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The practice of medicine is becoming increasingly complex. No one indi-
vidual can expect to care for a patient on their own, and must interact with
other disciplines and specialties to optimize care. Traditional medical educa-
tion has emphasized autonomy and, until recently, issues related to team-
work have not been explicitly included in medical curriculum. In addition,
medicine has traditionally been very hierarchical, emphasizing a communica-
tion structure that follows a chain of command philosophy. Although this
type of communication is effective in some realms, it has been shown to con-
tribute to errors in a variety of disciplines.

Recent medical literature highlights that over two thirds of serious med-
ical errors called “‘sentinel events™ and reported to the Joint Commission on
Accreditation of Healthcare Organizations were primarily caused by failures
in communication [1]. In their 1999 report that showed that as many as
98,000 patients in the United States die each year because of medical errors,
the Institute of Medicine highlighted that health care providers tend to be
trained as individuals, yet function almost exclusively as teams, creating
a gap between training and reality. The Institute of Medicine suggested
the use of simulation exercises focused on improving teamwork as one of
the mechanisms to improve patient safety [2].
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This article reviews important concepts related to teamwork and dis-
cusses examples where simulation either could be or has been used to im-
prove teamwork in medical disciplines to enhance patient safety.

Teamwork

Teamwork is a very complex example of human interactions that has
been studied at length by organizational and human factors psychologists.
A team represents a group of individuals who must work together to per-
form a common goal. Ideally, a team represents a type of synergy, in that
a well-functioning team should be able to do things more effectively, effi-
ciently, reliably, or safely than an individual or a group of individuals work-
ing separately could do had they been alone. A poorly functioning team,
however, may be antagonistic and detrimental to productivity.

Beaubien and Baker [3] define teamwork as “those behaviors that facili-
tate effective team member interaction.” A review of the medical literature
reveals a number of concepts related to teamwork that have now been ap-
plied to medicine. Although the terminology regarding these concepts
may vary, there are specific behaviors that are repeatedly mentioned and ei-
ther have been or may be addressed through simulation and are briefly high-
lighted here (Box 1).

A recurrent theme in teamwork literature is the need for effective commu-
nication. The key is to ensure that team members are not merely working
alongside one another in parallel, but are actually interacting in a way
that makes ‘“‘the whole greater than the sum of its’ parts.” Characteristics
that enhance effective communication are paramount. For example,
a good leader is capable of giving instruction in a manner that ensures
that the instruction is heard, understood, and heeded (or if the follower can-
not heed the instruction, they communicate that back to the leader).

A practical example

In a series of 35 simulated pediatric medical emergencies (mock codes)
conducted on pediatric in-patient wards, in every mock code there was at
least one order given by the leader, and assumed to be completed, that
was discovered to be incomplete only during debriefing [9]. For example,
in scenarios of septic shock, the residents invariably believed that the simu-
lated patient had received 40 to 60 mL/kg of fluid boluses by the end of the
20-minute scenario. On interviewing the nursing staff during debriefing,
however, the resident discovered that the nurse had put the bolus on an in-
travenous pump to run over an hour per usual protocol, because they had
not been given a specific instruction in terms of time for completion of
the bolus. The nurse further clarified that they had either not heard the in-
structions for the subsequent boluses or had planned to administer them
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Box 1. Characteristics associated with high-performing teams

Situation Awareness (SA): Team performance is improved when
team members continually assess their environment and
update each other in a process called ““shared cognition,” so
that they are making decisions based on current information
and can have a shared mental model of the current state of
affairs and an updated plan of action with contingencies. SA
allows team to maintain a big picture view of situation.
Effective military and aviation teams have higher SA than
low-performing teams [4-6].

Leadership: An effective team leader can both command the team
and values input from team members. Flattening the hierarchy
improves safety because information can flow in both directions,
whereas leaders who maintain an authoritarian type of
leadership “reinforce large authority gradients, creating
unnecessary risk.” A leader should try not to perform
procedures unless the procedure is essential and no one else is
capable of doing it. Stepping back and keeping a bird’s eye view
allows the leader to take in and process more information and
contributes to situational awareness [5-7].

