, 3, 5, 18, 20]. Most impor-
tantly, team training facilitates more effective verbal and non-verbal interaction, 
reduces ambiguity, and enhances safety [3, 14, 18]. To overcome challenges in com-
munication in robotic surgery, numerous studies have emphasized the importance of 
“readback,” in which surgical team members repeat back requests or confirm task 
completion in a standardized manner [1, 3, 18, 20]. This allows the surgical team to 
overcome the separation between the surgeon and the other team members, as well 
as the lack of non-verbal communication. Using explicit communication to interact 
with specific surgical team members is also important in reducing disruptions in the 
operating room [3, 18, 20]. Some surgeons have implemented new techniques that 
employ the robot itself to facilitate communication. For example, the surgeon could 
use centering/zooming with the camera and/or use the surgical instruments them-
selves to indicate areas of interest or issues on the camera [3, 20]. These are visible 
on the surgeon’s console and on the screens throughout the operating room for all 
surgical team members to view. Such a technique enhances verbal and non-verbal 
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interaction between team members and decreases communication- related errors [3, 
20]. It also mandates that all surgical team members focus their attention on the 
operative case, minimizing distractions and extraneous conversations.

Finally, experience in real-life situations is an important adjunct to traditional 
surgical education and simulation. Simulated environments often lack the classic 
external disruptions and minor events that can overload and weaken the overall 
system. In addition, as mentioned above, situation awareness is uniquely developed 
through contact with actual environmental factors and practice with continuous 
situational assessment, which is critically important in managing issues during the 
course of an operation. Numerous studies have demonstrated fewer FDs, fewer 
communication issues, and improved decision-making among experienced sur-
geons and surgical teams [1, 5, 14, 16, 18–20]. Thus, a busier robotic surgery prac-
tice can improve situation awareness, reinforce team training, and decrease the 
cognitive workload on the team [3, 16, 20].
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12Surgical Coaching

Jason C. Pradarelli, Caprice C. Greenberg, 
and Justin B. Dimick

 What Is Surgical Coaching?

Surgical coaching is a meaningful strategy for surgeons’ continuous professional 
development defined by a partnership between a surgeon and a coach. This partner-
ship is not punitive but empowering for the surgeon who receives coaching—i.e., 
the “coachee.” Surgical coaching focuses on individual performance improvement 
for surgeons at all talent and experience levels through structured, longitudinal, one- 
on- one reflections with a surgical coach.

 Case Study

A highly funded endovascular surgeon, who was advancing to full professor, 
increasingly noted that her interactions with the operating room (OR) staff were 
contentious to the point of disrupting her operations. In her most recent case, a 
patient with a ruptured aortic aneurysm nearly died on the table because of an argu-
ment that transpired when the wrong stent grafts were opened on the back table. 
Given the complex, multidisciplinary nature of her cases, the surgeon requested that 
her Division Chief coach her by video recording her during an operation, reviewing 
the operative video with her, offering constructive feedback regarding her interac-
tions with the OR team, and helping her set an action plan to improve those 
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relationships. By asking insightful questions, the Division Chief—i.e., her coach—
helped the surgeon realize that her challenging interpersonal interactions were 
likely related to exhaustion from a high number of overnight calls, a consistently 
busy operative schedule, and several research commitments with ongoing clinical 
trials. Through guided self-reflection with her coach, she decided to scale back her 
call schedule and delegate certain research duties so that she could dedicate more 
attention to preparing the OR staff for her complex elective cases. The surgical 
coaching process helped her to improve her relationships with the OR staff as she 
was better able to plan and discuss cases with her team before stress arose during the 
operation itself.

 Examples

To illustrate how surgical coaching facilitates surgical performance improvement, 
we expand on how practicing surgeons can engage with established surgical coach-
ing programs. These examples demonstrate surgical coaching interactions using 
two different models for assessing a surgeon’s performance: direct observation- 
based coaching and video-based coaching.

 Direct Observation-Based Surgical Coaching

The Harvard Surgical Coaching for Operative Performance Enhancement (SCOPE) 
program is a surgical coaching program that utilizes direct observation as substrate 
for the coaching interactions. In SCOPE, practicing surgeons are paired with another 
surgeon at the same institution and assigned to either the “coach” or “coachee” role. 
Regardless of their role, all surgeons undergo a 3-hour coach training workshop to 
learn the core principles and practical skills of surgical coaching. These core prin-
ciples—self-identified goals, collaborative analysis, constructive feedback, and 
action planning [1]—are grounded in the Wisconsin Surgical Coaching Framework 
(Fig. 12.1). The workshop leads surgeons through adopting the coaching mindset, 
applying coaching principles to a surgical context, and then practicing surgical 
coaching via video-based simulation (Fig. 12.2). The workshop and program are led 
by a multidisciplinary team of surgeons, a human factors organizational psycholo-
gist, and a professional coaching expert in the field of education.

In SCOPE, coach-coachee pairs follow a defined structure centered around an 
operation: preoperative goal-setting, intraoperative observation, and postoperative 
debriefing (Fig. 12.3). The coachee surgeon is expected to set their own goals related 
to topics that they want to learn, improve upon, or master. The coach is expected to 
facilitate the coachee’s goal-setting by being an active listener, asking probing ques-
tions, and demonstrating empathy. For this example, let’s suppose that the coachee’s 
goal is to improve their communication and teamwork practices with the nursing 
and anesthesiology teams in the OR.
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In the intraoperative phase of SCOPE, the coachee performs the operation as 
usual without the involvement of the coach. The coach observes but does not scrub 
into the case or intervene in any other way. They simply observe, focusing their 
observations primarily on the coachee’s previously stated goals—in our example, 
on the coachee’s communication behaviors and teamwork interactions with the 

Coaching context

Focus of coaching

Activities of coaching

O
perative context

S
ur

ge
on

Coach interpersonal skills

Coach knowledge and experience

Video vs. live  •  Peer vs. expert  •  Institutional vs. regional vs. national

Technical

Goal
setting

Constructive
feedback

Action
planning

Inquiry

Building relationships

Attending to process

Disposition/personality •  Communication •  Adaptability •  Coaching mindset

•  O
peration

• 
 S

ki
ll 

le
ve

l
E

xp
er

ie
nc

e
• 

 In
te

rp
er

so
na

l s
ki

lls
• 

 D
is

po
si

tio
n C

linical scenario
•  C

haracteristics of system

Cognitive Interpersonal Stress Management

Fig. 12.1 Wisconsin Surgical Coaching Framework, 2016. (Source: Caprice Greenberg, MD, MPH)

The coaching mindset

How to approach
surgical coaching

How to be
a surgical coach

What to do
as a surgical coach

» Self-identified goals

» Collaborative analysis

» Surgical coaching
   impact cycle

» Practice coaching:
   technical, non-technical,
   and teaching skills

» Constructive feedback
» Peer learning support/
   action-planning

Principles of
surgical coaching

Practicing the behaviors

» Beliefs needed for
   effective communication

» Key concepts:
   listening and questioning

1 2 3

Fig. 12.2 Design of the introductory coaching workshop for the Surgical Coaching for Operative 
Performance Enhancement (SCOPE) program, 2018. (Source: Jason Pradarelli, MD, MS)

12 Surgical Coaching



120

multidisciplinary OR team. The coach may take notes on these observations for 
reference during a postoperative debrief with the coachee.

After the operation, either the same day or within a week, the coach and 
coachee sit down in a postoperative debrief to discuss the coachee’s intraopera-
tive performance. In this coaching interaction, the coach is a facilitator of discus-
sion aimed at guiding the coachee toward reaching the goals they set 
preoperatively. The coach often begins using open-ended questions to understand 
the coachee’s view of their performance. Collaborative analysis allows the coach 
to use inquiry to exchange ideas and come to a joint conclusion about the current 
reality of the coachee’s performance. Based on this shared understanding of real-
ity, the coach shares constructive feedback on the coachee’s performance-related 
goals. For example, a coach might say, “I noticed that the anesthesiologist asked 
you a question about your progress in the case and you did not answer the ques-
tion. It seems important to close the loop of communication with all team mem-
bers so the patient can get the best care from the team. How did you view that 
interaction?” By delivering the feedback with a question, the coachee has an 
opportunity to reflect on the coach’s observation and internalize the feedback. 
Finally, the coach guides the coachee to develop an action plan to continue pur-
suing the coachee’s original goals or to develop new goals for improving their 

Preoperative
goal-setting

Intraoperative
observation

Postoperative
coaching sessions

Fig. 12.3 Operation-centered structure of the Surgical Coaching for Operative Performance 
Enhancement (SCOPE) program. (Source: STRATUS Center for Medical Simulation, Brigham 
and Women’s Hospital, Boston, MA)
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performance related to communication and teamwork in the OR.  This cycle 
repeats itself longitudinally when the coach and coachee reassess interval prog-
ress and revisit the original goals at the next operation’s preoperative goal-setting 
conversation.

 Video-Based Surgical Coaching

Though based in the same coaching framework, the Wisconsin Surgical Coaching 
Program (WSCP) and the Michigan Bariatric Surgery Collaborative (MBSC) dif-
fer from the Harvard SCOPE program by utilizing a video-based coaching model. 
In WSCP and MBSC, coaching pairs are arranged within a statewide collabora-
tive. Surgical coaches across the state also undergo a coach training workshop to 
learn foundational coaching principles. Surgeons are introduced to the perfor-
mance domains of technical skills, cognitive non-technical skills, interpersonal 
non- technical skills, and stress management, although they can choose to focus 
their coaching discussions on any intraoperative performance topic. While the 
training is the same, the identification of coaches is different in Wisconsin and 
Michigan. In Wisconsin’s initial program, coaches were identified by peer nomi-
nation based on both surgical skills and interpersonal characteristics known to 
enhance coach effectiveness. In contrast, the MBSC had ranked surgeons based 
on surgical skills ratings from peer review of intraoperative video; MBSC coaches 
were selected from among the surgeons with highest peer-rated surgical skills and 
best postoperative outcomes.

In a video-based coaching model, the basic structure still centers around an oper-
ation and follows the same coaching principles: goal-setting, collaborative analysis, 
feedback, and action planning in a longitudinal, iterative process. The key differ-
ence is that a video recording of the surgeon’s operation is used to anchor the con-
versation (Fig.  12.4), rather than direct observation during a case. Surgeon 
participants record a video of any operation for which they want to receive coach-
ing, and they have the option to send the video to their coach for review before 
meeting for a coaching session.

With the flexibility offered by video recording, coaches and coachees can 
schedule a coaching session at their convenience. The coaching session may be 
conducted locally at the coachee’s institution, or at a neutral site such as a regional 
or national meeting. At existing society meetings, surgeons can block time with 
their coach, sparing the need to accommodate both surgeons’ operating schedules 
during a regular work week. Although a “tele-coaching” model has yet to be 
tested, it may be possible to conduct a coaching session over the internet, utilizing 
screen-sharing technology so that both surgeons can view the operative video 
simultaneously from different locations. This question is actively under investiga-
tion. The coaching techniques used during the postoperative debrief in a video-
based coaching model are the same techniques as described above for direct 
observation-based coaching.
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 Surgical Coaching from a Human Factors Perspective

“Human factors” refers to the dynamic interaction between humans and the sys-
tems in which they function and interact. The human factors approach aims to 
optimize performance of individuals, teams, and systems. Surgeons and other 
individual healthcare providers can only perform their best when work activity is 
coupled with opportunities to analyze their own performance, receive and reflect 
on feedback about their performance, and adjust behaviors to improve their 
performance.

Although on initial glance, it may appear to be hyper-focused on the individual, 
surgical coaching aligns well with team-based and system-level interventions. The 
product of individualized coaching interactions between a surgeon and a coach has 
downstream effects on surgeons’ teams and systems. As detailed in the earlier 
examples, surgical coaching provides a dedicated opportunity for surgeons to reflect 
on their clinical performance, acquire direct feedback, and receive assistance in 
planning for concrete behavior changes to improve the way they provide care to 
patients. This section will emphasize the range of patient care domains for which 
coaching can be incorporated to foster a culture of continuous performance improve-
ment for individuals and their work environments.

Fig. 12.4 Video-based peer surgical coaching in the Michigan Bariatric Surgery Collaborative 
(MBSC), 2016. (Source: Jason Pradarelli, MD, MS)
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 Benefits of Surgical Coaching for Practicing Surgeons

Coaching can be used to guide individuals to improve any number of skills [2, 3]. 
Thus far, surgical coaching has primarily been applied in the context of clinical 
quality and patient safety. Existing evidence of coaching in surgery has focused on 
surgeons’ technical and non-technical skills as intermediaries of quality and safety 
metrics. A commonly used assessment tool for technical skills is the Objective 
Structured Assessment of Technical Skills (OSATS), which measures operative 
skills like respect for tissue, time and motion, instrument handling, tissue exposure, 
and flow of the operation [1, 4, 5]. For non-technical skills, the Non-Technical Skills 
for Surgeons (NOTSS) system [6] offers a specific language to help surgeons 
improve their skill regarding the cognitive and social or interpersonal aspects of 
surgical performance [1, 5]. The cognitive skills in surgery refer to situation aware-
ness and decision-making abilities in the OR; the social or interpersonal skills refer 
to a surgeon’s leadership, communication, and teamwork abilities [6]. Better perfor-
mance from surgeons on both technical skills [4] and non-technical skills [7] is 
associated with better patient outcomes, which is why surgical coaching programs 
focus on these domains of surgical performance.

In addition to practicing surgeons, video-based surgical coaching has also been 
studied among surgical trainees and medical students. Beyond technical skill 
improvements, a particularly interesting finding among surgical residents was 
improved insight into the assessment of their own performance after being coached 
[8]. While these findings have yet to be studied among practicing surgeons, they 
demonstrate valuable potential gains throughout the continuum of a surgeon’s career.

Looking forward, coaching may realize additional important benefits for sur-
geons in other domains of their performance, including stress management, teach-
ing skills, and operative efficiency, among others. Stress—and, in particular, 
management of a surgeon’s stress—has been recognized as an important influence 
on both technical and non-technical skill performance. Multiple coaching sessions 
in the WSCP’s first year dealt with recognition and mitigation of intraoperative 
stress for the participating surgeon [1]. Common sources of stress for surgeons 
include regular time pressures of the OR environment and the perception of poor 
assistance during a case. When teaching surgical trainees during an operation, sur-
geons may struggle with these key sources of stress; thus, coaching to improve 
specific teaching skills may coincide with improving stress management and prove 
to be beneficial to practicing surgeons.

By focusing on clinical skill improvements, such as decision-making and leader-
ship of multidisciplinary teams, coaching could simultaneously enhance the effi-
ciency of clinical operations. Direct observation and individualized feedback on a 
surgeon’s operative flow may reduce OR resource utilization and costs. Similarly, 
coaching might help a surgeon identify opportunities to eliminate wasteful use of 
clinic resources as a sustainable way to enact cost savings.

One of the goals of surgical coaching is to empower practicing surgeons to take 
ownership of their own quality and performance improvement and to help make 
required continuing professional development more relevant to individual practice. 
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Importantly, surgical coaching also serves as a venue for relationship building 
among colleagues and encourages a collaborative learning approach. With burnout 
becoming a national priority for the surgeon workforce, surgical coaching also 
holds promise to address some of the underlying aspects of modern surgical practice 
that are associated with burnout.

 Barriers to Implementing Surgical Coaching

Despite the myriad benefits to individual surgeons, logistical and cultural barriers 
present a challenge for widespread adoption of surgical coaching. Common sources 
of resistance for many professional development initiatives—limited time and 
financial constraints—also apply to surgical coaching. The Harvard SCOPE pro-
gram exemplifies coaching that takes place within one’s own institution, sparing the 
time and expense of traveling to conferences or to inconvenient off-site professional 
development events. Alternatively, the WSCP and MBSC programs offer examples 
for surgeons and surgical coaches who may participate in regional or national meet-
ings, thus maximizing the value of these meetings. By adapting to surgeons’ and 
coaches’ preferences with on-site or off-site discussions, surgical coaching may 
create better value of professional development time for all parties involved.

The financial investment in surgical coaching can be mitigated by aligning inter-
ests with local organizations that could subsidize the costs of implementing a coach-
ing program. For instance, when physicians continually work to improve their 
performance in a professionally satisfying environment, patient care and physician 
morale mutually benefit, reducing many risks that health insurers (e.g., Blue Cross 
Blue Shield of Michigan and the MBSC program) and malpractice insurers (e.g., 
CRICO and the Harvard SCOPE program) prefer to avoid. At individual institu-
tions, funds invested in current continuing medical education activities of question-
able value could be re-purposed for more meaningful opportunities such as surgical 
coaching. Leveraging creative partnerships with local funding sources can offset the 
costs of implementing coaching programs.

Finally, we must acknowledge surgical culture itself as an important—but not 
insurmountable—barrier to implementing surgical coaching. Early interviews with 
practicing surgeons about their perceptions and potential concerns about surgical 
coaching revealed three main cultural barriers: (i) perceived value of technical skill 
(assuming the coaching focused on technical skill improvements), (ii) concerns 
about image and authority, and (iii) loss of self-regulatory control [9]. In an invited 
commentary to this study, the authors emphasized that these three areas of concern 
align well with the basic principles of coaching, suggesting instead that coaching 
can actually support surgeons’ professional priorities and that better education 
about the core principles of coaching is needed (Table 12.1) [10].

While recognizing that surgeons highly value competence and professional 
autonomy, these major areas of cultural concern can be addressed by clarifying the 
coaching model. (i) As described earlier, coaching may be applicable to all aspects 
of surgical performance, whether in the operating room or in a non-clinical context. 
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Identifying performance goals that are meaningful to the individual surgeon is foun-
dational to a coaching interaction, regardless if those goals are technical, non- 
technical, or even non-clinical. (ii) Surgical coaching is a nonpunitive form of 
professional development. Surgeons at all talent levels—including and especially 
high-performers—may benefit from coaching because the learning goals are tai-
lored to the individual. Furthermore, the coaching interaction itself takes place out-
side of the OR in a private, confidential environment [10]. (iii) Coaching, by 
definition, empowers the individual surgeon to change behavior under their own 
will. Respecting a surgeon’s autonomy and professional identify is an essential part 
of the coach training process. Thus, adhering to the core principles of coaching may 
enable surgeons to embrace surgical coaching as a powerful tool to improve perfor-
mance while respecting their hard-earned professional identities.

Table 12.1 Surgeon-identified barriers to surgical coaching and their counterarguments

Surgeons’ 
concern Description of surgeons’ concern

Coaching principle/
Counterargument

Value of 
technical 
skill

Surgeons in academic practice feel that 
they have sufficient technical skill in their 
defined set of procedures and would 
rather concentrate on other areas of their 
career given limited time and energy for 
self-improvement.

1. Coaching may offer efficient 
approaches that can replace current 
ineffective approaches [8].
2. Coaching may be applicable to 
all aspects of surgical performance 
(technical, non-technical) in the 
OR or any other clinical or 
academic setting [2].

Concerns 
about image 
and authority

The appearance of competence and 
expertise is critical given the 
responsibility and gravity associated with 
performing an operation.

1. Remove coaching from clinical 
setting as private, confidential 
interaction with a coach [8].
2. Nonpunitive programs open to 
participants at all levels [1].

Loss of 
autonomy

Surgeons desire to maintain control over 
their learning agenda

1. Adherence to well-developed 
coaching principles of choice and 
voice, self-directed learning [3]
2. Develops capacity for self- 
assessment [8]

Adapted from Greenberg and Klingensmith [10]

Lessons Learned in Surgical Coaching
• From a human factors perspective, surgical coaching helps surgeons inter-

act optimally with their teams in a complex, multidisciplinary patient care 
environment.

• The key behaviors of surgical coaching involve individualized goal- setting, 
collaborative analysis of the surgeon’s performance with constructive 
feedback, and action planning to help the surgeon define concrete next 
steps to improve.

• Peer coaching requires that practicing surgeons put aside their typical hier-
archical roles in educational activities to function as equal partners with 
other surgeons.
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13Human Factors Considerations 
in Cardiac Surgery

Paul Frank, Michael Nurok, and Thor Sundt

 What Is Cardiac Surgery?

Cardiac surgery requires multiple highly specialized teams of diverse backgrounds, 
education, and culture working in concert. Teamwork and communication are 
essential to achieving a successful outcome.

 Case Scenario

A 73-year-old man presenting to the emergency department (ED) with severe chest 
and back pain at 2 am on a Sunday morning is found to have a type A aortic dissec-
tion. While waiting for the operating room (OR), he is started on a labetalol infusion 
through a peripheral IV. A transthoracic echo (TTE) shows an ejection fraction of 
35% with severe aortic insufficiency and hypokinesis of the entire anterior wall. 
Given the emergency nature of the case, a cursory handoff between the ED and anes-
thesia teams was performed, confirming only the patient’s name, age, and allergies.

The tired junior surgeon, who had just finished a heart transplant 2 hours earlier 
and is anxious about delaying the scheduled cases due to start in just a few hours, 
encourages the OR staff to prepare and drape the patient quickly. The scrub tech on 
call this evening usually assists ENT cases. The circulating nurse, who just started 
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working at this institution 1 month ago, has never worked with this surgeon. The 
staff pulls instruments and sutures based on the only preference card they can find, 
which is for a different cardiac surgeon.

While the attending anesthesiologist is placing the transesophageal echo (TEE) 
probe, the patient’s heart rate increases to 90 beats per minute. The resident starts a 
diltiazem drip through a newly placed central line, unaware that labetalol is running 
through a peripheral IV. Before the skin incision is made, the blood pressure drops to 
44/27, and ST elevations are noted on rhythm strip. The surgeon cuts down on the 
femoral artery and vein. The anesthesiologist cannot visualize the venous guidewire in 
the inferior vena cava (IVC) on TEE. As she is communicating this to the surgeon, the 
surgeon’s pager goes off—the intensive care unit (ICU) is calling about high chest tube 
output and new hypotension in the fresh heart transplant patient. After asking the ICU 
team to contact the on-call surgical resident, the surgeon advances the venous cannula 
over the guidewire without repositioning it. The cannula does not advance easily but is 
left in place as the patient’s hypotension persists. Arterial cannulation is uneventful.

When the surgeon calls to initiate bypass, the perfusionist notices that an acti-
vated clotting time (ACT) sample has not been run. The anesthesiologist, who was 
discussing Saturday’s football game with the circulating nurse, realizes she did not 
hear the surgeon ask for heparin administration. Heparin is administered and a nor-
epinephrine drip initiated. Bypass is initiated after a satisfactory ACT is achieved 
but venous return is poor. The venous cannula must be removed and replaced, fur-
ther delaying the repair.

Bypass time is prolonged, as the circulating nurse makes four separate trips to 
the core to obtain specific sutures and instruments requested by the surgeon. Upon 
returning from the core, the nurse trips on the bypass tubing and nearly falls into the 
sterile field. At 6 am, a new scrub tech and circulating nurse relieve their colleagues 
working the night shift. Unfortunately, the transition coincides with weaning and 
separation from bypass. The incoming team is unaware that this critical step is 
underway, and the surgeon delays weaning from bypass to orient them to the case.

The patient is weaned from bypass only after the second attempt and administra-
tion of high-dose infusions of epinephrine, dobutamine, and vasopressin. The anes-
thesiologist, exhausted after her third overnight case in the last 7 days, neglects to 
advise the ICU that the ventricular pacing cable has only been intermittently captur-
ing, and that a skin lead is buried under a dressing. Thirty minutes after handoff to 
the ICU, the patient goes into a junctional rhythm with heart rate in the 20s. When 
the V lead fails to capture, new transcutaneous pacing pads are applied emergently, 
and transcutaneous pacing is initiated. Transvenous pacing is subsequently placed. 
The presence of a skin lead is not identified until the next morning.

 Considerations in Cardiac Surgery

The complexity of cardiac surgical care has grown exponentially with the prolifera-
tion of life-sustaining interventions both in the operating room and ICU. These 
interventions are dynamic, complex, and critical to patient survival. The sheer 
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amount of information and number of variables clinicians must manage and to 
which they must respond is staggering. For example, a patient in cardiogenic shock 
may have a temporary left and/or right ventricular assist device with specific flow 
and power settings, dependent on preload and sensitive to afterload. He or she may 
be on infusions of intravenous inotropes, vasopressors, or inhaled vasodilators, 
titrated to cardiac index and pulmonary arterial pressures measured off a pulmonary 
artery catheter. Echocardiogram may reveal clot in the ventricle or a malpositioned 
inflow cannula. All of these occur before the patient enters the OR.

 Communication and Teamwork

More so than patients in any other surgical subspecialty, cardiac surgical patients 
are cared for by many teams. Referral pools for cardiac surgery include interven-
tional and general cardiologists, pulmonologists, and thoracic and vascular sur-
geons, among others. Each will have different background and understanding of the 
elements critical to successful surgery, and accordingly, the necessary preoperative 
evaluation of patients and different recognition of “red flags.” The surgical teams 
themselves are increasingly differentiated as development of techniques and tech-
nology accelerates, with “ventricular assist device/transplant” surgeons often dis-
tinct from “coronary revascularization” or “structural heart/valve” teams. Highly 
functional systems—particularly for complex problems—use a combined “Heart 
Team” approach where decisions about the best procedure(s) are made in an inter-
disciplinary setting.

In the operating room, the patient is cared for by the cardiac surgeon performing 
the operation, the cardiac anesthesiologist manages the patient’s hemodynamics and 
guides the operation with TEE, the perfusionist manages the cardiopulmonary 
bypass circuit, and other devices like intra-aortic balloon pump, extracorporeal 
membrane oxygenation, and cell saver, and the nursing and surgical technologist 
staff ensure that all proper instrumentation and grafts are available. Information 
must be shared quickly and effectively among these teams.

