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INTRODUCTION
Anesthesiology as a specialty has a long 

history of innovation in technology develop-
ment linked to improvements in patient safety. 
However, the speed of technological develop-
ment in the past 20 years has been unprece-
dented. This is mostly related to the 
exponential growth of data and computer 
power leading to the application of artificial 
intelligence (AI) tools to the perioperative set-
ting. Today, emerging technology in anesthesi-
ology and perioperative medicine has a 
tremendous potential to improve patient 
safety and quality of care even further. The 
application of AI will improve patient safety by 
helping the individual clinician rapidly navigate 
data from disparate sources and by effectively 
assisting the clinician to synthesize and make 
better, more informed medical decisions within 
a complex health care system.1-3 Furthermore, 
AI will be used to improve patient safety by its 
integration into the workflow of perioperative 

INTRODUCTION
Mpox, previously known as Monkeypox, is a 

global health concern.1 While first detected in 
humans in 1970 in the Republic of the Congo, its 
spread to nonendemic countries in 2022 led 
the World Health Organization (WHO) to estab-
lish emergency measures to mitigate develop-
ment of a pandemic. As of November 7, 2022, 
the WHO has reported 78,474 confirmed cases 
and 3,685 probable cases within over 109 
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patient safety and quality leaders, patient 
safety scientists, and health care system lead-
ers. The role of AI towards improving patient 
safety extends from its ability to augment 
policy decisions designed to identify, assess, 
and mitigate threats to patient safety at 
scale.4,5 In this brief review, we provide an 
overview of AI as an emerging technology and 
provide a practical framework for anesthesia 
professionals to understand the important 

countries. The United States is the most 
affected country with 28,651 reported cases.2 
The preferred name for this virus was changed 
by the WHO to Mpox in November of 2022. 
Health care providers are likely to encounter See “Mpox is a Global Health Concern,” Page 5

See “AI and Safety,” Page 3
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relationship between AI and perioperative 
patient safety. 

PATIENT SAFETY AND  
EMERGING TECHNOLOGIES 

IN A COMPLEX WORLD
Patient safety can be defined as the absence 

of preventable harm to a patient and minimizing 
the risk of harm in health care delivery.6  

confirmed and/or suspected Mpox cases in the 
perioperative arena. 

As leaders in patient safety, anesthesia profes-
sionals have an opportunity to leverage current 
evidence and create systems of care to improve 
the perioperative safety of patients through infec-
tion prevention. In this brief review, we provide a 
pragmatic framework for the perioperative care of 
the patient infected with Mpox by drawing on 
infection prevention and control principles and 
measures. We focus on pragmatic considerations 
based on the current literature, professional soci-
ety statements, and current knowledge on the 
management of infection control of enveloped 
viruses in the perioperative environment. 
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electronic medical record information, medical 
history, and surgical procedure. AI can also be 
used to advance perioperative patient safety 
through earlier detection of clinical deteriora-
tion and provide clinical decision support for 
the optimal management of intraoperative 
physiologic changes. 

THE QUINTUPLE AIM
Understanding the direct impact AI will have 

on perioperative patient safety can be seen 
through the lens of the Quintuple Aim (Figure 1). 
The Quintuple Aim is the proposed next step in 
improving patient safety and quality of care 
delivered. The Institute for Healthcare Improve-
ment introduced the Triple Aim in 2008, as a 
framework to improve the patient experience, 
address population health, and lower costs as 
keys to health care transformation.14 In 2014, 
the Quadruple Aim was introduced to include 
clinician well-being, in response to research 
demonstrating that clinician engagement and 
burnout led to more safety events and reduced 
quality of care.15 Many accrediting groups such 
as the National Committee for Quality Assur-
ance and the Joint Commission recognized the 
importance of delivering on the Triple and Qua-
druple Aim. In 2022, the Quintuple Aim was 
proposed to add a fifth aim: advancing health 
equity. This was a recognition that delivering 
high-quality and safe patient care for popula-
tions, and to achieve the other aims, meant a 
focus on actively measuring, studying, and 
addressing disparities.16 

AI has a critical role to play in perioperative 
patient safety through the lens of the Quintuple 
Aim. In the complex modern health care deliv-
ery system, AI can help anesthesia profession-
als address the five aims of the Quintuple Aim, 
which could then translate to improved safety 
and quality of care in the perioperative contin-
uum. Figure 2 provides a variety of potential 
examples of AI applications within the frame-
work of the Quintuple Aim to improve patient 
safety and quality.

examples of machine learning in anesthesiol-
ogy include studying which variables were pre-
dictive of postinduction hypotension using 
electronic health record data,9 forecasting the 
bispectral index (BIS™, Medtronic, Dublin, Ire-
land) value based on the infusion history of pro-
pofol and remifentanil,10 or prediction of 
postoperative in-hospital mortality using preop-
erative and intraoperative data.11 

Natural language processing is a form of AI 
that can be used to extract relevant information 
from unstructured text data. For example, natu-
ral language processing was recently used in a 
retrospective study to assess whether unstruc-
tured free text of medical conditions in the elec-
tronic medical records could be extracted by a 
computer and used to generate an automated 
preanesthetic evaluation report. The results 
focused on how often the natural language pro-
cessing software recognized medical condi-
t ions as compared to an anesthesia 
professional. The study suggested that natural 
language processing was able to pick up rele-
vant conditions missed by the clinician in 
16.57% of the cases, and missed relevant condi-
tions noted by clinicians in only 2.19% of the 
cases.12 The opportunities for using natural lan-
guage processing to scale and augment the 
ability of an individual anesthesia professional 
in a complex care environment with limited 
staffing resources is a compelling use of AI for 
patient safety. 

Artificial intelligence can also be used with 
clinical decision support systems, which can be 
found in modern anesthesia care where the 
anesthesia information management system 
can provide electronic reminders to the anes-
thesia team on perioperative antibiotic dosing, 
use of postoperative nausea and vomiting pro-
phylaxis in high-risk patients, and assist with 
blood glucose management. A recent meta-
analysis demonstrated that clinical decision 
support can enhance compliance with periop-
erative antibiotic prophylaxis.13 Future roles of 
AI in clinical decision support to improve patient 
safety would include providing recommenda-
tions on the ideal antibiotic given the patient’s 

AI May Aid Clinicians to Navigate Data and Execute More Effective 
Medical Decisions

From “AI and Safety,” Page 1

As leaders in patient safety, anesthesia profes-
sionals have been at the forefront of research, 
quality improvement, adoption of technology, 
and incorporation of engineering principles to 
reduce harm and risk to patients. The challenge 
of delivering safe anesthesia care in modern-day 
perioperative medicine can become a patient 
safety concern on its own, as the complexity of 
patient conditions, speed of care delivery, scale 
of health systems, challenges in multispecialty 
communication, and sheer volume of data gen-
erated increases over time. The need for anes-
thesia care teams to scale their knowledge, 
presence, and effectiveness across the periop-
erative and health care environment has never 
been greater, especially at a time when the 
stress on the workforce is tremendous. 

To respond to the current health care delivery 
challenges and continue to deliver on the prom-
ise of patient safety, anesthesia care teams need 
to understand emerging technologies and those 
that are available to help improve patient safety. 
AI is one of the major emerging technologies 
that has already changed the world outside 
health care and is on the precipice of more wide-
spread adoption within health care. To responsi-
bly advance the field of perioperative patient 
safety, anesthesia professionals need to under-
stand the principles of AI, the possibilities, the 
risks, the ethics, and the use of AI in clinical prac-
tice. This will require the partnership and collabo-
ration of a diverse team within health care 
including the ability for anesthesia professionals 
to communicate effectively with data scientists, 
computer scientists, data analysts, and artificial 
intelligence experts. 

OVERVIEW OF ARTIFICIAL 
INTELLIGENCE APPLICATIONS 

IN ANESTHESIOLOGY
AI can be broadly defined as the ability of a 

computer or device to analyze a large volume 
of complex health care data, reveal knowledge, 
identify risks and opportunities, and support 
improved decision-making.7 While the field of 
AI is rapidly evolving, major techniques used in 
health care include machine learning, natural 
language processing,3 and combining AI with 
clinical decision support through the develop-
ment of graphic user interfaces.

Machine learning is one of the most common 
forms of AI and can be considered a statistical 
technique for fitting models to data with the 
computer “learning” how to understand the 
data by using training datasets as examples.8 
Advanced forms of machine learning include 
neural networks and deep learning. Recent See “AI and Safety,” Next Page

Figure 1: The evolution of the Quintuple Aim in health care delivery.
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strengths of AI through the lens of the Quintu-
ple Aim. 
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BRINGING IT ALL TOGETHER
Harnessing AI to improve patient safety in 

anesthesiology will take a significant amount of 
work from individual clinicians, anesthesiology 
groups, health care systems, and regulatory 
agencies such as the US Food and Drug Admin-
istration (FDA). AI is not as widespread in clinical 
practice as some would have expected only five 
years ago. Furthermore, adoption of AI with 
patient safety science and practice will still 
require time to mature. Many events are por-
tending the real integration of AI and periopera-
tive patient safety. New regulatory pathways 
developed by the FDA in 2019 have reduced the 
regulatory barriers and subsequent financial 
uncertainty to allow companies to develop AI 
application in health care. Unlike traditional med-
ical devices, the nature of software updates and 
other differences meant that AI and machine 
learning software needed to be regulated under 
its own pathway as a medical device. With more 
clarity on regulation and improved research and 
development in AI within health care, it is likely 
that deploying AI at the individual and health 
system level will increase. 

Other important considerations of AI in 
healthcare include ensuring transparent levels 
of understanding about how algorithms are 

AI Algorithms Require Transparency For Clinicians Regarding 
Their Function

designed as well as minimizing and eliminating 
bias associated with AI algorithms.17 For exam-
ple, AI algorithms that help improve the perfor-
mance of clinicians need to also be understood 
by the teams using them, which include a level 
of transparency in how the algorithms function.18 
In addition, particular attention to the founda-
tional development of AI algorithms and the 
data used to generate AI tools needs to take 
place to reduce risks of race/ethnicity, socioeco-
nomic, and statistical bias.18-20

 CONCLUSION
To advance the field of anesthesiology and 

perioperative patient safety, emerging tech-
nologies such as AI will need to be learned 
and incorporated into the field of clinical anes-
thesiology. For AI to be effective, implementa-
tion of data-driven analytics with patient safety 
paradigms in anesthesiology will require 
organ izations to innovate by supporting the 
development and building of multidisciplinary 
teams of clinicians, data scientists, engineers, 
informaticians, and patient safety scientists. As 
anesthesia care delivery continues to evolve, 
the multidisciplinary nature of perioperative 
patient safety will need to respond with an inno-
vative multidisciplinary approach, team, and 
solution—one that harnesses the scalability and 

From “AI and Safety,” Preceding Page

See “AI and Safety,” Page 7

“The Quintuple Aim”
Patient Experience Population Health Lower Costs Clinician Well-Being Health Equity

Preoperative • Leveraging AI for 
improved perioperative 
communication of 
important health and 
event notifications. 

• AI to drive text messaging 
to communicate 
perioperatively.

• Understanding population 
health risk factors to help 
with anesthesia and surgical 
scheduling and planning.

• Leveraging large datasets to 
safely triage patients to an 
ambulatory surgery center.

• Use of AI to analyze 
factors related to 
operating room 
logistics such as OR 
time scheduling.

• AI algorithms to improve 
anesthesia staff 
scheduling on electronic 
platforms.

• Optimizing staffing ratios 
based on predictive 
factors of patient 
perioperative risk and 
clinical load.

• Using AI to study 
demographic, 
socioeconomic, and 
environmental risk 
factors that may be 
predictive of 
perioperative 
morbidity and 
mortality.

Intraoperative • Using AI to assist in a 
successful placement, on 
first attempt, of vascular 
access and nerve blocks 
using ultrasound 
guidance.

• AI to assist in difficult 
airway management risk 
stratification.

• Use of AI to help inform 
which patients need type 
and screen and/or cross 
match.

• Use of AI for 
anesthesia depth 
monitoring and 
optimization to 
reduce waste.

• Use of AI to reduce 
cognitive load in clinical 
care environments with 
smart alarms and clinical 
decision support tools.

• Decreasing unnecessary 
interactions with the 
electronic medical record 
through optimizing 
charting with natural 
language processing.

• AI recommendation 
algorithms to 
reduce variation in 
care among 
different 
populations.

Postoperative • AI decision support for 
postoperative risk 
stratification and 
disposition to optimize 
inpatient and critical care 
resources.

• Leveraging AI to 
assist in optimizing 
hospital bed 
management 
efficiency including 
time to discharge.

• Using large datasets 
to study race/
ethnicity disparities 
in care among a 
large health care 
system.18

Figure 2: Framework applying the Quintuple Aim in applications of artificial intelligence in anesthesiology addressing patient safety across the perioperative continuum.
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Mpox, an enveloped, double-stranded DNA 
virus, is a member of the Poxviridae family and 
orthopoxvirus genus.3 Two distinct viral sub-
types include the Congo Basin and West Afri-
can strains. While the West African subtype is 
the dominant strain worldwide,4,5 with an esti-
mated mortality rate of 1%,6 the less dominant 
Congo Basin strain is reported to transmit more 
easily between humans and is associated with 
up to a 10% mortality rate.7 Complications of 
Mpox can include secondary infections, bron-
chopneumonia, sepsis, encephalitis, and infec-
tion of the cornea with ensuing vision loss. 
Nosocomial transmission is rare, but it has been 
reported to occur through direct contact with 
affected skin or environmental surfaces and/or 
via respiratory droplets. These modes of trans-
mission provide some urgency for anesthesia 
professionals to prepare for infection preven-
tion in the anesthesia work environment. 

The WHO issued guidelines for the clinical 
management and infection prevention and con-
trol for Mpox in June 2022.8 General recom-
mendations included contact and droplet 
precautions for any confirmed patient and the 
use of respirators and airborne precautions for 
aerosol-generating procedures. The American 
Society of Anesthesiologists and the Anesthe-
sia Patient Safety Foundation provided a joint 
statement of support and recommendations on 
August 31, 2022.9 Based on these guidelines, a 
pragmatic framework for the preparation and 
optimal care of patients with Mpox specific to 
the anesthesia work environment was devel-
oped (Figure 1). Important considerations 

include preoperative screening and testing, 
decision-making considerations as to proceed 
with or to delay elective surgery, and intra- and 
postoperative infection control measures.

SCREENING AND ELECTIVE SURGERY 
CONSIDERATIONS

Ideally, adult and pediatric patients with 
Mpox, or Mpox exposure, will be identified pre-
operatively. In general, persons are considered 
exposed after direct contact with the skin 
lesions or bodily fluids of an infected individual 
or indirect contact through objects that contact 
skin lesions or bodily fluids (e.g., bed linens). 
Infected individuals may report a variety of con-
stitutional symptoms including fever, malaise, 
weakness, lymphadenopathy,10,11 and rash that 

may take 4 weeks to resolve; although some 
may present with minimal or no symptoms. 
Mpox infection is accompanied by skin lesions 
that may be widespread or limited to a few 
lesions. The lesions, often described as painful, 
often occur in the genital or anorectal areas, 
which can make screening potentially challeng-
ing. Thus, patients who report being exposed to 
Mpox or diagnosed with Mpox should have 
elective surgery deferred until there is no con-
cern for transmission9 (Figure 2).

The purpose of delaying an elective surgery 
is to reduce the risk of Mpox transmission. 
Defining the duration of an infectious period 
of Mpox can be challenging. The variable 

Mpox is a Global Health Concern
From “Mpox,” Page 1

See “Postexposure Vaccination,” Next Page

Figure 1: Perioperative Considerations for the Patient with Mpox.

Figure 2: Procedural timing considerations for patients exposed or diagnosed with Mpox.

Mpox Procedural Timing

Emergent Procedure —Any Status
Proceed with infection control precautions 
in all phases of care

Elective Procedure—Exposed
Delay past the 21-day incubation period

• Screen for prodromal symptoms
• Test rashes for Mpox

Elective Procedure —Symptomatic
• Rash usually appears 1–4 days after 

 prodromal symptoms
• Infectious Period is usually complete 

by 4 weeks after appearance of rash
• More time may be required

Elective Procedure —Good to Go?
The patient is considered infectious until all 
the skin lesions have crusted over, fallen off 
and smooth skin appears underneath. The 
timing of this will vary between patients.

https://www.asahq.org/about-asa/newsroom/news-releases/2022/08/asa-apsf--statement-on-monkeypox
https://www.asahq.org/about-asa/newsroom/news-releases/2022/08/asa-apsf--statement-on-monkeypox
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 incubation period and the many weeks the rash 
may take to resolve make it difficult to estimate. 
This includes delaying an elective procedure 
for at least 21 days from the exposure, given the 
reported incubation period ranging from 4 to 21 
days,12 or, in the case of a rash, up to 4 weeks. 
The patient with Mpox-associated rash is no 
longer considered infectious when lesions 
have fallen off and are replaced with smooth 
skin. It is reasonable that patients that have 
active lesions and rashes consistent with Mpox 
not undergo elective surgery.

