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To our teachers, students and patients,
the best inspiration ever !

Important
This book is intended for interns, residents and medical simulation instructors in anesthesiology and critical care.
The different medical simulation scenarios discussed in this book are intended to help instructors to run the proposed
scenarios to their future trainees, in terms of briefing, simulation and debriefing.
The debriefing records, guidelines and evaluation grids have been written for information purposes and should in no
way be considered as management protocols, applicable in real life. Field experience and clinical judgment are valuable.
The contents of this book have been corrected and rectified with the utmost attention, updated regarding evidence
based medicine. The reader must, however, take into account the constant evolution of medical knowledge.
The authors decline their responsibility as the possible uses of this book data without considering these notifications.

Preface
bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla
Anesthesiology is worldwide leading the movement in patient safety. Anesthesia providers are involved in various tasks
of patient care, which include many safety issues in the domains of emergency, critical care and perioperative
medicine, operating complex devices, performing invasive procedures, and dealing with high-stakes situations and lifethreatening events.
Patients undergoing anesthesia entrust their lives to the anesthesiologist and the multidisciplinary teams involved in
their care, where sharing information, contingency planning and good communication are essential for their safe
anesthetic management.
Simulation is an interactive and innovative educational tool in healthcare that can build confidence, improve clinical
knowledge through practice, and enhance team performance. Simulation accelerates skill acquisition, improves skill
retention, and reduces the extinction of skills.
As in aviation, where simulation is now considered the most important reason to reduce accidents and enhance safety,
simulation training can help reinforce nontechnical skills such as task management, leadership, interpersonal
communication, team working and behavior, situation awareness, and decision making. These nontechnical skills are
vital to patient safety in anesthesia, critical care, emergency and crisis situations.
The literature shows wide evidence-based proofs of effectiveness and superiority of simulation education in various
Anesthesia fields, as airway management, regional anesthesia, obstetric anesthesia, cardiothoracic anesthesia,
perioperative medicine, teaching nontechnical skills and even translation into patient outcomes. Simulation in
Anesthesiology and intensive care is now an integral part of residency and continuous medical education and is
becoming an essential tool for graduation, certification and recertification.
Simulation scenarios can be used for orientation to new procedures, exposure to both common and uncommon
clinical scenarios, and assessment of knowledge. They permit long-term retention of skills, enhance patient safety
concerns, permits repetitive practice and experiential learning of clinical competencies, procedural skills and the nontechnical skills (NTS).
The authors are offering us a jewel, as a compilation of 4 chapters including: Anesthesia crisis resource management
through principles of teamwork and non-technical skills; 24 medical simulation scenarios around perioperative critical
anesthetic situations; Actualized evidence-based protocols and algorithms related to scenarios; and a last chapter
about a very important ethical issue in our practice concerning “Breaking bad news”.
This valuable pedagogical book will help worldwide trainees, doctors, healthcare providers and especially instructors
and teachers to enhance the quality of healthcare education and competencies, reduce perioperative morbidity and
mortality, ameliorate communication and non technical skills, and enhance their patients’ confidence and safety.
Many thanks to them …
a bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla
bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla bla b

Pr. Ahmed Rhassane El Adib

Foreword
What does this book cover ?
This book focuses on critical perioperative situations and their anesthesiological management. It addresses different
situations given their pedagogical impact, their relevance and sometimes even their scarcity. The book recalls the
principles of anesthesia crisis resource management as well as breaking bad news. Otherwise, it focuses on the
different updated protocols and guidelines to manage these critical situations.
Whos is this book for ?
This book is intended for interns, residents and medical simulation instructors in anesthesiology and critical care. It
can interest all medical simulation instructors whatever their areas and field experiences. It can also be used by the
differents universities, faculties and medical schools regarding different pedagogical programs, as well as in
departments of anesthesiology and medical simulations centers.
How is the book organized ?
This books has 4 main chapters. The first one talks about anesthesia crisis resource management and its role in the
management of perioperative critical situations, and mainly refers ti the principles of teamwork and non-technical
skills. The second chapter deals with 24 medical simulation scenarios around perioperative critical anesthetic
situations. Each scenario contains 2 parts : the first includes an overview of scenario running, pedagogical objectives
and debriefing records, the second with labs and investigations according to these scenarios. The third chapter recalls
thes different management protocols and guidelines related to the 24 scenarios mentioned above. The last chapter
focuses on a very important and untaught aspect : breaking bad news, so to help trainees to improve their non
technical skills.
The authors have put a lot of passion, hard working and love in writing this book, and hope to provide medical simulation
instructors tools to facilitate running their own sessions.
Hope enjoy it, wishing you an excellent reading !

Pr. Mohammed Mouhaoui
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Anesthesia crisis resource management :
or how to avoid the worst !
Mouhaoui M, Fehdi MA, Zerhouni A

What is CRM ?
Crisis Resource Management (CRM) refers to the non-technical skills required for effective teamwork in a crisis
situation. In addition to the nature of the task itself, numerous factors affect the performance of complex tasks at the
level of the individual, team and the environment. CRM originated with Crew (or ‘Cockpit’) Resource Management
training developed by the aviation industry in the 1970s following the realisation that 70% of airline crashes were due
to human error resulting from teamwork failure [1]. Vigorous research discovered core behaviors such as failure to
plan and fixation error that were inherent and contributory to negative outcomes. From this came the original
educational curriculum known as CRM that changed the industry [2].
In the late 1980’s anesthesiologist Dr. D. Gaba and his group at Stanford began to examine Crew Resource
Management and discovered applications in the anesthesia field via medical simulation. Both the aviation and medical
fields are high stress, require time-sensitive decision making under pressure. Many of Gaba’s publications describe
the application of CRM from aviation industry into an Anesthesia core curriculum simulation training that he launched
in 1990 [3]. Crisis Resource Management is the ability to translate medical knowledge to real world actions, in
the setting of an emergency [4]. Currently, in the healthcare system, anesthesiologists have a major role because
they are often involved in the care of physiologically unstable patients. Despite improvements in safety, most
anesthesia-related morbidity and mortality result from human errors, and safety orientation is an aspect that is poorly
addressed in teaching the specialty [5].

Fundamentals of dynamic decision making in anesthesia
The publication of “To Err is Human : Building a Safer Healthcare System” in 1999 by the Institute of Medicine in the
US brought CRM into focus as the healthcare community began to realise the extent of medical error. This publication
as well as documenting the extent of the problem, challenged the existing view that errors resulted from individual
recklessness [6]. Instead they suggested it was faulty systems, processes and conditions that led people to make
mistakes or fail to prevent them. CRM forms an essential part of avoiding error and improving patient safety. Skilled
crisis management in anesthesia is no mystery. It demands that the anesthesia professional, while under stress and
time pressure, optimally implements standard techniques of diagnosis and treatment for the patient. Medical
knowledge and skills are essential components of the decisions and actions performed during crises, but they are not
enough [7]. To actually make things happen quickly and safely for patient management, the anesthesia professional
must manage the entire situation, including the environment, the equipment, and the patient care team. That is what
we are calling Anesthesia Crisis Resource Management. But What makes anesthesiology different from most other
medical fields? The answer is that the clinical environment of anesthesiology is dynamic, and this dynamism interacts
very strongly with the complexity of the environment [8].
The anesthetized patient’s state changes continuously. Unpredictable and dynamic events are frequent. Devices are
typically designed in isolation by engineers so that interactions between devices, or among the equipment, the patient,
and the human operator, may not be adequately addressed in the design phase. These factors increase the complexity
of the domain. And even if the anesthesia professional could know the exact patient state, the response of the patient
to interventions is extremely variable. Even in “normal” patients, genetic or acquired differences in reflex sensitivity,
pharmacokinetics, or pharmacodynamics can yield a wide range of responses to a given dose of a drug or to a routine
action [7-8]. The decisions and actions taken by anesthesia professionals can determine the outcome for the patient.
Even for elective surgery involving healthy patients, the risk of catastrophe is ever-present [9].
Problems often result from latent underlying conditions such : latent errors, predisposing factors and physiological
precursors, and Each problem is initiated through one or more triggering events depending on the patient, the surgery,
_____________________________________________________________________________________________________________
-15-

the anesthesia or the equipment. Reducing or eliminating the latent factors that predispose patients to problems
would be the most effective strategy to improve safety [10]. The anesthesia professional is responsible for detecting
and correcting problems early in their evolution. However, problems will inevitably occur despite attempts to prevent
them regarding the fact that they can evolve into adverse outcomes.
The problem of human error can be viewed in 2 ways : the person approach and the system approach. Each has its
model of error causation, and each model gives rise to different philosophies of error management. The person
approach focuses on the errors of individual : forgetfulness, inattention, or moral weakness. The system approach
concentrates on the conditions under which people work and tries to build defenses to avert errors or mitigate their
effects. Understanding these differences has important practical implications for coping with the ever-present risk of
mishaps in clinical practice [10-11]. Defenses, barriers, and safeguards occupy a key position in the system approach.
High-technology systems have many defensive layers : some are engineered (alarms, physical barriers, automatic
shutdowns), others rely on people (surgeons, anesthetists, pilots, control room operators), and yet others depend on
procedures and administrative controls. In an ideal world, each defensive layer would be intact. In reality, they are more
like slices of Swiss cheese, having many holes—although, unlike in the cheese, these holes are continually opening,
shutting, and shifting their location. The presence of holes in any one “slice” does not normally cause a bad outcome
[12]. Usually this can happen only when the holes in many layers momentarily line up to permit a trajectory of accident
opportunity—bringing hazards into damaging contact with victims (figure.1).

Figure.1 : the Swiss cheese model of how defenses, barriers,
and safeguards may be penetrated by an accident trajectory

Principles of anesthesia crisis resource management
§ Human factors :
Technology in anesthesia is becoming increasingly reliable and less prone to failures, but the performance of an
anesthesiologist may vary according to the time of the day, numerous environmental factors, and personal well-being.
Basic crisis resource management includes communication management, handling fatigue, reducing the interference
of personal problems, fixation errors (tunnel vision), dealing with errors, debriefing after errors, and team building.
Effective human factors improvements will also need simple and strong safety systems [13]. Human factors research
in other high-risk fields has demonstrated how rigorous study of factors that affect job performance can lead to
improved outcome and reduced errors after evidence-based redesign of tasks or systems [14].

Communication
Communication is at the heart of the work environment in the operating room. Much information is accumulated and
exchanged during a patient’s anesthesia or stay in critical care. A small but important part of this information requires
complete understanding and immediate action. Several tools for effective crisis communication are available and help
ensure essential information is transmitted and correctly understood.
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The SBAR (situation, background, assessment, recommendation) tool and has been applied to several high-risk
settings such as the operating room [15]. Each of the 4 words in SBAR must be addressed :
S
Situation :
What is happening ?
B
Background :
What is the clinical background or context ?
A
Assessment :
What is the problem ?
R
Recommendation :
What is the suggested appropriate response ?

Personal problems
Anesthesiologists are supposed to leave personal physical, mental, and social problems "at home" and perform
flawlessly while on duty; however, this is impossible. Otherwise, There are no systematic health examinations for healthcare workers and it is clear that physical and psychological problems will similarly occur as in any other professional
group. The “I’m safe” mnemonic indicates domains that require special attention :
I
Illness
M
Medication
S
Stress
A
Alcohol
F
Fatigue
E
Eating (postprandial)
Tunnel vision
Understanding accident evolution may require an understanding of the thinking processes of the anesthesiologist.
Many anesthesia errors represent failures of cognition in the form of cognitive tunnel vision, also known as cognitive
lockup or fascination [16]. Cognitive tunnel can lead to disaster, especially when it causes errors in diagnosis or
inattention to other events in the environment, and plays a role in nonmedical disasters. Everyone occasionally makes
"stupid" errors. These are errors which we, retrospectively, conclude should have been prevented, should have been
obvious, and are somewhat embarrassing.
Distraction
High levels of distraction in health care settings pose a constant threat to patient safety. Multitasking, clinical
alarms, and the widespread use of personal electronic devices have increased the number and types of distractions
present in these settings. Distraction is particularly detrimental to performance of complex tasks that require
higher levels of cognitive processing, such as those frequently encountered in the operating room (17]. Distractions
are almost continuous, ranging from loud music, noisy devices, ongoing traffic, nurses or residents chatting in the
corner about their schedule or a vacation, to incoming phone calls for nonessential matters. Anesthesiologists, as
team leaders, should not be afraid to ask for total silence and elimination of nonessential discussion during any critical
phase.
Living with errors
Errors are poorly acknowledged or discussed due to a series of constraints mainly from the system and colleagues;
for example, personal reputation, threat of malpractice, high expectations from patients and/or society, possible
disciplinary action from hospitals, and threats to employment are among the most frequently cited hurdles to adequate
error disclosure [18]. Otherwise, Many physicians feel distressed after committing medical errors and two thirds
worried about committing new errors [19]. Errors and incidents are an invaluable source of information and hiding
these errors will prevent their use to improve future care.
Teamwork
For teams to succeed, task demands (rescuing the patient) and social demands (running the team) have to run in
parallel. A key strategy is the shared mental model (a common understanding, with everyone on the same page). This
helps form a task-focused (as opposed to an ego-focused) team. It also helps to prioritize duties, manage information,
establish roles, stabilize emotions, and build confidence. If time allows then leaders invite members to suggest mental
models (what do you think ? what should we do ?). After all, diverse inputs can create a better mental model. However,
under time-pressure, the leader has to rapidly establish a reasonable model that others will support (20].
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§ ACRM key points :
ACRM key points are designed to focus your attention on factors which might improve patient safety. Experience with
simulator training shows that applying these principles during routine work and especially during crises makes
differences which are far from trivial. For each of these principles, think them through and ask yourself for each key
point [21] :
How does it apply to your job and work environment (colleagues and organisation) ?
Which problems have you experienced in your work related to the key points ?
Which problems have you observed in other people’s work ?
How could you improve that using the key point ?
How did you apply the key point so far ?
How could you improve your ability to use this key point ?
What problems or obstacles could you face in your real world ?
§ ACRM in actions (figure.2) :

Call for help early
Call for help early enough to make difference
Err on the side of getting more help
Mobilize early personnel with special skills if they may be needed
Designate leadership
Establish clear leadership
Inform team members who in charge
Followers should be active in asking who is leading

Know the environment
Maintain situational awareness
Know how things work and where things are
Be aware of strengths and vulnerabilities of
environment

Establish role clarity
Determine who will do what
Assign areas of responsibility appropriate to
knowledge, skills and training
Active followers may offer specific roles
Distribute the workload
Assign specific tasks to team members according
to their abilities
Revise the distribution if there is task overload or
failure

Use all available information
Monitor multiple streams of data and information
Check and cross check information

Communicate effectively
Command and request clearly
Seek confirmation of request (close the loop)
Avoid thin air statements
Faster input and atmosphere of open information
exchange among all personnel

Mobilize resources
Activate all helpful resources including equipment
and additional personnel

Anticipate and plan
Plan & prepare for high work-load periods during
low work-load periods
Know where you are likely headed during the crisis
and make backup plans early

Use cognitive aids
Be familiar with content, format, and location
Support the effective use of cognitive aids

Allocate attention wisely
Eliminate or reduce distractions
Monitor for task saturation & data overload
Avoid getting fixated
Recruit others to help w/monitoring
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Figure.2 : crisis resource management
§ Recovering from a crisis :
Preventing harm to the patient is the priority during a crisis. After a major incident, and especially when a patient has
been harmed, there are a number of matters to be addressed : the ongoing care of the patient, documentation of the
incident, investigation of the root causes, completion of reports, interviews with the patient and/or the next of kin,
together with apologies and expression of regret, updates and ongoing support for friends and relatives, a word of
thanks to the staff involved for their assistance, formal debriefing of staff for quality assurance and possibly ongoing
support and a separate debriefing for psychological purposes, ensuring that the recommendations of the root cause
analysis are carried out, or, failing that, that the issues are logged on a risk register. The extent and depth of the follow
up protocol depends on what, if any, harm may have been done. This may constitute completion of an incident report,
notification of an equipment failure to a federal regulatory authority, arranging consultations with a mental health
professional to manage psychological sequelae (especially following an awareness episode); follow up during weeks of
intensive care treatment; or, when a death has occurred, a full medico-legal and/or coronial set of procedures [22].

§ Resistance to CRM :
Medical personnel are often trained with a sense of priesthood, heroism, and infallibility. Implementing crisis- and teamresource management concepts requires significant changes in physician mentality and will involve a long process of
overcoming resistance to incorporate the CRM concept into daily and institutional life.

Development of an anesthetic crisis management manual
All anesthetists have to handle life threatening crises with little or no warning. However, some cognitive strategies and
work practices that are appropriate for speed and efficiency under normal circumstances may become maladaptive
in a crisis. The mnemonic COVER ABCD, A SWIFT CHECK or DECIDE may be used to correct problems and provide a
functional diagnosis. It is recommended that specific sub-algorithms be developed for managing the remaining
problems. The COVER component has been found to be satisfactory in real life resuscitation situations and the subalgorithms have been used successfully for several years. It would now be desirable for carefully designed simulator
based studies, using naive trainees at the start of their training, to systematically examine the merits and demerits of
various aspects of the sub-algorithms [23].
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COVER-ABCD (table.1) :
Table 1 Crisis management algorithm, memorise and practice : an explanation of each cue in the
mnemonic ‘‘COVER ABCD’’ [23]
C1
Circulation
Establish adequacy of peripheral circulation (rate, rhythm and character of pulse).

C2

Colour

O1

Oxygen

02

Oxygen analyser

V1

Ventilation

V2

Vaporiser

E1

Endotracheal tube

E2

Elimination

R1

Review monitors

R2

Review equipment

A

Airway

B

Breathing

C

Circulation

D

Drugs

If pulseless, institute cardiopulmonary resuscitation (CPR). The core algorithm
must still be completed as soon as possible.
Note saturation. Examine for evidence of central cyanosis. Pulse oximetry is
superior to clinical detection and is recommended. Test probe on own finger, if
necessary, whilst proceeding with O1 and O2.
Check rotameter settings, ensure inspired mixture is not hypoxic.
Adjust inspired oxygen concentration to 100% and note that only the oxygen
flowmeter is operating. Check that the oxygen analyser shows a rising oxygen
concentration distal to the common gas outlet.
Ventilate the lungs by hand to assess breathing circuit integrity, airway patency,
chest compliance and air entry by ‘‘feel’’ and careful observation and auscultation.
Also inspect capnography trace.
Note settings and levels of agents. Check all vaporiser filler ports, seatings and
connections for liquid or gas leaks during pressurisation of the system. Consider
the possibility of the wrong agent being in the vaporiser.
Systematically check the endotracheal tube (if in use). Ensure that it is patent
with no leaks or kinks or obstructions. Check capnograph for tracheal placement
and oximeter for possible endobronchial position. If necessary, adjust, deflate cuff,
pass a catheter, or remove and replace.
Eliminate the anaesthetic machine and ventilate with self-inflating bag with 100%
oxygen (from alternative source if necessary). Retain gas monitor sampling port
(but be aware of possible problems).
Review all monitors in use (preferably oxygen analyser, capnograph, oximeter,
blood pressure, electrocardiograph (ECG), temperature and neuromuscular
junction monitor). For proper use, the algorithm requires all monitors to have
been correctly sited, checked and calibrated.
Review all other equipment in contact with or relevant to the patient (e.g.
diathermy, humidifiers, heating blankets, endoscopes, probes, prostheses,
retractors and other appliances).
Check patency of the unintubated airway. Consider laryngospasm or presence of
foreign body, blood, gastric contents, nasopharyngeal or bronchial secretions.
Assess pattern, adequacy and distribution of ventilation. Consider, examine and
auscultate for bronchospasm, pulmonary oedema, lobar collapse and pneumo- or
haemothorax.
Repeat evaluation of peripheral perfusion, pulse, blood pressure, ECG and filling
pressures (where possible) and any possible obstruction to venous return, raised
intrathoracic pressure (e.g. inadvertent PEEP) or direct interference to (e.g.
stimulation by central line) or tamponade of the heart.
Review intended (and consider possible unintended) drug or substance
administration. Consider whether the problem may be due to unexpected effect,
a failure of administration or wrong dose, route or manner of administration of
an intended or ‘‘wrong drug’’. Review all possible routes of drug administration.
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§ A SWIFT CHECK (table.2) :
Table 2 ‘‘A SWIFT CHECK’’ (the checklist arising from the mnemonic need not be memorised but
should be immediately available in the operating theatre) [23]
Comments
Condition
A

Air embolus

Hypotension, hypocarbia

A

Anaphylaxis

Hypotension, bronchospasm, urticaria

A

Air in pleura

Pneumothorax, any unexpected circulatory or respiratory deterioration

A

Awareness

Consider dilution of anaesthetic gases, "resistant" patient

S

Surgeon/situation

Vagal stimulation, caval compression, bleeding, direct myocardial stimulation

S

Sepsis

Hypotension, desaturation, acidosis, hyperdynamic circulation

W

Wound

Trauma, bleeding, tamponade, pneumothorax, problems due to retractors

W

Water intoxication

Electrolyte disturbance, fluid overload

I

Infarct

Myocardial conduction or rhythm problem, hypotension, poor cardiac output

I

Insufflation

Vagal tone, reduced venous return, pulmonary venous or paradoxical arterial gas
embolism

F

"Fat" syndrome

Desaturation and/or hypotension, especially after induction and in the lithotomy
position including distended abdomen for any cause

F

Full bladder

May cause marked haemodynamic changes and/or sympathetic stimulation

T

Trauma

Consider spinal injury, undiagnosed sub- or diaphragmatic injury, ruptured viscus

T

Tourniquet down

Local anaesthetic toxicity or unseen bleeding

C

Catheter/IV
Cannula/Chest drain

Leaks, failure to deliver, wrong drug or label, obstructed, wrong connected, wrong
rate

C

Cement

Haemodynamic change with methylmethacrylate

H

Hyper/Hypothermia

Tachycardia and hypercarbia/ECG changes, (poor perfusion, ECG changes)

H

Hypoglycemia

Consider inappropriate or inadvertent insulin preoperatively, fasting and beta
blockers, hepatic compromise and beta blockers

E

Embolus

Fat, thrombus, amniotic fluid; hypotension, hypocarbia, ECG changes

E

Endocrine

Hyperthyroid or hypothyroid/adrenal medullar or cortex/pituitary/ diabetes/5HT

C

Check

Right patient, right operation, right surgeon

C

Check

Case notes, preoperative status, preoperative drugs, preoperative diseases

K

K+

Potassium and any other electrolyte abnormality ("hyper" or "hypo"), ECG
changes, CNS signs

K

Keep

Keep the patient ‘‘asleep’’ until a new anaesthetic machine can be obtained (e.g.
diazepam, ketamine)

If the problem has not been solved, direct the available resources to its solution. Get skilled and
experienced help. Work from first principles.
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§ DECIDE model (table.3) :
Table 3 ‘‘DECIDE MODEL’’ [24]
D
Detect
Something has changed
E

Estimate

Does this change have any significance ?

C

Choose

Choose a safe action

I

Identify

What options do I have

D

Do

Act

E

Evaluate

What effect did action have

Teaching anesthesia crisis resource management
§ Theory :
The CRM Key Points mentioned above often seem obvious, maybe even trivial. They are, but using and applying them
is not. To improve your CRM-competence you should try to reflect on these principles as close to your working
environment as possible. Whenever you have dealt with unexpected events take a few minutes afterwards and try to
analyse them by going through the key points [22].

§ Practice :
All around the world there is an increasing number of simulation centers in which you can learn the CRM key points
hands-on. Combined with theory you work through relevant scenarios in highly realistic environments. During video
assisted debriefings you can discuss how the CRM principles can help you to make patients safer. Many of these
centers also offer mobile training, meaning that they can bring the simulator and everything needed (e.g. audio-/video
equipment) to your facility and train your staff on site [22].

§ Role of simulation in teaching ACRM :
Simulation is not absolutely necessary to teach people about ACRM. When simulation is not feasible, facilitated
discussions are a useful way to engage individuals in learning about these principles. Simulation has enormous
advantages, including that it :
. Forces learners to walk the walk, not just talk the talk,
. Allows practice in a controlled, psychologically safe environment,
. Allows situations that challenge behavioral aspects such as communication or leadership and followership as well
as the medical/technical aspects,
. Allows self-reflection with feedback from peers and experts,
. Allows team members to discuss care outside of caring for real patients,
. Allows discussion of hierarchy.

§ Curriculum :
The ACRM curriculum involves highly realistic simulation scenarios requiring complex decision making and interaction
with multiple personnel. Scenarios are each followed by a detailed debriefing using videotapes of the simulation
session. ACRM has been adopted at major health care institutions around the world. Special training for instructors
is provided, especially concerning debriefing. The ACRM approach has been extended to a wide variety of other health
care domains that involve complexity and dynamism, such as emergency and trauma medicine, intensive care, and
cardiac arrest response teams. Simulation-based training based on CRM principles is expected to become routine in
many health care settings in the coming decade [26].

§ Team training :
Several standardized teamwork training curricula have been promulgated all over the world, especially over the last
10 years. These include (but are not limited to) MedTeams (adapted from US Army rotorcraft safety experience);
TeamStepps (developed by the Department of Defense’s Patient Safety Program in collaboration with the Agency for
Healthcare Research and Quality); and the US Department of Veterans Affairs Medical Team Training program. All of
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these teamwork training systems started out as seminar-based methods, combining didactic training on teamwork
principles with exercises such as role-playing or the discussion of trigger videos of team performance. More recently,
simulation has been added to many of these curricula, either with full combined teams or with single-discipline groups
for which confederates play the role of the other disciplines in simulations [27]. Although each curriculum has distinct
advantages and disadvantages, there is much overlap between them. In general, there is no evidence, or even reason
to believe, that any one is categorically better than the others. They can largely be viewed as different paths to the
same destination, and some are likely to be truly complementary to others.

§ Evaluation :
In an era of evidence-based medicine, the most frequent questions now asked about CRM and teamwork training in
healthcare, and especially for that using simulation, are "where is the evidence ?" & "Do these techniques improve
patient care and patient outcome ?". Actually, the real question has to be interpreted as follows : "What is the impact
of these techniques when they are applied in a program that is [28, 29] :
. a comprehensive and integrated strategy,
. of intensive, continuous, and repetitive simulation based training,
. carried out for all personnel across an organization (as individuals, teams, and work units),
. over the entirety of their careers,
. linked to programs of performance assessment and competence testing and remediation,
. evaluated over a long time horizon,
. for outcomes of improved individual and team knowledge, skills, and attitudes and ultimately also for out- comes of
patient care processes and patient outcome.
No study done to-date, or even contemplated for the future, has come close to tackling this question. To do studies
like this would require dozens of institutions to adopt the training techniques on a wholesale basis with thousands of
clinicians and many thousands or even millions of patients, engaging in stringent evaluations over a long period of time.

Debriefing
The concept of debriefing after a challenging event has become commonplace in the health care simulation world, but
debriefing may include a systematic discussion of any immersive event, real or simulated. Although simulations are
especially appropriate for debriefing because they are planned exercises with known challenges and learning
objectives, any clinical event can provide rich material for reflective learning. The skills can be used to help improve
patient care and safety, enhance own clinical expertise, and uncover systems issues in any environment. Debriefing is
different than providing “feedback.” Feedback most commonly implies observations and advice by the teacher about
the level of performance of the learner versus a reference level of expected performance. Although feedback can be
conducted in different ways, we often see it performed as a one-way process that requires little input from the learner.
Debriefing may include feedback, but debriefing implies a more nuanced interactive conversation exploring how and
why a particular sequence of events occurred, and what techniques or choices could have been used to change the
process and outcome. In the language of Kolb’s experiential learning theory, debriefing provides the occasion for
reflection as the middle component of learning, in the cycle that begins with doing, and ends with consolidation of
knowledge and skill [30].

Conclusion
In order to improve patient safety ACRM key points and their application must be supported by the decision makers
and accompanied by organisational improvements. Only if hospitals and other health care organisations provide such
a framework can the individual health care worker effectively improve patient safety. The following citation speaks for
itself and makes the message clear :
"...no industry in which human lives depend on the skilled performance of responsible operators has waited for
unequivocal proof of the benefits of simulation (or CRM) before embracing it... Neither should anesthesiology (health
care)”, David Gaba, Anesthesiology 76:491-494, 1992.
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2
Medical simulation
scenarios in anesthesiology
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Medical simulation scenarios in anesthesiology

Amniotic fluid embolism
MSSA_001_Overview

Overview
Duration

:

12 to 15 minutes.

Target

:

Medical students, interns and residents.

Summary
:
A 42-years-old woman, G1P0, pregnant at 43 weeks, with no past medical history,
admitted for medical induction of labor for postterm pregnancy, and presenting a
sudden cardiac arrest. An amniotic fluid embolism is highly suspected.