After the operation, the patient will be taken to the ICU, where the critical care 
intensivists monitor the acute phase of the patient’s recovery, often in collaboration 
with subspecialized cardiologists in mechanical circulatory support, transplanta-
tion, electrophysiology, or heart failure as well as consultants in nephrology, pulm-
onology, infectious diseases, or other fields. Not only must each team have a mastery 
of its own specialty, but it must also understand how their work fits into the larger 
puzzle that is the care of the critically ill patient. Information must be shared in an 
unambiguous manner with all appropriate individuals, and clear lines of decision 
making must be established. In the operating room and in the ICU, clear communi-
cation and teamwork are essential.

Given the complexity of the endeavor, it is not surprising that errors occur. 
Barach et  al. observed 102 pediatric cardiac surgical procedures, monitoring for 
adverse events, which they classified as major or minor [1]. Major events were those 
that may have serious consequences, such as accidental extubation while placing 
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the TEE probe, aortic laceration during sternotomy, and depletion of the portable 
oxygen cylinder during patient transport. Minor adverse events—those not expected 
to have serious consequences—included communication breakdown, delay in bed 
availability, and electrocautery not being plugged in. The number of major events 
per case increased with case complexity (p  =  0.013) and duration (p  =  0.048). 
Intriguingly, however, the number of minor events per case did not correlate with 
case complexity or duration. Rather, “[t]he large number of minor events seems to 
indicate an environment awash with distractions, interruptions, and miscommunica-
tions.” Communication failures were the most common type of minor adverse event, 
accounting for 29% of all minor adverse events. These failures were most common 
during cardiopulmonary bypass and induction of anesthesia, two critical periods for 
patient safety.

Barach’s finding  that complex cardiac surgical procedures carry greater risk of 
major adverse events is intuitive and consistent with the concept of “normal acci-
dents” in complex endeavors [2]. However, the finding of breakdown in communi-
cation regardless of the complexity and duration of the operation suggests rich 
opportunities for improvement in teamwork and communication. Additionally, the 
finding that lapses in these areas are common suggests the impact could be 
significant.

Similarly, Wiegmann et  al. observed 31 cardiac surgical cases, recording and 
classifying disruptions in surgical flow [3]. A full 52% (n  =  178) of disruptions 
arose from problems with teamwork and communication—issues such as premature 
administration of heparin, lack of administration of inotropes, and lack of familiar-
ity with surgeon preferences by the perfusionist. Alarmingly, this study demon-
strated a correlation between the frequency of teamwork and communication errors 
and the frequency of technical surgical errors (p < 0.001). The high frequency of 
lapses in communication observed in Wiegmann show that even routine communi-
cation intended to coordinate activities that occur with every cardiac surgical case 
can be fraught with errors.

OR personnel for a typical cardiac surgical case includes, at minimum, a surgeon 
and an assistant, scrub technician, anesthesiologist, perfusionist, and circulating 
nurse. The individuals filling each of these roles each have a different work schedule 
and demands on their time, and their assignments may change as emergencies or 
other urgent needs arise. Therefore, it is rare that a single OR team will work 
together exclusively or even primarily. It has been shown that the incidence of surgi-
cal flow disruptions and surgical errors was markedly higher in OR teams that did 
not work together regularly (p < 0.001) [4]. Teams that work together regularly are 
more familiar with one another. Over time, they develop an implicit understanding 
of individual roles within the larger team as well as a shared mental model of the 
task that allows them to anticipate each other’s actions [5]. This familiarity and 
shared mental model improves coordination and efficiency, and it allows for 
improved problem-solving capability in dynamic situations. The fact that teams 
who work together more frequently perform better is intuitive. But ensuring that 
only familiar teams are assembled, especially in emergency circumstances, is 
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impractical, and how to optimize scheduling and on-call demands to maintain con-
sistent teams remains a challenge.

Information sharing is difficult enough when all members of the team are physi-
cally present in the same space, treating the same patient at the same time. The 
complexity of care of the cardiac surgical patient extends beyond the OR, however. 
The postoperative handoff entails a transfer of care between two groups of interdis-
ciplinary teams. It requires multiple points of information sharing—anesthesiolo-
gist to intensivist, OR nurse to ICU nurse, and sometimes OR perfusionist to ICU 
perfusionist—each of which requires a succinct and effective summary of the 
patient’s status and relevant medical history. Much has been written about handoffs 
and the need for complete and succinct information. The literature suggests that 
handoffs are often unstructured, fraught with omissions and competing tasks, miss-
ing key personnel, and prone to frequent interruption [5]. It should come as no sur-
prise, then, that much information, including critical facts and tasks, are not 
transmitted during handoffs.

Given the importance of communication and teamwork and the inability to con-
sistently schedule the same individuals to work together, it is critical to empower 
teams to organize and share information as efficiently as possible. Several modali-
ties have been implemented to achieve this purpose. Preoperative briefings are 
structured but open-ended discussions involving all members of the operative team. 
These discussions usually occur before the patient enters the OR and allow teams to 
share information, ask questions, and share concerns [6]. For example, the perfu-
sionist may ask the surgeon which cannulas will be needed for cardiopulmonary 
bypass, or the OR nurse may raise the concern that no blood products have been 
ordered. The shared discussion is most effective when every member of the team is 
empowered to share information and raise concerns.

After induction of anesthesia and draping of the patient, and just prior to inci-
sion, the preoperative time-out must occur. Unlike the preoperative briefing, this is 
a closed-ended checklist and is mandated by the Joint Commission. The time-out 
must confirm patient identity, procedure, laterality (if relevant), and patient aller-
gies. Over time, other items have been added to the time-out, such as fire risk and 
instrument sterility. Each team within OR may also rely its own checklist in order to 
prevent overlooking critical items.

At the conclusion of the operation, a debriefing may take place. As with the pre-
operative briefing, the postoperative debriefing is an open-ended discussion among 
all team members, reviewing the case, what went well, and what did not. The inten-
tion is that teams will identify and focus on areas of improvement.

After leaving the OR, the patient is often taken to the ICU, where a handoff takes 
place. The potentially haphazard nature of this critical time for patient safety can be 
organized by implementation of structured communication. For example, the anes-
thesiologist signing out to the intensivist might always start the handoff with patient 
name, age, and procedure performed, followed by hemodynamic drips, device set-
tings, blood products administered, and post-bypass TEE findings. The predictable 
and orderly nature of this type of structured communication will help prevent the 
provider of information—the anesthesiologist in this case—from neglecting 
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important facts, while also helping the receiver of information—the intensivist in 
this case—know what information to expect and in what order.

Such highly structured information sharing and role assignment has already been 
successfully incorporated into other safety-critical industries such as Formula 1 rac-
ing and aviation. Catchpole et al. consulted with experts in Formula 1 racing and 
aviation to develop a new structured handoff from the OR to the ICU for congenital 
cardiac surgical patients. Highlights of the new paradigm include the following:

• The anesthesiologist is responsible for overall team coordination.
• There are three defined phases to the handoff (equipment handoff, information 

handoff, and discussion/plan).
• Only essential communication is allowed (first the anesthesiologist, then the 

surgeon).
• Checklists are used to prevent oversights.

In a prospective trial of the new paradigm comparing 23 usual handoffs and 27 
handoffs guided by the new paradigm, there were reductions in technical errors 
(e.g., equipment not plugged in or key personnel absent), omissions of information 
(e.g., blood products, antibiotics), and duration of handoff [7].

Ineffective communication within and among teams unquestionably can harm 
patients. For information to be shared effectively, communication needs to be clear, 
open, organized, and succinct.

 Physical Environment

As with any other specialized piece of equipment, the size and layout of the operat-
ing room should be designed as ergonomically as possible, with foremost consider-
ation given to safe and successful completion of the task at hand. In many settings, 
the size and layout of operating rooms are not optimal for the task of cardiac surgery.

The complex and interdisciplinary nature of cardiac surgery necessitates the 
presence of more people and more equipment than in a non-cardiac operation. As a 
result, operating rooms can often become overcrowded and loud. The size of large 
equipment such as the TEE machine and the cardiopulmonary bypass machine, as 
well as bypass tubing and other cables snaking across the floor, can inhibit the safe 
and expeditious movement of personnel in the operating room. This poses a danger 
not only to staff, who may trip on tubing or hit their head on a low-hanging monitor, 
but also for the patient, for whom life-saving intervention may be delayed due to 
space constraints or providers unable to hear one another over background noise.

Palmer et al. observed 10 cardiac operations and documented disruptions to sur-
gical flow. Over 10 cases, an astounding 1080 unique disruptions were recorded and 
organized into one of six categories [8]. The most common cause of flow disruption 
was the physical layout of the OR, accounting for 31% of disruptions. Issues with 
the physical layout of the OR include positioning of equipment (e.g., CPB machine), 
furniture (e.g., chairs), and permanent structures (e.g., doorways) that hinder the 
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efficient movement of staff in and around the OR. Figure 13.1 shows the movement 
of OR personnel during the procedures observed in Palmer. Areas of high conges-
tion are highlighted in red. The most congested areas in the OR are the head of the 
bed—the anesthesia workspace—and the perfusion area, where the CPB machine is 
located.

The second-most common cause of flow disruption encompassed the general 
milieu interruptions from common annoyances like phone calls, pagers, and shift 
changes [8]. When a phone rings or pager goes off, the circulating nurse or other OR 
staff usually stops their own work to answer it and relay information between the 
caller and recipient of the call, often the surgeon. Depending on the length and con-
tent of the call, there can be significant delay to the case as well as loss of the cogni-
tive flow of the operation. The team may need to reacquaint itself in order to safely 
resume the procedure at hand.

A particularly tricky source of increased noise and distraction in the OR environ-
ment is that of side conversations and music. Some practitioners may find music 
helpful, and some find it distracting. Beyond that, there is the question of what kind 
of music and how loud it should be. Desires for music, or extraneous small talk, are 
sometimes context-dependent. Complicating matters is the fact that different team 
members have different cognitive workloads at different times during the operation. 
For example, during induction of anesthesia, the surgeon and perfusionist may feel 
free to discuss their vacation plans, while the anesthesiologist may desire quiet. 
Figure 13.2 shows a plot of cognitive workloads of various OR personnel throughout 

Fig. 13.1 Architectural 
flow diagram. Architectural 
plan indicating composite 
staff movement during the 
operative phase of 
observed procedures. The 
personnel are identified by 
a specific color 
(anesthesiologists are 
denoted in blue, surgeons 
in purple, nurses in tan, 
and perfusionists in green). 
Each representation of a 
person indicates locations 
they have traveled, not the 
total number of people 
involved in the surgery. 
The density of the line 
color indicates the 
magnitude of movement 
within the time period 
studied. Red zones indicate 
areas with a high density 
of flow disruptions. Used 
with permission. (Palmer 
et al. [8])
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the phases of a cardiac operation [5]. Presumably, an individual with a low cognitive 
workload at a given time, such as the certified registered nurse anesthetist during 
bypass time, would be more amenable to music in the background or some small 
talk, whereas the surgeon would be less agreeable to background noise at that time.

Given the multitude of environmental challenges faced by large multidisciplinary 
cardiac surgical OR teams, many interventions have been suggested in order to 
eliminate the congested and boisterous nature of the OR. For example, staff changes 
for lunch breaks and changes of shift can be timed to occur during less critical parts 
of the operation, such as during skin closure instead of during initiation of bypass. 
Additionally, pagers and phones can be attended to by an appropriate individual 
who is not participating in the operation. These changes can be implemented rela-
tively quickly and on a small scale, expanding over time as pilot programs prove 
successful. Other environmental factors, such as the size and configuration of the 
OR, as well as the size of some equipment, cannot be addressed in such an ad hoc 
fashion. Rather, these changes will come as departments and institutions make large 
capital investments in new facilities and equipment. It is important that stakehold-
ers—namely the highly trained personnel who work in the ORs every day—have 
input into plans for new or renovated ORs.

Mental workload in the operating room
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Fig. 13.2 Mental workload in the cardiac operating room. Mental workload in the cardiac surgery 
operating room varies across the cardiac surgery procedure for individual providers depending on 
task complexity and responsibilities. CRNA, certified registered nurse anesthetist; CST, certified 
surgical technologist; NASA, National Aeronautics and Space Administration; Postop, postopera-
tive; Prep, surgical preparation; RN, registered nurse; TLX, Task Load Index. Used with permis-
sion. (Wahr et al. [5])
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A challenge for all team members is the proliferation of equipment and monitor-
ing devices, which in isolation may serve beneficial purposes but in aggregate may 
add to cognitive workload and can serve as sources of distraction. For example, with 
the now routine use of TEE—especially prior to and at the time of separation from 
CPB—some programs have elected to distribute the cognitive workload and have a 
separate anesthesia team perform TEE while a primary team focuses on all other 
aspects of anesthetic management. Of course, some technology reduces cognitive 
workload, as has been the case with electronic record keeping and monitoring. In 
general, when technology is introduced into the OR, there should be consideration 
of and observation for unintended consequences. In addition, prior to introduction 
into the surgical environment, OR teams and hospital administrators should evalu-
ate not only the purported salutatory effects of a piece of technology, but also the 
“overhead costs” of reduced physical space and increased cognitive workload that 
may accompany it.
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Lessons Learned
• Cardiac surgery is a team endeavor. Successful outcomes require effective 

communication and coordination.
• Complete yet succinct handoffs between interdisciplinary teams are criti-

cal for patient safety.
• Each phase of a cardiac surgical procedure places differing sets of demands 

on different OR team members.
• Teams that work together frequently achieve better outcomes. Although 

this may be difficult to achieve, staff scheduling should be conducted with 
this in mind.

• The cardiac surgical OR is more crowded with personnel and equipment 
than a general OR. As such, the risk of excessive noise, traffic, and other 
sources of distraction is exacerbated.

13 Human Factors Considerations in Cardiac Surgery



140

 6. Fann JI, Moffatt-Bruce SD, DiMaio JM, et al. Human factors and human nature in cardiotho-
racic surgery. Ann Thorac Surg. 2016;101:2059–66.

 7. Catchpole K, De Leval M, McEwan A, et al. Patient handover from surgery to intensive care: 
using Formula 1 pit-stop and aviation models to improve patient safety and quality. Pediatr 
Anesth. 2007;17:470–8.

 8. Palmer G, Abernathy JH, Swinton G. Realizing improved patient care through human-centered 
operating room design: a human factors methodology for observing flow disruptions in the 
cardiothoracic operating room. Anesthesiology. 2013;119:1066–77.

P. Frank et al.



141© Springer Nature Switzerland AG 2020
T. N. Cohen et al. (eds.), Human Factors in Surgery, 
https://doi.org/10.1007/978-3-030-53127-0_14

K. N. Zaghiyan (*) · P. R. Fleshner 
Cedars-Sinai Medical Center, Los Angeles, CA, USA
e-mail: Karen.Zaghiyan@cshs.org

14Applying a Human Factors Approach 
to Improve Patient Care in Colorectal 
Surgery

Karen N. Zaghiyan and Phillip R. Fleshner

 What Is Colorectal Surgery?

Colorectal surgery involves abdominal and/or pelvic surgery involving the colon, 
rectum, or anus. Proctectomy involves removal of the rectum and is perhaps one of 
the most technically demanding operations within our subspecialty. When per-
formed for rectal cancer, a total mesorectal excision (TME) is required to remove 
the lymph nodes en-block with the rectum. Total proctocolectomy with ileal pouch- 
anal anastomosis (IPAA) is the standard procedure for ulcerative colitis requiring 
surgery. These procedures, commonly performed through an open or laparoscopic 
approach, may be especially challenging in obese patients or males with a narrow 
pelvis. Transanal total mesorectal excision (TaTME) [1] and transanal ileal pouch- 
anal anastomosis (TaIPAA) [2] are innovative techniques whereby proctectomy is 
performed “bottom-up” through the anus. The advantage is that the transanal tech-
nique offers an in-line vantage point to the distal rectum—potentially improving 
surgical precision, oncologic outcomes, and functional outcomes while maintaining 
a minimally invasive approach. However, specialized training is required, and the 
learning curve is steep, with proficiency achieved at about 50 cases [3]. This proce-
dure is frequently performed with two teams—one abdominal team and one trana-
sanal team—each with a unique attending surgeon, surgical assistant/resident, scrub 
technician, back table set up, and video tower. There are various unique risks to a 
transanal proctectomy including a higher risk of urethral injury and CO2 air embo-
lism [4]. The complexity of case set up and multiple steps and equipment also pose 
a greater opportunity for human error. As a result, there is a tremendous opportunity 
for human factors methods to improve patient outcomes.
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 Case Study

Two colorectal surgery cases involving TaTME or TaIPAA are presented to help 
understand how human factors can help achieve high quality care—one yielding 
poor outcomes and another where things go well.

 When Things Can Go Wrong

A 52-year-old obese male with a T3N1 rectal cancer at 6 cm from the anal verge 
undergoes neoadjuvant chemoradiation and is referred for surgery. The patient 
seeks out a second-opinion surgical consultation 9 weeks post treatment. The case 
is presented at a multidisciplinary team conference; the patient is deemed an appro-
priate candidate for surgery and chooses to proceed with the second-opinion sur-
geon. The surgeon is trained and experienced in TaTME and recommends low 
anterior resection with coloanal anastomosis and diverting loop ileostomy using a 
two-team laparoscopic TaTME approach. In order to accommodate the patient 
within the standard 12-week post-radiation treatment window, the case is scheduled 
outside of the surgeon’s block on a different operating floor. The assigned crew is 
unfamiliar with the operation or set up.

On the morning of surgery, the surgeon finds the scrub nurse scrambling to pull 
the requested instruments. The room is not ready. The regular 3D endoscope used 
for the transanal dissection is not available, so the surgeon agrees to use a different 
camera instead. The patient is finally brought to the operating theater after a 
50- minute delay. The proctectomy, as anticipated, is challenging due to the low 
tumor and patient body habitus. The transanal surgeon encounters some bleeding 
during the anterior transanal dissection. The energy device, typically on standby in 
case of bleeding, is not in the room. There is only one scrub nurse assigned to the 
case and the circulating nurse has left the room to obtain a requested instrument. 
The anesthesiologist reports that he is unable to read an EKG rhythm. End-tidal 
carbon dioxide (ETCO2) has suddenly decreased. He thinks the patient is in asys-
tole. He calls a code-blue. The transanal surgeon releases insufflation in the rectum 
and asks the abdominal surgeon to do the same. He thinks this may be an air embo-
lism. A bradycardic rhythm returns. The abdomen and pelvis are packed with gauze 
and the patient is transported to the intensive care unit.

Analysis: The complexity of TaTME requires not only surgical expertise but also 
a trained team including a circulator and scrub technician. The surgery also carries 
specific nuances such as the risk of air embolism that were not communicated by the 
surgeon to the team. In this case, the short post-radiation treatment window resulted 
in a hurried scheduling of the patient outside of the surgeon’s block. The unfamiliar-
ity of the staff with the case and setup yielded delays and surgeon frustration. 
Surgeon frustration potentially resulted in a lack of preoperative communication 
with the anesthesiologist. There were staffing shortages and lack of case prepara-
tion. The culmination of these factors resulted in a poor outcome for the patient.
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 When Things Go Well

A 26-year-old female with ulcerative colitis is scheduled for IPAA.  A transanal 
approach is recommended for the proctectomy. The surgeon and assistant surgeon 
are trained in this technically challenging procedure. The nursing staff are familiar 
with the case, have all received specialized in-service training, and the case instru-
ments are picked the night before. The anesthesiologist has previously worked with 
the surgeon and is aware of the case complexity and nuances. He is prepared and 
aware of the risk of air embolism. The surgeon checks in for the case early and com-
municates with the nursing and anesthesia staff to assure needed equipment and 
anticipated problems are addressed. He notifies the anesthesiologist of the plan for 
an intraoperative laparoscopic tranversus abdominis plane block and asks the anes-
thesiologist to watch for lidocaine toxicity during its administration. Two scrub 
technicians are assigned to the case: one for the transanal and one for the abdominal 
dissection. A two-team TaIPAA is performed. During the proctectomy phase of the 
operation, the abdominal and transanal dissections must connect to dismount the 
rectum. The two teams, each consisting of a surgeon, resident, and scrub technician, 
work simultaneously to dismount the rectum and deliver it transanally. The ileal 
pouch is created and passed down to the transanal surgeon. The scrub notices on the 
video monitor that the pouch appears twisted and points this out to the surgeons 
who immediately address the problem and reorient the pouch. The case completes 
without complication.

Analysis: In this case, not only were the surgeons trained and experienced in this 
challenging two-team TaIPAA but also the nursing staff were well trained and pre-
pared. The case instruments were picked the evening prior to surgery and the operat-
ing theater was set up with the instruments and video towers placed according to the 
surgeon’s specifications. The surgeon performed a preoperative briefing with both 
nursing and anesthesia staff to assure needed equipment and specific nuances 
regarding the case were addressed. The scrub felt comfortable with the interper-
sonal dynamics and voiced concern over the twisted pouch, which was immediately 
addressed by the operating teams. The smooth flow of surgery and case outcome 
were heavily influenced by the team dynamic, communication, and workflow.

 How Can We Improve Complex Colorectal Surgery Using 
Human Factors Principles?

Colorectal surgery is a rapidly evolving field. Technological innovation has quickly 
transitioned the field from open surgery to one that has embraced a minimally 
invasive approach. With technological growth, the propulsion of technology into 
the operating theater has required surgeons and nursing staff to adapt and learn 
new techniques. The application of robotic technology in colorectal surgery is one 
example. While the application of robotic surgery has been thought of as generally 
safe and resulting in improved patient outcomes, various studies have identified 
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workflow interruptions and communication errors during robotic surgery as fac-
tors influencing surgical delays and potentially adverse events [5, 6]. One study 
by Catchpole and colleagues [6] evaluated the rate of flow disruptions and opera-
tive duration in 89 robotic surgical cases across various surgical specialties such 
as Urology, Gynecology, and Cardiac Surgery. Factors influencing flow disrup-
tions included various categories (Table 14.1). These disruptions may have been 
influenced by surgeon experience, surgical type, robot model, and patient char-
acteristics. A mean of 9.62 flow disruptions per hour (95% CI 8.78–10.46) was 
predominantly caused by coordination, communication, equipment, and training 
problems. Operative duration and flow disruption rate varied with surgeon experi-
ence (p = 0.039 and p < 0.001, respectively), training cases (p = 0.012; p = 0.007), 
and surgical type (both p  <  0.001). Flow disruption rates in the operative phase 
between patient arrival to the operating room and placement of ports were also sen-
sitive to the robot model and patient age. This data suggests that complex robotic 
surgery increases the opportunity for technological failures and the need for com-
munication among team members.

Table 14.1 Flow disruption definitions and examples

Categories Definitions Examples
Communication Any miscommunication that 

impacts surgical progress
Surgeon on console unable to hear 
bedside assistant, who has to repeat 
communication

Coordination Any lapse in teamwork to 
prepare for/conduct surgery that 
affects surgery flow

Surgeon always uses a specific piece of 
equipment, but staff fails to retrieve 
item prior to when it is needed during 
the surgery

External factors Any interruption that is not 
relevant to the current case or 
surgery

Surgeon receives cell phone call or text 
message

Training Any instruction by the attending 
surgeon to fellows, residents, or 
medical students

Surgeon instructing resident on where 
to place the ports

Equipment Any equipment issue that affects 
the surgery progress

Robotic instrument expires and has to 
be changed during the case

Environmental Any room condition that 
impacts the surgery progress

Music is too loud, making it difficult 
for staff to hear surgeon requests

Patient factors Any patient characteristic that 
impedes efficient surgery 
progress

Obesity making port placement difficult

Surgeon decision 
making

Any surgeon pause to determine 
next surgical step

Surgeon states he/she wants to identify 
the ureter before moving forward

Instrument 
changes

Additional robotic surgery 
instrument changes

Surgeon changes the arms in which the 
grasper and bipolar are located and 
changes them back after testing the new 
arrangement

Adapted from Catchpole et al. [6]
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Transanal total mesorectal excision is another form of surgical innovation in 
colorectal surgery. The procedure is technically challenging and carries a steep 
learning curve. From the surgical standpoint, creation of a proctectomy with bot-
tom- up surgery introduces a new vantage point, but with opportunity for wrong 
plane dissection. Instruments are different than those used in standard laparoscopy 
(a transanal access platform and continuous insufflation management system are 
required and two video towers are required). Thus, this technique requires formal 
surgical training and carries a steep learning curve similar to robotic surgery. From 
a nursing standpoint, the operation carries multiple steps, increased number of 
instruments to supply the abdominal and tranasanal dissection, and two surgeons 
working simultaneously may require two scrub technicians. Nursing training and 
preparation is important. Furthermore, one of the unique nuances of TaTME is the 
risk of CO2 air embolism. During TaTME, transanal high-pressure air insufflation 
can result in air embolism if venous bleeding is encountered during the anterolateral 
dissection of the rectum. Preoperative communication with anesthesia is necessary 
to alert and prepare for this risk.

