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Learning Objectives/Questions Covered in 
the Chapter
•	 Most frequent errors and adverse events in 

anesthesiology and the intensive care unit 
(ICU).

•	 Strategies to reduce the occurrence of medica-
tion errors both in the operating room and in 
the ICU.

•	 Basic principles for the provision of safe anes-
thesia care: monitoring, knowing, and taking 
care of the equipment, planning, non-technical 
skills.

•	 Application of cognitive aids to improve the 
safety of surgical patients. Cognitive aids have 
been developed for intra- and perioperative 
crises.

•	 Proposals of models aimed at implementing 
safety solutions.

•	 Implications of the psychological status of 
staff for patient safety and possible 
interventions.

•	 Typical building issues when designing ORs 
and ICUs.

13.1	 �Introduction

Given the wide range of medical disciplines 
afferent to anesthesiology (anesthesia, periopera-
tive care, intensive care medicine, pain therapy, 
and emergency medicine), anesthesiologists have 
always had a great, cross-specialty opportunity to 
influence safety and quality of patients’ care. In 
recent decades, several efforts have been made to 
establish a model of safety and different risk-
reduction strategies have been engaged: for 
example, the establishment of the American 
Society of Anesthesiologists (ASA) Committee 
on Patient Safety and Risk Management in 1984 
and the birth of the Anesthesia Patient Safety 
Foundation in the subsequent year, which were 
significant moments for the improvement of 
patients’ healthcare quality and for the history of 
anesthesiology at large.

Indeed, quality and safety in this field have 
improved, thanks to upgrades of the anesthesia 
delivery equipment, better monitoring, improved 
airway management and emergency devices, 
availability of recovery rooms, and better train-
ing; pharmacological advances have led to the 

S. Damiani 
Department of Anesthesia and Critical Care, Azienda 
Ospedaliero-Universitaria Careggi, Florence, Italy
e-mail: damianisa@aou-careggi.toscana.it 

M. Bendinelli 
Section of Anesthesia and Critical Care, Department 
of Health Science, University of Florence,  
Florence, Italy
e-mail: matteo.bendinelli@unifi.it 

S. Romagnoli (*) 
Department of Anesthesia and Critical Care, Azienda 
Ospedaliero-Universitaria Careggi, Florence, Italy 

School of Anesthesia and Critical Care, University of 
Florence, Florence, Italy
e-mail: stefano.romagnoli@unifi.it

13

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-59403-9_13&domain=pdf
https://doi.org/10.1007/978-3-030-59403-9_13#DOI
mailto:damianisa@aou-careggi.toscana.it
mailto:matteo.bendinelli@unifi.it
mailto:stefano.romagnoli@unifi.it


162

development of new receptor antagonists of opi-
oids and hypnotics, and new anesthetic drugs, 
characterized by shorter and more predictable 
onset and offset times and fewer side effects. The 
development of simulation training has changed 
the approach to crises and contributes to the 
development of a safety culture beginning in the 
residency period.

Nevertheless, operating rooms (ORs) and 
intensive care units (ICUs) remain settings bur-
dened by an extremely high risk of error. Surgery 
increasingly involves older and sicker patients 
undergoing more complex interventions; in the 
meantime, anesthesiologists have been requested 
to become rapidly competent at using new drugs, 
devices, and monitoring systems. The situation is 
not different in the ICUs, where physicians and 
nurses are expected to provide high-quality care 
to critically ill patients, often making life-
threatening decisions very quickly in a stressful 
environment while managing high-tech equip-
ment and applying complex procedures.

13.2	 �Epidemiology of Adverse 
Events

A study of reported adverse events under anes-
thesia [1] estimated that about 1.5% of surgical 
interventions are complicated by critical events, 
but the true incidence is likely underestimated; 
moreover, a systematic review [2] found that sur-
gical and anesthetic adverse events, many of 
them deemed preventable, contribute to 12.8–
52.2% of unplanned ICU admissions. In industri-
alized countries, major complications are 
reported [3] to occur in 3–16% of impatient sur-
gical procedures, with permanent disability or 
death rates of approximately 0.4–0.8%; the 
anesthesia-specific mortality is estimated [4] to 
be about 1/100,000 cases. Hence, even if the 
overall anesthetic risk is estimated to be a small 
proportion of the total risk of the surgical proce-
dures, with an estimated [5] 312.9 million opera-
tions in 2012, anesthesia-related perioperative 
mortality represents a small but relevant propor-
tion of cases and, given the ubiquity of surgery, 
the implementation of strategies aimed at improv-

ing safety of surgical care has significant implica-
tions for public health [3].

Across medical specialties, preventable 
patient harm is more prevalent in the ICU [6]. 
ICUs are complex environments where the sever-
ity of illnesses, the high levels of stress, the vari-
ety of therapies and routes of administration 
make medical errors and deaths due to prevent-
able harm more common [7]. In the Critical Care 
Safety Study [8], Rothschild et al. found a daily 
rate of 0.8 adverse events and 1.5 serious errors 
for 10 ICU beds, with a rate for serious errors of 
149.7 per 1000 patient-days. Notably, 45% of all 
adverse events were judged preventable.

