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Perioperative Hypotension
When patients reach the postanesthesia
care unit after undergoing major noncardiac
surgery, families assume they have naturally
survived the most dangerous part of the perioperative experience. Their assumption is wrong.
Mortality in the 30 days after surgery is more
than 100 times higher than intraoperative mortality.1,2 In fact, if the month after surgery were
considered a disease, it would be the third leading cause of death in the United States.3
Three-quarters of postoperative mortality
occurs during the initial hospitalization, that is,
under direct medical care in our highest-level
facilities.4 The two most common and comparable
causes of 30-day mortality after noncardiac surgery are major bleeding and myocardial injury.5,6

MYOCARDIAL INJURY
Myocardial infarction (MI), per 4th Universal
Definition, is defined by troponin elevation and
either symptoms or signs of myocardial ischemia.7
Myocardial injury after non-cardiac surgery
(MINS) is defined by troponin elevation of pre-

sumably ischemic origin, and is highly associated with 30-day8 and one-year9 mortality.
MINS includes myocardial infarction and other
ischemic myocardial injuries not fulfilling the
definition of myocardial infarction.
Perioperative myocardial injury is generally a
Type-2 event, resulting largely from supply-demand
mismatch. MINS and perioperative myocardial
infactions thus differ from nonoperative infarctions,
which usually result from plaque rupture. Soberingly, mortality from perioperative myocardial
events is higher than for nonoperative infarctions—
and thus deserves considerable attention.10,11

TROPONIN SCREENING
More than 90% of MINS and MI occurs within
the initial two postoperative days, and more
than 90% are asymptomatic.12 While it is tempting to dismiss asymptomatic troponin elevations as “troponitis,” mortality is nearly as high
without symptoms as with symptoms (Figure 1).
MINS should thus be taken as seriously as classical symptomatic infarctions.
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Data from Writing Committee for the Vision Study Investigators:
Association of postoperative high-sensitivity troponin levels with
myocardial injury and 30-day mortality among patients undergoing
noncardiac surgery.12
This figure is adapted from data presented in reference 12.

Figure 1: 30-day mortality as a function of postoperative
peak high-sensitivity troponin T. Mortality increases
markedly from 0.1% at a troponin T concentration <5 ng/L
to 30% mortality when troponin T exceeds 1,000 ng/L.

See “Perioperative Hypotension,” Page 91

Pulse Oximeters: The Invention That Changed the Paradigm of
Patient Safety Around the World—A Japanese Perspective
by Katsuyuki Miyasaka, MD, PhD

OXIMETRY: PRINCIPLE, BUT NO
THEORY
I am from a generation that experienced
anesthesiology before the development of
pulse oximeters. I was studying abroad in North
America from 1973–1977, when Takuo Aoyagi,
PhD, envisioned the principle of pulse oximetry.
This was just about the time when Minolta
began selling a finger-type device, and I knew
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nothing of Aoyagi’s existence or the idea of
pulse oximeters. At that time, it was hard to get
up-to-date information. International telephone
calls cost 8,000 yen for three minutes (the
equivalent of 50,000 yen or US $500 now).
Japan was just starting to shed the image of
Made in Japan = cheap and poorly made. The
Hewlett Packard 8-wavelength ear oximeter
was already in use at a research laboratory.
Although it appeared accurate, it seemed to be
cumbersome for clinical use.
It wasn’t until six years after returning to
Japan that I met Aoyagi at a Japanese Subcommittee of the International Organization for
Standardization. We attempted, unsuccessfully,
to establish a standardized calibration method.
In the 36 years since, I have had the privilege of
learning from him, and having lived through the
same generation as a clinician and a developer,
I feel a responsibility to report how his great
TABLE OF CONTENTS, NEXT PAGE

invention was born and how it grew. Therefore,
I hope to use this occasion to enable people
worldwide to learn how pulse oximetry, conceived in Japan, has developed and the issues
left to still be resolved.
Pulse oximeters can be used on all people
no matter their color, race, age, body shape,
place of measurement, or type of device. By
merely turning on a switch, a clear number from
0-100% is displayed and in healthy people a
number that “seems right” shows up. However,
according to Takuo Aoyagi, the basis for the
numbers displayed just happens to make them
look right. It is important to not overlook the precision and reliability of the measurement
parameters, and also to understand the physiological and medical issues involved in order to
correctly interpret the number displayed.
See “Pulse Oximetry,” Page 97
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Postoperative Hypotension Is Associated With Myocardial Infarction
In the absence of routine troponin screening,
most myocardial injury is missed. A reasonable
strategy is to measure troponin preoperatively
and for the first three postoperative days. The
thresholds for MINS differ depending on the
assay generation and type:
1. non-high-sensitivity (fourth-generation) troponin T ≥0.03 ng/ml4;
2. high-sensitivity troponin T ≥65 ng/L; or highsensitivity troponin T=20–64 ng/L and an
increase ≥5 ng/L from baseline12;
3. high-sensitivity troponin I (Abbott assay
[Abbott Park, IL]) ≥60 ng/L13;
4. high-sensitivity troponin I (Siemens assay
[Munich, Germany]) ≥75 ng/L (Borges, unpublished);
5. troponin I (other assays) is at least twice local
99th percentiles;
6. an increase of at least 20% in patients who
have preoperative high-sensitivity troponin
concentrations that exceed 80% of the relevant thresholds in items 2–5.

HYPOTENSION
Both MINS and MI are strongly associated
with many unmodifiable baseline characteristics including age, diabetes, and cardiovascular
history. Large randomized trials (n=7,000–
10,000) have shown that MI cannot be safely
prevented by beta blockers,14 avoiding nitrous
oxide,15 by clonidine,16 or aspirin.17 In a recent
large trial, one patient in seven who had MINS
had a major vascular event (mostly re-infarctions) within 17 postoperative months.11
Intraoperative hypotension is associated with
MINS and MI, with the harm threshold being a
mean arterial pressure (MAP) ≈65 mmHg (Figure
2).18,19 Postoperative hypotension is also associated with myocardial infarction, independent of
intraoperative hypotension (Figure 3).20,21
Results from the VISION cohort show that postoperative hypotension is common (Figure 4) and
strongly associated with major vascular events.
Postoperative hypotension is more strongly associated with myocardial infarction and/or death
than intraoperative hypotension (Figure 5).22 Perioperative hypotension is also associated with
stroke,14,22-25 although inconsistently.26

OTHER FACTORS
Two recent studies identified remarkably
strong associations between postoperative
anemia and myocardial injury27 and infarction,28 even after adjusting for baseline patient
characteristics and preoperative anemia.
See “Perioperative Hypotension,” Next Page
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Reproduced and modified with permission. Salmasi V, Maheshwari K, Yang D, Mascha EJ, Singh A, Sessler DI, Kurz A. Relationship
between intraoperative hypotension, defined by either reduction from baseline or absolute thresholds, and acute kidney and myocardial injury after noncardiac surgery: a retrospective cohort analysis. Anesthesiology.2017;126:47–65.

Figure 2: Lowest mean arterial pressure (MAP) thresholds for myocardial injury after noncardiac surgery. The left
graph shows the relationship between the lowest cumulative absolute mean arterial pressure maintained for 3 and
10 minutes and myocardial injury. The right graph shows the relationship between the lowest cumulative relative
mean arterial pressure maintained for 3 and 10 minutes and myocardial injury. Both graphs are multivariable logistic
regressions adjusted for baseline characteristics.18
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Reproduced and modified with permission. Sessler DI, Meyhoff CS, Zimmerman NM, Mao G, Leslie K, Vasquez SM, Balaji P, AlvarezGarcia J, Cavalcanti AB, Parlow JL, Rahate PV, Seeberger MD, Gossetti B, Walker SA, Premchand RK, Dahl RM, Duceppe E, Rodseth R,
Botto F, Devereaux PJ. Period-dependent associations between hypotension during and for four days after noncardiac surgery and a
composite of myocardial infarction and death: a substudy of the POISE-2 trial. Anesthesiology. 2018;128:317–327.

Figure 3: Odds ratios of average relative effect on the primary composite of 30-day myocardial infarction and mortality for three perioperative periods: intraoperative, remaining day of surgery, and the initial four PODs of hospitalization. CIs for multiple comparisons were adjusted by Bonferroni correction. Correspondingly, P<0.017 (0.05/3) was
considered to be significant for the average relative effect. The squares present the odds ratios, and the bars present the CIs. POD = postoperative day.20

APSF NEWSLETTER October 2021

PAGE 92

Hypotensive Harm Threshold for Acute Kidney Injury Is Similar
or Slightly Higher Than That For Myocardial Injury
From “Perioperative Hypotension,” Preceding Page

12%
% of patients who experienced postoperative hypotension

In contrast, a heart rate up to 100 beats/min and
systolic hypertension up to 200 mmHg are not
important risk factors for postoperative myocardial injury.29 General hospital floor hypoxemia is
common, profound, and prolonged30; however,
it remains unknown whether hypoxemia contributes to myocardial injury. Fortunately, simultaneous hospital floor hypotension and
hypoxemia—which might especially provoke
supply-demand injury—is rare.

ACUTE KIDNEY INJURY
New-onset acute kidney injury (AKI) is
common after noncardiac surgery, with stages
2–3 occurring in up to 1% of patients,31 and in up
to 7.4% of patients when stage 1 AKI is
included.32 There is currently no reliable way to
predict AKI.33 The hypotensive harm threshold
for AKI is similar or slightly higher than that for
myocardial injury, presumably because the
metabolic rate of the kidney is high.18,32,34
Notably, at a more stringent MAP cut-off of
<55 mmHg, <5 minutes below this pressure is
associated with an 18% increase in risk for AKI.34
Other analyses report similar associations.35
Taken together, these studies confirm a robust
association of both degree and duration of perioperative hypotension and AKI, and hence the
importance of considering both duration and
excursion when quantifying hypotension.
The implications of perioperative AKI extend
past the index hospitalization. In a 1,869-patient
observational cohort examining the association
of perioperative AKI with 1-year mortality, AKI
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Reproduced and modified
with permission. Roshanov
PS, Rochwerg B, Patel A, et
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continuing angiotensinconverting enzyme
inhibitors or angiotensin II
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analysis of the vascular
events in noncardiac
surgery patients cohort
evaluation prospective
cohort. Anesthesiology.
2017;126:16–27.

Figure 4: Clinically meaningful hypotension (systolic pressure <90 and prompting intervention). In total, 2,860 of
14,687 patients (19.5%) experienced at least one episode of clinically meaningful hypotension after their surgery;
2,728 (95.4%) of those patients experienced a hypotensive episode by postoperative day (POD) 3. OR = operating
room; PACU = postanesthesia care unit.22

was associated with an adjusted hazard ratio
for death of 3.36 Lastly, we note that even milder
degrees of AKI have lasting consequences:
37% of Stage 1 AKI persists or is worse 1–2
years after non-cardiac surgery (Figure.6).37

DELIRIUM
Delirium is a common complication of cardiac
surgery and is associated with morbidity and
mortality.38-42 The reported incidence of delirium after major non-cardiac surgery is about
10%, and increases markedly as patient age
increases beyond 65 years.43 The pathophysiology of delirium is multifactorial, but presum-

ably includes inadequate brain perfusion that
results when mean arterial pressure is less than
the lower limit of autoregulation.44-46
The cerebral autoregulation threshold
remains unclear, but there appears to be
considerable inter-individual variation, and may
be as high as 85 mmHg in some patients.47,48
Consistent with this theory, hypotension is
associated with delirium and cognitive decline
(Figure 7),49-51 although inconsistently.52-54
Limited randomized data (n=199) indicate that
hypotension causes delirium.55
See “Perioperative Hypotension,” Next Page

Hypotension

Outcome

Events in exposed vs. unexposed

aRR (95% Cl),p-value

Intraoperative

Death, MINS, or stroke
Death
MINS
Stroke
Postop, hypotension
MI (Exploratory)
Death, MI, or stroke (Exploratory)

464/4162 (11.1%) vs. 945/10525 (9.0%)
133/4162 (3.2%) vs. 169/10525 (1.6%)
353/4138 (8.5%) vs. 807/10496 (7.7%)
32/4162 (0.8%) vs. 58/10525 (0.6%)
1133/4162 (27.2%) vs. 1595/10525 (15.2%)
137/4162 (3.3%) vs. 309/10525 (2.9%)
273/4162 (6.6%) vs. 472/10525 (4.5%)

1.11 (0.98–1.25), 0.09
1.41 (1.07–1.86), 0.02
1.04 (0.90–1.20), 0.58
1.14 (0.85–1.54), 0.37
1.65 (1.48–1.84), <0.001
1.05 (0.80–1.35), 0.74
1.23 (1.03–1.47), 0.03

Postoperative

Death, MINS, or stroke
Death
MINS
Stroke
MI (Exploratory)
Death, MI, or stroke (Exploratory)

439/2728 (16.1%) vs. 970/11959 (8.1%)
125/2728 (4.6%) vs. 177/11959 (1.5%)
346/2703 (12.8%) vs. 814/11931 (6/8%)
24/2728 (0.9%) vs. 66/11959 (0.6%)
153/2728 (5.6%) vs. 293/11959 (2.5%)
266/2728 (9.8%) vs. 479/11959 (4.0%)

1.68 (1.53–1.85), <0.001
2.20 (1.90–2.54), <0.001
1.63 (1.44–1.84), <0.001
1.73 (0.67–4.51), 0.26
1.96 (1.66–2.32), <0.001
2.01 (1.72–2.33), <0.001

Reproduced and modified with permission. Roshanov PS, Rochwerg B, Patel A, et al. Withholding versus continuing angiotensin-converting
enzyme inhibitors or angiotensin II receptor blockers before noncardiac surgery: an analysis of the vascular events in noncardiac surgery patients
cohort evaluation prospective cohort. Anesthesiology. 2017;126:16–27.
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Figure 5: Adjusted association between hypotension and postoperative death and vascular events in all 14,687 patients. aRR = adjusted relative risk.22
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Phenylephrine and Norepinephrine Are Common Vasopressors to
Treat Perioperative Hypotension
From “Perioperative Hypotension,” Preceding Page
Patients who have delirium after surgery are
far more likely than others to develop long-term
cognitive impairment;56 however, it remains
unknown whether the association is causal.
Hypotension may also provoke overt—or far
more commonly—covert strokes which are
strongly linked to delirium.57

BLOOD PRESSURE MANAGEMENT
Intraoperative hypotension cannot be reliably predicted from baseline patient characteristics or the surgical procedure.58 How best to
prevent and treat perioperative hypotension
remains unclear. There is remarkably little correlation between intraoperative cardiac index
and blood pressure, and the assumption that
maintaining adequate vascular volume prevents hypotension does not appear accurate.
Furthermore, in one study, a third of all intraoperative hypotension occurred between anesthetic induction and surgical incision—and was
thus obviously consequent to anesthetic drugs
rather than volume shifts. Pre-incisional hypotension is as strongly associated with organ
injury as subsequent hypotension.59
Continuous blood pressure monitoring
detects more hypotension than measurements at 5-minute intervals,60,61 thus allowing
clinicians to intervene earlier.61 An exciting
recent development is an algorithm that predicts future hypotension from the arterial
waveform.62 Although a small trial reported
less hypotension when management was
guided by the index,63 a larger one did not
identify benefit.64 The difference likely results
from differences in the treatment algorithms,
and a robust trial is clearly needed.
Vasopressors like phenylephrine or norepinephrine are commonly used to treat hypotension during surgery. Phenylephrine is by far
the most commonly used pressor in the United
States,65 whereas norepinephrine is generally
preferred elsewhere. Phenylephrine is a pure
alpha agonist which raises blood pressure by
increasing systemic vascular resistance, usually with a compensatory decrease in cardiac
output.66 In contrast, norepinephrine combines powerful a-adrenergic agonism with
weak b-adrenergic agonist activity which
helps maintain cardiac output. Consequently,
while blood pressure is comparably maintained with each vasopressor,67 phenylephrine
reduces splanchnic blood flow and oxygen
delivery.68 Clinicians should avoid phenylephrine in patients with septic shock.69
Despite the theoretical advantages of preserved cardiac output and splanchnic perfusion
See “Perioperative Hypotension,” Next Page

Reproduced and modified
with permission. Turan A,
Cohen B, Adegboye J,
Makarova N, Liu L, Mascha
EJ, Qiu Y, Irefin S,
Wakefield BJ, Ruetzler K,
Sessler DI. Mild acute
kidney injury after
noncardiac surgery is
associated with long-term
renal dysfunction: a
retrospective cohort study.
Anesthesiology.
2020;132:1053–1061.