In high-skill, complex operations such as in cardiac and transplant surgery, teams 
are created to help improve flow, communication, and outcomes. Within these 
teams, there is limited acceptance for team members to rotate in and out during an 
operation or to leave before the operation is complete. Teams also tend to be less 
hierarchical with more comfort and social equality among members. As a result, 
teams have better interpersonal communications and are able to learn the complex 
sequence of timed, coordinated procedures. The concept of a team is in contrast to 
a crew, which is composed of shift workers assembled on a rotating basis. A key 
aspect of a crew is the acceptance of new crewmembers who have limited experi-
ence as it is assumed that their limited procedure specific experience will have little 
negative impact on crew function. The downside, however, is that an exponential 
number of crew combinations are possible. This type of arrangement may be accept-
able in common, low-risk operations, but not in tense situations or technically 
demanding operations [6]. In a study evaluating this concept, surgical procedures 
were assigned a novel team familiarity score (FS), defined as the sum of the number 
of times that each possible pair of the team had worked together during the previous 
6 months divided by the number of possible combinations of pairs in the team [7]. 
FS was significantly associated with type and urgency of the procedure with the 
least familiar teams involved in emergency aortic procedures. FS was strongly asso-
ciated with length of procedure but not length of stay or complication rates. A sys-
tematic review of minimally invasive surgery cases evaluating the role of 
non-technical skills noted that fixed teams improved teamwork and patient safety 
across studies, while deficient planning and poor teamwork were found to obstruct 
workflow and increase errors [8]. TaTME is a technically demanding operation high 
in technology and requires such fixed teams to operate well.

Unfortunately, in the first case presented, the patient was added onto the surgical 
schedule separate from the surgeon’s typical operating block. As a result, an 
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untrained crew was assigned to the case rather than the trained team that the surgeon 
was familiar with. In addition, the surgeon expected the surgical setup and flow to 
run as if his typical team was working alongside him. It is understandable that at 
times, the team may be dismantled. In these cases, the surgeon can step up and take 
the initiative to train the available staff about the surgical nuances of a case. The 
surgeon coming in earlier than planned or connecting with the operating staff on the 
day prior to surgery to alert them about the technical nuances may have helped ease 
the unfamiliarity of the case, improve team communication, reduce team hierarchy, 
and allows a more collaborative approach to improve the outcome of the case. Better 
communication prior to the day of surgery may have also helped assure appropriate 
staffing.

The concept of a human factors approach may be novel in surgery but is stan-
dard in the aviation industry [9]. This culture change in aviation occurred in the 
1970s when several tragic accidents resulted in the realization that the technical 
skills of piloting an aircraft were insufficient to ensure safety; accidents were 
occurring for reasons beyond the pilot’s skillset. Crew Resource Management 
(CRM) was developed in aviation to address non-technical skills. Adoption of a 
less hierarchical framework in the operating room, adoption of a blame-free cul-
ture of error management, use of crewmember debriefings and checklists, and crew 
performance measurements are some examples of CRM that can be applied to the 
operating theater. The World Health Organization surgical safety checklist was cre-
ated with CRM principles in mind and has been shown to significantly reduce 
surgical morbidity and mortality. While the utility of a surgical time-out has 
become universally accepted, adoption of briefing and debriefing has lagged behind 
in surgical culture. In order for appropriate briefings to occur, the surgeon, anesthe-
siologist, circulator, and scrub should meet in the operating room before the patient 
is brought in. Each member discusses points that are important to them. For exam-
ple, the surgeon mentions whether the procedure is standard or if there are any 
special needs, the circulator would identify any medication on the back table, the 
scrub would assure that needed equipment are on the field or in the room, and the 
anesthesiologist would ask if there are any specific problems or concerns to be 
aware of. This type of briefing has been adopted in the Kaiser Permanente health-
care system [10]. A debriefing would then occur at the end of the case, whereby 
blood loss, complications, wound class, and factors that went right and wrong are 
discussed (Table 14.2).

In the second case, the team was trained and familiar with the operation, and the 
anesthesiologist had also previously worked with the surgeon. The group met before 
surgery to discuss specifics and case nuances. The scrub felt comfortable communi-
cating concern over the twisted pouch as there was little hierarchical structure. 
These factors all contributed to the superior outcome in this case.
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Lessons Learned/Personal Pearls
• Novel colorectal procedures like transanal total mesorectal excision may 

require complex operative setup and pose unique coordination and com-
munication challenges.

• Less hierarchical teams that work together frequently during complex 
cases are preferable to crews who are composed of rotating shift members.

• When untrained crew members cannot be avoided, surgeons can take an 
active role in training and communicating with staff prior to an operation 
to ensure safety and efficiency.

• In addition to a surgical time-out, adoption of briefing and debriefing time 
with the surgeon, anesthesiologist, circulating nurse, and scrub technician 
before and after the case will facilitate discussion on expected blood loss, 
complications, or other potential challenges.

Table 14.2 Example of a surgical briefing for transanal total mesorectal excision

Surgeon Circulator Scrub Anesthesia
ID patient
Realistic time estimate
Desired position
Expected blood loss
Special equipment (e.g., 
flexible sigmoidoscopy)
Special needs (matching 
of transanal and 
abdominal insufflation 
pressures)
Anticipated problems (risk 
of air embolism)
Any special intraoperative 
risks (e.g., bleeding—have 
vessel sealer available)
Special medications on the 
field (indocyanine green 
for fluorescence 
angiography; local 
anesthetic for TAP block)

ID patient
Allergies
Verify dose of local 
anesthetic for block
Verify that 
preoperative 
multimodal analgesia 
medications have 
been administered
Verify preoperative 
subcutaneous 
heparin administered
Verify blood 
available if needed

Verify all 
instruments 
opened or 
available
Any 
instrument 
missing
Any special 
instrument you 
may need

Type of anesthesia 
being used (plan to use 
rapid sequence in a 
patient with bowel 
obstruction)
Ask if any problem 
should be anticipated
Any special medication 
for pain control
Confirm if surgeon 
doing TAP block or 
anesthesia
Discuss plan to hold 
lidocaine drip used in 
the multimodal 
analgesia protocol due 
to patient history of 
cardiac arrhythmia

TAP transversus abdominis plane block
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15Identifying Opportunities to Improve 
Processes in Emergency General Surgery

Mehreen Kisat and Ali Salim

 Overview of Emergency General Surgery

The American Association for the Surgery of Trauma and the American College of 
Surgeons Committee on Trauma defined emergency general surgery (EGS) as a 
field in 2003. In the United States, EGS constitutes 7% of all hospital admissions 
and 850,000 EGS operations are performed every year [1, 2]. A recent study from 
the National Inpatient Sample defined seven emergency general surgery procedures, 
which account for 80% of the operative EGS burden [3]. These seven procedures 
include partial colectomy, small bowel resection, cholecystectomy, peptic ulcer dis-
ease, lysis of adhesions, appendectomy, and laparotomy. EGS patients are a unique 
subset of patients with higher rates of postoperative complications, mortality, re- 
admissions, and care discontinuity (Fig. 15.1) [4].

 Case Study

 Case #1

A 70-year-old male presented to the emergency department (ED) with complaints 
of abdominal pain for 48 hours. A CT scan was obtained in the ED, which showed 
free air and fluid likely due to a small bowel perforation. The emergency general 
surgery (EGS) team was consulted. Upon evaluation, the patient was in septic shock 
with peritonitis on physical exam. The patient was taken to the operating room (OR) 
urgently for an exploratory laparotomy. A safety pause that included all of the team 
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members in the operating room (surgery, anesthesia, scrub, circulator) was con-
ducted before the surgical incision. The team was unable to tell whether the patient 
had received pre-operative antibiotics in the ED or not. A decision was therefore 
made to administer antibiotics. A laparotomy was performed and there was signifi-
cant contamination of the abdomen due to a small bowel perforation. The patient 
continued to be hemodynamically unstable with escalating vasopressor require-
ments. This was not communicated clearly between the surgery and the anesthesia 
team. A bowel resection and anastomosis was performed. The patient received 
4 units of packed red blood cells and 2 units of Fresh Frozen Plasma (FFP), even 
though blood loss was noted to be minimal by the surgery team. At the end of the 
surgery, the patient had improved clinically from a hemodynamic standpoint, but 
still had metabolic acidosis and a base deficit. It was determined that the patient 
needed to go to the intensive care unit (ICU) postoperatively. However, the circulat-
ing nurse did not anticipate this and had requested a floor bed instead of an ICU bed. 
The team waited in the OR for the next 60 minutes while an ICU bed was arranged, 
and the patient was then transferred to the ICU.

Analysis: There was a lack of communication between the ED team and OR team 
regarding pre-operative antibiotics. Then the patient’s hemodynamic instability was 
attributed to blood loss and the surgery and anesthesia teams did not discuss the need 
for blood transfusions. The surgery team did not communicate the patient’s postopera-
tive disposition to the circulating nurse causing a delay in transfer to the ICU.

 Case #2

The EGS service was consulted on a patient with choledocholithiasis for chole-
cystectomy during hospital admission. The patient had already undergone an 

8x 50% 14% 1 in 5

EGS patients
are more

likely to die
after surgery

EGS patients
have care

discontinuity

Many have
postoperative
complications

Readmissions
are increased

Fig. 15.1 Summary of emergency general surgery outcomes. (Reference: PMID: 29657721)
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endoscopic retrograde cholangiopancreatography by the gastroenterology team, 
which revealed multiple stones in the common bile duct. The patient was evaluated 
and the surgery team recommended a cholecystectomy. An appropriate sign out 
was performed between the medicine and surgery team before proceeding to the 
operating room. This included discussion of the need for any additional work-up 
for pre-op risk stratification, timing of surgery to determine NPO status, and if and 
when prophylactic anticoagulation should be held. In the operating room, during 
the safety pause, the possibility of conversion to an open surgery was discussed as 
the patient had a history of a previous hysterectomy and right colectomy. The sur-
gery team discussed the necessary surgical instruments and retractors that would be 
needed in the event of an open operation. The circulating nurse made arrangements 
for the open cholecystectomy tray to be in the operating room. The team also dis-
cussed that the patient will be transferring to the surgery service postoperatively and 
a bed request for a bed on the surgery floor was established. Intraoperatively, there 
were significant adhesions and the critical view of safety for laparoscopic cholecys-
tectomy could not be obtained and the decision to convert to an open operation was 
made. The surgery team communicated this with the anesthesia team. All the neces-
sary equipment for an open cholecystectomy was in the room. After the conclusion 
of the operation, the patient was extubated and transferred to the recovery area. The 
patient went to the surgical floor postoperatively.

Analysis: Inpatient consultations require coordination and communication between 
the primary service and the EGS team for pre-op risk stratification, NPO status, and 
prophylactic anticoagulation. The surgery team discussed the plan for conversion to 
an open operation early and all the necessary equipment was present in the room. 
The disposition of the patient postoperatively was clarified and necessary arrange-
ments were made.

 Discussion of the Topic Including Human Factors

Institutional cultural norms and infrequent communication between the team mem-
bers in the operating room can compromise a patient’s safety in the operating room 
[5]. Implementation of the World Health Organization Surgical Safety Checklist 
(WHO SSC) has improved multidisciplinary communication practices and reduced 
morbidity and mortality in surgical settings [6–8]. This concept is borrowed from 
principles studied in the airline industry. The role of the checklist is to improve the 
completion of critical tasks, which have the potential of increasing risk or be life 
threatening if missed, at points where the detection of missed task is still possible 
[8]. The WHO Surgical Safety Checklist has three components to it. The first part 
occurs before the induction of anesthesia and is initiated by the anesthesia team and 
includes confirmation of the patient’s identity, procedure, and consent and site 
marking. The second part occurs before skin incision and is initiated by the surgery 
team. It focuses on introduction of all team members by name and role, patient’s 
identity, procedure and site of incision, and prophylactic antibiotics. The surgery, 
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anesthesia, and nursing teams voice any anticipated critical events at this stage. The 
third part occurs before the patient leaves the operating room and is initiated by the 
nursing team and includes confirmation of the name of the procedure, completion of 
count, and specimen labeling [9]. The WHO SCC should be implemented 100% of 
the time in the operating room.

In addition to the checklist tools, team huddle strategies in which everyone on the 
team pauses and focuses their attention on a common task has been shown to 
improve communication between the different team members [10]. None of these 
tools had previously been examined or tailored to the need of EGS.

Approximately 3 million patients are admitted to US hospitals each year for EGS 
diagnoses [2, 11]. EGS patients are a unique surgical population who are at higher 
risk of morbidity and mortality. Patients who undergo an EGS operation are more 
likely to die compared to patients who have the same operation on an elective basis 
[12–14]. Approximately 50% of the patients undergoing emergency general surgery 
develop a postoperative complication [15]. Additionally, 15% of the patients are 
readmitted to the hospital within 30 days of their index operation [16]. Identification 
of the seven procedures, which account for 80% of procedures, deaths, complica-
tions, and costs has been vital in establishing EGS benchmarks [3]. This work has 
enabled us to understand the factors causing high morbidity and mortality in EGS 
patients and develop interventions to improve them. We conducted a retrospective 
cohort study of all adult patients who underwent EGS at two tertiary academic hos-
pitals using the American College of Surgeons-National Surgical Quality 
Improvement Project database. We demonstrated that emergency general surgery is 
independently associated with high rates of intraoperative blood product transfu-
sion. EGS patients were twice as likely to receive high-intraoperative pRBC use and 
three times more likely to receive high-intraoperative FFP use [12]. This work 
enabled us to identify modifiable factors contributing to the excess morbidity in 
EGS patients.

Based on this work, our division developed an evidence-based surgical safety 
tool aimed at encouraging the use of huddle strategies focused on modifiable factors 
unique to the EGS surgical subspecialty. The EGS communication tool works as an 
adjunct to the WHO SCC.  Our communication tool was created through three 
phases: (1) identification of modifiable huddle points, (2) pilot testing, and (3) 
implementation of the tool in the OR. After demonstrating the feasibility of the EGS 
communication tool, we implemented it into all the operating rooms at our institu-
tion, and it is physically posted on the OR wall next to the WHO SCC in each OR 
[17] (Fig. 15.2).

In our practice, just before the surgical incision, in addition to the use of the 
standard WHO SCC, the EGS team acknowledges if the case is classified as an EGS 
procedure and verbalizes the anticipated postoperative disposition of the patient. 
Additionally, all the team members are encouraged to call a team huddle to discuss 
any concerns at any time. Use of the EGS communication tool in case #1 could have 
potentially prevented unnecessary blood transfusion in the patient by prompting the 
surgery and anesthesia team to have a conversation regarding the need for blood 
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transfusion. Additionally, even though the postoperative disposition might have 
been obvious to the surgery team, this was not translated to the OR circulating 
nurse. Discussing the potential postoperative disposition of the patient at the begin-
ning of the case would have prevented the delay in transfer to the ICU. Future work 
will identify the long-term effects of this tool implementation on EGS patient mor-
bidity and mortality.

Lessons Learned
• EGS patients are a vulnerable patient population. It is important to recog-

nize that EGS patients are at increased risk of morbidity and mortality 
compared to patients undergoing the same operation on an elective basis.

• An EGS communication tool can potentially improve intraoperative com-
munication and patient safety in this population.

Is this an Emergency General Surgery Case?

If yes:

Indication for need for blood poduct
transfusion

Change in patient disposition status

The patient’s anticipated post-operative
diposition status is to:

Team Huddle will be called by ANY member of
the OR team for ANY patient safety concerns
during the case inclusive of:

Fig. 15.2 The EGS communication tool (Reference: PMID 29907223)

15 Identifying Opportunities to Improve Processes in Emergency General Surgery
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16Human Factors in Surgical Oncology

Jessica S. Crystal and Alexandra Gangi

 What Is Surgical Oncology?

Surgical oncology is the area of surgery that focuses on the management of patients 
with cancer. The effective practice of this complex specialty goes beyond the con-
fines of the operating room (OR) and involves a multidisciplinary approach to the 
prevention, diagnosis, treatment, and long-term follow-up of these patients. The 
effective implementation of these practices requires a multidisciplinary team com-
posed of surgical oncologists, medical oncologists, radiation oncologists, patholo-
gists, radiologists, anesthesiologists, nurses, dieticians, physical therapists, 
technicians, pharmacists, palliative care physicians, among many other members of 
the medical community (Fig. 16.1). The goal of care is to prolong survival and alle-
viate suffering, while limiting the morbidity of administered treatments.

 Case Study

Case 1 A 45-year-old female was found to have abnormal calcifications in the left 
breast. Diagnostic mammogram and ultrasound confirmed this finding. The lesion 
was stereotactically biopsied and a clip was placed at the biopsy site. Pathologic 
evaluation showed a triple-negative (estrogen receptor [ER], progesterone receptor 
(PR), human epidermal growth factor receptor 2 [Her2/neu] negative), infiltrating 
ductal carcinoma. The patient had no clinical evidence of axillary nodal disease, and 
given her diagnosis, she was then taken for a segmental mastectomy with sentinel 
lymph node biopsy. The localized area was resected, and the margins were incor-
rectly labeled prior to going for pathologic assessment. The final pathology showed 
residual tumor in the segment labeled “lateral margin,” but this was actually the 
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medial margin. The patient was small breasted and the need for re-excision resulted 
in a large defect that was aesthetically unpleasing. The final pathology showed a 
triple-negative breast cancer measuring 1.3 cm in size with no evidence of nodal 
disease. The additional surgery delayed the start of adjuvant chemotherapy and 
radiation treatment. The patient developed a local recurrence 2  years later and 
required a completion mastectomy and additional systemic therapy.

Analysis: Excellent communication is imperative to management of cancer. 
When the pathologists reviewed the specimen, the segmental mastectomy looked 
similar on all sides and was not clearly labeled. Clear labeling and communication 
between the surgeon, nursing staff, technologists, and pathologists to appropriately 
analyze the specimen are necessary. Unfortunately, this error had far-reaching 
adverse effects, including the need for additional surgery, poor cosmetic outcomes 
that were potentially avoidable, delay of adjuvant therapy, and potentially a local 
recurrence because the appropriate margin was not excised. In turn, this small prob-
lem can unfortunately play a large role in the outcomes of these patients.

Case 2 A 52-year-old male was found to have a low rectal mass on colonoscopy. 
Diagnostic workup showed what appeared to be a T3N0 rectal cancer. The patient’s 
case was discussed at the institution’s multidisciplinary tumor board conference, 
and it was decided that the best course of action would be to proceed with neoad-
juvant chemotherapy and radiation prior to surgical resection. The patient received 
three cycles of folinic acid, fluorouracil, and oxaliplatin (FOLFOX), which was 
stopped early due to grade 3 toxicities, including sensory neuropathy and neutro-
penia. The patient also completed radiation therapy. Repeat imaging showed par-
tial response of the tumor to neoadjuvant therapy. The patient’s case was again 

Surgical
oncologist

Medical
oncologist

Radiation
oncologist

Pathologist

Radiologist
Palliative care

physician
Support

staff
Anesthesiologist

Patient

Fig. 16.1 Flowchart of multidisciplinary team
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 discussed at the multidisciplinary tumor board and the decision was made to pro-
ceed with surgery. The patient was taken to the operating room for a robotic assisted 
low anterior resection. As is standard in many cases, a surgical stapler was used to 
perform the resection and anastomosis. However, the stapler used in this particular 
case had expired and misfired. The anastomosis “donuts” were not intact, and there 
was a positive leak test. The anastomosis was oversewn and a diverting ileostomy 
was created. Despite oversewing of the anastomosis and diversion, the patient’s 
postoperative course was complicated by an anastomotic leak, requiring a return to 
the OR with resection of the anastomosis and placement of drains. The patient 
subsequently had a complicated hospital course and developed an abscess and 
required prolonged antibiotics. Additionally, he had persistently high output from 
the ileostomy, resulting in dehydration and electrolyte abnormalities. Unfortunately, 
the final pathology came back showing evidence of lymph node invasion (4/18) 
and residual disease in the rectum, but radial, proximal, and distal margins were 
negative. Due to the complicated postoperative course, adjuvant chemotherapy was 
delayed. On imaging 1 year postoperatively, the patient was found to have meta-
static liver lesions. Despite trials of chemotherapy, the patient succumbed to the 
disease the following year.

Analysis: Management of patients with cancer is complex and requires a multi-
disciplinary team approach to provide excellent goal-directed and evidence-based 
care. The operative complexity for many cancer cases is quite high and often 
requires high levels of intraoperative judgment, especially in the setting of a stapler 
misfire. Therefore, these cases should be performed by individuals with specialized 
training to perform these procedures safely and to the standards set out by the onco-
logic community.

 Applying Human Factors Concepts to Improve 
Surgical Oncology

When looking at the field of surgical oncology, it is quite similar to other fields of 
surgery; however, the pace at which treatments change in the field of oncology is 
much more rapid, and the complex treatment paradigms often require many differ-
ent modalities provided by physicians of different specialties. This includes a com-
bination of treatments, including surgery, systemic therapy (chemotherapy, targeted 
therapy, immunotherapy), and/or radiation therapy. The decision of whether or not 
to perform an operation or treat with any other modalities, or the timing of treat-
ment, should not be taken lightly, as many of these therapies unfortunately have 
their own morbidities. Furthermore, management of cancer patients is a long-term 
process. Many therapies are given over months to years, and only provide full 
impact when treatment is given in its entirety and on a timely basis. Following 
completion of treatment, surveillance is required to watch for local, regional, and 
distant recurrence, and this process requires longer-term follow-up when compared 
to follow-up in some other surgical sub-specialties. Given that the estimated number 
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of new cancer cases diagnosed in 2019 is approximately 1.7 million and the fact that 
cancer is the second most common cause of death in the US, exceeded only by heart 
disease, evaluating human factors to improve outcomes in these patients is essen-
tial [1].

 Communication

Due to the complexity associated with surgical oncology, it is not surprising that 
communication issues represent one of the more common challenges experienced 
by team members. In a 2003 study, researchers evaluated and improved communi-
cation effectiveness during patient care rounds in a surgical oncology intensive care 
unit (ICU) [2]. In this study, researchers developed a survey to evaluate how well 
team members (residents and nurses) understood the goals of therapy. During the 
pre-intervention period, less than 10% of the team members understood the daily 
goals of therapy and the daily tasks to be completed. In an effort to improve under-
standing, the authors developed a daily goals form designed to facilitate communi-
cation by requiring the care team to communicate and define the goals for the day. 
The daily goals form was completed during rounds on each patient, was signed by 
either the fellow or attending physician, and subsequently passed on to the nurse. 
After implementation of the goals form, over 95% of the team members reported 
understanding the daily goals. Moreover, after the intervention was implemented, 
ICU length of stay decreased significantly from an average of 2.2 days to 1.1 days [2].

 Training and Skill Development

The complexity of oncology surgery has been recognized in the scientific commu-
nity and should be performed by those with the appropriate expertise and special-
ized training. Evidence for this includes a systematic review performed by Bilimoria 
et al., which showed that in 25 out of 27 studies reviewed, specialized surgeons had 
better outcomes for cancer surgery than nonspecialized surgeons. This included 
improved mortality, long-term survival, and lower recurrence, in 6 out of 10, 20 out 
of 27, and 6 out of 7 studies, respectively [3]. This was also shown by the study by 
Skinner et al., in which patients operated on by surgical oncologists had improved 
5-year survival of 86% compared to 79% for patients treated by nonspecialized 
surgeons, even after controlling for both hospital and surgeon volume, as well as 
hospital, age, stage, and race [4]. These outcomes are likely a result of the treating 
physicians having been trained to routinely perform risk benefit analysis for particu-
lar cancer types and having a familiarity with navigating multimodality treatment 
plans and new paradigm shifts in care, which often include advanced techniques or 
new therapies. Of the many technologic advances adopted are the application of 
minimally invasive techniques, including laparoscopic and robotic surgeries, to 
oncologic operations. These techniques add another layer of complexity to the case, 
as advanced training is needed for both the surgeon and the rest of the operating 
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room staff to operate and maintain these devices. The benefit of these minimally 
invasive techniques for management of some cancers has been shown in some stud-
ies to be related to the use of these advanced technologies; however, these findings 
are not consistent in all studies. In Markar and Lagergren’s review of surgical and 
surgeon-related factors in managing esophageal cancer, they noted that the long- 
term survival benefits are actually more reflective of the surgeon’s skill-related fac-
tors than the different surgical approach to the case [5].

Training and skill development can be challenging for surgical oncology train-
ees. Notably, Lewis and colleagues maintain that there has been a decline in the 
training opportunities available for cancer surgery, primarily due to the limit on 
trainee work hours, developments in nonsurgical treatments for cancer, and innova-
tions in surgical technology [6]. The authors argue that because of these limitations, 
surgical oncologists must augment their training with nontraditional methods. One 
unique approach has involved the application of virtual reality (VR) simulation, 
namely in laparoscopic surgical training. VR simulation allows trainees to practice 
realistic procedures in a simulated and controlled environment. Moreover, previous 
research has demonstrated that VR simulation can significantly improve skills 
acquisition for surgical trainees [6].

 Coordination of Care and Multidisciplinary Teamwork

Another component of the highly specialized center is its coordination of care, 
partly as a result of regularly scheduled multidisciplinary meetings. In fact, these 
conferences are a requirement for the National Cancer Institute Comprehensive 
Cancer Center designation and the Commission on Cancer designation [7]. This is 
a result of research showing that these conferences positively impact the quality of 
care, as was shown in a systematic review of 27 articles, which found that patients 
who were discussed at these meetings were more likely to be accurately and com-
pletely staged preoperatively and have received neoadjuvant and adjuvant treat-
ment. Despite these benefits, the study unfortunately did not actually show any 
improvement in survival [8]. While less specialized and low-volume centers may 
have these meetings, their physicians are less likely to attend them [9].