Importantly, if a concern for Mpox arises 
during the pre-operative exam, the interview 
should be interrupted, and appropriate per-
sonal protective equipment (PPE) donned. Care 
must be taken by health care professionals to 
not attach social stigmas with Mpox infections. 
Complaints of unexplained rectal or genital pain 
and/or perioral pustules or sores should prompt 
consideration for Mpox exposure or risk factors 
(Table 1). Integration of screening tools into elec-
tronic health record systems may facilitate peri-
operative screening and communication of 
patient risks.13,14 

MPOX TESTING
Information on current recommendations is 

available on the Centers for Disease Control 
and Prevention website (https://www.cdc.gov/
poxvirus/mpox/clinicians/index.html). Currently, 
routine testing for Mpox is not recommended. 
Mpox can be detected using polymerase chain 
reaction assays from DNA sampled from 
lesions. Blood testing is not recommended as 
Mpox virus remains in the blood for only a short 
period of time. Results from testing for Mpox 
may require days to return. If concern for Mpox 
develops intraoperatively, we recommend con-

tacting your local infection control officer or 
infectious disease specialist as soon as possi-
ble to discuss how to prevent further exposures 
and inform health care workers who may have 
already been exposed. Postexposure vaccina-
tion for prophylaxis is available and requires 
utilization within 4 days of exposure to optimize 
prevention of disease. Vaccination between 4 
and 14 days following the date of exposure is 
reasonable to consider, but less effective.15 

OPERATING ROOM CONSIDERATIONS
Mpox is a large virus that is spread primarily 

cles from lesions and viruses on the skin can 
remain infectious on surfaces for extended 
durations without disinfection. For example, 
one study detected viable Mpox on a house-
hold surface 15 days after the infected individ-
ual left the home.16 There is a risk of spreading 
the virus when clothing, bedding, or other fabric 
is moved. Caution should be taken in moving 
fabrics that have been in contact with the 
patient. Mpox virus has been isolated in sam-
ples obtained from the air during bed linen 
changes. Further caution includes monitors 
such as the blood pressure cuff. For example, 
care should be taken to avoid frequent and 
rapid removal of the blood pressure cuff as the 
process of removal can spread the virus. All 
fabric that has contacted the patient should be 
discarded in sealed waste bags to prevent 
aerosolization of viral particles. 

Patients should undergo care in negative 
pressure rooms for aerosol generating proce-
dures. Health care workers should have full 
droplet precaution PPE when caring for patients 
with Mpox. An N95 respirator or powered air 
purifying respirator (PAPR) is recommended. 
Protective eyewear is required, as is a remov-
able protective gown and gloves. Unnecessary 

equipment should be removed from the operat-
ing room (OR), OR traffic should be limited, and 
multiple anesthetics in the same OR should be 
avoided. Evidence-based anesthesia work area 
infection control measures should be followed, 
including frequent hand hygiene and postin-
duction environmental cleaning.17,18 

Mpox, an enveloped virus, is effectively inac-
tivated via use of United States Environmental 
Protection Agency (EPA)-registered disinfec-
tants. Examples of EPA-registered disinfectants 
that can be used for Mpox include cleaning 
solutions that have the active ingredients of iso-
propyl alcohol, quaternary ammonium, or ethyl 
alcohol. A comprehensive list of recommended 
products for disinfection can be found at the 
EPA website (https://www.epa.gov/pesticide-
registration/disinfectants-emerging-viral-patho-
gens-evps-list-q).19

POSTOPERATIVE 
An important consideration in the postopera-

tive period is to attempt to minimize the trans-
port and movement of infected patients and 
exposed health care providers across the 
health care system. Expedited dismissal from 
the OR should be considered when applicable. 
The surgical emergencies that may prompt 
patients with active Mpox to undergo surgery 
often require postoperative hospitalization or 
intensive care. Full PPE and isolation will need 
to be utilized in the care of these patients for 
transport and recovery. Health care workers 
that have unprotected exposure to patients 
with Mpox may require isolation for up to three 
weeks with those who develop lesions isolated 
until they are no longer infectious.9 

CONCLUSION
Patients presenting with Mpox and/or expo-

sure present unique perioperative consider-
ations. Anesthesia care team providers can 
leverage current knowledge and pragmatic 
approaches for infection prevention and con-
trol to optimize perioperative patient and pro-
vider safety. 
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Postexposure Vaccination for Mpox Prophylaxis is Available  
and Most Effective When Given Within 4 Days of Exposure

Table 1: Clinical Questions to Help Guide Screening and Perioperative Decision-
Making With Patients Suspected to Have Mpox.

Perioperative Clinical Questions:

1. Does the patient have a current or recent history of fevers, chills, malaise, headache, lymphade-
nopathy, flu-like symptoms?

2. Does the patient have a current or recent rash?

3. Where is the rash located?

4. What is the rash appearance?

5. Is the rash attributable to another known etiology?

6. Has the patient had recent contact with a known or suspected Mpox case?

7. Has the patient recently participated in large parties and gatherings involving intimate sexual 
contact?

8. What is the current epidemiology (incidence and prevalence) of Mpox in the region? 

https://www.cdc.gov/poxvirus/mpox/clinicians/index.html
https://www.cdc.gov/poxvirus/mpox/clinicians/index.html
https://www.epa.gov/pesticide-registration/disinfectants-emerging-viral-pathogens-evps-list-q
https://www.epa.gov/pesticide-registration/disinfectants-emerging-viral-pathogens-evps-list-q
https://www.epa.gov/pesticide-registration/disinfectants-emerging-viral-pathogens-evps-list-q
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Dopamine-Antagonist Antiemetics in PONV Management:  
Entering a New Era?

by Connie Chung, MD, and Joseph W. Szokol, MD, JD, MBA

INTRODUCTION
In the second half of the last century, dopa-

mine D2-receptor antagonists were a mainstay 
of the management of post-operative nausea 
and vomiting (PONV).1 However, at the start of 
the 21st century, they sharply declined in popu-
larity, primarily as a result of growing safety con-
cerns, not least of which was the imposition by 
the US Food and Drug Administration (FDA) of a 
black box warning on the most widely used 
agent in the class, droperidol.1

Currently there is renewed interest in this 
class of medications related, in part, to the intro-
duction of a new agent, amisulpride, which was 
approved by the FDA for the prevention and 
treatment of PONV in 2020 and is the only 
approved agent for rescue treatment after 
failed prophylaxis.

Re-evaluation of the evidence around 
D2-antagonists suggests they are not inter-
changeable in terms of either safety or efficacy, 
as this is an unusually heterogeneous class of 
drugs. There are at least three distinct structural 
sub-classes—substituted benzamides, butyro-
phenones and phenothiazines—with a wide 
range of pharmacologic properties and side 
effect profiles (Table 1).

SAFETY
D2-antagonists originally used as antiemetics 

were classical neuroleptics and first-generation 
antipsychotics (FGA).2 Central nervous system 
(CNS) penetration by D2-antagonist antiemetics 
results in a wide range of effects. Sedation and 
neuropsychiatric effects such as dysphoria or 
cognitive impairment can occur.2 Extrapyrami-
dal symptoms (EPS) include tardive dyskinesia, 
dystonia, and akathisia.2 Neuroleptic malignant 
syndrome (NMS) presents with fever, mental 
status changes, muscle rigidity, and autonomic 
instability, and antagonism of D2-receptors in 
the pituitary results in hyperprolactinemia.2 In 
addition, binding to potassium ion channels can 
result in QT prolongation and torsade de 

pointes.2 Amisulpride is an “atypical” or second-
generation antipsychotic with less brain pene-
tration than FGAs,3 resulting in a lower 
incidence of these adverse effects.2 

Although some of the side effects of 
D2-antagonists are dose-dependent, toxicity 
exists, and evidence is lacking on the impact of 
dose reduction on efficacy. Moreover, despite a 
reduction in frequency, adverse reactions like 
tardive dyskinesia, dysphoria, or torsade de 
pointes can have a high impact on patients. The 
crude incidence rate may not properly reflect 
the clinical burden. Therefore, it is essential to 
understand the relative risks of the available 
D2-antagonists in order for providers to make 
optimal prescribing decisions.

BENZAMIDES
Amisulpride is a substituted benzamide 

D2-antagonist and 5-HT2B and 5-HT7A serotonin 
antagonist with low blood-brain barrier penetra-
tion and lower affinity for adrenergic, histamine, 
and cholinergic receptors, resulting in a lower 
incidence of anticholinergic and sedative 
effects.4 Amisulpride also has preferential bind-
ing in the limbic system, resulting in a lower inci-
dence of EPS.4 A 2020 Cochrane network 
meta-analysis reported that amisulpride had a 
comparable incidence of adverse events as 
compared to placebo.5 Elevated prolactin 
levels from amisulpride do not exceed the norm 
for nonpregnant women,6 and amisulpride 

does not meaningfully prolong the QT interval 
at doses used for PONV management due to 
its weaker affinity for potassium channels.7 
Recent studies have shown that amisulpride is 
effective in both preventing PONV8 and as 
rescue treatment for PONV.9 Another benza-
mide D2-antagonist is metoclopramide, which is 
a weak D2 and 5-HT3 antagonist with dose 
dependent side effects that include sedation, 
EPS, and GI upset due to stimulation of gastric 
smooth muscle cells.10 In the literature, metoclo-
pramide may be useful in institutions where 
other D2-antagonists are not available, but oth-
erwise it may not be very efficacious in the 
management of PONV.1

BUTYROPHENONES
Droperidol is a butyrophenone D2-antagonist 

and was used as a first-line agent for PONV pro-
phylaxis in low doses in the past.1 It produces 
sedation, dysphoria, anxiety, akathisia, and, most 
notably, QT prolongation.11 Although instances of 
sudden cardiac death led to an FDA black box 
warning in 2001 and a significant decline in its 
use,1 the 2020 Cochrane network meta-analysis 
reported that antiemetic doses of droperidol had 
a comparable incidence of adverse events to 
placebo.5 Following the FDA black box warning 
on droperidol, there was increased interest in 
haloperidol, another butyrophenone, in the man-
agement of PONV.1 Haloperidol produces seda-
tion, EPS, neurotoxicity, and QT prolongation, 
and in 2007, the FDA updated labelling to warn 
providers that torsades de pointes and QT pro-
longation have been observed in patients 
receiving haloperidol, especially when adminis-
tered via IV or in higher doses than recom-
mended, emphasizing that haloperidol is not 
approved for IV administration for PONV treat-
ment.12 However, evidence suggests that low 
doses of IV haloperidol appear to be safe and 
effective when given as a single dose for PONV 
prophylaxis.12

See “Dopamine Antagonists,” Next Page

Table 1: D2 Subclass of Antiemetics

D2 Subclass Prototypical Agent Key Pharmacologic Properties Important Side Effects Noteworthy

Benzamides Amisulpride Low CNS penetration, low affinity for 
potassium channels, and cholinergic, 
adrenergic, and histamine receptors

Mild prolactinemia, low 
incidence of EPS 

FDA approved for use in PONV 
management

Butyrophenones Droperidol High CNS penetration, high affinity 
for potassium channels

Sedation, akathisia, QT 
prolongation

Black box warning, low doses 
effective in PONV management

Phenothiazines Prochlorperazine High affinity for cholinergic, 
adrenergic, and histamine receptors

Sedation, EPS, urinary 
retention, orthostatic 
hypotension

Use with caution in elderly 
patients

QT: refers to the interval between the Q and T points in the ECG
EPS: Extrapyramidal symptoms
PONV: Postoperative Nausea and Vomiting
CNS: Central Nervous System
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From “Dopamine Antagonists,” Preceding Page

D2-receptor Antagonists Mainstay Management of Postoperative  
Nausea and Vomiting

PHENOTHIAZINES
Prochlorperazine is the most commonly used 

phenothiazine D2-antagonist and FGA, produc-
ing sedation, EPS, anticholinergic effects (such 
as anorexia, blurred vision, constipation, dry 
mucosa, and urinary retention), antiadrenergic 
effects leading to orthostatic hypotension, and 
a decrease in the seizure threshold.13 Prometh-
azine is another phenothiazine D2-antagonist 
and antihistamine that produces sedation, but 
IV formulations are irritating and corrosive, 
causing severe tissue damage upon extravasa-
tion from a vein.14

D2 ANTAGONIST SIDE EFFECTS
D2-antagonists can have notable drug inter-

actions and are not recommended in patients 
with prolonged QT syndrome or taking drugs 
that prolong the QT interval, given the risk of 
further prolongation.15 Ondansetron, a com-
monly used antiemetic, can also prolong the QT 
interval, but the QT prolongation induced by the 
combination of ondansetron and droperidol is 
not different from that induced by each drug 
alone.1 D2-antagonists can potentiate QT pro-
longation in patients taking drugs that reduce 
heart rate or induce hypokalemia, and combin-
ing D2-antagonists with antipsychotics creates 
an additive risk for tardive dyskinesia and 
NMS.15 In addition, patients taking dopamine 
agonists such as levodopa for Parkinson’s or 
cabergoline for hyperprolactinemia should 
avoid D2 antagonists.15 Finally, D2-antagonists 
should not be given with monoamine oxidase 
(MAO) inhibitors, as norepinephrine is broken 
down by MAO, and D2-antagonism creates an 
accumulation of norepinephrine, leading to an 
exaggerated end-organ response.16

Best practices for postoperative brain health 
suggest that D2-antagonist antiemetics should 
be used with caution or avoided in patients 
over 65 as they can produce central anticholin-
ergic effects (phenothiazines), EPS (benza-
mides), and tardive dyskinesia, delirium, and 
NMS (butyrophenones).17 Also, elderly patients 
with dementia may have an increased risk of 
cerebrovascular accident and an increased rate 
of cognitive decline and mortality with these 
medications.17 Similar to adult patients, pediatric 
patients may experience EPS and QT prolonga-
tion with D2-antagonists.18 

PONV AND CLINICAL PRACTICE 
GUIDELINES

PONV contributes to prolonged postanesthe-
sia care unit (PACU) stay, unanticipated hospital 
admission, and increased health care costs.1 
The fourth consensus guidelines for the man-
agement of PONV published in 2020 outline 
identification of high-risk patients, managing 
baseline PONV risks, choices for prophylaxis, 

and rescue treatments of PONV.1 Two important 
conclusions from the guidelines should be high-
lighted here. Prevention of PONV should be 
considered an integral aspect of anesthesia, 
and therefore, patients with even one or two risk 
factors for PONV should receive multimodal 
PONV prophylaxis.1 In addition, PONV treatment 
should consist of an antiemetic from a pharma-
cologic class that is different from the prophylac-
tic drug initially given,1 as there is no benefit of 
redosing ondansetron, despite its common 
practice.1

Various D2-antagonists have been shown to 
play a beneficial role in both PONV prophylaxis 
and treatment in the literature. Numerous ran-
domized controlled trials and retrospective data-
base analyses demonstrate that combination 
regimens of non D2-antagonist antiemetics with 
various older D2-antagonists such as droperidol, 
haloperidol, and promethazine, are more effec-
tive than either agent alone.5,19-21 However, the 
use of these agents has declined.19 To date, amis-
ulpride has been evaluated for the management 
of PONV in six clinical trials.19,20 While five of the 
trials evaluated monotherapy and demonstrated 
amisulpride is superior to placebo in the preven-
tion and treatment of PONV,6,8,22,23 Kranke et al. 
demonstrated that the combination of amisul-
pride with ondansetron or dexamethasone was 
more effective than ondansetron or dexametha-
sone alone in reducing PONV and for rescue 
PONV treatment.8

CONCLUSION
Multimodal PONV prevention and manage-

ment is critical, especially in enhanced recovery 
after surgery (ERAS) pathways, patients under-
going ambulatory surgery, and treatment of 
high-risk patients who have increased acuity 
and fragility. D2-antagonists can play an effec-
tive role given the evidence in the literature, but 
they also have a wide range of side effects, lim-
iting their use.24 However, amisulpride is a 
D2-antagonist with a favorable safety profile, as 
well as FDA approval for use in the prevention 
and management of PONV. Therefore, more 
studies are warranted to compare amisulpride 
to other single agent antiemetics and its use in 
combination therapy, as well as cost-benefit 
analyses.