13.3	 �Most Frequent Errors

A recent review [9] suggests that cognitive errors 
(Table 13.1) are the most important contributors 
to patient harm in anesthesiology: growing evi-
dence shows that mere technical errors or errors 
caused by a lack of knowledge account for only a 
small part of incorrect diagnosis and treatment in 
this setting. The role of non-technical skills for 
patient safety has progressively become more 
evident through the years and, on this topic, one 
of the most striking moments of reflection for the 
healthcare community was Martin Bromiley’s 
report [10] on the death of his wife in 2005. 
Fixation errors, absence of planification, team-
work breakdown, poor communication, unclear 
leadership, lack of situational awareness, and 
other non-technical aspects of performance in 
anesthesiology and critical care medicine can 
negatively impact patient outcome. This could be 
even more relevant during intraoperative crises 
and emergencies, where failure of adherence to 
best practices can be common [11].

Another important source of patient harm is 
represented by medication errors, which can 
occur at four steps of the drug treatment process: 
prescription, transcription, dispensation, and 
administration. As reported by the Anesthesia 
Quality Institute [12], 44% of medication error 
claims involve incorrect dosing, 30% substitution 
of an unintended drug for the correct one, 10% 
administration of a contraindicated drug, and 8% 
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timing errors. Factors most frequently leading to 
medication errors or near-misses [13] are distrac-
tion (16.7%), haste, stress, or pressure to proceed 
(production pressure, 12.5%), and the misreading 
of labels on medication vials or ampoules 
(12.5%).

Poor design and lack of familiarity with equip-
ment and monitoring devices are likely sources 

of error and have been identified as major deter-
minants in many adverse events; in this context, 
the anesthetic delivery equipment is the most 
common source of problems. Remarkably, equip-
ment misuse is far more common than pure 
equipment failure, highlighting the fact that 
human error is responsible for equipment-related 
mishaps in as high as 90% of cases [14].

Table 13.1  Cognitive error catalogue (from Stiegler et al. [9])

Cognitive error Definition Illustration
Anchoring Focusing on one issue at the expense of 

understanding the whole situation
While troubleshooting an alarm on an 
infusion pump, you are unaware of sudden 
surgical bleeding and hypotension

Availability bias Choosing a diagnosis because it is in the 
forefront of your mind due to an emotionally 
charged memory of a bad experience

Diagnosing simple bronchospasm as 
anaphylaxis because you once had a case of 
anaphylaxis that had a very poor outcome

Premature 
closure

Accepting a diagnosis prematurely, failure to 
consider reasonable differential of possibilities

Assuming that hypotension in a trauma 
patient is due to bleeding, and missing the 
pneumothorax

Feedback bias Misinterpretation of no feedback as “positive” 
feedback

Belief that you have never had a case of 
unintentional awareness because you have 
never received a complaint about it

Confirmation 
bias

Seeking or acknowledging only information that 
confirms the desired or suspected diagnosis

Repeatedly cycling an arterial pressure cuff, 
changing cuff sizes, and locations because 
you “do not believe” the low reading

Framing effect Subsequent thinking is swayed by leading aspects 
of initial presentation

After being told by a colleague, “this patient 
was extremely anxious preoperatively”, you 
attribute postoperative agitation to her 
personality rather thon low blood sugar

Commission 
bias

Tendency toward action rather than inaction. 
Performing unindicated maneuvres, deviating 
from protocol. May be due to overconfidence, 
desperation, or pressure from others

“Better safe than sorry” insertion of 
additional unnecessary invasive monitors or 
access; potentially resulting in a 
complication

Overconfidence 
bias

Inappropriate boldness, not recognizing the need 
for help, tendency to believe we are infallible

Delay in calling for help when you have 
trouble intubating because you are sure you 
will eventually succeed

Omission bias Hesitation to start emergency maneuvres for fear 
of being wrong or causing harm, tendency toward 
inaction

Delay in calling for chest tube placements 
when you suspect a pneumothorax because 
you may be wrong and you will be 
responsible for that procedure

Sunk costs Unwillingness to let go of a failing diagnosis or 
decision, especially if much time/resources have 
already been allocated. Ego may play a role

Having decided that a patient needs an 
awake fiber optic intubation, refusing to 
consider alternative plans despite multiple 
unsuccessful attempts

Visceral bias Countertransference; our negative or positive 
feelings about a patient influencing our decisions

Not troubleshooting an epidural for a 
laboring patient because she is “high 
maintenance” or a “complainer”

Zebra retreat Rare diagnosis figures prominently among 
possibilities, but physician is hesitant to pursue it

Try to “explain away” hypercarbia when 
malignant hyperthermia should be considered

Unpacking 
principle

Failure to elicit all relevant information, 
especially during transfer of care

Omission of key test results, medical 
history, or surgical event

Psych-out error Medical causes for behavioral problems are 
missed in favor of psychological diagnosis

Elderly patient in post-anesthesia care unit 
(PACU) is combative—prescribing 
restraints instead of considering hypoxia
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Physician burnout and the psychological sta-
tus of staff are significant concerns for both qual-
ity of care and patient safety in critical care. 
Burnout syndrome has been identified in all cat-
egories of healthcare professionals and several 
studies have shown a high prevalence in ICU 
staff [15], up to 40%. Risk factors include [16] 
continuous or long shifts, night shifts, work over-
load, and poor workplace organization. 
Healthcare staff who are burned out, depressed, 
or anxious are unable to fully engage in patient 
care and are more likely to make errors, increas-
ing the risk to the safety of patients; moreover, 
burnout personnel may be more reluctant to 
report medical errors [17]. Depression symptoms 
were shown to be an independent risk factor for 
medical error in a prospective observational 
study [15] involving 31 ICUs.