 Efficiency

Crucial to the management of patients with cancer is the timing of diagnosis and 
treatment. When systemic issues result in a delay in diagnosis or treatment, as 
occurred in the aforementioned examples, there can be a profound impact on the 
patient. For instance, looking at the diagnostic side, the timing of delivery of a 
specimen from the operating room to the pathologist can be critical to assessing the 
molecular data of the specimen. The “cold ischemia time” from when the specimen 
is removed from the patient to when it is fixed in pathology is associated with sys-
tems factors, including communication from the physician to the OR staff about 
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what the specimen is, the transport time between the OR and the pathology suite, 
and appropriate handoff and transmission of that information to the pathologist ana-
lyzing the specimen. The importance of this handoff has been recognized in breast 
cancer regarding HER2/neu by the American Society of Clinical Oncology/College 
of American Pathologists (ASCO-CAP), who have strongly recommended fixation 
of tissue within 1 hour [10].

Unfortunately, delays in care and timing of surgery result in adverse outcomes, 
as shown by Mateo et al. in the National Cancer Database (NCDB) retrospective 
review of patients with noninflammatory, invasive breast cancer who had a decrease 
in survival after delay in surgical treatment [11]. Delays in chemotherapy are simi-
larly as troublesome, as shown in a meta-analysis of over 15,000 patients in 10 
studies, in which every 4-week delay in adjuvant chemotherapy after surgery 
resulted in a 14% decrease in overall survival [12]. Given that the current treatment 
for most malignancies involves multiple modalities, having repeat delays in care 
may be compounded and have a significant impact on the outcomes of these patients.

 Case Volume

Another factor associated with improved outcomes in cancer patients is the surgical 
case volume of the hospital at which the patient is treated. This is particularly the 
case when dealing with complex surgeries like a pancreaticoduodenectomy, as 
shown in the national cohort study by Birkmeyer et  al. In this study, Medicare 
patients who were cared for at centers with operative volume ranging from very low 
(<1/y) to high (5+/y) volumes were evaluated. Higher mortality rates were found to 
be significantly associated with very-low- and low-volume hospital centers com-
pared to high-volume hospitals (12% and 16%, respectively, vs. 4%, p  < 0.001) 
[13]. Other examples of the association of hospital volume to outcomes are shown 
in Table 16.1. It is likely that these outcomes result from multiple factors, including, 
but not limited to, better multidisciplinary care and pre- and postoperative supports.

The improved outcomes in high-volume centers extend to other treatment modal-
ities as well, including the administration of single- and multi-agent chemotherapy 
and radiation. David et  al. showed improved median overall survival in patients 
receiving multi-agent chemotherapy and radiotherapy for pancreatic cancer at high- 
volume compared to low-volume centers (14.3 months versus 11.2 months, respec-
tively [P < 0.001]) and academic versus nonacademic centers (12.1 months versus 
10.8 months, respectively [P < .001]) [24].

 Patient Factors and Communication

In discussing these scenarios, it is important to acknowledge that the factors impact-
ing surgical oncology do not just relate to the physicians’ role in care but may also 
have to do with patient issues. For instance, delay in initiation of chemotherapy in 
patients has been found to occur more commonly in patients with comorbidities or 
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with poor access to care [25]. This is further emphasized by Shapiro et al.’s retro-
spective study of early-stage, resectable pancreatic adenocarcinoma in the 
Surveillance, Epidemiology, and End Results (SEER) database [26]. In the study, 
the gold standard of care for patients with this stage of cancer was resection, and the 
resection rate varied depending on sociodemographic characteristics (race, ethnic-
ity, marital status, geographic location, and insurance status). This study also 
showed that cancer-specific survival differed by geographic location, even after 
adjusting for other relevant malignancy-related factors, with patients in the Pacific 
West (Hazard Ratio (HR) for death  =  0.706; 95%  confidence interval (CI), 
0.628–0.793), Northeast (HR for death = 0.766; 95% CI, 0.667–0.879), and Midwest 
(HR for death = 0.765; 95% CI, 0.640–0.913) having improved survival compared 
to those in the Southeast (all p < 0.001) [26]. Other disparities affecting outcomes 
in cancer patients are associated with race, as shown in the analysis of the SEER 
database by Shah et al., in which there were fewer surgeries offered and performed 
in African Americans compared with Caucasians (adjusted odds ratio (aOR) 0.88, 
95% CI 0.82–0.95; aOR 0.83, 95% CI 0.76–0.91, respectively). Even when surgery 
was recommended, African Americans were less likely to actually undergo surgery 
for their cancer (aOR 0.73, 95% CI 0.64–0.85) [27]. Additionally, in another study 
using the Netherlands Cancer Registry, patients were more likely to start their ther-
apy later if they were older than 65 years of age, had emergency resection, and/or 
had a prolonged postoperative admission [28].

As previously mentioned, the surgical oncologist participates in the care of the 
patient beyond the operating room. This involves participation in the prevention/
detection of the disease and the subsequent surveillance of the patient for develop-
ment of local and distant recurrences as early as possible so they have potential to 
still be controlled. An important component of surveillance is compliance with the 
diagnostic measures to detect disease. As shown in Standeven et al.’s retrospective 
study of stage II/III colorectal cancer patients who completed cancer treatment, 
compliance is imperfect, and only 49% of the patients complied with all of the diag-
nostic tools. This is despite the fact that majority of the recurrences (88.4%) were 
being detected using these tests [29]. The imperfect compliance is a result of factors 
on multiple levels. This includes policy-level barriers like not having an organized 
screening program or testing procedure. Provider-level barriers are a result of inad-
equate counselling by providers, long wait times for tests and patient visits, inade-
quate screening of risk factors, and poor communication. Patient factors include 
level of education, literacy, income, perception, and cultural values, among other 
factors [30].

Levinson and colleagues discussed effective ways to develop physician commu-
nication skills for patient-centered care [31]. Patient-centered communication has 
been found to improve clinical outcomes in cancer management by having a posi-
tive impact on many of the factors described earlier, such as adherence to recom-
mended treatment and self-management of chronic disease [32]. In an effort to 
improve communication, Nestel and colleagues developed an advanced surgical 
oncology communication program [33]. The program involves focusing on patient- 
centered communication and interprofessional communication. Patient-centered 
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communication training involves a review of patient assessment skills like technical 
elements of communication and structural approaches to interactions. Trainees 
would learn how to collect biomedical and psychosocial information, explore 
patient feelings and expectations, acknowledge the patient/family’s context, and 
develop a shared management plan. Additionally, they would learn how to address 
barriers to patient-centered communication, practice information-giving skills (e.g., 
explaining risks, describing treatments, and delivering bad news). Interprofessional 
communication training involves reviewing strategies for conducting effective 
handoffs, patient assessments, and patient care planning. Trainees would also learn 
how to run team meetings, review human factors, perform individual and team 
appraisals, and deal with team conflict.

Overall, bringing attention to human factors issues associated with surgical 
oncology is important in improving the outcomes of patients. Providers and patients 
need to continue to learn from their experiences to optimize their future.
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 Case Study

A 79-year-old female developed septic shock from a urinary tract infection that 
required multiple vasopressors to support her blood pressure. Her course was com-
plicated by bilateral foot ischemia that would require below-the-knee amputations. 
The orthopaedic surgery team was consulted, and the plan was made to amputate 
the right foot. Since the patient was sedated and intubated, her husband consented 
to the right below-knee amputation. During morning rounds on the day of surgery, 
a resident thought the plan was to amputate both legs, so he wrote a big ‘yes’ on 
each thigh. Later in preoperative area, the attending marked the patient’s right calf 
with a big yes without noticing the yes that was higher up. When the patient was 
rolled to the operating room (OR) and transferred to the operating room table, the 
circulating nurse saw that the left thigh was marked, and so he prepped the left leg 
rather than the right. When the attending entered the room, he noted the prepped leg 
and scrubbed in preparation for the amputation. A timeout was conducted, which 
stated that the right below-the-knee amputation was going to occur, and the attend-
ing stopped the case. A huddle was conducted to determine the correct procedure. 
The patient was prepped again for a right below-the-knee amputation and the case 
was reported for review.

 Overview

The move towards value-based payments has prompted recent interest in human 
factors research in general and orthopaedic surgery. Value is defined as quality/costs 
and addressing both the numerator and denominator is critical for success in the 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-53127-0_17&domain=pdf
https://doi.org/10.1007/978-3-030-53127-0_17#DOI
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developing paradigm. The operating rooms account for up to 40% of hospital costs 
and generate 70% of hospital revenues [1]. Thus, improving operating room effi-
ciency is critical to hospitals’ financial stability. At the same time, indiscriminately 
reducing resources to save money can affect quality. Improving value for orthopae-
dic procedures is particularly important since Medicare expenditures for total joint 
arthroplasty are substantial and Centers for Medicare & Medicaid Services (CMS) 
has mandated bundled payments for total joints in many markets across the country. 
Consequently, the bulk of orthopaedic human factors research has focused on 
improving value in operating rooms either through improving quality by avoiding 
harm or decreasing costs by improving efficiency. Although there is a great deal of 
literature regarding operating room efficiency, in general, there is relatively little 
focusing on orthopaedics directly. This chapter will review the literature surround-
ing these efforts.

 Safety

Even before the current interest in value, surgeries performed on the wrong site or 
on the wrong patient were recognized as a problem particularly in orthopaedic sur-
gery. The problem was first documented in 1988 by the Medical Defense Union in 
the UK and, subsequently, in 1993, by the Canadian Medical Protective Association. 
The data prompted the Canadian Orthopaedic Association to review the problem 
and ultimately to adopt an initiative to ‘Operate Through Your Initials’ [2].

In 1997, the American Academy of Orthopaedic Surgeons (AAOS) organized a 
task force to examine the problem. Working with data from malpractice insurance 
providers, the task force estimated that the average orthopaedic surgeon had a 25% 
chance of preforming a wrong-site surgery at some point in his or her career. Based 
on their findings, the task force recommended a ‘Sign Your Site’ programme, and 
the AAOS adopted the recommendation in 1997 [3]. In 2000, the Institutes of 
Medicine report, To Err Is Human, drew attention to medical errors and generated 
even greater interest in preventing wrong-site surgeries. As a result, in 2004, the 
Joint Commission introduced the Universal Protocol and required its use for accred-
itation. The protocol standardized perioperative protocols for proper patient identi-
fication, surgical site marking and a timeout procedure prior to incision [4]. Despite 
these advances, there has been little research looking at this human factors 
problem [5].

The term wrong-site surgery literally refers to surgeries performed at the wrong 
anatomic location. However, the term is generally used to include surgeries per-
formed on the wrong patient and incorrect procedures. The true incidence of wrong- 
site surgery is unknown and is likely much higher than official reports. The Joint 
Commission considers wrong-site surgery a sentinel event, but reporting is volun-
tary. From 2004 to 2013, a total of 1,037 wrong-site surgeries were reported to the 
joint commission. However, since reporting is voluntary, the Joint Commission 
believes this number underestimates the total [4]. The most accurate and complete 
data on wrong-site surgery come from the Pennsylvania Patient Authority. In 2004, 
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the authority mandated the reporting of wrong-site events and has provided annual 
reports and analysis since that time. Since 2004, 731 cases were reported. A total of 
59% of wrong-site procedures were procedures performed on the wrong side, with 
nerve blocks making up the bulk of these cases. Wrong anatomic site procedures 
made up 32% of the reported cases, and the wrong procedure was performed in 9% 
of the cases [5]. Overall, the number of wrong-site surgeries in Pennsylvania has 
decreased since 2004, but since the denominator is not known, it is difficult to know 
if this represents true improvement. There continues to be at least one wrong-site 
procedure reported each week in Pennsylvania [5]

Despite the intense interest in medical errors and wrong-site procedures, there is 
little evidence that we are making headway and almost no human factors research 
examining the problem. There is no scientific data demonstrating that universal pro-
tocols and sign your site initiatives decrease the rates of wrong-site surgery, and the 
numbers are hard to interpret. It is difficult to determine the true incidence, not only 
because of underreporting but also because the denominator of potential cases 
where wrong-site surgery might occur is difficult to determine. In addition, wrong- 
site surgeries are sufficiently rare to require huge number of accurately reported 
cases to show a statistically significant reduction in occurrence [6].

In 2007, Clarke et  al. reviewed data collected by the Pennsylvania Safety 
Authority to determine factors contributing to wrong-site surgeries. Wrong-site sur-
geries were divided into four categories: (1) errors not reaching the patient, (2) 
errors reaching the patient but not violating the informed consent, (3) initiated but 
aborted procedures and (4) completed wrong-site procedures. They identified 427 
reports of wrong-site surgery in the PA_PSR database over a 30-month period. 
Overall, 239 cases were reported as near misses, and errors were corrected prior to 
procedure initiation. Of the 188 cases that got past the initial screening procedures, 
30% were corrected after initial imaging studies, 18% were corrected after the pro-
cedure had started and 44% were never corrected. Based on their analysis, they 
suggested that a single timeout just prior to surgery inadequately guarded against 
wrong-site surgeries. In their series, 21 wrong-site procedures occurred despite 
adequate timeout processes, and 12 of these resulted in completed wrong-site pro-
cedures. Similarly, preoperative marking was not always effective as 17 incorrect 
markings were corrected with an extensive verification process prior to surgery. In 
10 cases, markings did prevent wrong site errors, but accurate site marking failed to 
prevent wrong-site procedures in 16 cases, and in 6 cases, correct marks were not 
noticed until after the procedure was completed [6]. They also noted that patients 
often misidentified the surgical site. Moreover, they suggest that preventing wrong- 
site surgery requires verification at multiple steps in the process, beginning with 
accurate information from the surgeon’s office that accompanies the patient and can 
be reviewed at each step in the process. Ultimately, the surgeon must be engaged in 
the process [6].

There has been much recent interest in checklists to improve safety and effi-
ciency. Again, however, there has been little work specific to orthopaedic proce-
dures. Surgical checklists are designed to reinforce accepted safety procedures to 
minimize human error in busy operating rooms. In addition, they are thought to 
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facilitate communication, enabling all members of the team to speak up when some-
thing is amiss. The World Health Organization (WHO) Surgical Safety Checklist is 
a high-level example and is meant to address safety at three distinct stages: ‘sign in’ 
(before anaesthesia), ‘time out’ (before incision) and ‘sign out’ (at completion). In 
2004, the Joint Commission on Accreditation of Healthcare Organizations enacted 
The Universal Protocol with a ‘timeout’ prior to incision and a standard checklist to 
ensure the timeout covered the appropriate material [7].

The Safe Surgery Saves Lives Study Group evaluated a 19-item surgical safety 
checklist based on the WHO’s Guidelines for Safe Surgery. The study included 
eight hospitals from around the world. The hospitals and patient populations were 
diverse, representing both developed and developing nations. Overall, there was a 
significant drop in inpatient complications from 11% to 7%, which they attributed 
to the introduction of the checklist. Although the evidence for improvement was 
robust, the mechanism for this improvement was less clear. The checklists were not 
consistently effective. Before the introduction of checklists, the six safety elements 
evaluated were preformed 34% of the time. After the safety list introduction, the six 
elements were performed 56% of the time. Multiple factors, including the Hawthorne 
effect, may have contributed to the improved outcomes. Nevertheless, checklists did 
increase adherence to appropriate preoperative antibiotic administration from 56% 
to 88% and could easily explain a decrease in post-operative infections [8]. In a 
more rigorous study of checklists, Haugen et al. found that the introduction of surgi-
cal checklists substantially improved adherence to best practices. In a study of 3,702 
procedures, including a substantial volume of orthopaedic procedures, they found 
that high-quality implementation of checklists significantly improved warming 
blanket use and the appropriate use of antibiotics, and could have contributed to a 
decrease in infections and blood transfusions to these process improvements [9]. 
Moreover, it does appear that surgical checklists can improve outcomes by improv-
ing processes. Nevertheless, for checklists to be effective, it is essential that they are 
taken seriously and are more than a written task [7].

 Operating Room Efficiency

There has been a great deal of interest in improving OR efficiency. [1] Part of this 
effort has included an interest in applying quality improvement methodologies 
developed and proven successful in other industries to healthcare [1]. Nicolay et al. 
conducted a systemic review to elucidate the use of these methodologies in health-
care. For this review, they identified only 34 empirical studies in the peer-reviewed 
literature that evaluated hospital-based surgical patients, described a named quality 
improvement methodology and had appropriate statistical methods. There was only 
one randomized controlled trial and, unfortunately, no studies evaluating orthopae-
dic procedures. There were nine Continuous Quality Improvement studies, five Six 
Sigma, five Total Quality Management, five Statistical Process Control or Statistical 
Quality Control, five plan-do-check-act or plan-do-study-act, and one Lean Six 
Sigma. In general, the review suggested that these methodologies can be used to 
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reduce infection rates and improve operating room efficiency. However, the data 
quality was suboptimal. Time periods covered by the studies were variable, and 
most described continuous improvement efforts not accounting for the multiple 
other changes that might have occurred during the study periods. In most cases, the 
positive results could have resulted from a Hawthorne effect, with improvements 
resulting simply by engaging staff. Moreover, there is room for more rigorous eval-
uation of these methodologies, especially in orthopaedic surgery [10].

Even though the literature has not been extensive, orthopaedic procedures are an 
important profit driver for hospitals and consequently have received some attention. 
The demand for hip and knee arthroplasties has been increasing, but reimburse-
ments have been decreasing, thus driving the need for increased efficiency to main-
tain margins [11]. Addressing OR efficiency is a true human factors problem, but a 
complex one. In a project to improve OR efficiency for arthroplasty cases, Attarian 
et al. improved on-time starts from 60% to 90% and turnovers from greater than 
60 minutes to 35 minutes. Process analysis prior to intervention identified multiple 
human factors leading to inefficiencies. Patient, nurse, surgeon, anaesthesiologist 
and support staff factors, as well as process difficulties and instruments issues, all 
contributed to the problems [11].

The common characteristics among successful OR efficiency improvement proj-
ects are high-level institutional support, careful and extensive analysis of existing 
processes, and involvement and buy-in from all stake holders. These three factors 
are interdependent. The institution must commit to the effort and provide the exten-
sive resources necessary for analysis and project management. Busy clinicians and 
clinical staff cannot be expected to provide the in-depth analysis necessary for suc-
cess and do not have the time or background to manage the project. Extensive analy-
sis usually demonstrates that the problems are multifactorial, and addressing one 
component of the problem is rarely successful. Finally, providing stakeholders with 
the in-depth analysis eliminates the common perception that one part of the team is 
to blame and allows all stakeholders to work together towards a common goal.

The successful project described earlier begins with a detailed analysis to under-
stand the starting point [11]. This required an interdisciplinary assessment team of 
surgeons, anaesthesiologists, OR nurses, support personnel, sterile processing, post- 
anaesthesia and intermediate care, and hospital administrators. The project was led 
by hospital personnel trained in Six Sigma techniques. They conducted extensive 
real-time analysis of patient flow and OR processes, developed process flow maps 
and presented the data to the multidisciplinary efficiency team. Only then, with the 
engagement of all stakeholders, did they begin to design strategies to address the 
multiple issues [11]. A successful effort at the Mayo Clinic followed a similar 
model. The first step in the project was to develop detailed process flow maps and 
to engage a multidisciplinary team [12]. These efforts require a great deal of time 
and are resource intensive, but they are critical to success. Einstein said, ‘If I had 
only one hour to save the world, I would spend fifty-five minutes defining the prob-
lem, and only five minutes finding the solution’ [13].

The Mayo Clinic in Florida took a different approach to improving OR effi-
ciency. Most OR efficiency projects have worked to increase throughput by 
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eliminating waste and improving processes. The Mayo Clinic addressed the prob-
lem by managing the flow of surgical patients into hospital and operating rooms. 
Other industries predict demand and optimally manage flow to provide consistent 
service. These efforts depend on understanding and managing variability. To address 
the problem of flow, they did an extensive analysis of emergent, urgent, semi-urgent 
and elective cases to understand variability. They created mathematical models to 
predict flow with various scenarios and picked the best. They then rearranged sur-
geon block time and case type to optimize flow. It is important to note that these 
changes were made without regard to surgeon schedules or preferences. All changes 
were made to optimize flow. They were successful from the hospital’s perspective. 
Surgical volume increased 4%, overtime staffing decreased 27%, same-day sched-
ule changes decreased 70% and net operating margin improved 28%. Despite this 
success, the authors note a critical consideration. A huge culture shift was necessary 
to implement this model. Typically, hospitals schedule cases to accommodate the 
surgeon. The Mayo model forced surgeons to compromise for the financial benefit 
of the hospital. During implementation, the resulting tension between the hospital 
and the surgeons became intense, and it is easy to image how similar efforts could 
destroy moral and drive surgeons away [14]. Moreover, culture is a human factors 
component that should not be underestimated. There are aspects of surgical culture 
in general that make process improvement projects difficult, and each institution has 
cultural aspects that make cookie-cutter solutions impossible.

 Resident Training

Another human factors problem to consider is our traditional model for resident 
education. Pugely et al. studied the effect of resident participation on 66,817 ortho-
paedic cases using the American College of Surgeons National Surgical Quality 
Improvement Program data set. They studied six orthopaedic procedural domains, 
including total joint arthroplasties, revision total joint arthroplasties, advanced 
arthroscopies, lower extremity traumas and spine arthrodesis. Although resident 
involvement did not increase mortality, it did increase the odds of complication for 
revision total joint arthroplasty, lower extremity trauma and spine arthrodesis. 
Operative time was greater with resident involvement in all procedural domains 
[15]. There is some hope that surgical simulation will mitigate this problem, but 
there is limited evidence that this is the case. Frank et al. reported a systemic review 
of arthroscopic training models, finding 19 articles meeting inclusion criteria. A 
total of 12 articles examined experience levels with simulator performance, and all 
found a positive correlation. Six studies found improvement after training. A single 
study commented on operating room performance [16]. Howells et al. evaluated the 
effectiveness of simulator training on the ability of surgical trainees to perform 
diagnostic arthroscopy of the knee. Twenty junior residents were randomized to 
either receive simulator training or not, and their performance in the OR was evalu-
ated by blinded consultants. The simulator-trained group performed significantly 
better than the untrained group. (17) Moreover, as noted above, the negative 
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consequences of resident involvement occurred with open procedures, not arthros-
copy, and there is no literature evaluating the effectiveness of simulator training for 
open orthopaedic procedures [15].

In summary, there is little human factors research specific to orthopaedics. Most 
studies are related to OR efficiency and safety, but, most often, orthopaedic proce-
dures are included in a general analysis of OR process for all procedures. Hopefully, 
the importance and prevalence of orthopaedic procedures will stimulate further 
research. Wrong-site surgery remains a major concern in orthopaedics, and contin-
ued research is necessary to mitigate this problem. Orthopaedic procedures, espe-
cially knee and hip arthroplasty, are important hospital profit centres, but with 
decreasing reimbursements, improvements in the human factors problem of OR 
efficiency is critical for the financial health of our hospitals. Finally, human factors 
research into safer and more effective ways to train our residents is essential.
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 Case Study

A 12-year-old male sustained a crush injury to his lower limb due to a strike by a 
motor vehicle at a high rate of speed that pinned him against a fixed object. After a 
short response time from the Emergency Medical Services (EMS), with an unknown 
amount of blood loss at the scene, he was taken to the nearest trauma center. At the 
initial institution, he was determined to have an isolated injury to the proximal lower 
leg with diminished pulses but intact sensation and movement in the ipsilateral foot. 
Studies from the initial institution included a hemoglobin level of 14 g/dL; plane films 
demonstrating a comminuted, open, posteriorly displaced proximal tibia and fibula 
fractures; and a computed tomography (CT) angiogram revealing extravasation of 
contrast at the infrapopliteal arterial trifurcation with two-vessel runoff. His vital signs 
and cognition were recorded as normal prior to transfer to the second institution.

Information for transfer was transmitted via the receiving institution’s communi-
cation center and included the mechanism of injury and the clinical, laboratory, and 
radiographic findings at the referring center. Initial EMS documentation was not 
provided in the materials accompanying the patient in transfer. Transport was exe-
cuted by the receiving hospitals team, consisting of pediatric transport nurses.

At the receiving institution, a level 2 trauma activation was initiated based upon 
a preexisting protocol for transfers from other trauma centers, independent of mech-
anism of injury. The patient was met by a senior surgical trainee, emergency depart-
ment trainees and attending physician, and trauma team nurses and technicians. The 
child was documented to have an isolated injury on physical exam and normal vital 
signs for age. A repeat hemoglobin revealed a lower value of 10.6 g/dL. No coagula-
tion studies, type and screen or type and cross, or other salient laboratory or radio-
graphic tests were obtained. After review of the plain films, an orthopedic consult 
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was obtained, and the orthopedic team elected to take the child to the operating 
room. The attending trauma surgeon was not informed of the plan to proceed imme-
diately to the operating room, and the supervising trainee was neither aware of the 
contrast extravasation demonstrated on CT angiography nor the change in serum 
hemoglobin. Intravenous fluids were administered at maintenance rate and appro-
priate antibiotics were given.

The attending pediatric anesthesiologist was informed that the child had a com-
plex, open bony repair in need of urgent repair, but that the child was “hemodynami-
cally stable.” The finding of the hemoglobin level at the receiving institution and 
plain films were relayed to the anesthesiologist, but prior laboratory findings as well 
as the results of the CT angiography were not discussed. At the time of induction of 
anesthesia, the care team included the attending and resident anesthesiologists, cir-
culating nurse and technician, and the orthopedic team. There was no evidence of 
ongoing external blood loss.