Connie Chung, MD, is an assistant professor in 
the Department of Anesthesiology, University of 
Southern California Keck School of Medicine, 
Los Angeles, CA.

Joseph W. Szokol, MD, JD, MBA, is a professor in 
the Department of Anesthesiology, University of 
Southern California Keck School of Medicine, 
Los Angeles, CA.
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2023 President’s Report: The Continued Quest  
“that no one shall be harmed by anesthesia care”

by Dan Cole, MD

I don’t need to tell anyone reading this arti-
cle that it has been quite a year in health care. 
With an environment defined by political polar-
ization and its intersection with COVID, health 
and health care disparities, tenuous health 
care economics, burnout, and predictions of a 
“great resignation” where does patient safety 
fit into a strategic path forward?

Considering the complexity of systems of 
health care, it should not be surprising that 
safety problems are endemic in health care. 
We must work from a foundation of safety to 
achieve the purpose and goals of health care. 
Safety should be embedded in every decision 
and action we take. From a systems perspec-
tive, patients want to know that the care they 
receive is patient-centric, safe and reliable, 
and meets their quality expectations. They 
want to know that the health care providers 
caring for them are clinically competent, have 
interpersonal competence, and have primacy 
of the patient’s interest. In a word, they want to 
trust the system and people that care for them.

So how are we doing with trust? A recent 
gallop poll found that in 2019, only 36% of indi-
viduals had “a great deal” or “quite a lot of 
confidence” in the medical system.1 Due pri-
marily to the heroic efforts of health care work-
ers during the peak of the COVID pandemic, 
the number increased to 51% in 2020.1 How-
ever, in 2021, in an environment of controversy 
regarding medical advice on wearing masks 
and vaccine mandates, the trust metric 
decreased to 44%.1

WE HAVE WORK TO DO!
This past year, the Anesthesia Patient Safety 

Foundation (APSF) has been laser-focused on 
our vision “that no one shall be harmed by 
anesthesia care.” That vision should be 
entrenched throughout the experiences of the 
patient during the entire perioperative pro-
cess, and beyond. In short, we aspire to a 
system without preventable harm, returning 
patients to their baseline or an improved state 
of physical, cognitive, and psychological 
health.

In February of 2022, we held a strategic 
planning session with the objective to inno-
vate and seek new projects that would have 
high impact on fulfilling our vision. Although 
there were literally scores of ideas, we settled 
on three:

1. Develop two-way communication with 
patients. To that end, we have added the 
patient’s voice to our discussions and deci-
sions and are working on patient-facing 
material that patients can use to improve 
their perioperative experience.

2. Engage the next generation of anesthesia 
professionals. To accomplish this goal, we 
are in the development phase with the 
American Society of Anesthesiologists to 
provide basic educational modules on 
patient safety to all learners and early career 
anesthesia professionals.

3. Enhance the implementation of disruptive 
technology. The future of health care prom-
ises to add more robust data collection and 
advanced clinical decision support tools. 
Machine learning, artificial intelligence, and 
wearable sensors have already been intro-
duced into the perioperative space. These 
innovations have great promise to improve 
quality and safety, but also have inherent 
risk if not implemented correctly. Our first 
step in this endeavor will be our 2023 
Stoelting Consensus Conference, which 
will address this new era of health care 
safety issues as they relate to emerging 
technologies.

We continue to work the levers of action by 
which we turn ideas into action, and action into 
results. They include research, education, our 

Newsletter, other communication vehicles 
(e.g., social media), collaboration with other 
stakeholders in patient safety, and advocacy. 
With limited resources we will continue to stra-
tegically exercise these levers to make contin-
ued progress in the fight against preventable 
harm. Our focus over the next year will be 
directed at our ten priorities (https://www.apsf.
org/patient-safety-priorities/). These include:

1. Culture of Safety

2. Teamwork

3. Clinical Deterioration

4. Non-Operating Room Anesthesia

5. Perioperative Brain Health

6. Opioid-Related Harm

7. Medication Safety

8. Infectious Diseases

9. Clinician Safety

10. Airway Management. 

We have a deeply committed group of volun-
teers who I am confident will rise to the chal-
lenges of health care that will occur in the 
perioperative space over the next decade, and 
the solutions that patient safety engender. We 
rely on your financial support to achieve our 
goals, and we will use our resources wisely to 
ensure that anesthesiology remains a leader in 
perioperative safety to the benefit of our 
patients and providers. Sometimes it is best to 
resist change, sometimes to align with change, 
but we at the APSF will be proactive to continue 
our work to fulfill our vision “that no one shall be 
harmed by anesthesia care.” It is indeed a 
sacred trust that we have with our patients and 
our goal is to further the foundation of trust on 
which our specialty has been built.

Dan Cole, MD, is professor of clinical anesthesi-
ology in the Department of Anesthesiology and 
Perioperative Medicine, David Geffen School of 
Medicine, University of California at Los Ange-
les. He is also the current president of the Anes-
thesia Patient Safety Foundation. 
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Language barriers in health care are not 
benign, and they contribute to disparities in 
care and outcomes for patients who do not 
speak English well as compared to English-
speaking patients. Individuals with “limited Eng-
lish proficiency” (LEP) are defined by the U.S. 
Department of Health and Human Services as 
those “who do not speak English as their pri-
mary language and who have a limited ability to 
read, write, speak, or understand English.”1 The 
Agency for Healthcare Research and Quality 
identified five high-risk scenarios for LEP 
patients: medication reconciliation, patient dis-
charge, informed consent, emergency depart-
ment care, and surgical care. Anesthesia 
professionals may be involved in every one of 
these high-risk scenarios.2 LEP patients are at 
greater risk for surgical delays, surgical infec-
tions, falls, pressure ulcers, and readmissions.3

Linguists recognize more than 7,000 lan-
guages, and 1,333 of these are catalogued by 
the United States Census Bureau.4 Although 
precise counts are elusive, the U.S. Census 
Bureau reports speakers from forty-two differ-
ent language groups;4 ten of the most common 
non-English languages spoken at home in the 
United States are shown in Table 1. As patients 
speaking these languages present for health 
care, it is important to recognize the unique 
needs of patients who do not speak the most 
common language(s) in any given setting. In the 
United States, English is the de facto language 
of government, health care, and commerce. In 
2019, 21.5% of the U.S. population reported 
speaking a language other than English at 
home, and 8.2% of the US population were 
reported to have limited English proficiency.5 
Title VI of the U.S. Civil Rights Act of 1964 
requires that recipients of federal financial 
assistance take reasonable steps to make their 
programs, services, and activities accessible by 
eligible persons with LEP.6 Federal financial 
assistance programs include health care pro-
viders and hospitals who participate in CHIP, 
Medicaid, and Medicare. To make themselves 
accessible to LEP patients, hospitals must 
therefore provide translation of written word 
and interpretation of spoken word.

The United States Department of Health and 
Human Services (HHS) offers a free online edu-
cational program to assist organizations and 
individual providers in assessing their readiness 
to provide care for LEP patients and teaching 
the HHS Office of Minority Health Standards for 
Culturally and Linguistically Appropriate Ser-

vices in Health and Health Care.7 Below, we 
provide some important highlights of care for 
LEP patients.

When providing care to LEP patients, clini-
cians must assess when interpretation services 
are needed. The Joint Commission states, 
“Because communication is a cornerstone of 
patient safety and quality care, every patient has 

the right to receive information in a manner he 
or she understands.”8 For optimal care, interpre-
tation services should be involved any time 
there is a need for two-way communication with 
the patient. Interpretation can be provided in 
person by a trained clinician, trained clinical staff 
member, or dedicated interpreter. Additionally, 

Anesthesia Care for Patients With Limited  
English Proficiency

by Harrison Charwat, MD, and Meghan Lane-Fall, MD, MSHP, FCCM

See “Language Barriers,” Next Page

Table 1: Languages Spoken by Those Who Speak Languages Other Than English at 
Home, United States.11

Language # of Speakers in the  
United States (2018)

Percentage Change,  
2010-2018

Spanish 41,460,427 +12%

Chinese (including 
Cantonese, Mandarin)

3,471,604 +24%

Tagalog 1,760,468 +12%

Vietnamese 1,542,473 +12%

French 1,232,173 -7%

Arabic 1,259,118 +46%

Korean 1,086,335 -4%

Russian 919,279 +8%

German 889,651 -17%

Hindi 874,314 +43%

https://cis.org/sites/default/files/2019-10/camarota-language-19_0.pdf

https://cis.org/sites/default/files/2019-10/camarota-language-19_0.pdf
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Trained Interpretation Staff Are an Important Part of the Health Care Team

there are many companies that provide either 
audiovisual or audio-only interpretation. Provid-
ers familiarize themselves with the specific 
resources available in their health care system. 

Trained interpreters are part of the health care 
team and receive between 40 and 120 hours of 
training prior to their first day on the job. 
Untrained interpreters have been shown to 
make twice as many errors as trained interpret-
ers.9 To be eligible as a trained interpreter, an 
individual must speak English and the desired 
non-English language, as well as be versed in 
medical terminology in both languages. When 
interpretation services are being utilized, the 
health care professional should start the conver-
sation by letting the interpreter know what to 
expect from the encounter prior to beginning a 
conversation. The conversation should be 
directly with the patient, not the interpreter. After 
the conversation, the interpreter’s name or ID 
number should be documented in the chart for 
that patient encounter.

Sometimes, providers use suboptimal inter-
pretation options including the patient’s family 
members, staff members with limited fluency or 
medical language, Google Translate, or “just 
winging it.” It can be especially tempting to use 
family members as interpreters given their famil-
iarity with the patient, availability in the moment, 
and lack of cost. However, most family members 
lack the training of official interpreters, including 
knowledge about and sensitivity to confidential-
ity concerns.2 Well-meaning family members 
may censor or change the information that the 
provider is sharing, which degrades the patient’s 
individual autonomy. Family members may also 
participate in the discussion between provider 
and patient rather than acting solely as inter-
preter. Minor children are especially problematic 
interpreters given family power dynamics and 
their limited understanding of medicine or the 
overall situation; children should not be used as 
interpreters except in emergencies.10 Some 
organizations allow patients to request a family 
member as an interpreter; this can be appropri-
ate, but clinicians may have to make a judgment 
about the patient’s level of autonomy when such 
a request is made. In keeping with patient auton-
omy, patients may reject the offer for profes-

From “Language Barriers,” Preceding Page sional interpretation services, but these services 
should still be offered in each interaction.

When caring for LEP patients, three founda-
tional principles apply. First, these patients are 
limited in their English proficiency, which does 
not mean a complete lack of English under-
standing. Patients who are conversant in simple 
English (e.g., they can greet the health care 
team in English) may still need interpretation ser-
vices for adequate understanding of their health 
care. Second, a patient’s ability to speak English 
bears no relationship to their intelligence or 
medical sophistication. To reinforce this point, it 
can be helpful to imagine oneself as an anesthe-
sia or perioperative professional seeking emer-
gency care and not being able to communicate 
directly with the health care team. Third, every 
patient has the right to communicate directly 
with their health care team. To appropriately pro-
vide care to these patients, it is best to allot extra 
time while minimizing distractions. If possible, 
keeping the device for accessing remote inter-
pretation services at the bedside can remove a 
barrier in use. Knowing the appropriate policies 
regarding interpretation can avoid awkward 
conversations with family members. Presched-
uling in-person interpretation can streamline the 
entire process, especially for family meetings or 
other preplanned conversations. Partnerships 
with patients and between members of the care 
team can streamline care for LEP patients, 
enabling both efficient care and care that meets 
the needs of this vulnerable group.

As the United States continues to have a 
growing LEP population, clinicians will see 
increasing numbers of LEP patients. Having a 
plan in place for effectively communicating with 
LEP patients can help reduce strain on a pro-
vider while also maintaining a strong relation-
ship with the patient. Trained interpretation staff 
are an important part of the health care team 
and allow patients to be truly informed through-
out their medical journey. Providing interpreta-
tion services for patients should be considered 
an aspect of providing the compassionate 
patient-centered care to which clinicians aspire. 

Harrison Charwat, MD, is a PGY-1 Anesthesiol-
ogy resident at the Hospital of the University of 
Pennsylvania. 
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Non-Operating Room Anesthesia:  
Closed Claim Review and Analysis 

by Paul A. Lefebvre, JD

INTRODUCTION
With advancements in minimally invasive 

procedures and a desire to meet the needs of 
an ever-changing patient population, anesthe-
sia professionals are increasingly asked to pro-
vide services outside the traditional operating 
room environment.1,2 Our medical professional 
liability company is actively monitoring claim 
frequency and severity trends relating to 
adverse events occurring in non-operating 
room anesthesia (NORA) locations, such as 
endoscopy units, cardiac catheterization labs, 
interventional radiology suites, and office-
based settings. We recently examined the last 
200 claims that resulted in indemnity payments. 
Of these 200 claims, 28 involved procedures 
performed in NORA locations. While NORA 
cases made up only 14% of claims resulting in 
settlement or judgment, the average payment 
for NORA procedures was 44% higher than 
claims originating in the OR. Notably, we found 
that a higher percentage of paid NORA claims 
involved catastrophic injuries, such as brain 
injury and death, than claims arising in the OR.

In this article, we examine a case study and 
explore some of the unique challenges faced 
when defending anesthesia professionals in 
lawsuits stemming from adverse outcomes in 
NORA locations.

CASE STUDY
A 64-year-old male presented for elective 

colonoscopy. The patient’s medical history was 
significant for morbid obesity, hypertension, 
diabetes, and obstructive sleep apnea. The 
anesthesia plan was intravenous sedation with 
an unsecured airway. Oxygen was delivered via 
nasal cannula at a rate of 4 liters per minute. 
Fifteen minutes into the procedure, the gastro-
enterologist noted the patient was hypotensive 
and had an arrhythmia, which developed into 
bradycardia.  When the lights were turned back 
on, the patient appeared to be cyanotic. His 
oxygen saturation was 75% and he had a heart 
rate of 49. The anesthesia professional applied 
a face mask and increased the oxygen flow to 
8 liters per minute. The patient’s condition con-
tinued to deteriorate, and he went into asystole. 
A code was called, and the anesthesia profes-
sional secured the patient’s airway. There was 
return of spontaneous circulation after several 
rounds of cardiopulmonary resuscitation (CPR). 
The patient was transferred to the ICU, where 
hypothermia protocol was initiated. A subse-
quent CT scan revealed diffuse brain swelling. 
The patient never regained consciousness, and 
his family elected to withdraw supportive mea-

sures. The patient passed away on postopera-
tive day seven.

The patient’s wife and adult children filed a 
lawsuit against the anesthesia professional and 
his practice group. The family alleged the anes-
thesia professional departed from the standard 
of care by (1) oversedating the patient, (2) failing 
to secure his airway in light of his high risk for 
obstruction, (3) failing to utilize capnography to 
measure qualitative ETCO2, and (4) failing to 
timely recognize and manage the patient’s 
respiratory depression. Defense experts 
refuted the allegations pertaining to the depth 
of sedation and airway support, and these 
claims gained little traction during the course of 
litigation. At his deposition, the anesthesia pro-
fessional testified that he monitored the 
patient’s gas exchange with capnography, but 
he neglected to document it in the record. 
While this issue complicated the defensibility of 
the case, defense counsel indicated it would 
not be an insurmountable hurdle if the jury 
found the anesthesia professional’s testimony 
credible. However, the defense later learned 
that a nurse who witnessed the event was pre-
pared to testify the anesthesia professional did 
not monitor the patient closely, and that he was 
showing the nurses pictures on his cellphone 
during the procedure. Defense counsel 
reported that the likelihood of prevailing at trial 
would be substantially diminished if this testi-
mony reached a jury. Accordingly, the parties 
reached a settlement agreement within the 
anesthesia professional’s policy limits.