Followership: The nonleader members of the team are called
“followers.” Good ““followership” is just as important for good
team functioning as good leadership. Followers need to know
their individual role on the team but also contribute to overall
team functionality. They must contribute to situational
awareness by verbalizing observations about changes in the
environment, ideas about diagnosis, to decrease the leaders’
workload if necessary, and finally to help the leader avoid
mistakes (eg, ““the team leader might focus on an incorrect
diagnosis and apply the wrong rule [treatment] owing to
a fixation error, or be incapacitated, hence everyone in the team
should always be alert”). Finally, followers must not assume that
the leader knows everything and should feel obligated to share
observations that might impact outcome [5,71].

Closed Loop Communication: Closed looped communication is
used to ensure that a message that was sent is heeded and
understood, and involves “[1] the sender initiating a message,
[2] the receiver receiving the message, interpreting it, and
acknowledging its receipt, and [3] the sender following up to
insure the intended message was received” [4].

Critical Language and Standardized Practices: ““Critical language”
refers to the use of a catch phrase that means something to
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every member of an organization and requires specific action
(standardized practices). United Airlines developed the CUS
program, for “I'm concerned, I'm uncomfortable, this is unsafe,
or I'm scared,” and is adopted within the culture as meaning
“we have a serious problem, stop and listen to me.” Another
example of a standardized approach to improve the
effectiveness of communication is SBAR (situation,
background, assessment, recommendation). This is a tool that
gives an outline of how “awareness and education regarding
the fact that nurses, physicians, and other clinicians are taught
to communicate in very different styles’’ [4,6].

Assertive Communication: Safe patient care may depend on the
ability of a team member to speak up and get the attention of
other team members when they believe something might be
going wrong. This is more likely to happen if a team member
believes speaking up will not be held against them. A recurrent
phrase is that people can still show deference to expertise, but
speak up in a “non-threatening and respectful manner.” The
idea is all team members may have valuable input, “regardless
of rank.” The “hint and hope’” model has been described as
a common and dangerous way of trying indirectly to
communicate with other team members [4-6].

Adaptive Behaviors: Teams whose members are flexible and
perform as needed to optimize team functioning and
demonstrate adaptive behaviors are those that can truly benefit
from the synergy of an effective team. Examples of adaptive
behavior that optimize team functionality include: “(a) team
members ask for help when overloaded, (b) team members
monitor each others performance to notice any performance
decreases (mutual performance monitoring), or (c) team
members take an active role in assisting other team members
who are in need of help (backup behavior). An essential
component to the above actions happening is trust among
team members” [4].

Workload Management: Workload management is dependent on
team members demonstrating adaptive behaviors. This
principal requires (1) proper allocation of tasks to individuals;
(2) avoidance of work overloads in self and in others; (3)
prioritization of tasks during periods of high workload; and (4)
preventing nonessential factors from distracting attention from
adherence to protocols, particularly those relating to critical
tasks [5].
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Debriefing: Debriefing is the process of reviewing a simulation or
real event after it is complete to optimize any lessons that can
be learned. When using simulation as a teaching tool,
simulation with no debriefing and feedback does not result in
effective learning. In terms of real events, teams that debrief
themselves afterward have been shown to be higher
performing [8].

when the first was done, but did not want to bother the physician to clarify
the situation.

Two techniques that can improve communication are for the leader to give
the order followed by a specific team member’s name to increase the likelihood
that the order will be heard, and to use the technique of closed loop commu-
nication [4]. The leader gives the command, the follower repeats the command,
allowing the leader to know it was heard and interpreted correctly, and the
leader confirms what they have heard. Although it is very important that
a good leader ensure that their orders have been heard and interpreted cor-
rectly, it is equally important that the other team members practice good ““fol-
lowership.” They should participate in the closed loop communication, speak
up when they are unable to complete the command to improve the team’s sit-
uational awareness, and use assertive communication techniques to clarify if
they do not agree or are concerned about the order. Flattening the hierarchy
so that the followers feel comfortable speaking up to the leader is essential to
create an environment where followers can point out that they have not yet
completed an order or do not agree with the order (see Box 1).