Upon induction of anesthesia, the child became profoundly hypotensive. The 
anesthesiologist responded with intravenous epinephrine, recheck of the serum 
hemoglobin (7  g/dL), directing a call to the blood bank to obtain type-specific 
blood, perform a chest radiograph (normal), and a call to the pediatric intensivist to 
perform a focused abdominal sonography for trauma (normal). After a successful 
hemodynamic resuscitation and determination that there were no other foci of blood 
loss, a vascular surgeon and the orthopedic surgeon jointly completed definitive 
vascular repair and fixation of the bony injuries with return of normal distal blood 
flow. The patient had an uneventful postoperative course.

 Analysis

 Identifiable Human Factors Issues

Manifestly, this case illustrates errors of communication, judgment, resource alloca-
tion, and preparation that combined in what Reason has labeled a “swiss cheese” 
model. Taken temporally, these may be characterized as follows:

 1. Information relay between institutions and clinicians: While the discussion 
between providers in a transfer phone call should, ideally, relay all relevant clini-
cal information, set context, and establish priority, it is clear that this did not 
occur. Despite an attempt to provide the correct data, the receiving clinician 
appears not to have noted or prioritized the finding of a normal initial serum 
hemoglobin and the angiographic findings of contrast extravasation. Furthermore, 
the lack of EMS paperwork may have contributed to a lack of understanding of 
the severity of injury. The serial transmission of information from EMS to initial 
trauma surgeon followed by interpretation from the referring to the receiving 
surgeon apparently failed to communicate the energy transfer, total time from 
injury, and external blood loss at the scene.

 2. Trainee experience and judgment: The senior resident who accepted the patient 
transfer appears to not have registered the significance or, perhaps, presence of 
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the vascular injury. As a consequence, the individual was presumably inattentive 
to the findings of diminished distal pulse quality on examination as well as the 
4 g/dL drop in serum hemoglobin between the two institutions. This gap led the 
trainee to believe that this was an “isolated orthopedic injury,” which did not 
warrant either notification of the trauma attending or trauma team participation 
in the operative procedure.

 3. Secondary and tertiary communications: Having determined that the injury 
only required orthopedic intervention, the trainee relayed truncated information 
to both the supervising trainee and the attending anesthesiologist. Neither of 
these individuals inquired as to whether the hemoglobin level had changed, was 
cross-matched blood available, and was there any consideration of vascular 
injury. In addition, no conversations were held to explicitly transmit how the 
central nervous system (CNS), spine, and abdomen had been evaluated.

 4. Preparation: Though the patient was known to be headed for a complex surgi-
cal procedure in the early morning hours, numerous potential risks that could 
have been constrained were unrecognized by all parties. First, failure to com-
municate to the most senior trauma clinician eliminated the option for timely 
input of the most experienced, responsible individual. Second, explicit clearance 
of other major body areas as potential sources of bleeding would have eliminated 
the delays and confusion when the patient’s physiology unexpectedly deterio-
rated in the operating room. The clinicians extended an institutional policy 
regarding screening methods for abdominal injury in children who are not under-
going operation but who may have serial examinations to the current circum-
stance. However, the inability to re-examine the abdomen and the lack of reliable 
preoperative imaging created a void in knowledge that contributed to confusion 
and delay. Third, failure to organize appropriate blood products for a significant 
injury with large potential for blood loss led to additional delays and substitution 
of less optimal therapies. Fourth, failure to recognize the need for an attending 
surgeon with vascular experience and the value of trauma team participation in 
emergency trauma operations was a judgment error.

 5. Explicit emergency communication protocols: In the absence of an explicit pro-
tocol for communication of a substantive change in patient status, the anesthesi-
ologist had to direct communications to multiple departments while continuing 
to manage the patient. Had a trauma team member been present, either by policy 
or as a behavioral norm, he or she would have assumed responsibility for these 
matters. In the absence of their presence, explicit communication to the operat-
ing room team of a responsible trauma team member to contact in the event of 
such a change would have also streamlined care, eliminated confusion over data, 
and expedited marshalling of resources.

 Background

Though human factors have been extensively researched in medicine and, more 
recently, in surgery, there is a dearth of information in pediatric surgery. To a signifi-
cant degree, this reflects both the nature of pediatric care as well as its relatively 
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small share of the medical cost structure. Indeed, similar disparities may be found 
between adult and pediatric research with respect to pharmacology and other thera-
peutics, randomized clinical trials, and value-based comparative studies. The vast 
majority of pediatric disciplines frequently rely upon off-label approaches such as 
the application of medicines tested only in adults, clinician experience and opinion, 
and small studies. Moreover, surgical safety systems, such as operative “time-outs,” 
have largely been developed within Adult care and their effectiveness within pedi-
atric surgical disciplines have not been studied adequately.

Despite the paucity of data and experience with human factors research in chil-
dren, there is reason to believe that this will have similar impacts. Avoidable adverse 
clinical events are increasingly recognized to be due to one of several factors: (1) 
variability of human biological response; (2) limitations of current knowledge and 
science; and (3) human errors. While the impacts may be more evident and even 
severe in adults due to comorbidities, complexity of illness, and large numbers of 
patients, it is likely that the cognitive errors, systems failures, and group dynamics 
that are at play in adults also affect children.

 Heuristics

A heuristic approach to clinical care employs the commonly used practical method 
not guaranteed to be optimal or perfect, but sufficient for the immediate goals. In a 
thorough review of human cognitive processing, “Thinking Fast and Slow,” Nobel 
Laureate Daniel Kahneman describes the automaticity of human behavior [1]. In 
particular, he focuses on heuristics, algorithmic responses to circumstances of 
uncertainty, which may be adaptive or maladaptive. Examples include anchoring, 
availability, substitution, optimism and loss aversion, framing, sunk cost, and over-
confidence. He notes a long history of psychology research, demonstrating that edu-
cated persons are no less subject to these cognitive errors and, in the specific case of 
physicians, may be more likely to demonstrate overconfidence and underestimate 
the role of chance. Though not addressed in Kahneman’s work, it is reasonable to 
assume that surgeons caring for children are no less likely to manifest these limita-
tions. Indeed, it may well be that the relative void of high-value scientific data in the 
field may well be filled by heuristics and assumptions with potentially deleterious 
effects.

However, action under circumstances of uncertainty is a necessary component of 
pediatric care in particular. Many patients are unable to communicate at all, while 
others lack the cognitive or communication skills to inform clinicians’ decision- 
making. The “adaptability” of clinicians in such circumstances may be protective 
against error [2]. Indeed, Reason has labeled this function as “requisite imagina-
tion,” wherein individuals may employ prior knowledge, experience, and observa-
tions to reach reasonable conclusions [3]. These authors go on to suggest that a 
temporospatial community of clinician knowledge (physician, nursing, technician) 
is potentially protective. Certainly, the prevailing belief among clinicians has gener-
ally been that the “wisdom of experience” combined with the intellectual and social 
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controls of the clinician community should be optimal. Manifestly, however, error 
rates associated with human factors issues remain excessive. Based on the work of 
Kahneman and other research psychologists, pediatric care and medicine, in gen-
eral, may need to revisit other means to address human factors beyond bolstering 
traditional views of the value of individual or collective clinician judgment.

 Associated Disciplines

 Pediatric Anesthesia

It is impossible to address matters of pediatric surgical care and human factors with-
out an examination of the role of pediatric anesthesia. Though this is a discipline 
that has existed as a de facto sub-specialty for decades, it was only recently granted 
specialty certification by the American Board of Anesthesia. In addition, highly spe-
cialized training has emerged for congenital heart surgery, regional/pain, and others. 
Nevertheless, sub-specialty Board certification is sufficiently new that the majority 
of pediatric anesthesia providers, both physician and nurse anesthetist, do not have 
accredited fellowship training in the discipline.

The diverse type of providers, their training and experience, and the resources 
that are available to promote safety are highly variable. In a study from Birmingham, 
England, researchers retrospectively examined adverse anesthetic events in the 
pediatric operating room of a major children’s hospital. Human factors were deter-
mined to have contributed to 42.5% of events including, “errors in judgment 43%, 
failure to check 17.8%, technical failures of skill 9.2%, inexperience 7.7%, inatten-
tion/distraction 5.6% and communication issues 5.6%” [4]. The authors’ findings 
suggest ample opportunity for improvement of pediatric surgical care through the 
improvement of human factors in anesthesia services.

 Pediatric Intensive Care

Critically ill pediatric surgical patients are frequently cared for by a combined team 
of intensive care and surgical clinicians. In a study from Great Britain, researchers 
noted that children were more than twice as likely to suffer adverse impacts from a 
medication error as adults [5]. The pediatric ICU environment suffers from a medi-
cation error rate between 11% and 18% [6, 7]. A recent study using Hierarchical 
Task Analysis and practitioner interviews based upon Reason’s “Swiss Cheese” 
model recognized 30 sub-tasks that are essential to safe prescribing [8]. The 
researchers identified cognitive stress, distraction, fatigue, time pressure, perceived 
low value of diligence, lack of pediatric-specific pharmacological information, dis-
regard for protocols and guidelines, and hierarchy as significant human factors.

Reason described three types of organizational control processes to promote safe 
systems performance in high-risk environments—administrative rules, policies and 
procedures, social norms, and self (a personal understanding of what is safe and 
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what is not) [7]. However, Sutherland et al. observed that “administrative controls 
are poorly designed and inaccessible, and lacking information to support knowledge- 
based behaviours. Thus, only social controls are available to mitigate prescribing 
errors…” [3] Strategies to mitigate fatigue, promote task focus and minimize dis-
tractions, automate safety checks, and build sub-task articulation and simplification 
may have value across many pediatric clinical domains.

 Pediatric Surgical Disciplines

 Congenital Heart Surgery

Perhaps the best-studied domain with respect to human factors is congenital cardiac 
surgery. Indeed, Dr. Reason’s early work included the observation of 243 arterial 
switch procedures in Great Britain [9]. Perhaps not surprisingly, the number of seri-
ous intraoperative events correlated with outcome despite 90% being addressed 
(“compensated”) at the time of their occurrence. Innumerable studies have also 
demonstrated that team volume and structure of care delivery impact outcomes [10, 
11]. Follow-on work has suggested that there is currently an asymptote for adverse 
intraoperative events, independent of the severity of the cardiac lesion. These appear 
to have limited impacts if a team is well trained in recognition and compensation 
[12]. Using a rigorous real-time, intraoperative evaluation tool, the team at Boston 
Children’s Hospital demonstrated that technical skill has been identified as a critical 
human factor in congenital heart surgery outcomes [13]. Procedures that received 
low technical scores resulted in longer hospital stays, more days on mechanical 
ventilation and in the ICU, and increased complication rates. Case morbidity was 
associated with the technical score, irrespective of case complexity [14].

Notably, the congenital heart surgery literature has recognized transitions of care 
and communication as a substantial contributor to error. In one interventional study, 
researchers found that a rigorous information transfer methodology reduced techni-
cal errors from 6.24 to 1.52 and critical omissions from 6.33 to 2.38 per patient 
handover [15]. Though a thorough discussion of the implications of these and other 
findings is beyond the scope of this chapter, the research suggests that human fac-
tors such as skill, experience, cognition, and team dynamics have significant impacts 
on the outcomes of complex congenital heart lesions.

 Pediatric General Surgery

In the past decade, there has been an increasing recognition among pediatric general 
surgeons for the need to promote safety. In a recent survey of North American sur-
geons regarding safety culture, surgeons in academic practices or leadership posi-
tions were more likely to be actively engaged in safety practices and to feel 
comfortable with their own children undergoing procedures in their institution as 
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compared to those in private practice [16]. Drawing from the experience of trauma 
systems, the American Pediatric Surgical Association has developed a comprehen-
sive set of standards for pediatric surgical care in North America [17]. In this publi-
cation, the consortium detailed published data demonstrating the value of specialized 
centers, particularly for the care of surgical neonates, intensive care, injured adoles-
cents and children, and congenital heart disease. In addition, the authors strongly 
supported the need for “appropriate pediatric anesthesia expertise,” dedicated peri-
operative care spaces staffed by specialized team members, and personnel trained in 
age-specific emergency resuscitation. Additional clinician expertise in radiology, 
general pediatrics, and emergency room is recommended to optimize care delivery. 
Strictly speaking, the referenced document does not directly evaluate the impact of 
human factors on outcomes in pediatric surgical care. However, the underpinning 
data suggest that limiting complex pediatric surgical care to centers with clinician 
training, experience, and skill is generally associated with better outcomes.

Further directed research is needed to determine the breadth and depth of human 
factors impacts on pediatric surgical care. To date, limitations have included the 
relative dearth of objective standards, extension of adult principles without verifica-
tion of their applicability in neonates, children, and adolescents, and the small num-
bers and diverse case types that limit data power.

 Conclusion

Pediatric surgery is in the early stages of recognizing the impacts of human factors 
on clinical quality, safety, and outcomes. Data and experience, including the vignette 
provided, suggest that there are ample opportunities to improve skill, training, expe-
rience, judgment, communication, preparation, culture/norms, and use of policies 
and procedures within this discipline. While some of these matters are undergoing 
change at a rapid pace, including surgical safety checklists, time-outs, and improve-
ment in handoffs, many others have yet to be addressed.

Key Points
• Pediatric surgery is increasingly recognizing the impacts of human factors 

on clinical quality, safety, and outcomes.
• While pediatric surgery has implemented human factors interventions such 

as surgical safety checklists, time-outs, and improvement in handoffs, 
many others are yet to be addressed.

• Pediatric surgery requires adaptability as many children are unable to com-
municate, while others lack the cognitive or communication skills to 
inform clinicians’ decision-making.

• A heuristic approach may employ practical methods sufficient for immedi-
ate goals but could also lead to systemic errors.
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19Plastic and Reconstructive Surgery

Edward Ray, Dhivya R. Srinivasa, and Randy Sherman

 What Is Reconstructive Surgery?

Reconstructive surgery involves the repair and replacement of missing tissues as 
well as the improvement of function following trauma, cancer surgery, or in cases 
of congenital deformity. Tissues may be relocated from distant parts of the body or 
may be locally rearranged to repair defects. Reconstructive surgeons commonly 
work in close coordination with other surgical subspecialties, restoring physical 
integrity after a variety of antecedent procedures. Accordingly, clear communica-
tion, anticipation, and planning are critical for an optimal outcome.

 Case Study

An example is provided to illustrate the importance of communication, planning, 
and anticipation in optimizing outcomes and the efficiency of the reconstructive 
surgical team.

The cancer surgeon is planning to remove a recurrent squamous cell cancer of 
the mouth that is invading the left side of the mandible. The patient is a VIP who has 
just arrived in the clinic from out-of-town, referred by a respected colleague. The 
cancer surgeon would like to perform the surgery as soon as possible and clears his 
schedule for the following day to accommodate the patient. He recruits his plastic 
surgery colleague to perform the reconstruction. An outside PET-CT scan has been 
performed and shows possible metastasis to the neck lymph nodes, so a radical left 
neck dissection is also planned. The cancer surgeon explains that in addition to a 
tracheostomy and neck dissection, he will be removing a portion of the left mandible 
and would like to have the oral floor and mandible reconstructed. The plastic 
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surgeon prefers to have lower extremity imaging and 3D models made to plan 
reconstruction, but there is insufficient time to have these ordered. She examines the 
patient and finds a normal lower extremity vascular exam, so a left osteocutaneous 
(skin plus bone) fibula flap is planned to replace the mandible and oral mucosa.

The following day, the cancer surgeon gets a late start because there is an edu-
cational conference that he needs to attend as the guest speaker. In the rush to 
schedule surgery, he also forgot to consult General Surgery to perform the endo-
scopic gastric tube placement, so additional time is spent finding an available sur-
geon to do this. Once started, he finds the neck dissection challenging due to prior 
radiation therapy and is concerned that the contralateral nodes may also be 
affected. A bilateral neck dissection is performed. The mandible resection ends up 
quite a bit wider than originally planned, crossing the midline.

As the cancer surgeon performs his resection, the plastic surgeon begins to har-
vest the fibula from the left leg. She minimizes the amount of the skin to be harvested 
to ease closure of the donor site. The peroneal artery (supplying the bone to be 
transferred) is quite small in diameter and somewhat atherosclerotic, but a Doppler 
confirms blood flow. The bone has callus, apparently from a prior fracture.

The cancer resection is completed around 7 pm (Fig. 19.1). As the cancer sur-
geon departs, the plastic surgeon explores the neck to find suitable blood vessels to 
supply the flap. The left neck is quite scarred, and the branches of the external 
carotid artery have all been ligated close to their origin. She explores the 

Fig. 19.1 The 
reconstructive dilemma 
following removal of the 
left hemi-mandible
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contralateral neck and finds a suitable artery. The bone-skin flap is harvested, and 
the bone is cut and plated to the native remnant mandible. The vessels are found to 
be too short to reach the neck vessels for anastomosis. The skin paddle is also too 
small to replace the missing oral mucosa and external skin. As a result of these 
issues, a second flap must be harvested from the forearm along with some segments 
of vein to create “jump grafts” between the flap and its blood supply in the neck. 
There is a one-hour delay in getting the operating microscope into the operating 
room, because it was reserved for another operation that has not yet been com-
pleted. To make matters worse, the vascular anastomoses are particularly challeng-
ing due to the vascular disease in the peroneal artery. The reconstructive surgery 
takes most of the night, ending around 6 am. The plastic surgeon is exhausted but 
heads to clinic for a full day of patient visits. The patient is transferred to the 
Intensive Care Unit for postoperative care.

The patient’s postoperative course is initially unremarkable, but he presents to 
clinic 8 weeks postoperatively with drainage of fluid from a hole in the skin over the 
mandible reconstruction. The plated jawbone is now loose and unstable, suggesting 
nonunion at the site of the distal fibula transferred to reconstruct the mandible. A 
bone scan confirms the bone adjacent to the old fracture site is dead. Another recon-
struction must now be planned to replace the infected and non-viable mandible 
segment.

 Analysis

In the rush to perform a cancer operation on a VIP patient, the surgeons in this 
example inadvertently donned “blinders” and abandoned their typical methodical 
approach to patient care that they are well trained for. The cancer surgeon went into 
the operation not knowing the approximate extent of the cancer excision he would 
have to perform, and he did not plan his day or the sequence of procedures. 
Communication was poor between the surgeons regarding not only the expected 
size of the defect, but also the need to preserve an appropriate blood supply to the 
transferred tissue.

While the extra time taken was an inconvenience to the cancer surgeon, the 
downstream effect of prolonging the reconstruction may have affected the recon-
structive surgeon’s judgment as well. The plastic surgeon did not examine the 
patient or obtain the appropriate history. Noting a prior tibia-fibula fracture would 
likely have prompted a more detailed workup and should have convinced the sur-
geon to choose the opposite fibula instead, avoiding the unhealthy bone segment. 
Surgical skill includes developing protocols and habitual sequences to prevent mis-
takes or missing details [1]. The plastic surgeon normally would have ordered a 
detailed 3D model of the mandible and leg to make sure the blood supply was ade-
quate and that the bone stock could be cut to fit the anticipated defect. While each 
surgeon has his or her own approach, and there is considerable debate about the 
necessity of imaging prior to reconstructive surgery, deviating from one’s own 
working approach lends to errors by drifting away from a tried-and-tested approach 
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into a less methodical on-the-fly sort of decision making. Cutting corners can be a 
costly mistake as seen here. In hastily adding this complex case onto the operating 
room schedule, the need for another specialist (the general surgeon) and equipment 
(the operating microscope) was neglected. The prolonged ischemia time before 
reattaching the flap to its new blood supply (exacerbated by other delays) may also 
have been a contributing factor to this non-ideal outcome.

 How Can We Improve Reconstructive Surgery Utilizing Human 
Factors Principles?

Humans are fallible, and poor time management can lead to stressful conditions 
made worse by exhaustion and frustration with non-ideal circumstances [2]. There 
are many ways to classify and analyze failure, but a common theme in the analysis 
of medical mistakes relates to whether errors result from inadequate planning to 
achieve an end goal (i.e., “mistakes”) or from failure to execute a reasonable plan. 
There is also often consideration as to whether the unintended outcome can be 
attributed to an error (an unexpected result following a well-intended plan) versus a 
“violation,” which is a deviation from an established rule of practice [3]. Our exam-
ple illustrates an inadequate plan (decisions were made early despite a lack of suf-
ficient data) and violation of normal practices (steps that should have been followed 
by each specialist were skipped).

Reconstructive surgery is particularly vulnerable to inadequate planning and vio-
lations. A significant percentage of reconstructive procedures are planned close to 
the time of their execution and with inadequate data to make fully informed choices. 
As the adage goes, the devil is in the details. Choosing a form of reconstruction is 
contingent upon many invisible factors being ideal to make the plan viable (e.g., 
adequate flap vessels, adequate tissue quality/volume/area, and adequate recipient 
vessels). Experience helps the surgeon in several ways. Understanding what prob-
lems are likely to arise, what information is needed to make decisions, and what 
options are most likely to succeed—these get somewhat easier with experience. 
One habit that contributes to experience is the adoption of mental checklists. Airline 
safety and operating room best practices research have proven that checklists and 
repetition lead to fewer violation type errors [4]. Teaching surgery to postgraduate 
trainees is also more effective when a methodical approach is demonstrated and 
repeated [5].

When experience is lacking, or whenever unusual situations arise, thorough 
planning becomes most critical. Part of planning is accumulating data that will 
come in handy when decisions must be made (such as which flap to use, which ves-
sel to plug into, and so on). And wherever data is lacking, the surgeon must (1) 
communicate thoroughly with cooperating specialists to minimize the unexpected 
and (2) anticipate “worst case” scenarios and have a back-up plan for as many situ-
ations as possible.

Another important lesson to this example is understanding that the surgeon and 
patient exist within a hospital system that has its own moving parts. Planning and 
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execution of a complex operation relies not just on available surgical expertise but 
also on the resources of time, personnel, and equipment. To be cavalier with these 
adjunctive components to patient care is to treat the entire endeavor as unworthy of 
careful planning. The butterfly effect can be applied to this notion [6]. A seemingly 
small misstep or miscalculation in the beginning can easily cause not just delays but 
mistakes, defined previously as adoption of an inadequate plan to achieve the 
end goal.
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Lessons Learned/Personal Pearls
• Methodical planning is the most critical step in the execution of a complex 

procedure.
• Communication is vital to prevent errors of poor planning.
• Starting with a mental checklist and developing good practices through 

repetition are critical to establishing experience in complex problem- 
solving endeavors.

• Consider all the important resources needed for a successful operation, not 
just the surgical expertise at hand.
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20Human Factors in Transplant Surgery

Irene Kim and Tsuyoshi Todo

 Overview of Transplant Surgery

Solid organ transplantation usually involves transplantation of an organ (allograft) 
from a human donor to a recipient, commonly necessitating immunosuppression. 
Historically, transplantation was reserved for patients suffering from end-stage 
organ failure and has evolved from kidney transplants to life-saving organs (heart, 
liver, lung) to improved quality-of-life organs (pancreas, hand, face, uterus, etc.).

 Case Examples

 When Things Can Go Wrong

A high-volume organ transplant center had accepted multiple kidney allografts for 
transplantation into different recipients. Two of the kidney transplant recipients 
were slated to receive the same blood group organ type. Routine ABO-verification 
was performed, as per protocol, before all performed transplants. However, at the 
conclusion of the operative procedures for all transplants, it was noted that two 
recipients had received the wrong kidney. Both patients received blood type–com-
patible kidney transplants but had unfortunately received the wrong kidney allografts 
with different HLA-tissue typing and donor profiles. It appeared that human error 
had led to misidentification of the organ-specific labels.
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Analysis Even though ABO-verification had taken place, surgical teams had failed 
to properly identify organ-specific labeling, resulting in the transplantation of the 
wrong allograft into the wrong recipient. This case resulted from multiple trans-
plants occurring at the same time and an absence of a systems process to prevent 
this human error.

 When a System Functions Well

A transplant center had three living kidney donor/recipient pairs, where the three 
donors were incompatible with the three recipients. In order to facilitate transplanta-
tion for all three recipients, an internal chain was planned with a three by three swap 
of the three donor kidneys into the different recipients. The kidney swap was 
planned for the same operative day, necessitating six simultaneous operating rooms, 
four individual surgeons, and six operating room teams. In addition, patient ano-
nymity of all patients involved in the swap was enforced. To facilitate the coordina-
tion of multiple operating rooms and teams, a surgical “huddle” was performed 
prior to the start of the operative day, with donor and recipient surgical teams visu-
ally identifying one another for the handoffs. Organs were not only labeled with the 
United Network for Organ Sharing (UNOS)-specified organ labels but were also 
color coordinated to further verify organ/recipient matching (Fig. 20.1). Lastly, two 
dedicated procurement technicians escorted organs from one operating room to 
another, to add an additional layer of verification and reduce hand-off errors. Three 
kidney transplant recipients were successfully transplanted without error.

DONOR 1 DONOR 2 DONOR 3

RECIPIENT 3

Surgeon
A

Surgeon
 B

Surgeon
 C

Surgeon 
D

Surgeon
 B

Surgeon 
C

RECIPIENT 1 RECIPIENT 2

Fig. 20.1 Operative plan for actual internal kidney exchange (six patients)
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Analysis Given the highly complex exchange of six separate surgical teams, mul-
tiple layers of verification were added to standard practice in order to reduce hand- 
off errors.

 How Can We Improve Transplant Surgery Care Using Human 
Factor Principles?