CHALLENGES IN DEFENDING 
NORA CLAIMS

While data suggests NORA patients, on aver-
age, are older and more medically complex 
than the OR patient population,3 our claims 
experience suggests this data does not align 
with the general public’s perception of the risks 
associated with NORA procedures. Plaintiffs’ 
attorneys regularly characterize NORA proce-
dures as routine and low risk, contending the 
most plausible explanation for the adverse out-

come was provider negligence. Tens of millions 
of procedures are performed outside the tradi-
tional OR setting annually in the United 
States.4-6 Based on total volume of NORA pro-
cedures performed, many prospective jurors 
will have undergone a NORA procedure or 
accompanied a loved one to a procedure. If the 
procedure at issue was routine and low risk in 
the jurors’ lived experiences, it becomes more 
challenging to rebut plaintiffs’ generalizations 
and defend cases “on the medicine” with 
expert testimony.  

Moreover, some NORA environments are 
prone to heightened scrutiny concerning pro-
duction pressures and economic incentives, 
particularly in outpatient facilities with high pro-
cedure volumes. When a claim involves a code 
or another emergency, plaintiffs’ attorneys com-
monly examine the facility’s staffing and 
resources to assess whether appropriate per-
sonnel, equipment, and rescue medications 
were readily available. If they uncover any evi-
dence intimating additional personnel or 
resources could have prevented a crisis or 
improved the patient’s outcome, they will fold 
these allegations into a basic yet effective 
theme: economic gain took priority over patient 
safety.

Another frequent liability theory introduced in 
NORA claims is that the anesthesia professional 
failed to adopt proper patient selection criteria 
or consider alternative anesthesia plans. Plain-
tiffs’ experts, who know the patient’s outcome 
before forming their opinions, review medical 
records and deposition testimony through the 
lens of hindsight bias. Anesthesia professionals 
are often criticized for failing to appreciate the 
patient was high risk, or that they tailored the 
anesthesia plan to the facility’s practice model 
rather than the individual patient’s needs.

Lastly, we examined a relatively significant 
number of the NORA claims in which a proce-
duralist, nurse, and other provider involved in 
the patient’s care made disparaging remarks 
about the anesthesia professional, often alleg-
ing the patient’s adverse outcome was attribut-
able to their lack of vigilance. This may be 
because NORA procedures can be an “away 
game” for anesthesia professionals. When 
NORA services are performed in new or unfa-
miliar settings, other members of the procedure 
team may be more inclined to point fingers or 
direct blame at anesthesia professionals if they 
work together infrequently and have not devel-
oped professional relationships.

See “NORA,” Next Page
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STRATEGIES TO ADVANCE PATIENT 
SAFETY IN NORA

The easiest decisions to defend are those 
that are made in the best interest of the 
patient’s health and safety. To this end, anesthe-
sia professionals should take sufficient time to 
perform a comprehensive preanesthesia evalu-
ation and develop an anesthesia plan tailored 
to the patient based on the individual’s medical 
history and the nature of the planned proce-
dure. Anesthesia professionals should have 
autonomy to select the anesthesia plan best 
suited for the patient, and while the procedural-
ist may provide input, the anesthesia profes-
sional should ultimately make the decision.  

Unfortunately, there is no such thing as a risk-
free anesthetic, and patients can experience 
complications even under the safest circum-
stances. For this reason, anesthesia profession-
als should dedicate ample time to the informed 
consent process. It is important that anesthesia 
professionals highlight pertinent risks and give 
patients an opportunity to ask questions before 
the procedure. In the event of a catastrophic 
complication, professional negligence actions 
are brought by the patient’s family members, 
who may not appreciate there were significant 
risks associated with the procedure. Accord-
ingly, with the patient’s permission, anesthesia 
professionals may consider including family 
members in the informed consent discussion if 
there is a heightened risk of complication.  

Anesthesia professionals should ensure 
NORA locations have adequate staffing and 
resources to safely render anesthesia services. 

Emergency equipment and rescue medications 
should be properly maintained and readily 
accessible. In settings where cardiopulmonary 
arrest is very unlikely to occur, such as dental 
offices or freestanding endoscopy centers, 
members of the procedure team may benefit 
from having defined responsibilities in the 
event of an emergency. If practical, conducting 
periodic code simulations at these facilities can 
ensure the procedure team is better prepared 
should a real-life crisis arise.

Finally, anesthesia professionals should take 
the opportunity to get to know the other mem-
bers of the procedure team when practicing in 
a new or unfamiliar environment. Everyone 
involved in the patient’s care shares a common 
goal: to get the patient through the procedure 
safely and with the best possible outcome. 
Anesthesia professionals can reinforce this 
shared objective by actively communicating 
with other providers in the room, particularly 
during critical phases of the procedure, to dem-
onstrate they are focused and engaged in the 
patient’s care.

CONCLUSION
Thousands of NORA procedures are per-

formed in the United States every day without 
complication, improving the lives of countless 
patients in the process. While our closed claims 
data suggests there is increased liability expo-
sure when major complications occur during 
NORA procedures, the number of NORA claims 
as a percentage of total procedures performed 
remains small. Additionally, the incidence of 
NORA claims stemming from minor complica-
tions is quite low in our company’s experience.  
However, when anesthesia professionals are 

named in lawsuits resulting from catastrophic 
complications during NORA procedures, they 
will often face unique challenges defending 
their care. By better understanding these 
common allegations and theories of liability, 
anesthesia professionals can work with other 
providers and facilities to avoid undue criticism, 
improve outcomes, and advance a culture of 
patient safety.

Paul A. Lefebvre, JD, is a senior claims attorney 
at Preferred Physicians Medical (PPM).

The author has no conflicts of interest. 
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Get Social With Us!
The APSF is eager to connect with patient safety enthusiasts across the internet on our social 
media platforms. Over the past year, we have made a concerted effort to grow our audience and 
identify the best content for our community. We've seen increases in followers and engagement 
by several thousand percent, and we hope to see that trajectory continue into 2023. Please 
follow us on Facebook at https://www.facebook.com/APSForg/ and on Twitter at https://twitter.
com/APSForg. Also, connect with us on Linked In at https://www.linkedin.com/company/anesthe-
sia-patient-safety-foundation-apsf-/. We want to hear from you, so please tag us to share your 
patient-safety-related work, including your academic articles and presentations. We’ll share those 
highlights with our community. If you are interested in joining our efforts to amplify the reach of 
APSF across the internet by becoming an Ambassador, please reach out via email to Marjorie 
Stiegler, MD, our Director of Digital Strategy and Social Media at stiegler@apsf.org, Emily Meth-
angkool, MD, the APSF Ambassador Program Director at methangkool@apsf.org, or Amy Pear-
son, Social Media Manager at pearson@apsf.org. We look forward to seeing you online!

Marjorie Stiegler, MD, APSF Director of Digital 
Strategy and Social Media.
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INTRODUCTION TO ANESTHESIA 
INCIDENT REPORTING SYSTEM (AIRS)
The Anesthesia Incident Reporting System 

(AIRS) was created specifically to detect rare 
and novel adverse events that occur in national 
health care systems in the perioperative period. 
Events may encompass equipment malfunc-
tions, medication errors, and rare complications 
in the nonoperating room setting. Over the last 
11 years, thousands of detailed event reports 
and tens of thousands of cases of harm have 
been submitted, associating an anesthetic with 
a complication. AIRS uniquely serves as our 
“canary in the coal mine,” letting us know when 
something new or rare is occurring across 
the country. 

Shortly after the launch of AIRS, we received 
multiple reports of air embolus occurring 
during endoscopic retrograde cholangiopan-
creatography (ERCP). The AIRS committee 
published a case report in the ASA Monitor 
highlighting this rare, but potentially fatal com-
plication with recommendations to assist in 
detection and prevention. Over the years 
these recommendations have been propa-
gated through many educational channels, 
including the American Board of Anesthesiolo-
gy’s maintenance of certification questions. 
This event and a summary of it have also been 
presented in many Anesthesia Quality Institute 
(AQI) sponsored panels and other forums. As a 
result of this attention, ERCPs are now com-
monly performed with CO2 insufflation to 
reduce the risk of this event, and gastroenter-
ologists are more careful with dissection. Both 
parties are more mindful of the risk and better 
prepared to respond. While a voluntary event 
reporting system cannot completely determine 
the incidence of the event, we believe the prev-
alence may have decreased due to a paucity of 
reports over the past 10 years. 

Without the original AIRS reports there may 
have been a significant delay in recognizing 
this complication and educating our specialty. 
The remainder of this article is a summary of the 
AIRS system and how the tool can be used to 
safely report adverse events in any anesthesia 
practice. It is a professional obligation for all of 
us, and one way we can work together to 
improve patient outcomes. 

HISTORY OF INCIDENT REPORTING
Incident reporting began locally with initial 

adoption in the 1930s, typically surrounding 
unexplained deaths.1 This expanded over time 
to cases of patient harm, and cases where 
patients were almost harmed (near miss) by an 
unsafe condition. Flanagan described the first 

The Anesthesia Incident Reporting System (AIRS) 
by Patrick Guffey MD, MHA, on behalf of the AIRS committee of the Anesthesia Quality Institute

See “Incident Reporting,” Next Page

cases of anesthesia critical or incident reporting 
in 1954,2 and this technique was introduced in 
the United States by Cooper et al in 1978.3 Inci-
dent reporting is designed to improve patient 
safety by identifying hazards for improvement. 
This paradigm has been in use in other indus-
tries for much longer than health care and typi-
cally in highly reliable applications, such as 
aviation and nuclear power. 

As expected, this work began with mortality 
and then slowly evolved to capture morbidity. 
The adoption of systems that capture near 
misses and unsafe conditions is limited to the 
current century. Many departments use a paper 
system to track and discuss cases at a morbid-
ity and mortality conference. However, a formal 
process with reliable event capture including 
near misses and unsafe conditions is uncom-
mon. Large hospitals tend to have a process for 
event reporting; however, as this system is typi-
cally not customized to the anesthesia commu-
nity, the rate of use by anesthesia professionals 
is quite low.4-7

All clinicians learn from experience in their 
day-to-day practice. However, this approach 
has limitations. First, it may be difficult to draw 
conclusions from a single event. Root cause 
analysis can be difficult for a sole provider, and 
even in a group setting, there may be insuffi-
cient data to draw a conclusion due to multifac-
torial causes. Further, this requires that each 
anesthesia professional experience their own 
complications, as opposed to many of us learn-
ing from the experience of few. 

NATIONAL REPORTING SYSTEMS
In order to allow for more robust data analy-

sis, detection of rare events, and to leverage 
economies of scale, aggregation of events at 
the national level is desirable. This work began 
in Australia and New Zealand in 1988 and was 
later adapted to WebAIRS, a national repository 

of anesthesia events developed by the Austra-
lian and New Zealand Triparate Anesthesia 
Data Committee (ANZTADC).5,8 In 2011, the 
Anesthesia Quality Institute (Schaumburg, IL) 
developed and launched the anesthesia inci-
dent reporting system (AIRS) in the United 
States.5 This system was based on the anesthe-
sia specific taxonomy developed by ANZTADC 
as well as the very robust local systems in place 
at the University of California, San Francisco, 
and Children’s Hospital Colorado affiliated with 
The University of Colorado.4,5

THE SIGNIFICANCE OF THE PATIENT 
SAFETY AND QUALITY IMPROVEMENT 

ACT (PSQIA)
A common concern among physicians is the 

legal implications of reporting adverse events 
to local, regional, and national systems. In 
2005, the Patient Safety and Quality Improve-
ment Act (PSQIA) became law in the United 
States.9 This law authorized the creation of 
Patient Safety Organizations (PSO), of which the 
AQI as the hosting entity of AIRS is a member. 
PSOs are fully authorized by federal law to col-
lect patient data and protect it from legal disclo-
sure to support quality improvement work. This 
law was absolutely critical to the development 
of AIRS. Data from AIRS is de-identified, and in 
accordance with the PSQIA, reported to the 
agency for health care research and quality 
(AHRQ), which allows the reports generated by 
AIRS to be used to improve health care overall 
in the United States. Over the last decade, 
PSOs have been collecting reports of patient 
harm, and successfully protecting their partici-
pants from discoverability. 

TYPES OF AIRS CASES
Cases reported to AIRS are classified by type 

and specialty, among other considerations. As 
may not be expected, the majority of cases we 
receive are focused on three areas: equipment 
issues, infrastructure/systems concerns, and 
medications. Pulmonary, cardiac, and airway 
complications are a much smaller fraction of the 
reports. When asked as part of the reporting 
process, the contributing clinicians feel that the 
reported event was preventable by a three to 
one margin. 

DISSEMINATION OF AIRS CASES
An important output of the AIRS system is 

monthly newsletter articles summarizing a case 
and the lessons learned. The AIRS committee 
members search for interesting and notable 
cases or trends and through a peer-reviewed 
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Incident Reporting is Important to Detect, Analyze, and Learn  
from Adverse Events

process at the committee level produce an  
article for the ASA Newsletter. The complete list 
of all case reports is available at https://www.
aqihq.org/casereportsandcommittee.aspx. The 
articles may be read without subscription at this 
address. 

REPORTING AIRS CASES
Cases of harm or notable near-misses can be 

reported at aqiairs.org by any member of the 
anesthesia care team, including trainees or stu-
dents. The reporting form collects basic demo-
graphic information, patient details, and a 
description of the event. If the reporter prefers, 
the submission can be made completely anony-
mously. The form also has a section for lessons 
learned, and if the case was viewed as prevent-
able by the reporting anesthesia team member. 

From “Incident Reporting,” Preceding Page In summary, incident reporting at the national 
level is an important tool to detect, analyze, and 
learn from adverse events, with the goal of not 
making the same mistake twice. The PSO 
framework provides a safe and legal construct 
to submit the details of an adverse event, pro-
tecting the reporting anesthesia professional 
while fostering quality improvement. 

We can’t fix what we can’t detect. Please con-
sider reporting events at aqiairs.org. Ultimately, 
our patients are the beneficiary of this work. 

Patrick Guffey, MD, MHA, is chief medical infor-
mation officer at Children’s Hospital Colorado 
and associate professor in the Department of 
Anesthesiology at the University of Colorado. 
He is also medical director of the PSO, commit-
tee chair for AIRS, and a board member of AQI.

The author has no conflicts of interest. 
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Supraglottic Airway Devices (SADs) 
and Laparoscopic Surgery

by Shauna Schwartz, DO, and Yong G. Peng, MD, PhD, FASE, FASA

See “SADs,” Next Page

Supraglottic airway devices (SADs) continue 
to gain popularity and are increasingly used in 
anesthetic practices. However, the efficacy and 
safety of SADs for laparoscopic surgery are dis-
puted. Although not traditionally used in laparo-
scopic surgery, SADs offer several benefits for 
appropriately selected patients. 

EVOLUTION OF THE SAD
Since the invention of the first SAD, the 

device has undergone several design advance-
ments that improve its safety profile.1 The clas-
sic laryngeal mask airway developed by 
Teleflex (Wayne, PA) was one of the first SADs.1 
It had a relatively simple design, but it revolu-
tionized the concept of airway management as 
it allows for a hands-free approach to ventila-
tion and bypasses upper airway obstruction 
relative to the facemask.1 Innovation has led to 
the creation of second-generation SADs, which 
allow for higher oropharyngeal leak pressures.1 

This improvement allows for better protection 
against regurgitated gastric contents and 
reduces aspiration risk.1-3 In addition, it allows 
for the delivery of more successful positive 
pressure ventilation.1,2 

SUPRAGLOTTIC AIRWAY AND 
HEMODYNAMICS

One potential benefit of SADs in laparo-
scopic surgery is improved hemodynamic sta-
bility.3-5 In a study that assessed hemodynamics 
and catecholamine levels in obese patients 
undergoing laparoscopic gastric banding, 
patients randomized to receive an endotra-
cheal tube (ETT) rather than a SAD had higher 
blood pressure and higher circulating catechol-
amine levels throughout the procedure than 
those in the SAD group.4 High catecholamine 
levels can increase a patient’s heart rate, which 
may impair myocardial oxygen delivery.4 They 
also lead to a prothrombotic state.4 The 
increase of catecholamines can exacerbate 
perioperative complications; therefore, SADs 
are an appealing alternative in certain high-risk 
populations. Placement of the SAD leads to less 
sympathetic stimulation and has the potential to 
require less anesthesia, avoiding reductions in 
systemic vascular resistance and myocardial 
depression.5-7 The combination of a catechol-
amine surge and increased anesthetic 
requirements for ETTs can further lead to hemo-
dynamic alterations that may not be well toler-
ated in certain patient populations. 