13.4	 �Safety Practices 
and Implementation 
Strategies

13.4.1	 �Medication Errors

Errors in medication are defined [18] as the mis-
takes that occur in the drug treatment process and 
that lead to, or have the potential to lead to, harm 
to the patient; such errors typically occur when a 
drug is prescribed, dispensed, prepared, or 
administered. In a review of more than 10,000 
case forms, Cooper et al. [13] reported an inci-
dence of one in 113–450 patients; in ICU, they 
are reported in a large proportion of incidents, 
accounting for up to 78% of serious errors [8].

The high-stress, time-sensitive nature of work 
in the operating room may explain the high risk 
of medication errors in this setting; consistently, 
it has been demonstrated [19] that their rate of 
occurrence for ICU patients is greater than that 
for patients admitted to general medical wards. In 
both environments, the high number of drugs and 
the IV route of administration, which often 
requires multiple infusion pump setups or calcu-
lations of infusion rate, create more opportunities 

for error. Moreover, the potency of many drugs 
utilized in these settings (vasopressors and ino-
tropes, strong opioids, general anesthetics) even 
at small doses increases the risk of harm to criti-
cal patients, which typically have little physio-
logical reserve.

Being a substantial, potentially lethal, source 
of patient harm, several institutions have hence 
targeted this issue. For example, recently, the 
European Board of Anaesthesiology has pro-
duced recommendations for safe medication 
practice [20] (Table 13.2).

Chartaceous prescriptions have a high risk of 
errors due to misinterpretation of handwriting; 
the use of informatized prescription can surely 
bring down the number of medication errors due 
to failure in interpretation. Also, electronic medi-
cal records can alert physicians and nurses to 
potential mistakes (e.g., contraindications, dou-
ble prescriptions, drug interactions, dilution 
incompatibilities) and allow a timely documenta-
tion of drug administration, granting trackability 
of every phase of the pharmacological treatment 
process.

Errors which involve administration of the 
wrong medication or giving medication to the 
wrong patient can be reduced by 40% with the 
implementation of bar-code medication adminis-
tration technology [21] which matches each and 
every patient’s electronic order with patient iden-
tifiers (wristbands), thus enhancing the adher-
ence to the “five rights of medication 
administration” (right patient, medication, time, 
dose, and route).

A critical point in the process is the admission 
of a patient from the emergency department or 
the OR to the ICU, and from the ICU to the OR: 
clinicians should investigate the types of drugs 
and the lines to which they are infusing. Before 
the discharge, extreme attention must be paid to 
vasoactive medications, ensuring that they do not 
run out during transport. Drug concentrations 
must be clearly reported and known both pre-
cisely and accurately to the ICU personnel, that 
often has its own dilution protocols, so that 
pumps can be programmed correctly; in this 
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phase, communication is crucial: a proper sign-
out should occur directly between the OR anes-
thetist and nurses and the ICU physicians and 
nurses. In the ICU, the adoption of shared dilu-
tion protocols could be of help, creating a stan-
dard for clinical practice.

13.4.2	 �Monitoring

Monitoring is the cornerstone for the provision of 
a safe anesthesia and a fundamental prerequisite 
for the effective care of critical patients. In a sci-
entometric analysis, Vlassakov et al. [22] found 
that the rapid development of anesthesia monitor-
ing may be one possible explanation for the 
increased safety of anesthesia over the past 
40 years.

Standards for basic monitoring during anes-
thesia have been well established and several 
guidelines exist. Firstly, ASA [23] highlights that 
qualified anesthesia personnel shall be present in 
the room throughout the conduct of all general or 
regional anesthetics and monitored anesthesia 
care, mainly because of the rapid changes that 
may occur in patient status during anesthesia. In 
the case of a known hazard (e.g., radiation), 
remote observation is allowed, under the condi-
tion that some provision for monitoring the 
patient is made. Remote observation is also fun-
damental during radiologic investigations for 
critical patients.

Basic anesthesia monitoring implies the con-
tinuous evaluation of the patient’s oxygenation, 
ventilation (including capnography), circulation, 
and temperature during all anesthetics [23]. 
Nevertheless, technological advancements over 
the past few years have provided advanced moni-
toring systems that should be adapted to the dif-
ferent settings and levels of care, mainly 
depending on a patient’s history and the proce-
dure planned (Fig. 13.1).

Hemodynamic monitoring has evolved con-
siderably, shifting from invasive techniques to 
less invasive hemodynamic monitoring for the 
estimation of cardiac output and other measures 
of circulatory function, both in anesthesia and in 
the ICU. For example, the use of pulse contour 
analysis avoids the complications related to a 
pulmonary artery catheter, while still providing 
valuable information for effective therapeutic 
changes.