In the previously mentioned case, the resident as team leader was operat-
ing on the assumption that the child had received almost 60 mL/kg of fluid
boluses and was in some type of fluid-resistant shock, whereas that child had
actually received less than 20 mL/kg. This gap between the leader’s mental
model of the situation and the truth may have a truly negative impact on the
child’s care and has been observed in reality by the authors when accepting
patients in septic shock transferred from various emergency departments.
The incongruence between the physician and nursing reports highlights
that the team is not on the same page. By debriefing the team members after
a real or simulated crisis, however, this lack of situational awareness and
closed loop communication can be highlighted and the team members
have an opportunity to learn from this mistake. Furthermore, simulation al-
lows the team members to repeat portions of the exercise and to practice
communicating with one another until they are truly functioning as
a team, all without harming a patient.

In their simulation group, the authors have used simulation as part of an it-
erative process that allows them to (1) diagnose deficiencies in knowledge, tech-
nical skills, or teamwork; (2) create opportunities to practice the deficiency; and
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(3) reassess for improvement. The mock codes on the wards revealed this dis-
connect between the “twoislands” (ie, physician and nursing staff). The authors
have subsequently used a number of simulation forums to allow pediatric res-
idents and nurses to practice a variety of skills, including those related to team-
work. For example, residents practice giving clear orders for fluid boluses,
including explaining out loud their goals of the fluid resuscitation as dictated
by shock guidelines, and the nurses practice communicating that they have
heard the order and to update the resident when the order has been completed
orifthey cannot complete the order as directed. Also, an opportunity is taken to
explain how fluid can be delivered much faster by pushing with a syringe or us-
ing a pressure bag than through a pump, addressing a knowledge deficiency
that they can then practice in the next simulation. The key to making these ses-
sions productive is to follow educational principles that highlight the need for
having clear educational objectives before each exercise and debriefing after-
ward to highlight lessons learned and yet to be learned. In this case the objec-
tives might be as follows: (1) knowledge: fluid can be delivered faster by
pushing the fluid; (2) technical: actually hook up the IV to a stopcock and IV
bag and practice delivering quickly; and (3) teamwork: practice closed loop
communication, assertive communication, and situational awareness.

These are just a few of the teamwork characteristics used by highly func-
tioning teams and highlighted in Box 1 and more extensively in the team-
work literature. Now reviewed is the concept of simulation; a brief
history, including how aviation transitioned from using simulation for tech-
nical skills to prioritizing team training; and examples of teams that can or
have used simulation to improve the practice of medicine.

Simulation

Simulation refers to the recreation of an actual event that has previously
occurred or could potentially occur. One of the greatest values of simulation
is that it can be used over and over again to perfect an action, a procedure,
or a conversation without ever exposing the providers or patients to harm.
Today, simulation is used in many industries to promote and improve team
communication and construction, procedural skill training, educational
evaluations, and technologic innovations, such as the usability of devices.

Historical perspective
Leading the way: simulation in aviation

Historically, one of the earliest applications of simulation began with the
development of the world’s first flight simulator in 1911 by Orville Wright
and later with the Link trainer [10,11]. Rolfe and Staples [11] describe the
development of flight simulation as a “logical approach to teaching,” by us-
ing an environment similar to the actual cockpit while still being “‘safely



SIMULATION AND TEAMWORK 307

linked to the ground.” Simulation was then used to train pilots how to fly
for both military and commercial aviation. Unfortunately, despite techno-
logic advances in aviation and early use of simulation, plane accidents
with great loss of human life occurred. To determine why such accidents oc-
curred, it eventually became extremely important to understand the team
dynamics in the cockpit. Simulation, however, had not yet been used to eval-
uate flight team performance or communication; it had only been used to
train pilots to fly. When the source of most flight error was eventually deter-
mined, the multidimensional aspects of simulation developed.

Transition from technical training to teamwork training

Originally, individual pilot error was most often quoted as the source of avi-
ation-related accidents. In 1979, however, the Aerospace Human Factors Re-
search Division of the National Aeronautics and Space Administration
revealed that communication errors, inefficient leadership and coordination
skills, and faulty decision-making in crisis situations were more often to blame
[12,13]. Accidents were found to be associated with inadequate team commu-
nication as opposed to improper individual performance, and shortly there-
after Cockpit Resource Management (CRM) was created [12,13].