Learning objectives
Clinical and medical management
•
•
•
•
•
•

Recognize of amniotic fluid embolism,
Consider differential diagnoses,
Understand the pathophysiology,
Provide maternal CPR,
Consider fetal extraction,
Indicate appropriate diagnosis tests

Communication and teamwork
• Perform good leadership directing,
• Work in an interdisciplinary team,
• Coordinate with multiple specialties.
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Medical simulation scenarios in anesthesiology

Amniotic fluid embolism
MSSA_001_Briefing

Data
Location

:

room on delivery suite

Patient

:

F, 42 Y0, 90 Kg, 166 cm

Symptom(s)

:

collapse

Onset

:

labor in process

Critical event

:

cardiac arrest

Past history
Medical history

:

none

Surgical history

:

none

Medication

:

none

Allergies

:

none

Physical exam findings
A

:

none

B

:

RR = 20, resp pattern = normal, O2Sat = 98%, breath sounds =
normal

C

:

HR = 102, cardiac rythm = sinus, BP = 100/60, heart sounds =
normal

D

:

GCS = 15, opening eyes spontaneously, agitated

E

:

labor in process, uterine contraction +++

Blood glucose : 1,1 g/L

UT : P - B -

Temperature : 36,8 °C
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Medical simulation scenarios in anesthesiology

Amniotic fluid embolism
MSSA_001_Scenario

Checklist
Equipment

Resources

Airway equipment

Epinephrine

Breathing equipment

Corticosteroids

Circulation equipment

Fetal heart monitoring

Resuscitation trolley
Multiparametric monitor

Simulator
HF manikin, female, pregnant
Intravenous cannula
Simple clothes

Trainers
Instructor 1
Instructor 2
Instructor 3
Facilitator 1
Facilitator 2

:
:
:
:
:

technician at the controls
briefing & debriefing
debriefing
senior doctor
obstetrician on shift
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Medical simulation scenarios in anesthesiology

Amniotic fluid embolism
MSSA_001_Scenario

Baseline
RR = 20
O Sat = 98%
EtCO2 = 30
2

HR = 102
BP = 100/60

Awake
Agitated

Interventions
Cardiopulmonary
resuscitation

NTR

HR = 140
BP = 100/70
O Sat = 96%
2

AFE
management

No

Yes
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Medical simulation scenarios in anesthesiology

Amniotic fluid embolism
MSSA_001_Programming

Baseline
RR = 20, resp pattern = normal, O Sat = 98%, breath sounds = normal
2

HR = 102, cardiac rythm = sinus, BP = 100/60, heart sounds = normal
EtCO2 = 30 mmHg

Critical
Cardiovascular collapse
Oxygen saturation decreasing
Cardiac arrest

Landing
RR = 12, O Sat = 98%, no breath sounds
2

HR = 110, BP = 120/60
EtCO2 = 35 mmHg
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Medical simulation scenarios in anesthesiology

Amniotic fluid embolism
MSSA_001_Debriefing

Record
•
•
•
•
•
•
Þ
Þ
Þ
Þ
•
•
•

•
Þ
Þ
Þ
Þ
Þ

Amniotic fluid embolism (AFE) is a life threatening obstetric emergency characterized by sudden
cardiorespiratory collapse and disseminated intravascular coagulation,
The diagnosis is essentially one of exclusion based on clinical presentation. Other causes of
hemodynamic instability should not be neglected,
The pathophysiology of amniotic fluid embolism (AFE) is incompletely understood. It was originally
believed that fetal cells and debris occluded the pulmonary vasculature,
has proposed that fetal antigens enter the maternal circulation triggering a response similar to
systemic inflammatory response syndrome (SIRS) with activation of the coagulation cascade leading
to DIC and inflammatory mediated suppression of myocardial function,
Reported risk factors for development of AFE include multiparity, advanced maternal age, male
fetus, medical induction of labor, and trauma,
All of the following must be present for a diagnosis of AFE :
Sudden onset of cardiorespiratory arrest or both hypotension (systolic BP < 90mm HG) and
respiratory compromise (dyspnea, oxygen saturation < 90%),
Documentation of overt DIC following the events in item 1. Coagulopathy must be detected prior to
the loss of enough blood to itself be the cause of a dilutional or consumptive coagulopathy,
Clinical onset during labor or within 30 minutes of the delivery of the placenta,
No fever (≥38.0 C) during labor
Some differential diagnoses have to be considered : abruptio placenta, anaphylaxis, aortic
dissection, aspiration, cholesterol embolism, myocardial infarction, pulmonary embolism and septic
shock.
It’s not recommended to use any specific diagnosis laboratory test to either confirm or refute the
diagnosis. At the present time, AFE remains a clinical diagnosis,
Treatment is essentially supportive care. Drugs are used in amniotic fluid embolism (AFE) to stabilize
the patient. Pressors are used to maintain blood pressure, and inotropes are used to improve
contractility. Use of steroids has been suggested because the process may be immune mediated.
Uterotonics may be used to limit postpartum bleeding.
An immediate high quality cardiopulmonary resuscitation with standard BCLS and ACLS protocols
in pregnant patient has to be provided, with some specificities :
Place the patient on left lateral position,
Apply continuous cricoid pressure during ventilation and intubation due to the risk of regurgitation,
Consider the possibility of airway edema wich can make endotracheal intubation difficult,
Chest compressions are performed higher than in non-pregnant patients,
If cardiac arrest is not immediately (4-5 minutes) reversed, an fetal extraction should be considered.
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MSSA_001

CBC
RBC

Result

Ref. Range

4.1 106/L

(3.50-5.30)

Hemoglobin

10.1 g/dL

Hematocrit

30.8 %

(33.0-42.0)

MCV

80.3 fl

(75.0-95.0)

MCHC

32.6 g/dL

(32.0-36.0)

14.10 103/µL

(7.00-12.00)

52.0 %
7.72 103/µL

(3.50-6.00)

0.6 %
0.06 103/µL

(0.05-0.30)

0.5 %
0.01 103/µL

(< 0.01)

10.5 %
4.0 103/µL

(3.50-5.00)

6.0 %
0.55 103/µL

(0.10-1.00)

71 103/µL

(150-400)

WBC
Neutrophils

Eosinophils

Basophils

Lymphocytes

Monocytes

Platelets

(11-14)
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MSSA_001

Coagulation
Result
Prothrombin time
Prothrombin

Ref. Range

17.3 sec
42 %

(70-140)

INR
Partiel
thromboplastin time

30 sec

(25.0-35.0)

Fibrinogen

2.6 g/L

(2.00-4.00)
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MSSA_001

Clinical chemistry
Result

Ref. Range

Sodium (Na+)

140 mmol/L

(135-145)

Potassium (K+)

4,2 mmol/L

(3.5-5.5)

Calcium (Ca2+)

90 mg/L

(90-105)

Chloride (Cl-)

103 mmol/L

(100-105)

Glucose

1.10 g/L

(0.70-1.10)

Urea

0.70 g/L

(0.10-0.50)

Creatinine

20 mg/L

(6-12)

AST

60 UI/L

(< 35)

ALT

50 UI/L

(5-40)

CRP

100 mg/L

(< 10)

35 g/L

(35-55)

Albumin
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MSSA_001

Arterial blood gas
Result
pH

7.56

Ref. Range
(7.35-7.45)

CO2

30 mmHg

(35-45)

HCO3-

28 mmol/L

(22-26)

PaO2

75 mmHg

(> 85)

SaO2

90 %

Lactate

2 mmol/L

(95-100)
(< 2)
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MSSA_001

Biomarkers
Troponin

Result

Ref. Range

< 0,03 ng/mL

(< 0.01)
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MSSA_001

Biomarkers
D-dimer

Result

Ref. Range

2300 ng/mL

(< 500 ng/L)
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MSSA_001

ECG
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MSSA_001

Chest X-ray
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MSSA_001

Doppler US of lower extremity

Interpretation :

Normal ultrasound exam.
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MSSA_001

Echocardiography

Interpretation :

Right ventricular dilatation with a pulmonary
hypertension, no thrombus.
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MSSA_001

Obstetric US

Interpretation :

Progressing pregnancy, at 43 weeks.
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MSSA_001

Fetal heart monitor

Interpretation :

Normal.
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MSSA_001

Head CT

Interpretation :

Cerebral edema.
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MSSA_001

Biomarkers
Tryptase

Result

Ref. Range

120 µg/L

(< 13.5)
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MSSA_001

Biomarkers
Result
Mother blood
analysis

Ref. Range

Amniotic fluid cells
+++
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MSSA_001

Bronchoalveolar lavage
Result
BAL analysis

Ref. Range

Amniotic fluid cells
+++
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Medical simulation scenarios in anesthesiology

Anaphylaxis
MSSA_002_Overview

Overview
Duration

:

12 to 15 minutes.

Target

:

Medical students, interns and residents.

Summary
:
A 27-years-old male patient, with a history of asthma, admitted for laparoscopic
appendectomy under general anesthesia and presenting pulselessness and
desaturation after rapid sequence induction with propofol, fentanyl and
rocuronium. All items suggest anaphylaxis reaction.

Learning objectives
Clinical and medical management
• Recognize an anaphylaxis,
• Understand the pathophysiology,
• Treat and manage perioperative
anaphylaxis,
• Investigate further postoperatively.

Communication and teamwork
• Perform good leadership directing,
• Work in an interdisciplinary team,
• Coordinate with surgeons.
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Medical simulation scenarios in anesthesiology

Anaphylaxis
MSSA_002_Briefing

Data
Location

:

operating room

Patient

:

M, 27 Y0, 75 Kg, 176 cm

Symptom(s)

:

cardiovascular collapse

Onset

:

5 minutes after induction

Critical event

:

pulselessness

Past history
Medical history

:

asthma

Surgical history

:

none

Medication

:

albuterol inhaler

Allergies

:

asthma, eczema

Physical exam findings
A

:

none

B

:

Patient intubated et ventilated under anesthesia machine, RR = 10,
Vt = 600, I/E = 1/2, PEP = 2, Paw = 45, EtCO2 = 30, O2Sat = 88%,
breath sounds = bilateral wheezing

C

:

HR = 140, cardiac rythm = sinus, BP = 70/40, heart sounds =
normal

D

:

patient under general anesthesia

E

:

diffuse rash

Blood glucose : 1,1 g/L

UT : P - B -

Temperature : 36,8 °C
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Medical simulation scenarios in anesthesiology

Anaphylaxis
MSSA_002_Scenario

Checklist
Equipment

Resources

Airway equipment

Epinephrine

Breathing equipment

Corticosteroids

Circulation equipment

Chlorphenamine

Resuscitation trolley

Metaraminol

Multiparametric monitor

Simulator
HF manikin, male,
Intravenous cannula,
Endotracheal tube,
Multiparametric monitor,

Trainers
Instructor 1
Instructor 2
Instructor 3
Facilitator 1
Facilitator 2

:
:
:
:
:

technician at the controls
briefing & debriefing
debriefing
senior doctor
surgeon
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Medical simulation scenarios in anesthesiology

Anaphylaxis
MSSA_002_Scenario

Baseline
RR = 10
O Sat = 88%
EtCO2 = 30
Paw = 45
2

HR = 140
BP = 70/40

General anesthesia

Interventions
Stop injection
in process

NTR

HR = 140
BP = 80/50
O Sat = 89%
2

Anaphylaxis
management

No

Yes
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Medical simulation scenarios in anesthesiology

Anaphylaxis
MSSA_002_Programming

Baseline
Intubate et ventilated under anesthesia machine, RR = 10, Vt = 600, I/E =
1/2, PEP = 2, Paw = 45, O Sat = 88%, breath sounds = bilateral
wheezing
2

HR = 140, cardiac rythm = sinus, BP = 70/40, heart sounds = normal
EtCO2 = 30 mmHg

Critical
Pulselessness
Oxygen saturation decreasing
Bronchospasm

Landing
RR = 10, O Sat = 98%, no breath sounds
2

HR = 110, BP = 120/60
EtCO2 = 35 mmHg
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Medical simulation scenarios in anesthesiology

Anaphylaxis
MSSA_002_Debriefing

Record
•
•
•
•
•
•
•
•
Þ
Þ
Þ
Þ
•

•
•

Anaphylaxis reaction is an acute, potentially fatal, multisystemic syndrome resulting from sudden
florid mast cell and basophil degranulation subsequent release of pro-inflammatory mediators into
circulation,
Patients undergoing general anesthesia and surgery ca experience complex physiologic changes,
wich may complicate recognition of an allergic reaction,
Diagnosis is clinical and highly likely when any one of the following 3 criteria are fulfilled :
Acute onset of illness with involvement of skin, mucosal tissue, or both, and at least one of the
following : respiratory compromise, reduced blood pressure or associated symptoms of end-organ
dysfunction,
Two or more of the following that occur rapidly after exposure to a likely allergen to that patient :
involvement of skin/mucosal tissue, respiratory compromise, reduced blood pressure,
gastrointestinal symptoms,
Reduced blood pressure after exposure to a known allergen for that patient,
NMBAs, latex, and antibiotics are the most frequently incriminated drugs, although other drugs used
during the perioperative period might be involved,
The recognition of anaphylactic reactions in anesthesia is compromised by :
Inability of patient to communicate early symptoms,
Obscured view of patient (Drapes),
Anaphylactic respiratory and cardiovascular symptoms similar to those produced by anesthetic
agents,
Due to the myriad of drug used in any given intra-operatively, identification of the inciting agent is
difficult.
Treatment is aimed at interrupting contact with the responsible antigen, call for help, maintain
airway, give 100% oxygen and lie patient flat with legs elevated, modulating the effects of the
released mediators and inhibiting mediator production and release with fluid expansion,
epinephrine, corticosteroids, antihistamines and optionally bronchodilators,
Further investigation of a suspected anaphylactic reaction is mandatory to find the responsible drug
and to make future anesthesia safe, made with intraoperative tests (serum histamine and mast cell
tryptase ) and postoperative tests (skin tests and RASTs for specific IgE antibodies),
Patients must be fully informed of the results of investigations, and advised to provide a detailed
report before future anesthesia. Wearing a warning bracelet or possession of a warning card is
strongly indicated.
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MSSA_002

CBC
RBC

Result

Ref. Range

5.1 106/L

(3.50-5.30)

Hemoglobin

13.2 g/dL

Hematocrit

38.8 %

(33.0-42.0)

MCV

82.8 fl

(75.0-95.0)

MCHC

34.6 g/dL

(32.0-36.0)

WBC

25.10 103/µL

(7.00-12.00)

Neutrophils

70.5 %
17.70 103/µL

(3.50-6.00)

1.4 %
0.35 103/µL

(0.05-0.30)

4.7 %
1.2 103/µL

(< 0.01)

19.9 %
5.0 103/µL

(3.50-5.00)

3.3 %
0.85 103/µL

(0.10-1.00)

165 103/µL

(150-400)

Eosinophils

Basophils

Lymphocytes

Monocytes

Platelets

(11-14)
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MSSA_002

Coagulation
Result
Prothrombin time
Prothrombin

Ref. Range

14.3 sec
75 %

(70-140)

INR
Partiel
thromboplastin time

30 sec

(25.0-35.0)

Fibrinogen

2.8 g/L

(2.00-4.00)
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MSSA_002

Clinical chemistry
Result

Ref. Range

Sodium (Na+)

142 mmol/L

(135-145)

Potassium (K+)

5,2 mmol/L

(3.5-5.5)

Calcium (Ca2+)

92 mg/L

(90-105)

Chloride (Cl-)

102 mmol/L

(100-105)

Glucose

1.00 g/L

(0.70-1.10)

Urea

0.69 g/L

(0.10-0.50)

Creatinine

13 mg/L

(6-12)

AST

60 UI/L

(< 35)

ALT

50 UI/L

(5-40)

CRP

120 mg/L

(< 10)

38 g/L

(35-55)

Albumin
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MSSA_002

Arterial blood gas
Result
pH

7.22

Ref. Range
(7.35-7.45)

CO2

55 mmHg

(35-45)

HCO3-

14 mmol/L

(22-26)

PaO2

75 mmHg

(> 85)

SaO2

86 %

Lactate

4 mmol/L

(95-100)
(< 2)
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MSSA_002

ECG
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MSSA_002

Biomarkers
Result

Ref. Range

Histamine

10.8 ng/mL

(0.1-1.8)

Tryptase

22.6 ng/mL

(<11.5)
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MSSA_002

Biomarkers
Result
RAST rate
IgE level

Ref. Range

5
75.5 KU/L

(<0.35)
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MSSA_002

Skin prick test

Interpretation :

Hypersensitivity reaction to rocuronium.
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Medical simulation scenarios in anesthesiology

Aspiration under anesthesia
MSSA_003_Overview

Overview
Duration

:

12 to 15 minutes.

Target

:

Medical students, interns and residents.

Summary
:
A 45-year-old man, chronic smoker, presented with an increasing epigastric pain,
due to a peritonitis by perforation of gastric ulcer. He was brought to the operating
room for an emergency laparotomy. A general anesthesia was induced, when
suddenly the monitoring presented a falling O2 saturation due to pulmonary
aspiration.

Learning objectives
Clinical and medical management

Communication and teamwork

• Recognize a perioperative pulmonary
aspiration,
• Manage aspiration under anesthesia,
• Consider common perioperative
diagnoses,
• Demonstrate optimal patient airway
management.

• Perform good leadership directing,
• Work in an interdisciplinary team,
• Coordinate with other specialists.
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Medical simulation scenarios in anesthesiology

Aspiration under anesthesia
MSSA_003_Briefing

Data
Location

:

operating room

Patient

:

M, 45 Y0, 95 Kg, 173 cm

Symptom(s)

:

falling O2 saturation

Onset

:

rapid sequence induction

Critical event

:

profound drop in O2 saturation, bradycardia

Past history
Medical history

:

chronic smoker

Surgical history

:

none

Medication

:

none

Allergies

:

none

Physical exam findings
A

:

mallampati 2, poor dentition, large beard

B

:

induced apnea, O2Sat = 98%, EtCO2 = 35, breath sounds = normal

C

:

HR = 96, cardiac rythm = sinus, BP = 100/60, heart sounds =
normal

D

:

patient under general anesthesia, induction ongoing

E

:

supine position patient

Blood glucose : 1,1 g/L

UT : P - B -

Temperature : 38,8 °C
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Medical simulation scenarios in anesthesiology

Aspiration under anesthesia
MSSA_003_Scenario

Checklist
Equipment

Resources

Airway equipment

Epinephrine

Breathing equipment

Bronchodilator

Circulation equipment

ATB

Resuscitation trolley
Multiparametric monitor

Simulator
HF manikin, male, supine position
Intravenous cannula,
Multiparametric monitor,

Trainers
Instructor 1
Instructor 2
Instructor 3
Facilitator 1
Facilitator 2

:
:
:
:
:

technician at the controls
briefing & debriefing
debriefing
senior doctor
surgeon
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Medical simulation scenarios in anesthesiology

Aspiration under anesthesia
MSSA_003_Scenario

Baseline
RR = apnea
O Sat = 98%
EtCO2 = 35
2

HR = 96
BP = 100/60

Induction ongoing

Aspiration
Airway management

NTR

HR = 65
BP = 90/60
O Sat = 75%
2

Aspiration
management

No

Yes
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Medical simulation scenarios in anesthesiology

Aspiration under anesthesia
MSSA_003_Programming

Baseline
induced apnea, O Sat = 98%, EtCO2 = 35, breath sounds = normal
2

HR = 96, cardiac rythm = sinus, BP = 100/60, heart sounds = normal
EtCO2 = 35 mmHg

Critical
Profound drop in O saturation
2

Bradycardia

Landing
RR = 10, O Sat = 98%, no breath sounds
2

HR = 110, BP = 120/60
EtCO2 = 35 mmHg
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Medical simulation scenarios in anesthesiology

Aspiration under anesthesia
MSSA_003_Debriefing

Record
•
•
•
•
Þ

Þ
Þ
•
Þ
Þ
Þ
Þ
•
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ

Þ

Pulmonary aspiration is defined by the inhalation of oro-pharyngeal or gastric contents into the larynx and the
respiratory tract. It is a potential consequence of the abolished airway reflexes under anesthesia,
Aspiration of solid matter can cause hypoxia by physical obstruction, whereas aspiration of acidic gastric fluid can
cause a pneumonitis. The risk of mortality and serious morbidity increases with bronchial exposure to greater volumes
and acidity of aspirated material,
The anatomical disposition of the gastro-esophageal junction, the tonus of the upper esophageal sphincter, as well as
the protective airway reflexes, represent different protective means that got inhibited by the anaesthesic agents while
inducing a general anesthesia,
Risk factors for aspiration are numerous ;
Patient factors : full stomach (emergency surgery, inadequate fasting time, gastrointestinal obstruction), delayed
gastric emptying (systemic diseases, recent trauma, opioids, raised intra-cranial pressure, previous gastrointestinal
surgery, pregnancy), incompetent lower esophageal sphincter (hiatus hernia, recurrent regurgitation, dyspepsia,
previous upper gastrointestinal surgery, pregnancy), esophageal disease (morbid obesity),
Surgical factors : upper gastrointestinal surgery, lithotomy or head down position, laparoscopy, cholecystectomy,
Anesthetic factors : light anaesthesia, supra-glottic airways, positive pressure ventilation, length of surgery > 2h,
difficult airway,
Some guidelines are recommended to reduce the risk of aspiration :
Experienced anaesthesia assistance available to all times, Intubate all emergency cases,
Apply appropriate cricoid pressure with all inductions using neuromuscular blocking agents,
Intubate/seriously consider intubation if suspicion of delayed gastrointestinal emptying, increased intra-abdominal
pressure,
Extubate high-risk cases awake and on their side. Extubate all others on their side.
Once a pulmonary aspiration occurs, several steps are necessary to its management :
Call for help,
Intubation should be privileged,
The trachea should be suctioned, once the airway is secure, before positive pressure ventilation to prevent the distal
displacement of aspirated material,
Early bronchoscopy may help prevent distal atelectasis if particulate matter has been aspirated,
Bronchodilators and positive end-expiratory pressure should be used largely,
Antibiotics and steroids should be individualized to the patient and are not recommended for routine use,
In cases of severe aspiration, cardiopulmonary arrest can occur. CPR should be immediately instituted. Early
institution of ECMO may provide a necessary bridge to stabilize the patient,
Maintenance of mechanical ventilation should be dictated by the usual parameters and the concern for development
of ARDS,
The decision to proceed with the operation is at the surgeon’s and anesthesiologist’s discretion, it depends on the
urgency of the operation, the patient’s oxygen saturation and pulmonary compliance, and response to aspiration
management’s interventions

Bibliography
7.
8.
9.

Robinson M, Davidson A. Aspiration under anaesthesia : risk assessment and decision-making. British Journal of
Anaesthesia 2014(4): 171-5.
Nason KS. Acute Intraoperative Pulmonary Aspiration. Thorac Surg Clin 2015(25):301-7.
Kluger MT, Visvanathan T, Myburgh JA and al. Crisis management during anaesthesia : regurgitation, vomiting, and
aspiration. Qual Saf Health Care 2005;14:e4.
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MSSA_003

CBC
RBC

Result

Ref. Range

4.1 106/L

(3.50-5.30)

Hemoglobin

12.1 g/dL

Hematocrit

30.8 %

(33.0-42.0)

MCV

80.3 fl

(75.0-95.0)

MCHC

32.6 g/dL

(32.0-36.0)

WBC

22.10 103/µL

(7.00-12.00)

Neutrophils

47.2 %
15.72 103/µL

(3.50-6.00)

0.4 %
0.06 103/µL

(0.05-0.30)

0.1 %
0.01 103/µL

(< 0.01)

33.1 %
6.0 103/µL

(3.50-5.00)

4.5 %
0.55 103/µL

(0.10-1.00)

411 103/µL

(150-400)

Eosinophils

Basophils

Lymphocytes

Monocytes

Platelets

(11-14)
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MSSA_003

Coagulation
Result
Prothrombin time
Prothrombin

Ref. Range

17.3 sec
65 %

(70-140)

INR
Partiel
thromboplastin time

30 sec

(25.0-35.0)

Fibrinogen

2.6 g/L

(2.00-4.00)
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MSSA_003

Clinical chemistry
Result

Ref. Range

Sodium (Na+)

133 mmol/L

(135-145)

Potassium (K+)

3,3 mmol/L

(3.5-5.5)

Calcium (Ca2+)

95 mg/L

(90-105)

Chloride (Cl-)

103 mmol/L

(100-105)

Glucose

1.10 g/L

(0.70-1.10)

Urea

0.50 g/L

(0.10-0.50)

Creatinine

15 mg/L

(6-12)

AST

60 UI/L

(< 35)

ALT

50 UI/L

(5-40)

CRP

800 mg/L

(< 10)

35 g/L

(35-55)

Albumin
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MSSA_003

Arterial blood gas (post-aspiration)
Result
pH

7.28

Ref. Range
(7.35-7.45)

CO2

58 mmHg

(35-45)

HCO3-

28 mmol/L

(22-26)

PaO2

55 mmHg

(> 85)

SaO2

70 %

Lactate

2.5 mmol/L

(95-100)
(< 2)
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MSSA_003

Chest X-Ray (preoperative)
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MSSA_003

Chest X-Ray (post-aspiration)
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Medical simulation scenarios in anesthesiology

Asystole
MSSA_004_Overview

Overview
Duration

:

12 to 15 minutes.

Target

:

Medical students, interns and residents.

Summary
:
A 65-year-old man, obese, ASA 2 and chronic smoker, presented with an
increasing upper extremity weakness and pain in his neck due to a C5-C6 discitis in
CT-scan. He was brought to the operating room for an emergency C5-C6
corpectomy and posterior fusion in a prone position. A general anesthesia was
induced, when suddenly the patient presented an asystole.

Learning objectives
Clinical and medical management
• Use ABCDE approach to diagnose
and commence the management of
an asystole in adults,
• Consider common perioperative
diagnosis,
• Demonstrate optimal patient airway
management,
• Apply American Heart Association
BLS and ACLS for CPR.

Communication and teamwork
• Perform good leadership directing,
• Work in an interdisciplinary team,
• Incorporate teamwork tools.
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Medical simulation scenarios in anesthesiology

Asystole
MSSA_004_Briefing

Data
Location

:

operating room

Patient

:

M, 65 Y0, 110 Kg, 176 cm

Symptom(s)

:

cyanosis, hypotension and bradycardia

Onset

:

halfway completed surgery

Critical event

:

cardiac arrest (tracheal extubation)

Past history
Medical history

:

obesity, chronic smoker

Surgical history

:

severe cervical spine stenosis

Medication

:

none

Allergies

:

none

Physical exam findings
A

:

Mallampati 3, poor dentition, large beard

B

:

Patient intubated et ventilated under anesthesia machine, RR = 10,
Vt = 600, I/E = 1/2, PEP = 5, Paw = 20, EtCO2 = 35, O2Sat = 96%,
breath sounds = normal

C

:

HR = 96, cardiac rythm = sinus, BP = 140/90, heart sounds =
normal

D

:

patient under general anesthesia

E

:

prone position, surgery ongoing, cervical incision made

Blood glucose : 1,1 g/L

UT : P - B -

Temperature : 36,8 °C
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Medical simulation scenarios in anesthesiology

Asystole
MSSA_004_Scenario

Checklist
Equipment

Resources

Airway equipment

Epinephrine

Breathing equipment
Circulation equipment
Resuscitation trolley
Multiparametric monitor

Simulator
HF manikin, male, prone position, draped with surgery on cervical spine ongoing,
Intravenous cannula,
Reinforced size 8 endotracheal tube,
Multiparametric monitor,

Trainers
Instructor 1
Instructor 2
Instructor 3
Facilitator 1
Facilitator 2

:
:
:
:
:

technician at the controls
briefing & debriefing
debriefing
senior doctor
surgeon
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Medical simulation scenarios in anesthesiology

Asystole
MSSA_004_Scenario

Baseline
RR = 10
O Sat = 96%
EtCO2 = 35
Paw = 20
2

HR = 96
BP = 140/90

General anesthesia

Cardiac arrest
Cardiopulmonary
resuscitation

NTR

HR = 65
BP = -/O Sat = no curve
EtCO2 = no parameter
2

Airway
management

No

Yes
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Medical simulation scenarios in anesthesiology

Asystole
MSSA_004_Programming

Baseline
Intubate et ventilated under anesthesia machine, RR = 10, Vt = 600, I/E =
1/2, PEP = 5, Paw = 20, O Sat = 96%, breath sounds = normal
2

HR = 96, cardiac rythm = sinus, BP = 140/90, heart sounds = normal
EtCO2 = 35 mmHg

Critical
O Sat decreasing
2

Bradycardia, hypotension
Cardiac arrest by asystole (tracheal extubation)

Landing
RR = 10, O Sat = 98%, no breath sounds
2

HR = 110, BP = 120/60
EtCO2 = 35 mmHg
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Medical simulation scenarios in anesthesiology

Asystole
MSSA_004_Debriefing

Record
•
•
•

•

•
•

•
•
•
Þ
Þ
Þ
Þ
Þ

Cardiac arrest in the operating room environment is a rare but potentially catastrophic event.
Contributing factors are known, and the event is generally rapidly recognized, as patients are usually
full monitoring,
The nature of the cardiac arrest in the OR is different to other environments as it is not only related
to the patient’s conditions but likewise to the anesthetic and the surgical procedure,
Asystole, colloquially referred to as flatline, represents the cessation of electrical and mechanical
activity of the heart. The diagnosis is easy and based on cardiac monitoring where there is no
waveform present on the cardiac monitor, only an isoelectric “flat” line. This includes a lack of Pwaves, QRS complexes, and T-waves,
The Asystole can be primary or secondary. Primary asystole occurs when the heart's electrical
system intrinsically fails to generate a ventricular depolarization. This may result from ischemia or
from degeneration (ie, sclerosis) of the sinoatrial (SA) node or atrioventricular (AV) conducting
system. Secondary asystole occurs when factors outside of the heart's electrical conduction system
result in a failure to generate any electrical depolarization. In this case, the final common pathway is
usually severe tissue hypoxia with metabolic acidosis,
The most common causes in perioperative period are : 1. Hemorrhage, 2. Anesthetic overdose, 3.
Septic or other shock, 4. Airway management error, 5. Anaphylaxis, 6. Pneumothorax,
Asystole should be treated following current American Heart Association BLS and ACLS guidelines.
High-quality CPR is the mainstay of treatment and the most important predictor of favorable
outcome. Asystole is a non-shockable rhythm. Therefore, if asystole is noted on the cardiac monitor,
no attempt at defibrillation should be made. High-quality CPR should be continued with minimal (less
than five seconds) interruption. Epinephrine (1 mg via intravenous or intraosseous line) should be
delivered every three to five minutes and treatment of reversible causes addressed,
Turn off vasodilating volatils & IV drips, ventilate 10 breaths/minute but not over ventilate, and
consider ECMO if available and reversible cause, echocardiography to evaluate cause,
With regard to unintended tracheal extubation (UTE) during surgery and especially in a prone
position patient, while the traditional manner of airway management in this situation involves
returning the patient to the supine position, this introduces some delay in a high acuity situation,
Some guidelines are recommended to manage perioperative UTE :
Call for help,
Switch to 100% oxygen,
Check previous airway grade,
Use alternative airway device (LMA…) if needed,
Decide whether to continue surgery.

Bibliography
10. Hinkelbein J, Andres J, Thies KC and al. Perioperative cardiac arrest in the operating room environment ; a review of
the literature. Minerva Anestiologica 2017;83(11):1190-8.
11. Nunnally ME, O’Connor MF, Kordylewski H and al. The incidence and risk factors for operative cardiac arrest observed
in the national anesthesia clinical outcomes registry. Anesth Analg 2015;120(2):364-70.
12. Zuercher M, Ummehofer W. Cardiac arrest during anaesthesia. Current Opinion in Critical Care 2008;14:269-74.
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MSSA_004

CBC
RBC

Result

Ref. Range

4.1 106/L

(3.50-5.30)

Hemoglobin

12.1 g/dL

Hematocrit

30.8 %

(33.0-42.0)

MCV

80.3 fl

(75.0-95.0)

MCHC

32.6 g/dL

(32.0-36.0)

12.10 103/µL

(7.00-12.00)

47.2 %
5.72 103/µL

(3.50-6.00)

0.4 %
0.06 103/µL

(0.05-0.30)

0.1 %
0.01 103/µL

(< 0.01)

33.1 %
4.0 103/µL

(3.50-5.00)

4.5 %
0.55 103/µL

(0.10-1.00)

411 103/µL

(150-400)

WBC
Neutrophils

Eosinophils

Basophils

Lymphocytes

Monocytes

Platelets

(11-14)
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MSSA_004

Coagulation
Result
Prothrombin time
Prothrombin

Ref. Range

17.3 sec
75 %

(70-140)

INR
Partial
thromboplastin time

30 sec

(25.0-35.0)

Fibrinogen

2.6 g/L

(2.00-4.00)
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MSSA_004

Clinical chemistry
Result

Ref. Range

Sodium (Na+)

139 mmol/L

(135-145)

Potassium (K+)

4,3 mmol/L

(3.5-5.5)

Calcium (Ca2+)

95 mg/L

(90-105)

Chloride (Cl-)

103 mmol/L

(100-105)

Glucose

1.10 g/L

(0.70-1.10)

Urea

0.40 g/L

(0.10-0.50)

Creatinine

11 mg/L

(6-12)

AST

60 UI/L

(< 35)

ALT

50 UI/L

(5-40)

CRP

80 mg/L

(< 10)

Albumin

35 g/L

(35-55)

_____________________________________________________________________________________________________________
-89-

MSSA_004

Arterial blood gas
Result
pH

7.28

Ref. Range
(7.35-7.45)

CO2

58 mmHg

(35-45)

HCO3-

14 mmol/L

(22-26)

PaO2

55 mmHg

(> 85)

SaO2

60 %

Lactate

4.5 mmol/L

(95-100)
(< 2)
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MSSA_004

Biomarkers
Result
Troponin

0,50 ng/mL

Ref. Range
(< 0.01)
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ECG
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MSSA_004

Chest X-ray
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MSSA_004

Echocardiography

Interpretation:

Within normal limits.
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Medical simulation scenarios in anesthesiology

Bradycardia- Unstable
MSSA_005_Overview

Overview
Duration

:

12 to 15 minutes.

Target

:

Medical students, interns and residents.

Summary
:
A 72-year-old man was admitted to hospital to have direct laryngoscopy and vocal
cord biopsy, because of a history of hoarseness. This was to be carried out under
general anesthesia which was induced with propofol 200 mg, followed by
rocuronium 40 mg and fentanyl 200 µg and maintained with halothane 2%. He will
present a severe bradycardia with poor hemodynamic tolerance during the
operation.

Learning objectives
Clinical and medical management
• Recognize clinical features and
potential causes of compromising
bradycardia,
• Describe pharmacological options
for treating bradycardia,
• Initiate transcutaneous pacing in a
patient with persistent unstable
bradycardia.

Communication and teamwork
• Perform good leadership directing,
• Work in an interdisciplinary team,
• Incorporate teamwork tools.
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Medical simulation scenarios in anesthesiology

Bradycardia- Unstable
MSSA_005_Briefing

Data
Location

:

operating room

Patient

:

M, 72 Y0, 95 Kg, 160 cm

Symptom(s)

:

alarm slow heart rate

Onset

:

10 minutes after induction

Critical event

:

cardiovascular collapse

Past history
Medical history

:

hypertension and arthritis of knees and hips

Surgical history

:

severe cervical spine stenosis

Medication

:

losartan, mutil-vitamin

Allergies

:

none

Physical exam findings
A

:

Mallampati 3, poor dentition, large beard

B

:

Patient intubated et ventilated under anesthesia machine, RR = 12,
Vt = 600, I/E = 1/2, PEP = 5, Paw = 20, EtCO2 = 35, O2Sat = 98%,
breath sounds = normal

C

:

HR = 78, cardiac rythm = sinus, BP = 115/85, heart sounds =
normal

D

:

patient under general anesthesia

E

:

nothing to report

Blood glucose : 1,1 g/L

UT : P - B -

Temperature : 36,8 °C
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Medical simulation scenarios in anesthesiology

Bradycardia- Unstable
MSSA_005_Scenario

Checklist
Equipment

Resources

Airway equipment

Epinephrine

Breathing equipment

Transcutaneous pacing

Circulation equipment
Resuscitation trolley
Multiparametric monitor

Simulator
HF manikin, male,
Intravenous cannula,
Reinforced size 8 endotracheal tube,
Multiparametric monitor.