Noticeably, a useful and quite recent tool that 
helps anesthesiologists optimize anesthetic admin-

Table 13.2  Main principles for the correct preparation 
and administration of drugs

• � All the drugs prepared for use in anesthesia, 
intensive care, emergency medicine, and pain 
medicine should be clearly labelled by the use of 
pre-printed labels for syringes, including peel-off 
flag labels on ampoules and vials, whenever 
possible; in their absence, handwritten labels or 
permanent marker pens may be used.

• � Similarly, all drug infusion bags, catheters, and 
infusion lines should be labelled.

• � Each syringe should be labelled immediately after 
that a drug has been drawn into, and anyway before 
it leaves the operator’s hand.

• � The medication name on the user-applied label 
should be matched with the drug name on the 
ampoule.

•  Prepare one medication and one syringe at a time.
•  Never put labels on empty syringes.
• � Avoid distraction or interrupting others during the 

preparation and administration of patients’ 
medications.

• � In the preparation of high-risk medications (e.g., 
potassium chloride, heparin, adrenaline), it is 
recommended a double-check at any stage.

• � The anesthetic work surface should be standardized 
for drawing up, arranging and holding syringes; for 
example, emergency drugs separated from agents 
for the induction of general anesthesia.

• � Cannulae should be flushed after administration of 
drugs (e.g., at the end of general anesthesia) to 
reduce the risk of inadvertent administration of 
drugs in the recovery room or on the ward.

• � Any medicine or fluid that cannot be identified at 
any time during a procedure (e.g., an unlabelled 
syringe) should be considered unsafe and 
immediately discarded.

• � Drugs should be stored in ways designed to 
facilitate their easy identification and minimize the 
risk of error or misidentification and ALERT labels 
on look-alike, sound-alike medications should be 
used.

• � Vials and ampoules should be stored in their original 
packaging until just before they are drawn up.

• � To minimize the risk of cross-infection, the content 
of any one ampoule should be administered to only 
one patient.

13  Intensive Care and Anesthesiology
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istration, both in the OR and in the ICU, is the pro-
c e s s e d 
EEG of the frontal lobes (i.e., BIS™—Medtronic, 
Boulder, CO, USA; Entropy®—GE Healthcare, 
Helsinki, Finland; SedLine™—SEDline, Masimo 
Corp., Irvine, CA, USA). Tracking the depth of 
sedation was highly effective in reducing the risk of 
intraoperative awareness in 7,761 high-risk patients 
when compared with guiding the dose based on 
clinical signs [24]; at the same time, it improves 
anesthetic delivery, preventing the risk for overseda-
tion and reducing recovery times [25]. This could 
also be of utmost importance to the ICU, where 
oversedation is associated with higher rates of ven-
tilator-associated pneumonia and longer ICU stays 
[26]. In the recent ENGAGES study [27], EEG-
guided anesthesia using BIS in elderly patients 
undergoing major surgery was associated with a 
significantly lower 30-day mortality and lower 
intraoperative use of phenylephrine, even though 
these were investigated as secondary endpoints.

Whenever muscle relaxants are given during 
anesthesia, the use of a peripheral, neuromuscu-
lar transmission monitor (nerve stimulator) is 
recommended [28] to allow for a rational admin-
istration of neuromuscular blocking and reversal 
agents, and to reduce the risk of residual curari-
zation and its associated complications, as clini-

cal tests alone cannot reliably exclude the 
presence of residual curarization [29].

Transesophageal echocardiography is mainly 
a diagnostic tool, but it can provide important 
information about a patient’s hemodynamic sta-
tus (preload, cardiac contractility, calculation of 
cardiac output) and it is estimated [30] that its use 
in critical patients, together with transthoracic 
echocardiography, can lead to relevant therapeu-
tic changes in about 25% of cases.

Finally, the efficacy of monitoring for safety 
may be impaired by poor design and inactivated or 
inappropriate alarms. Default settings for ventila-
tors, monitors, and alarms should always be 
checked to determine if they are appropriate [31]. 
Monitors should clearly display readings and ASA 
states [23] that alarms should be audible to the 
anesthesiologist and the anesthesia care personnel. 
Nevertheless, alarm fatigue is a well-known prob-
lem, especially in the critical care setting: excessive 
false alarms occur frequently and can interfere with 
clinical activity, contribute to work stress, and 
desensitize the personnel, leading to a delayed or 
inadequate response [32]. Several solutions have 
been proposed (smart alarms taking into account 
multiple parameters, adaptive time delays, noise 
reduction strategies, setting of sensible and targeted 
thresholds) but need to be further investigated.