Given the increased number of teams, surgical team members, specialized equip-
ment, and advanced technology necessary to carry out a successful transplant sur-
gery, it is not surprising that breakdowns in system safety and efficiency can occur. 
Human factors interventions will reduce disruptions that lead to errors in transplant 
surgery. Regulatory requirements for transplant centers established critical elements 
for organ transplant center certification. Despite these certifications, there are many 
opportunities for systems breakdowns, leading to organ loss and even patient death. 
Standardization of practices as a result of systematic reviews from the Institute of 
Medicine (IOM), University HealthSystem Consortium (UHC), and other organiza-
tions led to best practices and, in some cases, new requirements for transplant pro-
grams. For example, in 2011, Organ Procurement and Transplantation Network/
United Network for Organ Sharing (OPTN/UNOS) ratified a bylaw in 2011, requir-
ing all liver transplant centers to appoint a Director of Liver Transplant Anesthesia 
based on set criteria to mitigate variation of the anesthesia component in liver trans-
plantation [1].

 Communication

Surgical team members communicate in several ways, including face-to-face con-
versations, text messages, e-mails, notes documented in the electronic health record 
(EHR), and through the use of labeling. Unfortunately, data labeling is not always 
an accurate way of communicating (as documented during the first case study). 
Data published by the Organ Procurement and Transplantation Network (OPTN) 
and the United Network for Organ Sharing (UNOS) nearly 10 years ago found that 
labeling errors accounted for nearly 40% of all reported errors in transplant centers 
[2]. Friedman and Lee (2006) developed six steps for confirming the organ and 
ABO identification to ensure patient safety and prevent liability for the transplant 
team and the facility involved when a mislabeled organ is identified. The six steps 
include the following: (1) query host organ procurement organization (OPO) to 
identify error source; (2) request OPO documentation of nature of error; (3) verify 
ABO type of blood sample accompanying organ; (4) obtain administrative approval; 
(5) obtain legal approval; and (6) disclose nature of error and clarification steps to 
patient/family [3]. While these six steps are useful in determining how to address 
mislabeled organs, it is important to identify solutions and interventions aimed to 
reduce the mislabeling event in the first place.
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Communication failures can also occur during face-to-face interactions when 
handing off a patient between two care teams. Steinberger and colleagues (2009) 
explored the use of the Failure Mode and Effects Analysis (FMEA) method to con-
duct a risk analysis surrounding communication breakdowns, involving the handoff 
of transplant patients [4]. FMEA is a proactive and predictive approach that looks at 
a process and attempts to identify all the ways in which that process could go wrong, 
the likelihood that the failure or defect would be detected, and the significance of 
the impact on performance or safety [5]. The team identified three major human 
factors and workload considerations to improve upon: cognitive load, fatigue, and 
time demands/production pressure. A list of actionable items was then developed to 
improve system safety and mitigate errors in this process. For example, with respect 
to cognitive load, a structured “organ map” or standardized checklist was developed 
so that transplant coordinators could track the status of specific donor–recipient 
matches.

 Teamwork

Transplantation should be performed in designated operating rooms that allow 
teams of surgeons, anesthesiologists, perfusionists, nurses, and technicians the 
opportunity to work together in an environment conducive to communication and 
coordination. Often times, team members need tools in order to coordinate more 
effectively. In transplant surgery, tools such as a surgical checklist and universal 
time-outs can be useful for improving safety and efficiency. Consider, for example, 
a “Surgical Checklist” that standardizes the extensive pretransplant, perioperative, 
and postoperative clinical care required for transplant surgery (Table 20.1).

Additionally, the “universal time-out” is a well-known, pre-surgical practice 
used to minimize errors by ensuring that the entire team is in agreement about the 
patient; the scheduled procedure; the surgical site; and other patient, operative, or 
environmental concerns [6]. Time-outs can be particularly useful in transplant 
surgery and include additional discussion points surrounding confirmation of 
donor and recipient blood types and a discussion on any antirejection medica-
tions. Because of the value of confirming these points, we have developed a 
unique time-out board to help ensure that our teams consistently have a shared 
understanding of the patient, cross-clamp time, blood type verification, and spe-
cial equipment (Fig. 20.2).

Individuals with disciplines outside of the traditional team can also be leveraged 
to enhance communication, teamwork, and safety. Musgrave and colleagues (2013) 
conducted a study to explore the impact of pharmacists on the medication reconcili-
ation process in transplant surgery. The authors noted that transplant recipients are 
at a higher risk for medication errors than many other patient populations, as a 
transplant recipient can receive nine or more new medications in addition to their 
medications taken prior to their transplant surgery. During the prospective period, 
researchers observed a total of 191 errors made on discharge medication reconcili-
ation; however, pharmacists prevented 119 of these errors. Comparison to a 

I. Kim and T. Todo



193

retrospective data sample (when pharmacists were not part of the care team) identi-
fied 430 errors, none of which were prevented at the time of discharge when phar-
macists were involved with medication reconciliation [7].

 Equipment and Technology

Operating rooms must accommodate the equipment challenges unique to transplan-
tation, for example, liver transplantation may require intraoperative continuous 
renal replacement therapy (CRRT). This continuous dialysis machine takes up a 

Table 20.1 Surgical checklist

Pre-transplant
Organ donation process flow (from www.organdonor.gov)
  1. Donor registration
  2. Medical care of potential donor
  3. Brain death testing
  4. OPO
  5. Authorizing donation
  6. Organ matching
  7. Organ recovery and transportation
  8. Organ transplantation
Patient process (from www.pkdcure.org)
  1. Organ failure -> evaluation for organ transplant
  2. Waitlist acceptance -> registration on national list
  3. Building support system
  4. Waiting period
  5. Transplant
  6. Post-operative care
Intraoperative considerations
  1. Operating room team
   (a) Surgical Team
   (b) Anesthesia Team
   (c) Nursing
   (d) Surgical Technician
   (e) Perfusion Team
   (f) Dialysis Nurse
 2. Size of Operating room
   (a) Surgical instruments
   (b) Anesthesia machine
   (c) Perfusion devices
   (d) Blood product storage
   (e) Back Table
  3. Blood product verification
  4. ABO – Organ Verification
  5. Pre-operative Time Out
Post-operative care
  1. Inpatient care: Protocols for immunosuppression
  2. Outpatient care: Protocols for follow up and team management
  3. Long-term follow up
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Fig. 20.2 Use of preoperative organ-specific “time-out” board
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considerable amount of space and requires the support of a dialysis nurse to operate 
the machine in the room during the entire case.

 Efficiency and Safety

Human factors interventions can help alleviate challenges in areas outside of the 
operating room that can have an impact on surgical patients. For example, consider 
challenges surrounding bed availability for incoming patients scheduled to receive 
an organ. Inefficient patient flow can cause unique challenges for transplantation. 
Once explanted, an organ has a limited time that it will be viable before transplanta-
tion. If an organ becomes available when there are no hospital beds to immediately 
admit its recipient, challenges arise as the recipient cannot be admitted for preopera-
tive preparation. Given that well-trained teams can work together independent of 
the location of the available hospital beds, stable kidney transplant patients can be 
managed in the post-anesthesia care unit (PACU) by the same team that manages 
the patient in a floor bed. This focus on team rather than bed location reduces the 
pressure to open a bed in a full hospital and improve efficiency and safety for the 
transplant patient.

We developed a multidisciplinary team to create a test of change to improve 
inpatient bed availability and reduce delays for kidney transplant. The test of change 
involved three interventions: (1) having kidney transplant patients bypass the inpa-
tient unit and go directly to the preoperative area before surgery, (2) introducing an 
order-set that defaulted to STAT labs, STAT-portable chest X-ray, and STAT dialysis 
(if applicable), and (3) signing the patient consent in pre-op instead of the inpatient 
unit. This initiative required close collaboration with multiple process stakeholders, 
including nursing, pre-op/PACU staff, OR leadership, transplant coordinators, sur-
geons, anesthesiologists, admissions, and patient placement teams. Overall, this 
intervention also helped improve efficiency by minimizing patient transport and 
handoffs from the floor, pre-op area, and radiology and cut down on the wait time 
for transporters.

Lessons Learned/Personal Pearls
• Standardization of practices in high-volume transplant centers is a com-

mon theme, and anecdotally, members of transplant centers report, “All 
members practice and perform transplantation in the same way, every time.”

• Written protocols allow for resource documentation for all transplant team 
members to refer to, especially when practice discrepancies arise. There 
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are protocols written for virtually all aspects listed in Table 20.1. As in 
compliance with UNOS policy, we have a dedicated quality team that man-
ages these protocols.

• Enhanced communication tools such as the universal time-out board may 
help team members maintain a shared mental model regarding the patient, 
equipment, technology, and the operation, thereby ensuring patient safety.

• Transplant surgery can benefit from the inclusion of multidisciplinary team 
members at all care points.

I. Kim and T. Todo
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21Exploring Human Factors in Trauma

Eric J. Ley and Tara N. Cohen

 What Is Trauma

Trauma involves life-threatening, critical injuries where there is a question of imme-
diate survival. During trauma care, a team of highly specialized individuals includ-
ing surgeons, nurses, and technicians must work as efficiently as possible to increase 
the likelihood of a patient’s survival.

 Case Study

To better understand how human factors can lead to a well-designed system that 
provides the highest possible care, or alternatively prevents catastrophe, here are 
two case stories.

 When Things Can Go Wrong

A high-level trauma was called due to the report of a hypotensive patient with a stab 
wound to the left chest. The time between the trauma page and patient arrival was 
minimal and no equipment was ready when the patient arrived. The trauma surgeon 
and the emergency department (ED) attending had not worked together before this 
evening. When the patient arrived, the emergency medical services (EMS) were 
delivering chest compression due to the loss of pulses during transport. The ED 
attending stated that per protocol this patient did not meet criteria to receive addi-
tional care and resuscitation should cease. At that time, the nursing staff stopped 
connecting the monitor, and the clinicians briefly stopped chest compressions, 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-53127-0_21&domain=pdf
https://doi.org/10.1007/978-3-030-53127-0_21#DOI
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resulting in a disruption such that the patient was no longer receiving any care. 
Conversely, the trauma attending then expressed that per protocol, care should con-
tinue for the patient and requested a thoracotomy tray. A brief discussion then 
occurred between team members regarding the appropriate action and who was in 
charge. Care then resumed; the patient was connected to a monitor where pulseless 
electrical activity (PEA) was noted, which indicated that the patient’s heart was 
attempting to beat, but it could not due to compression from blood around the heart. 
The patient was intubated, and a thoracotomy revealed pericardial tamponade. The 
pericardial sac was opened to evacuate the blood. With open heart massage, the 
heart began to beat but a sustained rhythm could not be obtained. The patient was 
taken to the operating room (OR) where attempts to resuscitate were unsuccessful.

Analysis: Preparation prior to arrival in order to huddle with the team and ready 
equipment did not occur, which led to a lack of necessary equipment and assign-
ment of roles. This case lacked leadership, and as a result, team performance suf-
fered. To compound the challenges to the team, the trauma and ED attendings had 
not previously worked together. A protocol for care after penetrating trauma to the 
chest may have assisted with the care.

 When a System Functions Well

During a grocery store strike in Los Angeles, the tensions were high between those 
who continued to work and others who chose to strike. On an early weekday morn-
ing while an employee walked to work, an associate stabbed him in the chest. He 
was able to call for help, and EMS quickly transported him to the hospital. The 
trauma team was notified and ready at bedside with a chest tube and thoracotomy 
tray. Upon arrival, the patient presented with a 2-cm stab wound in his left chest. 
His blood pressure was 95/50 and heart rate was 110. The chest X-ray (CXR) 
determined that the left lung was up and the focused assessment with sonography 
in trauma (FAST) ultrasound indicated that there was blood around the heart. The 
attending trauma surgeon rapidly communicated with the OR to prepare the surgi-
cal team. As the patient was readied for transport, the monitor was faulty, so the 
decision was made to transport the patient without a monitor. As the patient was 
wheeled out of the trauma bay, the resident stated that he could not feel a pulse, and 
so the patient returned to the trauma bay and was placed back on the ED monitor. 
The patient was in PEA due to tamponade, so a thoracotomy was performed with 
the equipment that was already present, and the blood around the heart was rapidly 
evacuated. The laceration in the heart was closed in the ED, and the patient was 
then taken to the OR for definitive closure and discharged in 4 days.

Analysis: Given the team had a history of working together, there was open com-
munication among members about the changing exam and the coordination with the 
OR staff. Role assignment was important such that the trauma attending valued the 
resident’s observation regarding the changing exam. The malfunctioning equipment 
could have led to catastrophe, but the ability to overcome the broken monitor is a 
characteristic of a high-reliability system.

E. J. Ley and T. N. Cohen
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 How Can We Improve Trauma Care Using Human 
Factor Principles?

Surgeons are proficient in managing trauma systems in order to deliver rapid treat-
ment and save lives (Fig. 21.1) [1]. Unfortunately, even the most talented surgeon 
can encounter a scenario where a systemic breakdown causes catastrophe. For 
example, the request for massive transfusion is highly important and sometimes 
dependent on a junior member of the team. If the intern who hears the request for 
massive transfusion is then sidetracked by another request for an arterial blood gas 
(ABG), the rapid delivery of blood products may be delayed. How can the surgeon 
become an expert in managing this system? In high-risk environments, the system 
must improve around its users rather than forcing the users to fit the system. 
Improvements in the delivery of trauma require an understanding of the many, var-
ied components of the trauma system. What are policies in place that guide the care? 
Communication and coordination are key. Teamwork with role assignment is essen-
tial. This chapter will expand upon how one trauma system was improved through 
human factors insights.

James Reason’s Swiss Cheese model of Accident Investigation can be used to 
conceptualize why medical errors may occur and provides insights for error avoid-
ance (Fig.  21.2) [2]. For example, consider a patient in the intensive care unit 
(ICU) with an internal jugular cordis catheter. Let’s say that a new intern errone-
ously removes the catheter in a patient who is sitting in a chair, resulting in a 
venous air embolism that leads to the patient’s death. The solution in this unsafe 
system often involves placing the blame on the individual who committed the error. 
Unfortunately, this approach fails to identify and mitigate potential threats to 
patient safety and is unlikely to protect the system from this type of error again. 
However, if the new intern erroneously removes the catheter in a safe system, there 
would be many layers of protection in place to mitigate this and other types of seri-
ous adverse events. For example, up-to-date protocols that are widely disseminated 
can help prevent drift in care that leads to complications. Training and supervision 

Expert

Proficient

Competent

Advanced Beginner

Novice

Fig. 21.1 Five-stage 
model of mental activities 
involved in direct skill 
acquisition. (Adapted from 
Dreyfus and Dreyfus [1])
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of inexperienced physicians leads to better habits. High-quality communication 
consisting of check- backs and closed-loop communication would be encouraged; 
perhaps, the intern could have discussed the plan for cordis removal with the nurs-
ing staff, who would have guided the patient back to bed. When there are break-
downs in these layers that protect against threats to the system, failures can cascade 
into serious harm.

One challenge when adapting to a more modern perspective on systems-focused 
care is that the importance placed upon a single leader is reduced. Comparing a 
traditional perspective of trauma care delivery to a modern systems perspective 
demonstrates many differences in thinking. With a traditional perspective, the focus 
is on errors and procedural violations among the individuals. Unsafe acts arise from 
aberrant mental processes such as inattentiveness, lack of good judgment, forgetful-
ness, recklessness, or even negligence. Interventions are directly aimed at reducing 
unwanted variability in human behavior. Common methods include retraining, dis-
ciplinary measures, or even termination and litigation. When taken to the extreme, 
errors are viewed as a moral issue, with the belief that bad things such as errors 
happen to bad people. With a modern systems perspective of trauma care, humans 
are fallible, and errors are expected, even in the best organizations. Disruptions in 
care are consequences of deficient processes and/or system failures. Consistency in 
performance is important, but flexibility is also invaluable during dynamic opera-
tions. Improvements are based on changing working conditions rather than chang-
ing the human condition. Importantly, those with the highest level of technical skill 

Organizational
Influences

Failed or
absent defenses

Latent Failures

Unsafe
Supervisioon

Latent Failures

Latent FailuresPreconditions for
Unsafe Acts

Active Failures

Mishap

Unsafe Acts

Fig. 21.2 James Reason’s Swiss Cheese model of accident causation. (Adapted from Reason [2])
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and the best intentions can and do make errors. Thus, attempts to reduce errors 
should focus on how and why the system failed.

One human factors intervention that may be utilized to improve a high-risk 
system is a checklist. The checklist may reduce errors by mandating specific steps 
within a high-risk environment. The aviation industry has successfully employed 
safety checklists during high-workload times that are likely to encounter disrup-
tions in the flow of safe operations. The surgical community also has examined 
the use of a checklist to improve patient safety through team safety and consis-
tency of care. The challenge with an intervention such as a checklist is that an 
understanding of the system is required prior to introducing the checklist. Some 
health-care systems may benefit from a checklist, while others may not. The sur-
gical safety checklist (Fig. 21.3) is one example of a checklist that may work in 
one system but not another [3]. Haynes et  al. published in the New England 
Journal of Medicine (NEJM) the impact of the introduction of a surgical safety 
checklist and demonstrated that at the eight study hospitals, there was a reduction 
in mortality (1.5% vs. 0.8%, p  <  0.01) and complications (11.0% vs. 7.0%, 
p < 0.01). In contrast, the introduction of surgical safety checklist at 101 Canadian 
hospitals demonstrated no difference in mortality or complications (Fig. 21.4) [4]. 
Understanding why one intervention such as a checklist impacts one hospital sys-
tem but not another requires additional data. In the Haynes paper, the eight hospi-
tals were analyzed individually, and variable improvement was noted. Hospital 
Site 1, for example, completed 94.1% of the six safety indicators before the intro-
duction of the checklist and 94.2% after its introduction. The checklist was 
unlikely to improve this site, and it is possible that its introduction led to disrup-
tions in care. The 101 Canadian hospitals may have similarly observed little 
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benefit related to the introduction of a surgical safety checklist because of little 
improvement in the process measures.

With trauma care, the introduction of interventions requires a thoughtful approach 
with a comprehensive understanding of the trauma system. Rather than depending 
on a simple solution, such as a checklist, to benefit every trauma center, our trauma 
center embarked on a detailed analysis of the trauma flow, followed by targeted 
interventions based upon what we learned during the initial learning phase.

We approached our analysis by comparing our trauma center to another high-
risk environment, Formula 1 (F1) racing. Specifically, we focused on the Pit Stop 
portion of the race. During a typical Pit Stop, the multidisciplinary team must 
come together to change four tires and refuel the car as quickly as possible. When 
high- performance race cars head to the Pit Stop, the turnaround time is often 
under 5 seconds. The race would be changed significantly if a given pit stop was 
not so well orchestrated. If crew were in the incorrect positions or failing to com-
municate effectively, life-threatening catastrophe could easily occur due to work-
ing with highly flammable materials. Like the Pit Stop model, trauma care is a 
complex interaction between team members to provide emergent care to unstable 
patients (see Fig. 21.5). The team dynamics of trauma care are challenging to say 
the least. Individuals with multiple specialties are frequently changing, while sev-
eral handoffs must take place within various environments. The pit stops of trauma 
care begin with prehospital care, continue to the emergency department, and then 
often involve radiology, the OR, and ICU. We learned from the F1 Pit Stop model 
that leadership is key, practice with simulations is important, pre-briefing are nec-
essary, communication and coordination are important, and optimal equipment is 
required.

To further understand our trauma system, we embarked on a multipronged 
approach. Initially, we reviewed and updated our protocols for the management of 
trauma patients (see Fig. 21.6). Often, the current state of trauma care was not accu-
rately reflected in the related protocols. We then administered the safety attitude 
questionnaire [5] and facilitated focus groups to learn strengths and weaknesses as 
identified by doctors, nurses, technicians, pharmacists, social works, and case man-
agers. Weaknesses included a lack of briefings in clinical areas and failure to know 
the names of individuals working together. Strengths included reliable equipment 
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and a common perception that individuals would feel safe if they were being treated 
at the trauma center as a patient.

We then utilized trained observers to follow patients from the ED trauma bay, 
through radiology and if indicated to the OR, ICU, and/or ward. The observers 
recorded the number and category of flow disruptions (i.e., any instance where there 
was a deviation in the natural progression of the task) [6]. Identified flow disruptions 

Fig. 21.5 Application of 
the Pit Stop model to 
trauma care
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were categorized into the following categories: communication, coordination, envi-
ronment, equipment, external interruptions, patient factors, technical skills, and 
training. The flow disruptions were also assigned an impact score from 0 to 3 (0: no 
impact (e.g., phone ringing); 1: minimal impact, no pause (e.g., repeat communi-
cation); 2: pause in care less than 2 minutes (e.g., equipment malfunction); and 3: 
pause in care greater than 2 minutes (e.g., consultant not available)) [7]. Overall, the 
number of flow disruptions per trauma case was 20.4, and the more severe traumas 
led to a higher number of flow disruptions. This finding refuted the belief that teams 
perform better with higher acuity cases. Here, we saw that more flow disruptions 
were reported when a more severely injured trauma patient was observed. Flow 
disruptions were more likely to occur during care of trauma patients who required 
higher level of care in the OR or the surgical intensive care unit (SICU).

Additionally, we conducted a sub-analysis of the workflow during radiology for 
trauma patients [8]. While in the computed tomography (CT) scanner, we found that 
there was an average of 7.6 flow disruptions per patient, which were largely due to 
coordination of care. Ultimately, this contributed to an average time of 30.5 min 
spent in imaging.

After being sure we had a true systemic understanding of our trauma system, we 
then embarked on developing targeted interventions. This is in direct contrast to 
introducing an intervention such as a checklist, as discussed with the surgical safety 
checklist earlier, and expecting improvement with little understanding of the system.

The interventions chosen were considered with input from experts in trauma 
care, human factors, and quality improvement. Each was based upon what was 
learned from reviewing the process maps, results from the safety attitude question-
naire, and focus groups’ feedback, as well as the observed flow disruptions.
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Many of the targeted interventions were studied in simulation or small trials prior 
to full implementation. Using maps of provider movement during high-level trau-
mas, we standardized the trauma bays so that the equipment in each bay was in 
similar areas. The role of huddles prior to the patient arrival were studied in a lim-
ited trial, which demonstrated that the time to the first CXR or lab blood draw were 
reduced when the huddle occurred prior to the patient arrival. We also evaluated the 
implementation of a headset to improve communication in mock trauma scenarios; 
however, little improvement in efficiency or quality of communication was noted, 
so the headsets were not included in the final interventions. In addition, all residents 
received teamwork training that was delivered over 3 weeks. A simple CT checklist 
consisting of A (airway secure), B (bring blood), and C (consults called) was intro-
duced. A medication pack including medication for sedation, loss of airway, and 
code blue events for transporting patients was made available. Transport monitors 
were updated, and broken monitors were removed. Finally, a standardized white-
board presented prehospital information to assist with planning prior to patient 
arrival.

After the targeted interventions were evaluated and implemented, we embarked 
on a second observer period where we captured the number and category of flow 
disruptions to better understand how our system changed due to the interventions. 
We learned that patients going to the OR had a net reduction of 11.9 flow disrup-
tions and those going to CT had a net reduction of 2.0 flow disruptions. The mean 
time in the ED for high-level trauma decreased from 60 minutes to 30 minutes, and 
for low level-trauma, the decrease was from 65 minutes to 45 minutes. Additionally, 
our interventions led to a reduced length of stay for high-level traumas [7].
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Lessons Learned/Personal Pearls
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prior to interventions.
• Design the system around the users rather than forcing users to fit 

the system.
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• It is important to trial all interventions, especially those involving the intro-
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helpful insights into the current state of the system.
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22Identifying Opportunities to Enhance 
Thoracic Surgery Using Human Factors

Deven C. Patel and Douglas Z. Liou

 What Is Thoracic Surgery?

Thoracic surgery refers to the care of patients with surgical diseases of the chest, 
including the heart, great vessels, lungs, airway, esophagus, mediastinum, chest 
wall, and diaphragm. Acuity in the specialty can range from a type A aortic dissec-
tion requiring emergent cardiac surgery to a planned elective resection for lung 
cancer. Given the inherent challenges of thoracic anatomy as well as the complexity 
of performing surgery in the chest, operations routinely require a multidisciplinary 
team. Thus, effective coordination, communication, and problem-solving are essen-
tial to ensure patient safety and optimal surgical outcomes.

 Case Study

The following case illustrates how human factors issues such as case delays, and 
mental states such as frustration, can disrupt a routine thoracic surgical oncology 
operation and potentially result in unnecessary major surgery.
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 When Delays Lead to Distractions

A patient with a 3.5-cm central biopsy–proven adenocarcinoma of the right upper 
lobe is scheduled for mediastinoscopy for staging, followed by a robot-assisted 
right upper lobectomy—presuming the mediastinal lymph nodes are negative for 
metastasis on frozen section. The case was delayed for 2 hours due to new personnel 
in the operating room (OR) who were unfamiliar with the robot setup for thoracic 
procedures. The attending surgeon was distressed when the case began and rushed 
through the preoperative briefing. Importantly, he did not specify to his new team 
that proceeding with the lobectomy is predicated on negative lymph nodes from the 
mediastinoscopy. The mediastinoscopy begins in routine fashion; however, the sur-
geon is curt with the scrub tech and circulating nurse as he passes off and names 
each lymph node sample. Periodically grumbling that they are “so behind” due to 
the “unacceptable” late start as he works quickly to “make up time.” The scrub tech 
and nurse fall behind with labeling the specimens without communicating to the 
surgeon. The surgeon continues to place sample after sample in front of the scrub 
tech, shouting out names of each, as he moves to the next biopsy. Struggling to keep 
up, the scrub tech misses the name of several samples, so he sets them aside and 
plans to clarify with the surgeon after all samples are taken.