Trainers
Instructor 1
Instructor 2
Instructor 3
Facilitator 1
Facilitator 2

:
:
:
:
:

technician at the controls
briefing & debriefing
debriefing
senior doctor
surgeon

_____________________________________________________________________________________________________________
-99-

Medical simulation scenarios in anesthesiology

Bradycardia- Unstable
MSSA_005_Scenario

Baseline
RR = 12
O Sat = 98%
EtCO2 = 35
Paw = 20
2

HR = 78
BP = 115/85

General anesthesia

Bradycardia
ACLS algorithm
for bradycardia

NTR

HR = 28
BP = 65/35
O Sat = no curve
EtCO2 = 20
2

Transcutaneous
pacing

No

Yes
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Medical simulation scenarios in anesthesiology

Bradycardia- Unstable
MSSA_005_Programming

Baseline
Intubate et ventilated under anesthesia machine, RR = 12, Vt = 600, I/E =
1/2, PEP = 5, Paw = 20, O Sat = 98%, breath sounds = normal
2

HR = 78, cardiac rythm = sinus, BP = 115/85, heart sounds = normal
EtCO2 = 35 mmHg

Critical
Bradycardia
Hypotension
Signs of hypoperfusion

Landing
RR = 12, O Sat = 98%, no breath sounds
2

HR = 60, BP = 120/80
EtCO2 = 35 mmHg
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Medical simulation scenarios in anesthesiology

Bradycardia- Unstable
MSSA_005_Debriefing

Record
•

•
•
•
•
•

Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ

Sinus bradycardia is identified by the presence of a sinus rhythm (1:1 association of P and QRS complexes)
with a rate of < 60 bpm. Symptomatic bradycardia involves the presence of symptoms of end-organ poor
perfusion, usually with a heart rate < 50 bpm. Careful attention should be paid to the possibility of presence
of a heart block, which can be identified by a higher ratio of P-waves to QRS complexes,
Bradycardia that precedes an anesthetic encounter may represent the effect of chronic medication therapy
(including beta blockers), myocardial conduction disease, or even a physiologically low resting heart rate in
healthy individuals,
Acute intraoperative drops in heart rate in previously stable patients are often due to hypoxemia, hypercarbia,
vagal outflow, increased intracranial pressure, cardiac conduction diseases or acute medication
administration (local anesthetics, dexmedetomidine, neostigmine, inhalational anesthetics…),
Asymptomatic bradycardia does not require treatment but should be monitored closely, given the potential
for development of symptomatology,
Patients under general anesthesia tend to become bradycardic under the influence of an anesthetic drug.
Therefore, it is difficult to determine when the medical treatment or pacemaker should start. If we detect any
signs which indicate a low cardiac output, we should start treatment immediately,
Treatment of symptomatic bradycardia is largely algorithm-based, regardless of cause. Acting quickly to
treat the bradycardia takes precedence over determining the cause. Once you have initiated treatment,
proceed to determine the cause and correct, if possible. Decide whether the patient has adequate or poor
perfusion, since the treatment sequence is determined by the severity of the patient's clinical presentation.
In the anesthetized patient :
Administer 100% Oxygen, assist ventilation and secure airway,
Crystalloid 10 ml/Kg bolus and repeat if necessary,
Inform and interrogate the surgeon,
Consider 0.5mg Atropine IV while awaiting pacer. May repeat to total 3mg,
Consider IV bolus Epinephrine 10-100 mcg. May start low dose epinephrine infusion if a response (0.050.10mcg/kg/min) or dopamine (2-10mcg/kg/min),
Prepare for transcutaneous pacing : use without delay for high degree blocks (Type II second degree block
or 3rd degree AV block),
If severe hypotension, persistent poor perfusion, or low ETCO2 (<15mm Hg), it’s recommended to start CPR,
Prepare for transvenous pacing,
Treat contributing causes.

Bibliography
13. Watterson LM, Morris RW, Westhorpe RN and al. Crisis management during anaesthesia: bradycardia. Qual Saf Health
Care 2005;14:e9.
14. Toprak V, Yentur A, Sakarya M. Anaesthetic management of severe bradycardia during general anaesthesia using
temporary cardiac pacing. British Jorunal of Anaesthesia 2002;89(4):655-7.
15. Sasakawa T. Perioperative management of patients with bradycardia. The Journal of Japan Society for Clinical
Anesthesia 2012;32(3):468-73.
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MSSA_005

Clinical chemistry
Result

Ref. Range

Sodium (Na+)

139 mmol/L

(135-145)

Potassium (K+)

4,3 mmol/L

(3.5-5.5)

Calcium (Ca2+)

95 mg/L

(90-105)

Chloride (Cl-)

103 mmol/L

(100-105)

Glucose

1.10 g/L

(0.70-1.10)

Urea

0.40 g/L

(0.10-0.50)

Creatinine

11 mg/L

(6-12)

AST

60 UI/L

(< 35)

ALT

50 UI/L

(5-40)

CRP

80 mg/L

(< 10)

Albumin

35 g/L

(35-55)
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MSSA_005

Arterial blood gas
Result
pH

7.38

Ref. Range
(7.35-7.45)

CO2

38 mmHg

(35-45)

HCO3-

24 mmol/L

(22-26)

PaO2

85 mmHg

(> 85)

SaO2

90 %

Lactate

1 mmol/L

(95-100)
(< 2)
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MSSA_005

Biomarkers
Result
Troponin

0,50 ng/mL

Ref. Range
(< 0.01)
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MSSA_005

ECG 1
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MSSA_005

ECG 2
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MSSA_005

Echocardiography

Interpretation:

Within normal limits.
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Medical simulation scenarios in anesthesiology

Bronchospasm
MSSA_006_Overview

Overview
Duration

:

12 to 15 minutes.

Target

:

Medical students, interns and residents.

Summary
:
A 22-year-old male, with a past history of asthma usually well controlled with
corticosteroid and salbutamol inhalers, who underwent elective surgery for
tonsillectomy under general anesthesia. He will present a perioperative
bronchospasm with cardiovascular collapse.

Learning objectives
Clinical and medical management
• Recognize perioperative
bronchospasm,
• Assess severity of bronchospasm,
• Consider differential diagnoses,
• Manage a perioperative
bronchospasm.

Communication and teamwork
• Perform good leadership directing,
• Work in an interdisciplinary team,
• Coordinate with other specialists.
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Medical simulation scenarios in anesthesiology

Bronchospasm
MSSA_006_Briefing

Data
Location

:

operating room

Patient

:

M, 22 Y0, 70 Kg, 175 cm

Symptom(s)

:

wheeze, increased inflation pressures, fall in O2Sat

Onset

:

30 minutes after induction

Critical event

:

cardiovascular collapse

Past history
Medical history

:

moderate asthma

Surgical history

:

none

Medication

:

salbutamol and corticosteroid inhalers

Allergies

:

none

Physical exam findings
A

:

none

B

:

Patient intubated et ventilated under anesthesia machine, RR = 10,
Vt = 600, I/E = 1/2, PEP = 5, Paw = 20, EtCO2 = 35, O2Sat = 94%,
breath sounds = normal

C

:

HR = 96, cardiac rythm = sinus, BP = 100/70, heart sounds =
normal

D

:

patient under general anesthesia

E

:

nothing to report

Blood glucose : 1,1 g/L

UT : P - B -

Temperature : 36,8 °C
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Medical simulation scenarios in anesthesiology

Bronchospasm
MSSA_006_Scenario

Checklist
Equipment

Resources

Airway equipment

Salbutamol/Terbutaline

Breathing equipment

Ipratropium bromide

Circulation equipment

Corticosteroids

Resuscitation trolley

Epinephrine

Multiparametric monitor

Magnesium sulphate

Simulator
HF manikin, male
Intravenous cannula
Endotracheal tube
Multiparametric monitor

Trainers
Instructor 1
Instructor 2
Instructor 3
Facilitator 1
Facilitator 2

:
:
:
:
:

technician at the controls
briefing & debriefing
debriefing
senior doctor
surgeon
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Medical simulation scenarios in anesthesiology

Bronchospasm
MSSA_006_Scenario

Baseline
RR = 10
O Sat = 94%
EtCO2 = 35
Paw = 20
2

Manual Bag ventilation
Deep anesthesia
Bronchodilators
Corticosteroids

HR = 96
BP = 100/70

General anesthesia

Bronchospasm
NTR

HR = 180
BP = 70/40
O Sat = no curve
2

No
Epinephrine
Yes
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Medical simulation scenarios in anesthesiology

Bronchospasm
MSSA_006_Programming

Baseline
Intubated et ventilated under anesthesia machine, RR = 10, Vt = 600, I/E =
1/2, PEP = 5, Paw = 20, O Sat = 94%, breath sounds = normal
2

HR = 96, cardiac rythm = sinus, BP = 100/70, heart sounds = normal
EtCO2 = 35 mmHg

Critical
Intubated et ventilated under anesthesia machine, RR = 10, Vt = 600, I/E =
1/2, PEP = 5, Paw = 50, O Sat = 84%, breath sounds = wheeze
2

Bronchospasm with cardiovascular collapse

Landing
RR = 10, O Sat = 98%, no breath sounds
2

HR = 110, BP = 120/60
EtCO2 = 35 mmHg
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Medical simulation scenarios in anesthesiology

Bronchospasm
MSSA_006_Debriefing

Record
•
•
•

•
•
•
•
•
•
•
•
•

•

Bronchospasm during general anesthesia can present in isolation or as a component of a more serious
underlying pathology such as anaphylaxis. Untreated it can cause hypoxia, hypotension and increased
morbidity and mortality,
Progressive acute bronchoconstriction rapidly leads to increased work of breathing, decreased airflow, air
trapping, dynamic hyperinflation, ventilation-perfusion mismatch, increased pulmonary vascular resistance
and right ventricular overload,
Bronchospasm usually manifest during anesthesia as an expiratory wheeze, prolonged expiration and/or
increased inflation pressures. Wheeze may be audible either with or without auscultation, but can only be
present if there is gas flow in the patient’s airways. Thus, in cases of severe bronchospasm, the chest may
be silent on auscultation and the diagnosis may rest on correct assessment of increased inflation pressures,
The differential diagnosis includes mucous plugging of the artificial or native airway and pulmonary oedema.
A unilateral wheeze suggests the possibility of endotracheal intubation, foreign body obstruction or even a
tension pneumothorax,
Suspected bronchospasm during anesthesia should be assessed and treated promptly. Ongoing
management should address the underlying cause,
The patient should be turned to 100% inspired oxygen and manual bag ventilation should immediately be
instituted to directly assess compliance. It is recommended to cease surgery stimulation, request immediate
assistance and deepen anesthesia (ketamine 10-20 mg),
Increased concentrations of a volatile anesthetic (sevoflurane and isoflurane) are often helpful,
If this is not effective, a rapid-acting ß2-selective agonist should be administered via a nebulizer or, if an
metered dose inhaler is available, via an airway adaptor. Because of rain-out in the tracheal tube, a
considerably larger dose (8-10 puffs) must be given to achieve adequate therapeutic levels,
Consideration should be given to high-dose steroids, for example, 200 mg i.v. methylprednisolone, with the
understanding that it will take 4–6 h before they exert their beneficial effect. Ipratropium bromide (0.5 mg)
should also be considered
If bronchospasm remains refractory, epinephrine can be administered i.v., although this has a high risk of
exacerbating tachycardia and tachyarrhythmias,
Helium-oxygen mixtures (heliox) have been used to maintain laminar flow in acute bronchospasm, but reports
on its use perioperatively are limited,
Magnesium sulphate (1.2–2 g i.v.) can be helpful in difficult cases; it is cheap, available, and can suppress
tachyarrhythmias. However, high doses induce muscle weakness and central nervous system depression,
With ongoing symptoms a chest radiograph should be requested. If appropriate, regular therapy
(bronchodilators, corticosteroids, chest physiotherapy) should be arranged.

Bibliography
16. Looseley A. Management of bronchospasm during general anesthesia. Update in Anaesthesia. http://e-safeanaesthesia.org/e_library/05/Bronchospasm_during_anaesthesia_Update_2011.pdf
17. Woods BD, Sladen RN. Perioperative considerations for the patient with asthma and bronchospasm. British Journal of
Anaesthesia 2009;103(BJA/PGA Suuplement):i57-i65.
18. Westhorpe RN, Ludbrook GL, Helps SC. Crisis management during anaesthesia : bronchospasm. Qual Saf Health Care
2005;14:e7.
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MSSA_006

Clinical chemistry
Result

Ref. Range

Sodium (Na+)

140 mmol/L

(135-145)

Potassium (K+)

3,1 mmol/L

(3.5-5.5)

Calcium (Ca2+)

100 mg/L

(90-105)

Chloride (Cl-)

102 mmol/L

(100-105)

Glucose

1.00 g/L

(0.70-1.10)

Urea

0.29 g/L

(0.10-0.50)

Creatinine

13 mg/L

(6-12)

AST

40 UI/L

(< 35)

ALT

30 UI/L

(5-40)

CRP

20 mg/L

(< 10)

Albumin

38 g/L

(35-55)
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MSSA_006

Arterial blood gas
Result
pH

7.22

Ref. Range
(7.35-7.45)

CO2

50 mmHg

(35-45)

HCO3-

30 mmol/L

(22-26)

PaO2

65 mmHg

(> 85)

SaO2

88 %

Lactate

2 mmol/L

(95-100)
(< 2)
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MSSA_006

ECG
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MSSA_006

Chest X-Ray
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Medical simulation scenarios in anesthesiology

Delayed emergence
MSSA_007_Overview

Overview
Duration

:

12 to 15 minutes.

Target

:

Medical students, interns and residents.

Summary
:
A 66-year-old man was admitted to hospital to have a carotid endarterectomy,
because of a history of an embolic stroke ten months ago. Carotid duplex scanning
has demonstrated that the left internal carotid artery is 95% occluded. He has
made a complete recovery from his recent stroke. General anesthesia was
performed according to a standard protocol. No premedication was administered.
He will present a delayed emergence after his surgery.

Learning objectives
Clinical and medical management

Communication and teamwork

• Recognize delayed emergence from
general anesthesia,
• Develop a comprehensive differential
diagnosis with focus on reversible
causes,
• Correctly identify pharmacologic
agents for reversing neuromuscular
blockade, benzodiazepine, and opioid
overdose.

• Perform good leadership directing,
• Work in an interdisciplinary team,
• Demonstrates good non-technical
skills.
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Medical simulation scenarios in anesthesiology

Delayed emergence
MSSA_007_Briefing

Data
Location

:

post anesthesia care unit (PACU)

Patient

:

M, 66 Y0, 93 Kg, 171 cm

Symptom(s)

:

unconscious

Onset

:

60 minutes after the end of surgery

Critical event

:

focal neurologic deficit

Past history
Medical history

:

well controlled COPD & hypertension

Surgical history

:

none

Medication

:

atenolol, nifedipine, furosemide & aspirine

Allergies

:

none

Physical exam findings
A

:

none

B

:

Patient intubated et ventilated under critical car ventilator, SIMV, RR =
12, Vt = 500, I/E = 1/2, PEP = 5, Paw = 20, EtCO2 = 35, O2Sat =
98%, breath sounds = normal

C

:

HR = 78, cardiac rythm = sinus, BP = 115/85, heart sounds =
normal

D

:

GCS = 6/15 (E1V1M4), pinpoint pupils

E

:

nothing to report

Blood glucose : 1,1 g/L

UT : P - B -

Temperature : 36,8 °C
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Medical simulation scenarios in anesthesiology

Delayed emergence
MSSA_007_Scenario

Checklist
Equipment

Resources

Airway equipment

Naloxone

Breathing equipment

Flumazenil

Circulation equipment

Sugammadex

Resuscitation trolley

Train of 4

Multiparametric monitor

Simulator
HF manikin, male,
Intravenous cannula,
Endotracheal tube,
Multiparametric monitor,

Trainers
Instructor 1
Instructor 2
Instructor 3
Facilitator 1
Facilitator 2

:
:
:
:
:

technician at the controls
briefing & debriefing
debriefing
senior doctor
surgeon
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Medical simulation scenarios in anesthesiology

Delayed emergence
MSSA_007_Scenario

Baseline
RR = 20
O Sat = 98%
EtCO2 = 35
2

HR = 78
BP = 115/85

Unconscious
GCS = 6/15

Interventions
Test for recovery from
reversible causes

NTR

HR = 140
BP = 165/80
O Sat = 96%
Right hemiplegia
2

Acute ischemic
stroke management

No

Yes
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Medical simulation scenarios in anesthesiology

Delayed emergence
MSSA_007_Programming

Baseline
Intubate et ventilated under critical car ventilator, SIMV, RR = 12, Vt = 500,
I/E = 1/2, PEP = 5, Paw = 20, O Sat = 98%, breath sounds = normal
2

HR = 102, cardiac rythm = sinus, BP = 100/90, heart sounds = normal
EtCO2 = 35 mmHg

Critical
Failure of return of consciousness
Focal neurologic deficit

Landing
RR = 12, O Sat = 98%, no breath sounds
2

HR = 110, BP = 145/70
EtCO2 = 35 mmHg
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Medical simulation scenarios in anesthesiology

Delayed emergence
MSSA_007_Debriefing

Record
•

•
•
•
•
•
Þ
Þ
Þ
•
Þ
Þ
Þ
•
Þ
Þ
Þ
Þ
Þ

At the end of anesthesia and surgery the patient should be awake or easily rousable, protecting their
airway, maintaining adequate ventilation and with their pain under control. One of the most frequent
perioperative complication is delayed emergence which is defined by a failure of return of
consciousness thirty to sixty minutes after general anesthesia, presents as prolonged apnea
and/or delayed regain of consciousness,
The entire process of recovery after anesthesia is divided into three phases :
Immediate recovery : return of consciousness, recovery of protective airway reflexes and
resumption of motor activity. This stage usually lasts for a short time,
Intermediate recovery : the patient regains his power of coordination and the feeling of dizziness
disappears. This stage usually lasts for 1hour after short anesthetic,
Long-term recovery : full recovery of coordination and higher intellectual function. It may last for
hours or even days,
Risk factors responsible for slower than normal return to consciousness are roughly divided into
three categories :
Patient factors : extremes of age, genetic factors (Pseudocholinesterase Deficiency), obesity,
comorbidities and cognitive dysfunction,
Drug factors : residual drug effects, potentialisation by other drugs, drug interaction,
Duration and type of anesthetic used,
Causes of delayed awakening :
Iatrogenic Causes : residual volatile anesthetic, overdose (hypnotics, opioids, muscle relaxants), drug
interactions, poly-pharmacy,
Endocrine, metabolic disturbances : hyponatremia, hypoglycemia, hyperglycemia, acquired PChE
deficiency,
Neurologic sequelae : perioperative stroke, hypoxic injury,
Some guidelines are recommended to manage a delayed emergence :
Confirm that all anesthetic agents (inhalation/IV) are OFF,
Check for residual muscular paralysis with train of four if patient is asleep and reverse accordingly,
Consider narcotic /benzodiazepine reversal,
Correct any abnormalities in oxygenation, ventilation, laboratory values, or temperature,
Complete neuroexam as able, if concerning, obtain stat Head CT scan and consult
neurology/neurosurgery to rule out possible cerebral vascular accident.

Bibliography
19. Misal US, Joshi SA, Shaikh MM. Delayed recovery from anesthesia: A postgraduate educational review. Anesth Essays
Res. 2016;10(2):164-72.
20. Tzabazis A, Miller C, Dobrow MF and al. Delayed emergence after anesthesia. Journal of Clinical Anesthesia
2015;27(4):353-60.
21. Ellis TA, Edberg JL, Kumar N and al. Delayed emergence from anesthesia: a simulation case for anesthesia learners.
MedEdPORTAL 2017;13:10628.
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MSSA_007

CBC
RBC

Result

Ref. Range

4.8 106/L

(3.50-5.30)

Hemoglobin

12.1 g/dL

Hematocrit

30.8 %

(33.0-42.0)

MCV

80.3 fl

(75.0-95.0)

MCHC

32.6 g/dL

(32.0-36.0)

14.10 103/µL

(7.00-12.00)

52.0 %
7.72 103/µL

(3.50-6.00)

0.6 %
0.06 103/µL

(0.05-0.30)

0.5 %
0.01 103/µL

(< 0.01)

10.5 %
4.0 103/µL

(3.50-5.00)

6.0 %
0.55 103/µL

(0.10-1.00)

215 103/µL

(150-400)

WBC
Neutrophils

Eosinophils

Basophils

Lymphocytes

Monocytes

Platelets

(11-14)
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MSSA_007

Coagulation
Result
Prothrombin time
Prothrombin

Ref. Range

17.3 sec
75 %

(70-140)

INR
Partiel
thromboplastin time

30 sec

(25.0-35.0)

Fibrinogen

2.6 g/L

(2.00-4.00)
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MSSA_007

Clinical chemistry
Result

Ref. Range

Sodium (Na+)

140 mmol/L

(135-145)

Potassium (K+)

4,2 mmol/L

(3.5-5.5)

Calcium (Ca2+)

90 mg/L

(90-105)

Chloride (Cl-)

103 mmol/L

(100-105)

Glucose

1.10 g/L

(0.70-1.10)

Urea

0.50 g/L

(0.10-0.50)

Creatinine

11.5 mg/L

(6-12)

AST

60 UI/L

(< 35)

ALT

50 UI/L

(5-40)

CRP

13 mg/L

(< 10)

Albumin

35 g/L

(35-55)
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MSSA_007

Arterial blood gas
Result
pH

7.42

Ref. Range
(7.35-7.45)

CO2

37 mmHg

(35-45)

HCO3-

24 mmol/L

(22-26)

PaO2

88 mmHg

(> 85)

SaO2

97 %

Lactate

2 mmol/L

(95-100)
(< 2)
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ECG
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MSSA_007

Train of 4

Interpretation :

T4/T1 ratio = 0.9.
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MSSA_007

Bispectral index

Interpretation :

BIS value = 75.
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MSSA_007

Head CT-Scan

Interpretation :

CT study of brain shows an infarct involving the left
temporal lobe below the Sylvian fissure.
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Medical simulation scenarios in anesthesiology

Difficult airway- Unanticipated
MSSA_008_Overview

Overview
Duration

:

12 to 15 minutes.

Target

:

Medical students, interns and residents.

Summary
:
A 36 year-old-man, obese, will be undergoing a cholecystectomy by laparoscopy
surgery. He was brought to the operating room for an elective surgery. A general
anesthesia was induced by a nurse. It happens to be an esophageal intubation.

Learning objectives
Clinical and medical management
• Diagnose an esophageal intubation,
• Manage an unanticipated difficult
airway,
• Consider common perioperative
diagnosis,
• Mark the incident on the anesthesia
record.

Communication and teamwork
• Perform good leadership directing,
• Coordinate with surgeons,
• Incorporate teamwork tools.
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Medical simulation scenarios in anesthesiology

Difficult airway- Unanticipated
MSSA_008_Briefing

Data
Location

:

operating room

Patient

:

M, 36 Y0, 110 Kg, 173 cm

Symptom(s)

:

right hypochondrium pain

Onset

:

general anesthesia induction

Critical event

:

acute drop of saturation

Past history
Medical history

:

obese

Surgical history

:

none

Medication

:

none

Allergies

:

none

Physical exam findings
A

:

Mallampati 2 airway, normal dentition, light beard

B

:

RR = 10, Vt=500, I/E= ½, Pep=5, O2/N2O=50/50,
no capnography, Cyanosis, respiratory struggle signs, O2Sat = 90%,
asymmetric breath sounds

C

:

HR = 65, cardiac rhythm = sinus, BP = 100/60, normal heart
sounds

D

:

general anesthesia induced

E

:

supine position patient.

Blood glucose: 1,01 g/L

UT : P - B -

Temperature : 36,9 °
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Medical simulation scenarios in anesthesiology

Difficult airway- Unanticipated
MSSA_008_Scenario

Checklist
Equipment

Medication

Airway equipment

Epinephrine

Breathing equipment
Circulation equipment
Resuscitation trolley
Multiparametric monitor

Simulator
HF manikin, male, supine position,
Intravenous cannula,
Esophageal intubation done by an OR nurse.

Trainers
Instructor 1
Instructor 2
Instructor 3
Facilitator 1
Facilitator 2

:
:
:
:
:

technician at the controls
briefing & debriefing
debriefing
senior doctor
anesthesist
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Difficult airway- Unanticipated
MSSA_008_Scenario

Baseline
RR = 10
O Sat = 90%
EtCO2 = -Intubation done
2

HR = 65
BP = 100/60

Induction done

Interventions
Diagnose esophageal
intubation

NTR

HR = 65
BP = 95/55
O Sat = 85%
EtCO2= -2

Management
of unanticipated
difficult airway

No

Yes
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Medical simulation scenarios in anesthesiology

Difficult airway- Unanticipated
MSSA_008_Programming

Baseline
RR = 10, respiratory struggle signs, O Sat = 90%, asymmetric breath sounds
2

HR = 65, cardiac rhythm = sinus, BP = 100/60, normal heart sounds
No EtCO2

Critical
Profound drop in O2 saturation
No EtCO2

Landing
RR = 12, O Sat = 96%, normal breath sounds
2

HR = 110, BP = 120/60
EtCO2 = 35 mmHg
Surgery ongoing
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Difficult airway- Unanticipated
MSSA_008_Debriefing

Record
•

Difficult intubation is defined as an intubation requiring more than two laryngoscopies and/or the
use of an alternative technique after optimization of the position of the head, with or without
external laryngeal manipulation,
• Due to the inability to visualize the vocal cords or pass the endotracheal tube during the first direct
laryngoscopy, the following steps must be taken : Optimize head and neck position, Preoxygenation, Adequate neuromuscular blockade, External laryngeal manipulation, "BURP” (BackUp-Right pressure), Consider placing a mandrel or Bougie, Limit to 2 direct laryngoscopies, Before
repeating laryngoscopy, consider ventilating with a mask, Optimization of the patient's position
and/or choice of the blade, Consider video laryngoscopy,
• If intubation impossible, attempt ventilation to the face mask after notifying the team for the
difficult airway cart,
• If ventilation is possible, consider : waking the patient if the surgery could be postponed,
• Continue with a laryngeal or facial mask, video assisted laryngoscopy, bronchial fibroscopy,
airtrach, or retrograde intubation.
• If ventilation is not possible, place a nasal or oral cannula and call for help :
Þ Place a laryngeal mask or any supra-glottal device (fastrach),
Þ If ventilation is still impossible, try a cricothyroidotomy (percutaneous) or surgical.

Bibliography
22. Frerk C, Mitchell VS, McNarry AF and al. Difficult airway society 2015 guidelines for management of unanticipated
difficult intubation in adults. British Journal of Anaesthesia 2015;115(6):827-48.
23. Combes X, Le Roux B, Suen P and al. Unanticipated difficult airway in anesthetized patients, prospective validation of a
management algorithm. Anesthesiology 2004;100:1146-50.
24. Panwar V, Kohli P. Unanticipated difficult airway. Indian J Anaesth 2013;57(4):420-2.
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MSSA_008

Arterial blood gas
Result
pH

7.22

Ref. Range
(7.35-7.45)

CO2

60 mmHg

(35-45)

HCO3-

14 mmol/L

(22-26)

PaO2

65 mmHg

(> 85)

SaO2

77 %

Lactate

2 mmol/L

(95-100)
(< 2)
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Chest X-ray
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Medical simulation scenarios in anesthesiology

Drug error
MSSA_009_Overview

Overview
Duration

:

12 to 15 minutes.

Target

:

Medical students, interns and residents.

Summary
:
A 52-year-old man, admitted for an open appendectomy. He is usually fit and well,
but has had 5 days of right iliac fossa pain, with vomiting and fevers. He has a
raised white cell count and CRP. Ultrasound is suggestive of an appendix
inflammatory mass, and so has opted for an open approach (rather than
laparoscopic). Induction was with Propofol 1mg/kg intravenously, endotracheal
intubation was to be facilitated by Rocuronium 1.2mg/kg and for analgesia
Fentanyl 30 micrograms/kg was used, but the anesthesia practitioner who was
assisting withdrew Rocuronium 50 mg and injected intravenously..

Learning objectives
Clinical and medical management

Communication and teamwork

• Understand the factors that can
contribute to drug errors occurring,
• Learn how systems can be put in
place to reduce the risk of harm to
patients from drug errors,
• Demonstrates safe practice in
selecting, checking, drawing up,
diluting, labelling and administering of
drugs.

• Perform good leadership directing,
• Work in an interdisciplinary team,
• Communicates with the theatre
team in a clear unambiguous style.
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Drug error
MSSA_009_Briefing

Data
Location

:

operating room

Patient

:

M, 52 Y0, 80 Kg, 176 cm

Symptom(s)

:

tachycardia

Onset

:

during operation

Critical event

:

awareness, light anesthesia

Past history
Medical history

:

none

Surgical history

:

none

Medication

:

none

Allergies

:

none

Physical exam findings
A

:

mallampati 1

B

:

Patient intubated et ventilated under anesthesia machine, RR = 10,
Vt = 600, I/E = 1/2, PEP = 5, Paw = 20, EtCO2 = 35, O2Sat = 98%,
breath sounds = normal

C

:

HR = 102, cardiac rythm = sinus, BP = 120/70, heart sounds =
normal

D

:

patient under general anesthesia

E

:

nothing to report

Blood glucose : 1,1 g/L

UT : P - B -

Temperature : 36,8 °C
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Drug error
MSSA_009_Scenario

Checklist
Equipment

Resources

Airway equipment

Sugammadex

Breathing equipment
Circulation equipment
Resuscitation trolley
Multiparametric monitor

Simulator
HF manikin, male,
Intravenous cannula,
Endotracheal tube,
Multiparametric monitor,

Trainers
Instructor 1
Instructor 2
Instructor 3
Facilitator 1
Facilitator 2

:
:
:
:
:

technician at the controls
briefing & debriefing
debriefing
senior doctor
surgeon
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Drug error
MSSA_009_Scenario

Baseline
RR = 10
O Sat = 98%
EtCO2 = 35
Paw = 20
2

HR = 102
BP = 120/70

General anesthesia

Myocardial ischemia
Symptomatic
support

NTR

HR = 100
BP = 110/70
O Sat = 98%
2

Realize and
manage drug error

No

Yes
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Drug error
MSSA_009_Programming

Baseline
Intubate et ventilated under anesthesia machine, RR = 10, Vt = 600, I/E =
1/2, PEP = 5, Paw = 20, O Sat = 98%, breath sounds = normal
2

HR = 102, cardiac rythm = sinus, BP = 120/70, heart sounds = normal
EtCO2 = 35 mmHg

Critical
Tachycardia
Awareness, light anesthesia

Landing
RR = 10, O Sat = 98%, no breath sounds
2

HR = 98, BP = 120/60
EtCO2 = 35 mmHg
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Drug error
MSSA_009_Debriefing

Record
•
•

•
•
•
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ
•

Medication error represent a particular challenge for the patient safety in tertiary care. Anesthesiologists
should attempt against errors because they represent the unique medical specialty that administrate the
drug without another professional conference, easily acting as vectors of adverse events during anesthesia,
Error like syringe swaps, drug ampoule swaps, overdose or incorrect drug choice were cited, but were also
found more detailed as incorrect route (administration of a drug by another route), incorrect dose (unwanted
concentration, amount or infusion rate), insertion (drug administered in unwanted time), replacement
(administration of a drug different from the indented one), repetition (readministration of a drug due to prior
administration uncertainty) and omission (a forgotten/non- administered drug),
Some contributing factor errors : Distraction/fatigue, misread label, pressure to proceed, improper storage,
lack of knowledge and experience, unfamiliar vial or ampoule inadequate communication among
anesthesiologists, equipment malfunction,
The most frequent anesthesia period of error is during the maintenance of anesthesia followed by the
induction, extubation, preanesthetic and postanesthetic periods,
There are some potential strategies to prevent drug administration error during anesthesia :
Read the label of medication ampoules or syringes before the medication drawn up or injection,
Syringes need to be labeled,
Double-check medication before administration,
Report any drug administration error during anesthesia,
Appoint a dedicated pharmacist for the operating room,
Use prefilled syringes for medication if possible,
Organize position of ampoules and syringes and caution with dangerous medication in anesthesia
workstation,
Standard color code by class of medication should be agreed,
Only the anesthesia provider who will administer medication should drawn up and label the medication.

Bibliography
25. Fasting S, Gisvold SE. Adverse drug errors in anesthesia, and the impact of coloured syringe labels. Can J Anaesth.
2000;47(11):1060.
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27. Kothari D, Gupta S, Sharma C and al. Medication error in anaesthesia and critical care : a cause for concern. Indian J
Anaesth 2010;54(3):187-92.

_____________________________________________________________________________________________________________
-154-

_____________________________________________________________________________________________________________
-155-

_____________________________________________________________________________________________________________
-156-

Medical simulation scenarios in anesthesiology

Hemorrhage
MSSA_010_Overview

Overview
Duration

:

12 to 15 minutes.

Target

:

Medical students, interns and residents.

Summary
:
A 43-year-old woman, G0P0, with a past history of surgery for endometriosis and
appendicitis, is scheduled to undergo a laparoscopic cholecystectomy for acute
cholecystitis. The patient’s medications include a daily conjugated estrogen tablet
and baby aspirin. The senior surgeon proceeds to make a small puncture incision
below the umbilicus, the resident then takes the Veress needle from the scrub
person, attaches the saline solution filled syringe, and proceeds to jab the needle
into the peritoneum and as he removes the syringe to test placement, blood spurts
out of the entry site. A vascular iatrogenic injury was suspected.