Fig. 13.1  In the image to the left an example of monitoring for the operating room; to the right monitoring of the depth 
of sedation in ICU
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13.4.3	 �Equipment

The care of critically ill patients and patients 
under general anesthesia is dependent on the use 
of complex medical equipment; monitoring 
devices, ventilators, renal replacement therapy 
machines, extracorporeal circulation technolo-
gies, infusion pumps, point-of-care diagnostic 
tools, each with different designs and characteris-
tics, are increasingly populating the market, add-
ing complexity to the intra- and perioperative 
settings. Unfortunately, this equipment has the 
potential to develop faults, to be used incorrectly, 
or to fail: in the ICU, it is estimated that context 
equipment and supply issues account for 15.8% 
of total adverse events [33]; similarly, equipment 
is involved in approximately 14–30% of all intra-
operative problems and the anesthetic delivery 
equipment is the most common source of prob-
lems [14].

Besides the wide range of products available 
in the market, each anesthesia and critical care 
provider must be familiar with the products avail-
able in the provider’s own setting, including not 
only their correct use, but also their indications 
and limits. Anesthesia providers should be aware 
of the common causes of equipment malfunction 
and should be trained in the recognition and man-
agement of these events. Study and training ses-
sions and on-site training can be useful for this 
purpose; simulation programs can further rein-
force practitioner competency in the use of new 
equipment and provide experience in the man-
agement of common equipment failure in both 
straightforward and crisis situations, anticipating 
its occurrence in the real clinical setting [14].

In 2008, ASA updated pre-anesthesia check-
out guidelines (PAC) and provided general prin-
ciples for all anesthesia delivery systems, 
summarizing checkout tasks to be completed 
daily and prior to each procedure. Any anesthesia 
or ICU department should adapt them to their 
own anesthesia machine design and practice set-
ting [31]. When correctly implemented, PAC can 
prevent equipment failure and subsequent patient 
injury; furthermore, it ensures that backup equip-
ment is ready to use in case of intraoperative fail-
ures. For example, it is fundamental that a backup 

machine, an alternative oxygen supply, and man-
ual ventilation devices (Ambu Bag) are always 
ready to use. In order to meet these requirements 
and as the responsible party for the proper func-
tioning of all the equipment used to provide anes-
thesia care [31], anesthesiologists should be 
competent in performing all the tasks of the PAC.

13.4.4	 �Cognitive Aids

It has been demonstrated that cognitive function 
is compromised as stress and fatigue levels 
increase, as often happens in the operating room 
and in intensive care settings, during intraopera-
tive crises and emergencies for example. Here, 
the complexity of medical conditions and thera-
pies available, the multiple layers of professional 
roles involved, and the high workload can easily 
lead to increased errors, decreased compliance 
with recommended practices, and decreased pro-
ficiency in the delivery of care. In this setting, the 
development of checklists and other cognitive 
aids has recently risen to prominence and certain 
procedures or critical events that have been tar-
geted with the use of checklists have shown sig-
nificant improvements in outcome [34].

Apart from the famous study [35] conducted 
by Pronovost and collaborators (see the “Building 
a safety culture” paragraph), another successful 
application of checklists for the improvement of 
patient outcomes has been the Surgical Safety 
Checklist, presented by the WHO in 2008 within 
the Safe Surgery Saves Lives initiative and devel-
oped after a comprehensive consultation with 
experts in surgery, anesthesia, and other related 
specialties from across all WHO regions. This 
checklist was developed with the aim of reducing 
the occurrence of patient harm [3] in the form of 
errors and adverse events, and increasing team-
work and communication among surgical team 
members; it targets a routine sequence of events 
at three cardinal points of the surgical process: 
preoperative patient evaluation, surgical inter-
vention, and preparation for postoperative care 
[3]. The use of surgical safety checklists during 
routine operative care has been associated with 
significant reductions in both complications and 
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mortality and has rapidly become a standard of 
care in the vast majority of countries [36].

The experience of their use in ordinary care 
has triggered investigations of the potential bene-
fits deriving from cognitive aids in emergency 
situations; here, time and cognitive resources are 
limited and it has been demonstrated that the abil-
ity to rapidly put in place the right therapeutic 
interventions is crucial, as outcomes are often 
time dependent. Moreover, evidence suggests 
that, during emergencies, failure to adhere to best 
practices and to recall previously learned protocol 
is common [11]; in Advanced Cardiac Life 
Support (ACLS) scenarios, for example, it is 
known [37] that there is a significant decay in cli-
nicians’ knowledge retention over time after the 
completion of certification and it has been 
demonstrated [38] that errors and omissions of 

indicated steps are associated with decreased sur-
vival odds. These premises formed the basis for 
the development of crisis checklists for the oper-
ating room (Fig.  13.2), a type of cognitive aid 
designed to help the surgical team remember criti-
cal steps during intraoperative crises [11]. Some 
examples are the Anaesthetic Crisis Manual, the 
Operating Room Crisis Checklists developed at 
Brigham and Women’s Hospital of Boston, the 
Stanford Emergency Manual, and the Crisis 
Management Handbook from the Australian 
Patient Safety Foundation. Arriaga et  al. [36] 
found that the use of surgical crisis checklists was 
associated with a nearly 75% reduction in failure 
to adhere to critical steps in management during 
operating-room crises in a high-fidelity simulated 
operating room [11]; these data are consistent 
with that of Ziewacz et al. [39].