Cockpit-crew resource management

CRM is now a well-known, structured curriculum in the aviation indus-
try. The original curriculum was designed to teach flight crews how to com-
municate effectively as a team and to evaluate their leadership and resource
management skills in crisis situations. The focus was the multiperson crew in
the cockpit [5]. Subsequent evaluation revealed, however, that critical inter-
actions occurred between the cockpit crew and the remainder of the flight
crew, and the name of the program was changed from “Cockpit” to
“Crew Resource Management” and is now being applied to all divisions
within the aviation industry [5,13].

CRM teaches that all members of a team are vital. If a team member at
any level believes that something is not being done appropriately or in the
best interest of the team or other people that have put their trust in the
team, then that member must speak up. The fact that humans make mis-
takes, but are able to learn from these errors and prevent their repetition,
is an important tenant of CRM training.

CRM uses simulation and team debriefings not only to teach team com-
munication, but also to highlight errors in the simulated setting in the hopes
of avoiding the same errors in an actual event involving humans. The cog-
nitive stress associated with crisis situations can be created or recreated
through the use of simulated events potentially to determine where, when,
and why errors occur in such situations. Over time, commercial pilots
were involved in simulations for both the technical and teamwork
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components of flying, but were only tested on their technical skills, detract-
ing from the importance of the crew training. In the late 1980s, it was rec-
ognized that human factors were still contributing to 70% of accidents,
and at that time the Advanced Qualification Program, which combined
training and testing of both technical and teamwork skills, was implemented
[5]. This move represented a huge shift in the approach to training and
maintenance of certification for aviation crew members. Teamwork training
had become equally important to technical training.

Simulation: application to medicine

Although flight simulation in aviation had its beginnings in 1910, the his-
tory of medical simulation using mannequins as partial task trainers dates
back to the 1960s with the creation of Resusci-Anne and the Harvey cardi-
ology simulator [14]. Progressively sophisticated and economical computer-
driven mannequins, capable of several physiologic actions, have created
a more realistic representation of the human patient and are being used
for increasing fidelity of simulations used in medical trainings.

The medical community is now highlighting simulation training as the
cornerstone to achieving some degree of competence before performing
skills on patients, to protect patient safety. The authors’ group has coined
the phrase “practice on plastic first”” to highlight this premise. Although
practice is used in this phrase, it is the deliberate practice of a skill in context
that is of importance. To achieve perfection of a skill requires dedicated, re-
petitive training with debriefing to highlight errors or progress.

Simulation for medical team training

David Gaba and others have pioneered the application of simulation
training to the medical community, following many of the tenants of avia-
tion training. Gaba and colleagues designed a mannequin-based simulator
program known as “Comprehensive Anesthesia Simulation Environment”
in the late 1980s. In these situations, human performance was evaluated dur-
ing anesthesia crisis situations. Application of such evaluations to an anes-
thesia curriculum resulted in the development of what is now often referred
to as “‘anesthesia crisis resource management’ [15,16]. Although originally
used in anesthesia, anesthesia crisis resource management has several appli-
cations to other divisions within health care, and reference to CRM for the
remainder of this article refers to crisis resource management.

CRM training in medicine involves many of the same principles that are
found in aviation training, including the three crucial tenants of CRM train-
ing: (1) knowledge, (2) practice, and (3) recurrence [17]. Simulated scenarios
are used to evaluate team performance in many areas, such as the operating
room, trauma bay, and in ICUs, and in events in which small management
errors can have grave consequences, such as in cardiopulmonary arrest or
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in the transport of critically ill patients. CRM training also involves the use
of feedback or debriefing sessions as a vital component for process
improvement.

The Agency for Healthcare Research and Quality has defined three cat-
egories of competencies that are necessary for a team to operate effectively:
(1) teamwork-related knowledge, (2) skills, and (3) attitude. Knowledge con-
stitutes an understanding of the requisite skills required for tasks that the
team is responsible for, whereas teamwork skills refer to the ability to inter-
act as a team in a proficient and efficient manner. Although these skills are
key components of a team, an attitude of trust among members and a desire
for improving patient safety are also fundamental to maintenance of a high-
quality team [17]. Through the use of simulation, these requisite team com-
ponents can be rehearsed, allowing team members not only to practice the
necessary technical skills, but also to learn to build team trust.