As the surgeon begins to close the neck incision, the scrub tech asks for clarifica-
tion on the samples that have not been sent to pathology yet. At this moment, how-
ever, the surgeon notices the robot is positioned incorrectly for lobectomy and 
demands that this is fixed immediately by someone who “knows what they are 
doing.” As soon as the incision is closed, the circulating nurse and scrub tech scram-
ble to find help. During repositioning of the robot and patient for lobectomy, the 
surgeon calls the charge nurse into the room and requests a new surgical team. After 
all is settled and the pathologist confirms the provided samples that were sent dem-
onstrate no lymph node metastasis, the surgeon begins the lobectomy with his new 
team. It is not until the surgeon is well into the hilar dissection and has already 
divided the pulmonary vein when the new scrub tech notices that the unsent lymph 
node samples are waiting on the sterile field to be properly labeled and sent off to 
pathology for frozen.

 Analysis

Thoracic surgery is heavily dependent on an effective multidisciplinary team to 
communicate and coordinate care for each patient. In this scenario, the thoracic 
surgeon performs a mediastinoscopy and sends lymph node samples to the patholo-
gist for frozen section analysis. Clinically, this action is incredibly important, as the 
discovery of cancer within the mediastinal nodes dictate whether the patient should 
have primary surgery versus induction therapy followed by surgery. In this scenario, 
several lymph node samples were left out of the pathologic evaluation due to a vari-
ety of distracting factors, resulting in incomplete staging prior to starting the lung 
resection.
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The process of invasive mediastinal staging in thoracic oncology is highly depen-
dent on human factors, as the process involves several handoffs with the potential 
for communication failures. During mediastinoscopy, the surgeon collects and gives 
samples of nodal tissue to the scrub tech, who is then responsible for ensuring all 
samples are accounted for and labeled appropriately by the circulating nurse. All 
samples must then be passed off to a member of the pathology department, who is 
responsible for collecting and transporting the samples, while relaying the clinical 
question put forth by the surgeon for the pathologist. Next, the pathologist is respon-
sible for closely examining the tissue and providing an accurate response to the 
surgeon. Similar to the childhood game of telephone, the potential for breakdowns 
in communication are many. An error anywhere in this communication chain can 
potentially lead to inaccurate staging and treatment. From a human factors perspec-
tive, the abovementioned case demonstrates several system vulnerabilities that 
make errors in this scenario possible.

Team familiarity is incredibly important for a high-functioning group of indi-
viduals to work and communicate effectively. Communication is greatly hampered 
when emotional factors arise due to unforeseen issues, such as case delays and new 
unfamiliar personnel. Practicing and proper implementation of a standardized pro-
tocol during safety moments can help mitigate the impact of unexpected emotional 
distractions. The rushed attitude of the surgeon prohibited a formal introduction of 
all team members in the OR during the case. Additionally, an approach commonly 
adopted by surgeons is to review the surgical plan during the preoperative briefing. 
For instance, the surgeon in the abovementioned case was aware of the several new 
members in the OR and should have emphasized the importance of obtaining accu-
rate nodal staging, as this alone would dictate whether they proceed with the major 
portion of the operation. These few minutes taken to communicate the surgeon’s 
plan of action to all team members also serves as an opportunity for questions 
regarding patient coordination, equipment, and logistics to be answered. 
Additionally, as the surgeon is handing off samples to the scrub tech, the use of 
closed-loop communication would serve as a safety measure to ensure accurate 
labeling of the samples. Communication between pathologist and surgeon in this 
scenario is also important to note. Rather than sending the message that “all sam-
ples” were negative for cancer, reporting the names of the specimens that were 
received along with the pathology result of each sample can serve as another layer 
of safety to check that all intended samples were analyzed and accounted for.

Familiarity with the procedure being conducted also serves a role in helping the 
system run seamlessly and safely. In the case above involving cervical mediastinos-
copy, the surgeon’s normal thoracic surgery scrub tech and circulating nurse might 
have noticed that not all the standard five mediastinal nodal stations for this proce-
dure (i.e., stations 2R, 4R, 2L, 4L, and 7) were sent to pathology. Familiarity with 
this procedure may have led one of the team members to alert the surgeon that cer-
tain specimens which are typically sent have not been accounted for in this particu-
lar case, thus allowing the error to be rectified before any clinical consequences occur.

Organizational measures can also be taken to prevent human error. For example, 
the use of a sterile sample board (Fig. 22.1) with preexisting labels can be placed 
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next to the surgeon so that the tissue samples are directly placed according to the 
correct label. The board can then be handed off to the circulating nurse. Moreover, 
an organizational issue of the system was the personnel change during the proce-
dure on account of the surgeon’s demand for a new team. Although personnel 
change is an inevitable part of surgery in order to reduce fatigue, proper and accu-
rate sign out to the incoming team is essential to avoid unnecessary errors. In this 
scenario, a critical element of the procedure was the unlabeled specimens; there-
fore, this should have been communicated immediately to the new team or clarified 
before the personnel change.

This critical analysis demonstrates several examples of vulnerabilities within a 
single scenario. The means in which individuals interface with one another and the 
various components of the system (technology, environment, organizational condi-
tions, and tasks) is of paramount importance to circumvent ambiguities and poten-
tial pitfalls that may lead to adverse events.

 The Utility of Human Factors in Thoracic Surgery

Medical errors are inevitable, and often go unnoticed. Usually, a culmination of 
events align in a manner to bypass layers of safeguards that are in place, ultimately 
resulting in a clinically significant consequence. This is conceptualized using James 
Reason’s “Swiss Cheese” model of accident causation [1]. A committed medical 

Fig. 22.1 Example of a 
sterile sample board for the 
surgeon to directly place 
lymph node tissue samples 
based on corresponding 
nodal station. The board 
would then be sent directly 
to the pathology 
department
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error can range from relatively benign, such as a missed dose of an antibiotic, to 
grave, such as an improperly connected chest tube, resulting in tension pneumotho-
rax and death. The use of a human factors approach to pragmatically analyze human 
behavior and interaction within a system to reduce error has garnered significant 
interest within the field of thoracic surgery, particularly within the operating room. 
The operating room is a unique environment comprised of individuals with vastly 
different disciplines and training levels, constantly evolving technology, all in the 
context of high acuity and complex medical situations. Accordingly, it is no surprise 
that several studies have identified the operating room as a major contributor to 
adverse events within the hospital [2, 3]. This is especially true when examining 
human factors research and insights in the thoracic surgery operating room.

 Learning from Our Mistakes

The commonly used adage, “never make the same mistake twice,” is a simplified 
generalization of an objective of critical incident and near-miss reporting. These 
reporting systems have been broadly used in several high-risk fields, including avia-
tion, nuclear plants, the chemical process industry, and, more recently, the medical 
field [4–6]. A fundamental component of incident reporting systems is the opportu-
nity to trace a causal path, enabling the identification of active failures and latent 
conditions [7]. Identifying these vulnerabilities facilitates adverse event prevention 
in the future and is imperative in surgery to improve outcomes. Reason’s model of 
accident causation distinguishes between active failures and latent conditions. 
Active failures are defined as errors triggered by an individual in the overall system 
(e.g., the surgeon, resident, anesthesiologist, scrub technologist, circulating nurse, 
etc.). Latent conditions are system vulnerabilities that are typically a result of poor 
decision-making by higher management in an organization (e.g., hospital adminis-
tration, engineers of a technology, manufacturers) [7]. Examples in thoracic surgery 
of active failures include errors such as iatrogenic injury to life-threatening struc-
tures of the mediastinum (great vessels, pulmonary artery, or vein). Latent condi-
tions include staff shortages, lack of investment in current technologies and safety 
measures, poor working conditions, overworked staff, and failure to invest in staff 
training.

Monitoring near misses or surgical failures has demonstrated to be fruitful in 
cardiac surgery. de Leval et al. retrospectively examined a cluster of failures (deaths) 
for a series of 104 neonates undergoing an arterial switch operation, ultimately find-
ing causality with suboptimal surgical performance [8]. Using cumulative sum 
modeling, the group discovered that if a monitoring system of near misses had been 
in place earlier, an intervention (surgical retraining) could have been implemented 
and possibly prevented adverse events from occurring. In thoracic surgery, the toler-
ance for error is extremely low because the consequences of seemingly small errors 
have the potential to be grave. Thus, any means of preventing errors should be 
explored, and implemented into regular practice when feasible.
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Based on the previously mentioned “Swiss Cheese” model of accident causation, 
the Human Factors Analysis and Classification System (HFACS) model specifically 
examines active and latent failures within four categories—unsafe acts, precondi-
tions for unsafe acts, unsafe supervision, and organizational influences. The HFACS 
model provides an effective means of scientifically quantifying the interplay 
between human factors and error creation. ElBardissi et al. utilized an adapted ver-
sion of the HFACS model and applied it to the cardiac OR [9]. Using structured 
interviews, the group demonstrated that active failures occurred infrequently and 
were often associated with underlying latent conditions. The most common active 
failures in the study were skill-based errors (a subcategory within the category of 
“unsafe acts”). A common response for the etiology of the skill-based errors was the 
high staff turnover in the cardiac OR, leading to the collective deterioration of the 
system itself. The high turnover inherently led to the recruitment of team members 
directly out of training. These individuals almost certainly lacked adequate experi-
ence needed for complex cardiac operations and high acuity situations. Organizational 
influences (latent conditions) were believed to be the culprit of the high turnover, 
secondary to deficiencies in resource management and organizational process. 
Examples included the lack of appropriate staff, lack of proper education and train-
ing of team members, and the burdensome logistical requirements of team members 
that often delayed OR time [9], as illustrated in the case study mentioned earlier.

Using monitoring systems to identify human factors involved in critical incidents 
and near misses provide invaluable opportunities for hospital administration, tho-
racic surgeons, and other team members to implement safeguards and improve out-
comes. The most prudent and effective means of implementing positive change is 
typically addressing latent conditions that may elicit active failures.

 Multidisciplinary Team and Communication

The specialty of thoracic surgery is greatly dependent on physicians of differing 
specialties as well as a multitude of ancillary team members of varying backgrounds, 
each playing a pivotal role in the care of a surgical patient (Fig. 22.2). Confounding 
the team dynamics include the various number of individuals that fill each role and 
high turnover within the field of thoracic surgery, making it near impossible to use 
the exact same combination of team members for every surgical case [9]. This pres-
ents an actionable opportunity from a systems standpoint (hospital administration), 
as maintaining surgical team consistency has proven to reduce operative time, likeli-
hood of prolonged hospital stay, and reduce readmission rates [10, 11].

To the layman, it is instinctual to identify a single person to blame for an error. On 
the contrary, an adverse event can rarely be traced to a single individual, outside of 
blatant negligence or malicious intent. More often, an adverse event is a result of the 
organization predisposing a team to human error and/or failures made by the team 
itself. As mentioned in the cardiac chapter, Wiegmann et al. applied a human factors 
methodology to study surgical errors and their association with flow disruptions in 
cardiac surgery, ultimately discovering that the strongest predictors of committing 
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an error were teamwork-related failures [11]. The specific team problems included 
issues related to team communication and familiarity with one another. A prospec-
tive human factors study of cardiac surgical cases revealed that teams composed 
of members who were familiar with the operating surgeon had significantly fewer 
adverse events and teamwork-related failures in comparison to those working 
with an unfamiliar surgeon [12]. This same study offered several interventions to 
improve teamwork and communication, including preoperative briefing, surgical 
team restructuring (promoting team familiarity), standardized intraoperative com-
munication, postoperative debriefing, and human error training.

Communication failures are multifactorial, and often a result of environmental 
interference or an error in the delivery or interpretation of a message [12]. 
Environmental interferences, or general noise, is very common in the OR and can 
stem from the commonly played ambient music, nonessential communication, 
simultaneous communication, and equipment alerts. Given the numerous multidis-
ciplinary team members within the OR, a standardized means of communication 
that avoids vague or confusing messages is critical. Closed-loop communication 
methods can be helpful, particularly between surgeon, anesthesiologist, and perfu-
sionist, who have direct control of a thoracic patient’s physiology and cardiovascu-
lar dynamics in the OR. A recent study identified communication failures between 
thoracic surgeons and anesthesiologists, resulting in foreign body entrapment 
(FBE)—typically, suction catheter, endotracheal tube, nasogastric tube, bronchial 
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blocker, or temperature probe [13]. Of the surgeons who had experienced complica-
tions during pulmonary resection, 45% reported that the FBE event occurred due to 
ineffective communication: not asking the foreign body to be removed. This type of 
error can lead to increased operative time and complexity in removing the foreign 
body, and it predisposes patients to unnecessary morbidity. The physiologic insults 
on the cardiovascular and respiratory system during a thoracic surgical case can 
often be life threatening and thus require the surgeon and anesthesiologist to work 
in tandem. Effective and constant communication is paramount.

Often, the true effectiveness of a team is measured during near-miss and high- 
stress situations. For instance, if an anastomotic leak were to occur after an esopha-
gectomy, this complication would require compensation by the surgical team. 
Compensation is described as “the form of recovery from error, where a strategy to 
remedy a situation is implemented before negative consequences occur” [14]. 
Moreover, a team with stronger team dynamics may be more effective in countering 
an error. Their cumulative experience may be associated with enhanced problem- 
solving skills, improved diagnostic capabilities, and more efficient team communi-
cation skills [14]. An indirect measure of compensation is a metric referred to as 
“failure to rescue” (FTR)—the inability to save a patient from death after a major 
complication. FTR has been widely adopted as a metric of hospital quality, and its 
importance has been highlighted in surgical outcomes, including those undergoing 
an esophagectomy [15, 16]. Silber et al. coined the term FTR as a measure of orga-
nizational and team experience, suggesting some systems or hospitals may be better 
prepared to provide the complex and resource-intensive care needed to rescue 
patients after a complication [17]. Organizational characteristics associated with 
adverse events include the hierarchical structure of surgical teams, high workload, 
overconfidence, and poor inter-professional communication [18–20]. A few of the 
aforementioned items may be addressed through administrative changes and team 
training sessions. Promoting team skills through standardized training sessions have 
shown to be a durable means of avoiding adverse events in high-volume thoracic 
surgery centers [21]. Team training sessions can underscore methodologies to con-
duct standardized preoperative briefing and debriefings, effective communication 
strategies (i.e., closed-loop communication, SBAR [situation, background, assess-
ment, recommendation]), and situational awareness to limit flow disruptions.

 Technology

The field of thoracic surgery has rapidly adopted several technologies in an effort to 
reduce the surgical impact on a patient and improve clinical outcomes. Despite the 
advantages, it is important to note that new technology can be as disruptive as it is 
advantageous during the learning curve and potentially beyond. For instance, the 
robotic platform has quickly gained significant interest from many thoracic sur-
geons and has changed the paradigm of minimally invasive surgery, offering a 
quicker learning curve to general thoracic cases than the traditional video-assisted 
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thoracoscopic surgery (VATS) approach. However, utilizing the robotic platform 
introduces a new element to the system and can lead to flow disruptions, resulting 
in adverse events. Flow disruptions are defined as “deviations from the natural pro-
gression of an operation thereby potentially compromising safety or efficiency” 
[22]. Catchpole et al. utilized a human factors approach to evaluate the safety and 
efficiency of robotic surgery in a variety of specialties including cardiac surgery. 
The authors identified approximately ten flow disruptions per hour in operating 
rooms utilizing the robotic platform [23]. These disruptions were predominantly 
secondary to issues in communication, coordination, equipment, and training prob-
lems. The flow disruption rate varied by surgeon experience. Furthermore, an accu-
mulation of flow disruptions has been associated with longer operative times, 
technical errors, delayed recognition of a major deterioration in a patient’s condi-
tion, and omission of critical surgical steps [14, 23, 24].

As previously mentioned, surgical and team experience are imperative, particu-
larly during complex cases, which often require intraoperative decision-making. 
Adding new technology such as the robotic platform will undoubtedly increase 
opportunities for errors during the learning curve. Despite the mandatory formal 
training required by all institutions, it is important to recognize that simulations can-
not replace intraoperative experience. Thus, training within the OR under experi-
enced teachers is instrumental, and during this training period, a thoughtful plan 
must be in place to minimize workflow disturbances and optimize patient safety. 
Dedicated robotic surgery teams have been suggested as a solution to mitigate the 
learning curve. Though this may shorten the onboarding period for the ancillary 
surgical staff, it may be problematic in the rare instances in which a complex case 
can lead to unforeseen conversion from a robotic case to an open one. If the robotic 
team is not experienced in open thoracic surgery, measures should be in place to 
address this scenario quickly and not allow patient safety to be compromised.

These challenges should not dissuade one from embracing innovative technol-
ogy. Aside from the potential to enhance patient care, adopting new technology may 
also offer an opportunity for the working unit to make organizational changes and 
enhance communication and efficiency overall.

 Conclusion

A single event rarely incites a consequence of clinical significance; rather, it is typi-
cally a myriad of events with which humans interface with one another, the environ-
ment, and technology that result in clinical failure. Thoracic surgery is a unique 
specialty in which the role of human factors research has already proven to be useful 
and will continue to be so as this knowledge evolves and becomes mainstream. The 
substantial dependence on other specialties, high complexity of cases, large multi-
disciplinary OR teams, and the frequent need for intraoperative decisions necessi-
tate the need for a close evaluation of human factors to optimize workflow and 
prevent clinically significant errors.
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23The Application of Human Factors 
Research to Improve Urological Care

Falisha F. Kanji, Hanson Zhao, and Jennifer T. Anger

 What Is Urology?

Urology is a surgical specialty, which involves treating patients with benign and 
malignant diseases of the male and female urinary tracts and the male reproductive 
organs. These organs include the kidney, ureter, bladder, prostate, urethra, pelvic 
floor muscles, penis, and testicles. There are several subspecialties within urology, 
including urologic oncology, infertility and andrology, stone disease, female urol-
ogy/female pelvic medicine, neuro-urology, pediatric urology, reconstructive urol-
ogy, renal transplantation, and minimally invasive surgery. Urologists perform a 
wide range of procedures, including vasectomies and cystoscopies, endoscopic 
treatments of kidney stones and bladder tumors, and robotic surgeries to remove 
prostate cancer and kidney masses.

 Case

A 70-year-old man was admitted to the floor after an uneventful hemicolectomy. He 
had a history of lower urinary tract symptoms from benign prostatic hypertrophy 
that had been controlled with the alpha blocker tamsulosin. This medication had not 
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been restarted postoperatively as the patient was kept nil per os (NPO). His foley 
catheter was removed the morning after surgery. The nurse that day had several 
other complex patients and did not realize that the patient had not voided until 
8 hours after the catheter was removed. The patient did complain of some suprapu-
bic discomfort, but this was attributed to the surgical incision. The nurse called the 
surgery team who was scrubbed in another case but gave a verbal order to check a 
bladder scan. The scanner showed that the bladder had at least 600 cc of urine. The 
nurse called the surgery team again. They were in a critical portion of the case and 
did not call back for another hour, but they ultimately instructed the nurse to replace 
the foley. However, despite several attempts, the nurse was unable to advance the 
catheter into the bladder due to the enlarged prostate. A urology consult was 
obtained and a Coudé catheter was finally placed, with over 1.5 liters of urine imme-
diately drained. This occurred over 12 h after the initial catheter was removed. Due 
to the significant amount of bladder distension, the patient was eventually dis-
charged home with the catheter. Because of the overdistention, he had to wait a 
week, rather than the usual 1–2 days, to have a voiding trial. Fortunately, he fol-
lowed up with the urologist and had a successful void trial 1 week after surgery.

 Human Error

The Swiss Cheese Model of Accident Causation developed by James Reason dis-
cusses the way in which errors can occur in a system, beginning with small mistakes 
that can ultimately lead to an accident [1]. Reason describes four layers that aim to 
protect any system against threats that could potentially occur. However, failures or 
mistakes can occur at each of these layers, representing the “holes” in the “cheese”. 
As mistakes or failures continue to occur, the opportunity for accidents or errors 
increases. In the medical field, mistakes such as the one that occurred in the above-
mentioned case may be prevented through interventions such as the use of check-
lists or implementing an additional step to rounding procedures. However, medical 
errors continue to occur despite such interventions. For example, in South Wales, a 
70-year-old male patient was in the hospital with plans to undergo a nephrectomy. 
The surgeon entered information into the system about the patient from an admis-
sion slip that was incorrectly completed [2]. On the day of the surgery, the surgeons 
had not consulted with each other about the details of the case, and the patient’s 
surgeon did not speak with the patient prior to the operation [2]. The patient eventu-
ally went into the operating theater for his procedure where another error was 
made—the patient’s X-ray was placed on the X-ray light backward [2]. The sur-
geons conducted the procedure and removed the patient’s left kidney instead of his 
damaged right kidney. The patient later died, and the surgeons faced criminal 
charges. Each of the events that occurred in this accident is a prime example of how 
these layers of defense in the Swiss Cheese model can be broken down with pre-
ventable mistakes. Had the surgeons consulted each other, had they given more 
attention to the X-ray or to the information in the patient’s chart, it is possible that 
this fatal accident could have been avoided.
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Another type of error that occurs in open surgical cases are retained foreign 
objects. According to a study conducted by Zejnullahu, Bicaj, Zejnullahu, and 
Hamza [3], it was reported that approximately 1500 surgical cases per year, in the 
United States, involve a retained foreign object. These incidents may cause harm to 
the patient and require follow-up scans and procedures to resolve the issue [3–5]. So 
why do these accidents occur? Consider the following example: during a robotic 
sacrocolpopexy, a urology fellow had prepped the patient and accidentally left a 
sponge in the patient’s vagina while simultaneously answering questions in the 
operating room (OR) and completing other tasks [6]. Two months after the surgery, 
the patient had reported that the sponge fell out of her vagina as she was walking. 
Fortunately, the patient did not show any signs of infection. We sought to gain a 
better understanding of why foreign objects were left in the vagina at our own insti-
tution. Each of the cases was analyzed using the Human Factors Analysis and 
Classification System (HFACS) [6]. Skill-based errors, communication, and tech-
nology were the top three reasons as to why a foreign body was retained. In a more 
granular analysis, these issues were most commonly associated with inaccurate 
counting, forgetfulness, inadequate or ineffective communication, poor design of 
equipment, or usability issues.

 Communication, Teamwork, and Coordination

Acute urinary retention is very common in the hospital setting, and the urology 
service is frequently consulted to help manage this condition. We recently reviewed 
1 year of urology consults for acute urinary retention and found that average volume 
retained in the bladder, as measured by noninvasive bladder scanner, was 860 cc [7]. 
This is nearly double the average bladder capacity, which is 300–400 cc, and sug-
gests serious delays in the diagnosis of acute urinary retention [8]. In our study, 
patients with overdistended bladders were almost three times more likely to fail a 
voiding trial in the hospital and, instead, go home with a catheter. This increases 
their risk of urinary tract infections and catheter discomfort. Through several human 
factors analyses and discussions with the nursing staff, we identified multiple areas 
of improvement. Voiding trials should not coincide with shift changes so that they 
are not forgotten in a handoff or delayed. Bladder scanners should be easily acces-
sible at every nursing station. Hospital electronic medical records can also assist by 
creating an order set that links a “remove Foley” order to a “check bladder scan” 
order. Pro re nata (PRN) (as needed) orders to replace catheters can help avoid com-
munication delays between nurses and physicians.

Errors in communication can occur often and can contribute to mistakes that 
occur in the medical field. In surgery especially, communication is of the utmost 
importance, as errors in communication can lead to near misses or adverse events. 
A study conducted by Leonard, Graham, and Bonacum [9] aimed to mitigate medi-
cal errors through the improvement of communication and teamwork among medi-
cal staff. The authors describe techniques such as checklists, team briefings, and a 
method known as Situation, Background, Assessment, and Recommendation 
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(SBAR), as effective methods to improve communication between team members. 
The SBAR technique enforces thorough communication between team members to 
ensure that information is relayed appropriately. An example of this method in uro-
logical surgery can be found below:

• Situation: Dr. Blue, I’m calling about Mr. Green. He has had no urine output 
since the surgery.

• Background: He is a 62-year-old male who underwent a transurethral resection 
of a bladder tumor. He has been in the recovery room for 3 hours and has not 
voided since the surgery. He is also complaining of some abdominal pain.

• Assessment: His abdomen feels distended. I tried to perform a bladder scan, but 
it was not working well.

• Recommendation: I need you to come see him. He may need a Foley catheter and 
a cystogram to make sure there is not a bladder perforation.

Surgical procedures in urology are often quite complex and require effective 
coordination and teamwork from members who are involved in the case. Therefore, 
improving communication among the surgical staff can, in turn, improve coordina-
tion and teamwork. We recently conducted a focus group to discuss methods for 
improvement with patient and nurse experience after a sling procedure. A group of 
nurses were interviewed for approximately 1 hour and were asked questions about 
inefficiencies during patient discharge, difficulties experienced reaching surgeons 
when patients are unable to void, and common questions that are asked by patients 
about the procedure. During this focus group discussion, it was revealed that nurses 
often face confusion about appropriate voiding volume, when patients can be dis-
charged, and where to place the patient’s leg bag. The underlying reason these issues 
may be occurring could be due to surgeon preferences and patient factors. However, 
effective communication between nurses and surgeons may improve postsurgical 
processes for the patient, nurse, and surgeon.