Fig. 13.2  A checklist 
from the Emergency 
Stanford Manual
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There are also numerous other cognitive aids 
that have been developed for the perioperative 
and critical care settings, including ACLS algo-
rithms and anesthesia adaptations for the periop-
erative setting, Malignant Hyperthermia 
Association of the United States protocols, a 
checklist for the treatment of local anesthetic sys-
temic toxicity (LAST) from the American Society 
of Regional Anesthesia and Pain Medicine, pedi-
atric critical events checklists from the Society 
for Pediatric Anesthesia, Emergency Neurological 
Life Support checklists by the Neurocritical Care 
Society, checklists for the preparation of the 
operating room, for anesthesia in traumatic 
patients, and for general emergency protocols, as 
well as other resources [11].

Globally, many major anesthesia societies 
support and have adopted cognitive aids [11]: 
among them the Anesthesia Patient Safety 
Foundation, the American Society of 
Anesthesiologists, and the European Society of 
Anesthesiology. Interestingly, the American 
Society of Regional Anesthesia and Pain 
Medicine published in 2010 a practice advisory 
on local anesthetic systemic toxicity, which 
included a checklist on the treatment of LAST, 
and recommended keeping the LAST checklist 
available in any area where high doses of local 
anesthetics are used. In 2014, the Society for 
Obstetric Anesthesia and Perinatology developed 
a consensus statement on the management of car-
diac arrest in pregnancy, recommending that a 
checklist emphasizing key tasks be immediately 
available; the American Heart Association 
encourages institutions to create point-of-care 
checklists to be used during obstetric crises 
including maternal cardiac arrest.

13.4.5	 �Communication 
and Teamwork

The connection between safety and communica-
tion has been known for a long time. Given the 
complexity of ICUs and the multiple team hando-
vers required during patient care, critical care 
units are areas where patients are more vulnera-
ble to communication breakdowns.

The quality of the relationships between 
nurses, doctors, and other staff working in peri-
operative settings affects patient outcomes: good 
teamwork, when team members communicate 
efficiently and respect each other while working 
toward a common goal, allows the team to reduce 
complications and mortality [7]. Conversely, 
communication failures and bad relationships 
can lead to increased risk of error, length of stay, 
resource use, caregiver dissatisfaction, and turn-
over. In the ICU, the implementation of a daily-
goals form can help to set and share tasks and 
care plans and to improve communication among 
caregivers [40].

Insight can also be gained from Crisis 
Resource Management, a well-known approach 
that refers to all the non-technical skills that have 
been demonstrated to optimize teamwork and 
make the teamwork more effective during an 
emergency. It holds effective communication as 
one of its key principles [41], underlining the 
importance of a climate of open information 
exchange among all personnel.

Simulation training could be a good way to 
improve relationships and trust within teams and 
is rapidly becoming part of resident education, 
even if the relationship between simulation train-
ing in anesthesiology and improved outcomes 
still needs to be clearly defined. In fact, besides 
helping with technical skills training, simulation 
can reinforce the non-technical skills needed to 
work as a team, such as communication behav-
iors, leadership skills, collaboration, task man-
agement, situation awareness, and 
decision-making [42].

13.4.6	 �Building a Safety Culture

The success of many interventions that aim to 
improve patient safety depends not only on the 
application of evidence-based practices, but also 
on changes in workplace culture and on group 
implemented strategies. Many efforts have been 
made toward the development of a culture of 
safety in this discipline, in order to improve 
patient safety and care quality. Safety culture is 
the collection of beliefs, values, and norms relat-
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ing to patient safety and shared among the mem-
bers of an organization, unit, or team [43]. It 
influences behavior, attitude, cognition, and one’s 
perception of one’s own work, promoting safe 
practices and the prioritization of patient safety 
over other goals (e.g., efficiency).

The implementation of a safety culture 
requires sustained involvement across multiple 
levels of an organization, through a series of steps 
including the engagement of frontline providers, 
the selection and creation of team-based projects, 
the development of safety education programs 
(including communication and teamwork skills), 
and the implementation and evaluation of strate-
gies [7]. Despite the fact that its implementation 
may be a difficult and challenging process 
(Table  13.3), current evidence [7] supports the 

efficacy of a strong safety culture in the reduction 
of adverse events and lower mortality.

One of the clearest examples of successful 
implementation of safety culture in critical care 
was the milestone study conducted by Pronovost 
et al. [35], which reported a large and sustained 
reduction in rates of catheter-related bloodstream 
infection in 103 ICUs across Michigan through a 
quality improvement framework that included:

•	 a daily-goals sheet to improve clinician-to-
clinician communication

•	 training of team leaders across medical and 
nursing staff

•	 a checklist to ensure adherence to evidence-
based infection-control practices for central 
line insertion (Fig 13.3)

•	 empowerment of all ICU staff to intervene in 
case of non-adherence to any of the aforemen-
tioned practices

•	 periodic feedback reports
•	 tracking and sharing of collected data

Other means of implementation could be 
interdisciplinary rounding, encouragement of 
error reporting, and team training; importantly, 
this includes simulation training. Engaging 
patients and families in safety culture is deemed 
important too, since patients can be a relevant 
source of information in the reporting of adverse 
events [7].