COMPARING SAD VS. ETT OUTCOMES
Another potential benefit of SADs over ETTs 

is that SADs may be associated with less airway 
morbidity than the ETT.5,6,8,9 The incidence of 
sore throat in the ambulatory surgical setting 
was found to be 45.5% in patients with an ETT 
compared to 17.5% in patients with an SAD.9 In a 
meta-analysis of randomized controlled trials 
comparing the SAD and ETT in patients under-
going elective laparoscopic surgery, there was 
a higher incidence of laryngospasm, dysphagia, 
dysphonia, sore throat, and hoarseness in the 
ETT group.8 Similarly, pediatric patients under-
going anesthesia with recent upper respiratory 
infections are at an increased risk for respira-
tory complications, such as bronchospasm and 
laryngospasm with an ETT vs. a SAD.6,10 When 
pediatric patients, aged 3 months to 16 years, 
with a recent upper respiratory infection were 
randomized to receive a SAD vs. ETT for their 
anesthetic for a variety of elective surgical pro-
cedures, the patients who had an ETT had an 
increased incidence of bronchospasm and 
desaturation, defined as SpO2 <90% during 
airway management as compared to those 
patients who had a SAD.6 There is a reduced 
rate of laryngospasm, cough, and desaturation 
in pediatric patients undergoing laparoscopic 
hernia repair with SAD placement when com-
pared to ETT placement.11 Data suggests that 
SAD may reduce the risk of perioperative respi-
ratory complications, even in a high risk group 
for bronchospasm, laryngospasm, and desatu-
ration.6,11 Furthermore, studies mentioned 
above suggest reduced patient airway com-

plaints associated with SADs as well as a reduc-
tion in airway complications. 

The reductions in airway morbidity and fewer 
hemodynamic disturbances may contribute to 
earlier discharge times in patients who undergo 
airway management with SADs.4 In a random-
ized controlled trial that assessed postanesthe-
sia care unit (PACU) and hospital length of stay, 
patients who received a SAD during their anes-
thetic for laparoscopic gastric banding met 
PACU discharge criteria 17 minutes earlier than 
those patients who received an ETT for their 
anesthetic.4 

SAD AND VENTILATION DURING 
PNEUMOPERITONEUM

One of the challenging aspects of laparo-
scopic surgery is pneumoperitoneum. The 
physiological changes associated with a pneu-
moperitoneum may lead to increased abdomi-
nal pressure, reduced diaphragmatic excursion, 
and ultimately reduced respiratory compliance, 
which hinders the efficacy of ventilation and 
increases the likelihood of gastric regurgitation 
and the risk of aspiration.3,12,13 However, newer 
SADs are designed to allow higher oropharyn-
geal leak pressure.1,3,8 This is advantageous 
because it allows for improved ventilation, par-
ticularly when implementing positive pressure 
ventilation.8,14 In a meta-analysis of randomized 
controlled trials comparing ETT to SAD in 
patients undergoing laparoscopic surgery, the 
studies found no difference in the incidence of 
oropharyngeal leak pressure or desaturation.8 
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This suggests that effective ventilation is possi-
ble with SADs during pneumoperito-
neum.3,7,8,14-16 In another meta-analysis 
comparing randomized controlled trials, case-
series, and large prospective observational 
studies, ventilation was found to be effective in 
99.5% of patients with a SAD.14 The only con-
cerning subgroup of patients were those 
patients with BMI > 30 as they more likely to 
require ETT placement due to respiratory 
obstruction or an air leak.14 These studies sup-
port the idea that adequate ventilation and oxy-
genation can be achieved while using a SAD for 
laparoscopic surgery in nonobese patients. 

Another commonly cited disadvantage of 
SADs is gastric insufflation resulting from an 
insufficient adhesive seal.5 With gastric insuffla-
tion there is a risk of aspiration,5 which is one of 
the most cited contraindications for SAD place-
ment, particularly in patients who are at 
increased risk (Table 1).17 In patients with a high 
risk of aspiration, such as unfasted patients and 
those with a bowel obstruction, it is prudent to 
continue with ETT intubation. However, there 
are many studies with successful use of sec-
ond-generation SADs in laparoscopic surgery 
without evidence of gastric insufflation or aspi-
ration.7,8,14 One of the greatest determinants of 
leak and gastric insufflation is the seal and posi-
tioning of the SAD.3,5,18 When evaluated after 
gastric insufflation by a fiberoptic broncho-
scope, 44% of first-generation SADs were 
found to be malpositioned.18 However, properly 
positioned first-generation SADs showed only a 
3% incidence of gastric insufflation.18 Second-
generation SADs were designed to reduce the 
risk of gastric insufflation by allowing for better 
seals and higher oropharyngeal leak pres-
sures.1,3,18 Thus, second-generation SADs 
reduce the potential risk of gastric reflux and 
aspiration when compared to first-generation 
SADs.2,8,19 In addition, second-generation SADs 
are equipped with a gastric port that can drain 
gastric contents from the airway and serve as a 
conduit for gastric tube placement.1,2 SADs 
have been successfully used without evidence 
of aspiration in appropriately selected patients 
undergoing laparoscopic surgery.15

CONCLUSION
Second-generation SADs are a safe alterna-

tive for laparoscopic surgeries in appropriately 
selected patients. They are better than the first-
generation SADs at protecting against gastric 
insufflation and aspiration. They also have 
improved ventilation that is effective even with 
pneumoperitoneum (Table 2). Anesthesia profes-
sionals may need to discontinue the use of first-
generation devices in laparoscopic surgery due 
to the lower oropharyngeal leak pressures and 

SADs (Cont’d)
From “SADs,” Preceding Page

increased incidence of gastric insufflation if 
improperly sealed. Otherwise, SADs may offer a 
variety of benefits over ETTs in laparoscopic sur-
gery including improved hemodynamic stability, 
a reduced risk of perioperative respiratory com-
plications, reduced airway morbidity, and they 
may even contribute to earlier hospital discharge. 
Second-generation SADs have many benefits 
that warrant their use in laparoscopic surgery. 

Shauna Schwartz, DO, is a cardiothoracic anes-
thesiology fellow in the Department of Anesthe-
siology at the University of Florida College of 
Medicine. 
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sor of anesthesiology and chief of the Division of 
Cardiothoracic Anesthesia in the Department of 
Anesthesiology at the University of Florida Col-
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Table 1: Patient Characteristics Indicating SAD Use14,17,20

Beneficial for: Controversial for: Contraindicated for:

• Fasted patients • Patients with morbid 
obesity

• Unfasted patients

• Patients with a BMI <30 • Patients with a BMI >40 • Patients at high aspiration risk

BMI, body mass index; SAD, supraglottic airway device.

Table 2: Potential Benefits of SADs1,2,4,6,9,17

Potential Benefits Added Potential Benefits of Second-
generation SADs

• Reduced airway morbidity: sore throat, 
dysphagia, hoarseness

• Improved oropharyngeal leak pressure

• Improved hemodynamic stability • Ability to provide PPV

• Reduced PACU and hospital stay • Gastric drainage port

• Fewer respiratory complications • Ability to pass orogastric tube

PACU, postanesthesia care unit; PPV, positive pressure ventilation; SAD, supraglottic airway device.
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Using Data for Safety and Quality Improvement
by Holly B. Ende, MD, and Jonathan P. Wanderer, MD, MPhil

The delivery of safe and effective anesthe-
sia care is grounded in the science of quality 
improvement, which relies on accurate and 
timely reporting of patient outcomes. In the era 
of the electronic health record (EHR) and 
growing national databases, mountains of 
data pertaining to patients and their care con-
tinue to accumulate, with the potential to 
guide patient safety initiatives now and into 
the future. Without extensive training in data 
science and informatics, anesthesia clinicians 
on the front lines of patient care may find it 
daunting to access, interpret, and use data 
from the EHR and other sources to support 
patient safety and quality initiatives. To be 
useful in improving patient care, data must be 
organized, structured, and given context and 
meaning. One way to achieve this transforma-
tion of data into information and knowledge is 
to create data models.1 Data models can be a 
useful tool in the structuring, simplification, 
and operationalization of data in the real 
world.

Data models are a tool to standardize and 
add meaning to data, which in turn facilitates 
shared understanding and easy extraction and 
usage. Through behind the scenes mapping 
of key data points and subsequent validation, 
users can dramatically improve the ease of 
access to important data.2,3 For example, if a 
quality director wanted to develop automated 
emails to retrieve EHR data for postoperative 
outcomes and distribute to clinicians weekly, 
he or she could use a data model to define 
and identify those outcomes. 

At our institution, the Perioperative Data 
Warehouse (PDW) is a home-grown data 
repository which collects and stores data from 
 multiple sources enabling easy access for 
oper ational, research, and quality initiatives. 
Data sources for these types of data ware-
houses can include electronic medical record 
(EMR) data, patient-reported data (e.g., patient 
surveys), and non-EMR data from providers 
(e.g., adverse event reporting). Collecting and 
combining data from these diverse sources 
into a common repository is a powerful way to 

invest upfront cost and energy to enable easy, 
efficient, and straightforward access to data by 
clinicians of all specialties and technology 
backgrounds. In the prior example, each out-
come of interest (acute kidney injury, postop-
erative nausea and vomiting, reintubation, etc.) 
has already been defined, mapped, and vali-
dated within the PDW, making operational use 
of that data (e.g., providing automated weekly 
emails to clinicians) simple and streamlined. 

In addition, quality improvement officers 
and researchers can easily access these data 
retrospectively to evaluate effectiveness of 
practice improvement initiatives. As an exam-
ple, following implementation of an electronic 
reminder system to prompt clinicians to check 
intraoperative glucose in diabetic patients, 
researchers at our institution were able to 
easily monitor adherence and ultimately pub-
lish data showing not only increased rates of 
glucose monitoring, but also decreased rates 
of hyperglycemia and surgical site infections.4 
In another quality initiative on the labor and 
delivery unit, investigators demonstrated that 
a standardized algorithm approach to epidural 
top-ups for breakthrough labor pain subse-
quently resulted in a greater number of cathe-
ters replaced within 30 minutes of first 
administered top-up, reflecting more rapid 
identification of non-functioning catheters.

Data models can be internally developed or 
purchased from third-party vendors, but they 
are also available through many commercial 
EHRs, which use data models to create func-
tionality for end users to access clinical and 
quality data without intensive or time-consum-
ing training requirements. For example, Oracle 
Cerner (Austin, TX) and Epic Systems (Verona, 
WI), which are some commonly used EHRs in 
national health care systems, employ several 
user-friendly interfaces to allow clinicians to 
access patient data (Table 1). 

Finally, those interested in understanding 
national trends in quality and safety data can 
turn to large national data sources such as the 
National Anesthesia Clinical Outcomes Regis-

try (NACOR), the Multicenter Perioperative 
Outcomes Group (MPOG), or the National Sur-
gical Quality Improvement Program (NSQIP). 
Each of these data sources has strengths and 
limitations, and those interested in employing 
these resources to answer questions related 
to quality must understand these limits. For 
example, NACOR, which is supported by the 
American Society of Anesthesiologists and 
includes data from millions of cases from thou-
sands of practices throughout the United 
States, has robust capture of data elements 
related to billing, but non-uniform capture of 
outcome data elements. Keeping in mind the 
limits of accessing and analyzing data from 
these large national data sources, clinicians 
can appropriately use them to answer safety-
related questions requiring longitudinal data, 
varying practice types, and large numbers of 
anesthetics. Such methodology has already 
been used to assess such questions as the 
effects of overlapping surgery, risk factors for 
pediatric intraoperative hypoglycemia, and 
postoperative pain and opioid use patterns.6-8

To power quality improvement initiatives and 
further patient safety during anesthetic care, it is 
imperative to have access to perioperative data 
and the skillsets to work with those data. While 
grappling with raw underlying data can be chal-
lenging, there are multiple tools available to 
users within EHRs that facilitate data analysis. 
Using a data model can make developing 
reports and retrieving data easier, but does 
require upfront effort to either develop a local 
data model or to perform the mapping and vali-
dation necessary to use an EHR vendor’s data 
model. Ultimately, these approaches can be 
utilized synergistically to provide a comprehen-
sive view of perioperative operations and anes-
thetic outcomes, transforming data into 
actionable knowledge that anesthesia profes-
sionals can use to drive practice improvement.

Holly Ende, MD, is an assistant professor in the 
department of anesthesiology at Vanderbilt Uni-
versity Medical Center, Nashville, TN

Jonathan Wanderer, MD, MPhil, is a professor in 
the departments of anesthesiology and biomed-
ical informatics at Vanderbilt University Medical 
Center, Nashville, TN.
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Table 1. User-friendly interfaces for accessing patient data

PowerInsight Explorer Cerner Millennium® business intelligence reporting tool that allows 
creation of real-time operational, clinical, and performance reports

Reporting Workbench Epic tool that allows users to create custom reports using specific 
templates with criteria that define populations and data elements 
of interest (e.g., OR location, principal diagnosis, etc.) 

Slicer Dicer Epic tool that allows exploration of data through customizable 
searches which support multiple data models, including an 
anesthetic record data model
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APSF Awards 2023 Grant Recipients
by Yan Xiao, PhD

The APSF grant program supports and 
advances anesthesia patient safety culture, 
knowledge, and learning, a part of the APSF 
mission. The program has played an essential 
role in establishing and enhancing careers of 
many professionals conducting safety research 
and education. Since 1987, the ASPF has sup-
ported more than 130 anesthesia professionals 
with more than $14 million in funding.

The 2022–23 APSF investigator-initiated 
grant program received 30 letters of intent (LOI) 
from 17 organizations in the United States and 
Canada. The Scientific Evaluation Committee 
evaluated and scored these letters, with the 
assistance of external statistical reviewers. The 
LOIs receiving the five highest scores were 
invited to submit full proposals. Four full propos-
als were received and were discussed via a 
hybrid meeting of the Scientific Evaluation 
Committee on October 22, 2022. Two propos-
als were recommended for funding to the APSF 
Executive Committee and Board of Directors, 
and both received unanimous support. This 
year’s recipients are Annery Garcia-Marcinkie-
wicz, MD, MSCE, from Children's Hospital of 
Philadelphia and Peter Schulman, MD, from 
Oregon Health & Science University. They pro-
vided the following description of their pro-
posed work:

Annery Garcia-Marcinkiewicz,  
MD, MSCE

Assistant Professor of Anesthesiology and  
Critical Care, Children's Hospital of Philadelphia

Dr. Garcia-Marcinkiewicz’s project is entitled  
“Nasotracheal Intubation with Videolaryn-
goscopy versus Direct Laryngoscopy in 
Infants (NasoVISI) Trial”

Background: More than 32,000 infants 
undergo congenital heart surgery in the United 
States annually,1 with approximately 50% of 
these patients requiring nasotracheal intuba-
tion (NTI). Direct laryngoscopy (DL) is the cur-
rent standard of care for initial NTI attempts in 
these patients. Small infants are particularly 

 vulnerable during tracheal intubation because 
of their rapid rate of oxygen desaturation. 
Securing the tracheal tube quickly and on the 
first attempt is the best practice to minimize 
complications. Our team established a multi-
center registry to improve the quality of airway 
management in children with challenging air-
ways and discovered that multiple tracheal intu-
bation attempts are a key risk factor for severe 
adverse events such as cardiac arrest, laryngo-
spasm, and severe hypoxemia.2 Additionally, 
our most recent multicenter trial comparing 
videolaryngoscopy (VL) to DL in infants found 
that VL improves first attempt success rate and 
reduces severe complications when used for 
orotracheal intubation in infants with normal air-
ways.3 Infants presenting for cardiac surgery 
are a particularly vulnerable group who often 
require NTI. The short apnea tolerance time in 
such infants, particularly those with cardiovas-
cular anomalies, creates a critical time-pressure 
to intubate. NTI with DL is the most common 
clinical practice in infants presenting for cardiac 
surgery, but often requires additional maneu-
vers such as the use of Magill forceps or exter-
nal laryngeal manipulation, all of which can 
contribute to prolonged intubation time and 
complications. With DL, the supervising clinician 
is blind to what the trainee sees, which makes 
effective guidance and instrumentation difficult. 
Observational studies in adults suggest that the 
use of VL can provide higher NTI success rates 
and shorter intubation time compared to DL.4 

VL improves trainee coaching during tracheal 
intubation, and the shared view reassures the 
supervising clinician that the tracheal tube is 
being placed properly.5 This is highly desirable 

in vulnerable cardiac infants. There is currently 
no published data on whether VL is more effec-
tive than DL at improving first-attempt NTI suc-
cess rates and reducing complications in infants 
undergoing cardiac surgery. We hypothesize 
that reducing multiple attempts will enhance 
the safety of NTI in this vulnerable population.