Debriefing

The importance of debriefing after a team simulation experience cannot
be overemphasized and is fully reviewed by Randolph elsewhere in this is-
sue. Debriefing allows the team to learn where errors occurred and how
they could potentially have been prevented, but it also allows recognition
of areas of appropriate performance. Simulation without debriefing has
been shown to be ineffective, because errors can be repeated if team mem-
bers have not been informed that they were making mistakes [8]. In a study
by Savoldelli and colleagues [18], those residents who received audio or vi-
sual feedback following a simulated scenario performed significantly better
on subsequent scenarios than their counterparts who had not received de-
briefing. Through the use of CRM simulation training and debriefing, health
care providers at all levels can learn effective team training in a variety of
simulated scenarios, thereby fostering an environment ultimately conducive
to patient safety.

Operating room teams

Surgical procedures involve complex, interdisciplinary team communica-
tion and have been shown to be responsible for significant morbidity and
mortality for patients when errors occur. The operating room can be a highly
stressful environment with team members from different disciplines, such as
surgery, anesthesia, and nursing, all with different levels of training (attend-
ings, residents, new nurses), who may have met infrequently or never before.
Simulation training and debriefing can help the team prepare and anticipate
potential adverse events in a complex environment, hopefully avoiding error
or subsequently preventing error in repeat interactions.

Simulation in the form of role-playing has been used to practice “‘time
outs” before surgery, to decrease the incidence of wrong site surgery. Actors
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playing the part of an authoritarian surgeon have been used to train anes-
thesia and nursing staff how to use assertive communication to enhance pa-
tient safety. Simulation has been used to plan complex surgeries, such as
separating conjoined twins. At the Johns Hopkins Children’s Center, the an-
esthesia, neurosurgical, plastic surgery, and operating room staff teams
worked together to plan a complex surgery including simulating how they
would flip the joined children supine in the event of a cardiac arrest while
prone. These simulations allowed them to work out problems ahead of
time and make sure that they had all the appropriate equipment and job as-
signments. Varying levels of mannequin-based simulation have also been
successfully applied to the operating room arena. Performance assessment
of both technical and team communication skills have revealed improved
learning through simulation [19,20].

Use of the operating room debriefing tool developed by Makary and col-
leagues [21] during operating room simulations, as is done after real procedures,
may highlight both errors and accolades of an operating room team to determine
ways to improve patient safety and give teams practice in using the tool. This tool
involves a checklist, to be completed by the team at the completion of a proce-
dure, that allows the team to ““assess the cause(s) of an adverse event, near miss or
inefficiency.” All members of the team are present for this debriefing and are ex-
pected to verbalize any concerns pertaining to the case. Implementation of this
tool has led to important patient safety modifications. Furthermore, because of
its’ success in this environment, it is now being applied in other environments
outside of the operating room, such as in ICUs.

Obstetric teams

Obstetric teams can also benefit from simulation team training. Difficult de-
liveries and medical emergencies, such as shoulder dystocia, placental abrup-
tion, eclampsia, fetal distress, and multiple gestations, can be simulated with
the potential complications associated with each type of event. Through sim-
ulation, a labor and delivery room can be recreated and all of the team mem-
bers can practice their roles, including the obstetrician, anesthesiologist,
nurses, and the pediatricians. Thompson and colleagues [22] reported the
use of eclampsia drills to identify deficiencies in team preparation for this
type of emergency. This type of drill is most effective if all parties that partic-
ipate in a real event also participate in the simulated events.

Intensive care unit teams

ICUs in adult, pediatric, and neonatal settings are composed of highly dy-
namic teams that must act quickly in the face of often unanticipated crisis sit-
uations. Critically ill patients often require constant physiologic monitoring
with complex and evolving technologies. All members of these teams must
be trained to manage and communicate effectively and efficiently with these
patients and their families. In these circumstances, simulation can provide
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a replication of the ICU environment, equipped with the technology, includ-
ing the actual models of equipment that will be encountered in the ICU. Com-
plex scenarios that require successful team interactions can be simulated to
help prepare staff for real events, such as cardiopulmonary arrest, difficult air-
way crises, elevated intracranial pressure, shock scenarios, and the need to
*“crash onto extracorporeal membrane oxygenation.”