It should be further considered that financial 
pressures may lead administrators to limit invest-
ments in patient safety improvements, with the 
additional risk of spreading safety culture prob-
lems among the staff. Many aspects of the finan-
cial performance of a hospital may lead to 
hazardous changes in staffing, quality control, 
physician education, investment in up-to-date 
equipment, monitoring of adverse events, and 
may cause other safety issues which eventually 
may affect patient outcomes. Several pieces of 
evidence [44, 45] show that there can be a trade-
off between financial objectives and patient 
safety, and that this should be taken into account 
by a hospital’s administration.

Table 13.3  Barriers to the implementation of a safety 
culture in anesthesia and critical care medicine

• � Environmental and organizational complexity: 
multiple professional layers are involved in the 
care of patients, each with divergent occupational 
responsibilities and expertise.

• � Necessity of bundling multiple interventions at 
several time points throughout the process of care.

• � Cultural barriers: for example, clinicians may think 
that the use of cognitive aids to manage 
emergencies reflects a lack in knowledge or in 
decision-making skills.

• � Punitive responses to errors and the fear of legal 
consequences are obstacles to the creation of a 
reporting culture and reduce the opportunity to 
learn from errors.

• � Patient safety in high-stakes sectors requires 
training and education, thus time and resources: 
this may discourage some clinicians and cause 
conflict with the economic interests and staffing 
policies of healthcare institutions.

• � Production pressure (e.g., tight operating room 
schedules, need for high patient turnover in 
post-surgical ICUs) threatens the implementation 
of safe patient care and might negatively influence 
the operator’s perception of safety practices.

• � Lack of communication between frontline workers 
and senior management regarding their perspective 
on patient safety culture and their respective 
professional expectations.

• � Communication failure between different 
professional backgrounds, for example, between 
surgeons and anesthesiologists and between 
physicians and nurses.
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13.4.7	 �Psychological Status of Staff 
and Staffing Policies

Human factors and well-being at work are rele-
vant issues when discussing patient safety. 
Regarding this topic, burnout syndrome has 
recently gained popularity: it is a complex, work-
related, psychological status, resulting from 
chronic workplace stress that has not been suc-
cessfully managed. It is defined in ICD-11 as the 
combination of:

•	 high exhaustion
•	 increased mental distance from one’s job or 

feelings of negativism or cynicism related to 
one’s job

•	 reduced professional efficacy

A variety of interventions have been proposed 
to address the psychological status of staff and 
can be divided into two categories [47]: (1) inter-
ventions focused on improving the ICU environ-
ment; (2) interventions focused on the individual’s 

Catheter-related Blood Stream Infection
Care Team Checklist

Purpose:
When:
By whom:

To work as a team to decrease patient harm from catheter-related blood stream infection
During all central venous or central arterial line insertions or re-wires
Bedside nurse

1.    Today’s date

2.    Procedure

3.    Procedure regimen

Before the procedure, did the housestaff:

Wash hands (Chlorhexidine) immediately prior

Sterilize procedure site

Drap the entire PATIENT in a sterile fashion

During the procedure, did the housestaff:

Use sterile GLOVES

Use hat, mask and sterile gown

Maintain a sterile field

4.

After the procedure:

Was a sterile dressing applied to the site

Please return completed form to the designated location in your ICU

Did all personnel assisting with procedure follow

the above precautions

_____ /_____ / _______
month

New line Rewire

Yes No Don’t know

EmergentElective

day year

Fig. 13.3  Example of central line insertion checklist
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ability to cope with the working environment. 
Multidimensional interventions are more likely 
than single interventions to succeed in preventing 
and treating psychological disorders among the 
staff.

Since 2005, the American Association of 
Critical Care Nurses has defined [46] six stan-
dards to establish and sustain a healthy work 
environment: (1) skilled communication; (2) true 
collaboration; (3) effective decision-making; (4) 
appropriate staffing; (5) meaningful recognition; 
(6) authentic leadership. Other levels of interven-
tion that have been proposed [47] for a healthy 
ICU environment are the improvement of end-of-
life care and of ethical team deliberations, the 
utilization of team debriefing, structured commu-
nication, the employment of time and stress man-
agement skills, interdisciplinary discussions, and 
the sharing of critical decisions with team mem-
bers. Family conferencing to discuss prognosis 
and treatment goals could mitigate moral distress 
in ICU clinicians.

Intensivist- and nurse-to-patient ratios can 
also impact patient care and staff well-being, and 
are associated with improved safety and better 
outcomes for patients [16]. In 2013, the Society 
of Critical Care Medicine addressed this issue 
and published a statement [16] to aid hospitals in 
determining their intensivist staffing, recognizing 
that proper ICU staffing impacts patient safety 
and staff well-being. Assessments of staff satis-
faction, burnout, and stress should be part of 
institution policies. Moreover, staffing policies 
should factor in surge capacity and non-direct 
patient care duties (family meetings, consulta-
tions, teaching).

Finally, the presence of acute or chronic psy-
chological disorders among healthcare providers, 
due to private or work-related stress, as well as 
addiction or substance abuse, sleep disorders, 
mood disturbance, and overall well-being should 
be investigated in the context of occupational 
medicine examinations and should never be 
underestimated. Critical care providers should be 
taught how to recognize the risk factors and 
symptoms for burnout and should be encouraged 
to seek assistance when needed [47].