Aims: This proposal seeks to reduce compli-
cations by reducing the number of NTI attempts 
in infants presenting for cardiothoracic proce-
dures. We hypothesize that VL as the first 
attempted approach will be associated with an 
increased first-attempt success rate, a reduced 
number of tracheal intubation attempts, and 
reduced tracheal intubation-related complica-
tions, specifically intubation-associated hypox-
emia. Reducing the number of attempts will 
enhance the safety of airway management in 
infants presenting for cardiac procedures and is 
well aligned with the mission of the Anesthesia 
Patient Safety Foundation.

Implications: Tracheal intubation is a high-
risk procedure in infants because of their 
unique anatomy, high oxygen consumption, 
and smaller edema-prone airways all leading to 
very limited apnea tolerance. Hypoxemia and 
multiple attempts are important targets to 
enhance safety. Infants with cardiovascular 
anomalies are an extremely high-risk group due 
to their very limited physiologic reserves. Our 
proposed project will potentially lead to the 
reduction of multiple NTI attempts, consequent 
hypoxemia, and associated complications in 
these vulnerable infants.

See “2023 Grant Recipients,” Next Page
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Yan Xiao, PhD, is a professor at the University of 
Texas at Arlington College of Nursing and 
Health Innovation. He is also the chair of the 
APSF Scientific Evaluation Committee.

The author has no conflicts of interest. 

from the use of monopolar electrosurgery (i.e., 
“cautery”). Monopolar electrosurgery requires a 
dispersive electrode to complete the electrical 
circuit. While a conventional dispersive elec-
trode is applied directly to the patient's skin, an 
alternative “underbody” dispersive electrode is 
now being used with increasing frequency that 
is incorporated into a gel pad and placed 
directly on the operating table.3 Because the 
surface area of the underbody electrode is sub-
stantially larger than a conventional electrode, 
some reports suggest that the use of an under-
body dispersive electrode might be associated 
with an increased risk of EMI, but conclusive 
evidence is lacking.3,4 As the use of underbody 
electrodes becomes more ubiquitous, it is 
imperative to better understand and quantify 
their associated risks for patients with CIEDs 
undergoing surgery.

Aims: This study will evaluate the risks of 
underbody dispersive electrode use in patients 
with implantable cardioverter defibrillators 
(ICDs) undergoing noncardiac surgery. Specifi-
cally, we will determine the risk of any EMI, and 
the risk of clinically meaningful EMI, from mono-
polar electrosurgery with use of an underbody 
dispersive electrode for patients with ICDs 
undergoing noncardiac surgery superior or 
inferior to the umbilicus. We will then compare 
the results to data obtained from a prior study 
that we conducted5 to determine whether 
these risks are higher with an underbody dis-
persive electrode than with the use of an appro-
priately positioned conventional dispersive 
electrode.

Implications: A substantial number of 
patients with CIEDs undergo surgical proce-
dures. Monopolar electrosurgery is required for 
most operations, and underbody dispersive 
electrode use is rapidly increasing. Determining 
the risk of EMI with underbody dispersive elec-
trode use and comparing this risk to that of con-
ventional dispersive electrode use will inform 
future practice recommendations, prevent 
adverse events, and improve perioperative 
care. If the risk of EMI is significantly higher with 
an underbody electrode, using a conventional, 
appropriately positioned dispersive electrode 
rather than an underbody electrode might obvi-
ate the need for CIED reprogramming in certain 
circumstances. Conversely, if the risk of EMI 
with an underbody electrode is not increased, 
this information could be used to assuage con-
cerns about underbody electrode use for 
patients with CIEDs and to bolster the case that 
CIED reprogramming is typically not needed for 
inferior to the umbilicus surgery.
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Funding: $149,119 (January 1, 2023–Decem-
ber 31, 2024). The grant was designated as the 
APSF/American Society of Anesthesiologists 
(ASA) President’s Research Award.

Peter Schulman, MD
Professor of Anesthesiology, Oregon Health 

and Science University

Dr. Schulman’s project is entitled “Electro-
magnetic Interference with an Underbody 
Dispersive Electrode in Patients with Implant-
able Cardioverter Defibrillators Undergoing 
Surgery.”

Background: During a surgical procedure, 
the function of a cardiac implantable electronic 
device (CIED) may be disrupted by electromag-
netic interference (EMI).1 The consequences of 
EMI include hemodynamically significant brady-
cardia or asystole in the pacing-dependent 
patient, inappropriate shocks or antitachycardia 
pacing, direct damage to the CIED, and other 
less common, but clinically significant sequelae.1 

Failure to prevent or mitigate these effects 
might lead to patient injury and increased mor-
tality.2 Intraoperative EMI most often results 
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Vision
The vision of the Anesthesia Patient Safety 
Foundation is to ensure that no one shall 
be harmed by anesthesia care. 

& Mission
The APSF’s mission is to improve the 
safety of patients during anesthesia 
care by:

•  Identifying safety initiatives and 
creating recommendations to 
implement directly and with partner 
organizations

•  Being a leading voice for anesthesia 
patient safety worldwide

•  Supporting and advancing 
anesthesia patient safety culture, 
knowledge, and learning
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Special recognition and thank you to Medtronic for their support and funding of the  
APSF/Medtronic Patient Safety Research Grant ($150,000); and Merck for their educational grant.
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The APSF would love to have you become a 
Legacy Society Member. Legacy Society mem-
bers are partners in the future of anesthesiol-
ogy. To become an APSF Legacy Society 
member, simply contact me and express your 
interest in learning more about the society. I’d 
love to discuss the opportunity with you. You 
may reach me at warner@apsf.org.

Sara Moser, the APSF’s Director of Develop-
ment and I will work with you to complete a very 
simple Legacy Society membership form. You 
do not need to provide documentation of the 
gift type or amount. There is no minimum gift 
amount. Our current pledged gifts range from 5 
to 7 figures in value. We only need to know that 
you plan on including APSF in your estate plan-
ning. Members of the Legacy Society will be 
noted on our website and in each issue of our 
APSF Newsletter.

Please consider becoming a member of the 
APSF Legacy Society. The vision and mission of 
APSF are noble causes.

Mark A. Warner, MD 
Past President, APSF

The author has no conflicts of interest.

What is more important in our clinical practices 
than ensuring that our patients are safe during 
their intraoperative and postoperative care?

Few foundations succeed long-term without 
sustained financial resources. For a lucky few, a 
consistent source of annual funding is available. 
For most, however, legacy funding (e.g., endow-
ments) provides sustained support over the 
years and contributes to the success of the 
foundations in meeting their vision and mission.

For this reason, the Anesthesia Patient 
Safety Foundation Legacy Society was estab-
lished in 2019. The society honors those who 
make a gift to the foundation through their 
estates, wills, or trusts. Legacy Society mem-
bers help safeguard the future of patient safety 
by ensuring that the foundation’s safety 
research and education programs and cam-
paigns, as well as a national and international 
exchange of information and ideas, will con-
tinue on behalf of the profession about which 
we are so deeply passionate.

The APSF Legacy Society currently has 17 
members. Their perspectives on the impor-
tance of supporting anesthesia patient safety 
initiatives can be viewed at https://www.apsf.
org/donate/legacy-society/.

The APSF Legacy Society:  
A Remarkable Opportunity to Support a Noble Cause

by Mark A. Warner, MD

Like many of you who are involved in your 
communities, I have served on a number of 
foundation boards locally, nationally, and 
within the specialty of anesthesiology. One of 
the most important roles for board members 
of these foundations is to ensure that the 
organizations have the resources needed to 
accomplish their vision and missions. For 
APSF, these are:

Vision: That no one shall be harmed 
by anesthesia care.

Mission: The APSF’s mission is to 
improve the safety of patients during 
anesthesia care by:

• Identifying safety initiatives and creating 
recommendations to implement directly 
and with partner organizations

• Being a leading voice for anesthesia patient 
safety worldwide

• Supporting and advancing anesthesia 
patient safety culture, knowledge, and 
learning
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Evolving Safety Challenges in Patients Presenting for Liver 
Transplantation Today: A Single-Center Experience

by Khoa Tran, MD; Ashraf Sedra, MD; and Joseph Szokol, MD, JD, MBA

INTRODUCTION
It has now been over 20 years since the Insti-

tute of Medicine published the paradigm-chang-
ing report “To Err is Human,” which concluded 
that as many as 98,000 deaths occurred in hos-
pitals each year due to errors in care.1 Although 
the exact figure of anesthesia-related mortality is 
controversial, there is no question that our spe-
cialty has made remarkable gains in improving 
patient safety over the past two decades due to 
improvements in training, equipment, and stan-
dardized protocols. Safe management of ortho-
topic liver transplantation (OLT) patients, 
however, continues to be one of the most chal-
lenging perioperative cases for anesthesia pro-
fessionals. OLT involves multidisciplinary 
collaboration, which includes surgical, anesthe-
sia, nursing teams, as well as perfusionist and 
other specialized teams (e.g., blood bank, dialy-
sis, and ICU). The procedure is technically com-
plex, and the intraoperative course is associated 
with hemodynamic instability, acid-base and 
metabolic derangements, coagulation complica-
tions, wide fluid shifts, and is still associated with 
more intraoperative deaths than any other surgi-
cal procedure.2

Although success in liver transplantation has 
led to more liver transplantations being per-

formed each year, the number of donated 
organs has reached a plateau. Adoption of the 
Model for End-Stage Liver Disease (MELD) 
based system in 2002 has led transplantation 
that prioritizes the “sickest first” (Table 1). 
Patients with high MELD scores are expected to 
have abnormal levels of bilirubin, creatinine, 
INR, sodium, or a combination of each (see 
Table 1). Abnormalities in each of these MELD 
components is associated with high periopera-
tive risk in previous studies.3 This has a pro-
found effect on patients presenting for liver 
transplantation, particularly in populated areas 
where there are more transplantation centers. 
Such evolution in patient selection and the 
increasing severity of disease in patients at liver 
transplantation has posed many perioperative 
challenges to physicians who care for these 
patients.4 Patients who present for liver trans-
plant today have higher MELD scores and more 
advanced liver disease, more advanced age 
and preoperative comorbidities, more renal 
and electrolyte abnormalities, and higher 
requirements for intraoperative transfusions 
and vasopressors than patients who presented 
for liver transplant twenty years ago in the pre-
MELD era.3 

Decisions on which patients are included on 
transplant waiting lists today may also be further 
distorted by intense competition in populated 
areas where there are more transplant centers. 
Our institution, the University of Southern Cali-
fornia (USC), is a high-volume transplant center 
in the Los Angeles metropolitan area where 
there are three transplant centers located within 
a 20-mile radius. The combined volume of liver 
transplants performed at both Keck Hospital 
and Children’s Hospital Los Angeles (CHLA) last 
calendar year adds up to the second-busiest 
liver transplant program in the nation according 
to data from the United Network for Organ 
Sharing. With local competition and prestige at 
stake, it is understood that centers may be moti-
vated to perform more transplants, resulting in 
more challenging patients on the waiting list. 
Nevertheless, liver transplantation surgery 
today challenges the full capacities of the sys-
tems and processes involved in patient safety. 
This article describes a few of the processes 
developed at our institution and how they con-
tribute to patient safety in a field that is becom-
ing increasingly more challenging. 

DEVELOPMENT OF DESIGNATED LIVER 
TRANSPLANT ANESTHESIA TEAMS
In 2011 the Organ Procurement and Trans-

plant Network/United Network for Organ Shar-
ing (OPTN/UNOS) required all transplant 
centers appoint a director of liver transplant 
anesthesia.7 This declaration by a nationally 
recognized governing and regulatory body 
was the first step in acknowledging liver trans-
plant anesthesiology as an independent sub-
speciality of anesthesiology. From here, the 
development of liver transplant anesthesia 
teams and transplant anesthesia fellowships 
followed. The value of dedicated anesthesia 
teams was further supported by evidence 
showing dedicated transplant teams reduced 
transfusion, time of postoperative ventilation, 
length of intensive care unit stay, and perioper-
ative mortality.8

In addition to providing clinical care, mem-
bers of the liver transplant anesthesia team are 
involved with various perioperative transplant 
surgery functions such as patient selection 
committees. The multidisciplinary committee 
includes transplant coordinators, surgeons, 
hepatologist, nephrologist, infectious disease 
specialists, anesthesia professionals, and social 
workers. At these weekly committees, we dis-
cuss the patient’s liver history and other medi-
cal problems, and then discuss issues of social 
support, substance abuse, and finances. From 
here, the decision-making process involves an 

See “Liver Transplantations,” Next Page

Table 1: MELD Score Components and 3 Month Mortality Prediction5

The MELD score calculation includes:
– Serum bilirubin (mg/dL)
– Serum creatinine (mg/dL)*
– INR
– Serum sodium (mEq/L)6

Candidates > 12 years old receive an initial MELD(i) score equal to:
 MELD(i) = 0.957 × ln(Creatinine) + 0.378 × ln(bilirubin) + 1.120 × ln(INR) + 0.643
Then, round to the tenth decimal place and multiply by 10. 
If MELD(i) > 11, perform additional MELD calculation as follows6:
 MELD = MELD(i) + 1.32 × (137 – Na) – [ 0.033 × MELD(i) × (137 – Na) ]
______________________________________________________________________
*If any of the following is true, use creatinine of 4.0 mg/dL:
• Creatinine >4.0 mg/dL.
• ≥2 dialysis treatments within the last 7 days.
• 24 hours of continuous veno-venous hemodialysis (CVVHD) within the last 7 days. 

Additional rules:
– If bilirubin, creatinine, or INR <1.0, use 1.0 to avoid negative scores.
– If sodium <125 mEq/L, use 125. If sodium >137 mEq/L, use 137.
– Maximum MELD score = 40. 
______________________________________________________________________

 MELD SCORE  Mortality at 3 months
  ≤9 1.9%
 10–19 6.0%
 20–29 19.6%
 30–39 52.6%
 ≥40 71.3%
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tively and postoperatively in the ICU, to allow 
for a rapid and real-time, qualitative assessment 
of the different components of hemostasis. 
Lastly, and perhaps most importantly, we 
believe our success in blood management is a 
result of improved communication between 
liver anesthesia and surgical teams over the 
progress of the case. For example, improved 
communication and use of TEG has allowed us 
to better distinguish surgical bleeding from 
bleeding due to coagulopathy, which helped 
reduce intraoperative transfusions. Overall, we 
hope to demonstrate how multidisciplinary 
teams can significantly reduce total blood prod-
uct utilization in OLT. 

THE ROLE OF INTRAOPERATIVE 
HEMODIALYSIS (HD) IN LIVER 

TRANSPLANTATION
Liver transplantation for patients with renal 

dysfunction is frequently complicated by major 
fluid shifts, acidosis, and electrolyte and coagu-
lation abnormalities that require large volumes 
of blood products and crystalloid solutions. In 
the early years of OLT, liver transplant anesthe-
sia professionals used to manage cases with 
renal failure with strict fluid management and 
continuous metabolic adjustments without the 
help of intraoperative hemodialysis (HD). How-
ever, despite vigilant monitoring of the patient’s 
hemodynamics and metabolic derangements, 
the intraoperative course in many cases was 
complicated by the overwhelming fluid and 
metabolic changes that occur in patients with 
renal impairment or failure. The rationale behind 
the use of intraoperative renal replacement 
therapy during liver transplant for patients with 
renal failure is that the surgery is usually compli-
cated by major hemodynamic instability, coagu-
lat ion abnormal i t ies,  and metabol ic 
derangements. At our center, liver transplant 
continues to be the only case that routinely uses 
intraoperative HD in anesthetic management.15 
Our institution was one of the first to demon-
strate the safety and feasibility of intraoperative 
HD and adopt its use in the critically ill with high 
MELD (mean ~37) scores undergoing LT.16

products in surgery at large. What started at 
Keck USC as a narrowly focused initiative has 
expanded into a much broader mainstream 
program that serves non-JW patients. This 
development was driven by the concept that 
minimizing blood product administration 
enhances patient safety and reduces the cost 
and length of hospital stay. Higher rates of 
transfusion have been associated with 
increased length of hospital stay, higher rates of 
infection, graft failure, and mortality.12

Given that most of the evidence supporting a 
restrictive transfusion strategy has been pub-
lished in the past decade, patient blood man-
agement programs have only recently gained 
popularity. Efforts to reduce overuse of transfu-
sions through patient blood management pro-
grams at our institution have been successful. 
Currently, a retrospective study is being con-
ducted during the writing of this article. Prelimi-
nary data collection reports a ~20% decrease in 
RBCs, platelets, and plasma utilization for liver 
transplant cases in 2021 compared to 2020, 
despite an increase in cases. Our reduction in 
transfusions in LT was a result of several key 
interventions implemented which will be dis-
cussed. First, a hospital-wide campaign to edu-
cate and promote change to the culture of 
liberal blood utilization practice was imple-
mented. One successful strategy was adopting 
the “Why give 2 when 1 will do?” Choosing 
Wisely campaign to reduce orders of multi-unit 
RBC transfusions.13 A widespread communica-
tion effort followed in our hospital newsletters 
and on computer screensavers to encourage 
single unit transfusions. 