Procedures performed in the ICU can also be simulated, such as central
venous line insertion, including the gowning procedures to ensure sterility,
the technical skill of the insertion itself, and any potential team dynamics.
For example, one could create a simulation where a new fellow (actor) is
putting in a central line but allows the wire to touch a nonsterile part of
the field. The goal of the simulation is for the nurse to notice this break
in sterility and use assertive communication tactfully to insist that the fellow
stop the procedure until a new wire is available. Another example is to have
an ICU physician examine a simulated patient on isolation. The nurse
should point out tactfully if the doctor did not wash their hands or put
on isolation garb, allowing the team to practice the dynamic of assertive
communication that is respectful, but prioritizes the patient’s safety over
the health care provider’s ego. The exercise is repeated until the nurse feels
comfortable making the intervention and the physician receives the informa-
tion with grace and complies with protocols. Team training must focus on
both sides of a communication.

Another teamwork issue, lack of leadership, has been sighted as a com-
mon error in simulated ICU crisis situations [23]. Lack of leadership often
leads to communication mishaps and delays in therapy. The use of didactic
education, simulation, and debriefing sessions to replicate such situations
have been implemented as part of CRM training at Stanford University
for internal medicine trainees rotating through the ICU and have been fa-
vorably received as a valuable teaching tool with considerable realism [23].

Another role for simulation in the ICU is to improve communication
skills related to discussions about the futility of medical therapy; end-of-
life decisions; and the chronicity of medical care, such as long-term mechan-
ical ventilator management and insertion of gastrostomy tubes. Williams
[24] ran multidisciplinary ICU teams through simulations with standardized
actors playing family members of a person with a severe traumatic brain in-
jury that evolves to brain death. The simulation involved functioning as
a team to prepare the family for progression to brain death and then ap-
proaching them about organ donation. This exercise was well received by
participants and the intervention was associated with increased organ dona-
tion rates, presumably because of more effective communication postinter-
vention [24].

Additionally, because ICUs have significant technology that is ever-chang-
ing, new devices are often introduced that require retraining of all involved
staff. The usability of such complex medical devices can be tested before pur-
chase. In addition, actual models of equipment used in the ICU should be used
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during team training to increase fidelity. For example, in simulated cardiopul-
monary arrests, the authors’ team has discovered a lack of familiarity with the
defibrillator, particularly the pacing module. They have used simulations of
pediatric patients with extremely poor perfusion caused by bradycardia to
teach ICU teams how to set up the transcutaneous pacemaker. They purposely
donot allow the pacemaker to capture until they have reached a predetermined
energy output. They then allow the high-fidelity mannequin to have a slightly
improved but not adequate blood pressure. Only if the team notices this and
decides to increase the paced heart rate, (because the teams invariably pick
a rate that is inadequate for a stressed child) does the child’s perfusion im-
prove. This ability to test the interface between medical equipment and per-
sonnel during team training is invaluable [25].

Neonatal intensive care unit teams

Studies have identified shortcomings in providers’ adherence to the Neo-
natal Resuscitation Program guidelines [26,27]. In 2000, Carbine and col-
leagues [26] videotaped neonatal resuscitation skills in the delivery room
and found that 54% of 100 neonatal resuscitations deviated from Neonatal
Resuscitation Program guidelines. Thomas and colleagues [28] conducted
focus groups of nurses, staff nurses, residents, fellows, and attending physi-
cians from the neonatal ICU and found that consistent descriptions of teams
or teamwork did not exist. It was noted that hierarchy within groups had
a powerful and complicated influence on the way providers communicated
with each other, including difficulty in questioning those with authority.

Thomas and colleagues [28] developed 10 behavioral markers for evalu-
ating teamwork in neonatal resuscitation based on standards used in the avi-
ation industry:

. Information sharing

. Inquiry

. Assertion

. Intentions shared

. Teaching

. Evaluation of plans

. Workload management

. Vigilance and environmental awareness
. Overall teamwork

. Leadership

O O 02NN AW~

—_—

Using this behavioral marker tool to assess delivery room resuscitations,
leadership and assertion were observed in 20% of cases, evaluation of plans
in 13% of cases, and intentions stated in only 9% of cases [29]. Moreover,
on reviewing 300 videotaped high-risk deliveries at their institution, Finer
and Rich [30] also found problems involving teamwork including inappro-
priate leader and team member activities, inappropriate preparation,
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communication, and coordination. They suggested that neonatal resuscita-
tion could be improved by the provision of teaching about team and leader
functions and encouraged debriefing following complicated resuscitation.
Although these studies reveal that certain components of teamwork are
lacking in neonatal resuscitations and that this is an area for improvement,
further work is needed to decipher the magnitude of this problem and its’
effects on delivery room outcomes.

