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Case	presentation:
A previously healthy 10 month old infant was in the company of her 3 year 

old sibling, who was eating peanuts, when a choking episode was witnessed by 
her parents. The infant has arrived in your emergency department, and your	
trainee has been asked to evaluate the patient. Your	trainee reports that the child 
has decreased breath sounds and decreased chest wall motion on the left side, and 
a pulse oximetry reading of 92% on room air. The remainder of the child’s medical 
history and examination is unremarkable. 

Review of her chest radiograph reveals atelectasis of the left lung. Your	
trainee believes there is a high probability of foreign body aspiration and advises 
emergent direct laryngoscopy and bronchoscopy; you agree.
Your trainee is learning medical decision-making

The patient and the surgical team (Otolaryngologists, Anesthesiologists, and 
Nursing personnel) arrive in the Operating Room, and complete the appropriate 
pre-operative confirmations. Your	trainee assembles the appropriate equipment
Your trainee is learning equipment selection, assembly and management

Your	 trainee begins to perform direct laryngoscopy. Upon exposing the 
larynx with an instrument, the patient develops laryngospasm, which is managed 
by positive pressure ventilation.

Your	 trainee is learning about the importance of teamwork and of 
coordinating with the Anesthesiologist so that there is a shared mental model of 
the overall surgical plan, and the desired level of anesthesia.

Your	 trainee assembles the appropriate equipment, performs endoscopy 
and visualizes the foreign body obstructing the left main bronchus. He can grasp 
the foreign body with optical forceps, but the foreign body is stripped from the 
forceps in the patient’s subglottis, causing complete airway obstruction. Your	
trainee pushes the foreign body distally, into the right main bronchus. Ventilation 
is accomplished and your	 trainee again performs endoscopy and grasps the 
foreign body, but this time is able to remove it completely.
Your trainee is learning how to manage a complication

At this point, you re-insert the foreign body into the high-technology patient 
simulation manikin and the exercise is repeated.
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Your trainee is learning technical and non-technical skills by using 

medical simulation, at his own pace and based on his own educational needs.

Simulation, utilizing a variety of simulators, provides an opportunity to learn 
or practice based on the needs of our learners, rather than the needs of patients.1,2 
Simulation can be used to practice without direct risk to patients, in a formative 
(learning) manner; or to assess skills or demonstrate competence or mastery, 
in a summative (testing) manner. When appropriate simulation modalities are 
available, training using simulation should be considered an ethical imperative.3 

Simulations can be designed for individuals or for teams. Learning or assess-
ment objectives for individuals may address 
technical skills, such as packing the nose to 
control epistaxis, performing a mastoidec-
tomy or accomplishing a microvascular anas-
tomosis (Figures	1	and	2). Individual learning 
or assessment objectives can also address 
non-technical skills, such as the verbal and 
non-verbal components of obtaining informed 
consent or delivering “bad news.” Conversely, 
simulation can be an effective tool for a very 

experienced surgeon who wishes to rehearse for uncommon procedures, or devel-
op or finesse her skills as new technologies become available.

The learning or assessment objectives of a simulation can also address the 
skills of teams, which contain a variety of individuals who often have different 
skills, thereby providing an opportunity for teams to practice and improve their 
coordination during a medical procedure, or perhaps a medical crisis. This process 
can be used to turn a “team of experts” into an “expert team” (Figure	3).

Finally simulation events can be used to explore the healthcare delivery envi-
ronment. Learning or assessment objectives can focus on system-level components 
and processes, using simulation to better understand and improve the systems in 
which we work. Simulation can be used as a mechanism to reenact an event which 

Figure	 1. Participant performing microvascular 
anastomosis. Upon completion of the task, 
simulated blood is infused, to test for patency and 
leakage. Kit provided by Biomet (Warsaw, IN)

Figure	2. Participant performing rigid 
endoscopy on a full-sized human 
manikin (SimMan, Laerdal, Wappinger 
Falls, NY)
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had a problematic outcome, in 
order to better understand the 
processes which occurred; or 
as a component of iterative 
testing of processes, equip-
ment or environments (Table 
1). Simulation can be used as a 
proactive probe to ensure that 
all of the necessary equipment, 
supplies and even protocols are 
in place in a new working area. 
Assembling real teams in real 
settings (“in situ” simulation) 
using real equipment allows 
an unparalleled opportunity to 
explore skills and behaviors, as 
well as the healthcare delivery 
environment, in a manner that 
approaches “real life” without 
putting actual patients at risk. 

Table	1. optimizing multiple aspects of fidelity helps participants perform in a more realistic 
manner.