Figure 6: Renal outcomes 1–2 years after surgery, according to postoperative acute kidney injury stage. Width of the
arrows represents the percentage of patients from each exposure group having each stage of long-term renal
injury.37 A quarter of patients with stage I postoperative kidney injury (creatinine increase of ≥ 0.3 mg/dl or 1.5–1.9
times the baseline level) still had mild injury 1–2 years later, and 10% had even higher stage injury. A full third of the
patients with stage I kidney injury thus had renal injury 1–2 years after surgery. Consequently, patients with postoperative stage I injury had an odds ratio (95%CI) of 2.3 (1.8, 2.9) for having long-term renal injury compared to patients
without postoperative kidney injury. We thus conclude that in adults recovering from noncardiac surgery, even a mild
postoperative increase in plasma creatinine, corresponding to stage I kidney injury, is associated with worse renal
outcome 1–2 years after surgery and should therefore be considered a clinically important perioperative outcome.

Hazard ratio (95% Cl)
Intraoperative
TWA MAP < 65 mmHg
(1 unit higher)
ICU stay
Lowest MAP
(10 mmHg lower)

1.10 (1.01, 1.20)
1.16 (1.07, 1.26)
1.32 (1.03, 1.70)

Any MAP < 75 mmHg
(versus no)
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Figure 7: Adjusted hazard ratio of delirium in 908 postoperative patients who were admitted directly from an operating room to the surgical intensive care unit. Delirium was assessed with the Confusion Assessment Method for
Intensive Care Unit patients at 12-hour intervals. 316 (35%) patients had delirium within the first 5 postoperative days
in the surgical intensive care unit. Intraoperative hypotension, MAP <65 mmHg was significantly associated with
higher odds of postoperative delirium.50 TWA=Time Weighted Average
Reproduced and modififed with permission. Maheshwari K, Ahuja S, Khanna AK, Mao G, et al. Association between perioperative
hypotension and delirium in postoperative critically ill patients: a retrospective cohort analysis. Anesth Analg. 2020;130:636–643.
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Efforts To Avoid Perioperative Hypotension Seem Prudent
From “Perioperative Hypotension,” Preceding Page
with the use of norepinephrine, there is limited
evidence of any outcome improvement in surgical patients.70 Consequently both phenylephrine and norepinephrine are widely used in
clinical practice, mostly based on clinical preference and availability. There is no convincing
evidence that intraoperative low-dose vasopressors are themselves harmful, and allowing
hypotension in an effort to avoid using vasopressors is probably unwise. Norepinephrine
can be safely given through a central catheter
or peripherally.71 In a recent study of 14,328
patients, there were only 5 extravasation
events and not a single patient experienced
local tissue injury.72
General hospital floor hypotension is
common, prolonged, and profound. It is likely
that most perioperative hypotensive organ
injury occurs postoperative rather than intraoperatively. The challenge is that blood pressure
is usually measured intermittently. Even at
4-hour intervals, about half of all potentially serious hypotensive episodes are missed.73 (Most
hypoxemia is similarly missed with intermittent
ward monitoring.30) Reliably detecting and
treating ward hypotension will require continuous vital sign monitoring. But in the meantime,
avoiding angiotensin converting enzyme inhibitors and angiotensin receptor blocks on the day
of surgery helps,22 as does restarting chronic
antihypertensive medications only when clearly
needed.

ASSOCIATION VERSUS CAUSALITY
Intraoperative hypotension is common.
Depending on the definition and population, a
quarter or more of all surgical patients have
mean arterial pressures < 65 mmHg during surgery. Hypotension is also common postoperatively, with only about half of potentially serious
episodes being detected by routine vital signs
at 4-hour intervals.73 Postoperative hypotension

is often prolonged, and it seems likely that
much—or even most—myocardial and renal
injury develops postoperatively.
There is currently sparse evidence that the
associations between hypotension and MINS
and AKI are causal. But a small randomized trial
(n=292) demonstrated that preventing intraoperative hypotension reduces the risk of major
complications by 25%, which is biologically
plausible.74 Two large trials should identify what
fraction (if any) of the observed associations are
causal: POISE-3 (n=10,000, NCT03505723) is
nearly finished and GUARDIAN (n=6,250, NCT
pending) is about to start.

SUMMARY
Intraoperative and postoperative hypotension are associated with myocardial and renal
injury. Associations are consistently reported
from various populations using various thresholds and analytic methods, and persist after
adjustment for known baseline factors. (The
associations with baseline factors are far stronger than for hypotension, but hypotension differs in being modifiable.) Associations between
hypotension and delirium are also reported, but
the evidence remains weak.
There is currently little randomized data to
characterize the extent to which observed
associations might be causal. Large trials are in
progress, but results will not be available for
some time. The question, then, is how to
manage blood pressure in the meantime.
Two factors deserve special consideration.
The first is how likely is a causal relationship
between hypotension and organ injury? Surely
much of the observed associations result from
unobserved confounding or are predictive
rather than modifiable. But it also seems likely
that at least a fraction is causal, and thus amenable to intervention. The second factor to consider is how difficult it is to keep intraoperative
mean arterial pressure above 65 mmHg or

some similar threshold? In general, it is not difficult (or expensive) to keep intraoperative
blood pressure well above the apparent harm
threshold. In many cases, simply moderating
anesthetic administration and skillfully managing fluids is sufficient. In others low- or moderate-dose vasopressors will be needed. There is
no convincing evidence that administration of
low-dose vasopressors is harmful. Preventing
postoperative hypotension is far more challenging, but one helpful approach is to delay
restarting chronic antihypertensive medications
until clearly necessary.
Blood pressure—specifically hypotension
prevention—is a modifiable factor that may
reduce cardiovascular complications. Pending
the results of robust trials, reasonable efforts to
avoid perioperative hypotension seem prudent.
Daniel I. Sessler, MD, is the Michael Cudahy Professor and Chair, Department of Outcomes
Research, Anesthesiology Institute, Cleveland
Clinic, Cleveland, OH, USA.
The author is a consultant for Edwards
Lifesciences (Irvine, CA) and serves on advisory
boards and has equity interests in Sensifree
(Cupertino, CA) and Perceptive Medical
(Newport Beach, CA).
See “Perioperative Hypotension,” Next Page

ANNOUNCES THE PROCEDURE FOR SUBMITTING
APSF GRANT APPLICATIONS
FEBRUARY 18, 2022, IS THE DEADLINE
TO SUBMIT LETTERS OF INTENT (LOIs) FOR AN APSF GRANT TO BEGIN JANUARY 1, 2023
• LOIs will be accepted electronically
beginning January 7, 2022, at: apsf.
org/apply
• The maximum award is $150,000
for a study conducted over a
maximum of two years to begin
January 1, 2023.

• Based on the APSF’s Scientific
Evaluation Committee’s review of
these LOIs, a limited number of
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APSF Newsletter Podcast
Now Available Online @ APSF.org/podcast
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.

Allison Bechtel, MD
APSF Podcast Director
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Pulse Oximetry and Its Origin in Japan
From “Pulse Oximetry,” Page 89
Pulse oximeters measure oxygenation, not
respiration, but ordinary people and even some
medical professionals tend to overlook this.1 It is
a percutaneous measurement subject to various factors, but is highly reliable when there is
no body movement and in patients with a good
pulse. In cases of extremely low measurements,
sometimes it is better to believe the numbers
than the patient’s clinical presentation.2 As has
been seen in the COVID-19 pandemic, patients
may present with silent hypoxia3,4 without
symptoms.5 Takuo Aoyagi was concerned
about the lack of understanding of pulse oximeter measurements, even before the devices
became popular with the public. This concern
guided his research on establishing a theory of
pulse oximetry in his later years. While skin
color may not be a problem in Japan where
there is little diversity, it is possible that other

such reports will come out from other areas of
the world.6

PULSE OXIMETRY: TWO BEGINNINGS
The invention of pulse oximetry started in
Japan and is now used in both medicine and by
ordinary people around the world. Surprisingly
enough, two patents were filed at almost the
same time in 1974. Takuo Aoyagi, on behalf of
Nihon Kohden (patent filed March 29, 1974),
and Akio Yamanishi, on behalf of Minolta
(patent filed April 24, 1974), came upon this idea
independently of one another.7,8 Aoyagi’s
device, which came first, used a dye densitometer on the earlobe to measure cardiac output.
He came upon his idea during an experiment to
eliminate superimposed pulsation noise. His
light source was an incandescent light bulb and
his point of measurement was the earlobe, both
of which made it difficult to develop a practical
device and the project ended. Chances are that

it was not pursued because the invention was a
side product and did not align with the company’s main project.
Aoyagi reported on his invention to his supervisor, and it just happened that a physician the
supervisor was visiting heard about it, and work
on a prototype was started. They were less
interested in the significance of oxygen saturation and were mainly looking at new methods of
measurement. Aoyagi reported that once the
paper was published, there was no more mention of turning it into a clinical device. However,
Aoyagi continued his research into establishing
a theory of measurement through the years,
and after a break of about 10 years, Nihon
Kohden renewed its development. They
allowed Takuo Aoyagi to pursue his research
until the end and he fulfilled their expectations.
Takuo Aoyagi presented his invention, the
See “Pulse Oximetry,” Next Page

Announcing the 2022 Co-Sponsored APSF-FAER
Mentored Research Training Grant
The Anesthesia Patient Safety Foundation
(APSF) and Foundation for Anesthesia Education and Research (FAER), related organizations
of the American Society of Anesthesiologists
(ASA), have renewed their three-year agreement to offer the co-sponsored APSF-FAER
Mentored Research Training Grant (APSF-FAER
MRTG). The fourth APSF-FAER MRTG will be
awarded as part of FAER’s Spring 2022 Grant
Cycle (more details below).
The APSF-FAER MRTG provides $300,000
over a two-year period to fund patient safety
research directly related to the perioperative
care of patients, as well as chronic pain and
critical care medicine. Patient safety is defined
as the avoidance, prevention, and improvement of adverse outcomes or injuries stemming from health care processes. In this
co-sponsored grant’s first three years, the
APSF and FAER awarded $900,000 to the following researchers:
Alexander Arriaga, MD, MPH, ScD,
2019 APSF-FAER MRTG Recipient
Brigham and Women's
Hospital (Boston, MA)
Increasing the Frequency of
Debriefing After Perioperative Crises: Altering Trajectories that Impact Provider
Burnout and Wellness

Timothy Gaulton, MD, MSc,
2020 APSF-FAER MRTG Recipient
University of Pennsylvania
(Philadelphia, PA)
Mapping the Epidemiology
of Perioperative Driving
Safety and Behavior
Jonathan M. Tan, MD, MPH, MBI, CMQ
2021 APSF- FAER MRTG Recipient
Children's Hospital Los
Angeles (Los Angeles, CA)
The Impact of Air Pollution
and Neighborhood-Level
Risk Factors on Pediatric
Perioperative Respiratory
Adverse Events
Those interested in applying for the 2022
APSF-FAER MRTG will need to submit a Letter
of Intent (LOI) prior to submitting a full application. The submission window for LOIs for this
grant will be open from December 1, 2021,
through January 1, 2022. Information on the
APSF-FAER MRTG can be found on FAER’s
website at FAER.org/APSF.

ABOUT THE FAER

For 35 years, FAER has been dedicated to
developing the next generation of physicianscientists in anesthesiology. Charitable contri-

butions and support to FAER help fuel the
future of anesthesiology through scientific discovery. Funding priorities include: Research,
Education, and Training. FAER has awarded
over $49 million in research grants and programs since 1986. To learn more about FAER,
visit our website at FAER.org. To donate to
FAER, visit FAER.org/donate.

ABOUT THE APSF
Founded in 1985, the Anesthesia Patient
Safety Foundation (APSF) promotes research
of perioperative patient safety issues, supports the development of careers in patient
safety, provides patient safety educational
materials and communications to all anesthesia providers, and advocates for changes in
clinical practices that improve patient safety.
The APSF’s goal is that no one shall be
harmed by anesthesia care.
The Anesthesia Patient Safety Foundation
(APSF) is a related organization of the American Society of Anesthesiologists. APSF provides support for research and education in
perioperative patient safety. Its past initiatives have resulted in significant contributions
to the field of anesthesia patient safety. APSF
has distributed over $13.5 million in funding
for anesthesia patient safety research projects over its 30+ year history. For more information on APSF or to donate, please visit
www.apsf.org.
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Pulse Oximetry: A Long Road to Its Significance
From “Pulse Oximetry,” Preceding Page
pulse oximeter, to Japanese anesthesiologists
first in 1989 at The Japan Society for Clinical
Anesthesia Academic Meeting in Tokyo,
Japan. However, it wasn’t until 2002, when the
Japanese Society of Anesthesiologists gave
Aoyagi an award for his contribution to society,
that his name and Nihon Kohden’s pulse oximeter became familiar to anesthesiologists in
Japan.9,10
On another front, Akio Yamanishi’s group
was taking advantage of the new LED technology to develop fingertip plethysmography,
and the development of a pulse oximeter was
one of their primary projects. They succeeded
in developing the world’s first fingertip pulse
oximeter. Ikuto Yoshiya (anesthesia professor
at Osaka University at the time) and Yasuhiro
Shimada (assistant professor at the same university) were involved, but their contributions
were limited to improving precision through
analysis.11 Minolta started selling their device
(OXIMET 1471) through Mochida Pharmaceuticals in June 1977, but rather than using LED as
a light source, they used a combination of
tungsten and fiberoptic cable, so although the
device was usable, it was difficult to operate. It
is possible that the red spectrum in LEDs at the
time was not sufficient.