Learning objectives
Clinical and medical management
• Demonstrate the ability to manage
the effects of a sudden blood loss
effectively,
• Appreciate the multidisciplinary
approach to manage this crisis,
• Demonstrate timely and accurate
clinical intervention for a
hemorrhage.

Communication and teamwork
• Perform good leadership directing,
• Work in an interdisciplinary team,
• Communicate with the theatre
team in a clear unambiguous style.
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Hemorrhage
MSSA_010_Briefing

Data
Location

:

operating room

Patient

:

F, 43 Y0, 95 Kg, 166 cm

Symptom(s)

:

tachycardia

Onset

:

10 minutes after induction

Critical event

:

pallor, cardiovascular collapse

Past history
Medical history

:

frequent urinary infection

Surgical history

:

appendectomy, endometriosis

Medication

:

none

Allergies

:

none

Physical exam findings
A

:

mallampati 1

B

:

Patient intubated et ventilated under anesthesia machine, RR = 10,
Vt = 600, I/E = 1/2, PEP = 5, Paw = 20, EtCO2 = 35, O2Sat = 98%,
breath sounds = normal

C

:

HR = 100, cardiac rythm = sinus, BP = 120/80, heart sounds =
normal

D

:

patient under general anesthesia

E

:

nothing to report

Blood glucose : 1,1 g/L

UT : P - B -

Temperature : 36,8 °C
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Hemorrhage
MSSA_010_Scenario

Checklist
Equipment

Resources

Airway equipment

Norepinephrine

Breathing equipment

Tranexamic acid

Circulation equipment

Simulated PRBC

Resuscitation trolley

Simulated FFP

Multiparametric monitor

Simulated Platelet
Simulated Cryoprecipitate
Fibrinogen injection

Simulator
HF manikin, male,
Intravenous cannula,
Endotracheal tube,
Multiparametric monitor,

Trainers
Instructor 1
Instructor 2
Instructor 3
Facilitator 1
Facilitator 2

:
:
:
:
:

technician at the controls
briefing & debriefing
debriefing
senior doctor
surgeon
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MSSA_010_Scenario

Baseline
RR = 10
O Sat = 92%
EtCO2 = 35
Paw = 20
2

HR = 100
BP = 120/80

General anesthesia

Hemorrhage
Hemodynamic
support

NTR

HR = 140
BP = 70/40
O Sat = no curve
2

Intraoperative
hemorrhage
management

No

Yes
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Hemorrhage
MSSA_010_Programming

Baseline
Intubate et ventilated under anesthesia machine, RR = 10, Vt = 600, I/E =
1/2, PEP = 5, Paw = 20, O Sat = 98%, breath sounds = normal
2

HR = 100, cardiac rythm = sinus, BP = 120/80, heart sounds = normal
EtCO2 = 35 mmHg

Critical
Tachycardia
Cardiovascular collapse
Oxygen saturation unavailable

Landing
RR = 10, O Sat = 98%, no breath sounds
2

HR = 110, BP = 120/60
EtCO2 = 35 mmHg

_____________________________________________________________________________________________________________
-161-

Medical simulation scenarios in anesthesiology

Hemorrhage
MSSA_010_Debriefing

Record
•

•

•
•

•
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ

A perioperative hemorrhage can occur in a variety of clinical settings, from the inpatient unit where
more complex procedures are performed to an outpatient or office-based suite where more minor
procedures are performed. The risk for hemorrhage also may be identified more readily in surgical
specialties involving the abdomen or chest (eg, cardiovascular, gastrointestinal, hepatobiliary,
thoracic, perinatal) where proximity of the operative field or surgical pathology is adjacent to major
vascular structures. The complexity of the procedure will increase risk, and the setting will dictate
resources available,
The reduction in blood volume during acute blood loss causes a fall in central venous pressure and
cardiac filling. This leads to reduced cardiac output and arterial pressure. The body has a number
of compensatory mechanisms that become activated in an attempt to restore arterial pressure and
blood volume back to normal (eg, baroreceptor, chemoreceptor, circulating vasoconstrictors…),
Clinically important bleeding can paradoxically evolve into pathologic thrombosis, with the transition
of perioperative coagulopathy to hypercoagulability related to the acute phase response,
Multiple factors contribute to the complex causes of hemorrhage in surgical patients: hemodilution,
acquired platelet dysfunction, coagulation factor consumption in extracorporeal circuits, activation
of fibrinolytic, fibrinogenolytic and inflammatory pathways, hypothermia and prescribed oral
anticoagulants and platelet inhibitors,
Some recommended guidelines:
Follow local protocol to order Massive Transfusion Guideline (MTG) or equivalent,
Increase to 100% O2, high flow;
Treat hypotension with IV fluid bolus and Consider Trendelenburg or elevation of patient’s legs,
Use vasopressor boluses (ephedrine, phenylephrine, epinephrine) as a temporizing measure,
Consider accepting low normal blood pressure until bleeding is controlled,
Call for rapid infuser,
Establish additional IV access or intraosseous if needed,
Ask surgeon: “Should we page a vascular surgeon or other additional help for you?
Send Type and Cross sample. TS will provide emergency release Type O PRBC until crossmatched
blood is available,
Maintain normothermia and Use fluid warming devices for IV and blood products,
Use forced air warmers,
Follow patient’s acid/base status by ABG as indicator of adequate resuscitation,
Monitor for hypocalcemia,
Place Foley Catheter when able,
Call for cell-saver (if non-contaminated, non-malignant case).

Bibliography
28. Peña-Pérez CA. Management of intraoperative bleeding. Revista Mexicana de Anestesiologia. 2015;38:380-5.
29. Ghadimi K, Levy JH, Welsby IJ. Perioperative management of the bleeding patient. Br J Anaesth 2016;117(3):18-30.
30. Irita K. Risk and crisis management in intraoperative hemorrhage : Human factors in hemorrhagic critical events.
Korean J Anesthesiol. 2011;60(3):151-60.
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MSSA_010

CBC before
RBC

Result

Ref. Range

4.1 106/L

(3.50-5.30)

Hemoglobin

10.1 g/dL

Hematocrit

30.8 %

(33.0-42.0)

MCV

80.3 fl

(75.0-95.0)

MCHC

32.6 g/dL

(32.0-36.0)

14.10 103/µL

(7.00-12.00)

52.0 %
7.72 103/µL

(3.50-6.00)

0.6 %
0.06 103/µL

(0.05-0.30)

0.5 %
0.01 103/µL

(< 0.01)

10.5 %
4.0 103/µL

(3.50-5.00)

6.0 %
0.55 103/µL

(0.10-1.00)

101 103/µL

(150-400)

WBC
Neutrophils

Eosinophils

Basophils

Lymphocytes

Monocytes

Platelets

(11-14)
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MSSA_010

Hemocue

Interpretation :

Hb = 5.3 g/dL.
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MSSA_010

Coagulation
Result
Prothrombin time
Prothrombin

Ref. Range

17.3 sec
42 %

(70-140)

INR
Partiel
thromboplastin time

42 sec

(25.0-35.0)

Fibrinogen

0.5 g/L

(2.00-4.00)
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MSSA_010

Clinical chemistry
Result

Ref. Range

Sodium (Na+)

140 mmol/L

(135-145)

Potassium (K+)

4,2 mmol/L

(3.5-5.5)

Calcium (Ca2+)

90 mg/L

(90-105)

Chloride (Cl-)

103 mmol/L

(100-105)

Glucose

1.10 g/L

(0.70-1.10)

Urea

0.62 g/L

(0.10-0.50)

Creatinine

15 mg/L

(6-12)

AST

60 UI/L

(< 35)

ALT

50 UI/L

(5-40)

CRP

60 mg/L

(< 10)

Albumin

35 g/L

(35-55)
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MSSA_010

Arterial blood gas
Result
pH

7.28

Ref. Range
(7.35-7.45)

CO2

34 mmHg

(35-45)

HCO3-

18 mmol/L

(22-26)

PaO2

75 mmHg

(> 85)

SaO2

90 %

Lactate

2.5 mmol/L

(95-100)
(< 2)
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MSSA_010

Rotem

Interpretation :

Hypofibrinogenemia, low platelets and hemodilution.
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MSSA_010

ECG
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MSSA_010

Echocardiography

Interpretation :

Within normal limits.
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Hypotension
MSSA_011_Overview

Overview
Duration

:

12 to 15 minutes.

Target

:

Medical students, interns and residents.

Summary
:
A 62-year-old male, obese, right-sided heart failure, presents an acute intestinal
obstruction. He was brought to the operating room for an emergency surgery. A
general anesthesia was induced. An intraoperative hypotension (IOH) has occurred.

Learning objectives
Clinical and medical management
• Recognize a perioperative
hypotension,
• Manage hypotension under
anesthesia,
• Consider common perioperative
diagnoses,
• Mark the incident on the anesthesia
record.

Communication and teamwork
• Perform good leadership directing,
• Work in an interdisciplinary team,
• Incorporate teamwork tools.
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Hypotension
MSSA_011_Briefing

Data
Location

:

operating room

Patient

:

M, 62 Y0, 110 Kg, 173 cm

Symptom(s)

:

hypotension

Onset

:

general anesthesia induction

Critical event

:

profound drop of blood pressure

Past history
Medical history

:

obese, right-sided heart failure

Surgical history

:

none

Medication

:

furosemide

Allergies

:

none

Physical exam findings
A

:

mallampati 2, normal dentition, light beard

B

:

Patient intubated et ventilated under anesthesia machine, RR = 10,
Vt = 500, I/E = 1/2, PEP = 5, Paw = 20, EtCO2 = 35, O2Sat = 96%,
breath sounds = normal

C

:

HR = 115, cardiac rythm = sinus, BP = 65/40, heart sounds =
difficult auscultation

D

:

general anesthesia induced

E

:

supine position patient, surgery not yet in process

Blood glucose : 1,1 g/L

UT : P - B -

Temperature : 36,8 °C
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Hypotension
MSSA_011_Scenario

Checklist
Equipment

Resources

Airway equipment

Epinephrine

Breathing equipment

Dobutamine

Circulation equipment

Norépinephrine

Resuscitation trolley
Multiparametric monitor

Simulator
HF manikin, male,
Intravenous cannula,
Endotracheal tube,
Multiparametric monitor,

Trainers
Instructor 1
Instructor 2
Instructor 3
Facilitator 1
Facilitator 2

:
:
:
:
:

technician at the controls
briefing & debriefing
debriefing
senior doctor
surgeon
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Hypotension
MSSA_011_Scenario

Baseline
RR = 10
O Sat = 96%
EtCO2 = 35
2

HR = 115
BP = 65/40

Induction done

Hypotension
Hemodynamic
support

NTR

HR = 125
BP = 88/50
O Sat = 85%
EtCO2 = 30
2

Management of
intraoperative
hypotension

No

Yes
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Hypotension
MSSA_011_Programming

Baseline
Patient intubate et ventilated under anesthesia machine, RR = 10, Vt = 600,
I/E = 1/2, PEP = 5, Paw = 20, O Sat = 96%, breath sounds = normal
2

HR = 115, cardiac rythm = sinus, BP = 65/40, heart sounds = difficult
EtCO2 = 35 mmHg

Critical
Hypotension
Profound drop in BP

Landing
RR = 12, O Sat = 98%, no breath sounds
2

HR = 110, BP = 120/60
EtCO2 = 35 mmHg
Surgery ongoing
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Hypotension
MSSA_011_Debriefing

Record
•
•
•
•
•
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ
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Þ
Þ
Þ
Þ
Þ

Arterial hypotension in patients undergoing surgery under general anaesthesia, usually described
by the very general term ‘intraoperative hypotension’ (IOH), is highly prevalent and associated with
unfavorable patient outcome,
If not treated correctly and early it might lead to ischaemia of vital organs (heart, brain, kidney), it
occurs more often in patients undergoing general, neurological, or cardiovascular surgery,
Two phases are defined in IOH : post-induction hypotension and early intraoperative hypotension,
Pre-induction blood pressure, age, and emergency surgery were associated with both post-induction
hypotension and early intraoperative hypotension,
EMERGENCY MANAGEMENT :
Confirm the blood pressure change is real,
Don't hesitate to treat as Cardiac Arrest,
Inform and interrogate the surgeon,
Recheck vaporisers are off,
Improve posture: lie flat, elevate legs, if possible,
IV fluids: crystalloid bolus – 10ml/kg, and repeat as necessary,
Give vasopressor : norepinephrine (0.0001–0.001mg/kg/H IV bolus),
If severe give adrenaline 0.001mg/kg IV bolus, that is 1ml of 1:10,000,
Followed if necessary by an infusion of adrenaline starting at 0.00015mg/kg/min (1ml/min of
1mg in 100ml)
REVIEW AND TREAT PROBABLE CAUSES :
Hypovolemia : Consider : blood loss, dehydration, diuresis, sepsis. Ensure : Adequate IV access, fluid
replacement, cross match,
Drugs : Consider : Induction and inhalational agents, opioids, suxamethonium, anticholinesterases,
local anaesthetic toxicity, vancomycin, protamine, vasopressor/vasodilator infusion problem, drug
ampoule or syringe error and drugs given by surgeon. Ensure : Agent ceased, support circulation,
Regional Anaesthesia : Consider : Vasodilation, bradycardia, respiratory failure. Ensure : Volume
loading, vasopressors (early adrenaline), airway support, left lateral displacement during pregnancy,
Surgical Events : Consider : Vagal reflexes, obstructed venous return, pneumoperitoneum,
retractors and position. Ensure : Surgeon aware,
Cardiopulmonary Problems : Consider: Tension pneumothorax, haemothorax, tamponade,
embolism (gas, amniotic or thrombus), sepsis, myocardial depression (from drugs, ischaemia,
electrolytes, trauma). Ensure: Review of appropriate pages in manual.

Bibliography
31. Morris RW, Watterson LM, Westhorpe RN and al. Crisis management during anaesthesia : hypotension. Qual Saf
Health Care 2005;14:e11.
32. Lonjaret L, Lairez O, Minville V and al. Optimal perioperative management of arterial blood pressure. Integrated Blood
Pressure Control 2014;7:49-59.
33. Brady K, Hogue CW. Intraoperative hypotension and patient outcome : does "one size fit all?". Anesthesiology
2013;119(3):495-7.
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MSSA_011

CBC
RBC

Result

Ref. Range

4.1 106/L

(3.50-5.30)

Hemoglobin

12.1 g/dL

Hematocrit

30.8 %

(33.0-42.0)

MCV

80.3 fl

(75.0-95.0)

MCHC

32.6 g/dL

(32.0-36.0)

16.10 103/µL

(7.00-12.00)

47.2 %
7.72 103/µL

(3.50-6.00)

0.4 %
0.06 103/µL

(0.05-0.30)

0.1 %
0.01 103/µL

(< 0.01)

33.1 %
4.0 103/µL

(3.50-5.00)

4.5 %
0.55 103/µL

(0.10-1.00)

411 103/µL

(150-400)

WBC
Neutrophils

Eosinophils

Basophils

Lymphocytes

Monocytes

Platelets

(11-14)
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MSSA_011

Coagulation
Result
Prothrombin time
Prothrombin

Ref. Range

17.3 sec
65 %

(70-140)

INR
Partiel
thromboplastin time

30 sec

(25.0-35.0)

Fibrinogen

2.6 g/L

(2.00-4.00)
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MSSA_011

Clinical chemistry
Result

Ref. Range

Sodium (Na+)

129 mmol/L

(135-145)

Potassium (K+)

3,0 mmol/L

(3.5-5.5)

Calcium (Ca2+)

95 mg/L

(90-105)

Chloride (Cl-)

103 mmol/L

(100-105)

Glucose

0.82 g/L

(0.70-1.10)

Urea

0.67 g/L

(0.10-0.50)

Creatinine

15 mg/L

(6-12)

AST

90 UI/L

(< 35)

ALT

50 UI/L

(5-40)

CRP

80 mg/L

(< 10)

Albumin

30 g/L

(35-55)
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MSSA_011

Arterial blood gas
Result
pH

7.12

Ref. Range
(7.35-7.45)

CO2

50 mmHg

(35-45)

HCO3-

10 mmol/L

(22-26)

PaO2

65 mmHg

(> 85)

SaO2

87 %

Lactate

3 mmol/L

(95-100)
(< 2)
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MSSA_011

Abdominal CT scan

Interpretation :

Acute intestinal obstruction.
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MSSA_011

Chest X-ray
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MSSA_011

ECG
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MSSA_011

Echocardiography

Interpretation :

Right-sided heart failure.
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Hypoxemia
MSSA_012_Overview

Overview
Duration

:

12 to 15 minutes.

Target

:

Medical students, interns and residents.

Summary
:
A 52-year-old man, undergoing resection for the upper right lung for an
aspergilloma, with no past medical history. Preoperative examination revealed
satisfactory cardiopulmonary status. Selective bronchial intubation of the left mainstem bronchus was performed with a left-sided double lumen tube (DLT). The
correct position of the tube was immediately confirmed with a fiberoptic
bronchoscopy, and the patient was then placed in the lateral position. Twenty
minutes later, the patient exhibited profound hypoxemia with a significant decrease
in pulse oximetry. Indeed, the patient presents an intraoperative hypoxemia that
trainees have to manage.

Learning objectives
Clinical and medical management
• Recognize hypoxemia,
• Manage hypoxemia, especially in a
thoracic surgery,
• Consider common perioperative
diagnoses,
• Mark the incident on the anesthesia
record.

Communication and teamwork
• Perform good leadership directing,
• Work in an interdisciplinary team,
• Incorporate teamwork tools.
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Hypoxemia
MSSA_012_Briefing

Data
Location

:

operating room

Patient

:

M, 52 Y0, 75 Kg, 178 cm

Symptom(s)

:

fall in O2 saturation

Onset

:

20 min after induction

Critical event

:

cyanosis & bradycardia

Past history
Medical history

:

none

Surgical history

:

none

Medication

:

none

Allergies

:

none

Physical exam findings
A

:

mallampati 2, normal dentition, light beard

B

:

Patient intubated et ventilated under anesthesia machine, RR = 12,
Vt = 600, I/E = 1/2, PEP = 5, Paw = 20, EtCO2 = 35, O2Sat = 96%,
breath sounds = normal

C

:

HR = 102, cardiac rythm = sinus, BP = 100/60, heart sounds =
difficult auscultation

D

:

general anesthesia induced

E

:

nothing to report

Blood glucose : 1,1 g/L

UT : P - B -

Temperature : 36,8 °C
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Hypoxemia
MSSA_012_Scenario

Checklist
Equipment

Resources

Airway equipment

Almitrine

Breathing equipment

Inhaled nitric oxide

Circulation equipment
Resuscitation trolley
Multiparametric monitor

Simulator
HF manikin, male,
Intravenous cannula,
Double lumen tube,
Multiparametric monitor,

Trainers
Instructor 1
Instructor 2
Instructor 3
Facilitator 1
Facilitator 2

:
:
:
:
:

technician at the controls
briefing & debriefing
debriefing
senior doctor
surgeon
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Hypoxemia
MSSA_012_Scenario

Baseline
RR = 12
O Sat = 96%
EtCO2 = 35
2

Check DLT position
Manual re-expansion
FiO2 = 100%

HR = 102
BP = 100/60

Induction done

Hypoxemia
NTR

HR = 50
BP = 90/40
O Sat = 77%
2

Hypoxemia
management

No

Yes
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Hypoxemia
MSSA_012_Programming

Baseline
Intubate et ventilated under anesthesia machine, RR = 10, Vt = 600, I/E =
1/2, PEP = 5, Paw = 20, O Sat = 96%, breath sounds = normal
2

HR = 115, cardiac rythm = sinus, BP = 65/40, heart sounds = difficult
EtCO2 = 35 mmHg

Critical
O saturation decreasing
2

Cyanosis & Bradycardia

Landing
RR = 12, O Sat = 98%, no breath sounds
2

HR = 92, BP = 120/60
EtCO2 = 35 mmHg
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Medical simulation scenarios in anesthesiology

Hypoxemia
MSSA_012_Debriefing

Record
•

Hypoxemia by definition is a decrease in oxygen saturation (O Sat) to less than 90% or an arterial
oxygen tension (PaO ) of less than 60 mmHg when the patient is being ventilated at an inspired
oxygen fraction (FiO ) of 1.0,
Hypoxemia during one lung ventilation (OLV) is caused by venous admixture through shunts and
areas of low V/Q gas exchanging units. During OLV, the collapsed, nondependent lung is an obligate
shunt while the dependent lung also causes a venous admixture through the shunt and areas of low
V/Q. V/Q mismatch is a consequence of atelectasis and is perhaps increased with the patient in
the lateral decubitus position by the weight of the mediastinum, abdominal organs, retraction, and
low compliance of the chest wall,
As OLV induces increase in right ventricular overload, intraoperative assessment of ventricular
function may be useful. Right ventricular dysfunction may also be related to volume overload or
intrinsic myocardial depression,
The three most significant predictors for developing hypoxia during OLV is :
The side of the surgery (because the right lung is approximately 10% larger than the left lung, there
is better oxygenation during left thoracotomy than during right thoracotomy,
The percentage of forced expiratory volume in 1 second (FEV1),
And reduced intraoperative PaO2 during two-lung ventilation when patients were breathing
spontaneously in a lateral decubitus position.
To manage hypoxemia some guidelines are recommended :
Increase FiO2 to 100%,
Check other vitals (cycle NIBP),
Feel for pulse,
Check for ETCO2 (extubated? Disconnected?),
Convert to two-lung ventilation,
Re-expand manually the collapsed lung,
Confirm optimal position of the lung isolation device with a flexible fiberoptic bronchoscope,
After SpO2 has been improved (i.e., SpO24 98%), convert to OLV and apply CPAP 5 cm H2O to the
nondependent lung,
Suction catheter via double lumen tube (to clear secretions and check obstructions),
Optimize ventilation (PEEP, recruitment manœuvre),
Optimize perfusion (almitrine IV, inhaled nitric oxide, surgical lung compression, pulmonary artery
clamp, pressure controlled ventilation.
2

2

2

•

•
•
•
•
•
•
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ
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MSSA_012

Arterial blood gas
Result
pH

7.31

Ref. Range
(7.35-7.45)

CO2

60 mmHg

(35-45)

HCO3-

28 mmol/L

(22-26)

PaO2

52 mmHg

(> 85)

SaO2

81 %

Lactate

2,3 mmol/L

(95-100)
(< 2)
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ECG
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MSSA_012

Echocardiography

Interpretation :

Within normal limits. No right ventricular dilatation,
no paradoxical septal motion.
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Fiberoptic bronchoscope

Interpretation :

Optimal position of the DLT.
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Medical simulation scenarios in anesthesiology

Local anesthetic toxicity
MSSA_013_Overview

Overview
Duration

:

12 to 15 minutes.

Target

:

Medical students, interns and residents.

Summary
:
A 56-year-old woman who is scheduled to undergo a total knee arthroplasty. She
has a well-controlled hypertension, moderate obesity and osteoarthritis of her left
knee. She has no known problems with anesthetics. The preop nurses have placed
a 20G IV in her hand and have brought her for placement of her femoral nerve
block. The resident continues with the block placement. The resident aspirate back
no blood or fluid, give a test dose and not notice a big change in heart rate. He
decides to give 30-40 cc of 0.75% ropivacaine in divided doses. During the
cleaning, up the patient mumble something and act confused, progress to grand
mal seizure and then develop EKG changes and cardiovascular collapse. A local
anesthetic toxicity is highly suspected.

Learning objectives
Clinical and medical management
• Identify the signs and symptoms of
local anesthetic toxicity in an
unanesthetized patient,
• Provide treatment for local
anesthetic toxicity,
• Understand the risk factors for
development of local anesthetic
toxicity,
• Discuss methods to reduce the
incidence of this type of error.

Communication and teamwork
• Perform good leadership directing,
• Work in an interdisciplinary team,
• Develop communication skills
necessary for leading a team
through a medical crisis.
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Local anesthetic toxicity
MSSA_013_Briefing

Data
Location

:

operating room

Patient

:

M, 56 Y0, 91 Kg, 166 cm

Symptom(s)

:

confusion

Onset

:

during preparation and drape of the patient

Critical event

:

ventricular arrhythmias & cardiovascular collapse

Past history
Medical history

:

well-controlled hypertension, moderate obesity,
osteoarthritis of the left knee

Surgical history

:

uneventful surgery for the right knee replacement
under spinal anesthesia & femoral nerve catheter

Medication

:

naproxen, acetaminophen, atenolol

Allergies

:

none

Physical exam findings
A

:

mallampati 1, thyromental distance is 4 fingers, mouth opening is 3
fingers, native teeth with good dentition, full range neck motion

B

:

RR = 20, O2Sat = 98%, breath sounds = normal

C

:

HR = 62, rythm = sinus, BP = 110/70, heart sounds = normal

D

:

GCS = 15/15, awake, alert & calm

E

:

nothing to report

Blood glucose : 1,1 g/L

UT : P - B -

Temperature : 36,8 °C
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Medical simulation scenarios in anesthesiology

Local anesthetic toxicity
MSSA_013_Scenario

Checklist
Equipment

Resources

Airway equipment

Intralipid

Breathing equipment

Norepinephrine

Circulation equipment

Benzodiazepines

Resuscitation trolley
Multiparametric monitor

Simulator
HF manikin
Intravenous cannula
Femoral nerve catheter

Trainers
Instructor 1
Instructor 2
Instructor 3
Facilitator 1
Facilitator 2

:
:
:
:
:

technician at the controls
briefing & debriefing
debriefing
senior doctor
surgeon
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Medical simulation scenarios in anesthesiology

Local anesthetic toxicity
MSSA_013_Scenario

Baseline
RR = 20
O Sat = 98%
EtCO2 = 30
2

Stop seizure
Ensure oxygenation
Reserve sedation

HR = 62
BP = 110/60

Sedated

Local anesthetic toxicity
NTR

HR = 100
BP = -/O Sat = -%
Ventricular tachycardia
2

LAST management

No

Yes
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Local anesthetic toxicity
MSSA_013_Programming

Baseline
RR = 20, respiration pattern = normal, O Sat = 98%, breath sounds = normal
2

HR = 62, cardiac rythm = sinus, BP = 110/60, heart sounds = normal
Sedated

Critical
Tonico-clonic seizure
Cardiovascular collapse
Ventricular arrythmia

Landing
Intubated & ventilated, RR = 12, O Sat = 98%, no breath sounds
2

HR = 110, BP = 120/60
EtCO2 = 35 mmHg
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Medical simulation scenarios in anesthesiology

Local anesthetic toxicity
MSSA_013_Debriefing

Record
•
•
Þ
Þ
•
•
•
•
Þ
Þ
Þ
Þ
Þ
Þ
Þ

Local anesthetic systemic toxicity (LAST) is a rare but serious critical event. Minimizing the risk of
LAST, recognizing it early when it occurs, and initiating prompt treatment are imperative for safe
use of perioperative local anesthetics,
Local anesthetics (LA) have an ester or amine structure and have affinity for lipid and water
environments, this amphipathic chemical characteristic allows these anesthetics to cross cell
membranes and toxicity reflects action at a large number of sites :
In the brain, LA affects the balance between inhibitory and excitatory pathways,
In the heart, it can cause conduction blocks through effects on sodium, potassium, and calcium
channels. These alone might cause dysrhythmia and reduce contractility,
A lots of risk factor is described : Pre-existing pulmonary, cardiac, and nervous vulnerabilities, large
dose injection, injection around vessel-rich region, needle or catheter placement without imaging
devices, bolus injection without aspiration test, Injection without test dose,
Symptoms of LAST : early neurological symptoms (metallic taste, dizziness, disorientation,
circumoral numbness …) and severe respiratory and cardio vascular symptoms (hypotension,
arrhythmia, cardiac arrest …),
When LA toxicity is suspected, the initial step to be taken is the stabilization of vital signs. If lifethreatening signs and symptoms develop during the administration of LA, immediate cessation of
the injection is mandatory, and medical staff should prepare to treat the adverse reactions,
Some practical guidelines for LAST management :
Call for help,
Stop injecting the local anesthetic,
Maintain the airway and, if necessary, secure it with a tracheal tube,
Give 100 % oxygen and ensure adequate lung ventilation (hyperventilation may help by increasing
pH in the presence of metabolic acidosis,
Confirm or establish intravenous access,
Control seizures : • First line: Midazolam IV 0.1–0.2 mg / kg as a slow bolus • If seizures do not
terminate, give : thiopentone IV 125-250 mg in incremental doses of 25 mg over 10 minutes or
propofol IV 1-1.5 mg / kg,
If signs persist or patient unstable : rapidly give 1.5 mL/kg bolus of 20% Intralipid IV (70 kg adult
gets 105 mL fast).
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MSSA_013

Arterial blood gas
Result
pH

7.28

Ref. Range
(7.35-7.45)

CO2

49 mmHg

(35-45)

HCO3-

20 mmol/L

(22-26)

PaO2

75 mmHg

(> 85)

SaO2

90 %

Lactate

2 mmol/L

(95-100)
(< 2)
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ECG
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Medical simulation scenarios in anesthesiology

Malignant hyperthermia
MSSA_014_Overview

Overview
Duration

:

12 to 15 minutes.

Target

:

Medical students, interns and residents.

Summary
:
A 19 year-old-man, without any medical past history, is undergoing a surgery for
liver hydatid cyst under general anesthesia with induction and sevoflurane
maintenance.. He will be showing signs of malignant hyperthermia.

Learning objectives
Clinical and medical management
• Early recognize signs of malignant
hyperthermia (MH),
• Manage a MH, including
administration of dantrolene,
• Consider metabolic sequelae,
• Mark the incident on the anesthesia
record.