Making	it	real
•	 Real	teams,	such	as	interprofessional	teams	including	surgeons,	anesthesiologists	and	nurses
•	 Real	settings,	such	as	an	operating	room,	or	the	trauma	bay	in	the	emergency	department
•	 Real	equipment

Simulators are the 
building blocks used to con-
struct simulations. Simulators 
range from simple, home-
made devices to sophisti-
cated high technology full-
sized human manikins; from 
harvested biologic tissue 
(Figure	 4) to live, anesthe-
tized animals. Additional 
types of simulators include 
“Standardized patients,” real 
people with formal training 
who can represent patients 
or family members or other 
healthcare providers and who 

Figure	 3. A high-technology manikin (SimMan, Laerdal, 
Wappinger Falls, NY) has been programmed with trismus, 
tongue edema and blocked ventilation to represent airway 
obstruction caused by angioedema. Participants are unable 
to ventilate or intubate. As the patient’s oxygen saturation 
decreases, the team prepares to perform emergency 
cricothyrotomy, including making an actual incision in the 
manikin’s neck.

Figure	4. Participants design local tissue flaps to repair sur-
gical or traumatic defects illustrated in photographs, and then 
create the flaps on pig’s feet.



59    XIV IAPO MANUAL OF PEDIATRIC OTORHINOLARYNGOLOGY!

provide directed feedback. Virtual 
simulation modalities may be entire-
ly screen-based representations of 
patients, family members or other 
healthcare providers (Figures	 5	 and 
Table	 2), or may include physical 
instruments which are manipulated to 
interact (virtually) with virtual repre-
sentations of patient anatomy (e.g. a 
hand-held “drill” used to perform a 
mastoidectomy on a virtual temporal 
bone simulator).

High technology manikins are 
sophisticated, commercially produced 
devices, available in ages ranging 
from infancy to adulthood. They have 
palpable pulses, chest wall motion 

when breathing, audible wheezing and stridor, tongue edema, arrhythmias, etc. Of 
particular relevance to Otolaryngology, they can demonstrate tongue and pharyngeal 
edema, trismus and laryngospasm. The manikins provide dynamic anatomic and 
physiologic responses to interventions, and vital signs are displayed on monitors 
in real time. Participants continually evaluate and respond directly to the manikins 
and the information on the monitors as the circumstances and interventions of the 
simulation evolve. The airway anatomy of many manikins is not always precisely 
accurate for our sophisticated purposes, but is generally sufficiently representative. 

Table	2. examples of task trainers, ranging from simple, home-made devices to elegant high-
technology virtual simulators.
Examples of “task trainers”
•	 Home-made	myringotomy	trainer	used	to	develop	skills	in	binocular	microscopy	and	simple	

otologic procedures
•	 Non-electronic	epistaxis	trainer	used	to	develop	skills	in	coordinating	the	use	of	a	headlight	for	

procedures, and placement of various types of anterior and posterior nasal packing
•	 Manikins	designed	for	practicing	intubation	can	be	suitable	for	fiberoptic	(flexible)	or	rigid	

airway evaluations, used to develop skills in manipulating endoscopy equipment
•	 Virtual	temporal	bone	simulator,	including	haptic	(tactile)	interface	used	to	develop	skills	

mastoidectomy

Simulators are selected based on their appropriateness for the learning or 
assessment objectives of the simulation. Some simulators can be used to learn entire 
procedures, including components of judgment. Some simulators can track specific 
aspects of learner activities, such as interventions, motion paths, duration of activi-
ties, etc. Simulator modalities may be augmented with moulage (Figure	6); and 
multiple simulator modalities can be combined, creating hybrid simulators.

Simulators can be used as “task trainers,” designed to help individuals 
develop specific technical skills (Figure	7). Simulators can also be used in “sce-

Figure	 5:	An assortment of low and high-tech-
nology manikins of different “ages” are avail-
able, including neonates, infants and children 
(Sim Newby, intubation trainer, MegaCode Kid; 
Laerdal, Wappinger Falls, NY) 
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narios,” such as in the example pre-
sented at the beginning of this chapter. 
Additional people may participate in a 
scenario; these people may be additional 
learners, or they may be confederates 
or standardized patients playing specific 
roles during the simulation, in order to 
incorporate interpersonal interactions as 
part of the learning (or testing) process. 
Using multiple participants allows explo-
ration of teamwork skills, such as closed 
loop communication, conflict resolution, 
shared mental models and leadership. 

In the example described at the 
beginning of this chapter, a high technol-
ogy manikin has been programmed to 
simulate foreign body aspiration (Table 
3). The narrow airway of the manikin 
helps the learner develop the technical 
skills of coordinating his or her motions 
and maneuvering equipment in nar-
row spaces. The addition of physiologic 
responses provides a more complete situ-
ational context for the learner, including 
the need to pay attention to the informa-
tion provided by the pulse oximeter and 
the importance of coordinating with the 
activities of the anesthesiologist.