Figure 1: Top left: International conference at Chartridge Seminar House held May 1985 at a suburb of London with
50 participants—Definition of SpO2, discussion of how to think about oxygen saturation. Bottom left: Published proceedings of the Chartridge Conference. Top right: May 1987, Hakone Fujiya Hotel in Kanagawa Prefecture—International conference on neonates and pediatric patients with about 20 participants—From TcPO2 to SpO2. Bottom right:
Published proceedings of the Hakone Conference on Neonatal and Pediatric Applications.

CLINICAL SIGNIFICANCE
UNRECOGNIZED IN JAPAN
The OXIMET 1471 pulse oximeter that went
on the market in 1977 seems to have been
reviewed by several university academic anesthesiologists in Japan.12 However, while the
device was judged to be useful as a research
measurement device, it did not take off as a
clinical one. Only 200 devices in total were
sold. Kunio Suwa (associate professor of Anesthesiology at Tokyo University) tried it out in
1992 on his own volition,11-13 but unfortunately
even then, as now, bureacracy existed in
Japan’s medical device industry, slowing the
development of innovations.
The first scientific meeting on pulse oximetry
took place in Chartridge, outside London, in
1985, and the first international neonatal and
pediatric meeting on pulse oximetry in Japan
was held in Hakone, outside Tokyo, in 1987
(Figure 1).

RESEARCH MEASUREMENT DEVICES
AND CLINICAL MONITORING DEVICES
Oxygenation values arbitrarily showed up
from around 90% to 120% soon after attaching
a probe to the patients finger in the early version of Minolta’s OXIMET-1471.12,13 The device
had a calibration knob that adjusted digital

Figure 2: Dr. Aoyagi showing his work on motion artifact to Dr. Byron Aoki, from the University of Hawaii (at the
author's office when he was the head of the ICU at the National Center for Child Health and Development in Tokyo
in 2002).

number values making it possible to make
appropriate adjustments at the bedside. You
could set blood gas values to match the
patient’s oxygenation at the start of measurement, so it would display correct values thereafter. The developers would say that if the display
shows 100%, then you can believe that it really
is 100%. The display also showed very specific
values to one decimal point at each heartbeat
(say 95.6%). In actual use, however, after calibration of the device to the patient’s blood gas
levels, it was not unusual to see numbers from

100% or much more, baffling clinicians. Still, with
further improvement, it was a device that had
great possibilities as a monitor.

FROM ANESTHESIA TO
CRITICAL CARE IN JAPAN:
The Japanese Society of Anesthesiologists
created their first safety guidelines (Monitoring
Guidelines for Anesthesia Safety) and
recommended use of pulse oximeters during
anesthesia. This was seven years after ASA
See “Pulse Oximetry,” Next Page
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Pulse Oximetry and Its Inherent Limitations
From “Pulse Oximetry,” Preceding Page
released their first Monitoring Guidelines for
Anesthesia in 1986 in the US.14 Half of the
physicians who engaged in anesthesia did not
have access to even one pulse oximeter in their
institutions. Domestic competition was
practically non-existent. Interest in pulse
oximeters grew rapidly in the field of
anesthesia, but when their use expanded from
during anesthesia when patients didn’t move to
the recovery room, ICU and general wards, a
big problem arose in how to deal with false
alarms from body movement. When venous
waves are superimposed on pulse waves, the
convenient assumption of pulse oximeters
that all pulsation is arterial pulsation no longer
holds. In efforts to decrease false alarms,
many strategies were tried such as temporarily
freezing alarm information, prolonging the
moving average time of the data, and
extraction of the arterial waveform during
synchronization with electrocardiograms, but
none of these served as a fundamental
solution (Figure 2).

EMERGENCE OF A SOLUTION TO FALSE
ALARMS DUE TO MOTION
Yasuyuki Suzuki and I were studying the reliability of and problem of false alarms in respira-

tory monitors in pediatric ICUs at the National
Children’s Hospital in Tokyo and respiratory
therapy in home care pediatric patients.15 We
had also introduced a project called the “Sound
of Silence” to address the problem of alarm
fatigue in pediatric anesthesia and pediatric
ICUs such that all alarms were silenced within 3
times of beeping. Thus, we were able to obtain
many hours of raw data and video recordings
from pulse oximeters and patients. It was not a
comparative study and it was not published, but
this data on Japanese patients in pediatric ICUs
helped strengthen strategies to deal with body
movement, and thus low perfusion in adults.16,17

PULSE OXIMETRY: PROBLEMS WITH
MULTI-WAVELENGTHS AND PRECISION
The theory of multi-wavelengths (5 wavelengths) was proposed in 200818 and was
established by Aoyagi in 2015, but no product
had been made, due to prolonged verification
activities. In 2020, the topic of the clinical significance of measurement differences due to
racial differences (skin color)6 came up, but
there was little basis for discussion because
there was no theory and no way to compare
numbers using a standardized calibration. However, we cannot neglect differences in skin
color, race, adults, infants, body shape, and
place of measurement of the device. It is impos-

sible to standardize calibration using actual
measurements on human beings who can’t be
standardized (no more than calibration can be
standardized), between manufacturers and
devices, different probes, etc. The road laid
down for us by Aoyagi is of great importance to
break the deadlock of the acceptance of differences of 1–2% especially in the low SpO2 range
and to establish a fundamental theory of pulse
oximetry.

RESEARCH ON MULTI-WAVELENGTHS
An in vitro calibration method19 for ISO was
never established, but this was the same as
saying the theory had not been established.
The most recent ISO standard ended up mandating empirical calibration using blood sampling in healthy adults who are exposed to a
non-physiological level of hypoxia. Thus, the
accuracy of currently available pulse oximeters
ignores such factors as race, age (adult or child),
or individual devices. Hironami Kubota questions whether regular household devices really
need to go through such a complicated calibration process. It is a very complicated issue.
Takuo Aoyagi started working on a complete
theory and after verification with experiments
with multi-wavelength simulation models that
took into account light scattering and pulsation,
and also the effect of surrounding tissue, he presented his work at the Innovations and Applications of Monitoring Perfusion, Oxygenation and
Ventilation (IAMPOV) meeting in 2015 in Tokyo,
Japan (Figure 3).20 The main reason for his studies using multi-wavelengths was to improve precision. But since he wasn’t looking at such factors
as abnormal hemoglobin, it is possible his
research was not considered important enough
to result in product development.

THE SPREAD OF PULSE OXIMETERS IN
SOCIETY AND THE ISSUES INVOLVED

Figure 3: 2015 Tokyo IAMPOV Symposium (Last day, Auditorium at St. Luke’s International University)—An international symposium on patient monitoring devices and technology related to circulation, oxygenation, and respiration.
Left side in red circle: Takuo Aoyagi. Central area, front row from left to right: P. Bickler (UCSF), S. Weininger (FDA), S.
Barker (Masimo) K. Miyasaka (St. Luke’s), P. Kyriacou (U. London), B. Kopotic (Edwards), K. Shelley (Yale).

Aoyagi feared that without a theory, the pulse
oximeter number displayed might take on a life
of its own, especially with its widespread use.
Under the shadow of the great usefulness of
the device for COVID-19, it is a concern that
pulse oximeters are being used not just for
operating room patients, but everyone and
without a proper understanding of what the
number means. Pulse oximeters cause little
harm as electronic devices, but if the numbers
are misinterpreted, critical harm can result. The
current regulatory system to protect users from
suffering this kind of harm is inadequate.
See “Pulse Oximetry,” Next Page
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Clinicians Should Educate the General Population
on How to Interpret the Pulse Oximetry Number
From “Pulse Oximetry,” Preceding Page
Clinicians should help inform people of possible dangers from these devices and educate
them on how to interpret the number displayed.
In the current state of affairs, where the appropriate use of pulse oximeters is not guaranteed,
people won’t even be able to tell if a device is
poorly made as long as the number looks right.
Even if there was a dangerous condition, no
one would notice a problem as long as the
number is within the “normal” range.
While it is necessary to educate users about
correctly understanding the number, the regulations demanding proper education of the general public in Japan are vague. The manuals
included in the devices say “seek a doctor’s
opinion if there is a problem,” but this warning is
of no use to the lay public because there is no
way for them to know if there is a problem or
not. Thus, the user is left believing in the device
without adequate understanding, and no one
including the company or government has
responsibility for misuse of the device.
While the authorities in charge may be interested in the safety of electronic products, they
may not be as interested in how the numbers
displayed are interpreted or in the safety of the
medical device. There are very few cases
where clinicians are involved in product inspection. Our mission is to educate the public whenever we have a chance and provide them with
the knowledge they need to evaluate products
where medical quality and non-medical quality
products are combined.

CONCLUSION
The lives of so many people have been
saved and many more will be saved in the
future, due to Takuo Aoyagi’s invention.
Takuo Aoyagi presented his principle of
pulse oximeters for the first time in 1974. The
session was chaired by Tatsuo Togawa (professor of medical engineering at the Tokyo Medi-

cal and Dental University), a prominent scientist
in the field. Togawa stated in 2011 that pulse
oximeters have developed much more than
could be imagined even then from Aoyagi’s
presentation.21 The possibilities for pulse oximetry using multi-wavelengths are many, including the establishment of a standard method of
calibration, improvement in the precision of
measurements during low perfusion or body
movement, and by including the measurement
of other substances or metabolic situations. It
may even be possible for it to act like pulse
spectrophotometry, by expanding measurements beyond oxygenation such as blood
sugar levels, which are now measured invasively.22 This may not be as easy as it sounds to
a clinician, but placing our hopes with the scientists following Takuo Aoyagi, I would like to
express my gratitude for the great contributions
made by him in this field.
Katsuyuki Miyasaka, MD, PhD, is executive advisor to the Dean, Wayo Women’s University, professor emeritus, St. Luke’s International
University, Tokyo, Japan.
The author has no conflicts of interest.
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A 20/20 View of Ophthalmic Anesthesia: A Reflective
Lens Aimed to Envision the Future
by Andres Macias, MD, FASA, and Fred E. Shapiro, DO, FASA

PAST AND PRESENT

PHARMACOLOGY

Ophthalmic anesthesia dates to 1884 when
ophthalmologist Karl Koller1 first introduced the
use of cocaine as a local anesthetic for ophthalmic surgery. The retrobulbar blockade was first
described by Herman Knapp in 1884, and later
Atkinson in 19362 described a retrobulbar technique that was adopted very quickly; however,
due to a high incidence of complications the
technique was abandoned over time.3 Currently,
at Massachusetts Eye and Ear Infirmary (MEEI),
Boston, MA, we provide anesthesia services
under local, regional, and general anesthesia for
more than 16,000 ophthalmic procedures a year
in both adult and pediatric patients.

Over the years, our practice has evolved to
meet the demand for faster, safer, and more
efficient anesthesia. Essential to these goals
has been the use of short- and long-acting local
anesthetics. The goal of sedation is to decrease
anxiety, while maximizing safety. Combined
with the use of regional anesthesia, several
choices of sedation and analgesic combination
medications have been introduced to the practice within the last 25 years, such as remifentanil, dexmetomidine, and midazolam (see Table
1). These short-duration sedatives can be
administered immediately before the regional
block to reduce or eliminate the pain of needle
insertion and injection of the local anesthetic.5
Prolonged sedation is used with caution in
select patients, and is generally preferably
avoided, as an awake patient is needed for surgery. Some practices use small doses of propofol until the patient loses consciousness while
the block is performed.

SAFE OPHTHALMIC ANESTHESIA
The basic tenets for safe anesthesia care
during elective eye procedures are to facilitate
maximal pain relief, ease in the surgical procedure, quick recovery, and minimal risks associated with surgery and anesthesia.4,5 Over the
past 30 years, advancement of surgical techniques has allowed for short, effective, and safe
patient care.
Most of the current ophthalmic procedures
can be performed in ambulatory surgery centers (ASCs) and in the office-based surgical setting. A key component to this success is
through selection of the appropriate patient,
procedure, and location, all determined by clinical criteria and equipment demand. At MEEI, we
provide clinical care at our main hospital
campus, where we have both inpatient and outpatient services, and at our free-standing ASC.
This arrangement allows flexibility when scheduling cases in order to improve efficiency at
both locations.

We always provide supplemental oxygen if
performing an eye block and during the surgical intervention. At MEEI, we use a nasal canula
at flows not higher than 5 l/min or a face tent.
The face tent sits at the level of the patient’s
chin. It provides oxygenation while preventing
the drapes from sitting on the patient’s lower
face (helping with the feeling of claustrophobia
in some cases). An important observation is
there is a small risk of CO2 accumulation under
the drapes. For short procedures the risk is
minimal; however, for procedures longer than
an hour, we recommend using CO2 suctioning.
For eye blocks, we usually use a combination
of lidocaine, bupivacaine, and the hyaluronidase enzyme. The combination of lidocaine
1.5% and bupivacaine 0.375% provides a block

Table 1: Potential Medications* Used for Sedation During Ophthalmic Procedures
Medication

Dose range

Midazolam

1–2 mg

Considerations
Avoid or decrease dose in patients >70 years old due to
concern of losing patient feedback during regional block.
Consider modifying using low doses in patients with
chronic kidney disease.

Remifentanil

25–50 mcg May produce complete apnea in combination with other
sedatives. Airway rescue equipment and ASA standard
monitoring must be always available.

Dexmetomidine

8–20 mcg

May increase PACU time in patients presenting for cataract surgery, but not for other surgeries such as vitrectomy.

*Fentanyl and Propofol have also been used during these procedures.

with rapid onset (between 5–10 minutes) and a
duration of about 2 hours, which is enough for
most procedures. Lidocaine should not be
used in concentrations higher than 2% due to
the risk of myositis if injected by error into one
of the extraocular muscles. Duration and onset
may be related to the volume injected although
this is controversial. The enzyme hyaluronidase
as an ancillary agent is usually used with local
anesthetics.5 Concentrations between 1 and 7.5
units/mL are most commonly used, but concentrations as low as 0.75 units/mL may be effective.6 The addition of hyaluronidase is used to
increase tissue permeability of the local anesthetic, promote dispersion of the local anesthetic, reduce the increase in orbital pressure
associated with the injected volume, enhance
the quality of the block, and reduce the risk of
injury to the extraocular muscles if local anesthetic is injected in them.5

PATIENTS
Proper communication with the patient, surgeon, and anesthesia professionals is essential.
Patients should be advised and comprehend
that they must lie flat (or semi-flat due to comorbidities), remain motionless, cooperate by providing clear communication, and express any
concerns regarding claustrophobia or panic
attacks, as needed. A focused medical history,
including use of any anticoagulant or antithrombotic therapies, previous eye operations, and
overall suitability for same-day surgery is also
required. The physical exam should focus on
airway assessment, detection of relevant
abnormalities, including any conditions that
may impede the ability to lie supine comfortably
(e.g., back deformities or pain, severe congestive heart failure, chronic obstructive pulmonary
disease, or claustrophobia). These are more
relevant when topical or regional anesthesia is
planned in association with sedation.