Communication and teamwork
• Perform good leadership directing,
• Coordinate with surgeons,
• Incorporate teamwork tools.
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Malignant hyperthermia
MSSA_014_Briefing

Data
Location

:

operating room

Patient

:

M, 19 Y0, 90 Kg, 173 cm

Symptom(s)

:

hyperthermia

Onset

:

general anesthesia induction

Critical event

:

hypertension, ST abnormalities

Past history
Medical history

:

none

Surgical history

:

none

Medication

:

none

Allergies

:

none

Physical exam findings
A

:

Mallampati 1, normal dentition

B

:

Patient intubated et ventilated under anesthesia machine, RR = 10,
Vt = 600, I/E = 1/2, PEP = 5, Paw = 20, EtCO2 = 56, O2Sat = 92%,
breath sounds = normal

C

:

HR = 146, cardiac rythm = ventricular extrasystoles, BP = 100/70,
heart sounds = normal

D

:

general anesthesia induced

E

:

supine position patient, surgery in process, muscle stifeness

Blood glucose : 1,1 g/L

UT : P - B -

Temperature : 39,9 °C
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Malignant hyperthermia
MSSA_014_Scenario

Checklist
Equipment

Resources

Airway equipment

Cold IV fluids

Breathing equipment

Dantrolene

Circulation equipment

Lidocaine

Resuscitation trolley
Multiparametric monitor

Simulator
HF manikin, male,
Intravenous cannula,
Endotracheal tube,
Multiparametric monitor,

Trainers
Instructor 1
Instructor 2
Instructor 3
Facilitator 1
Facilitator 2

:
:
:
:
:

technician at the controls
briefing & debriefing
debriefing
senior doctor
surgeon
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Malignant hyperthermia
MSSA_014_Scenario

Baseline
RR = 10
O Sat = 92%
EtCO2 = 56
T° = 39.9
2

HR = 146
BP = 100/70

Induction done

Malignant hyperthermia
NTR

Dantrolene

HR = 180
BP = -/O Sat = no curve
Ventricular tachycardia
2

Cardioversion
Management
of hyperkaliemia

No

Yes
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Malignant hyperthermia
MSSA_014_Programming

Baseline
Patient Intubated et ventilated under anesthesia machine, RR = 10, Vt = 600,
I/E = 1/2, PEP = 5, Paw = 20, O Sat = 92%, breath sounds = normal
2

HR = 146, cardiac rythm = ventricular extrasystoles, BP = 100/70, heart
sounds = normal
EtCO2 = 56 mmHg

Critical
Malignant hyperthermia
Ventricular tachycardia cardiovascular collapse

Landing
RR = 10, O Sat = 98%, no breath sounds
2

HR = 110, BP = 120/60
EtCO2 = 35 mmHg
Surgery ongoing
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Medical simulation scenarios in anesthesiology

Malignant hyperthermia
MSSA_014_Debriefing

Record
•
•
•
•

MH is a life threatening reaction that is most often triggered by the use of inhalational anesthetics, Early
recognition and treatment is essential in reducing morbidity and mortality,
Screening patients for past anesthesia history and family history, as well as conducting testing on at risk
individuals is necessary to reduce MH occurrence,
Drugs triggering MH are : desflurane, enflurane, halothane, isoflurane, methoxyflurane and sevoflurane.
Succinylcholine is the only non-inhalational anesthetic that triggers MH, and nitrous oxide is only the
inhalational anesthetic that does not cause MH,
MH is partially attributed to a dominant mutation in the ryanodine receptor 1 (RYR1) : RYR1 are activated
by elevated Ca levels, known as store overload induced calcium release (SOICR). Mutant receptors are
activated by lower Ca levels and volatile anesthetics further lower the SOICR threshold. In MH, the Ca level
exceeds this threshold, increasing cytosol Ca concentration with increased muscle contracture and
hypermetabolism while ATP hydrolysis by myosin causes hyperthermia,
Testing for MH can be based on caffeine halothane contracture test from a muscle biopsy fragment, or
genetic test for the detection of mutations of the RYR1 gene from DNA samples,
Early signs may be : metabolic (tachypnea, elevated CO production, increased O consumption, metabolic and
respiratory acidosis, profuse sweating and mottling of skin), cardiovascular (tachycardia, arrhythmias),
muscle (masseter spasm, generalized muscle rigidity),
Later signs may include rapid increase in core temperature, rhabdomyolysis, darkly colored urine,
hyperkaliemia, severe cardiac arrhythmias, disseminated intravascular coagulation),
Treatment of the crisis :
Stop or shorten the surgery,
Ask for help immediately,
Immediate disruption of the administration of any halogenated agent and succinylcholine,
Hyperventilation in pure oxygen in open circuit. The complete change of the circuit is sometimes necessary,
IV administration (at best on central venous catheter) of 2.5 mg/Kg Dantrolene, effective only if
administered early. One should be prepared to increase the dosage in increments of 1 mg/kg every 10
minutes up to 10 mg/Kg,
Volume expansion with isotonic saline (lactate and potassium free) and bicarbonate,
Reduce the patient’s temperature : iced isotonic saline, Irrigate stomach, bladder, rectum, operative cavity
with ice-cold serum. Arrhythmias normally respond to the treatment of acidosis and hyperkalemia. In case
of persistence, use anti-arrhythmic while absolutely avoiding calcium channel blockers,
Ensure hyper-diuresis > 2 mL/kg/h,
2+

2+

2+

2+

•
•

2

•
•
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ

2
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MSSA_014

CBC
RBC

Result

Ref. Range

4.1 106/L

(3.50-5.30)

Hemoglobin

10.1 g/dL

Hematocrit

30.8 %

(33.0-42.0)

MCV

80.3 fl

(75.0-95.0)

MCHC

32.6 g/dL

(32.0-36.0)

14.10 103/µL

(7.00-12.00)

40.2 %
7.02 103/µL

(3.50-6.00)

1.4 %
0.96 103/µL

(0.05-0.30)

0.1 %
0.01 103/µL

(< 0.01)

10.1 %
4.0 103/µL

(3.50-5.00)

4.5 %
0.55 103/µL

(0.10-1.00)

91 103/µL

(150-400)

WBC
Neutrophils

Eosinophils

Basophils

Lymphocytes

Monocytes

Platelets

(11-14)
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Coagulation
Result
Prothrombin time
Taux de
prothrombine

Ref. Range

19.3 sec

25 %

(70-140)

INR
Partiel
thromboplastin time

45 sec

(25.0-35.0)

Fibrinogen

1.9 g/L

(2.00-4.00)
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Clinical chemistry
Result

Ref. Range

Sodium (Na+)

140 mmol/L

(135-145)

Potassium (K+)

6,8 mmol/L

(3.5-5.5)

Calcium (Ca2+)

100 mg/L

(90-105)

Chloride (Cl-)

103 mmol/L

(100-105)

Glucose

1.10 g/L

(0.70-1.10)

Urea

1.26 g/L

(0.10-0.50)

Creatinine

44 mg/L

(6-12)

AST

110 UI/L

(< 35)

ALT

96 UI/L

(5-40)

CRP

10 mg/L

(< 10)

Albumin

40 g/L

(35-55)
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MSSA_014

Arterial blood gas
Result
pH

7.22

Ref. Range
(7.35-7.45)

CO2

60 mmHg

(35-45)

HCO3-

14 mmol/L

(22-26)

PaO2

95 mmHg

(> 85)

SaO2

96 %

Lactate

6 mmol/L

(95-100)
(< 2)
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Clinical chemistry
Result

Ref. Range

LDH

1800 UI/L

(190-400)

CPK

900 UI/L

(0-200)
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ECG 1
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ECG 2
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MSSA_014

Chest X-Ray
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Medical simulation scenarios in anesthesiology

Myocardial ischemia
MSSA_015_Overview

Overview
Duration

:

12 to 15 minutes.

Target

:

Medical students, interns and residents.

Summary
:
A 42-year-old male, obese, hypertensive and chronic smoking patient who
underwent emergency surgery for laparoscopic appendectomy under general
anesthesia. He will present a perioperative myocardial ischemia, complicated by
ventricular tachycardia and poor hemodynamic tolerance.

Learning objectives
Clinical and medical management

Communication and teamwork

• Recognize a perioperative myocardial
ischemia,
• Understand the pathophysiology,
• Treat a perioperative myocardial
ischemia,
• Manage a ventricular tachycardia
with poor hemodynamic tolerance.

• Perform good leadership directing,
• Work in an interdisciplinary team,
• Coordinate with other specialists.
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Myocardial ischemia
MSSA_015_Briefing

Data
Location

:

operating room

Patient

:

M, 42 Y0, 75 Kg, 176 cm

Symptom(s)

:

ventricular extrasystoles

Onset

:

10 minutes after induction

Critical event

:

hypotension, ST abnormalities

Past history
Medical history

:

HTA, low salt diet & angiotensin II receptor blocker

Surgical history

:

chronic smoker

Medication

:

none

Allergies

:

none

Physical exam findings
A

:

none

B

:

Patient intubated et ventilated under anesthesia machine, RR = 10,
Vt = 600, I/E = 1/2, PEP = 5, Paw = 20, EtCO2 = 35, O2Sat = 92%,
breath sounds = normal

C

:

HR = 96, cardiac rythm = sinus, BP = 160/90, heart sounds =
normal

D

:

patient under general anesthesia

E

:

nothing to report

Blood glucose : 1,1 g/L

UT : P - B -

Temperature : 36,8 °C
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Myocardial ischemia
MSSA_015_Scenario

Checklist
Equipment

Resources

Airway equipment

Epinephrine

Breathing equipment

Amiodarone

Circulation equipment

Lidocaine

Resuscitation trolley

Beta-blocker

Multiparametric monitor

Nicardipine

Simulator
HF manikin, male,
Intravenous cannula,
Endotracheal tube,
Multiparametric monitor,

Trainers
Instructor 1
Instructor 2
Instructor 3
Facilitator 1
Facilitator 2

:
:
:
:
:

technician at the controls
briefing & debriefing
debriefing
senior doctor
surgeon
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Myocardial ischemia
MSSA_015_Scenario

Baseline
RR = 10
O Sat = 92%
EtCO2 = 35
Paw = 20
2

HR = 96
BP = 160/90
Ventricular extrasystoles
ST abnormalities

General anesthesia

Myocardial ischemia
Hemodynamic
optimization

NTR

HR = 180
BP = -/O Sat = no curve
Ventricular tachycardia
2

Cardioversion

No

Yes
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Myocardial ischemia
MSSA_015_Programming

Baseline
Intubate et ventilated under anesthesia machine, RR = 10, Vt = 600, I/E =
1/2, PEP = 5, Paw = 20, O Sat = 92%, breath sounds = normal
2

HR = 96, cardiac rythm = sinus, BP = 160/90, heart sounds = normal
EtCO2 = 35 mmHg

Critical
ST abnormalities
Ventricular tachycardia with pulselessness

Landing
RR = 10, O Sat = 98%, no breath sounds
2

HR = 110, BP = 120/60
EtCO2 = 35 mmHg
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Myocardial ischemia
MSSA_015_Debriefing

Record
•
•
•
•

•

•
•
•
•
•
•
•
•
•

Detailed preoperative risk stratification based on the Revised Cardiac Risk Index (RCRI) and the
National Surgical Quality Improvement Program (NSQIP),
Addition of cardiac biomarkers (TNT, hs-TNT,NT-proBNP) to the RCRI to improve prediction of
adverse cardiac events in the immediate postoperative period after major noncardiac surgery,
Preoperative cardiac evaluation using the American College of Cardiology (ACC)/American Heart
Association (AHA) guidelines and algorithm,
Use of invasive monitoring in patients at high risk for adverse events based cardiac monitors, central
venous catheterization with or without a pulmonary artery catheter, and intraoperative
transesophageal echocardiography (TEE) carried out according to American Society of
Echocardiography (ASE) guidelines,
Prompt recognition of possible clinical signs or symptoms in the perioperative period via
electrocardiography (ECG), altered hemodynamics, changes in biomarkers, or new changes in
imaging, persistent hypotension, ST-segment depression or elevation, tachyarrhythmias,
bradyarrhythmias, conduction changes, new left bundle-branch block (LBBB), wall-motion
abnormalities, or cardiac arrest must be managed; changes in biomarkers must be promptly
evaluated; an elevated plasma cardiac TnT is significant in identification of myocardial injury after
noncardiac surgery (MINS),
Optimization of myocardial perfusion by maintaining a balance between myocardial oxygen demand
and supply,
Minimization of secondary stressors (emergence, extubation, tachycardia, arrhythmias, anemia,
hypothermia, hypoxia, acidosis, and sepsis) that place increased stress or demands on the heart,
Maintenance of coronary perfusion pressure (CPP) with support of aortic diastolic BP (DBP) by fluid
challenge, use of vasopressors to improve CPP, or both; CPP is calculated as DBP minus left
ventricular end-diastolic pressure (LVEDP),
Correction of metabolic abnormalities and anemia,
Maintenance of myocardial oxygen delivery as a function of CPP and the oxygen content of the blood;
correction of anemia and induction of coronary vasodilation,
Reduction of oxygen demand by correction of dysrhythmias,
Use of nitroglycerin for coronary dilation and improvement of myocardial supply,
Institution of inotropic-vasopressor infusions for further hemodynamic support, with consideration
given to the possible need for more invasive support via intra-aortic balloon pump (IABP) or
extracorporeal membrane oxygenation (ECMO) for cardiogenic shock,
Prompt conclusion of the surgical procedure in a safe manner and consultation of cardiology for
continued postoperative management.

Bibliography
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MSSA_015

CBC
RBC

Result

Ref. Range

5.1 106/L

(3.50-5.30)

Hemoglobin

14.4 g/dL

Hematocrit

42.8 %

(33.0-42.0)

MCV

80.8 fl

(75.0-95.0)

MCHC

32.6 g/dL

(32.0-36.0)

WBC

8.10 103/µL

(7.00-12.00)

Neutrophils

52.5 %
4.70 103/µL

(3.50-6.00)

0.6 %
0.65 103/µL

(0.05-0.30)

0.1 %
0.08 103/µL

(< 0.01)

40.9 %
3.2 103/µL

(3.50-5.00)

3.3 %
0.24 103/µL

(0.10-1.00)

150 103/µL

(150-400)

Eosinophils

Basophils

Lymphocytes

Monocytes

Platelets

(11-14)
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MSSA_015

Coagulation
Result
Prothrombin time
Taux de
prothrombine

Ref. Range

11.3 sec

85 %

(70-140)

INR
Partiel
thromboplastin time

30 sec

(25.0-35.0)

Fibrinogen

3.2 g/L

(2.00-4.00)
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MSSA_015

Clinical chemistry
Result

Ref. Range

Sodium (Na+)

140 mmol/L

(135-145)

Potassium (K+)

4,8 mmol/L

(3.5-5.5)

Calcium (Ca2+)

100 mg/L

(90-105)

Chloride (Cl-)

102 mmol/L

(100-105)

Glucose

1.00 g/L

(0.70-1.10)

Urea

0.69 g/L

(0.10-0.50)

Creatinine

13 mg/L

(6-12)

AST

60 UI/L

(< 35)

ALT

50 UI/L

(5-40)

CRP

20 mg/L

(< 10)

Albumin

38 g/L

(35-55)
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MSSA_015

Arterial blood gas
Result
pH

7.22

Ref. Range
(7.35-7.45)

CO2

30 mmHg

(35-45)

HCO3-

14 mmol/L

(22-26)

PaO2

85 mmHg

(> 85)

SaO2

90 %

Lactate

2 mmol/L

(95-100)
(< 2)
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MSSA_015

Biomarkers
Result
Troponin

5 ng/mL

Ref. Range
(≤0.01)
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MSSA_015

ECG 1
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MSSA_015

ECG 2
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MSSA_015

Echocardiography

Interpretation :

Left ventricular dysfunction.
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Medical simulation scenarios in anesthesiology

Oxygen failure
MSSA_016_Overview

Overview
Duration

:

12 to 15 minutes.

Target

:

Medical students, interns and residents.

Summary
:
A 74-year-old woman, chronically warfarinised for atrial fibrillation, and on digoxin
125 mcg, who underwent a general anesthesia for K-wire insertion to left distal
radius fracture. She suffered a fall 24 hours ago causing the I jury. The operation
has been proceding for around 1 hour when pipeline oxygen supply failure
occurred.

Learning objectives
Clinical and medical management
• Manage an oxygen failure during
general anesthesia,
• Consider anesthesia machine
checks,
• Recognize the importance of
understanding the OR equipment.

Communication and teamwork
• Perform good leadership directing,
• Work in an interdisciplinary team,
• Coordinate with technicians.

_____________________________________________________________________________________________________________
-243-

Medical simulation scenarios in anesthesiology

Oxygen failure
MSSA_016_Briefing

Data
Location

:

operating room

Patient

:

F, 74 Y0, 95 Kg, 160 cm

Symptom(s)

:

alarm of oxygen pipeline failure

Onset

:

1 hour and 15 minutes after induction

Critical event

:

fall in O2Sat and cyanosis

Past history
Medical history

:

atrial fibrillation

Surgical history

:

none

Medication

:

warfarine, digoxine 125 mcg

Allergies

:

none

Physical exam findings
A

:

none

B

:

Patient intubated et ventilated under anesthesia machine, RR = 10,
Vt = 600, I/E = 1/2, PEP = 5, Paw = 20, EtCO2 = 35, O2Sat = 98%,
breath sounds = normal

C

:

HR = 96, cardiac rythm = sinus, BP = 160/90, heart sounds =
normal

D

:

patient under general anesthesia

E

:

nothing to report

Blood glucose : 1,1 g/L

UT : P - B -

Temperature : 36,8 °C
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Medical simulation scenarios in anesthesiology

Oxygen failure
MSSA_016_Scenario

Checklist
Equipment

Resources

Airway equipment

Cylinder of oxygen

Breathing equipment

Atropine

Circulation equipment
Resuscitation trolley
Multiparametric monitor

Simulator
HF manikin, female,
Intravenous cannula,
Endotracheal tube,
Multiparametric monitor.

Trainers
Instructor 1
Instructor 2
Instructor 3
Facilitator 1
Facilitator 2

:
:
:
:
:

technician at the controls
briefing & debriefing
debriefing
senior doctor
technician
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Medical simulation scenarios in anesthesiology

Oxygen failure
MSSA_016_Scenario

Baseline
RR = 10
O Sat = 98%
EtCO2 = 35
Paw = 20
2

HR = 96
BP = 160/90

General anesthesia

Oxygen failure
Ensure patient safety
Consider additional
oxygen sources

NTR

HR = 102
BP = 120/80
O Sat = 97%
2

Consider Guidelines
Manage anesthesia

No

Yes
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Medical simulation scenarios in anesthesiology

Oxygen failure
MSSA_016_Programming

Baseline
Intubated et ventilated under anesthesia machine, RR = 10, Vt = 600, I/E =
1/2, PEP = 5, Paw = 20, O Sat = 98%, breath sounds = normal
2

HR = 96, cardiac rythm = sinus, BP = 160/90, heart sounds = normal
EtCO2 = 35 mmHg

Critical
Fall in O Sat
2

Cyanosis

Landing
RR = 10, O Sat = 98%, no breath sounds
2

HR = 110, BP = 120/60
EtCO2 = 35 mmHg
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Medical simulation scenarios in anesthesiology

Oxygen failure
MSSA_016_Debriefing

Record
•
•

Oxygen pipeline failure is a rare but potentially catastrophic event which can affect the care of
patients throughout an entire hospital. Anesthetists play a critical role in maintaining patient safety,
and should be prepared to support an institution-wide emergency response if oxygen failure occurs,
The loss of oxygen pressure results in alarms, audible and visible. Most machines will shut off the
flow of other gases when O pressure falls,
Once the failure of the oxygen pipeline is recognized, oxygen should be introduced into the anesthesia
machine via the reserve oxygen tanks. This will repressurize the anesthesia machine’s intermediate
pressure system,
If the condition of the patient remains stable, a search for the oxygen pipeline supply failure should
be initiated,
To determine if the problem is transient or permanent, the emergency oxygen tanks may be turned
off momentarily. If the patient’s condition becomes unstable, then resuscitation of the patient
obviously takes precedence,
Ventilation must be ensured. Changing to bag ventilation and tightening down the pop-off valve may
provide enough oxygen for several minutes of ventilation,
Often a supply of emergency oxygen is not immediately available for use with it. This could force the
anesthesiologist to use room air as the supply gas,
We recommend that a source of emergency oxygen for use with the equipment be available in each
operating room,
Consider these guidelines :
Turn on back up oxygen cylinder on machine, close circuit valve and reduce gas flows to minimum
(250 ml oxygen/min),
Hand ventilate through the circle system,
Maintain anaesthesia with volatile agent if appropriate,
Ensure adequate inspired oxygen and agent concentration,
Call for additional oxygen cylinders,
Disconnect failed pipeline from the wall and do not re-use until formally tested at wall outlet for
composition and quality,
If machine cylinder empties, replace it with new cylinder,
Call the theatre manager to assess the extent of the failure through the hospital, the reserve
supplies of oxygen, and the implications for ongoing supply,
Ensure emergency plans are initiated,
Prioritise oxygen supply to patients with an oxygen requirement above room air.
2

•
•
•
•
•
•
•
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ
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Medical simulation scenarios in anesthesiology

Pneumothorax
MSSA_017_Overview

Overview
Duration

:

12 to 15 minutes.

Target

:

Medical students, interns and residents.

Summary
:
A 68-year-old man, smoker for1 pack per day for the past 47 years and treated for
COPD, with a past surgical history of partial gastrectomy for a perforated gastric
ulcer at the age of 61. He was subsequently found to have an incarcerated ventral
hernia. The patient was scheduled for emergency surgery to relieve the bowel
obstruction. After pre-oxygenation, the anesthesia was induced, suddenly the
patient presented a fall in O2Sat and hemodynamic collapse. A pneumothorax is
highly suspected.

Learning objectives
Clinical and medical management

Communication and teamwork

• Recognise clinical features of tension
pneumothorax,
• Describe technique of needle
decompression thoracocentesis,
• Adhere to ACLS protocols for
cardiovascular collapse.

• Perform good leadership directing,
• Work in an interdisciplinary team,
• Identify methods of improvement of
non- technical skills/behavioral
skills.
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Medical simulation scenarios in anesthesiology

Pneumothorax
MSSA_017_Briefing

Data
Location

:

operating room

Patient

:

M, 68 Y0, 56 Kg, 178 cm

Symptom(s)

:

fall in O2Sat

Onset

:

15 minutes after induction

Critical event

:

cardiovascular collapse

Past history
Medical history

:

COPD, chronic smoker

Surgical history

:

partial gastrectomy

Medication

:

Inhaled corticoids, salmeterol

Allergies

:

none

Physical exam findings
A

:

mallampati 2, large beard

B

:

Patient intubated et ventilated under anesthesia machine, RR = 10,
Vt = 600, I/E = 1/2, PEP = 5, Paw = 20, EtCO2 = 40, O2Sat = 94%,
breath sounds = normal

C

:

HR = 96, cardiac rythm = sinus, BP = 100/60, heart sounds =
normal

D

:

patient under general anesthesia

E

:

abdomen soft but tender around hernia

Blood glucose : 1,1 g/L

UT : P - B -

Temperature : 36,8 °C
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Medical simulation scenarios in anesthesiology

Pneumothorax
MSSA_017_Scenario

Checklist
Equipment

Resources

Airway equipment

Decompression needle

Breathing equipment

Chest tube

Circulation equipment
Resuscitation trolley
Multiparametric monitor

Simulator
HF manikin, male,
Intravenous cannula,
Endotracheal tube,
Multiparametric monitor,

Trainers
Instructor 1
Instructor 2
Instructor 3
Facilitator 1
Facilitator 2

:
:
:
:
:

technician at the controls
briefing & debriefing
debriefing
senior doctor
surgeon
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Medical simulation scenarios in anesthesiology

Pneumothorax
MSSA_017_Scenario

Baseline
RR = 10
O Sat = 94%
EtCO2 = 40
Paw = 20
2

Increase O2
Confirm ETT position
Ventilation equipment

HR = 96
BP = 100/60

General anesthesia

Tachycardia
Fall in O2sat
NTR

HR = 140
BP = 60/35
O Sat = no curve
Expansion of right
hémithorax, with no
breath sound
2

Needle decompression
Thoracostomy

No

Yes
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Medical simulation scenarios in anesthesiology

Pneumothorax
MSSA_017_Programming

Baseline
Intubate et ventilated under anesthesia machine, RR = 10, Vt = 600, I/E =
1/2, PEP = 5, Paw = 20, O Sat = 94%, breath sounds = normal
2

HR = 96, cardiac rythm = sinus, BP = 100/60, heart sounds = normal
EtCO2 = 40 mmHg

Critical
Tachycardia
Cardiovascular collapse
O Sat decreasing, pneumothorax
2

Landing
RR = 10, O Sat = 98%, no breath sounds
2

HR = 110, BP = 120/60
EtCO2 = 35 mmHg
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Medical simulation scenarios in anesthesiology

Pneumothorax
MSSA_017_Debriefing

Record
•
•

•
•
•
•

•

•
•

•

Pneumothorax is defined as a collection of gas inappropriately located between the visceral and
parietal pleura resulting in compression of the lung. It’s a life-threatening emergency that rapidly
results in cardiopulmonary arrest and requires prompt diagnosis and treatment,
Tension pneumothorax occurs when intrapleural pressure exceeds atmospheric pressure.
Expansion of the pneumothorax forces the lungs to collapse, resulting in increasing airway
pressures. The increasing intrathoracic pressure exceeds venous and cardiac end-diastolic
pressures, limiting cardiac filling, stroke volume, and blood pressure, the end result being pulseless
electrical activity,
The most common etiologies of pneumothorax are thoracic iatrogenic injuries, such as
complications of central line placement, regional blocks, or mechanical ventilation,
Precipitating factors are: any needle or instrumentation even days previously in or near the neck or
chest wall, external cardiac message, airway overpressure, obstructed ETT, Emphysema or bullous
lung disease, fractured ribs, crush injury, blunt trauma, problem with pleural drain already sited,
Signs of pneumothorax : Desaturation, hypotension, heart rate changes, difficulty with
ventilation/respiratory distress, unilateral chest expansion, distended neck veins, tracheal deviation,
Ultimately the diagnosis of a pneumothorax is a diagnosis of exclusion. Traditionally the chest
radiograph has been the primary method to recognize a pneumothorax where as little as 50mL of
gas may be visible on upright film, but the ultrasound examination has to be the first imaging modality
which can rule it out with a higher sensitivity,
The management of pneumothorax largely depends on the clinical scenario. A hemodynamically
stable patient with a small pneumothorax can simply be observed and treated conservatively with
supplemental oxygenation which should be administered regardless of oxygen saturation to facilitate
absorption of pleural air,
If the pneumothorax is large or the patient become symptomatic, or develops a tension
pneumothorax, then decompression by needle aspiration or chest tube insertion is necessary,
In an emergency, needle decompression may be performed by inserting a 14-gauge intravenous
canula into the second or third intercostal space in the midclavicular line. Alternatively, the fourth or
fifth intercostal space in the anterior axillary line may be used if the thickness of chest wall precludes
catheter placement at the second intercostal space,
Chest tube insertion is the definitive treatment of pneumothorax. It’s typically inserted in the axilla
along a horizontal line at the level of nipple between the pectoralis major and latissimus dorsi
muscles and it’s usually left in place for 2-4 days or until there is no longer evidence of an air leak
and chest x-ray shows reexpansion of the lung.
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51. Mavarez-Martinez A, Soghomonyan S, Sandhu G, and al. Intraoperative Tension Pneumothorax in a Ppatient with Remote
Trauma and Previous Tracheostomy. J Investig Med High Impact Case Rep. 2016;4(1).
_____________________________________________________________________________________________________________
-256-

MSSA_017

CBC
RBC

Result

Ref. Range

4.1 106/L

(3.50-5.30)

Hemoglobin

12.1 g/dL

Hematocrit

30.8 %

(33.0-42.0)

MCV

80.3 fl

(75.0-95.0)

MCHC

32.6 g/dL

(32.0-36.0)

WBC

24.10 103/µL

(7.00-12.00)

Neutrophils

72.0 %
17.72 103/µL

(3.50-6.00)

0.6 %
0.06 103/µL

(0.05-0.30)

0.5 %
0.01 103/µL

(< 0.01)

10.5 %
4.0 103/µL

(3.50-5.00)

6.0 %
0.55 103/µL

(0.10-1.00)

171 103/µL

(150-400)

Eosinophils

Basophils

Lymphocytes

Monocytes

Platelets

(11-14)
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MSSA_017

Coagulation
Result
Prothrombin time
Taux de
prothrombine

Ref. Range

15.3 sec

62 %

(70-140)

INR
Partiel
thromboplastin time

30 sec

(25.0-35.0)

Fibrinogen

2.6 g/L

(2.00-4.00)
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MSSA_017

Clinical chemistry
Result

Ref. Range

Sodium (Na+)

140 mmol/L

(135-145)

Potassium (K+)

3,2 mmol/L

(3.5-5.5)

Calcium (Ca2+)

90 mg/L

(90-105)

Chloride (Cl-)

103 mmol/L

(100-105)

Glucose

1.10 g/L

(0.70-1.10)

Urea

0.70 g/L

(0.10-0.50)

Creatinine

20 mg/L

(6-12)

AST

60 UI/L

(< 35)

ALT

50 UI/L

(5-40)

CRP

100 mg/L

(< 10)

35 g/L

(35-55)

Albumin
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MSSA_017

Arterial blood gas
Result

Ref. Range

pH

7.3

(7.35-7.45)

CO2

52 mmHg

(35-45)

HCO3-

24 mmol/L

(22-26)

PaO2

65 mmHg

(> 85)

SaO2

80 %

Lactate

3.5 mmol/L

(95-100)
(< 2)
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MSSA_017

Chest X-ray 1
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MSSA_017

Chest X-ray 2
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MSSA_017

ECG
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MSSA_017

Pulmonary US exam

Interpretation :

Large tension pneumothorax.
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Medical simulation scenarios in anesthesiology

Power failure
MSSA_018_Overview

Overview
Duration

:

12 to 15 minutes.

Target

:

Medical students, interns and residents.

Summary
:
A 72-year-old woman, obese and hypertensive, who underwent a left knee –
replacement. She has had a femoral nerve block, prior to general anesthesia.
Knife to skin was about 1 hour ago of this scheduled 3-hour case. The overhead
procedure lights went out, OR temperature noticeably compromised and
electrical supply to anesthesia machine dubious. It was a power failure.

Learning objectives
Clinical and medical management
• Manage a power failure during
general anesthesia,
• Consider anesthesia machine
checks,
• Recognize the importance of
understanding the OR equipment.

Communication and teamwork
• Perform good leadership directing,
• Work in an interdisciplinary team,
• Coordinate with technicians.
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Medical simulation scenarios in anesthesiology

Power failure
MSSA_018_Briefing

Data
Location

:

operating room

Patient

:

F, 72 Y0, 125 Kg, 160 cm

Symptom(s)

:

flickering overhead lights

Onset

:

1 hour and 15 minutes after induction

Critical event

:

overhead lights off, increase in OR temperature

Past history
Medical history

:

HTA, low salt diet

Surgical history

:

none

Medication

:

amlodipine

Allergies

:

none

Physical exam findings
A

:

none

B

:

Patient intubated et ventilated under anesthesia machine, RR = 10,
Vt = 600, I/E = 1/2, PEP = 5, Paw = 20, EtCO2 = 35, O2Sat = 98%,
breath sounds = normal

C

:

HR = 96, cardiac rythm = sinus, BP = 160/90, heart sounds =
normal

D

:

patient under general anesthesia

E

:

nothing to report

Blood glucose : 1,1 g/L

UT : P - B -

Temperature : 36,8 °C

_____________________________________________________________________________________________________________
-268-

Medical simulation scenarios in anesthesiology

Power failure
MSSA_018_Scenario

Checklist
Equipment

Resources

Airway equipment

Flashlights

Breathing equipment

Emergency monitoring kit

Circulation equipment
Resuscitation trolley
Multiparametric monitor

Simulator
HF manikin, female,
Intravenous cannula,
Endotracheal tube,
Multiparametric monitor.

Trainers
Instructor 1
Instructor 2
Instructor 3
Facilitator 1
Facilitator 2

:
:
:
:
:

technician at the controls
briefing & debriefing
debriefing
senior doctor
technician
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Medical simulation scenarios in anesthesiology

Power failure
MSSA_018_Scenario

Baseline
RR = 10
O Sat = 98%
EtCO2 = 35
Paw = 20
2

HR = 96
BP = 160/90

General anesthesia

Power failure
Ensure patient airway
Additional light sources

NTR

HR = 102
BP = 120/80
O Sat = 97%
2

Consider
Guidelines

No

Yes
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Medical simulation scenarios in anesthesiology

Power failure
MSSA_018_Programming

Baseline
Intubate et ventilated under anesthesia machine, RR = 10, Vt = 600, I/E =
1/2, PEP = 5, Paw = 20, O Sat = 98%, breath sounds = normal
2

HR = 96, cardiac rythm = sinus, BP = 160/90, heart sounds = normal
EtCO2 = 35 mmHg

Critical
Overhead lights off
Increase in OR temperature
Poor electrical supply to anesthesia machine

Landing
RR = 10, O Sat = 98%, no breath sounds
2

HR = 110, BP = 120/60
EtCO2 = 35 mmHg
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Medical simulation scenarios in anesthesiology

Power failure
MSSA_018_Debriefing

Record
•
•
•

•
•
•
•
•
•
•
•
•
•
•
•

A massive power failure that adversely affects the operating room’s ability to function is rare,
If a power failure should occur, the extent to which a facility and its staff have prepared for such an
unexpected event would probably be inversely proportional to the likehood of an undesirable
outcome,
Be prepared. Check daily to ensure that carts are sufficiently supplied with flashlights and batteries
and that emergency equipment (manual bag-valve resuscitation device, transport monitor) is readily
available and operational. Know the anesthesia machine’s backup power source (uninterruptable
power supply) and its life span,
Assess ABCs. Collect flashlights. Suspend the surgery. Call for assistance,
The patient’s airway is of prime importance. Securing the airway is essential, and one’s ability to
ventilate the patient must reconfirmed,
Confirm patient monitoring. If electricity and a battery-powered monitor are unavailable, manually
assess the patient’s vital signs, using emergency monitoring kit,
Establish a system of anesthesia delivery. Use a total intravenous anesthetic if inhalational method
is questionable,
Agree with the plan either to continue or abort the surgery. Consider the duration of surgery
remaining, patient stability, and power reliability,
Weigh the risks and benefits of extubation, specifically addressing any risk of a compromised airway,
Establish the safest location for postoperative care. Confirm the availability of space and equipment.
Alert the receiving staff to prepare monitors and equipment in anticipation of the transfer,
Delineate a safe route of transfer. Designate backup personnel to provide manual assistance should
mechanical transport become compromised,
Essential equipment for transport includes a manual bag-valve resuscitation device, a full oxygen
cylinder, laryngoscopes, various endotracheal tubes, emergency and sedative medications, a patient
monitor, experienced personnel, and flashlights,
If the patient is to remain sedated and intubated, consider no paralysis. Breathing should be
spontaneous or assisted by a ventilator,
Remember to remain calm and in control. Clearly communicate the proposed plan to others.
Prepare an alternative option for each step,
It is critical that anesthesia professionals are certain that there is someone in their facility who is
qualified, responsible and constantly vigilant about electrical power.
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Medical simulation scenarios in anesthesiology

Pulseless electrical activity
MSSA_019_Overview

Overview
Duration

:

12 to 15 minutes.

Target

:

Medical students, interns and residents.

Summary
:
A 41-year-old, female, with no past medical history, presenting for a laparoscopic
ovarian cystectomy. After preoxygenation, anesthesia was induced with 2 mg of
midazolam, 16 mg of etomidate, 250 microg of fentanyl, and 10 mg of
vecuronium. There was no significant change in the hemodynamic data
immediately after induction. The endotracheal intubation was performed, and
bilateral breath sounds with initial positive EtCO2 confirmed the endotracheal
position. The patient's blood pressure dropped to 32/21 mmHg and the waveform
as seen using the pulse oximeter was lost. In the ECG, sinus bradycardia was
persistent and the carotid pulse was lost. A pulseless electrical activity is highly
suspected over a gas embolism.