Another intervention that changed our trans-
fusion practice at our institution was implemen-
tation of intraoperative thromboelastography 
(TEG). Despite the lack of large randomized 
clinical studies, viscoelastic tests have been a 
critical armamentarium for hemostatic control in 
liver transplantation since Thomas Starzl, MD, 
performed the first LT the 1960s.14 Many trans-
plant institutions have adopted viscoelastic 
tests like TEG in their clinical practice. However, 
it was only recently that TEG at our center was 
made expedient and efficient, both intraopera-

ordered review of possible reasons for exclu-
sion. Routine involvement of the anesthesia 
team in the selection process allows us to for-
mally evaluate patients before they present for 
liver transplant. If needed, patients may be 
referred to our preoperative clinic to allow a 
member of the anesthesia team to further 
evaluate the patient’s physical status for liver 
transplant. 

PRE-TRANSPLANT AND 
ABO VERIFICATION

Due to the complexity of coordination in 
transplant, additional safety verification pro-
cesses are involved. Verification of blood type 
at multiple and defined points in the transplan-
tation process ensures the safety and compati-
bility of our transplant donors and recipients. 
Vital information such as organ type, donor and 
recipient ID, donor and recipient ABO blood 
type, and recipient date of birth and medical 
record number will be verified during living 
donor registration, prior to living donor organ 
recovery, prior to organ receipt in the operating 
room (if recipient surgery begins prior to organ 
receipt in the operating room), and upon organ 
receipt in the operating room. Verification is 
required by two licensed health care profes-
sionals. If the recipient will begin prior to organ 
receipt in the operating room, verification must 
occur either prior to induction of anesthesia or 
prior to incision. Additionally, blood compo-
nents are scanned using an electronic verifica-
tion system intraoperatively. OLT can require up 
to 10 times as many units of blood products as a 
heart transplant.9 Verification via barcode scan-
ning allows for one-person verification and 
increases workflow efficiency while minimizing 
transfusion errors related to misidentification. 

EVOLUTION OF PATIENT BLOOD 
MANAGEMENT PROGRAM AT KECK 

USC
Although blood transfusions are a lifesaving 

therapy for some patients, transfusions were 
identified as 1 of the top 5 overused procedures 
by the Joint Commission’s Overuse Summit in 
2012.10 The Transfusion Free Surgery and 
Patient Blood Management Program at Keck 
USC was initially developed in 1997 to serve the 
specific needs of the Jehovah’s Witness (JW) 
community. Our center gained national recogni-
tion after our transplantation team performed 
the first successful transfusion-free living donor 
liver transplantations in 1999 using techniques 
like acute normovolemic dilution. From 1999–
2004, 27 liver transplantations, consisting of 
both living donors and deceased donors, were 
performed in JW patients at the USC-University 
Hospital.11 The relative success of liver trans-
plantation in JW patients has allowed the 
opportunity to critically assess the use of blood 

Liver Transplantation Poses Many Patient Safety Challenges
From “Liver Transplantations,” Preceding Page

See “Liver Transplantation,” Next Page
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From “Liver Transplantation,” Preceding Page

The decision whether to use intraoperative 
HD during OLT is a collaborative one between 
the surgeon, anesthesia team, and nephrolo-
gist depending on the degree of renal dysfunc-
tion and the overall clinical picture including the 
need for postoperative renal replacement ther-
apy. Generally, intraoperative HD will be used 
on patients with Glomerular Filtration Rate < 60 
ml/min or serum creatinine >1.4 mg/dL. For 
those without permanent dialysis access, a 
dual-lumen HD catheter is inserted into the 
internal jugular, subclavian, or femoral vein. 
Prior to surgery, the nephrologist decides on 
the concentration of sodium, calcium, potas-
sium, and bicarbonate in the dialysate solution 
for each patient based on their laboratory 
values. During the operation, the HD nurse 
works in close consultation with the anesthesia 
team. Half-hourly to hourly blood gases are 
drawn to help guide changes in the dialysate as 
needed (mainly adjustments to the bicarbonate 
and potassium levels).17 The use of intraopera-
tive HD aids in the management of tempera-
ture, acidosis, hyperkalemia, and volume 
overload, all of which are associated with intra-
operative morbidity and mortality in patients 
undergoing liver transplant.15 The anesthesia 
professional is acquainted with the various 
treatment options available (Table 2). With a 
thorough evaluation, monitoring, and continu-
ous appropriate interventions, intraoperative 
HD can be used safely and effectively in criti-
cally ill patients undergoing LT with high MELD 
scores and renal dysfunction.

CONCLUSION
The changing face of patients presenting for 

liver transplantation today has posed many 
challenges to the systems and processes 
involved in patient safety. In this article, we 
reviewed a few of the processes implemented 
at our center that have allowed us to improve 
safety measures and outcomes in critically ill, 
high MELD patients undergoing liver transplant. 
In order to continue to improve patient safety in 
liver transplantation, more comprehensive data 
and studies are required to further characterize 
the evolving safety challenges in liver transplan-
tation today. 

Khoa Tran, MD, is a liver transplant anesthesiol-
ogy fellow at the USC Keck School of Medicine 
in Los Angeles, CA.
Ashraf Sedra, MD, is the chief of anesthesiology 
for transplantation and associate professor of 
anesthesiology at the USC Keck School of Med-
icine in Los Angeles, CA.
Joseph W. Szokol, MD, JD, MBA, is a professor 
in the Department of Anesthesiology, Univer-
sity of Southern California Keck School of Med-
icine, Los Angeles, CA.

The authors have no conflicts of interest. 

REFERENCES
1. Kohn LT, Corrigan J, Donaldson MS. To err is human : build-

ing a safer health system. National Academy Press; 2000, 
p. 87. PMID: 25077248.

2. Butt Z, Parikh ND, Skaro AI, et al. Quality of life, risk assess-
ment, and safety research in liver transplantation: new fron-
tiers in health services and outcomes research. Curr Opin 
Organ Transplant. Jun 2012;17:241–247. PMID: 22476225.

3. Xia VW, Taniguchi M, Steadman RH. The changing face of 
patients presenting for liver transplantation. Curr Opin 
Organ Transplant. Jun 2008;13:280–284. PMID: 18685318.

4. Zarrinpar A, Busuttil RW. Liver transplantation: past, present 
and future. Nat Rev Gastroenterol Hepatol. July 
2013;10:434–440. PMID: 23752825.

5. Kremers WK, van IJperen M, Kim WR, et al. MELD score as a 
predictor of pretransplant and posttransplant survival in 
OPTN/UNOS status 1 patients. Hepatology. 2004;39:764–
769. PMID: 14999695.

6. OPTN 2016 MELD Policy Changes 2016. https://optn.trans-
plant.hrsa.gov/news/meld-serum-sodium-policy-changes/. 
https://optn.transplant.hrsa.gov/media/eavh5bf3/optn_poli-
cies.pdf. Both accessed December 14, 2022.

7. Nguyen-Buckley C, Wray CL, Zerillo J, et al. Recommenda-
tions from the Society for the Advancement of Transplant 
Anesthesiology: liver transplant anesthesiology fellowship 
core competencies and milestones. Semin Cardiothorac 
Vasc Anesth. 2019;23:399–408. PMID: 31402752.

8. Hevesi ZG, Lopukhin SY, Mezrich JD, et al. Designated liver 
transplant anesthesia team reduces blood transfusion, 
need for mechanical ventilation, and duration of intensive 
care. Liver Transpl. 2009;15:460–465. PMID: 19399745.

9. Nedelcu E, Wright MF, Karp S, Cook M, et al. Quality 
improvement in transfusion practice of orthotopic liver 
transplantation reduces blood utilization, length of hospital 

stay, and cost. Am J Clin Pathol. 2019;151:395–402. PMID: 
30535323.

10. Sadana D, Pratzer A, Scher LJ, et al. Promoting high-value 
practice by reducing unnecessary transfusions with a 
patient blood management program. JAMA Intern Med. 
2018;178:116–122. PMID: 29159367.

11. Jabbour N, Gagandeep S, Mateo R, et al. Transfusion free 
surgery: single institution experience of 27 consecutive 
liver transplants in Jehovah's Witnesses. J Am Coll Surg. 
2005;201:412–417. PMID: 16125075.

12. Tokin C, Almeda J, Jain S, et al. Blood-management pro-
grams: a clinical and administrative model with program 
implementation strategies. Perm J. Winter 2009;13:18–28. 
PMID: 21373242.

13. Podlasek SJ, Thakkar RN, Rotello LC, et al. Implementing a 
"Why give 2 when 1 will do?" Choosing Wisely campaign. 
Transfusion. 2016;56:2164. PMID: 27624209.

14. Sakai T. Viscoelastic testing in liver transplantation. Transfu-
sion. 2020;60 Suppl 6:S61–S69. PMID: 33089935.

15. Sedra AH, Strum E. The role of intraoperative hemodialysis 
in liver transplant patients. Curr Opin Organ Transplant. 
2011;16:323–325. PMID: 21543980.

16. Nadim MK, Annanthapanyasut W, Matsuoka L, et al. Intra-
operative hemodialysis during liver transplantation: a 
decade of experience. Liver Transpl. 2014;20:756–764. 
PMID: 24634344.

17. Henson A, Carpenter S. Intra-operative hemodialysis during 
liver transplantation: an expanded role of the nephrology 
nurse. Nephrol Nurs J. 2010;37:351–353, 356; quiz 354. 
PMID: 20830942.

18. Vitin A, Muczynski K, Bakthavatsalam R, et al. Treatment of 
severe lactic acidosis during the pre-anhepatic stage of 
liver transplant surgery with intraoperative hemodialysis. J 
Clin Anesth. 2010;22:466–472. PMID: 20868970.

Liver Transplantation (Cont’d)
Table 2: Summary of Treatment Variations During Intraoperative HD

Temperature 

– Dialysate temperature is kept between 37 to 37.5 degrees Celsius

– Aids in prevention of hypothermia-related coagulopathy and cold irrigation from graft

Sodium adjustments

– Routinely commenced at 138 mEq/L, may be adjusted between 130–138 mEq/L

–  Careful monitoring may prevent rapid rise in serum sodium concentrations associated 
with CPM

Calcium adjustments

– Routinely commenced at 3.5 mEq/L, may be adjusted between 3–3.5 mEq/L 

– Aids in the management of hypocalcemia secondary to massive blood transfusion

Potassium adjustments

–  Routinely commenced with a dialysate with 3 mEq/L, may be adjusted between 
1–4 mEq/L in the management of hyperkalemia secondary to massive blood 
transfusion and pre-existing renal dysfunction

Bicarbonate adjustments

–  Routinely commenced with a dialysate with 35 mEq/L, may be adjusted between 
25–35 mEq/L to aid in the treatment of refractory acidosis commonly seen in patients 
with renal dysfunction particularly during the anhepatic phase18

Ultrafiltration flow rates

–  Typically, will aim to keep an even fluid balance unless otherwise instructed by the 
anesthesia team

–  UFR may be increased in situations of volume overload for rapid volume removal, e.g., 
post-reperfusion right heart strain or graft congestion 

_____________________________________________________________________

HD, hemodialysis; CPM, central pontine myelinosis; UFR, ultrafiltration flow rate

https://pubmed.ncbi.nlm.nih.gov/25077248/
https://pubmed.ncbi.nlm.nih.gov/22476225/
https://pubmed.ncbi.nlm.nih.gov/18685318/
https://pubmed.ncbi.nlm.nih.gov/23752825/
https://pubmed.ncbi.nlm.nih.gov/14999695/
https://optn.transplant.hrsa.gov/news/meld-serum-sodium-policy-changes/
https://optn.transplant.hrsa.gov/news/meld-serum-sodium-policy-changes/
https://optn.transplant.hrsa.gov/media/eavh5bf3/optn_policies.pdf
https://optn.transplant.hrsa.gov/media/eavh5bf3/optn_policies.pdf
https://pubmed.ncbi.nlm.nih.gov/31402752/
https://pubmed.ncbi.nlm.nih.gov/19399745/
https://pubmed.ncbi.nlm.nih.gov/30535323/
https://pubmed.ncbi.nlm.nih.gov/29159367/
https://pubmed.ncbi.nlm.nih.gov/16125075/
https://pubmed.ncbi.nlm.nih.gov/21373242/
https://pubmed.ncbi.nlm.nih.gov/27624209/
https://pubmed.ncbi.nlm.nih.gov/33089935/
https://pubmed.ncbi.nlm.nih.gov/21543980/
https://pubmed.ncbi.nlm.nih.gov/24634344/
https://pubmed.ncbi.nlm.nih.gov/20830942/
https://pubmed.ncbi.nlm.nih.gov/20868970/


APSF NEWSLETTER February 2023 PAGE 27

 

APSF Successfully Launches Low-Flow Anesthesia 
Course During ASA 2022 Meeting

(APSF.ORG/tei/lfa)

Ever wonder how much you can reduce 
fresh gas flow safely? Did you know that signifi-
cantly reducing anesthetic pollution requires 
attention to lowering flows during not just the 
maintenance phase of an anesthetic, but induc-
tion and emergence as well? What about Com-
pound A and sevoflurane—is it safe to deliver 
sevoflurane using a fresh gas flow less than 2 L/
min? Does the choice of CO2 absorbent matter 
as fresh gas flow is reduced? These and other 
questions are answered in the newly released 
APSF course on low-flow anesthesia.

At the 2022 annual meeting of the American 
Society of Anesthesiologists (ASA), the Anes-
thesia Patient Safety Foundation (APSF), in col-
laboration with the ASA, launched its 
Technology Education Initiative with an inaugu-
ral course on Low-Flow Anesthesia. The course 
is intended to empower anesthesia profession-
als with the knowledge required to safely, effec-
tively, and comfortably reduce fresh gas flow. 
The course utilizes guided simulation to help 
the learner understand the interaction between 
fresh gas flow setting and anesthetic waste and 
pollution (Figure 1). There is an emphasis on 
patient safety and the central role of monitoring 
oxygen and anesthetic concentrations to 
ensure safe and adequate oxygen and anes-
thetic delivery as fresh gas flow is reduced. 

Eight different topics, each requiring about 15 
minutes, cover the essentials of low-flow anes-
thesia and strategies during each phase of the 
anesthetic. While the topics are recommended 
to be done in sequence, they do not need to be 
done all at the same time.

The course is available online through the 
ASA Education Center. Any anesthesia profes-
sional or interested party can take the course 
free of charge by creating a guest account if 
they are not an ASA member. Three continuing 
education credits are available for physicians, 
CRNAs, and CAAs. For those in the MOCA® 
process, all of the continuing medical education 
(CME) credits are patient safety-eligible. 
Although the actual course is hosted by the 
ASA, there is a landing page on the APSF web-
site with expanded information on low-flow 
anesthesia. Interested professionals are 
encouraged to begin by accessing the APSF 
website at APSF.ORG/tei/lfa where you will find 
the following information:

• Introductory tour of the simulation platform
• Link to the course on the ASA website
• Supplemental information

 – Technology and Low-Flow Anesthesia 
Practice: Article describing the various 
tools available in different anesthesia 

machine models to support a low-flow 
practice.

 – Is Rebreathing Prevented when FGF 
Equals MV? Article describing the relation-
ship between FGF, minute ventilation, and 
rebreathing.

 – Global Warming—Blame Anesthesia? 
Article describing the environmental ratio-
nale for practicing low-flow anesthesia.

 – Explore the Simulation on Your Own: This 
provides access to an unguided version of 
the anesthesia machine model and simu-
lation where learners can trial different 
approaches to managing fresh gas flow 
during induction, maintenance, and emer-
gence.

• Links to websites of anesthesia delivery 
system manufacturers for more detailed 
information about specific devices.
At the time of this writing, hundreds of anes-

thesia professionals have visited the APSF 
webpage and signed up for the course. The 
simulation approach is interactive and replaces 
traditional didactic teaching with a learning 
environment where the functions of the anes-
thesia machine can be readily visualized. Infor-
mative, available continuing education credits 
and it’s FREE! Why wait? Sign up and take the 
course today.