13.4.8	 �The Building Factor

The environment of operating rooms and ICUs is 
perceived as static by architects and engineers. 
Consequently, workplaces are often designed 
smaller than they actually need to be. For 
instance, the aisles of the operating rooms should 
be at least 2 m large to allow the easy and safe 
transfer of stretchers, but this space is often nar-
rowed by drug carts, echo machines, and other 
empty stretchers. Similarly, it should be taken 
into account that the new technologies and 
devices continuously introduced in clinical prac-
tice are usually cumbersome, running the risk of 
making poorly designed workplaces very uncom-
fortable [48]. Small ICU rooms may slow down 
the process of care and hamper the management 
of critical situations, especially when more clini-
cians are required.

Relaxation areas or other environments in 
which the staff may take a break should be con-
sidered when planning operating rooms and 
ICUs, and natural lighting should be guaranteed 
when feasible [49]. Indeed, breaks should be reg-
ularly planned in order to reduce the risk of 
fatigue and consequently improve the well-being 
of workers and patient safety. Shifts longer than 
8 h should be avoided, and, when this is not pos-
sible, adequate recovery time between the shifts 
should be ensured [50, 51]. For instance, in Italy 
the employment contract of NHS hospitals 
includes rules on shift and work breaks, but they 
are often disregarded in practice.

The regular use of assessment tools [52], such 
as the Health and Safety Executive’s Fatigue and 
Risk Index Tool, is paramount to identify work-
ers that are at risk of injury.

13.5	 �Recommendations

One of the main duties of anesthesia and critical 
care providers is to provide patient safety.

Medication error is a substantial source of 
patient harm in anesthesiology. Recommendations 
for safe medication practices exist and must be 
respected. The use of electronic medical records 
should be favored over chartaceous prescriptions, 
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eventually coupling with bar-code medication 
administration technology.

A proper sign-out that also addresses medica-
tion infusions should occur during the admission 
to or the discharge from the ICU.

Standards for monitoring have been well 
established by ASA and are fundamental 
requisites for the provision of safe anesthesia 
care since they can detect physiologic perturba-
tions and acute events allowing for intervention 
before the patient suffers harm. Nevertheless, 
anesthetist and perioperative physicians should 
be familiar with advanced monitoring techniques, 
such as pulse contour analysis, depth of general 
anesthesia monitoring, neuromuscular monitor-
ing, and transesophageal echocardiography; their 
use could have important implications for a clini-
cal practice, for example, allowing the rational 
administration of anesthetic drugs and fluids. As 
highlighted by ASA, qualified anesthesia person-
nel shall be present in the room throughout the 
conduct of all general or regional anesthetics and 
monitored anesthesia care.

Anesthesia providers must be familiar with 
the equipment available in their own settings, 
including not only the equipment’s correct use, 
but also its indications and limits. Every anesthe-
sia provider should know and be competent in the 
performance of all the items of the ASA pre-
anesthesia machine checklist. Competency in 
early recognition and management of common 
equipment failure is a requisite for patient safety.

The WHO surgical safety checklist improves 
compliance with safety practices and has been 
demonstrated to have an impact on surgical 
patient outcome; it is able to prevent patient harm 
and perioperative complications. The use of cog-
nitive aids during intraoperative crises and emer-
gencies should be encouraged; their use may 
contribute to better patient outcomes, reducing 
failure of adherence to the best evidence-based 
practices and mitigating the effect of stress and 
ineffective teamwork on performance. Checklists 
should be integrated into clinical practice through 
effective training and implementation strategies. 
Institutions should encourage the creation of 
adapted point-of-care checklists at critical points 

of a patient’s treatment in the hospital (e.g., oper-
ating room, ICU, obstetrics).

Simulation training of critical events need to 
be incorporated into the education of all clini-
cians who work in the operating room and in the 
ICU. Anesthetists should receive this type of for-
mation since residency. Simulation training 
should include the use of crisis checklists and 
emergency manuals, and the simulation of equip-
ment failure.

Efforts should be made to establish a culture 
of safety in critical care, as safety culture could 
promote effective improvements in patient safety 
and sustain them over time. Efforts should be 
conducted at a multidisciplinary level including 
administrations, while engaging patients and 
families in this process is also deemed important. 
Reporting of errors and adverse events should be 
encouraged and collected data should be tracked 
and shared among the personnel. Hospitals’ 
financial plans should include investments in 
patient safety since overlooking this aspect may 
increase the probability of adverse patient safety 
events.

Institutions should regularly assess the appro-
priateness of their ICU staffing models via objec-
tive data. Critical care providers should be taught 
how to recognize the risk factors and symptoms 
for burnout and should be encouraged to seek 
assistance when needed. Policies of routine 
screening of ICU staff members for symptoms of 
depression, burnout, and anxiety should be 
implemented.

The size, layout, and organization of the work-
place impacts staff well-being and patient safety. 
It is crucial that administrators, architects, and 
engineers involve lead clinicians and focus on 
input from clinical staff when designing operat-
ing rooms and ICUs.
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