CONTROVERSIES:
NPO
Although controversial, we still recommend
that our patients follow standard ASA fasting
(NPO) guidelines to reduce risk of aspiration
should there be a need to convert to general
anesthesia.
See “Ophthlamic Anesthesia,” Next Page
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Anticoagulation May Be Continued for Elective Eye Procedures
From “Ophthlamic Anesthesia,” Preceding Page

Table 2: Anesthesia Considerations for Common Eye Procedures for Claustrophobic and/or Uncooperative Patients
PATHOLOGY/LOCATION

PATIENT

TYPE OF ANESTHESIA

TYPE OF ANALGESIA

CATARACT/ANTERIOR
CHAMBER

Severe Claustrophobia
Unable to Cooperate

General Anesthesia
or
Regional

Topical
Regional with Akinesia (Surgeondependent)

Cooperative

Monitored Anesthesia Care (MAC)

GLAUCOMA SURGERY

Severe Claustrophobia
Unable to Cooperate

General Anesthesia
or
Regional

Cooperative

Monitored Anesthesia Care (MAC)

Severe Claustrophobia

General Anesthesia

Regional

Unable to Cooperate
Complex Pathology

(Avoid Nitrous Oxide if gas injection in the eye)

Oral and Systemic

Cooperative Simple Pathology

Monitored Anesthesia Care (MAC)

POSTERIOR CHAMBER/
RETINA

Anticoagulation:
We recommend that patients with a high risk
of clotting and embolic complications (due to
cardiac or vascular pathologies) continue therapeutic doses of aspirin or warfarin throughout
the perioperative period. Recent publications
have shown no higher incidence of sightthreatening bleeding complications after
regional anesthesia in patients taking aspirin,
warfarin, or clopidogrel before cataract surgery, compared with patients not taking these
drugs.7 Similarly, recent literature has been
published regarding concerns of increased
bleeding risk in patients taking newer oral anticoagulants, such as apixaban, rivaroxaban,
and dabigatran. At MEEI in Boston, our recent
retrospective study on the continuation of
these medications also did not result in a
higher incidence of bleeding complications in
patients presenting for elective eye surgery
and receiving regional anesthesia as the primary technique.8
Gas injection:
Gas injection is mainly used during retina surgery. If general anesthesia is provided, patients
should not receive nitrous oxide when gas is
going to be injected in the eye (e.g., SF6 or
C3F8), or when gas was previously administered
to create a “bubble” to internally tamponade
the detached retina, unless an ophthalmologist
has documented that the bubble has been
completely absorbed. Although SF6 is usually
completely absorbed by 10 days, and C3F8 by
six weeks, there are case reports of blindness
due to use of nitrous oxide after 25 days for SF6
and after 41 days for C3F8.9 Patients who have
received one of these gases must be identified.
At MEEI, we place a wrist band that includes the
name of the gas injected as well as the date
See “Ophthalmic Anesthesia,” Next Page

Topical
Regional
Oral and Systemic

Table 3: Eye Procedure Complications and Management Strategies9
Complication

Manifestation

Treatment

Retrobulbar
hemorrhage
(compartment
syndrome)

Tense orbit with significant resistance to
retropulsion, no ocular motility, decrease in
visual acuity, bulbar chemosis, and complete
ptosis.10-12

Lateral canthotomy,
Inferior cantholysis,
Inferolateral anterior
orbitotomy

Eye perforation/
penetration

Hypotonic eye, loss of vision on postoperative
evaluation, evidence of retinal detachment and/
or laceration on exam13

Consult with a retina
specialist, vitrectomy most
likely needed

Intra-arterial
injection of local
anesthetic

Brainstem anesthesia (Symptomatology can
differ between each case of brainstem
anesthesia and it can include different
combinations of confusion, unconsciousness,
irregular breathing, apnea, numb throat,
dysphagia, hypotension, hypertension,
bradycardia, tachycardia, cardiovascular
instability, convulsions, shivering, dysarthria, and
hemi-, para-, or quadriplegia). Symptoms appear
2–10 minutes after injection14

May require
cardiopulmonary
resuscitation, intubation,
and vasopressor support.

Intrathecal
injection of local
anesthetic

Brainstem anesthesia14

May require
cardiopulmonary
resuscitation, intubation,
and vasopressor support

Allergic reaction
to local anesthetic

Very uncommon but possible. Clinical symptoms
of anaphylaxis

Follow anaphylaxis
resuscitation

Allergic reaction
to hyaluronidase

Immediate reactions may present with periorbital
edema and chemosis developing within a few
minutes of administering the anesthetic mixture
with the enzyme.
Delayed reaction may mimic periorbital
inflammation (up to 36 hours after block with the
enzyme)15

Surgical treatment may be
needed due to the
increased IOP. Systemic
steroids may be needed

Venous air
embolism

Hemodynamic instability, pulseless electrical
activity (PEA), arrest16

Hemodynamic support,
follow PEA algorithm

Intramuscular
injection

Diplopia due to myositis. Most commonly due to
inferior rectus injection17

Avoid lidocaine in
concentrations higher than
2%. May need surgical or
mechanical correction

Oculocardiac
reflex

Severe bradycardia with asystole in some cases.
May last less than 30 seconds

Stop stimulation, may
need atropine in rare
occasions

Gas injection

Potential increase in intraocular pressure due to
gas expansion in the eye

Avoid nitrous oxide and
identify patients who are
receiving or have received
intraocular injection of gas

Recovery with appropriate
support may take 10 to 60
minutes
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Ophthalmic Anesthesia, Cont'd
From “Ophthalmic Anesthesia,” Preceding Page
and time in order to alert any providers in case
of a potential emergency.

PROCEDURES
The most common procedures performed at
our ASC are cataract, glaucoma, retina, oculoplastics, and strabismus surgeries. At our main
campus, we include eye trauma, pediatric
exams under anesthesia, transplant of limbal
cells, gene therapy injections in the eye, and
complex corneal transplants. For the most
common ophthalmic surgical procedures, at our
institution the anesthesia professional performs
extraconal blocks. Other blocks such as intraconal blocks, topical, Sub-Tenon’s (episcleral),
and intracameral injections of preservative-free
local anesthetic are performed by the surgeon.18
Anesthesia considerations for those patients
with claustrophobia or who are uncooperative
are depicted in Table 2.
General anesthesia is more commonly provided to patients with history of claustrophobia,
patients unable to lie flat for the duration of the
surgery, pediatric patients, and patients presenting for complex interventions that may take
more than two hours.

TRAINING
Cataract surgery is one of the most common
outpatient surgeries performed in ASCs, and
the risk of complications related to eye blocks
as well as a wrong-side surgery is always present. Although uncommon in the hands of welltrained skilled anesthesia professionals, these
complications can carry devastating effects in
the life of any patient. Therefore, we suggest
that proper training in anesthesia for ophthalmic surgery is essential and should be included
in all residency programs.
Regional anesthesia techniques for the eye
are safe when performed by experienced providers or under the supervision of someone
properly trained. Presently, there is a lack of
training in anesthesia residency and regional
anesthesia fellowships programs with regards
to ophthalmic procedural regional anesthesia
techniques. At MEEI, we have instituted a
regional anesthesia rotation for residents and
regional anesthesia fellows. The regional anesthesia fellows spend two weeks learning how
to perform eye blocks. At the same time, they
learn how to handle our high patient workflow
while maintaining safety and efficiency. Anesthesia professionals should be very well versed
in both the anesthetic performance and patient
management for eye surgeries.

Figure 1:and
COVID-19
TestingAlgorithm
and Screening Algorithm
Testing
Screening
• Stable Medical condition
• Major comorbidities well controlled
• No close contact of COVID-19 patient

• Unstable Medical condition
• Major comorbidities uncontrolled
• Recent close contact of COVID-19 patient

• COVID-19 test 48–72
hours before
• Self-isolated
• Negative test
• Negative symptom screening

• Unable to self-isolate

• Positive test

• Positive symptom
screening

• Do not proceed with office-based surgery or procedure
• Consider presenting to hospital for further evaluation
depending on symptoms
• Consider further isolation per infectious disease guidelines

• Can present to office for
procedure or surgery

Reproduced and modified with permission from: Young et al. Patients, Procedures, and PPE: Safe Office-Based Anesthesia
Recommendations in the COVID-19 Era. Best Prac Research Clin Anaesthesiol. 2020 Nov. (article in press) https://doi.org/10.1016/j.
bpa.2020.11.006
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Ophthalmic Anesthesia During COVID-19 Pandemic
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procedure or surgery

• Do not proceed with office-based surgery or procedure
• Consider presenting to hospital for further evaluation
depending on symptoms
• Consider further isolation per infectious disease guidelines

Figure 2: COVID-19 Personal Protective Equipment (PPE) Algorithms for Low Versus
High Prevalence COVID-19 Areas
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Reproduced and modified with permission From: Young et al. Patients, Procedures, and PPE: Safe Office-Based Anesthesia
Recommendations in the COVID-19 Era. Best Prac Research Clin Anaesthesiol. 2020 Nov. (article in press) https://doi.org/10.1016/j.
bpa.2020.11.006

ophthalmic procedures in the ambulatory setting will continue to grow. Commensurate with
this, we appreciate a continued increase in an
elderly and sicker patient population that will
require elective eye interventions. For example,
we recently encountered patients presenting to
the OR with left ventricular assist devices (LVAD)
for elective eye surgery. In order to continue to
maintain a safe and appropriate environment,
we recommend developing ongoing policies
that support appropriate patient, procedure,
and location selection. In the past five years,
there have been reports claiming that complications related to eye blocks have occurred due
to the use of incorrect techniques or settings.
Therefore, we strongly believe that it is prudent
to implement a formal educational program that
includes clinical and technical skills, interpersonal and interprofessional communication,
practice management, policies, simulation training, standards, guidelines, and regulations. At
the MEEI, we have been successful in implementing this educational curriculum and created the official MEEI Manual for ophthalmic
procedures to accompany the curriculum as a
“pocket” resource. To share our program globally, along with the MEEI Manual release in
2022, we envision the availability of both live
and virtual MEEI/HMS Continuing Medical Education (CME) opportunities.
Andres Macias, MD, FASA, is chief of Anesthesia, assistant professor, Harvard Medical
School, Massachusetts Eye and Ear Infirmary,
Boston, MA.
Fred E. Shapiro, DO, FASA, is associate professor
of Anesthesia, Harvard Medical School, Massachusetts Eye and Ear Infirmary, Boston, MA.
The authors have no conflicts of interest.
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Iron Deficiency Anemia During and After
Pregnancy: How Can We Make a Difference?
by Jack M. Peace, MD, and Jennifer M. Banayan, MD

INTRODUCTION
Anemia is a frequently encountered condition on the labor floor. Coupled with the potential for massive blood loss in the peripartum
period, management of maternal anemia is
critical to keeping mothers and their babies
safe. Antepartum anemia has been associated
with adverse maternal and neonatal outcomes,
including preterm labor, miscarriage, growth
restriction, cesarean delivery, and intrauterine
infection.1,2 Postpartum anemia has been associated with depression, fatigue, and impaired
cognition.3
Iron deficiency is the most common cause of
anemia in the peripartum period. Iron replacement therapies have been extensively studied
and have been regularly shown to improve
hematologic indices,4 but to date, no studies
have demonstrated consistent improvement in
maternal or neonatal clinical outcomes. This
requires us to ask the question: how can we
make a meaningful difference in the treatment
and management of maternal anemia so as to
improve clinical outcomes? How can we as
anesthesia professionals partner with our
obstetric colleagues to decrease the impact of
anemia on childbirth? Here, we highlight our
current understanding of maternal anemia, its
treatment, management strategies, and future
areas for research.

LEVERAGING THE PERIOPERATIVE
HOME
Anesthesia professionals are well-equipped
to prepare patients for elective, high-blood-loss
surgery, and society-level guidelines establish
recommendations for the treatment of anemia
across the perioperative spectrum.5 Yet, few of
these recommendations make specific reference to the pregnant population. Antepartum
consultation with an anesthesia professional is
often performed for hematologic conditions,
such as thrombocytopenia or heritable coagulopathies, but rarely for anemia. By the time an
anemic parturient reaches the care of an anesthesia professional, the window for treatment
has often closed. Forging partnerships
between obstetricians, hematologists, and
anesthesia professionals could help address
the timely diagnosis and management of
maternal IDA.

significantly across the course of pregnancy and
by population, reflecting the complex interplay of
preexisting nutritional deficiencies and iron
homeostasis during pregnancy. For example, in
low and middle-income countries, IDA may
affect up to half of pregnancies, regardless of
gestational age.7,8 Even in the developed world,
significant racial disparities exist: in one study,
African American women had more than three
times the rate of IDA as non-Hispanic white
women.9 The connection between IDA and poor
pregnancy outcomes is not hard to imagine:
increases in hemorrhagic shock, cardiovascular
failure, peripartum transfusion, and higher rates
of infection all accompany maternal anemia.10-12
Additionally, emerging research is beginning to
show that peripartum IDA affects not only the
mother, but the fetus as well. A large, recent
cohort study of over half a million children demonstrated an association between maternal
anemia and neurodevelopmental disorders.13
These findings demonstrate the importance of
managing this common condition.

TREATMENT OF IRON DEFICIENCY
ANEMIA
The mainstay of IDA treatment in pregnancy
is oral iron supplementation. Oral iron supplements are inexpensive, readily available, have
simple storage requirements, and have an
established safety record. However, oral iron
supplementation is often limited by gastrointestinal side effects, such as nausea, dyspepsia, or
constipation, which may occur in more than half
of patients.14 Studies that have focused on
improvements in maternal hematologic parameters (e.g., hemoglobin, ferritin) have found
modest improvements in these values with oral
iron supplementation.4 However, studies have
failed to demonstrate consistent improvement
in other maternal or fetal outcomes, such as
decreased transfusion requirements, improved
recovery, or higher birthweight.
See “Anemia,” Next Page
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Anemia is one of the most common medical
conditions in pregnancy, affecting nearly one in
three pregnant women globally.6 The incidence
and degree of iron deficiency anemia (IDA) vary

22. COVID-19 (coronavirus): Long-term effects. Mayo Clinic.
Mayo Foundation for Medical Education and Research
(MFMER). 2021. Accessed July 6 2021. Available at: https://
www.mayoclinic.org/diseases-conditions/coronavirus/indepth/coronavirus-long-term-effects/art-20490351.