Table	3. description of programming simulating foreign body aspiration, using a high-technology 
manikin

Example	of	a	simulation	of	foreign	body	aspiration
1. Insert a foreign body into the manikin’s left main bronchus
2. Program the manikin:

a. Block left lung ventilation
b. Decrease oxygen saturation; if supplemental oxygen provided by participants, increase  

saturation
c.	 Trigger	laryngospasm	if	insufficient	coordination	between	endoscopist	and	anesthesiologist
d. Decrease oxygen saturation during procedure unless oxygenation and ventilation provided
e.	 Activate	“smoke”	(fog	machine)	to	simulate	a	fire,	if	telescopes	or	light	cables	are	left	on	the	

OR table
3. Optional supplementary material:
a. Radiograph with atelectatic left lung 
b. “Fog” machine, to simulate smoke if a telescope or light cable is placed on the patient’s bed

Figure	 6. High-technology pediatric simu-
lator (PediaSim, CAE, Montreal, Canada) 
moulaged to represent hemorrhage following 
tonsillectomy. Note presence of simulated 
blood in the suction canister as well as on the 
patient’s face and clothing.

Figure	 7. Physical temporal bone simulator 
with electronic component (Stryker, Kalama-
zoo, MI)
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Just as preparation for endoscopy begins before the patient is taken to 
the operating room, preparation for a well-designed simulation addresses the 
components surrounding and contributing to the learning or testing experience. 
Simulationists should identify the educational, credentialing or regulatory 
objectives which are relevant for the participants, and determine whether 
the simulation is formative (e.g. a learning experience) or summative (e.g. 
a testing experience). Before the simulation begins, the trainee or assessee 
should be oriented to the simulation setting, the capabilities of the manikin, 
and the conditions of the simulation. Typically when a simulation is conducted 
as a learning experience (contrasted with a testing experience), the conduct of 
participants is considered confidential, and mistakes provide rich opportunities 
for learning. When caring for actual patients, complications are avoided in order 
to protect the patient. In simulation, however, adverse events and errors can be 
incorporated into the simulation, so that learners also develop skills in recognizing 
and managing complications. For example, a confederate can assemble a 
bronchoscope incorrectly, and the learner must recognize, understand and correct 
the problem. 

Debriefing is an essential component of educational simulation,1,4 and is 
generally a guided or facilitated discussion accomplished immediately following 
the simulation. During debriefing, participants reflect on their actions and the 
actions of others during the simulation, seeking to understand what went well, 
what processes might be improved, and how to accomplish that improvement. 
“Respectful curiosity” is a typical approach to debriefing, in which skilled 
facilitators help participants recognize opportunities for improvement in a 
supportive manner. Debriefing can focus on technical or non-technical skills; and 
can be used to improve the skills of individuals or of teams. Debriefing can also be 
used to discuss environmental conditions and circumstances, to promote systems 
improvements. Debriefing facilitation is a skill that can be developed with practice 
and guidance.

The physical environment or setting of the simulation, including the 
equipment, supplies, and other resources, impacts the participants’ perception of 
realism and their ability to act in as realistic a manner as possible. The concepts 
of “fidelity” or “realism” versus “technology” can be confusing. Some simulators 
are “high-tech” but not very realistic; conversely, some very simple simulators 
can have very realistic qualities, such as their appearance or feel. In addition to 
physical fidelity, components of fidelity include functional fidelity (the actions the 
simulation system initiates match its real-world counterpart) and psychological 
fidelity (simulated tasks generate experience, action and processing demands that 
are similar to the operational environment). 5 Realism, or “fidelity,” should be 
evaluated relative to the learning or testing objectives.

Finally simulation events can be used to explore the healthcare delivery 
environment. Assembling real teams in real settings (“in situ” simulation) using 
real equipment allows an unparalleled opportunity to explore skills and behaviors, 
as well as the healthcare delivery environment, in a manner that approaches “real 
life” without putting actual patients at risk. 
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Simulation activities can be scheduled in a variety of creative ways. A one-
hour simulation event could replace a lecture. Brief, 5 minute simulations could 
be used for warm-up or refreshers of technical skills. 6,7 Day-long Boot Camps 
provide intensive introductory experiences for novice Residents or Fellows. 
8-11 Longitudinal or “unfolding” simulations can demonstrate the evolution of a 
patient’s condition over time. 

Simulation is a versatile and powerful tool, which has been proven to 
improve procedural skills in simulation, improve patient care practices, improve 
patient outcomes and provide collateral benefits. 12-14 There are also limitations 
to simulators and simulations; risks include discrepant modeling, lack of skill 
translation, and the development of inappropriate confidence. Anatomic realism 
is variable, particularly relative to the specialized needs of otolaryngologists, but 
generally the anatomic structures are representative enough for participants to 
understand the underlying concepts. 

Medical	simulation	will	play	an	increasing	role	in	healthcare	education	
and,	over	time,	credentialing.	Simulation	theory	is	evolving,	and	technologies	
as	 well	 as	 our	 understanding	 of	 adult	 learning	 processes	 are	 blossoming.	
Simulation	 skills	 will	 become	 important	 components	 of	 our	 professional	
portfolios.	 Our	 community	 of	 Otolaryngologists	 has	 an	 unparalleled	
opportunity	 to	 assess,	 design	 and	 implement	 simulation	 in	 our	 medical	
practices;	these	are	exciting	times!
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