The first high-fidelity simulation-based training program in neonatal re-
suscitation was developed at Stanford University in the mid-1990s and
was well-received by trainees [31]. In addition to emphasizing technical
skills, this program also stresses behavioral skills and teamwork skills. Ha-
lamek and colleagues showed that trainees believe that this type of training
better develops behavioral and critical thinking skills in addition to their
technical skills [32]. Currently, a prospective, controlled trial is underway
to evaluate objectively the transfer of skills from the simulator to the real
environment [32]. Team training courses have also been developed by Oster-
gaard and colleagues [7] at the Danish Institute for Medical Simulation in
response to safety initiatives aimed at improving lack of decision-making
skills and absence of teamwork.

Rapid response teams and code teams

A code team or a rapid response team may include people from many dis-
ciplines, including physicians (potentially from various specialties); nurses;
respiratory therapists; pharmacists; and chaplains. Simulation has been
used as both a training tool and as a diagnostic tool to assess how well
code or rapid response teams function in their own environment. Evidence
gathered from simulated medical emergencies, including cardiopulmonary
arrests, demonstrated that these teams were not able efficiently to deliver
care; follow appropriate algorithms per American Heart Association Guide-
lines; or use resuscitation equipment, such as defibrillators, successfully
[9,33,34]. These findings were subsequently confirmed in a study of real
in-hospital cardiopulmonary arrests [35]. DeVita and colleagues [36] demon-
strated that rapid response team training using simulation could improve
the functioning of a team and adherence to American Heart Association
guidelines.

Transport teams

Both interhospital and intrahospital transport of patients is often neces-
sary. Adequate preparation of such teams is paramount for ensuring patient
safety. Studies have shown, however, that teams unfamiliar with the re-
quired equipment and the potential adversities that may arise during the
transport of patients, particularly those who are critically ill, may lead to
an increase in serious complications for the patient [37].
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Through the use of simulation, such transport events can be simulated to
ensure proper preparation and team communication. Having a team run
through a simulated scenario of transporting a patient to the radiology de-
partment for a CT scan may reveal previously unrecognized needs. “Is the
oxygen tank full, is there a mask of appropriate size available for the intu-
bated patient should the endotracheal tube become dislodged,” are common
needs on a transport of a critically patient, but can be easily overlooked. The
necessary equipment for each transport also needs to be anticipated. Re-
peated practice can make the tasks more manageable and it is hoped in-
crease the safety of the patient. Furthermore, transport team simulations
allow each member to evaluate their roles during the process. Who is going
to be responsible for maintaining the IV pumps or who is going to ensure
that the end tidal CO, monitor is working before and during transport
are common tasks that must be assigned and receive follow-up.

Such teams must be able to communicate with one another to ensure that
all patient safety features are in place. A transport checklist may assist in
ensuring that all jobs have been assigned. The transport team leader should
be identified and be ultimately responsible for ensuring the checklist is com-
plete before transport. Both the creation and completion of the checklist can
be simulated repeatedly until perfection is achieved. The importance of such
collaboration of team members has been highlighted by Flabouris and col-
leagues [38], who found that good teamwork skills (42%) and good interper-
sonal communication (4%) were associated with decreased adverse events
during transport of critically ill patients. Furthermore, in their review of
components of effective neonatal emergency transport networks, Lupton
and Pendray [39] cite the importance of establishing team leadership, distri-
bution of workload, stress management, and effective communication
among the constituents of a neonatal transport team.

Trauma teams

A trauma team is a cross-functional and multidisciplinary team that can
potentially include surgeons, anesthesiologists, intensivists, nurses, respira-
tory therapists, technicians, and resident physicians. Team membership
and function is fluid, depending on patient needs. Trauma teams accomplish
their task under a severe information shortage, with patients often brought
in unconscious and with little information accompanying them [40]. Simula-
tion can assess both technical performance and behavioral attributes of
a team [41].