APSF NEWSLETTER October 2021

PAGE 106

Peripartum Iron Deficiency Anemia is a Common and Significant Problem
From “Anemia,” Preceding Page
The reasons for this may be severalfold.
Diagnosis of iron-deficiency anemia may be
delayed in pregnancy: an initial complete blood
count (CBC) at a first trimester visit showing
anemia may not be followed up with until iron
studies can be performed at a subsequent visit,
which may be a month or two later. Earlier intervention has clinical plausibility to have a greater
impact on maternal and fetal outcomes. Also,
studies in this area have generally been smaller,
and have lacked consistent methodology.15
Additional large-scale studies with consistent
treatment protocols may help establish a clinical benefit for early treatment of maternal iron
deficiency.

to pregnant women may help limit the peripartum consequences of anemia. Several institutions have begun treating women in
perioperative iron clinics, which presents additional opportunities for clinical research to evaluate the efficacy of this mode of care.
Treatment of prenatal anemia doesn’t always
succeed, and hemorrhage can occur unexpectedly in the peripartum setting, even in
patients without pre-existing anemia. This
requires anesthesia professionals and obstetricians to make collaborative decisions on when
it is appropriate to transfuse a peripartum
patient. In large studies of nonobstetrical
patients, there were no benefits (and an
increase in harms) associated with a liberal

help institutions protocolize the treatment of
anemia early in pregnancy that may reduce the
number of unnecessary blood transfusions.
One such program included clinical pathways
for diagnosis, educational materials, laboratory
protocols, and standardized iron prescriptions
(Figure 1).27 After implementation, the rate of ferritin testing increased tenfold, and the number
of transfusions fell by 50%. Similar programs
have demonstrated a decrease in rates of
anemia at admission and a reduction in the rate
of transfusion.28,29 These and other such programs may finally help providers realize the
potential of antenatal iron deficiency treatment
to improve maternal and fetal outcomes.

SAFETY OF INTRAVENOUS IRON
Intravenous iron has emerged as an alternative therapy for women with IDA who are intolerant of oral supplementation, have an
insufficient response, require rapid correction
of deficiency, or who have malabsorptive disorders. With the advent of newer, lower molecular
weight iron dextran and non-dextran iron formulations, concerns about anaphylaxis with
older parenteral iron formulations have given
way to an established safety record in pregnancy.15 Adverse reactions occur less frequently than with oral iron supplementation,
and tend to be minor (e.g., skin staining, transient bronchospasm).16 However, because
these are parenteral formulations, they require
at least one clinic visit, and are substantially
more expensive than oral supplementation.
Additionally, no guidelines exist about whether
fetal heart rate monitoring should occur during
infusion of these compounds, and few studies
that study these medications in women comment on fetal heart rate monitoring.17 A single
case study describes severe fetal bradycardia
during infusion of an intravenous iron product
(ferric derisomaltose), necessitating emergent
cesarean delivery.18 Though a number of studies have established the safety of these compounds, more work needs to be done to
establish protocols to ensure maternal and fetal
safety during their administration.

OUR ROLE
Reflex iron testing, developed in the preanesthesia clinic19 could be used by obstetricians to help diagnose and treat IDA earlier in
pregnancy. Obstetricians could refer patients
who require IV iron to perioperative anemia
clinics, where monitoring and clinical infrastructure currently exist. Promising reductions in
perioperative transfusions have been seen with
ultra-short-term treatment of anemic cardiac
surgery patients.20 Adapting these treatments

Figure 1: Opportunities for improvement in the diagnosis, treatment, and study of maternal iron deficiency anemia.

transfusion strategy.21 Similar findings have
been observed in peripartum patients.22 This
has led both the American Society of Anesthesiologists and the American Association of
Blood Banks to issue recommendations in
favor of conservative blood transfusion strategies (i.e., transfusion threshold Hb < 7 vs.
<10).23,24 However, there are limits to thresholdbased approaches to transfusion. Postpartum
hemorrhage often occurs quickly, and requires
an anesthesia professional to weigh the benefits of transfusion (i.e., improved tissue perfusion) against the potential risks (e.g., infection,
TACO, TRALI). Other perioperative strategies,
like the use of blood salvage25 and antifibrinolytic therapy,26 have the potential to decrease
the rate of peripartum transfusion even further.
Combining these strategies into comprehensive patient blood management programs can

POSTPARTUM ANEMIA
Though relatively poorly studied, postpartum anemia is linked to a number of adverse
maternal outcomes including fatigue, depression, and impaired cognition. It should come as
no surprise that antenatal anemia and postpartum hemorrhage are significant predictors of
postpartum anemia.30 And unlike antepartum
IDA, postpartum IDA often occurs suddenly,
with a significant loss of iron stores at or around
delivery. Treatment of postpartum IDA with oral
iron is subject to the same compliance and tolerance issues of antepartum therapy. Because
of this, intravenous iron therapy is emerging as
a first-line therapy to rapidly restore iron lost at
delivery, and has already been shown to elicit a
faster and more significant rise in hemoglobin
when compared with oral iron therapy.3
See “Anemia,” Next Page
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Peripartum Iron Deficiency Anemia Remains a Common Problem
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Administration of intravenous iron may help
avoid some of the morbidity associated with
blood transfusion, given evidence that some
portion of postpartum transfusions of packed
red blood cells may be inappropriate.31,32
Namely, a recent non-inferiority trial of over 500
women with non-symptomatic postpartum
anemia were randomized to RBC transfusion or
non-intervention.22 This study suggested only
slightly lower fatigue scores in transfused
women. In the future, direct comparison of
transfusion and intravenous iron treatment may
help determine optimal treatment of women
with postpartum IDA while minimizing unnecessary blood transfusions.

CONCLUSION
Peripartum IDA remains a common and significant problem, linked to a variety of detrimental clinical outcomes for women and their
babies. Yet, iron supplementation has not been
consistently shown to ameliorate those outcomes. Opportunities for collaboration
between anesthesia professionals, obstetricians, and hematologists are many, and leveraging the tools of the perioperative home may
provide avenues for improving maternal and
fetal clinical outcomes. In the meantime, awareness of the safety issues surrounding the consequences and treatment of peripartum IDA is
paramount for anesthesia professionals
responsible for the care of these patients.
Jack M. Peace, MD, is an assistant professor at

Temple University.
Jennifer M. Banayan, MD, is an associate
professor in the Department of Anesthesiology
at Northwestern University Feinberg School of
Medicine.
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RAPID RESPONSE
INTRODUCTION
Central venous access is often necessary
during cardiac anesthesia to administer intravenous fluids and inotropic agents during
resuscitation. We identified an instance in
which
the connection
to
your important
questionsbetween a central
venous catheter and an intravenous line extension failed to seal, resulting in air entrainment
with slow aspiration. The problem resolved
with selection of an alternative extension. Identification of this problem can avoid potential
patient harm.

R

R

Air Entrainment by
Extension Connectors to
Central Venous Catheter
by Michael T. Kuntz, MD, and Alfonso Casta, MD

ter. Aspiration through this extension did not
demonstrate air entrainment, indicating that a
secure connection was possible.

DISCUSSION
RAPID
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Air entrainment during catheter aspiration
ESPONSE

may indicate an inadequate seal between the
catheter and extension. This could result in air
entrainment into infusing fluid, or conversely,
leakage of infusing medications and incomplete delivery to the patient. Both of these circumstances pose risk for patient harm. The
potential for air to enter the venous system
through central venous catheters has been well
CASE
1-3
A 7-month-old male infant, 6.31 kg, was taken documented. This may result in both cardiovascular
and
neurologic complications. In the
to the operating room for biventricular convermost
extreme
cases, central venous catheter
sion for complex congenital heart disease
4
including pulmonary atresia, intact ventricular related air embolism has resulted in death.
Timely
identification
of
a
poor
seal
and
selecseptum, and atrial septal defect. After induction
your
important
questions
ofto
general
anesthesia,
a single lumen
central tion of an alternative extension is essential to
venous catheter was placed in the left internal avoiding adverse events. Interestingly, this
jugular vein (3 Fr. x 8 cm, Cook Medical, Ref problem has not been noted on all occasions
C-PUM-301J). A Baxter catheter extension (Ref. when using the 3 Fr. x 8 cm catheter in ques2N1194, Figure 1) was first attached to the cath- tion. This inconsistency highlights the imporeter. After slow aspiration through this exten- tance of checking the connection with
sion, air was seen entraining into the aspirate at aspiration of blood prior to administration of
the catheter-extension connection site. Air medications via the catheter.
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entrainment persisted after verifying the luer
locking connection was secure, and that the
aspiration syringe was well seated. This extension piece was removed and a Smith Medical
three-way stopcock/extension (Ref. MX43660,
Figure 2) was placed. Air was once again noted
to entrain during aspiration. Finally, a different
Baxter catheter extension (Ref. 2N2238, Figure
3) was connected to the central venous cathe-

Since all of the connectors used were standard Luer connectors, we do not know if the
individual components involved had a manufacturing variance, or if an insecure connection
is more likely when interconnecting devices
from different manufacturers. Nevertheless, as
a result of this experience, providers in our
department were instructed to avoid using the
extensions shown in figures 1 and 2 when using

Figure 1: Baxter catheter extension (Ref. 2N1194),
which resulted in air entrainment.

Figure 2: Smith Medical three-way stopcock/extension
(Ref. MX43660), which resulted in air entrainment.

the 3 Fr. x 8 cm catheter, and instead use the
extension in figure 3. In addition, we advised
that aspiration of blood to confirm adequacy of
seal between catheter and extension tubing be
regularly performed. The extensions in figures
1 and 2 are still routinely used to connect to
arterial line catheters without evidence of leaks
despite the much higher pressure in the lumen
suggesting that the standard Luer connector
can function well on these devices.
Aspirating central venous catheters after
placement may help detect poor seal between
the catheter and extension tubing. Anesthesia
professionals and other health care providers
should be aware of the potential for a poor connection, which should prompt the selection of
an alternative extension that does not entrain air.
Michael Kuntz, MD, is a clinical fellow in cardiac
anesthesia at Boston Children’s Hospital.
Alfonso Casta, MD, is an associate professor of
Anesthesia at Boston Children’s Hospital.
The authors have no conflicts of interest.
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Figure 3: Baxter catheter extension (Ref.
2N2238), which resulted in no air entrainment
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The “Luer” of a
Simple Device
by Jeffrey M. Feldman, MD, MSE

RAPID RESPONSE
Luer connectors are ubiquitous in patient extreme conditions of negative pressure outcare and generally serve the purpose for which side of the specification for testing for air
they were designed—to allow caregivers to leaks, it is impossible to know for certain. It is
quickly make a leak-free connection and main- interesting to note that the two connectors
tain a continuous lumen. The success of this that were associated with air entrainment
is evidenced
were “fixed-skirt” luer connectors whereas
tobasic
yourdesign
important
questions by the multitude of
different devices that use this same basic con- the tight connection was obtained with a
nection and continue to be used daily.1 We “swivel-skirt.” More on the details of these
have known for many years however, that this two types of luer-lock connectors is in the
simple connector can lead to patient injury due article by Bruce Hansel, PhD. Fixed-skirt conto leaks or disconnections and when devices nectors have the potential to engage and
intended for different purposes are inadver- cause a twisting force (torque) on the tubing
tently interconnected, e.g., connecting a vas- attached to each component, whereas swivelcular infusion to an epidural catheter.2 New skirt connectors can be engaged without
designs for preventing misconnections have exerting torque on the connection.
been available for more than a decade. As a
The original standard for the Luer connecformal response: ISO 80369 is a seven-part
tion,
ISO-594, consists of two parts, Part One:
standard that “provides the methodology to
to
your
important
questions
General
Requirements and Part Two: Lock Fitassess non-interconnectable characteristics of
tings.
The
general requirements describe the
small-bore connectors based on their inherent
design and dimensions in order to reduce the tolerances for all of the dimensions of the basic
risk of misconnections between medical Luer fitting along with procedures for gauging
devices or between accessories for different (sizing) the components, and testing for leak of
separation force, and stress
applications.”3 Despite efforts to implement the air and fluids,
6,7
ISO 80369 standards to prevent misconnec- cracking. Manufacturers have their compotions, widespread adoption has yet to be real- nents tested to ensure that they comply with
ized.4,5 Part 7 of the standard pertains to the standards’ requirements so that interconconnectors for intravascular or hypodermic nection between all devices adherent to the
applications and adopts the current luer fitting standard is possible. The new standard for
for those connections The new standard does intravascular connectors, ISO 80369-7, essennot alter the basic design of using a tapered tially follows the original standard with some
fitting to create a leak-free connection so strat- new limitations on the material properties and
egies for making a secure connection are ger- more stringent requirements for the precision
of the dimensions intended to foster more
mane to all of the new connectors.
secure connections. Connectors compliant
In this issue of the newsletter, Michael with ISO 80369-7 should be backwards comKuntz, MD, and Alfonso Casta, MD, from
patible with connectors compliant with ISO
Boston Children’s Hospital report an experi594, but not necessarily vice versa.
ence where presumably compatible luer conTo best understand how to use Luer connecnectors allowed air to be entrained into the
vascular tubing when a syringe was used to tors safely, we are fortunate to have commenaspirate and check the connection. After tary from Bruce C. Hansel, PhD, CCE, Principal
trying different tubing sets to make the con- & Chief Scientist, Accident and Forensic Invesnection, all fitted with a “standard” Luer con- tigation for ECRI Institute, with a focus on vasnection, they identified a combination that cular connectors. Bruce Hansel has
eliminated the air entrainment. This report investigated patient injuries related to Luer
raises questions about the consistency of connectors and provides an educational commanufacturing these connectors and the mentary on the Luer design as well as use
potential for misfit despite adherence to the strategies to mitigate the potential for patient
basic standard. Whether their experience is harm. While we do not have enough informadue to variations in manufacturing the actual tion to identify what differences, if any, exist
device, a weakness in the standard, or between different manufacturers of Luer

R

R

RAPID
RAPID
RAPID
APID
RRESPONSE
APID
RESPONSE
RESPONSE
RESPONSE
ESPONSE

RAPID
RAPID
RAPID
RRESPONSE
APID
RESPONSE
RESPONSE
RESPONSE

designs that can contribute to a less than
secure connection, Hansel provides valuable
insights into how the Luer connection can be
used to greatest effect.
The Luer connector is so simple to use, it is
easy to be “lured” into thinking that it does not
matter how we make the connection. While
we are likely to see slow but progressive adoption of the new standard for preventing misconnection between incompatible applications,
the basic use of a tapered connector will continue, especially for vascular access. Proper
use can help to minimize leaks and disconnects that can lead to patient injury.
Jeffrey M. Feldman, MD, MSE, is chair or the
APSF Committee on Technology, professor of
Clinical Anesthesiology, Children’s Hospital of
Philadelphia, Perelman School of Medicine–
University of Pennsylvania.
Jeffrey Feldman is a consultant for Micropore Inc.
and Becton Dickinson.