Learning objectives
Clinical and medical management
• Describe management of pulseless
electrical activity cardiac arrest,
• Perform chest compressions and
manual ventilation as per ACLS
guidelines,
• Recall the differential diagnosis of
PEA and systematically eliminate
possible causes.

Communication and teamwork
• Perform good leadership directing,
• Work in an interdisciplinary team,
• Describe some key components of
clinical teamwork and identify
applications in their practice.
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Medical simulation scenarios in anesthesiology

Pulseless electrical activity
MSSA_019_Briefing

Data
Location

:

operating room

Patient

:

F, 41 Y0, 60 Kg, 166 cm

Symptom(s)

:

fall in BP, EtCO2 and O2Sat

Onset

:

15 minutes after induction

Critical event

:

sinus bradycardia without pulse

Past history
Medical history

:

none

Surgical history

:

none

Medication

:

none

Allergies

:

none

Physical exam findings
A

:

Mallampati 2, normal dentition

B

:

Patient intubated et ventilated under anesthesia machine, RR = 10,
Vt = 600, I/E = 1/2, PEP = 5, Paw = 20, EtCO2 = 35, O2Sat = 98%,
breath sounds = normal

C

:

HR = 96, cardiac rythm = sinus, BP = 110/90, heart sounds =
normal

D

:

patient under general anesthesia

E

:

nothing to report

Blood glucose : 1,1 g/L

UT : P - B -

Temperature : 36,8 °C
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Medical simulation scenarios in anesthesiology

Pulseless electrical activity
MSSA_019_Scenario

Checklist
Equipment

Resources

Airway equipment

Epinephrine

Breathing equipment

Atropine

Circulation equipment
Resuscitation trolley
Multiparametric monitor

Simulator
HF manikin, female,
Intravenous cannula,
Endotracheal tube,
Multiparametric monitor,

Trainers
Instructor 1
Instructor 2
Instructor 3
Facilitator 1
Facilitator 2

:
:
:
:
:

technician at the controls
briefing & debriefing
debriefing
senior doctor
surgeon
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Medical simulation scenarios in anesthesiology

Pulseless electrical activity
MSSA_019_Scenario

Baseline
RR = 10
O Sat = 98%
EtCO2 = 35
Paw = 20
2

HR = 92
BP = 110/60

General anesthesia

Pulseless
Cardiopulmonary
resuscitation

NTR

HR = 40
BP = -/O Sat = no curve
2

Gas embolism
management

No

Yes
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Medical simulation scenarios in anesthesiology

Pulseless electrical activity
MSSA_019_Programming

Baseline
Intubated et ventilated under anesthesia machine, RR = 10, Vt = 600, I/E =
1/2, PEP = 5, Paw = 20, O Sat = 98%, breath sounds = normal
2

HR = 92, cardiac rythm = sinus, BP = 110/60, heart sounds = normal
EtCO2 = 35 mmHg

Critical
Cardiovascular collapse
BP, EtCO and O Sat decreasing
2

2

Sinus bradycardia

Landing
RR = 12, O Sat = 98%, no breath sounds
2

HR = 110, BP = 120/60
EtCO2 = 35 mmHg

_____________________________________________________________________________________________________________
-279-

Medical simulation scenarios in anesthesiology

Pulseless electrical activity
MSSA_019_Debriefing

Record
•
•

•
•
•
•
•

•

•
•

Pulseless electrical activity (PEA), also known as electromechanical dissociation, is a clinical condition
characterized by unresponsiveness and lack of a palpable pulse in the presence of organized cardiac
electrical activity,
Pulseless electrical activity occurs when an insult involving cardiovascular system or the respiratory system
results in the inability of the cardiac muscle to generate adequate force in response to electrical
depolarization. This adverse event decreases cardiac contractility, and the situation gets severe by potential
acidosis, hypoxia, and worsening vagal tone. More compromise of the inotropic state of the cardiac muscle
leads to insufficient mechanical activity, despite the presence of electrical activity. It causes degeneration of
cardiac rhythm, and eventually, death follows,
Causes of pulseless electrical activity include the famous "5 Hs and 5 Ts." These are as follows : hypovolemia,
hypoxia, hydrogen ions (acidosis), hypo/hyperkalemia, hypothermia and tension pneumothorax, trauma,
tamponade, thrombosis (pulmonary), thrombosis (coronary),
Testing should include an EEG, arterial blood gas analysis, serum electrolytes, core body temperature, chest
X-ray and transthoracic echocardiography,
The first step in managing pulseless electrical activity is to start chest compressions according to ACLS
protocol along with using epinephrine, while simultaneously looking for any reversible causes,
Once a diagnosis is made, begin immediate management i.e., decompression of pneumothorax, pericardial
drain for tamponade, fluids infusion, correction of body temperature, administration of thrombolytics, or
surgical embolectomy for pulmonary embolus,
Drugs used include epinephrine and atropine. Epinephrine should be administered in 1 mg doses
intravenously/intraosseous (IV/IO) every 3 to 5 minutes during pulseless electrical activity arrest. Higher
doses of epinephrine have not shown to improve survival or neurologic outcomes in most patients. Selected
patients, like those with beta blockers or calcium channel blockers overdose, may benefit from higher-dose
epinephrine,
If the detected rhythm is bradycardia that is associated with hypotension, then atropine (1 mg IV q3-5 min,
up to three doses) should be administered. This is considered the optimal dose, beyond which no further
benefit will occur. Note that atropine may cause pupillary dilation; therefore, this sign cannot be used to
assess neurologic function,
NaHCO3 may be used only in patients with severe, systemic acidosis, hyperkalemia, or tricarboxylic acid
overdose. The dose is 1 mEq/kg. Avoid routine administration of sodium bicarbonate as it worsens
intracellular and intracerebral acidosis without affecting mortality,
Near pulseless electrical activity or a very low-output state may also be managed with the circulatory
assistance (e.g., intra-aortic balloon pump, extracorporeal membrane oxygenation, cardiopulmonary bypass,
and ventricular assist device).

Bibliography
55. You TM, Kim S. Pulseless electrical activity during general anesthesia induction in patients with amyotrophic lateral
sclerosis. J Dent Anesth Pain Med 2017;17(3):235-40.
56. Long B, Alerhand S, Maliel K and al. Echocardiography in cardiac arrest: An emergency medicine review. Am J Emerg
Med. 2018 Mar;36(3):488-493.
57. Moitra VK, Gabrielli A, Maccioli GA and al. Anesthesia advanced circulatory life support. Can J Anaesth 2012;59:586–
603.
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MSSA_019

CBC
RBC

Result

Ref. Range

4.1 106/L

(3.50-5.30)

Hemoglobin

10.1 g/dL

Hematocrit

30.8 %

(33.0-42.0)

MCV

80.3 fl

(75.0-95.0)

MCHC

32.6 g/dL

(32.0-36.0)

14.10 103/µL

(7.00-12.00)

52.0 %
7.72 103/µL

(3.50-6.00)

0.6 %
0.06 103/µL

(0.05-0.30)

0.5 %
0.01 103/µL

(< 0.01)

10.5 %
4.0 103/µL

(3.50-5.00)

6.0 %
0.55 103/µL

(0.10-1.00)

171 103/µL

(150-400)

WBC
Neutrophils

Eosinophils

Basophils

Lymphocytes

Monocytes

Platelets

(11-14)
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MSSA_019

Coagulation
Result
Prothrombin time
Taux de
prothrombine

Ref. Range

17.3 sec

82 %

(70-140)

INR
Partiel
thromboplastin time

30 sec

(25.0-35.0)

Fibrinogen

2.6 g/L

(2.00-4.00)

_____________________________________________________________________________________________________________
-282-

MSSA_019

Clinical chemistry
Result

Ref. Range

Sodium (Na+)

140 mmol/L

(135-145)

Potassium (K+)

4,2 mmol/L

(3.5-5.5)

Calcium (Ca2+)

90 mg/L

(90-105)

Chloride (Cl-)

103 mmol/L

(100-105)

Glucose

1.10 g/L

(0.70-1.10)

Urea

0.45 g/L

(0.10-0.50)

Creatinine

12.5 mg/L

(6-12)

AST

30 UI/L

(< 35)

ALT

20 UI/L

(5-40)

CRP

20 mg/L

(< 10)

Albumin

35 g/L

(35-55)
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MSSA_019

Arterial blood gas
Result
pH

7.22

Ref. Range
(7.35-7.45)

CO2

30 mmHg

(35-45)

HCO3-

14 mmol/L

(22-26)

PaO2

85 mmHg

(> 85)

SaO2

90 %

Lactate

2 mmol/L

(95-100)
(< 2)
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MSSA_019

ECG 1

_____________________________________________________________________________________________________________
-285-

MSSA_019

ECG 2
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MSSA_019

Chest X-ray
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MSSA_019

Echocardiography

Interpretation :

Right ventricular dilatation with arterial pulmonary
hypertension.
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Medical simulation scenarios in anesthesiology

Supraventricular tachycardiaUnstable
MSSA_020_Overview

Overview
Duration

:

12 to 15 minutes.

Target

:

Medical students, interns and residents.

Summary
:
A 48-year-old woman, admitted for day surgery for breast lumpectomy under
general anesthesia. She had undergone three previous surgeries without incident.
The preoperative electrocardiogram was normal, in sinus rhythm and atrial extra
systole isolated. The induction started with 1 mg of midazolam, 150 mcg of
fentanyl, 200 mg propofol and 35 mg of rocuronium, uneventful. Within minutes
her heart rate rose with a cardiovascular collapse. She is presenting an unstable
atrial fibrillation.

Learning objectives
Clinical and medical management

Communication and teamwork

• Describe management of unstable
supraventricular tachycardia,
• Perform synchronized direct current
DC cardioversion,
• Recognize when malignant
arrhythmias require adherence to
ACLS algorithms,
• Recall potential causes of atrial
fibrillation and seek to eliminate
those systematically.

• Perform good leadership directing,
• Work in an interdisciplinary team,
• Identify methods of improvement of
non- technical skills/behavioral
skills
• Describe some key components of
clinical teamwork and identify
applications in their practice.
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Medical simulation scenarios in anesthesiology

Supraventricular tachycardiaUnstable
MSSA_020_Briefing

Data
Location

:

operating room

Patient

:

M, 48 Y0, 90 Kg, 166 cm

Symptom(s)

:

tachycardia

Onset

:

within minutes from induction

Critical event

:

cardiovascular collapse

Past history
Medical history

:

none

Surgical history

:

three previous surgeries without incident

Medication

:

none

Allergies

:

none

Physical exam findings
A

:

none

B

:

Patient intubated et ventilated under anesthesia machine, RR = 10,
Vt = 600, I/E = 1/2, PEP = 5, Paw = 20, EtCO2 = 35, O2Sat = 98%

C

:

HR = 102, rythm = sinus, BP = 100/60, heart sounds = normal

D

:

patient under general anesthesia

E

:

redness and scaliness of the right breast skin

Blood glucose : 1,1 g/L

UT : P - B -

Temperature : 36,8 °C
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Medical simulation scenarios in anesthesiology

Supraventricular tachycardiaUnstable
MSSA_020_Scenario

Checklist
Equipment

Resources

Airway equipment

ß-blocker (esmolol, metoprolol)

Breathing equipment

Calcium channel blocker (diltiazem)

Circulation equipment

Amiodarone

Resuscitation trolley
Multiparametric monitor

Simulator
HF manikin, female,
Intravenous cannula,
Endotracheal tube,
Multiparametric monitor,

Trainers
Instructor 1
Instructor 2
Instructor 3
Facilitator 1
Facilitator 2

:
:
:
:
:

technician at the controls
briefing & debriefing
debriefing
senior doctor
surgeon
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Medical simulation scenarios in anesthesiology

Supraventricular tachycardiaUnstable
MSSA_020_Scenario

Baseline
RR = 10
O Sat = 98%
EtCO2 = 35
2

HR = 102
BP = 100/60

General anesthesia

Tachycardia
Pharmacological
cardioversion

NTR

HR = 220
BP = 60/30
O Sat = no curve
Atrial fibrillation
2

Unstable SVT
Electrical
cardioversion

No

Yes
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Medical simulation scenarios in anesthesiology

Supraventricular tachycardiaUnstable
MSSA_020_Programming

Baseline
Intubate et ventilated under anesthesia machine, RR = 10, Vt = 600, I/E =
1/2, PEP = 5, Paw = 20, O Sat = 92%, breath sounds = normal
2

HR = 102, cardiac rythm = sinus, BP = 100/60, heart sounds = normal
EtCO2 = 35 mmHg

Critical
Atrial fibrillation
Cardiovascular collapse

Landing
RR = 10, O Sat = 98%, no breath sounds
2

HR = 110, BP = 120/60
EtCO2 = 35 mmHg
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Medical simulation scenarios in anesthesiology

Supraventricular tachycardiaUnstable
MSSA_020_Debriefing

Record
•

The term SVT refers to paroxysmal tachyarrhythmias that require atrial or atrioventricular (AV) nodal tissue,
or both, for their initiation and maintenance. SVT are one of the most commonly encountered cardiovascular
complications during anesthesia administration. Perioperative SVT can disrupt the hemodynamic state of the
patients and are known to cause increases in mortality and morbidity.
• SVTs is divided in 2 parts depending on the rhythm regularity :
Þ Regular SVTs : sinus tachycardia, atrial flutter, Atrioventricular nodal re-entrant tachycardia (AVNRT),
Atrioventricular re-entrant tachycardia (AVRT) and Wolff–Parkinson–White syndrome (WPW),
Þ Irregular SVTs : Atrial fibrillation (AF) and multifocal atrial tachycardia.
• Unstable SVT : any of sudden and/or continuing sharp decrease in BP, acute ischemia, SBP <75,
• Risk factors for SVT in the perioperative period :
• Anesthetic factors : anesthesia-induced cardiac depression, hypervolemia (acute atrial stretch), auto-peep,
shock, misplaced central line, local anesthetic toxicity,
• Surgical factors : pain, trauma, anemia mediastinal manipulation, local and systemic inflammation,
• Medical factors : hypoxia, hypovolemia, electrolyte disturbance, acute MI, acidosis, pulmonary embolism,
• The most common causes : light planes of anesthesia, lack of adequate analgesia, dehydration or wearing off
of muscle relaxation,
• Treatment of acute-onset intraoperative SVT should begin with assessment of hemodynamic status and
correction of precipitants with the goal of rate control. Slowing the ventricular rate lengthens diastole,
enhancing stroke volume and reduces myocardial oxygen consumption,
• Short-term management options can involve both pharmacological and non-pharmacological measures
(vagal maneuvers/electrical therapy),
• In most patients, the drug of choice for acute therapy is either adenosine because of her rapid onset of action,
her short half-life and her high degree of efficacy. Intravenous administration of calcium channel blockers,
such as diltiazem, or beta-blockers, such as esmolol, is also commonly used,
• Patients with hemodynamic instability or those with signs of poor tissue perfusion would be treated straight
away with electrical therapy,
• Vagal maneuvers, a non-pharmacological approach, are techniques that increase vagal tone to decrease the
patient’s heart rate and are often considered the first line of therapy in younger patients who are
hemodynamically stable.

Bibliography
58. Stewart AM, Greaves K, Bromilow J. Supraventricular tachyarrhythmias and their management in the perioperative
period. Continuing Education in Anaesthesia, Critical Care & Pain 2015;15(2):90-7.
59. Thompson A, Balser JR. Perioperative cardiac arrhythmias. British Journal of Anaesthesia 2004;93(1):86-94.
60. Parida S, Thangaswamy CR. Cardiac tachyarrhythmias and anaesthesia: General principles and focus on atrial
fibrillation. Indian Journal of Anaesthesia 2017;61(9):712-20.
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MSSA_020

CBC
RBC

Result

Ref. Range

4.1 106/L

(3.50-5.30)

Hemoglobin

10.1 g/dL

Hematocrit

30.8 %

(33.0-42.0)

MCV

80.3 fl

(75.0-95.0)

MCHC

32.6 g/dL

(32.0-36.0)

14.10 103/µL

(7.00-12.00)

52.0 %
7.72 103/µL

(3.50-6.00)

0.6 %
0.06 103/µL

(0.05-0.30)

0.5 %
0.01 103/µL

(< 0.01)

10.5 %
4.0 103/µL

(3.50-5.00)

6.0 %
0.55 103/µL

(0.10-1.00)

171 103/µL

(150-400)

WBC
Neutrophils

Eosinophils

Basophils

Lymphocytes

Monocytes

Platelets

(11-14)
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MSSA_020

Coagulation
Result
Prothrombin time
Taux de
prothrombine

Ref. Range

17.3 sec

92 %

(70-140)

INR
Partiel
thromboplastin time

30 sec

(25.0-35.0)

Fibrinogen

2.6 g/L

(2.00-4.00)
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MSSA_020

Clinical chemistry
Result

Ref. Range

Sodium (Na+)

140 mmol/L

(135-145)

Potassium (K+)

4,2 mmol/L

(3.5-5.5)

Calcium (Ca2+)

90 mg/L

(90-105)

Chloride (Cl-)

103 mmol/L

(100-105)

Glucose

1.10 g/L

(0.70-1.10)

Urea

0.40 g/L

(0.10-0.50)

Creatinine

10 mg/L

(6-12)

AST

30 UI/L

(< 35)

ALT

20 UI/L

(5-40)

CRP

20 mg/L

(< 10)

Albumin

35 g/L

(35-55)
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MSSA_020

Arterial blood gas
Result
pH

7.41

Ref. Range
(7.35-7.45)

CO2

36 mmHg

(35-45)

HCO3-

25 mmol/L

(22-26)

PaO2

85 mmHg

(> 85)

SaO2

93 %

Lactate

2 mmol/L

(95-100)
(< 2)
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MSSA_020

Biomarkers
Result
Troponin

0,12 ng/mL

Ref. Range
(≤0.01)
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MSSA_020

Biomarkers
D-dimer

Result

Ref. Range

2300 ng/mL

(< 500 ng/L)
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MSSA_020

ECG 1
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MSSA_020

ECG 2

_____________________________________________________________________________________________________________
-304-

MSSA_020

Doppler US of lower extremity

Interpretation :

Normal ultrasound exam.
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MSSA_020

Echocardiography

Interpretation :

Right ventricular dilatation with a pulmonary arterial
hypertension. No thrombus.
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Medical simulation scenarios in anesthesiology

Total spinal anesthesia
MSSA_021_Overview

Overview
Duration

:

12 to 15 minutes.

Target

:

Medical students, interns and residents.

Summary
:
A 30-year-old female, with no past medical history, BMI at 32, will be undergoing an
emergency cesarean section under spinal block for premature rupture of
membranes. The procedure of spinal block went well. The patient will be showing
signs of neurological and cardiorespiratory deterioration due to high spinal block.
You are the on-call anaesthetic trainee, and have just started your shift.

Learning objectives
Clinical and medical management
• Early recognize signs of high spinal
block (HSB),
• To manage a HSB,
• Consider common perioperative
diagnosis,
• Mark the incident on the anesthesia
record.

Communication and teamwork
• Perform good leadership directing,
• Work in an interdisciplinary team,
• Incorporate teamwork tools.
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Medical simulation scenarios in anesthesiology

Total spinal anesthesia
MSSA_021_Briefing

Data
Location

:

operating room

Patient

:

F, 30 Y0, 96 Kg, 173 cm

Symptom(s)

:

dyspnea

Onset

:

spinal anesthesia induced, surgery ongoing

Critical event

:

hypotension, bradycardia

Past history
Medical history

:

none

Surgical history

:

none

Medication

:

none

Allergies

:

none

Physical exam findings
A

:

mallampati 1, normal dentition

B

:

RR = 10, EtCO2 = 50, O2Sat = 85%, breath sounds = normal

C

:

HR = 60, cardiac rythm = bradycardia, BP = 90/60, heart sounds =
normal

D

:

spinal anesthesia induced

E

:

supine position, caesarean section in process, unable to speak

Blood glucose : 1,1 g/L

UT : P - B -

Temperature : 36,8 °C
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Medical simulation scenarios in anesthesiology

Total spinal anesthesia
MSSA_021_Scenario

Checklist
Equipment

Resources

Airway equipment

Epinephrine

Breathing equipment

Norepinephrine

Circulation equipment

Ephedrine

Resuscitation trolley
Multiparametric monitor

Simulator
HF manikin, female, pregnant, supine position,
Intravenous cannula,
Multiparametric monitor.

Trainers
Instructor 1
Instructor 2
Instructor 3
Facilitator 1
Facilitator 2

:
:
:
:
:

technician at the controls
briefing & debriefing
debriefing
senior doctor
midwife
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Medical simulation scenarios in anesthesiology

Total spinal anesthesia
MSSA_021_Scenario

Baseline
RR = 10
O Sat = 85%
EtCO2 = 50
2

HR = 60
BP = 90/60

Spinal anesthesia

Dyspnea
Hypotension
management

NTR

HR = 30
BP = -/O Sat = no curve
Apnea
2

Airway management
and haemodynamic
support

No

Yes
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Medical simulation scenarios in anesthesiology

Total spinal anesthesia
MSSA_021_Programming

Baseline
RR = 10, O Sat = 85%, breath sounds = normal
2

HR = 60, cardiac rythm = bradycardia, BP = 90/60, heart sounds = normal
EtCO2 = 50 mmHg

Critical
Cardiovascular collapse
Apnea
Neurological deterioration

Landing
RR = 10, O Sat = 98%, no breath sounds
2

HR = 110, BP = 120/60
EtCO2 = 35 mmHg
General anesthesia
Caesarean section ongoing
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Medical simulation scenarios in anesthesiology

Total spinal anesthesia
MSSA_021_Debriefing

Record
•
•
Þ
Þ
Þ
•
Þ
Þ
Þ
•
Þ
Þ
Þ
Þ
Þ
•

High spinal anaesthesia : intrathecal anaesthesia, where a level of motor block ensues such that
cardiovascular and respiratory embarrassment develops, seriously jeopardising patient safety,
Risk factors :
Drug factors
Block height more dependent on dose than volume (higher dose gives higher risk),
Baricity, cephalad spread easier to control with hyperbaric solution,
Prior drug administration, such as epidural local anaesthetic diffusion (unrecognized/sub-clinical
block gives higher risk),
Patient factors
Body morphology, higher BMI or abdominal girth (including pregnancy) may reduce thecal volume
and increase the risk of high block,
Anatomical or pathological factors, compressed thecal sack (epidural fluid & dilated vessels),
spinal canal abnormality can give higher risk,
Technique factors
Higher lumbar insertion may increase final block height,
Position at and following injection, sitting may minimise cephalad spread,
Spinal needle, finer gauge and cephalad direction of needle hole may increase risk of higher block,
Identification of high spinal block :
General symptoms : progressive dyspnea, ineffective cough, can’t touch nose, unable to speak,
Respiratory system : hypoventilation, drop of SpO2, Apnea,
Cardiovascular system : hypotension only or with bradycardia,
Management of high spinal block :
Intubation and ventilation should be undertaken immediately after the prompt administration of
ephedrine
Haemodynamic support : Ephedrine boluses should be 5-10 mg,
Hypnosis : provide hypnosis by means of volatile agents as usual under general anaesthesia,
Ongoing vigilance : ongoing vigilance is necessary with respect to deteriorating haemodynamic
status and the resolution of respiratory failure. Typically, the respiratory status rapidly recovers so
that the patient can usually be extubated at the end of the Caesarean section,
Advice : advice should be sought on ongoing care as soon as possible,
Some authors report the local anesthesia reversal (LAR) of total spinal anesthesia by lipofundin (lipid
emulsion).

Bibliography
61. Rensburg GV, Dyk DV, Bishop D and al. The management of high spinal anaesthesia in obstetrics: suggested clinical
guidelines in the south African context. Southern African Journal of Anaesthesia and Analgesia
2016;22(1Supplement1):S1-S5.
62. Newman B. Complete spinal block following spinal anaesthesia. Anaesthesia tutorial of the week 2010.
www.totw.anaesthesiologists.org
63. Eldor J, Pham V, Tran TP and al. Local anaesthesia reversal (LAR) of total spinal anesthesia (TSA) by lipofundin (lipid
emulsion). Journal of Health Science Development 2018;1(1):67-72.
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Medical simulation scenarios in anesthesiology

Transfusion reactions
MSSA_022_Overview

Overview
Duration

:

12 to 15 minutes.

Target

:

Medical students, interns and residents.

Summary
:
A 32-year-old woman, G1P0, with a past medical history of fairly frequent urinary
tract infections, undergoing a laparoscopic salpingectomy for suspected ectopic
pregnancy. It was a positive pregnancy test, and increasing abdominal pain. She
has become mildly pyrexial and tachycardic in the last few hours. The patient is
hypotensive post-induction which is only transiently responsive to fluids and
vasopressors. At some stage, the resident asked for blood to transfuse the patient.
There will be a transfusion reaction regardless of whether the blood is checked
properly.

Learning objectives
Clinical and medical management
• Identify the risks to patient in
receiving blood transfusion,
• Recognize signs and symptoms of
adverse transfusion reaction(s),
• Manage an adverse transfusion
reaction.

Communication and teamwork
• Perform good leadership directing,
• Work in an interdisciplinary team,
• Demonstrates role as team player
and when appropriate leader in the
intra-operative environment,
• Communicates with the theatre
team in a clear unambiguous style.
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Medical simulation scenarios in anesthesiology

Transfusion reactions
MSSA_022_Briefing

Data
Location

:

operating room

Patient

:

F, 32 Y0, 80 Kg, 166 cm

Symptom(s)

:

fall in O2Sat

Onset

:

during surgery

Critical event

:

collapse

Past history
Medical history

:

frequent urinary infections

Surgical history

:

none

Medication

:

none

Allergies

:

none

Physical exam findings
A

:

none

B

:

Patient intubated et ventilated under anesthesia machine, RR = 10,
Vt = 600, I/E = 1/2, PEP = 5, Paw = 20, EtCO2 = 35, O2Sat = 98%,
breath sounds = normal

C

:

HR = 110, cardiac rythm = sinus, BP = 70/40, heart sounds =
normal

D

:

patient under general anesthesia

E

:

nothing to report

Blood glucose : 1,1 g/L

UT : P - B -

Temperature : 36,8 °C
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Medical simulation scenarios in anesthesiology

Transfusion reactions
MSSA_022_Scenario

Checklist
Equipment

Resources

Airway equipment

Corticosteroïds

Breathing equipment

Antihistamine

Circulation equipment
Resuscitation trolley
Multiparametric monitor

Simulator
HF manikin, female,
Intravenous cannula,
Endotracheal tube,
Foley’s catheter,
Multiparametric monitor,

Trainers
Instructor 1
Instructor 2
Instructor 3
Facilitator 1
Facilitator 2

:
:
:
:
:

technician at the controls
briefing & debriefing
debriefing
senior doctor
obstetrician on shift
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Transfusion reactions
MSSA_022_Scenario

Baseline
RR = 10
O Sat = 98%
EtCO2 = 35
2

Stop blood transfusion
Increase O2
Fluid resuscitation

HR = 110
BP = 70/40

General anesthesia

Blood transfusion
Collapse/fall in O2Sat
NTR

HR = 140
BP = 60/40
O Sat = 90%
Wheeze
Widespread red flushing
2

Anaphylaxis
mangement

No

Yes
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Transfusion reactions
MSSA_022_Programming

Baseline
Intubated et ventilated under anesthesia machine, RR = 10, Vt = 600, I/E =
1/2, PEP = 5, Paw = 20, O Sat = 98%, breath sounds = normal
2

HR = 110, cardiac rythm = sinus, BP = 70/40, heart sounds = normal
EtCO2 = 35 mmHg

Critical
O Sat decreasing
2

Cardiovascular collapse

Landing
RR = 10, O Sat = 98%, no breath sounds
2

HR = 110, BP = 120/60
EtCO2 = 35 mmHg
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Transfusion reactions
MSSA_022_Debriefing

Record
•

•
Þ
Þ
Þ
Þ
Þ

Þ
Þ

•
•

•

Transfusion reactions are defined as adverse events associated with the transfusion of whole blood
or one of its components. These may range in severity from minor to life-threatening. Reactions can
occur during the transfusion (acute transfusion reactions) or days to weeks later (delayed
transfusion reactions) and may be immunologic or non-immunologic,
The pathophysiology varies based on the transfusion reaction :
Mild allergic : Attributed to hypersensitivity to a foreign protein in the donor product,
Anaphylactic : Similar to a mild allergic reaction, however resulting in a more severe reaction.
Sometimes this can occur in a patient with IgA deficiency who makes alloantibodies against IgA and
then receives blood products containing IgA,
Febrile non-hemolytic : generally thought to be caused by cytokines released from blood donor
leukocytes (white blood cells),
Septic : caused by bacteria or bacterial byproducts (such as endotoxin) which may contaminate
blood,
Acute hemolytic transfusion reactions : can result in intravascular or extravascular hemolysis,
depending on the specific etiology (cause). Immune-mediated reactions are often a result of recipient
antibodies present to blood donor antigens. Non-immune reactions are possible, and occur when
red blood cells are damaged before transfusion (e.g., by heat or incorrect osmotic conditions),
Transfusion-associated circulatory overload (TACO) : occurs when the volume of the transfused
component causes hypervolemia (volume overload),
Transfusion-related acute lung injury (TRALI) : acute lung injury is due to antibodies in the donor
product (human leukocyte antigen or human neutrophil antigen) reacting with antigens in the
recipient. The recipient’s immune system responds and causes the release of mediators that lead
to pulmonary edema. Possibly contributing to this are clinical conditions that predispose the patient
including infection, recent surgery, or inflammation.
Diagnosis of acute transfusion reactions begins by recognition of the signs and symptoms by the
bedside : urticaria, Itching, fever, chills, respiratory distress, dyspnea, hypotension, hypothermia…
When a transfusion reaction is suspected, the transfusion should be immediately stopped, and the
intravenous line should be kept open using appropriate fluids (usually 0.9% saline). A clerical check
should be performed by examining the product bag and confirming the patient’s identification. The
patient’s vital signs should be monitored and recorded at 15-minute intervals. A post-transfusion
blood sample should be drawn and sent to the lab, in addition to sending the bag and tubing if
possible,
Treatment of specific transfusion reactions is most often supportive. For example, antihistamines
(such as diphenhydramine) can be given for a mild allergic reaction, or an antipyretic can be given
for a non-hemolytic febrile transfusion reaction.

Bibliography
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MSSA_022

CBC
Result

Ref. Range

RBC

4.1 106/L

(3.50-5.30)

Hemoglobin

5.1 g/dL

(11-14)

Hematocrit

30.8 %

(33.0-42.0)

MCV

80.3 fl

(75.0-95.0)

MCHC

32.6 g/dL

(32.0-36.0)

14.10 103/µL

(7.00-12.00)

52.0 %
7.72 103/µL

(3.50-6.00)

0.6 %
0.06 103/µL

(0.05-0.30)

0.5 %
0.01 103/µL

(< 0.01)

10.5 %
4.0 103/µL

(3.50-5.00)

6.0 %
0.55 103/µL

(0.10-1.00)

191 103/µL

(150-400)

WBC
Neutrophils

Eosinophils

Basophils

Lymphocytes

Monocytes

Platelets

_____________________________________________________________________________________________________________
-323-

MSSA_022

Coagulation
Result
Prothrombin time
Taux de
prothrombine

Ref. Range

16.3 sec

62 %

(70-140)

INR
Partiel
thromboplastin time

30 sec

(25.0-35.0)

Fibrinogen

2.6 g/L

(2.00-4.00)
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Clinical chemistry
Result

Ref. Range

Sodium (Na+)

140 mmol/L

(135-145)

Potassium (K+)

4,2 mmol/L

(3.5-5.5)

Calcium (Ca2+)

90 mg/L

(90-105)

Chloride (Cl-)

103 mmol/L

(100-105)

Glucose

1.10 g/L

(0.70-1.10)

Urea

0.40 g/L

(0.10-0.50)

Creatinine

12 mg/L

(6-12)

AST

12 UI/L

(< 35)

ALT

21 UI/L

(5-40)

CRP

10 mg/L

(< 10)

Albumin

35 g/L

(35-55)
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Arterial blood gas
Result
pH

7.33

Ref. Range
(7.35-7.45)

CO2

38 mmHg

(35-45)

HCO3-

28 mmol/L

(22-26)

PaO2

80 mmHg

(> 85)

SaO2

85 %

Lactate

2 mmol/L

(95-100)
(< 2)
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MSSA_022

Biomarkers
Result

Ref. Range

Histamine

10.8 ng/mL

(0.1-1.8)

Tryptase

22.6 ng/mL

(<11.5)
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MSSA_022

ECG
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Venous air embolism
MSSA_023_Overview

Overview
Duration

:

12 to 15 minutes.