 Usability

In today’s ever-changing technological world, it is important to address the topic of 
usability of equipment and devices in the medical field. Anyone from the patient to 
the surgeon can face issues with the effective use of a tool or device. It was dis-
cussed earlier in this chapter that one of the causes of a vaginally retained foreign 
object was the issue of usability. Human factors assessments of usability involve 
understanding the ease of use associated with a particular device or tool. Consider 
a recent study conducted by Cohen et al. [10], which aimed to understand patient 
preparedness, education, device usability, and satisfaction associated with sacral 
neuromodulation (SNM) therapy. SNM is an effective treatment for bladder dys-
function that is not responsive to more conservative therapies. SNM typically 
involves a 1-week testing phase in which a permanent lead is placed into the third 
sacral foramen (in the buttock area) but is connected to a temporary external 
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battery. If patients experience at least 50% improvement during the testing phase, 
they then undergo permanent battery implantation 1 week later. Ten patients were 
recruited for the first phase of the study and reported difficulty with the testing 
device, in that it was confusing and difficult to adjust the device settings [10]. They 
were also confused about how to manage the bandages covering the temporary bat-
tery. An intervention was developed to increase patient satisfaction in all areas of 
the process—from understanding the risks and benefits of the surgery to gaining a 
better understanding of the device. Patients were then recruited for the second 
phase of the study, post intervention, and satisfaction with device in terms of 
usability significantly increased [10].

 Conclusion

Throughout the discussion of each of these unique cases, we recognized issues with 
communication, teamwork, coordination, usability, and situational awareness in 
urology. Taking a human factors approach to improving each of these areas can be 
beneficial to both the medical staff and the patient. The implementation of check-
lists, team briefings, and process and procedural interventions for medical staff may 
improve patient care and reduce the rate of errors and problems that are cur-
rently faced.
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Personal Pearls
 1. Errors in urological surgery can adversely impact care. Human factors 

methods can help prevent such errors.
 2. Effective communication may improve teamwork and coordination and, in 

turn, play a large role in decreasing the rate of errors that may occur in 
urological surgery.

 3. Testing and incorporating human factors interventions are a simple way to 
improve processes and procedures, thereby leading to better patient 
outcomes.
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24Vascular Surgery: Acute Aortic 
Catastrophes
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 What is an Acute Aortic Catastrophe?

Acute aortic catastrophes, which include conditions such as ruptured abdominal 
aortic aneurysms (rAAA) and traumatic aortic injuries, represent life-threatening 
emergencies involving the aorta and require immediate surgical repair to prevent 
death. The care of these patients requires the coordinated efforts of a highly special-
ized team of surgeons, anesthesiologists, nurses, and technicians, who must work 
expeditiously and efficiently to achieve a favorable outcome.

 Case Study

Imagine accepting the transfer of a patient with a ruptured abdominal aortic aneu-
rysm from a small community hospital several hours from your metropolitan area. 
The transfer is delayed due to the lack of available transportation options, and upon 
arrival of the patient to your emergency department (ED) 5 hours later, his transport 
to the operating room is further delayed when the Emergency Medicine physician, 
who does not realize that the patient has already undergone complete imaging, mis-
takenly directs the patient to the computed tomography (CT) scanner. The patient 
then becomes hypotensive, with systolic blood pressures in the 60s, and he is 
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aggressively resuscitated and rushed to the operating room. The patient is trans-
ferred expeditiously onto the operating table in the hybrid operating room; however, 
establishing adequate access and placing a left radial arterial line causes further 
delays, and upon inducing general anesthesia, the patient loses pulses. Chest com-
pressions are started but must be interrupted intermittently to tuck the patient’s 
arms, prep, and drape. Although the hybrid room is stocked with all of the necessary 
equipment in the room, the circulator and scrub tech have not previously worked 
with the surgeon on an acute aortic emergency. Although an access needle is avail-
able, the remainder of the items must be opened sequentially as the surgeon requests 
them, and ultimately the patient expires.

Now, instead, imagine the same patient scenario mentioned above within the 
context of well-applied protocols driving care. Upon receiving the transfer request, 
the receiving surgeon requests the already completed CT images to be obtained by 
the transfer center and notifies the emergency department of the pending transfer. 
Emergency medical services (EMS) personnel appropriately resuscitate the patient 
based on predefined blood pressure goals, and upon arrival to the emergency depart-
ment, an identification band is affixed to the patient’s wrist at the front desk. The 
patient then bypasses the emergency department and is taken directly to the operat-
ing room, which has already been prepared for the treatment of an aortic catastro-
phe, with all of the necessary equipment opened and ready on the back table. The 
patient is transferred over to the operating table, his left arm is tucked, and he is 
prepped and draped. The right arm is left available for anesthesia to obtain further 
venous access and a radial arterial line. The c-arm is brought into position from the 
left to allow the procedure to start. Femoral access is obtained with local anesthesia, 
and an aortic occlusion balloon is successfully inflated to allow for induction of 
general anesthesia and eventual successful graft deployment. The patient survived 
to discharge within 3 days.

 How Can We Improve the Care of Patients with Aortic 
Emergencies Using Human Factors Principles?

Acute aortic catastrophes, such as ruptured abdominal aortic aneurysms or trau-
matic aortic injuries, represent life-threatening conditions that are almost univer-
sally fatal if not treated emergently. Historically, both conditions have been 
associated with high mortality rates, approaching 85% and 90% in patients with 
ruptured abdominal aortic aneurysms and traumatic aortic injuries, respectively, 
with most of these patients dying before reaching the hospital [1–3]. Even among 
those surviving to hospital arrival, perioperative mortality approaches 66%, and 
although advances in endovascular techniques and expertise are improving survival, 
perioperative mortality rates remain high [4–9].

Successful treatment of these acutely ill patients requires the expertise and excel-
lent care of multiple independent members of a well-coordinated team that must 
simultaneously work in parallel and series to achieve a successful repair (Fig. 24.1). 
While the surgeon may act as the leader guiding care, the well-coordinated efforts 
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of anesthesia, nursing, and surgical and endovascular technicians are crucial to suc-
cess. While this coordination can be achieved regularly among teams that com-
monly work together, these patients present at all times of the day and night, 
resulting in teams comprised of people who may have never worked together. It is 
during these cases when the lack of coordination and organization can become obvi-
ous, even with the best surgeon leaders. One cannot simultaneously do every job, 
and thus the surgeon relies on the initiative and anticipation of others for success. 
When facing aortic catastrophes, every second matters; success is dependent on 
organization and preparation–expectations of everyone’s role must be clear.

Unlike elective cases, in which a preoperative checklist and debrief can allow the 
surgeon to explicitly state expectations, there is no time afforded to this preparation 
in emergencies, which can result in the missteps mentioned above. While an 
individual- focused critique of these cases will place blame upon the individual mak-
ing the well-intentioned mistake, a human factors approach involves protocolizing 
the management for these patients, in order to create organization and coordination 
among team members, despite their lack of familiarity with each other or the proce-
dure. Protocols expedite care and create care pathways that standardize the care of 
patients.

Expeditious care is necessary in the management of aortic emergencies. Transfer 
protocols ensure patients are rapidly transferred to hospitals capable of treating 

Fig. 24.1 Successful endovascular repair of a traumatic aortic injury using thoracic endovascular 
aortic repair. Aortic injury seen in the proximal descending thoracic aorta, immediately distal to the 
left subclavian origin (a). Successful exclusion of the injury is seen following stent graft 
deployment (b)
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these emergent conditions and, when in place, ease this process. It is estimated that 
24% of patients with ruptured abdominal aortic aneurysms (rAAA) are transferred, 
with increasing rates of transfer over time [10]. Image acquisition protocols allow 
transferring hospitals to rapidly upload imaging obtained prior to transfer, avoiding 
unnecessary reimaging upon patient arrival, and operative plans including 
Endovascular Aneurysm Repair (EVAR) candidacy can be determined ahead of 
time. Additionally, these systems ensure the availability of imaging studies to the 
receiving physician, as imaging is only valuable if the surgeon can see it.

In order to emergently fix a ruptured abdominal aortic aneurysm or traumatic 
aortic injury, one must initiate the procedure expeditiously without any unnecessary 
steps. In order to start the procedure, the patient must be rapidly positioned, prepped, 
and draped on the operating table, with the c-arm brought into position. It is impor-
tant to quickly tuck the left arm at the side to allow for positioning of the c-arm. 
Delays introduced at any of these steps can result in death or morbidity. Previous 
studies have estimated that 7% of patients with rAAA die within the ED, with an 
additional 6% dying at the presenting hospital before undergoing treatment [11]. 
Although some of these deaths are likely attributable to nonoperative candidates or 
those in extremis, these deaths also include those patients who died awaiting treat-
ment or transfer.

Essential to the successful creation of an acute aortic emergency protocol is 
determination of who should be treated, and how, such that the correct approach can 
be taken in treating the properly selected patients. Scoring systems exist, which help 
predict mortality in these conditions and should be used, as patients with 100% 
predicted mortality should be counseled regarding their condition, with comfort 
measures instituted [12]. Further, studies have shown that patients who are not can-
didates for EVAR but are treated with an endovascular approach do poorly, with 
much higher rates of morbidity and mortality [13].

Protocols also standardize the care received by patients. In acute aortic catastro-
phes, targeted resuscitation, permissive hypotension, and delayed institution of gen-
eral anesthesia until proximal aortic control is obtained are standards that have 
improved survival in these patients [14, 15]. Defined blood pressure goals commu-
nicate clearly to EMS personnel how aggressive resuscitation should be. At times, 
these tenets run counter to the traditional training of surgeons and anesthesiologists, 
who are taught to protect the patient’s airway before addressing circulation. Take, 
for example, the patient presenting with a ruptured AAA who is severely hypoten-
sive on arrival to the OR. With systolic blood pressures in the 30s, the patient may 
not be protecting her airway, triggering the instinct to intubate; however, in this 
patient, inducing general anesthesia may result in cardiovascular collapse and death, 
while, instead, under no anesthesia, femoral access can be obtained and an aortic 
occlusion balloon placed proximally with immediate control gained and improve-
ment in the patient’s blood pressure and mentation.

Also important to treating aortic emergencies, in addition to starting the proce-
dure, is ensuring that the correct tools are available and prepared. At our institu-
tions, hybrid operating rooms are available for use at any time, and following the 
conclusion of elective cases, is specifically set up for the management of aortic 
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emergencies. This setup, listed in Table 24.1, is standardized, such that all potential 
on-call surgeons know exactly which tools will be immediately available at the 
procedure start time.

Additionally, today’s information age allows for the rapid dissemination of infor-
mation to anyone at the click of a mouse. While many institutions may not routinely 
treat aortic emergencies, treatment protocols may be created with the help of 
instructional videos that are readily available online. For example, our institution 
has created a 4-minute video, available on YouTube, on the preparation of the back 
table for management of an rAAA [16].

Systems and protocols make a difference in patient care, and in the treatment of 
aortic catastrophes, they serve as surrogates for an organized approach to improved 
patient care. Multiple studies have shown the improved mortality of patients pre-
senting with rAAAs when algorithms are used (18%) versus not used (32%) [6–8]. 
The implementation of protocols to organize regional systems of care have allowed 
for the repair of 95% of patients transferred with an rAAA, with a 67% survival 
[17]. Although successful treatment of acute aortic catastrophes relies on an orga-
nized and well-coordinated approach, recent studies have shown that 60% of pro-
viders treating rAAA have no treatment protocols, and 70% use no transfer protocols 
or guidelines to expedite transfer [18]. The care of these patients can continue to 
improve with wider use of transfer and treatment protocols, and their dissemination 
represents an area for potential future improvements in care.

Table 24.1 Standardized 
aortic emergency back 
table setup

Access 18-gauge access needle
1% lidocaine

Syringes 3× 20cc syringes for heparinized saline
3× 10cc syringes for half-strength contrast
1× 60cc syringe for aortic occlusion balloon

Wires 2× Bentson wires
2× Glide wires
2× stiff wires (Amplatz)

Sheaths 2× short 6 French sheaths
2× short 11 French sheaths
1× long 12 French sheath

Catheters 1× Kumpe catheter
1× Vanschie 3 catheter
1× Pigtail flush catheter

Balloon 1× CODA balloon

Lessons Learned/Personal Pearls
• To start the procedure, the patient must be rapidly transferred to the operat-

ing room, placed on the operating table, with the left arm tucked. We allow 
anesthesia access to the right arm for placement of IVs and monitoring 
lines. In the hybrid operating room, the c-arm cannot be positioned cor-
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rectly, and the procedure cannot start, until the left arm is tucked, and the 
patient is prepped and draped. The aortic emergency cannot be addressed 
until the procedure starts, so every minute counts.

• Ensure that the room is set up for an aortic emergency at all times, with the 
correct tools available.

• Peripheral or central intravenous access is not a requirement to start the 
procedure as femoral venous access can be obtained quickly once an aortic 
occlusion balloon has been placed.
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25Final Thoughts

Tara N. Cohen, Eric J. Ley, and Bruce L. Gewertz

 In Summary…

This text serves as an examination of the science of human factors and its role in 
improving safety, efficiency, and well-being in surgery. Our goal was to demystify 
human factors by providing a thorough discussion of its history and application in 
surgery. Moreover, experts of several surgical specialties demonstrated its value and 
application through the inclusion of unique and insightful surgical case studies.

Each author highlighted important lessons learned or personal pearls throughout 
their application of human factors in surgery. Regardless of their surgical specialty, 
they highlighted common themes that should be remembered and applied moving 
forward. This final chapter seeks to summarize those themes and discuss future 
directions.

 Common Themes

 Open Communication and Briefings

Communication was by far the most frequently cited term in our analysis of lessons 
learned. This is clearly demonstrated in the word cloud depicted in Fig. 25.1. Given 
that communication failures are reported as the most common attributable root 
cause in over two-thirds of all sentinel events in health care [1], it is not surprising 
that many authors highlighted the importance of effective communication to 
improve surgical processes.

Failures in communication are not reserved for health care. In fact, these break-
downs have been cited as the source of several well-known catastrophes in other 
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high-risk industries. Consider the Tenerife airport disaster of 1977 where two 
Boeing 747 aircraft (KLM flight 4805 and Pan Am flight 1736) collided on the run-
way resulting in the loss of 583 lives [2].

On March 27, 1977, a terrorist-related incident occurring at Gran Canaria 
Airport resulted in several flights being diverted to what is now considered 
Tenerife North Airport. The airport became incredibly congested and several air-
craft were parked on the only taxiway (the path used for aircraft to travel on the 
ground, connecting them to various locations throughout an airport) available at 
the airport. Consequently, prior to departure or after takeoff, aircraft were required 
to use the runway as a taxiway by following a back-taxi procedure (the use of any 
portion of the runway for a taxiway where aircraft would taxi in the opposite 
direction from which they would land or take off). Moreover, there was reduced 
visibility for both the pilots and operators in the air traffic control (ATC) tower 
due to heavy fog on the runway.

Both aircraft (KLM flight 4805 and Pan Am flight 1736) were ready to depart 
from Tenerife. The ATC operators instructed the KLM pilots to taxi down the entire 
length of the runway and make a 180 degree turn to position for takeoff. They also 
asked the pilots to report back when they were ready to depart. Subsequently, the 
Pan Am pilots were instructed to follow the KLM aircraft down the same runway 
and exit by taking the third exit route available (Fig. 25.2). After getting into posi-
tion, the KLM captain advanced the throttles, moving the aircraft forward. The first 
officer informed the captain that they had not yet received ATC clearance (the per-
mission required to move along the runway and take off). The captain instructed the 
first officer to request the clearance from ATC. ATC responded with specific instruc-
tions for what to do after takeoff but did not include the clearance necessary for 
takeoff. The first officer responded to ATC saying, “we’re now at takeoff”. Initially, 
the ATC operator responded with “ok”, likely because he thought the KLM pilots 

Fig. 25.1 Lessons learned 
word cloud. *Note a word 
cloud is an image 
composed of words used in 
a text or subject, in which 
the size of each word 
indicates its frequency 
used or importance
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were confirming they were ready for takeoff but were not yet in the process of tak-
ing off. The KLM pilots misinterpreted this response as a takeoff clearance. 
Immediately after saying “ok,” the ATC controller communicated with KLM again, 
asking the pilots to “stand by for takeoff.” As the ATC controller was voicing this 
command to the KLM pilots, the Pan Am pilots simultaneously attempted to inform 
the ATC controller that they were still taxiing down the runway. As a result of both 
communications happening at the same time, there was mutual interference on the 
radio frequency used to communicate. Consequently, this caused a shrill 4-second 
noise in the KLM cockpit, making it nearly impossible for the pilots to hear the 
important ATC instructions to “standby.” Moreover, they missed the message from 
the Pan Am pilots that they were still taxiing down the runway.

The KLM pilots initiated their takeoff roll, unable to see the Pan Am plane due 
to the fog. The ATC operator instructed the Pan Am pilots to report when they were 
clear of the runway (i.e., when they exited the runway at the third exit). The Pan Am 
pilots confirmed these instructions. Upon hearing this communication exchange, 
the flight engineer on the KLM flight expressed concern about the Pan Am aircraft 
not being clear of the runway, but the captain indicated that the Pan Am aircraft was 
clear of the runway and pressed on. By the time the Pan Am pilots could see the 
KLM aircraft rapidly approaching, it was too late for them to maneuver the plane 
out of the way. On the KLM end, as soon as the pilots visualized the position of the 
Pan Am aircraft, they attempted to force an early takeoff in efforts to clear the plane. 
Unfortunately, this resulted in a catastrophic tail strike and collision into the center 
of the Pan Am aircraft.

As a result of this incident, the Spanish Accident Board made three recommen-
dations: (1) placement of great emphasis on the importance of exact compliance 
with instructions and clearances; (2) use of standard, concise, and unequivocal aero-
nautical language; (3) avoid the word “takeoff” in the ATC clearance and adequate 
time separation between the ATC clearance and the takeoff clearance.

We tend to think of communication breakdowns as issues in the way we verbally 
exchange information with one another. However, especially when considering sur-
gery, these breakdowns can manifest in several (sometimes unexpected) ways. As 
discussed in this text, hierarchical disparity, role conflict and ambiguity, preopera-
tive expectations, and temporal demands can result in communication failures like 
mislabeling of specimens, misinterpretation of markings on a patient, and misen-
tered information in the electronic medical records (EMR).

Fig. 25.2 Tenerife airport disaster (diagram)
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Because communication failures can be a consequence of individual, interper-
sonal, and systems-level issues, mitigating them can be incredibly challenging. 
Current approaches involve implementing tools like checklists, communication pro-
tocols, and preoperative briefings to enhance safe and open communication. 
Surgeons and other collaborating clinicians have identified several ways in which 
communication could be improved in the operating theatre. For example, multiple 
authors discussed the value of team training and education for all staff members. 
Others highlighted the importance of standardization and closed-loop communica-
tion and preoperative briefings to ensure effective coordination and flow prior to 
surgery. Finally, some argued that enhancing visualization in the OR could improve 
communication (e.g., developing a time-out board that everyone in the room can 
see, or implementing clear drapes and masks to improve information exchange 
between providers).

 Flattening the Hierarchy

Another emerging theme of this book involves the breakdown of hierarchical 
boundaries and barriers. Referring to the Tenerife Disaster, accident investigators 
believed that the KLM captain’s influence may have played a role in the catastrophe. 
The accident report noted that because of the captain’s “great prestige,” it may have 
been difficult for the crew to imagine that he could commit an error of this magni-
tude. Thus, once the captain (erroneously) claimed that the Pan Am jet was off the 
runway, the flight engineer and the first officer made no further objections. As a 
result, the Federal Aviation Administration (FAA) published the following state-
ment in their “Lessons Learned” library (a database containing information involv-
ing aviation incidents and accidents, which aims to equip safety practitioners with 
knowledge to improve aviation safety): Flight crew communications regarding air-
plane safety readiness should be open and effective. Each crew member must clearly 
give and receive communication in such a way that the flight safety decisions repre-
sent the best product of this open, two-way communication [2].

For there to be open, two-way communication, hierarchical boundaries and bar-
riers should be examined. The operating room (OR) tends to be very hierarchical in 
nature, with the surgeon traditionally at the top of the team dynamic. This dynamic 
is further complicated by the multi-professional nature of the OR. Because of this 
wide array of key players, barriers to open communication are multifactorial and 
can stem from a leader’s interpersonal communication skills, gender differences, 
age differences, and lack of training in how to have open communication. Effective 
teamwork and communication in the OR demand the elimination of any autocracy 
and the support of all staff contributing to the procedure, or a flattening of the hier-
archy [3].

Authors have highlighted the value of checklists, time-outs, and briefings to 
promote comfort in speaking up. Some have suggested that the adoption of 
briefing and debriefing with key members of the team will facilitate open 
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discussions on complications or other potential challenges. Another way to 
break down some of these barriers may be to simply ensure that everyone knows 
each other’s names before starting a surgical procedure.

 Situational Awareness

The chapter authors consistently discussed the importance of proper coordination in 
the OR and often attributed successes or failures in coordination to situational 
awareness. Situational awareness can be simply defined as what has happened, what 
is happening right now, and what might happen in the future [4]. It involves having 
an understanding of the conditions that impact one’s workflow such as the environ-
ment, timing, and the individuals involved, and it requires a continuous monitoring 
of a constantly evolving situation. In an ideal situation, all team members would 
have a shared mental model of the task at hand and how it is to be performed (in this 
case, surgery) [3].

Without situational awareness and shared mental models, effective team perfor-
mance is nearly impossible. Let’s consider basketball as an example. Coaches often 
spend an incredible amount of time drilling players on their ball-handling or passing 
skills, defensive maneuvers, and shooting abilities. However, success is also reliant 
upon the athletes’ abilities to recognize details about their environment, the indi-
viduals they work with, and the timing of their tasks. One factor that needs to be 
constantly monitored is the score of the game. When there are only 30 seconds left 
in the game, knowing the score will impact how you respond. The team members 
will respond very differently if they are down four points as opposed to being up. 
Relatedly, team members should have a good sense of the time remaining at all 
points in the game. Too often players make an extra pass, eating up valuable time 
that could be used to attempt a shot. Paying attention to fouls can also play off dur-
ing a game. Players who are cognizant of not only their own fouls but those of the 
other team members will be better equipped to anticipate appropriate actions at vari-
ous points in the game. Finally, and perhaps most importantly, team members need 
to have a good understanding of their abilities as well as those of their team mem-
bers. They should anticipate their team member’s next moves, their positions on the 
court, and be knowledgeable about how they will behave. All of these skills can 
drastically impact the team’s performance and demonstrate the importance of situ-
ational awareness.

Like basketball, team members in the operating room need to have a constant 
understanding of the pace of the procedure, the roles of the team members involved, 
and the environment they work in. They must anticipate their own needs and the 
needs of others. Unfortunately, training or teaching situational awareness is incredi-
bly difficult. However, Brennan and colleagues (2020) argue that a team briefing 
before the start of any surgical case is the best opportunity to develop situational 
awareness. They also introduce SLAM, a useful mnemonic that can help to build 
situational awareness for individuals and the entire team. SLAM stands for Stop: 
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down tools, think through tasks and engage the brain; Look: is anything out of the 
ordinary or not quite right?; Assess: are you and the team prepared for the unex-
pected?; Manage: regroup, talk with the whole team, change actions as necessary [4].

 Into the Future

We hope this textbook can be used as a guide for surgeons and health-care providers 
at any level in their training to improve their practice. We aimed to provide multidi-
mensional human-centered insights from the viewpoint of academic surgeons and 
experts in human factors engineering to improve safety, efficiency and well-being in 
the operating room.

For those wishing to enhance their practice through the application of human 
factors methods, this text should serve as a foundation for understanding how this 
science can be applied in surgery. An ideal approach for exploring the role of human 
factors in surgery is to collaborate with a human factors practitioner. Unfortunately, 
not all medical centers have access to individuals with human factors expertise; 
however, there are several resources available for those interested in exploring 
human factors (see Table 25.1).

In conclusion, we hope this text helped to instill the idea that safety, efficiency, 
and well-being in surgery is impacted by more than just technical abilities of the 
skilled surgeon. The role of human factors in surgery cannot be understated and just 
may be lifesaving.

Table 25.1 Human factors resources

Resource Description
Human Factors and 
Ergonomics Society 
(HFES)
https://www.hfes.org/
home

HFES is the largest scientific association for human factors/
ergonomics professionals

The International 
Symposium on Human 
Factors in Healthcare

An annual symposium developed by one of HFES’s largest technical 
groups—the healthcare group. This symposium focuses only on 
human factors in health care and brings together human factors 
experts, pharmaceutical and medical device companies, biomedical 
engineers, health-care providers, FDA representatives, and patient 
safety researchers to discuss real-world examples and experiences and 
find solutions for issues and challenges in health care.

Human Factors 
Transforming 
Healthcare (HFTH) 
Network – https://
www.hfthnetwork.org

The HFTH network is a group of HF practitioners embedded in 
hospitals and health systems around the world. The goal of HFTH is 
to provide resources for HF practitioners, providers, and hospitals 
looking to successfully apply HF principles in their organizations.

Nielson Norman 
Group
https://www.nngroup.
com/

The Nielsen Norman Group is a user experience research and 
consulting firm. The founders, Jakob Nielsen and Don Norman, are 
known for their leadership in defining the user experience field. The 
website provides useful research, trainings, and suggested readings.
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