REFERENCES
1. Brown J. The life and death of the luer. https://www.
mddionline.com/components/life-and-death-luer.
Accessed July 11, 2021.
2. Sentinel Event Alert. Managing risk during transition to new
ISO tubing connector standards. 2014;53:1–6. https://
www.jointcommission.org/-/media/deprecated-unorganized/imported-assets/tjc/system-folders/assetmanager/
sea_53_connectors_8_19_14_finalpdf.pdf?db=web&hash
=5259E85202D5CE621294E9C46E8ED86C&hash=5259
E85202D5CE621294E9C46E8ED86C. Accessed Aug 29
2021.
3. ISO 80369-1:2018 Small-bore connectors for liquids and
gases in healthcare applications—Part 1: General requirement. https://www.iso.org/standard/64419.html. Accessed
July 11, 2021.
4. Logan M, Hancock T. Improving patient safety: collaboration, innovation, connection: organization provides information on new connector ISO standards. APSF Newsletter.
2014;29:15–16. https://www.apsf.org/article/improvingpatient-safety-collaboration-innovation-connection-organization-provides-information-on-new-connector-iso-standards/ Accessed August 11, 2021.
5. Sentinel Event Alert 53: Managing risk during transition to
new ISO tubing connector. https://www.jointcommission.
org/resources/patient-safety-topics/sentinel-event/sentinel-event-alert-newsletters/sentinel-event-alert-53-managing-risk-during-transition-to-new-iso-tubing-connectorstandards/. Accessed July 11, 2021.
6. Conical fittings with a 6% (Luer) taper for syringes, needles
and certain other medical equipment—Part 1: General
Requirements. ISO 594/1–1986.
7. Conical fittings with a 6% (Luer) taper for syringes, needles
and certain other medical equipment—Part 2: Lock Fittings.
ISO 594/1-1986.

The information provided is for safety-related educational purposes only, and does not constitute medical or legal advice. Individual or group responses are only commentary, provided for
purposes of education or discussion, and are neither statements of advice nor the opinions of APSF. It is not the intention of APSF to provide specific medical or legal advice or to endorse any
specific views or recommendations in response to the inquiries posted. In no event shall APSF be responsible or liable, directly or indirectly, for any damage or loss caused or alleged to be caused
by or in connection with the reliance on any such information.

RAPID Response
APSF NEWSLETTER October 2021

PAGE 111

to questions from readers

to questions from readers

Managing Luer
Connections
by Bruce C. Hansel, PhD, CCE

RAPID RESPONSE
LUER FITTINGS
Named after German instrument maker, Hermann Luer, Luer fittings are among the earliest
medical fittings designed to provide leak-free
between
syringes and needles
toconnections
your important
questions
and maintain a continuous lumen for fluid flow.
The mated fittings are cone-shaped with a 6%
taper. When pressed together, the compression of the inner wall against the outer wall of
the taper is designed to produce a leak-free
connection. The use of the Luer connection is
most associated with vascular access; however, it has been used for other medical applications as well (e.g., enteral connections and
pneumatic connections). To eliminate hazardous, often fatal, cross connections, the recently
to yourISO
important
questions
developed
80369 standard
Luer fitting
limits its use to vascular applications only.
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Luer fittings are manufactured most commonly from plastic; however, they can also be
made from glass or metal. The new standard
for intravascular connectors, ISO 80369-7,
imposes restrictions regarding the softness of
plastic fittings to help ensure that the connection will not deform under pressure.

Figure 1: A) Male and female Luer taper connectors unengaged. B) Luer Taper connectors engaged to form a
leak-free connection. Arrows indicate compressive forces between the inner and outer walls of the taper. The
connection is secured by the combination of compressive forces and friction between the contact surfaces. Note
that dry connections are typically less likely to disconnect than when the taper surfaces are wet.

TYPES OF LUER FITTINGS/
CONNECTIONS
The Luer Taper fitting often referred as the
Luer Slip, is the original design and relies solely
on the compression forces and resulting friction between the opposing conical surfaces to
maintain a leak-free connection (Figure 1). Accidental separation is possible with this design
whenever pulling force is inadvertently applied
to the connection. As a way to mitigate accidental separation, Luer-lock fittings were
developed and are comprised of a male taper
with an associated threaded “skirt” and a
female taper having flanges to engage the
threads called “lugs” (Figure 2). When the two
fittings are screwed together, the tapered surfaces are compressed in the same manner as
the taper connection; however, with the addition of the threaded coupling, the connection
cannot be simply pulled apart.
See “Luer Connections,” Next Page

Figure 2: A) Male Luer-Lock with fixed-skirt and receiving female component unengaged. B) Fixed-skirt male
component “locked” in place. Note that a fixed-skirt connector can put a twisting force (torque) on any tubing
attached to the connectors.
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Luer Lock Fittings Do Not Make
a Locking Connection

From “Luer Connections,” Preceding Page
There are two versions of the Luer-lock connector. The male Luer-lock fitting may have a
“fixed” skirt in which the skirt and Luer taper are
a single piece or it may have a “swivel” skirt in
which the skirt and taper are separate pieces
(Figures 2 and 3). The swivel skirt allows for the
taper fit to be engaged and then secured with
the skirt without imparting any twist to the intravenous tubing.
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LUER MISCONCEPTIONS

Despite the name, Luer-lock, these fittings
do not make a true “locking” connection.
When the connection is made, there is no
associated latching mechanism. Furthermore, the skirt does not provide additional
leak protection. Luer-lock connections are
also vulnerable to unintended separation;
while not easily pulled apart, they are subject
to accidental unscrewing. The Luer-lock connection requires the skirt to be unscrewed to
separate the tapers. With the proliferation of
bulkier Luer components, the opportunity for
accidental unscrewing has increased due to
the greater torque (i.e., leverage) that can be
applied to the Luer-lock connection. For
example, a syringe connected to a three-way
Luer stopcock can easily loosen the luer-lock
connection perpendicular to the syringe.
ECRI has adopted the term “Luer leverage”
for such circumstances. Because the skirts
have very coarse threads, it only takes ~¼
turn to loosen the connection between the
male and female tapers.
As an example of the ramifications of Luer
leverage, a patient died from hemorrhage
and air embolism attributed to a jugular
sheath disconnection from a hemostasis
valve with an integral 6-inch sideport connected to the sheath using a Luer-lock connection. At the time the sheath was placed,
its hub was sutured to the patient’s skin, preventing the female hub from rotating. At
some point, the IV tubing connected to the
hemostasis valve sideport tubing was pulled,
applying sufficient torque to unscrew the
Luer-lock which led to exsanguination from
the sheath and entrainment of air.

COMPLICATIONS OF LUER
CONNECTION DUE TO PARTIAL OR
TOTAL SEPARATION
Luer separations result in four types of
complications that can happen separately or

Figures 3: A) Male Luer-Lock with swivel-skirt and receiving female component unengaged. B) Swivel-skirt male
component engaged. Note that the swivel skirt allows the Luer taper to be engaged first and then secured with
the skirt to avoid any twisting force on the attached tubing.

in combination: infection, blood loss, air embolism, and medication leakage at the connection.
Blood loss and/or air embolism will be the focus
of this section. Separations can be complete or
partial. Partial separations occur when the components appear to be connected, but are not
tight enough to prevent a leak, and can be difficult to detect.
All that is required for blood loss or air embolism to occur is a leak between the vascular
system and the atmosphere, and a pressure
gradient favorable for bleeding or air entrainment. The degree of blood loss or air ingress is
proportional to the magnitude of the pressure
gradient, the resistance in the leak and the
length of the conduit. When the pressure in the
tubing lumen is higher than ambient air pressure, blood can leak out of the Luer connection.
Conversely, if the pressure in the lumen is lower
than ambient air pressure, air can potentially
enter the bloodstream. Loss of blood or ingress
of air resulting from naturally occurring pressure
gradients are passive events. When pressure
or vacuum applied by devices such as syringes
and pumps are involved, these are active
events, and pressure gradients are generally
much greater than naturally occurring pressures. For example, during a Luer disconnection of a hemodialysis catheter blood loss can
occur at a very high rate.

LUER CONNECTION MANAGEMENT
Despite the fact that the Luer-Lock is not a
truly secure connection, there are strategies
for use that can mitigate the potential for
complications from leaks or separations. This
section will focus on mitigation strategies for
Luer-lock connections, but the majority apply
to the Luer taper connections as well.

MAKING THE CONNECTION(S)
• When possible, make the connection
using dry male and female Luer components. Since the connection integrity
depends on the friction between the male
and female Luer taper, dry fittings will be
more secure than wet fittings (i.e., those
having solution or blood on/in the tapers or
the skirt). Even so, wet connections are
often unavoidable (or even preferable),
and can be completed without leaks when
done properly.
• Luer fittings should only be tightened by
hand. Use of grasping instruments should
be avoided because the fitting can be
damaged, increasing the potential for leak
or air ingress. Grasping instruments can be
used with caution to separate Luer fittings
when/if the connection is too tight to separate by hand.
See “Luer Connections,” Next Page
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to questions from readers

From “Luer Connections,” Preceding Page
• Avoid making Luer connections with fittings made
from different materials (i.e., metal to plastic).
• Be careful not to cross-thread the male Luer
skirt threads on the lugs of the female taper.
Because the male taper extends beyond the
end of the threaded skirt, the tapers engage
before the skirt and help to maintain the
alignment of the fittings. When using the
swivel skirt design, retracting the skirt and
to your important questions
making the taper connection first will also
help with alignment.
• Finally, make no more connections than necessary. The number of connections is directly
proportional to the risk of an unwanted separation.

RAPID RESPONSE

RAPID
RAPID
RAPID
RRESPONSE
APID
RESPONSE
RESPONSE
RESPONSE

MAINTAINING THE CONNECTION(S)
Once the Luer connection is made, it needs
to be protected from forces that can separate
the connections. Such forces can be mitigated
in following ways:
• Maintain some slack in the lines near Luer
connections to indwelling catheters.
• Run lines in a manner that prevents them from
being snagged when moving the patient, surrounding equipment or other persons. Note
that too much slack increases this risk.
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Luer Lock Fittings Do Not Make A
Locking Connection, cont'd
• Avoid Luer leverage by minimizing the use of
devices that extend perpendicularly from the
adjacent Luer connections. To the degree possible, orient such devices so that if they are
snagged or lines connected to them are
pulled, they will not unscrew the adjacent Luerlock.
• Unused Luer ports should be maintained with
solid (non-vented) Luer caps. Stopcocks and
pinch clamps should not be relied on as the
sole means of preventing leakage or air
ingress at unused Luer fittings.

to the connection. For example, drooping
lines that could be snagged by foot traffic
around the patient.
• Inspect IV lines downstream from their connections for the presence of air segments.
When air is detected, the tightness and condition of the upstream connections should be
assessed.
• Inspect dressings that cover Luer connections for wetness or blood. When possible,
use clear dressings that permit direct observation of the connection.

MONITORING THE CONNECTION(S)

Like any medical device, the potential for
patient harm from a Luer connection can be
reduced by understanding the design considerations, potential for injury, and strategies for
proper use. Following the guidance provided
here should reduce the potential for a Luerrelated adverse event or outcome.

The following points are useful guidance based
upon experience with accident investigation.
• To simplify monitoring Luer connections, avoid
locations that conceal the connection and/or
make the connection difficult to access, such
as under bed clothes or beneath drapes. In
particular, never cover any connections to
extracorporeal circulation equipment which
may fail to detect disconnections until potentially life threatening blood loss or air ingress
has occurred.
• Inspect the lines proximal and distal to the
Luer connection for potential entrapment that
could permit separation forces to be applied

Bruce C. Hansel, PhD, CCE, is principal & chief
scientist, Accident and Forensic Investigation,
ECRI.
The information in this article is based upon the
author's experience from many years of medical
accident investigation.
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 2020. 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/anesthesia-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 Methangkool, MD, the APSF Ambassador Program Director at methangkool@apsf.org, or Amy Pearson, 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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The Laryngeal Mask Airway: Expanding Use Beyond
Routine Spontaneous Ventilation for Surgery
by Shauna Schwartz, DO, and Yong G. Peng, MD, PhD, FASE, FASA
The information provided is for safety-related educational purposes only, and does not constitute medical or legal advice. Individual or group responses are only commentary, provided for purposes of
education or discussion, and are neither statements of advice nor the opinions of APSF. It is not the intention of APSF to provide specific medical or legal advice or to endorse any specific views or
recommendations in response to the inquiries posted. In no event shall APSF be responsible or liable, directly or indirectly, for any damage or loss caused or alleged to be caused by or in connection with
the reliance on any such information.

INTRODUCTION
The laryngeal mask airway (LMA) was
invented in 1983 by Archie Brain, MD, as an
alternative airway device to the facemask and
endotracheal tube (ETT).1 Since the establishment of the classical LMA, the device has
undergone multiple improvements and modifications (Table 1). The LMA can provide a better
quality of ventilation over a mask alone and with
less instrumentation to the airway than tracheal

intubation.2 Advantages of the LMA include the
ease of use and less injury to airway tissues
than ETTs, although trauma can result from
forceful use of LMAs.3-6 With the LMA, there are
fewer hemodynamic disturbances and postoperative complications than with an ETT.2 The
LMA has been widely used in surgery requiring
general anesthesia and as a rescue device for
difficult airways.7 In the updated difficult airway
algorithm, developed by the American Society
of Anesthesiologists, the LMA is a priority appa-

Table 1: Evolution of the Laryngeal Mask Airway (LMA)1, 6, *
Name
LMA
Classic

LMA
Unique

Type
First
generation

First
generation

Image

Material
Silicone

Polyvinyl
chloride

Advantages

Disadvantages

Original design,
Low OSP,†
less
increased cost
pharyngolaryngeal with processing
trauma, respiratory
problems vs. ETT,
rescue device
Disposable form of Low OSP
classical LMA

LMA
FasTrach™

Polyvinyl
Intubating LMA to Bulky, no
chloride
guide blind, difficult pediatric sizes,
and silicone intubations
increased cost of
processing

LMA
Flexible

Polyvinyl
Wire-reinforced
chloride
tubing, head and
and silicone neck procedures

Low OSP,
increased cost
with processing

Silicone

Gastric suction
port, built in bite
block, high OSP

Bulky, folding of
mask can
obstruct the
gastric port,
increased cost of
processing

Polyvinyl
chloride

Disposable version Bulky, folding of
of ProSeal LMA
mask can
obstruct the
gastric port

LMA
ProSeal™

Second
generation

LMA
Second
Supreme generation.

*More supraglottic devices exist and are manufactured by a variety of companies. This table includes first- and second-generation devices
discussed in the review.
†OSP: oropharyngeal seal pressure. Lower OSP increases gastric insufflation and risk of aspiration.1
Images courtesy of Teleflex Incorporated and reproduced and modified with permission. © 2020 Teleflex Incorporated. All rights reserved.

ratus for emergency noninvasive airway
access.7 Many clinical investigations and much
research have demonstrated that the LMA is a
safe and reliable airway device.2,6,8,9 However,
debate continues regarding nonstandardized
use of the LMA in clinical settings, including with
positive pressure ventilation (PPV) and muscle
relaxants, in laparoscopic surgery, and with obese
patients (Table 2). Concerns regarding LMA use
can be categorized as follows: (1) inadequate seal
of the LMA due to malposition; (2) airway injuries
ranging from throat discomfort to permanent
tissue damage; (3) aspiration risk; (4) safety of
mechanical ventilation as opposed to spontaneous ventilation; and (5) safety in obese patients.
Nonroutine uses of the LMA and potential safety
issues will be discussed in this review.