Target

:

Medical students, interns and residents.

Summary
:
A 62-year-old woman, with a past medical history of hypercholesterolemia and
tobacco use (30 pack-year), admitted for chronic abdominal pain and decreased
PO intake on total parenteral nutrition thought to be secondary to adhesions from
two prior abdominal surgeries. She is scheduled for laparoscopic lysis of abdominal
adhesions. Induction of general anaesthesia and endotracheal tube placement are
uneventful. The patient is prepped and draped for surgery. The surgeon
introduces a Veress needle into the patient's abdomen and begins CO2 insufflation
to create pneumoperitoneum. Unbeknownst to the learner, the surgeon has
inadvertently placed the Veress needle within the inferior vena cava. CO2
insufflation results in a CO2 embolism manifesting as decreased ETCO2, hypoxia, and
hypotension.

Learning objectives
Clinical and medical management
• Recognize of venous air embolism,
• Identify potential causes of an acute
drop of end-tidal CO2 leading to
cardiac arrest and prioritize the
differential diagnosis,
• Initiate and correctly execute the
Advanced Cardiac Life Support,
• Collaborate with surgeon to
determine an immediate surgical
intervention if required (ex. repair of
inferior vena cava injury).

Communication and teamwork
• Perform good leadership directing,
• Work in an interdisciplinary team,
• Communicate with the theatre
team in a clear unambiguous style.
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Venous air embolism
MSSA_023_Briefing

Data
Location

:

operating room

Patient

:

F, 62 Y0, 52 Kg, 176 cm

Symptom(s)

:

collapse, fall in EtCO2

Onset

:

start of operation

Critical event

:

cardiac arrest

Past history
Medical history

:

hypercholesterolemia, COPD

Surgical history

:

appendectomy, cholecystectomy

Medication

:

simvastatin, albuterol

Allergies

:

none

Physical exam findings
A

:

mallampati II, thyromental distance 2.5 cm, no loose teeth

B

:

Patient intubated et ventilated under anesthesia machine, RR = 10,
Vt = 600, I/E = 1/2, PEP = 5, Paw = 20, EtCO2 = 35, O2Sat = 98%,
breath sounds = normal

C

:

HR = 102, cardiac rythm = sinus, BP = 100/60, heart sounds =
normal

D

:

patient under general anesthesia

E

:

abdomen soft, mildly-tender and non-distended

Blood glucose : 1,1 g/L

UT : P - B -

Temperature : 36,8 °C
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Venous air embolism
MSSA_023_Scenario

Checklist
Equipment

Resources

Airway equipment

Fluids

Breathing equipment

Epinephrine

Circulation equipment
Resuscitation trolley
Multiparametric monitor

Simulator
HF manikin, female,
Intravenous cannula,
Endotracheal tube,
Multiparametric monitor,
Foley’s catheter,
Nasogastric tube,

Trainers
Instructor 1
Instructor 2
Instructor 3
Facilitator 1
Facilitator 2

:
:
:
:
:

technician at the controls
briefing & debriefing
debriefing
senior doctor
surgeon
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Venous air embolism
MSSA_023_Scenario

Baseline
RR = 10
O Sat = 98%
EtCO2 = 35
2

HR = 102
BP = 100/60

General anesthesia

Cardiovascular collapse, PEA
Cardiopulmonary
resuscitation

NTR

HR = 45
BP = -/O Sat = no curve
EtCO2 = 15
2

Gas embolism
management

No

Yes
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Venous air embolism
MSSA_023_Programming

Baseline
Intubated et ventilated under anesthesia machine, RR = 10, Vt = 600, I/E =
1/2, PEP = 5, Paw = 20, O Sat = 98%, breath sounds = normal
2

HR = 102, cardiac rythm = sinus, BP = 100/60, heart sounds = normal
EtCO2 = 35 mmHg

Critical
Cardiovascular collapse
EtCO2 decreasing
Cardiac arrest

Landing
RR = 10, O Sat = 98%, no breath sounds
2

HR = 110, BP = 120/60
EtCO2 = 35 mmHg
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Venous air embolism
MSSA_023_Debriefing

Record
•
•
•
Þ
Þ
Þ
•

•
Þ
Þ
Þ
•
•

•

•

Venous air embolism (VAE) : air in the venous circulation occluding or impeding distal flow,
Paradoxical air embolism : air crosses from venous to systemic circulation either via a congenital defect (e.g.
a patent foramen oval, PFO) or via the pulmonary circulation into the left heart,
Any procedure where the operative site is higher than the right atrium and where the vasculature is exposed
in a surgical field carries a risk of air embolism. The risk factors for air embolism can be broadly categorized
into :
Surgical factors : laparoscopic surgery, sitting craniotomy, posterior fossa surgery, shoulder surgery,
caesarean section and exteriorisation of the uterus,
Anesthetic factors : central venous access, pressurised infusions, non-primed giving sets, unrecognised
epidural vein cannulation,
Patient factors : Trauma (blunt and penetrating), hypovolemia,
The clinical manifestation depends upon the rate and the volume of air entrained. Venous entrainment
generally results in return of air emboli to the right side of the heart. A volume of 5ml/kg is considered large
enough to cause an “air-lock” effect in the right ventricular outflow tract, with resultant cardiovascular
collapse due to catastrophic reduction in cardiac output,
The immediate sequelae of air embolism can be considered using an organ system based approach :
Cardiovascular : chest pain (if awake), arrhythmias, cardiovascular collapse, cardiac arrest,
Respiratory : shortness of breath, pleuritic sub-sternal chest pain, drop in end tidal carbon dioxide, acute lung
injury and non-cardiogenic pulmonary oedema,
Neurological (paradoxical air embolus) : ischemic stroke, abnormal pupillary response, delayed emergence,
Various monitoring devices can help in early detection of air in the vascular system especially the
transoesophageal echocardiography,
The goal of treatment in VAE is to prevent further air entry, reduction in volume of air entrained, and
haemodynamic support. Immediately covering the surgical field with saline soaked dressing and if possible
tilting the Table may help in preventing further air entrainment. In sitting position surgeries, by jugular venous
compression, it is documented that it limits or restrict the air entry into chest circulation,
Administration of 100% oxygen will maximize the patient's oxygenation as well as reduces embolus volume
by eliminating nitrogen. By maintaining the systemic arterial pressure with optimal fluid status and inotropic
support to the heart will help by keeping the patient stable. Air lock in right side of heart may be relieved by
partial left lateral decubitus position,
Aspiration of air from right atrium is possibly best treatment to improve the haemodynamic parameters
immediately and this can be done, with use of Bunegin-Albin multiorifice catheter up to 60% success rate.

Bibliography
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CBC
RBC

Result

Ref. Range

4.1 106/L

(3.50-5.30)

Hemoglobin

12.1 g/dL

Hematocrit

30.8 %

(33.0-42.0)

MCV

80.3 fl

(75.0-95.0)

MCHC

32.6 g/dL

(32.0-36.0)

14.10 103/µL

(7.00-12.00)

52.0 %
7.72 103/µL

(3.50-6.00)

0.6 %
0.06 103/µL

(0.05-0.30)

0.5 %
0.01 103/µL

(< 0.01)

10.5 %
4.0 103/µL

(3.50-5.00)

6.0 %
0.55 103/µL

(0.10-1.00)

271 103/µL

(150-400)

WBC
Neutrophils

Eosinophils

Basophils

Lymphocytes

Monocytes

Platelets

(11-14)
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Coagulation
Result
Prothrombin time
Taux de
prothrombine

Ref. Range

12.3 sec

82 %

(70-140)

INR
Partiel
thromboplastin time

30 sec

(25.0-35.0)

Fibrinogen

2.6 g/L

(2.00-4.00)
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Clinical chemistry
Result

Ref. Range

Sodium (Na+)

140 mmol/L

(135-145)

Potassium (K+)

4,2 mmol/L

(3.5-5.5)

Calcium (Ca2+)

90 mg/L

(90-105)

Chloride (Cl-)

103 mmol/L

(100-105)

Glucose

1.10 g/L

(0.70-1.10)

Urea

0.40 g/L

(0.10-0.50)

Creatinine

10 mg/L

(6-12)

AST

60 UI/L

(< 35)

ALT

50 UI/L

(5-40)

CRP

50 mg/L

(< 10)

Albumin

35 g/L

(35-55)
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Arterial blood gas 1
Result
pH

7.38

Ref. Range
(7.35-7.45)

CO2

39 mmHg

(35-45)

HCO3-

25 mmol/L

(22-26)

PaO2

95 mmHg

(> 85)

SaO2

96 %

Lactate

1.5 mmol/L

(95-100)
(< 2)
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Arterial blood gas 2
Result
pH
CO2
HCO3-

7.01
50 mmHg
8 mmol/L

PaO2

67 mmHg

SaO2

90 %

Lactate

3.5 mmol/L

Ref. Range
(7.35-7.45)
(35-45)
(22-26)
(> 85)
(95-100)
(< 2)
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ECG
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MSSA_023

Chest X-ray
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Echocardiography

Interpretation :

Air bubbles in the right atrium in a mid-oesophageal
bicaval view.
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Ventricular fibrillation
MSSA_024_Overview

Overview
Duration

:

12 to 15 minutes.

Target

:

Medical students, interns and residents.

Summary
:
A 30 year-old male, with no past medical history, undergoing an emergency
amputation of his left leg crushed in a car accident. The general anaesthesia is
done. The ECG monitoring is showing signs of cardiac arrythmia. You are the oncall anaesthetic trainee, and have just started your shift.

Learning objectives
Clinical and medical management
• Early recognize signs of Ventricular
Fibrillation (VF),
• Manage a VF,
• Consider common perioperative
diagnosis,
• Mark the incident on the anesthesia
record.

Communication and teamwork
• Perform good leadership directing,
• Work in an interdisciplinary team,
• Coordinate with other specialists.
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Ventricular fibrillation
MSSA_024_Briefing

Data
Location

:

operating room

Patient

:

M, 30 Y0, 76 Kg, 173 cm

Symptom(s)

:

cardiovascular collapse

Onset

:

general anesthesia induced, surgery ongoing

Critical event

:

ventricular fibrillation

Past history
Medical history

:

none

Surgical history

:

none

Medication

:

none

Allergies

:

none

Physical exam findings
A

:

mallampati 1, normal dentition

B

:

Patient intubated et ventilated under anesthesia machine, RR = 10,
Vt = 600, I/E = 1/2, PEP = 5, Paw = 20, EtCO2 = 35, O2Sat = 98%,
breath sounds = normal

C

:

HR = 90, cardiac rythm = sinus, BP = 120/80, heart sounds =
normal

D

:

patient under general anesthesia

E

:

nothing to report

Blood glucose : 1,1 g/L

UT : P - B -

Temperature : 36,8 °C
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Ventricular fibrillation
MSSA_024_Scenario

Checklist
Equipment

Resources

Airway equipment

Epinephrine

Breathing equipment

Amiodarone

Circulation equipment

Lidocaine

Resuscitation trolley

Calcium gluconate

Multiparametric monitor

Glucose Insulin
Sodium bicarbonate
Salbutamol

Simulator
HF manikin, male, supine position
Intravenous cannula,
Endotracheal tube,
Multiparametric monitor,

Trainers
Instructor 1
Instructor 2
Instructor 3
Facilitator 1
Facilitator 2

:
:
:
:
:

technician at the controls
briefing & debriefing
debriefing
senior doctor
surgeon
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Ventricular fibrillation
MSSA_024_Scenario

Baseline
RR = 10
O Sat = 98%
EtCO2 = 35
2

HR = 90
BP = 120/80

General anesthesia

Cardiovascular collapse
CPR
Management of VF

NTR

HR = 180
BP = 80/40
O Sat = no curve
EtCO2 = 20
2

Haemodynamic
support
Management
of hyperkalemia

No

Yes
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Ventricular fibrillation
MSSA_024_Programming

Baseline
Intubate et ventilated under anesthesia machine, RR = 10, Vt = 600, I/E =
1/2, PEP = 5, Paw = 20, O Sat = 98%, breath sounds = normal
2

HR = 90, cardiac rythm = sinus, BP = 120/80, heart sounds = normal
EtCO2 = 35 mmHg

Critical
Cardiovascular collapse
Ventricular fibrillation
Hyperkalemia

Landing
RR = 10, O Sat = 98%, no breath sounds
2

HR = 110, BP = 120/80
EtCO2 = 35 mmHg
Transfer to ICU
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Ventricular fibrillation
MSSA_024_Debriefing

Record
•
•
Þ
Þ
Þ
Þ
Þ
•
•

•
•
•

•

•
•

Ventricular fibrillation (VF) is characterised by fast, chaotic, irregular and disorganised broad
complexes on the ECG. There will be no palpable peripheral or central pulses due to the lack of
cardiac output,
Risk factors for VF include :
Recent myocardial infarction,
Pre-existing ischaemic heart disease,
Hyperkalemia,
Excessive endogenous or exogenous chatecholamine levels,
Myocardial irritation e.g. from a guidewire during the insertion of a central venous catheter,
Various guidelines exist around the world to direct management of VF. The basic principles of
effective chest compressions with early electrical defibrillation are consistent across the globe,
The Resuscitation Council recommends immediately calling for help and non-synchronised direct
current cardioversion with an initial biphasic shock of 150-200J, followed by 150-360J for
subsequent shocks. Each shock should be followed with 2 minutes of cardio-pulmonary
resuscitation whilst correcting possible causes,
Electrical defibrillation must occur as soon as possible due to the high success rate if the first
shock is delivered within 3 minutes,
In either VF or pulseless VT occurring in the cardiac catheter lab or immediately post cardiac
surgery, the use of up to three consecutive “stacked” shocks is recommended,
If no defibrillator can be found immediately, chest compressions and ventilation with 100% oxygen
at a 30:2 ratio must occur. The compressions should be at a speed of 100 to 120/min and
intubation should occur during this time. Administer adrenaline 1mg 1:10,000 IV/IO every 3-5
minutes beginning after the third shock (during alternate cycles of cardio-pulmonary resuscitation),
In resistant VF or pulseless VT, treat and normalise any reversible causes H’s and T’s : Hypoxia,
Hypovolemia, Hypothermia, Hypo or hyperkalemia, Tension pneumothorax, Tamponade (cardiac),
Thromboembolism (coronary/pulmonary), Toxins,
Consider urgent cardiology advice,
If VF/pulseless VT persists following 3 shocks, amiodarone 300mg IV though large peripheral/
central access can be given. If in an intra-operative environment and resuscitation is successful,
complete surgery as soon as possible, then transfer the patient intubated and sedated, to the
intensive care unit.
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Clinical chemistry
Result

Ref. Range

Sodium (Na+)

140 mmol/L

(135-145)

Potassium (K+)

7,8 mmol/L

(3.5-5.5)

Calcium (Ca2+)

100 mg/L

(90-105)

Chloride (Cl-)

102 mmol/L

(100-105)

Glucose

1.00 g/L

(0.70-1.10)

Urea

1.90 g/L

(0.10-0.50)

Creatinine

80 mg/L

(6-12)

AST

110 UI/L

(< 35)

ALT

80 UI/L

(5-40)

CRP

20 mg/L

(< 10)

Albumin

38 g/L

(35-55)
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Arterial blood gas
Result
pH
CO2
HCO3-

6.98
15 mmHg
4 mmol/L

PaO2

85 mmHg

SaO2

90 %

Lactate

6 mmol/L

Ref. Range
(7.35-7.45)
(35-45)
(22-26)
(> 85)
(95-100)
(< 2)
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Clinical chemistry
Result

Ref. Range

CPK

2900 UI/L

(0-200)

LDH

1800 UI/L

(190-400)
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ECG 1
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ECG 2

_____________________________________________________________________________________________________________
-357-

MSSA_024

Fate Sonography

Interpretation :

No signs of cardiac tamponade, nor embolism.
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Guidelines &
evaluation grids
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1

Amniotic fluid embolism

EVALUATION GRID
ITEMS

G
U
I
D

0

1

2

Call for help

DIAGNOSIS
• Suddent onset of the following in a
pregnant or post-partum :
• Respiratory distress,
• Cardiovascular collapse,
• Coagulopathy ± DIC,
• Seizures, altered mental status,
• Unexplained fetal compromise.

DO NOT FORGET
• Call for help,
• Inform team,
• Check guidelines.

Communicate the problem
CPR if cardiac arrest
Left uterine displacement
Intubate early
100% O2
Establish IV acess
IV fluids

E
L
I
N

MANAGEMENT
• Anticipate possible cardiopulmonary arrest and emergent C-section,
• Place patient in left uterine displacement,
• Increase to 100%, high flow,
• Establish large volume IV access,
• Support circulation with IV fluids, vasopressors and inotropes,
• Prepare for emergent intubation,
• Anticipate massive hemorrhage and DIC,
• Consider circulatory support.

Vasopressors for adequate BP
Monitor leads
Assess cardiac rhythm
Deliver baby if no response 4’
Debrief the team

E
S

0 : not done, 1 : poorly done, 2 : well done
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Anaphylaxis

EVALUATION GRID
ITEMS

G
U
I
D

0

1

2

Call for help

DIAGNOSIS
• Cardiovascular changes :
hypotension, circulatory collapse,
tachycardie or bradycardia,
• Bronchospasm, pulmonary oedema,
• Erythema, skin rash, pruritus,
• Oeema of the face and lips,
• Nausea and vomiting if awake.

DO NOT FORGET
• Request immediate assistance,
• Inform team,
• Check guidelines.

Communicate the problem
Cease all likely triggers
Monitor time and vital signs
Ventilate with 100% O2
Infuse fluids
Elevate legs
Give Epinephrine intravenous

E
L
I
N

MANAGEMENT
• Cease all drugs, plasma expanders, blood products,
• Immediate and aggressive volume expansion,
• Maintain ventilation with 100% oxygen,
• Elevate the legs, if pratical,
• Give epinephrine bolus IV 0,1 à 0,2 mg,
• Titrate against heart rate and blood pressure,
• Treat bronchospasm with albuterol if necessary,
• Is signs de angioedema, consider early intubation,
• After stabilisation consider H1 antagonist, H2 antagonist and corticosteroids,
• Take bloods for testing as soon as possible.

Insert arterial line
Consider corticosteroids
Collect for mast cell tryptase
Prepare for transfer to ICU

E
S

0 : not done, 1 : poorly done, 2 : well done
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Aspiration under anesthesia

EVALUATION GRID
ITEMS

G
U
I

0

1

2

Call for help

DIAGNOSIS
• Laryngospasm, airway obstruction,
• Bronchospasm, wheeze, crackles,
• Hypoventilation, dyspnea, apnea,
• Reduced compliance,
• Desaturation, bradycardia, arrest.

DO NOT FORGET
• Call for help,
• Inform team,
• Check guidelines.

D

Communicate the problem
Patient in head down
Remove the airway
Suction the pharynx
Intubate and suction bronchial
100% O2
Proceed if emergency Surgery

E
L
I
N
E
S

MANAGEMENT
• Sedation, analgesia, IPPV via ETT,
• Suction airway, optimize FiO2 and PEEP,
• Bronchoscopy and lavage if necessary,
• Bronchodilators as necessary,
• Chest X Ray. If normal, and if saturation is adequate, extubate,
• If stable after 2 hours in recovery, send to the ward and follow up,
• If unstable or saturation is inadequate : maintain intubation and IPPV and
admit to a high dependency area,
• Explain what happened to patient and relations,
• Repeat chest X ray and blood gases,
• Consider PEEP, bronchdodilators, inotropes,
• Culture sputum, Antibiotics, not routine,
• Reassess daily.

Empty the stomach
Condier admission to ICU

0 : not done, 1 : poorly done, 2 : well done
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Asystole

EVALUATION GRID
ITEMS

G
U
I

0

1

2

Call for help

DIAGNOSIS
• Flat line with pulseless,
• Loss of carotid pulse > 10 seconds,
• Loss of end tidal CO2,
• Loss of arterial line tracing,
• Loss of waveform on pulse
oximeter.

DO NOT FORGET
• Call for help,
• Inform team,
• Check guidelines.

D

Communicate the problem
Commence compressions
Secure airway, 100% O2
Resume CPR
Epinephrine 1 mg
Review reversible causes
Consider pacing when p waves +

E
L
I
N
E
S

MANAGEMENT
• Circulation : CPR and compressions, consider drugs,
• Airway : bag mask ventilation until intubated, endotracheal intubation, FiO2 =
100%, turn off vasodilating volatils,
• Breathing : RR 10/min, obtain visible chest rise,
• Continue CPR : 30:2 if non intubated, continuous compression if intubated,
• Epinephrine 1 mg IV, 3-5’,
• Consider CaCl 1 g if hyperkaliema in differential,
• If PEA, consider : hypovolemia, tamponade, tension pneumothorax and
H6T6,
• Post-cardiac arrest : invasive monitoring, final surgical plan, transport to ICU,
consider therapeutic hypothermia.

Transthoracic US if pratical
Consider post-resuscitation care
Consider therapeutic hypothermia
Avoid hyperglycemia
Avoid hyperoxaemia
Avoid hypercarbia

0 : not done, 1 : poorly done, 2 : well done

__________________________________________________________________________________________________________________________________________________________________
-366-

5

Bradycardia- Unstable

EVALUATION GRID
ITEMS

G
U
I

0

1

2

Call for help

EMERGENCY
• Complete COVER ABCD-A SWIFT
CHECK,
• Do not hesitate to treat as cardiac
arrest,
• Ensure adequacy of oxygenation
and ventilation.

DO NOT FORGET
• Call for help,
• Inform team,
• Check guidelines.

D

Communicate the problem
Turn off vaporiser
Get IV access
IF fluids therapy
Administer Atropine
Consider Epipnephrine
Increase monitoring

E
L
I
N

MANAGEMENT
• If hypotensive :
• Inform and interrogate the surgeon,
• Turn off vaporiser,
• Crystalloid bolus and repeat if necessary,
• Atropine 0.01 mg/Kg,
• Consider epinephrine bolus followed if necessary by an infusion,
• Increase monitoring, ECG, arterial line, CVP,
• Consider external pacemaker (transvenous or transcutaneous),
• Review and treat probable causes : drugs, airway, vagal reflexes, regional
anesthetic, surgical factors, undetected blood loss or cardiac event.

Check ECG
Consider insertion arterial line
Consider external pacemaker
Treat reversible causes
Admission to ICU

E
S

0 : not done, 1 : poorly done, 2 : well done
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Bronchospasm

EVALUATION GRID
ITEMS

G
U
I

0

1

2

Call for help

DIAGNOSIS
• Increasing circuit pressure,
• Desaturation,
• Wheeze (auscultate),
• Rising ETCO2 and prolonged
expiration,
• Reduction in tidal volumes.

DO NOT FORGET
• Request immediate assistance,
• Inform team,
• Check guidelines.

D

Communicate the problem
Hand ventilate
Deepen Anesthesia
Check tube placement, 100% O2
Salbutamol, Ipratropium
Monitor EtcO2
Consider IV fluids

E
L
I
N

MANAGEMENT
• Think of : anaphylaxis, airway manipulation, irritation, secretions, soiling,
oesophageal or endobronchial intubation, pneumothorax, inadequate
anesthetic depth or failure of anesthetic delivery system,
• 100% Oxygen,
• Cease stimulation under surgery,
• Deepen anesthesia (sevoflurane or propofol),
• Give inhaled agents : bêta2 agonist ± anticholinergic (Ipratropium),
• Consider epinephrine if severe,
• Consider ketamine,
• Consider hydrocortisone.

Epinephrine if severe
Long expiratory phase
Consider hydrocortisone
Prepare for ICU admission

E
S

0 : not done, 1 : poorly done, 2 : well done
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Delayed emergence

EVALUATION GRID
ITEMS

G
U
I
D

0

1

2

Call for help

RAPID PANEL
• Vital signs (including temperature),
• Twitch monitor,
• Neurologic exam,
• Fingerstick glucose,
• ABG with electrolytes,
• Make arrangements for naloxone,
flumazenil, physostigmine, imaging.

DO NOT FORGET
• Call for help,
• Inform team,
• Check guidelines.

Communicate the problem
Check all anesthetic agents OFF
Check residual paralysis
Consider reversing accordingly
Check oxygenation
Check ventilation
Check circulation

E
L
I

MANAGEMENT
• Confirm that all anesthetic agents (inhalation/IV) are OFF,
• Check for residual muscular paralysis, and reverse accordingly,
• Correct any abnormalities in oxygenation, ventilation, laboratory, values or
temperature,
• If residual mental status abnormalities, monitor the patient ine the ICU with
neurological follow up, including serial exams,
• Repeat Head CT or MRI if needed.

Check laboratory
Consider CT or MRI
Admission in ICU
Consider follow up

N
E
S

0 : not done, 1 : poorly done, 2 : well done
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Difficult airway- Unanticipated

EVALUATION GRID
ITEMS

G
U
I

0

1

2

Call for help

Remember

DO NOT FORGET

• Patients do not die from failed
• Call for skilled assistance,
intubation, only failed ventilation,
• Inform team,
• Always have skilled assistance,
• Check guidelines.
preferably another anesthetist, when
difficulty is expected or the patient’s
cardiorespiratory reserve is low.

D

Communicate the problem
Request difficult airway trolley
Monitor time & vital signs
Confirm bag & mask ventilation
Neck flexion head extension
Adjust cricoid pressure
BURP

E
L
I
N
E
S

MANAGEMENT
• Call for the difficult intubation trolley,
• Maintain oxygenation all times,
• Have someone feel the pulse and call out the SpO2,
• If you cannot ventilate the lung : cannot ventilate algorithm,
• If you can ventilate by face mask, consider waking up the patient, or
maintaining anesthesia and trying to intubate,
• Try basic manoeuvres first :
• Optimise the head and neck position,
• Try laryngeal manipulation such as "BURP”,
• Try a well-lubricated gum elastic bougie or stylet,
• Try different laryngoscope blades,
• If these fail : consider inserting LMA or other techniques.

Consider long or straight blade
Consider Stylet
Up to 2 intubation attemps
Consider LMA insertion

0 : not done, 1 : poorly done, 2 : well done
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Drug error

EVALUATION GRID
ITEMS

G
U
I
D

0

1

2

Communicate the problem

CHECK

DO NOT FORGET

• Review all ampoules, syringes,
bags, burettes, cassettes,
• Review all drug labels,
• Systematically review all vascular
acess equipment,
• Work from fluid source, cannula,
skin interface,

• Call for help,
• Inform team,
• Check guidelines.

Check vehicles, dilutions, rates
Correlate doses with effects,
Consider if wrong patient
Consider if wrong drug
Consider if wrong dose
Check failure of intended delivery
Check unintended drug delivery

E
L
I
N
E
S

MANAGEMENT
• Check vehicles, dilutions, rates, routes are correct,
• Correlate doses with effects,
• Always consider :
• Wrong patient,
• Wrong drug : ampoule or syringe swap, known allergy,
• Wrong dose/rate : wrong diluent, dilution, wrong time, wrong route, site,
• Failure of intended delivery : malpoistioned cannula tip, bag, syringe, burette
empty, cannula disconnected, blocked, kinked, line disconnected, blocked,
kinked, line disconnected, blocked, kinked, back flow,
• Unintended delivery of drug,
• Beware : any syringe containing relaxant, hematoma, extravasation,
inadvertent intra-arterial placement, pneumothorax, hemothorax,
hydrothorax, nerve damage, dysrhythmias, cannula dead space.

Report the incident
Report the anesthesia record

0 : not done, 1 : poorly done, 2 : well done
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Hemorrhage

EVALUATION GRID
ITEMS

G
U
I
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1

2

Call for help

DIAGNOSIS
• Tachycardia, hypotension,
• Tachypnea,
• Altered mental status,
• Oliguria,
• Pallor.s

DO NOT FORGET
• Call for help,
• Ask surgeon: “Should we page a
vascular surgeon or other additional
help for you?
• Check guidelines.

D

Communicate the problem
Surgical effort to control bleeding
Switch to 100% O2
Use vasopressors
Warm fluid & OR
Insert double IV access
Contact blood bank

E
L
I
N
E
S

MANAGEMENT
• Follow local protocol to order Massive Transfusion Guideline (MTG) or
equivalent, consider accepting low normal BP,
• Increase to 100% O2, high flow,
• Treat hypotension with IV fluid bolus and Consider Trendelenburg or
elevation of patient’s legs, call for rapid infuser, establish additional IV
access or intraosseous if needed,
• Use vasopressor boluses (ephedrine, phenylephrine, epinephrine) as a
temporizing measure,
• Send Type and Cross sample. TS will provide emergency release Type O
PRBC until crossmatched blood is available,
• Maintain normothermia and use fluid warming devices for IV and blood
products, use forced air warmers,
• Monitor for hypocalcemia,
• Call for cell-saver (if non-contaminated, non-malignant case).

Rapid fluid infuser & cell saver
Consider antifibrinolytic agents
Monitor calcium
Establish bedside monitoring
Thromboelastography
Hemocue
Follow up with laboratory testing

0 : not done, 1 : poorly done, 2 : well done
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Hypotension

EVALUATION GRID
ITEMS

G
U
I
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1

2

Call for help

EMERGENCY
• Complete COVER ABCD- A SWIFT
CHECK,
• Confirm the blood pressure change
is real,
• Do not hesitate to treat as cardiac
arrest.

DO NOT FORGET
• Call for help,
• Inform team,
• Check guidelines.

D

Communicate the problem
Check vaporisers are OFF
Elevate legs
Get IV access
IV fluids therapy
Consider phenylephrine
Consider ephedrine

E
L
I
N
E
S

MANAGEMENT
• Recheck vaporisers are off,
• Improve posture : lie flat, elevate legs,
• IV fluids : crystalloid bolus and repeat as necessary,
• Give phenylephrine or ephedrine to temporize,
• If severe refractory hypotension consider epinephrine,
• Increase FiO2 to 100%, high flow,
• If erythema, rash or wheeze is evident,
• If bradycardia give atropine,
• If pulseless go to cardiac arrest,
• If desaturated or cyanosed go to hypoxemia,
• Increase monitoring.

Consider epinephrine if severe
100% O2
Consider atropine if bradycardia
Increase montoring
Insert arterial line if possible
Admission in ICU

0 : not done, 1 : poorly done, 2 : well done
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Hypoxemia

EVALUATION GRID
ITEMS

G
U
I
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1

2

Call for help

DESATURATION
• Complete COVER ABCD-A SWIFT
CHECK,
• Hand ventilate with 100% oxygen,
• Confirm the FiO2 is appropriate.

DO NOT FORGET
• Call for help,
• Inform team,
• Check guidelines.

Communicate the problem
Check EtCO2
O2 100%
Check FiO2 is appropriate
Exclude endobronchial intubation

D

Consider and treat anaphylaxis
Consider and treat pneumothorax

E
L
I
N
E
S

MANAGEMENT
• Confirm the EtCO2 is appropriate, if it is low consider : anaphylaxis,
pneumothorax, air embolism,
• Auscultate again, specifically exclude endobronchial intubation,
• Review and treat other possible causes,
• Underlying cardiopulmonary problems,
• If bronchial secretions or plugs are suspected :
• Posture and suction ETT/bronchi,
• Give a "long slow blow" especially in children,
• If cardiovasculary stable consider PEEP/CPAP,
• If acute shunt is suspected, ensure the patient is supine and level,
• If a pneumoperitoneum is present, deflate the abdomen.

Consider and treat air embolism
Suction ETT, bronchi
Get ABG
Consider Chest X Ray

0 : not done, 1 : poorly done, 2 : well done
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Local anesthetic toxicity

EVALUATION GRID
ITEMS

G
U
I

0

1

2

Stop giving the drug

DIAGNOSIS
• Metallic taste,
• Aletered mental status,
• Seizures,
• Hypotension, bradycardia,
• Ventricular arythmias,
• Cardiovascular collapse.

DO NOT FORGET
• Call for help,
• Inform team,
• Check guidelines.

D

Call for help
Communicate the problem
Review the airway
100% 02
CPR if cardiac arrest
Secure IV access
Treat seizures

E
L
I
N

MANAGEMENT
• Stop injecting the local anesthetic,
• Maintain the airway and, if necessary, secure it with a tracheal tube,
• Give 100 % oxygen and ensure adequate lung ventilation,
• Confirm or establish intravenous access,
• Control seizures :
• First line: Midazolam IV 0.1–0.2 mg / kg as a slow bolus,
• If seizures do not terminate, give : thiopentone IV 125-250 mg in incremental
doses of 25 mg over 10 minutes or propofol IV 1-1.5 mg / kg,
• If signs persist or patient unstable : rapidly give 1.5 mL/kg bolus of 20%
Intralipid IV (70 kg adult gets 105 mL fast).