Figure 1. Snapshot of guided simulation from the APSF/ASA course on low-flow anesthesia.  The user is guided on adjusting fresh gas flow, oxygen concentration, and 
vaporizer setting while visualizing the impact on anesthetic waste as well as the resulting concentrations of oxygen and anesthetic in the circuit.  (APSF.ORG/tei/lfa)

APSF Technology Education Initiative—Low-Flow Anesthesia—Using the Circle System to Control Breathing

FD =  Delivered 
Concentration

FI =  Inspired Concentration

FE =  Expired Concentration

FGF =  Fresh Gas Flow

MV =  Minute Ventilation

http://APSF.ORG/tei/lfa
http://APSF.ORG/tei/lfa
https://www.apsf.org/apsf-technology-education-initiative/low-flow-anesthesia/
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faces showed both appreciation and embar-
rassment. How could they have missed that 
simple problem? The other emergency 
responders noted that they were so focused on 
assisting their colleague that they didn’t ques-
tion the working diagnosis of bronchospasm. 
The in-operating room anesthesia professional 
noted that the history, timing, and signs led him 
to believe bronchospasm had to be what was 
happening. The second anesthesia profes-
sional, taking in new information without con-
text, was able to correctly diagnose the 
problem. Unbeknownst to these anesthesia 
professionals, they were suffering from the 
effects of cognitive bias. 

BACKGROUND
Cognitive biases affect clinicians by allowing a 

practitioner to create their own subjective reality, 
which may alter their own perception of a data 
point. This “systematic pattern of deviation from 
an established norm or rationality in judgment” 
may lead to alteration in one’s practices, affect-
ing one’s behavior.8 It is important to note that 
psychological deviation as a result of cognitive 
bias affects all humans—not just medical profes-
sional—and can cause errors in personalized 
medical care on an individual basis, or in public 
health policies, affecting whole populations.9 

The effects of cognitive bias on errors in 
medicine have long been understood to affect 
patient safety.10,11 Cognitive bias can cause sig-
nificant impacts on decision-making for clini-
cians, including anesthesia professionals, 
potentially jeopardizing the lives of patients.11,12 
By first understanding cognitive biases and 
how they affect our practice, we may mitigate 
their effect and improve patient safety.

In the case presented, several cognitive 
biases were at play, including availability bias 
and bandwagon effect. Availability bias 
describes a psychological phenomenon in 
which decisions are made based on the data at 
hand, without seeking additional data.13 The 
bandwagon effect, also known as diagnostic 
momentum, refers to an inability to consider 
alternatives once a diagnosis or determination 
has been made.14 There are a variety of fre-
quently observed biases that may afflict anes-
thesia professional (Table 1).12,15 

several minutes. The patient had a history of 
asthma and despite bronchodilators and 
increased anesthetic, bronchospasm persisted. 
Another anesthesia professional auscultated 
and reported that there was no wheezing and 
no audible air movement; meanwhile, another 
colleague was preparing epinephrine. The 
anesthesia professional, who responded to the 
emergency anesthesia page, examined the 
patient from endotracheal tube to circuit to the 
machine and looked into the patient’s mouth 
where she saw the small endotracheal tube 
kinked out of sight from the anesthesia team. 
She relieved the bend and the ventilator alarm 
ceased its high-pitched whine. As the oxygen 
saturation quickly climbed, her colleagues’ 

Recognizing and Combating Cognitive Bias in 
Anesthesiology: Implications for Patient Safety 

by George Tewfik, MD, MBA, FASA, CPE, MSBA; Stephen Rivoli, DO, MPH, MA, CPHQ, CPPS; and Monica W. Harbell, MD, FASA

A CASE VIGNETTE
After hearing the overhead page for emer-

gency anesthesia help, an anesthesia profes-
sional rushed to the operating room with an Ear, 
Nose and Throat (ENT) case in progress. On 
arrival, she noted an asleep patient turned 90 
degrees away from the anesthesia machine 
with an ENT laryngoscope in place with the fol-
lowing vital signs: 84% on the pulse oximeter 
and blood pressure 80/53 mmHg. She could 
hear the ventilator alarming, with “High Peak 
Inspiratory Pressure” flashing across the top of 
the screen. The anesthesia professional in the 
operating room at the time shared how the 
peak inspiratory pressures crept up quickly and 
ventilation was becoming difficult in the last 

See “Cognitive Bias,” Next Page

Table 1: A sampling of cognitive bias that may occur in anesthesiology and the 
practice of perioperative medicine, including descriptions and examples of each type.

TYPE OF BIAS DESCRIPTION EXAMPLE

Anchoring bias1 Over-reliance on initial 
impressions and/or 
information, with an 
inability to incorporate 
new data

Operating room team fixated on 
bronchospasm as the cause of airway 
resistance after a nasotracheal intubation. 
It was found later that the tube was kinked.

Ascertainment bias2 Type of sampling error 
in which the results 
found are not truly 
representative of the 
intended target, and 
are influenced by 
observer

Post-induction blood pressure decreased and 
anesthesia professional attributed it to large 
dose of induction agent due to past 
experience. Anesthesia team failed to realize 
that patient was volume-depleted due to 
prolonged NPO state, and required 
aggressive hydration.

Availability bias3 Making decisions 
based on accessibility 
of data

Not changing choice of blood products for a 
bleeding patient due to length of time it takes 
to obtain thromboeslastogram.

Bandwagon effect/ 
Diagnostic 
momentum4

Inability to consider 
alternatives once a 
diagnosis or 
determination has 
been made

Belief that a patient is tachycardic is attributed 
to hypovolemia and continuing aggressive 
hydration, and later realizing that the patient 
has not had adequate pain control.

Confirmation bias5 Observing and/or 
seeking information to 
confirm one's own 
opinion, instead of 
seeking additional 
data

Repeating pressure measurements, changing 
cuff sizes and locations, in an effort to get a 
reassuring reading, instead of recognizing 
that patient is truly hypotensive—not a device 
error.

Framing effect6 Impact of decision-
making on how 
information is 
presented, such as by 
a trusted source

A junior resident is told by (and believes) a 
chief resident that a patient does not have a 
post dural puncture headache, despite all 
signs and symptoms pointing to this 
diagnosis.

Search satisficing/ 
Premature closure7

Failing to continue to 
seek data once 
something has been 
identified

On emergence, accepting belief 
that patient is having delayed wakeup due to 
residual inhaled anesthetic instead of looking 
for other cause.
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interventions that affect a clinician on a per-
sonal basis versus those that are implemented 
on a systematic or system-wide basis (Figure 1). 
Individual-level strategies include training and 
education, mindfulness techniques, and delib-
erate consideration of alternatives.23 System-
atic strategies include use of checklists, 
team-based decision-making, and clinical deci-
sion support systems, such as integrated 
prompts in electronic health records.23 Deci-
sion-making checklists, modeled after those 
used in the aviation industry, reduce the risk of 
adverse events in the operating room.22 In a 
simulated setting, checklists were shown to 
result in a 6-fold reduction in failure to adhere to 
critical steps in managing a crisis, even while 
adjusting for learning or fatigue effects.23 

one aspect of a situation, while ignoring other, 
more relevant information.22 These errors may 
be caused by anchoring bias, and may be 
avoided via awareness of such potential errors 
leading to strategies such as ruling out the 
worst case scenario, understanding that first 
assumptions may be wrong, consideration of 
artifacts as the last explanation of a problem, 
and avoiding use of a prior conclusion with 
current team members.22 Nonetheless, aware-
ness alone is not sufficient to combat bias. 
Past literature has described a “bias blind 
spot,” a phenomenon in which a person expe-
riences a false sense of invulnerability from 
bias, which is more common in providers with 
greater cognitive sophistication.20 

Strategies that may be employed to reduce 
cognitive bias can often be categorized into 

THE EFFECTS OF COGNITIVE BIAS  
ON ERRORS

Errors that occur in the perioperative period 
often result from cognitive bias, with studies 
citing that as many as 32.7% of all postoperative 
complications are affected at least in part by 
bias.16 Specific types of cognitive bias have 
been identified as factors contributing to errors 
in anesthetic care. Confirmation bias, for exam-
ple, is the act of observing or seeking informa-
tion to confirm one’s own opinion, instead of 
seeking additional information that may chal-
lenge one’s current belief. In a study of a series 
of esophageal intubations that resulted in cata-
strophic outcomes for patients,17 signs such as 
observation of thoracic movement, auscultation 
of the chest, fogging in the endotracheal tube 
and perception of the tube passing vocal cords 
were used to “confirm” a practitioner’s belief 
that successful intubation was achieved, 
instead of seeking the definitive capnography 
tracing to confirm tube placement.18 

Different factors contribute to cognitive bias 
in health care professionals. These factors may 
be generally categorized into those affecting 
the health care professional, the patient, and 
systemic or external factors (Table 2). For exam-
ple, factors such as cognitive overload, fatigue, 
and sleep deprivation have been shown to have 
a deleterious effect on health care profession-
als, increasing the risk of cognitive bias leading 
to errors and lapses in patient safety.19 Further-
more, a variety of irrational factors influence 
clinical decision-making in anesthesiology, 
including framing, personal preferences, emo-
tions, feedback, and loss aversion.20 

REDUCING COGNITIVE BIAS
It is important to reduce diagnostic error 

attributed to cognitive bias when possible. 
There are several main categories of effec-
tive cognitive interventions: 1) improvement 
of knowledge and experience via tools such 
as simulation, feedback, and education, 
2) improvement of reasoning and decision-
making skills using tools such as reflective 
practice and metacognitive review, and 
3) improvement of assistance in decision-
making with aids such as electronic health 
records and integrated decision support.21 

It is likely that the most important approach 
to reducing cognitive bias is promotion of 
awareness of such confounding factors by 
medical personnel. Awareness by anesthesia 
professionals may be achieved by using learn-
ing material, scholarly publications, didactics, 
and simulation.22 Fixation errors, for example, 
are a type of error in which focus is placed on 

The Effects of Cognitive Bias on Errors in Medicine Affect Patient Safety

From “Cognitive Bias,” Preceding Page
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Cognitive
Debiasing

PERSONAL SYSTEMATIC

Table 2: Factors that may cause cognitive bias in anesthesiology, including those 
directly attributed to the patient, clinician, or systemic design. These are all potentially 
affected by external factors such as overconfidence and loss aversion. 

Figure 1: Strategies that may enable medical professionals to combat bias, via prevention, recognition, and 
active interventions to mitigate their effect in a real-time basis. 
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bias may have played in an adverse event 
should be considered in each adverse event 
review. Anesthesia groups should consider the 
use of simulation for both trainees and practic-
ing clinicians to create educational scenarios to 
demonstrate cognitive bias in action, and strat-
egies to combat it. Simulation has been shown 
to be particularly useful in modeling team-
based situational awareness and facilitating 
interdisciplinary communication—both impor-
tant tools to combating cognitive bias, espe-
cially in challenging situations.25 Although there 
is not one universal approach that avoids cogni-
tive bias in the practice of perioperative medi-
cine, a combination of vigilance and thoughtful 
interventions offers a significant opportunity to 
improve quality of anesthesia services and 
patient safety. 

Anesthesia professionals are susceptible to 
cognitive biases which can negatively impact 
patient care and contribute to medical errors. 
Anesthesiology necessitates a great deal of 
preparation for emergencies, which tend to 
occur infrequently, but quickly. It is important 
not to neglect the mental and systematic prepa-
ration required to avoid cognitive bias. Anes-
thesia professionals should receive training in 
recognizing and combating cognitive biases. 
Strategies to combat cognitive biases should 
be implemented at both individual and institu-
tional levels to improve patient safety. 
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Unfortunately, there are limitations with all of 
these strategies, namely the lack of objective 
evidence to support several of these methods. 
Stopping and standing rules, which are con-
structs designed to determine when informa-
tion-gathering can stop, have no published 
evidence to support their utilization. Similarly, 
the use of “must-not-miss alternatives,” where 
one considers diagnoses that must be consid-
ered before making a final diagnosis, are also 
not supported by published evidence. In addi-
tion, there seems to be a separation between 
the efficacy of such strategies to improve diag-
nostic acumen and treatment or patient out-
comes. For example, despite the implementation 
of clinical decision support systems, such as 
those  to increase adherence to best practices 
and reduce medication errors, there is little evi-
dence that they improve clinical diagnosis.23 
This may be due to limited study of their effect 
on patient outcomes, as many studies of clinical 
decision support systems focus specifically on 
metrics to assess if new interventions achieve a 
desired endpoint, such as prompting the order 
of a laboratory test or imaging study rather than 
impact on clinical diagnosis.24 

COMBATING COGNITIVE BIAS 
IN ANESTHESIOLOGY

We advocate for a two-step approach to 
recognizing and combating cognitive bias on a 
daily basis in the practice of anesthesiology. 
The first step is education and awareness. It is 
critically important that anesthesia profession-
als understand that these biases exist and that 
they can affect patient care. It’s critical to 
remember that bias often affects medical prac-
titioners in detection of changes in patients, 
diagnosis of clinical conditions, and treatment 
of pathologies. Although awareness alone is 
not enough to combat bias, it is a critical first 
step to addressing the issue and developing 
strategies to be cognizant of its impact on 
patient care and safety. 

Next, it is important to combat bias both on a 
personal level and system-wide, which will 
often require customized interventions. Solu-
tions are not universal, and must be individual-
ized to different institutions, teams, and 
situations. For example, the bandwagon effect 
may be combatted successfully in one institu-
tion by intraoperative consultation with one’s 
colleagues. Conversely, in a smaller institution, 
with limited personnel, diagnostic momentum 
may be more successfully avoided by using 
checklists or cognitive aids in collaboration with 
other perioperative providers. On a departmen-
tal and institutional level, the role that cognitive 
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The APSF now offers you the opportunity to learn about anesthesia patient safety on the go 
with the Anesthesia Patient Safety Podcast. The weekly APSF podcast is intended for anyone 
with an interest in perioperative patient safety. Tune in to learn more about recent APSF 
Newsletter articles with exclusive contributions from the authors and episodes focused on 
answering questions from our readers related to patient safety concerns, medical devices, and 
technology. In addition, special shows that highlight important COVID-19 information on airway 
management, ventilators, personal protective equipment, drug information, and elective 
surgery recommendations are available. The mission of the APSF includes being a leading 
voice for anesthesia patient safety around the world. You can find additional information in the 
show notes that accompany each episode at APSF.org. If you have suggestions for future 
episodes, please email us at podcast@APSF.org. You can also find the Anesthesia Patient 
Safety Podcast on Apple Podcasts or Spotify or anywhere that you listen to podcasts. Visit us at 
APSF.org/podcast and at @APSForg on Twitter, Facebook, and Instagram.

APSF Newsletter Podcast  
Now Available Online @ APSF.org/podcast

Allison Bechtel, MD 
APSF Podcast Director

The APSF continues to accept and appreciate contributions. 
Please donate online at www.apsf.org/donate/ or make checks payable to the APSF and mail donations to

Anesthesia Patient Safety Foundation
P.O. Box 6668, Rochester, MN 55903, U.S.A.
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What do all of these individuals 
have in common?

Established in 2019, the APSF Legacy Society honors those who make a gift to the foundation 
through their estates, wills, or trusts, thus ensuring that patient safety research and education will 
continue on behalf of the profession about which we are so deeply passionate.

APSF recognizes and thanks these inaugural members who have  
generously supported APSF through an estate or legacy gift. 

For more information about planned giving, please contact Sara Moser,  
APSF Director of Development at: moser@apsf.org.

Join us! 
https://www.apsf.org/donate/legacy-society/

An abiding belief in safeguarding  
the future of anesthesiology.  

Dr. Ephraim S. (Rick)  
and Eileen Siker 

Dru and Amie RiddleDrs. Michael and 
Georgia Olympio

Drs. Susan and Don 
Watson

Karma and  
Jeffrey Cooper

Dan and  
Cristine Cole

Mary Ellen and  
Mark Warner

Matthew B. Weinger, MD, 
and Lisa Price

Robert K. 
 Stoelting, MD

Dr. John H. and  
Mrs. Marsha Eichhorn

David Gaba, MD, and 
Deanna Mann

Jeffrey and Debra  
Feldman

Dr. Eric and Marjorie HoDrs. Joy L. Hawkins and 
Randall M. Clark

Drs. Alex and Carol 
Hannenberg

Burton A. Dole, Jr.Steve and Janice Barker