LMA PLACEMENT AND SIZE SELECTION
The LMA may be easily placed following
induction of general anesthesia, with or without a
muscle relaxant.10 In a study by Hemmerling et
al., the success rate of first attempt insertion was
92% with the use of muscle relaxant versus 89%
without muscle relaxant.10 If the LMA size
selected is too small, it may not create an adequate seal, leading to leakage, which may result
in insufficient ventilation.11 If the device is too
large, it may lead to reduced adaptability, also
resulting in a poor seal or leak. This may also
result in soft tissue, lingual nerve injury, or even
pharyngeal damage if it was forcefully placed.
Size 4 and 5 LMAs are appropriate in most average female and male adults, respectively. In a
study by Asai et al., leaks were reduced with
placement of the larger size LMAs in both males
and females.11 Minimal inflation volumes were
used to create an adequate seal, resulting in less
pressure measured on the pharynx.11 Brimacombe et al. investigated pharyngolaryngeal
complaints in 300 patients comparing LMA use
with low cuff volumes and LMA with high cuff
volumes and found a higher incidence of sore
throat and dysphagia in the latter group.3 In a
prospective study of 5,264 patients, Higgins et
al. found that the incidence of a sore throat with
an ETT versus an LMA was 45.4% and 17.5% of
patients, respectively.4 Although the incidence of
a sore throat may be higher with ETTs compared
with LMAs, inappropriate LMA size and high cuff
pressures may also contribute to significant pharyngolaryngeal complications; thus, importance
should be placed more on minimizing intracuff
volume.4-6,11 In a Cochrane review, Mathew et al.
See “Mask Airway” Next Page
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Non-Standard Uses of LMA
From “Mask Airway,” Preceding Page
pooled 15 randomized controlled trials with
2,242 patients to assess whether it was better to
remove the LMA under deep anesthesia or
when patients are awake. The review concluded
that there was not sufficient high-quality evidence to determine if one method was superior
to the other.12

ASPIRATION RISK WITH LMA

A frequent concern regarding LMA use is the
risk for aspiration, particularly when PPV is
applied. The most common contraindications to
LMA placement include patients at risk of aspiration such as during pregnancy, trauma, preexisting gastroparesis, intestinal obstruction, or
emergency surgery in nonfasted patients. Table
3 provides an overview of absolute and relative
contraindications to the LMA. In appropriately
fasted patients, several studies have identified
the risk of aspiration with an LMA as extremely
low.8,9 Brimacombe et al. reported the incidence of pulmonary aspiration with an LMA to
be 2 per 10,000 compared with 1.7 per 10,000
for an ETT and facemask, in a similar patient
cohort.9 In a study performed by Bernardini and
Natalini with 65,712 surgical procedures, including 2,517 laparoscopic surgeries and major
abdominal surgeries, there was no significant
difference in the rate of aspiration for the classic
LMA in comparison with an ETT while using
PPV.8 In a meta-analysis, Park et al. compared
second-generation LMAs to ETTs in 1,433
patients undergoing laparoscopic surgery and
found no difference in oropharyngeal leak pressure, gastric insufflation, or aspiration.6 The lack
of difference in oropharyngeal leak pressure
suggests a degree of airway protection and sufficient mechanical ventilation even against an
insufflated abdomen.6 LMAs have been successful in laparoscopic procedures, but caution
with use is warranted. Second-generation
devices may be more appropriate for laparoscopic surgery with higher oropharyngeal seal
pressure and gastric suction port.6
Some second-generation LMAs contain a
gastric channel for placement of an orogastric
tube to prevent aspiration (Table 1). In a large
observational study, 700 appropriately fasted
patients underwent general anesthesia for
cesarean section with the LMA Supreme™.15
There were no reported cases of aspiration
using the LMA Supreme™ with placement of an
orogastric tube through the gastric port.15
Positive inspiratory pressure greater than
15 cm H2O has been suggested to lead to
incompetence of the lower esophageal sphincter and result in insufflation of air into the stomach with the potential for aspiration.16 Devitt et
al. assessed the leak fractions, measured from
subtracting expiratory volume from inspiratory
volume divided by inspiratory volume, and gastric insufflation comparing classical LMAs
versus standard endotracheal intubation at

Table 2. Summary of Non-Standard Uses of the Laryngeal Mask Airway (LMA)
Non-standard use
Mechanical ventilation
compared to spontaneous
ventilation

Concerns
Gastric insufflation, aspiration
with high inspiratory
pressures
Inability to self-regulate
anesthesia depth

Conclusions
Adequate ventilation can be
achieved with various ventilatory
modes
Minimize inspiratory pressures to
decrease risk of gastric aspiration

Use of muscle relaxant

Facilitate mechanical
ventilation

May benefit LMA insertion and
surgeries

Laparoscopic surgery

Aspiration risk with insufflated Likely acceptable in properly
abdomen
fasted patients with secondgeneration devices

Obese patients

Poor pulmonary compliance
Ventilation difficulty

Acceptable for some obese
patients, further study warranted
prior to recommendation for
routine use in morbid obesity
Successful as a temporary rescue
device

Table 3. Absolute and Relative Contraindications to LMA8,9,13,14
Absolute Contraindications

Relative Contraindications

Trauma

Major abdominal surgery

Nonfasted patients

Pregnancy >14 weeks

Bowel obstruction

Prone position

Emergency surgery

Airway surgery

Delayed gastric emptying

Laparoscopic surgery
Obesity, BMI >30
Decreased lung compliance with PIP >20 cm H2O
Altered mental status

BMI = body mass index; LMA = laryngeal mask airway; PIP = peak inspiratory pressure

various inspiratory pressures. The leak fraction
increased with increasing positive pressure
delivered through the LMA and remained low
and unchanged in the ETTs. At an inspired pressure of 15 cm H2O, the gastric insufflation with
LMA use was 2.1%, while it was 35.4% with a
pressure of 30 cm H2O.17 In a Cochrane review
comparing the ProSeal™ LMA, a second-generation LMA with a gastric suction port and a posterior cuff for an improved seal, with Classical
LMA with PPV, Qamarul Hoda et al. concluded
that there was no significant difference in rates
of regurgitation.18 Both older and newer generations of the LMA have been successfully used
without clinical signs of aspiration if inspiratory
pressures are limited to 15 cm H2O or lower.17,18

SPONTANEOUS VENTILATION VS.
MECHANICAL VENTILATION

A benefit of LMA use is that it is less stimulating to a patient than an ETT; therefore, less

anesthesia is often required.19 Due to increasing comfort with use and the development of a
new generation of devices, LMAs are routinely
used safely with mechanical ventilation.18,20-24
Radke et al. assessed the redistribution of ventilation by using electrical impedance tomography
in patients undergoing general anesthesia with
an LMA.22 They observed no redistribution of
ventilation with patients breathing spontaneously, and found ventral redistribution under
both pressure-controlled ventilation (PCV) and
pressure support ventilation (PSV).22 Consequences of ventral distribution of ventilation
include increased dead space and atelectasis.21,24 The use of volume control ventilation
(VCV) with an LMA results in less compliance
and higher peak inspiratory pressures compared
to PCV. PCV, an alternative mode of ventilation,
limits the inspired pressure to maintain a set tidal
See “Mask Airway” Next Page
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Obesity and the LMA
From “Mask Airway,” Preceding Page
volume.22 End-tidal carbon dioxide was higher,
tidal volumes were smaller, and oxygen saturation was lower in patients undergoing spontaneous breathing (SB) compared to PCV, VCV, and
PSV modes.21,23 Brimacombe and Keller found
improved oxygenation and ventilation with the
LMA by using PSV compared with continuous
positive airway pressure (CPAP).21
There was no difference in gastric insufflation, airway or cardiovascular complications, or
problems ventilating patients in a study by
Keller et al. comparing spontaneous ventilation
to PPV.24,25 In a Cochrane review, the classic
LMA was compared to the ProSeal™ LMA
undergoing PPV.18 The ProSeal™ LMA had a
better seal, suggesting that it may be more suitable for PPV; however, overall the quality of evidence was low.18 In a randomized controlled
trial, Capdevila et al. examined various modes
of ventilation, VCV, PSV, and SB, on emergence
time and intraoperative ventilation.23 Time to
classic LMA removal was prolonged in patients
undergoing VCV compared with PSV or SB.23

OBESITY AND THE LMA
Another area of controversy is LMA use in
obese patients. Physiological changes seen in
obese patients make them a challenging population, including a restrictive lung pattern due to
abdominal contents limiting diaphragm motion
and yielding less respiratory compliance.20
Insufflation during laparoscopic procedures
can further impair lung compliance and make
ventilation difficult.20 Cheong et al. found that in
patients with a body mass index (BMI) over 30,
there was a 2.5 times increased risk of having
ventilatory problems.26 Zoremba et al. assessed
postoperative lung function and saturations in
obese patients (BMI 30 to 35) undergoing
minor peripheral surgery with a ProSeal LMA™
vs. ETT.27 and found ventilation was adequate in
both groups while postoperative pulmonary
complications were decreased in the LMA
group.27 Keller et al. showed that the ProSeal™
LMA was temporarily effective in ventilating
obese patients with a BMI >35 prior to intubation.28 Although second-generation LMAs have
been used in obese patients, further studies
should be done to investigate the safety of LMA
use in obese patients.

SUMMARY
LMA design has evolved and clinical use has
expanded significantly in recent decades. Evidence suggests that LMA use is safe with
mechanical ventilation in appropriately fasted
patients while minimizing the inspiratory pressures applied. Second-generation devices may

minimize leak and limit gastric insufflation compared to first-generation LMAs. Muscle relaxant
may be considered and has been shown to
facilitate LMA insertion and mechanical ventilation. Use of LMA in obese patient remains controversial. Studies have proved successful
ventilation of obese patients with a BMI below
30. However, in patients with higher BMIs, ventilation may be impaired due to physiologic
changes in obesity. The LMA should always be
considered as a rescue device for difficult ventilation or intubation, regardless of patient size.
Appropriate LMA indications continue to be
debated. It is important to recognize the potential complications and relative contraindications
to the LMA and adjust a clinical algorithm, which
would optimize the use of the LMA in airway
management.
Shauna Schwartz, DO, is a cardiothoracic anesthesia fellow in the Department of Anesthesiology at the University of Florida College of
Medicine, Gainesville, FL.
Yong G. Peng, MD, PhD, is a professor of Anesthesiology and chief of the Cardiothoracic Anesthesia Division in the Department of
Anesthesiology and associate professor of Surgery, University of Florida College of Medicine,
Gainesville, FL.
The authors have no conflicts of interest.

REFERENCES
1. Sharma B, Sahai C, Sood J. Extraglottic airway devices: technology update [published correction appears in Med
Devices (Auckl).2018;1127]. Med Devices (Auckl).
2017;10:189–205.
2. Brimacombe J. The advantages of the LMA over the tracheal
tube or facemask: a meta-analysis. Can J Anaesth.
1995;42:1017–1023.
3. Brimacombe J, Holyoake L, Keller C, et al. Pharyngolaryngeal,
neck, and jaw discomfort after anesthesia with the face mask
and laryngeal mask airway at high and low cuff volumes in
males and females. Anesthesiology. 2000;93:26–31.
4. Higgins PP, Chung F, Mezei G. Postoperative sore throat after
ambulatory surgery. Br J Anaesth. 2002;88:582–584.
5. Figueredo E, Vivar-Diago M, Muñoz-Blanco F. Laryngo-pharyngeal complaints after use of the laryngeal mask airway.
Can J Anaesth. 1999;46:220–225.
6. Park SK, Ko G, Choi GJ, et al. Comparison between supraglottic airway devices and endotracheal tubes in patients
undergoing laparoscopic surgery: a systematic review and
meta-analysis. Medicine (Baltimore). 2016;95:e4598.
7. Updated by the Committee on Standards and Practice
Parameters, Apfelbaum JL, Hagberg, CA Caplan RA, et. al.
The previous update was developed by the American Society of Anesthesiologists Task Force on Difficult Airway Management, Caplan RA, Benumof JL, Berry FA, et al; Practice
guidelines for management of the difficult airway: an
updated report by the American Society of Anesthesiologists
Task Force on Management of the Difficult Airway. Anesthesiology. 2013;118:251–270.
8. Bernardini A, Natalini G. Risk of pulmonary aspiration with
laryngeal mask airway and tracheal tube: Analysis on 65 712
procedures with positive pressure ventilation. Anaesthesia.
2009;64:1289–1294.