Several types of simulation have been involved in training trauma teams.
The Advanced Trauma Life Support course has variably used animals, par-
tial task trainers, standardized patients, and moulage and high-fidelity man-
nequin simulators [42]. In addition to skills training, simulation can provide
the foundation for team training, including planning, anticipation, establish-
ment of leadership, delegation and distribution of job tasks, consideration
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of treatment options, review of data, and decision making [42]. Although
many simulation studies focus on individual performance, it is widely recog-
nized that optimal trauma care is delivered by experienced and coordinated
multidisciplinary teams.

Shapiro and colleagues [43] showed that simulation-based teamwork
training improves clinical team performance in an emergency department
trauma setting. Their intervention consisted of an 8-hour intensive experi-
ence with an emergency department simulator in which scenarios of gradu-
ated difficulty were encountered. The experimental team showed a trend
toward improvement in the quality of team behavior. In addition, members
of the experimental team rated simulation-based training as a useful educa-
tional method for enhancing didactic teamwork training. This approach,
they concluded, was more representative of clinical care and the proper par-
adigm in which to perform teamwork training.

Lee and colleagues [44] conducted a study during surgical intern orienta-
tion at two academic trauma centers in which interns attended a basic
trauma course and were then randomized to trauma assessment practice ses-
sions with either a patient simulator or a moulage patient. Mean trauma as-
sessment scores for simulator-trained intern teams were higher than for
moulage-trained intern teams. Marshall and colleagues [45] studied teams
of interns who participated in trauma scenarios on a human patient simula-
tor pre and post an Advanced Trauma Life Support provider course and
concluded that use of simulation in conjunction with Advanced Trauma
Life Support seems to enhance the development of trauma team manage-
ment skills.

Another study of team behavior in trauma team performance was per-
formed by Holcomb and colleagues [46] using human patient simulators.
The study evaluated teams of three members: physicians, nurses, and medics
rotating through a civilian trauma center at the beginning and end of the
rotation. The 10 teams were compared with expert teams composed of ex-
perienced trauma surgeons and nurses. The results showed significant im-
provement after participation in the rotation, primarily reflecting
improved efficiency and coordination of team efforts. The scores of the ex-
perimental teams after the rotation approached those of the expert teams.
The study concluded that simulation may better prepare teams for the clin-
ical arena, and refresh skills and decision-making processes for uncommon
or infrequent occurrences. It also indicates that it is possible to quantify im-
proved performance and to differentiate between experienced and novice
teams.

Finally, simulation has been used in emergency departments to diagnose
deficiencies in team management of pediatric trauma [47]. A study of simu-
lated mock traumas performed at 35 North Carolina emergency depart-
ments revealed problems with pediatric-specific tasks, such as appropriate
use of intraosseous needles, weight-based dextrose and volume replacement,
and poor preparation for transport to CT. In this study, teams were
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evaluated to identify possible targets for educational and system-wide inter-
ventions that might have the potential to improve the outcomes of pediatric
trauma victims [47].

Future directions

The principles of CRM from aviation have been successfully transferred to
medical teams. The literature supporting the effectiveness of simulation train-
ing to improve teamwork is in the early stages, however, and has not yet been
linked to improved patient outcomes. The simulation community must now
make a focused effort to use scientific principles to optimize the effect of med-
ical simulation on patient safety. Future use and study of simulation to im-
prove team training should include (1) known educational principles, such
as designing curriculum with specific technical and teamwork objectives and
use of debriefing; (2) use of existing and development of new validated mea-
sures of teamwork as outcome measures; (3) study of decay in teamwork skills
so that appropriate intervals for retraining can be determined; and (4) the de-
velopment of multicenter networks that have the power to detect if team train-
ing has an impact on clinical outcomes and patient safety.

Summary

Medical teams require practiced interactions and communications to be
effective and efficient. A flattened hierarchy allows for the flow of informa-
tion to and from the leader. There are a number of teamwork principles that
can be practiced to optimize the synergy of a team, including leadership, fol-
lowership, situational awareness, closed loop communication, critical lan-
guage and standardized responses, assertive communication, adaptive
behaviors, workload management, and debriefing.

The multiple modalities of simulation can be used to optimize team func-
tioning and to ensure achievement of the common goals of these teams, of
which patient safety is paramount. “Teams make fewer mistakes than do in-
dividuals, and this is especially true when every member of a team is as
aware of their teammates’ responsibilities as they are their own™ [17].
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