Administer 20% Intralipid
Admission to ICU

E
S

0 : not done, 1 : poorly done, 2 : well done
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Malignant hyperthermia

EVALUATION GRID
ITEMS

G
U
I
D

0

1

2

Call for help

DIAGNOSIS
• Increased EtCO2, tachycardia,
tachypnea,
• Mixed acidosis,
• Masseter spasm, trismus, muscle
rigidity,
• Sudden cardiac arrest (K+),
• Hyperthermia, myoglobinuria,

DO NOT FORGET
• Call for help,
• Stop or shorten the surgery,
• Check guidelines.

Communicate the problem
Request MH box
Remove volatile agents
Change soda lime if possible
Hyperventilate 15L/min
±Change circuit or machine
Dantrolene IV 2.5mg/Kg

E
L
I
N
E
S

MANAGEMENT
• Immediate disruption of the administration of any halogenated agent and
succinylcholine,
• Hyperventilation in pure oxygen in open circuit. The complete change of the
circuit is sometimes necessary,
• IV administration (at best on central venous catheter) of 2.5 mg/Kg
Dantrolene. One should be prepared to increase the dosage in increments of
1 mg/kg every 10 minutes up to 10 mg/Kg,
• Volume expansion with isotonic saline (lactate and potassium free) and
bicarbonate, Ensure hyper-diuresis > 2 mL/kg/h.
• Reduce the patient’s temperature : iced isotonic saline, Irrigate stomach,
bladder, rectum, operative cavity with ice-cold serum,
• Arrhythmias normally respond to the treatment of acidosis and
hyperkalemia. In case of persistence, use anti-arrhythmic while absolutely
avoiding calcium channel blockers.

Maintain anesthesia, TIVA
Insert arterial line
Actively cool the patient
Consider and treat hyperkaliema
Conider and treat acidosis
Consider and treat arrhythmias
Maintain urine output > 2mL/Kg/h
Monitor ABG, electrolytes, T°
Admit to the ICU
0 : not done, 1 : poorly done, 2 : well done

__________________________________________________________________________________________________________________________________________________________________
-376-

15

Myocardial ischemia

EVALUATION GRID
ITEMS

G
U
I
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2

Administer 100% O2

DIAGNOSIS
• Chest pain in awake patient,
• Abnormalities of ST segment,
• Arrhythmias,
• Conduction abnormalities,
• Wall motion abnormalities on TTE

DO NOT FORGET
• Call for help,
• Inform team,
• Check guidelines.

D

Confirm adequate ventilation
Confirm adequate anesthesia
Confirma adequate analgesia
Control the heart rythme
Cease stimulation
Consider betablockers if BP high
Restore normovolemia if BP low

E
L
I
N
E
S

MANAGEMENT
• Increase 100% O2 if hypoxemic,
• Consider expanded monitor view or ECG to verify ischemia,
• Treat hypotension or hypertension,
• Give ß-blocker to slow heart rate, unless bradycardia or hypotension,
• Consider Aspirin, Heparin, ±Clopidogrel depending on patient data,
• Optimize analgesia,
• Consider nitroglycerin infusion, unless hypotension,
• Consider central venous access, place arterial line and send labs,
• Treat with packed red blood cells if anemic,
• Be aware of arrhythmias and consider applying pads,
• Consider extra-corporeal hemodynamic support.

Use blood if anemic
Treat inappropriate vasodilatation
Control filling pressure
Support contractility
Consider anticoagulation
Consider ECMO
Consider and treat consequences

0 : not done, 1 : poorly done, 2 : well done
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Oxygen failure

EVALUATION GRID
ITEMS

G
U
I
D
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2

Call for help

DIAGNOSIS
• O2 failure alarm,
• Inappropriately low FiO2.

DO NOT FORGET
• Call the theatre manager to assess
the extent of the failure through the
hospital, the reserve supplies of
oxygen, and the implications for
ongoing supply,
• Inform team,
• Check guidelines.

Communicate the problem
Back up oxygen cylinder ON
Close circuit valve
Reduce gas flows
Hand ventilate through system
Mainatain volatile agent
Call for additional cylinders

E
L
I
N
E
S

MANAGEMENT
• Turn on back up oxygen cylinder on machine, close circuit valve and reduce
gas flows to minimum (250 ml oxygen/min),
• Hand ventilate through the circle system,
• Maintain anaesthesia with volatile agent if appropriate,
• Ensure adequate inspired oxygen and agent concentration,
• Call for additional oxygen cylinders,
• Disconnect failed pipeline from the wall and do not re-use until formally
tested at wall outlet for composition and quality,
• If machine cylinder empties, replace it with new cylinder,
• Ensure emergency plans are initiated,
• Prioritise oxygen supply to patients with an oxygen requirement above room
air.

Do not re-use a failed pipeline
Initiate emergency plans
Prioritise oxygen supply

0 : not done, 1 : poorly done, 2 : well done
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Pneumothorax

EVALUATION GRID
ITEMS

G
U
I
D

0

1

2

Call for help

DIAGNOSIS
• Difficulty with ventilation/respiratory
distress,
• Desaturation,
• Hypotension, heart rate changes,
• Unilateral chest expansion, tracheal
deviation, abdominal distension,
• Distended neck veins.

DO NOT FORGET
• Call for help,
• Inform team,
• Check guidelines.

Communicate the problem
Cease surgical procedures
O2 100%
Turn off NO
Insert IV cannula
IV fluids therapy
Increase monitoring

E
L
I
N
E
S

MANAGEMENT
• Insert an IV cannula into the affected side,
• Turn off the nitrous oxide,
• Insert a pleural drain at the same site,,
• Continuously observe the bottle for bubbling and/or swinging,
• Be vigilant for the further deterioration in the patient, it may be due to :
• Increased or continuing air leak,
• Kiked, blocked, capped or clamped undedrwater seal drain,
• Controlateral pneumothorax,
• Misplaced pleural drain tip,
• Trauma caused by drain insertion,
• Misconnection of drain apparatus.

Consider Chest X Ray
Insert pleural drain
Observe bubbling
Be vigilant to deterioration
Admission in ICU

0 : not done, 1 : poorly done, 2 : well done
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Power failure

EVALUATION GRID
ITEMS

G
U

0

1

2

Call for help

DIAGNOSIS
• Power failure.

DO NOT FORGET
• Call for help,
• Inform team,
• Check guidelines.

I

Communicate the problem
Get additional light sources
Open doors
Open shades
Confirm ventilator working

D

Ventilate patient with Ambu®
Switch to TIVA

E
L
I
N
E
S

MANAGEMENT
• Get additional light sources : laryngoscopes, cell phones, flashlights,
• Open doors and shades to let in ambient light,
• Confirm ventilator is working and if not, ventilate patient with Ambu® bag
and switch to TIVA,
• If monitors fail, check pulse and manual blood pressure,
• Request Transport Monitor or defibrillator monitor,
• Confirm adequate backup O2 supply : power failure may affect oxygen
supply or alarms,
• Check extent of power failure : call bio-med or engineering, is the problem in
one OR, all ORs, or hospital-wide? If only in your OR, check if circuit breaker
has been tripped. @

Check pulse
Check manula BP
Check adequate backup O2
Check extent of power failure
Report the anesthesia record

0 : not done, 1 : poorly done, 2 : well done
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Pulseless electrical activity

EVALUATION GRID
ITEMS

G
U
I
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2

Call for help

DIAGNOSIS
• Electrical activity with pulseless,
• Loss of carotid pulse > 10 seconds,
• Loss of end tidal CO2,
• Loss of arterial line tracing,
• Loss of waveform on pulse
oximeter.

DO NOT FORGET
• Call for help,
• Inform team,
• Check guidelines.

D

Communicate the problem
Commence compressions
Secure airway, 100% O2
Resume CPR
Epinephrine 1 mg
Review reversible causes
Transthoracic US if pratical

E
L
I
N
E
S

MANAGEMENT
• Circulation : CPR and compressions, consider drugs,
• Airway : bag mask ventilation until intubated, endotracheal intubation, FiO2 =
100%, turn off vasodilating volatils,
• Breathing : RR 10/min, obtain visible chest rise,
• Continue CPR : 30:2 if non intubated, continuous compression if intubated,
• Epinephrine 1 mg IV, 3-5’,
• Consider CaCl 1 g if hyperkaliema in differential,
• If PEA, consider : hypovolemia, tamponade, tension pneumothorax and
H6T6,
• Post-cardiac arrest : invasive monitoring, final surgical plan, transport to ICU,
consider therapeutic hypothermia.

Consider post-resuscitation care
Consider therapeutic hypothermia
Avoid hyperglycemia
Avoid hyperoxaemia
Avoid hypercarbia

0 : not done, 1 : poorly done, 2 : well done
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Supraventricular tachycardiaUnstable

EVALUATION GRID
ITEMS

G
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D
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Call for help

TACHYCARDIA
• Complete COVER ABCD- A SWIFT
CHECK,
• Do not hesitate to treat as cardiac
arrest,
• If hypotensive : confirm change in
blood pressure, recheck that
vaporisers are off, crystalloid.

DO NOT FORGET
• Call for help,
• Inform team,
• Check guidelines.

Communicate the problem
O2 100%
Check vaporisers OFF
Get IV acceess
IV fluids therapy
Check BP
Increase monitoring

E
L
I
N

MANAGEMENT
• If not sinus tachycardia choose treatment based on severity of hypotension,
• If severe, use synchronized cardioversion : start at 100 J, if unsuccessful,
200 J,
• Consider antiarythmic drugs,
• If mild, use appropriate antiarrhythmic drugs : VT : lignocaine 1 mg/Kg (or
admiodarone 5 mg/Kg), AF : digoxine 0.05 mg/Kg (or admiodarone 5
mg/Kg), SVT : adenosine 6-12 mg IV (or titrated beta-blocker : atenolol 1 mg
boluses),
• Review and treat probable causes : hypovolemia, durgs, airway,
anaphylaxis, reflex stimulation or cardiopulmonary problems.

Check ECG
Consider synch. cardioversion
Consider amiodarone (VT)
Consider lignocaine (VT)
Consider digoxine (AF)
Consider adenosine (SVT)
Review reversible causes

E
S

0 : not done, 1 : poorly done, 2 : well done
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Total spinal anesthesia

EVALUATION GRID
ITEMS
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Call for help

DIAGNOSIS
• Unexpected rapid rise in sensory
blockade,
• Numbness or weakness in upper
extremities, dyspnea, apnea,
• Bradycardia, hypotension,
• Loss of consciousness,
• cardiac arrest

DO NOT FORGET
• Call for help,
• Inform team,
• Check guidelines.

Communicate the problem
Time the resuscitation
Use elapsed time prompts
Ventilate 100% O2
Vasopressors to adequate BP
Elevate the legs
Rapidly IV fluids

E
L
I

MANAGEMENT
• If cardiac arrest : start CPR,
• Support ventilation and intubate if necessary,
• Treat significant bradycardia or hypotension with immediate epinephrine,
• If mild bradycardia, consider atropine 0.5-1 mg,
• Give IV fluid bolus.

CPR if necessary
Atropine for bradycardia
Deliver baby if no response 4’
Inform ICU
Inform neonatal unit

N
E
S

0 : not done, 1 : poorly done, 2 : well done
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Transfusion reactions

EVALUATION GRID
ITEMS

G
U
I
D
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Cease transfusion

DIAGNOSIS
• Hemolytic reaction : fever, back,
flank pain, tachycardia, tachypnea,
hypotension, dark urine, DIC,
• Febrile : fever, chills, rigors,
headache, vomiting,
• Anaphylactic : hypotension,
urticaria, wheezing, tachycardia.

DO NOT FORGET
• Call for help,
• Inform team,
• Check guidelines.

Call for help
Communciate the problem
100% O2
Consider and treat bronchospasm
Consider CV support
Insert arteriel line
Maintain urine output

E
L
I
N

MANAGEMENT
• Stop transfusion,
• Support blood pressure with IV fluids and vasopressors,
• Retain blood product bag and notify transfusion service,
• Consult transfusion medicine MD if advice needed,
• Consider TRALI or volume overload if evidence of lung injury,
• Hemolytic reaction : maintain urine output, IV fluids, diuretics, monitor for
signs of DIC,
• Febrile : treat with antipyretics, rule out hemolysis, rule out bacterial
contamination,
• Anaphylactic : epinephrine infusion, antihistamines.

Use diuretic therapy
Consider and treat coagulopathy
Retain blood products
ICU admission

E
S

0 : not done, 1 : poorly done, 2 : well done
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23

Venous air embolism

EVALUATION GRID
ITEMS

G
U
I
D

0

1

2

Call for help

DIAGNOSIS
• A sudden fall in EtCO2,
• Desaturation and/or cyanosis,
• Air in surgical field or vascular line,
• Hypotension,
• Change in the heart rate and ECG,
• Raised CVP or distended neck
veins.

DO NOT FORGET
• Call for help,
• Inform team,
• Check guidelines.

Communicate the problem
Prevent further entrainment of air
Flood the operative field
100% O2
Avoid NO
Patient in head down
Consider and use PEEP

E
L
I
N

MANAGEMENT
• Prevent further entrainment/infusion of gas,
• Flood the field with fluid,
• Aspirate central venous line if already in situ,
• 100% oxygen and hand ventilate,
• Consider Valsalva or PEEP,
• Level the patient,
• Do note hesitate to treat as a cardiac arrest,
• Turn the vaporiser off,
• If hypotensive : volume expansion with crystalloid,
• Consider epinephrine.

Aspirate CVC
Attempt closed cardiac massage
IV fluid therapy
Keep hydrated
Epinephrine for hemodynamic
Consider hyperbaric O2 therapy
ICU admission

E
S

0 : not done, 1 : poorly done, 2 : well done
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24

Ventricular fibrillation

EVALUATION GRID
ITEMS

G
U
I

0

1

2

Call for help

DIAGNOSIS
• Ventricular fibrillation on monitor,
• Loss of carotid pulse > 10 seconds,
• Loss of end tidal CO2,
• Loss of arterial line tracing,
• Loss of waveform on pulse
oximeter.

DO NOT FORGET
• Call for help,
• Inform team,
• Check guidelines.

D

Communicate the problem
Commence compressions
Secure the airway, 100% O2
Shock immediately x 3
Resume CPR
Epinephrine 1 mg
Amiodarone 300 mg

E
L
I
N
E
S

MANAGEMENT
• Circulation : CPR and compressions, consider drugs,
• Airway : bag mask ventilation until intubated, endotracheal intubation, FiO2 =
100%, turn off vasodilating volatils,
• Breathing : RR 10/min, obtain visible chest rise,
• Continue CPR until defibrillator attached,
• Give 1 shock 360 Joules and resume CPR immediately,
• Check capnometer for CO2, if present hold CPR anc check rythm,
• After 3rd shock give epinephrine 1 mg IV, 3-5’,
• Consider anti-arythmics : amiodarone 300 mg IV, Lidocaine 1-1.5 mg/Kg IV,
• Consider magnesium if hypoMg, torsades & prolonged QT,
• Post-cardiac arrest : invasive monitoring, final surgical plan, transport to ICU,
consider therapeutic hypothermia.

Review reversible causes
Transthoracic US if pratical
Consider post-resuscitation care
Consider therapeutic hypothermia
Avoid hyperglycemia
Avoid hyperoxaemia
Avoid hypercarbia

0 : not done, 1 : poorly done, 2 : well done
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Breaking bad news
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Breaking bad news : how to do ?
MA. Fehdi, M. Mouhaoui, A. Zerhouni

Introduction
Bad news is an information that drastically alters the life world of the patient. It is a frequent situation that health care
workers face in their work field. This task of giving bad news is often avoided or at best done reluctantly. However,
because the bad news may dramatically change a family’s outlook for the future ; especially when it involves an
oncologic diagnosis, it is essential to do it well. To deliver bad news well, the authors believe that a therapeutic
relationship must first be built. Then and only then, will the bad news shared with a patient or family be received in the
best possible context.
Breaking bad news to a patient can be considered as one of the moments of greatest anxiety in medical practice.
Communication protocols are intended to minimize this stress, facilitating the development and maintenance of a
good doctor-patient relationship. Bad news can be defined as the revelation of a diagnosis of a potentially lifethreatening disease, such as cancer, as well as the failure of a curative therapy, but also include the discussion of a
poor prognosis and the proximity of death.
The way that bad news is transmitted generates a result that is more harmful to the patient and their family than
actual content informed. Thus, specific communication protocols and training can encourage the establishment of
empathy and trust between the patient and his/her doctor.

Steps to take in breaking bad news
There are communication protocols proposed in the international literature that are effective in reducing the stress
of professionals as well as facilitating the process of informing patients. We propose three different protocols : SPIKES
protocol, BREAKS protocol and PATIENTE protocol.
§ SPIKES Protocol :
This unfortunate acronym nevertheless helps memorise the steps and consider their elements.

Figure.1 : Illustration of SPIKES protocol

Step 1 Setting up the interview
The aim of this is to get the physical context right, maximise privacy, avoid interruption, to help patients listen and
understand, respect confidentiality and provide support. Liaise with staff as necessary. The more reassured you feel
about the setting the more at ease, and hence more available and helpful you will be to the patient.
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What ?

Where ?
Who ?
Starting off ?

Make sure you have checked all the available information and have,
Test results (including getting the right patient !),
Decide general terminology to be used,
Arrange for some privacy,
Should break the news, should other staff be there or significant others?
Introductions and appropriate opening.

Step 2 Assessing the patient’s perception
Finding out how much the patient knows. In particular how serious he or she thinks the illness is, and/or how much it
will affect the future.
What have you made of the illness so far ?
What did doctor X tell you when he sent you here ?
This helps you gauge how close to the medical reality the patient’s understanding is and will tell you about pacing. Also
whether the patient is in denial. The style and emotional content of the patient’s statements provide you with
information. Terms that are used or avoided and tone of voice will give information about the patient’s level of
understanding and whether the implications of the information have been taken in. It is important to learn the patient’s
level of understanding and articulation so that the professional can later begin the information-giving at the same level.
Verbal (words the patient uses to convey emotion) and non-verbal (body posture, hand movements) will indicate anxiety
possibly under a brave front. You are not required to judge these responses, change them or try to make them better.
They are however, important data to help you understand what is going on for the patient.
Step 3 Obtaining the patient’s invitation
Finding out how much the patient wants to know. In any conversation about bad news the real issue is not “do you
want to know ?” but “at what level do you want to know?”. This is a potentially controversial issue. Guidelines for
informed consent indicate information which patients need to make informed decisions. Equally respecting patients
autonomy also means that patients have a right not to know or want to hear information. The challenge in
communication is how to know what a patient wants and also how to ensure that there are other opportunities if a
patient decides at present that he or she does not wish to know all the details. Unless the patient is asked it is not
possible to know how much they wish to know and the doctor may be projecting his or her own reticence to fully
disclose the information. There are however ways and ways of asking questions. “You don’t want to be bothered with
the details do you ?” is obviously a leading question. The doctor must be committed to honesty and fully informing the
patient. In that frame of reference, pacing and phrasing of questions are geared to this goal. Some examples of
questions are : “Would you like me to tell you the details of the diagnosis ?”.
Step 4 Giving knoweldge and information to the patient
First decide on your objectives for the consultation. This does not mean that you forge blindly ahead with your own
agenda ignoring the patient’s responses, but it does mean that you keep in mind what you are wanting to cover and
how you are progressing to fulfil your agenda. The four crucial headings are : diagnosis, treatment plan, prognosis and
support. In order to do so, there are some considerations to take :
Check whether your objectives are legitimate. Sometimes doctors might want the patient to accept their advice on
treatment, not get upset and to feel optimistic and reassured about the future. It is not possible to predict how patients
will respond to news. One of the difficulties for doctors is accepting that mentally competent and informed patients
have a right to accept or reject treatment offered and to react to news and express their own feelings in any (legal)
way she or he chooses.
Aligning. (Start from the patient’s starting point) - Having found out what the patient already understands, reinforce
those parts which are correct using their words if possible – this builds patient’s confidence that they have been heard
and are being taken seriously. This process of aligning helps the next stage of modifying, correcting or educating a
patient with new information.
Educating. - Changing the patient’s understanding in small steps and observing the patient’s responses, reinforcing
those that are bringing the patient closer to the medical facts and emphasising the relevant medical information if the
patient is straying from an accurate understanding.
The Warning Shot e.g. “Well, the situation does appear to be more serious than that”,
Give information in small chunks,
English not Medspeak,
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Check Reception Often and Clarify e.g,
“Am I making sense?”
“This might be a bit bewildering, do you follow roughly what I’m saying?”
Reinforce Information Often & Clarify e.g,
“Could you just tell me the general drift of what I have been saying, to check I’ve explained it clearly?”,
Repeat Important Points – patients who are upset or shocked don’t hear or remember well,
Use diagrams, written messages as an aide memoir, audiotapes or leaflets,
Check your level – try to simplify without being patronising,
Listen to Patient’s Agenda :
What are their concerns e.g. Patients may be more worried about hair loss from chemotherapy than potential
risk of the disease,
Listen to the buried questions & invite questions.

Step 5 Addressing the Patient’s emotions with empathic responses
Responding to the Patient’s Feelings. This is a difficult challenge in breaking bad news. Patient’s responses can vary
from silence to distress, denial or anger. Observe the patient and give them time. Acknowledge any shock and ask
them what they are thinking or feeling. Listen and explore if you are unclear what the patient is expressing and then
respond empathically. Empathic reflection lets the patient know you have registered what they are conveying to you in
words or body language. Whilst a person is experiencing strong emotions it is difficult to go on to discuss anything
further as they will be finding it difficult to hear anything. Allow silence. Empathy allows the patient to express their
feelings and worries and provides support. Do not argue. Allow expression of emotion without criticism.
Step 6 Strategy and Summary
Planning and Follow-through. Patients will be looking to health professionals for help in making sense of the confusion
and offering plans for the future :
Demonstrate an understanding of the patient’s problem list,
Indicate you can distinguish the fixable from the unfixable,
Make a plan or strategy and explain it,
Preparing for the worst and hoping for the best,
Identify coping strategies of patient and reinforce them,
Tell them what happens next,
When a patient has left :
Check your own feelings,
Deal with the next patient sensitively, as they may have been neglected.
§ BREAKS Protocol :
This unfortunate acronym nevertheless helps memorise the steps and consider their elements.

Figure.2 : Illustration of BREAKS protocol
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Step 1 Background
An effective therapeutic communication is dependent on the in-depth knowledge of the patient’s problem. The
accessibility of electronic media has given ample scope for obtaining enough data on any issue, though authenticity is
questionable. It is highly desirable to prepare answers for all questions that can be anticipated from the patient. The
physician must be aware of the patient/relative who comes after “googling” the problem. It may not be possible to
answer all questions, but all reasonable doubts of the patient as well as his relatives should be cleared. If the physician
has not done his homework meticulously, the session should be postponed. Apart from doing an in-depth study on the
patient’s disease status, his emotional status, coping skills, educational level, and support system available are also
reviewed before attempting to break the bad news. Cultural and ethnic background of the patient is also very
important. The physician has to be sensitive to the cultural orientation of the patient, and it should be respected. The
individual’s thinking and actions are governed by his cultural orientation. The physical set up is very important in
accomplishing this difficult task.
The mobile phone must be switched off. All physical barriers must be removed to maintain eye contact. A co-worker’s
help for transcribing the conversation is helpful. Emotional breakdown can be expected; hence, the physician may have
to console the patient as well. Regressive behaviors need to be tackled with a complimentary transaction. The
appointment length should be sufficient to complete the task.
Step 2 Rapport-Relation
Building rapport is fundamental to continuous professional relationship. The physician should establish a good rapport
with the patient. He needs to have an unconditional positive regard, but has to stay away from the temptation of
developing a patronizing attitude. The ease with which the rapport is being built is the key to continue conversation. A
hostile attitude has disastrous outcome, so is a hurried manner. It is necessary to provide ample space for the
windows of self-disclosure to open up. The patient should be placed in a comfortable position. Present condition of the
patient can be enquired through open questions. If the patient is not prepared for the bad news, especially after getting
his/her symptoms well palliated, let him finish the reports of well-being, and then try to take cues from his conversation
to initiate the process of breaking bad news.
Step 3 Exploring
Whenever attempting to break the bad news, it is easier for the physician to start from what the patient knows about
his/her illness. Most of the patients will be aware of the seriousness of the condition, and some may even know their
diagnosis. The physician is then in a position of confirming bad news rather than breaking it. The history, the
investigations, the difficulties met in the process etc need to be explored. What he/she thinks about the disease and
even the diagnosis itself can be explored, and the potential conflicts between the patient’s beliefs and possible
diagnosis can be identified. The dynamics of the family and the coping reservoir of the patient are very important in
delivering the bad news. Try to involve the significant other people of the patient in the decision-making process, if
allowed by the patient. At least few patients may respond in a bizarre way to the bad news. Hence, a careful exploration
of all these points should be carried out. A common tendency from the physicians is that they jump into premature re
assurances. Premature reassurance occurs when a physician responds to a patient concern with reassurance before
exploring and understanding the concerns. Absolute certainties about longevity cannot be given to a patient. The
prognosis can be explained in detail; with all available data. A reasonable conclusion based on the facts can be
presented.
Step 4 Announce
A warning shot is desirable, so that the news will not explode like a bomb. Euphemisms are welcome, but they should
not create confusion. The patient has the right to know the diagnosis, at the same time he has the right to refrain
from knowing it. Hence, announcement of diagnosis has to be made after getting consent. The body language of both
the physician and patient is very important, and the physician is supposedly a mirror image of the patient. The
embarrassment, agony, and fear of the patient should be reflected in the physician (mirroring the emotions), so that
the patient will identify the physician as one close to himself. Announcement of the bad news must be in straightforward
terms, avoiding the medical jargon completely. Lengthy monolog, elaborate explanations, and stories of patients who
had similar plight are not desirable. Information should be given in short, easily comprehensible sentences. A useful
rule of thumb is not to give more than three pieces of information at a time.
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Step 5 Kindling
People listen to their diagnosis differently. They may break down in tears. Some may remain completely silent, some
of them try to get up and pace round the room. Sometimes the response will be a denial of reality, as it protects the
ego from a potential shatter. A gallows humor is also an expected behavior. These are all predictable responses.
Adequate space for the free flow of emotions has to be given. Most of the time, patients will not actively listen to what
the physician say after the pronouncement of the status. An overwhelming feeling of a grim fate can ignore further
explanations and narratives from the physician’s part. Hence, it is advisable to ensure that the patient listens to what
is being told, by asking them questions like “are you there?”, “do you listen to me?” etc. It involves asking the patient to
recount what they have understood. Be clear that the patient did not misunderstand the nature of disease, the gravity
of situation, or the realistic course of disease with or without treatment options. While trying to kindle the emotions,
care has to be taken not to utter any unrealistic treatment options. The patient and their relatives will cling on to it,
and subsequently feel embarrassed because of its unrealistic nature. Answers have to be tailored to the question, and
physician should stay away from lecturing to the patient. Lecturing occurs when a physician delivers a large chunk of
information without giving the patient a chance to respond or ask questions. Beware of the “differential listening,” as
the patient will listen to only those information he/she wants to hear. Dealing with denial is another difficult task. It
may be necessary to challenge denial because the patient may have some important unfinished business to conduct,
or because the patient is refusing treatment that might alleviate symptoms. In such situations, attempts to break the
defense without mutilating the ego should be attempted.
Step 6 Summarize
The physician has to summarize the session and the concerns expressed by the patient during the session. It
essentially highlights the main points of their transaction. Treatment/care plans for the future has to be put in nutshell.
The necessary adjustments that have to be made both emotionally and practically need to be stressed. A written
summary is appreciable, as the patients usually take in very little when they are anxious. Offering availability round the
clock and encouraging the patient to call for any reasons are very helpful. An optimistic outlook has to be maintained,
and volunteer if asked by the patient for disseminating the information to the relatives. The review date also has to be
fixed before concluding the session. At the end of the session, make sure that the patient’s safety is ensured once
they leave the room. He/she should not be permitted to drive back home all alone, and find whether someone at home
can provide support. Patient may even try to commit suicide if he/she feels extremely desperate. Patient should be
assured that the physician will be actively participating in all ongoing care plans.
§ PACIENTE Protocol :
A brazilian native method transcripted from the SPIKES protocol, to which has been added a seventh step, namely
"Don’t abandon the patient”. Patients are often afraid of death and how it will occur, resulting in fear of being
abandoned.
The P-A-C-I-E-N-TE Protocol, a mnemonic information method consisting of seven steps, as described below.
P
Prepare
A
Assess how much the patient knows and how much they want to know
C
(Convite à verdade, in Portuguese) Invite the patient to the truth
I
Inform
E
Emotions
N
(Não abandone o paciente, in Portuguese) Do not abandon the patient
TE
(Trace uma estratégia, in Portuguese) Outline a strategy

Step 1 Prepare
Health professionals should be prepared before transmitting bad news appropriately. First, the veracity of the
information to be revealed must be confirmed by consulting the medical record. It is also recommended to consult
the medical literature in order for any possible doubts to be resolved. It is necessary to prepare the environment
properly, ensuring total privacy and comfort. Preferably, there should be no physical barriers standing between the
doctor and the patient. The professional should ensure that no unexpected interruptions will occur during
communication and should sit at the same height as the patient.
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Figure.3 : Illustration of PACIENTE protocol

Step 2 Assess how much the patient knows and how much they want to know
It is important to assess the patient’s level of knowledge about their diagnosis. Similarly, question what level of
information the patient would like to receive at this time, or if they actually do not wish to be informed of their diagnosis.
In this case, the patient may indicate someone they trust to receive the information on their behalf.
Step 3 Invite the patient to the truth
In this step the patient is informed of the existence of bad news. Use phrases such as : “I’m sorry, but I believe I don’t
have good news”. The patient is thereby offered the possibility of changing their mind as to whether they want to be
informed or not. In some situations, the patient may be quiet and not continue beyond the “Invite the patient to the
truth” stage. This attitude may indicate that the patient needs more time to understand and work out what they were
told.
Step 4 Inform
The best strategy is to wait for the time required by the patient and offer space for them to “invite” the doctor to share
the information and ask directly about their diagnosis, prognosis or results. The relevant information about the state
of the patient’s health can then be shared at a sufficient amount, speed, and quality, and at the desired amount, so
that the patient can make decisions about their life or offer informed consent about their treatment. Avoid a precise
report of the prognosis, as doctors tend to overestimate life expectancy. Offer information clearly and honestly, trying
to keep the patient’s hopes up while being realistic as to treatment options. Do not use euphemisms but choose the
right keywords, such as “cancer” and “metastasis,” explaining their significance.
Step 5 Emotions
After the information has been revealed, the patient needs time to understand and react to the bad news. Keep tissues
nearby. Allow patients to express themselves. Use touch as a form of communication and comfort. Clarify the patient’s
doubts, so that they feel accepted and protected.
Step 6 Do not abandon the patient
Ensure that your patient will receive medical monitoring. Make a commitment not to abandon them, regardless of the
outcome.
Step 7 Outline a strategy
Plan the care to be offered and treatment options with the patient. Include interdisciplinary care in the plan, whenever
possible. Request monitoring by other doctors who can assist in the control of symptoms.
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Simulation and communication skills improvement
Breaking bad news (BBN) to patients and their relatives is a complex and stressful task. The ideal structure, training
methods and assessment instruments best used to teach and assess BBN for anesthesiology residents remain
unclear. Many studies have proven the interest and the effect of simulation-based education on the improvement of
BBN skills. A study published by the BMC Anesthesiology entitled “Effect of a simulation-based workshop on breaking
bad news for anesthesiology residents : an intervention study” states that anesthesiology residents’ communication
skills when BBN in relation to a critical incident may be improved with educational interventions based on immersive
experiences with a high fidelity simulator and role-play with Standardized Patients.
Addressing patients’ or family members’ distress when BBN can increase anesthesiology residents’ confidence in this
challenging task and lead to less stress and burnout. BBN is a teachable skill. The evaluation of education intervention
demonstrates the value of integrating BBN into the curriculum of the anesthesiology residents.

Conclusion
Breaking bad news is part of the art of medicine. A bad news is always a bad news, however well it is said. But the
manner in which it is conveyed can have a profound effect on both the recipient (the patient) and the giver (the
physician). If done badly, it will hamper the well-being of patient, impair the quality of life and future contact with the
health care professional will be damaged. It is a skill that has to be learnt by the physicians and other caregivers and
effective methods of communication skills training are available. Lack of proper training will lead to emotional
disengagement of the physician from his patients. Good communication has a therapeutic effect on patient and bad
communication leads to a detrimental outcome. Communication skills can be improved through structured training
programs with appropriate feedback to the trainees. Curricula for teaching the task of breaking bad news include
didactic lectures, small-group discussions, simulation-based education, role-playing, and teaching in the context of
patient care. Role plays and video tapes of the same with constructive suggestions to improve the skills are very much
effective. It should be noted that the evidence base of the current practice and training of breaking bad news is not
sound. Education and practice in breaking bad news may be ineffective for improving patients’ well-being unless it is
informed by a strong evidence base.
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