9. Brimacombe JR, Berry A. The incidence of aspiration associated with the laryngeal mask airway: A meta-analysis of published literature. J Clin Anesth. 1995;7:297–305.
10. Hemmerling TM, Beaulieu P, Jacobi KE, et al. Neuromuscular
blockade does not change the incidence or severity of pharyngolaryngeal discomfort after LMA anesthesia. Can J
Anaesth. 2004;51:728–732.
11. Asai T, Howell TK, Koga K, Morris S. Appropriate size and
inflation of the laryngeal mask airway. Br J Anaesth.
1998;80:470–474.
12. Mathew PJ, Mathew JL. Early versus late removal of the laryngeal mask airway (LMA) for general anaesthesia. Cochrane
Database of Syst Rev. 2015;(8):CD007082.
13. Teleflex. LMA Better by Design. Accessed July 26, 2020.
https://www.lmaco-ifu.com/ifu?category=1
14. Kallar SK, Everett LL. Potential risks and preventative measures for pulmonary aspiration: new concepts in preoperative fasting guidelines. Anesth Analg. 1993;77:171–182.
15. Yao WY, Li SY, Sng BL, et al. The LMA Supreme™ in 700 parturients undergoing Cesarean delivery: an observational study.
Can J Anesth. 2012;59:648–654.
16. Bouvet L, Albert ML, Augris C, et al. Real-time detection of
gastric insufflation related to facemask pressure–controlled
ventilation using ultrasonography of the antrum and epigastric auscultation in nonparalyzed patients: a prospective, randomized, double-blind study. Anesthesiology.
2014;120:326–334.
17. Devitt JH, Wenstone R, Noel AG, O’Donnell MP. The laryngeal mask airway and positive-pressure ventilation. Anesthesiology. 1994;80:550–555.
18. Qamarul Hoda M, Samad K, Ullah H. ProSeal versus Classic
laryngeal mask airway (LMA) for positive pressure ventilation
in adults undergoing elective surgery. Cochrane Database
Syst Rev. 2017;7:CD009026.
19. Wilkins CJ, Cramp PG, Staples J, Stevens WC. Comparison of
the anesthetic requirement for tolerance of laryngeal mask
airway and endotracheal tube. Anesth Analg. 1992;75:794–7
20. Miller RD. Miller’s Anesthesia. 7th ed. Philadelphia, PA:
Churchill Livingstone/Elsevier; 2010.
21. Brimacombe J, Keller C, Hörmann C. Pressure support ventilation versus continuous positive airway pressure with the
laryngeal mask airway: a randomized crossover study of
anesthetized adult patients. Anesthesiology. 2000;92:
1621–1623.
22. Radke OC, Schneider T, Heller AR, Koch T. Spontaneous
breathing during general anesthesia prevents the ventral
redistribution of ventilation as detected by electrical impedance tomography: a randomized trial. Anesthesiology.
2012;116:1227–1234.
23. Capdevila X, Jung B, Bernard N, et al. Effects of pressure
support ventilation mode on emergence time and intra-operative ventilatory function: a randomized controlled trial. PLoS
One. 2014;9:e115139.
24. Keller C, Sparr HJ, Luger TJ, Brimacombe J. Patient outcomes
with positive pressure versus spontaneous ventilation in nonparalysed adults with the laryngeal mask. Can J Anaesth.
1998;45:564–567.
25. Soni N, Williams P. Positive pressure ventilation: what is the
real cost? Br J Anaesth. 2008;101:446–457.
26. Cheong G, Siddiqui S, Lim T, et al. Thinking twice before
using the LMA for obese and older patients-a prospective
observational study. J Anesth Clin Res. 2013;4:2.
27. Zoremba M, Aust H, Eberhart L, et al. Comparison between
intubation and the laryngeal mask airway in moderately
obese adults. Acta Anaesthesiol Scand. 2009;53:436–442.
28. Keller C, Brimacombe J, Kleinsasser A, Brimacombe L. The
Laryngeal Mask Airway ProSeal™ as a temporary ventilatory
device in grossly and morbidly obese patients before laryngoscope-guided tracheal intubation. Anesth Analg. 2002;94:
737–740.

APSF NEWSLETTER October 2021

PAGE 117

Advancements in Quantitative Neuromuscular
Monitoring
by J. Ross Renew, MD, FASA, FASE

THE CALL FOR MONITORING
When patients become hypotensive in the
operating room, the anesthesia professional
immediately delivers the necessary treatment.
Whether it be intravenous fluids or vasoactive
medications, clinicians have been trained to
acutely intervene and avoid clinical deterioration.
How do anesthesia professionals know that their
intervention has been successful? Do they
assume that the bolus of phenylephrine was
adequate because they are familiar with the
pharmacodynamics of this drug and expect all
patients to respond in a predictable manner? Do
they palpate the carotid artery following a bolus
of intravenous fluids to ensure that they have
restored intravascular volume and achieved
hemodynamic stability? Of course not. In fact,
anesthesia professionals go to great lengths to
ensure they have accurate devices such as an
appropriately sized blood pressure cuff or even
an intra-arterial catheter that provides real-time,
quantitative blood pressure measurements. This
group of providers expects their intervention will
have the desired effect, but innate vigilance compels them to verify and not rely on predictive
pharmacodynamics or subjective assessments
such as palpating the pulse.
This practice pattern must be broadened to
neuromuscular blockade management. Administering a neuromuscular blockade antagonist
such as sugammadex or neostigmine, waiting
several minutes, and then extubating a patient’s
trachea without confirming adequate recovery
is analogous to administering phenylephrine
without rechecking the blood pressure and confirming this intervention was successful. Similarly, palpating the response of the thumb to a
train-of-four stimulation with a peripheral nerve
stimulator (PNS) and subjectively determining
whether adequate recovery has been achieved
is a comparable practice to palpating the carotid
artery during volume administration. Anesthesia
professionals rely on state of the art technologies to maintain homeostasis of patients and
must not exclude neuromuscular blockade
management from such efforts.
The reluctance among the anesthesia community to adopt quantitative (or objective) monitoring is a curious phenomenon that has
sparked its own collection of literature. An international survey of >2500 anesthesiologists
revealed significant gaps in knowledge regarding fundamentals of neuromuscular blockade
management as respondents answered only
57% of the questions correctly. Of greater concern may be the fact that 92% of respondents
that provided incorrect responses were inappropriately confident in their wrong answer.1

There is also an emerging belief that the introduction of sugammadex negates the need for
quantitative monitoring. While this reversal agent
has certainly allowed for faster neuromuscular
blockade antagonism and at deeper levels of
blockade, sugammadex administration without
monitoring can still result in up to 9.4% of patients
having residual weakness at the time of extubation.2 Such knowledge gaps and misplaced confidence have certainly been obstacles, while
inconsistent training has also been described as
a barrier to monitoring.3 Finally, there has historically been a paucity of user-friendly, reliable
quantitative neuromuscular monitors that interested clinicians can access.4
The lack of routine quantitative monitoring is
a problem that persists worldwide, but momentum continues to build with renewed interest in
this topic among anesthesia professionals.
Expert panels have called for routine monitoring,5 while anesthesia societies have established guidelines recommending the use of
quantitative monitoring whenever neuromuscular blocking agents (NMBA) are administered.6-8
Industry has responded with new monitors and
innovations that should enhance patient safety.
This article will review some of the state of the
art technologies that are currently available for
clinicians seeking to utilize quantitative neuromuscular monitoring.

MONITORING MODALITIES
The use of a peripheral nerve stimulator
(PNS) is qualitative and even experienced anesthesia professionals are unable to reliably
detect fade when the train-of-four ratio (TOFR)
exceeds 0.4.9 Furthermore, evidenced-based
protocols that incorporate targeted NMBA
administration, routine neuromuscular blockade antagonism, and the “optimal use” of a
peripheral nerve stimulator can still leave 35%
of patients with residual weakness.10 The limited role of the PNS should be relegated to a
device that is used if there is no access to quantitative monitors or as a device that provides
qualitative information while anesthesia professionals transition to quantitative monitors.5
Quantitative monitors are typically classified
based on the methods by which the device
obtains objective measurements (also known as
their monitoring modality). However, such
devices can also be classified based on whether
they are hand-held, standalone monitors or if
they are incorporated into the anesthesia work
station. Handheld monitors offer the flexibility to
obtain objective measurements outside of the
operating room. Postoperative residual weakness is certainly not an intraoperative-specific
patient safety threat and portable monitors allow

for diagnosis in the recovery room or intensive
care unit. Monitors incorporated into the anesthesia workstation consist of integrated modules
that allow for seamless communication of objective measurements into the electronic medical
record. Understanding the needs of your practice will prove invaluable when choosing a monitoring modality and whether you need a
portable or integrated monitor.
Mechanomyography
While not commercially available, every new
device is compared to mechanomyography
(MMG). This historic gold standard has a cumbersome setup that takes careful calibration as
it obtains objective measurements by measuring the isometric contraction force following
neurostimulation. When interpreting peerreviewed literature on new quantitative monitoring technologies, the highest level of
evidence currently results from direct comparison with MMG.
Acceleromyography
Acceleromyography (AMG) is one of the
most investigated and utilized forms of quantitative monitoring.4 Based on Newton’s second
law of motion (Force = Mass × Acceleration),
AMG objectively measures the response to
neurostimulation using a transducer that is
fixed to the muscle of interest. Traditionally,
standard electrocardiogram (ECG) electrodes
are placed over the ulnar nerve and the acceleration of the adductor pollicis muscle is measured following neurostimulation (Figure 1).
This configuration is very similar to employing a
peripheral nerve stimulator at the hand, except
for the additional transducer fixed to the thumb.
AMG has also been used at alternative monitoring sites such as the foot (flexor hallucis
brevis), and the face (orbicularis oculi/corrugator supercilii). While the setup of AMG can be
intuitive, there are important caveats to using
this monitoring modality. The “reverse fade”
phenomenon in which baseline, unparalyzed
TOF exceed 1.0 has been well described when
monitoring with AMG.11 While the exact mechanisms remain unclear, reverse fade can have
significant implications when determining
whether a patient has achieved adequate neuromuscular recovery prior to extubating the
trachea. Normalization is a process that places
all TOFRs in the context of the baseline TOFR
(current TOFR / baseline TOFR) and can
account for baseline TOFRs exceeding 1.0.
Rather than defining adequate recovery of neuromuscular function as a TOFR >0.9, adequate
recovery is truly achieved when the normalized
TOFR > 0.9, when measured with AMG.
See “Monitoring,” Next Page
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Furthermore, normalization decreases bias in
relation to the MMG. The use of a preload
device, which stabilizes the motion of the
thumb, and the performance of calibration prior
to administration of NMBA, which can also
enhance precision of AMG monitoring, are both
mandatory when conducting research in this
field.12 However, these additional steps are not
necessarily required during the course of clinical care. In contrast, routine normalization is
strongly encouraged to avoid overestimating
the degree of neuromuscular recovery at the
end of the operation.
Perhaps the most important caveat to consider when monitoring with AMG is the fact that
the muscle of interest (typically the thumb) must
be able to freely move following neurostimulation. Tucking the arms during surgical positioning
can have a significant impact on the clinician’s
ability to obtain reliable measurements with
AMG. Additionally, AMG monitoring in awake
patients can prove challenging as spontaneous
movement at the monitored site can produce
artifact.
While there are important nuances clinicians
must be familiar with prior to implementing
AMG monitoring, recent advances in the modality have made AMG more accessible. Three
dimensional transducers are now incorporated
into newer AMG devices that allow for better
quantification of the complex motion of the
thumb following neurostimulation. Also, the
incorporation of preload devices into newer
devices improves precision without having to
obtain and place extra equipment.13 Additionally, wireless configurations of AMG monitors
have been developed that utilize bluetooth
technology to transmit quantitative measurements from the monitoring site to a display
incorporated into the anesthesia workstation
(personal communication). AMG monitors are
available either as handheld units or modules
that can be incorporated into the anesthesia
workstation.
Kinemyography
Kinemyography (KMG) is closely related to
AMG as a monitoring modality. During KMG
monitoring, a piezeoelectric sensor is placed in
the groove between the thumb and index
(Figure 2). Following ulnar nerve stimulation, the
adductor pollicis muscle contracts and the
piezoelectric sensor bends. The degree of
bend is then translated to objective measurements. The sensor serves as its own preload
device and KMG is not subject to the reverse
fade phenomenon as with AMG. Previous
reports have demonstrated wide limits of
agreement between MMG and KMG.14 Like
AMG, KMG is also dependent on the thumb
being able to freely move and tightly tucking

Figure 1: Acceleromyography

Figure 2: Kinemyography

Figure 3: Electromyography
All figures are original produced by author.

the arms during surgical positioning can preclude its use. Patient movement during emergence can also impact KMG monitoring, as
does repositioning the sensor over the course
of the perioperative period. Currently, the only
available KMG-based device is a module that is
incorporated into the anesthesia workstation.

Electromyography
Electromyography (EMG) has been considered by many experts as the new gold standard, given its high level of agreement with
MMG15-17 and the fact that EMG provides reliable quantitative measurements even when
See “Monitoring,” Next Page
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the arms are restricted during surgical positioning. EMG measures combined muscle action
potentials (CMAPs) across the neuromuscular
unit rather than motion or any surrogate for
motion. The amplitude of CMAPs is directly proportional to the number of activated muscle
fibers (and thus the force of contraction). EMG is
subject to interference from electrocautery and
amplitude of CMAPs can increase 2–3% for
every 1°C decrease in skin temperature.18
EMG devices are available in either portable,
handheld units or incorporated into the anesthesia workstation. Most manufacturers utilize proprietary electrodes to stimulate and measure
CMAPs that are placed over the hand. As EMG
monitoring is not disrupted when the arms are
tucked, seeking alternative sites is not as important with EMG, although monitoring at the foot
has been described and is an option should neither hand be available.19 When monitoring at the
hand, three muscle groups have been utilized to
measure CMAPs following ulnar nerve stimulation. Similar to AMG and KMG, the sensing electrodes can be placed over the adductor pollicis
muscle (Figure 3). The first dorsal interosseous
muscle, located in the interspace between the
thumb and index finger can also be monitored.
Finally, the adductor digiti minimi (5th digit) is
innervated by the ulnar nerve and is a suitable
monitoring site with EMG. Despite being the
oldest monitoring modality, there has been significant recent interest in EMG as evidenced by
several new EMG-based monitors being introduced to market.
Cuff-based Monitoring
A new device that incorporates objective
monitoring within the blood pressure cuff has
recently been developed.20 Also referred to as
the modified-cuff technique, cuff-based monitoring appears to be inspired by compressomyography, a now-defunct monitoring
modality that showed initial promise.21 Cuffbased monitoring involves inflation of the blood
pressure cuff to roughly 60 mmHg followed by
electrodes within the cuff providing neurostimulation. Pressure changes are detected following muscle contraction and these pressure
changes are used to provide clinicians objective data regarding the level of neuromuscular
blockade. Early investigations have shown that
monitoring the upper arm may have different
neuromuscular properties than the distal muscles of the hand and cuff-based monitoring may
not be interchangeable with EMG- or AMGbased monitoring at the hand.22 While cuffbased monitoring technology is appealing as it
monitors two important parameters (blood
pressure and level of neuromuscular blockade),
further investigation is warranted to delineate

its repeatability and reproducibility across various clinical scenarios.

IMPLEMENTING MONITORING INTO
YOUR PRACTICE
Obstacles certainly exist when implementing
significant practice changes, particularly when
many in the anesthesia community fail to
acknowledge the persistent problem that is
postoperative residual weakness. The decision
to change and introduce monitoring to your
practice can be intimidating as it involves stepping out of one’s comfort zone, putting in extra
time, and learning a new skill. Concerns may
arise regarding such change negatively impacting workflow and efficiency. Fortunately, the
application of quantitative monitors has been
demonstrated to only add an additional 19 seconds to the start of a case.23 Once the decision
has been made to implement monitoring, the
decision on how to proceed can also seem
daunting. Certainly, understanding the culture
of your practice is critical as described by Todd
et al. when this group implemented department-wide EMG monitoring after observing an
unacceptable number of patients encountering
respiratory distress in the recovery room.24
Becoming familiar with emerging monitoring
technologies will certainly improve the chances
for successful implementation and changing
practice. The specific monitor or modality is just
one part of the change as the decision to
change practice is much more important and
often times is far more challenging. This change
will undoubtedly require additional work; however, we owe it to our patients to deliver state of
the art care.
J. Ross Renew, MD, FASA, FASE, is an assistant
professor in the Department of Anesthesiology
and Perioperative Medicine at the Mayo Clinic in
Jacksonville, Florida
He has received industry funding for research,
including from Merck & Co., with all funding
accruing to the Mayo Clinic.
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Time-Out Checklists Promote Safety in Nonoperating Room Anesthesia
by Candace Chang, MD, MPH, and Ryan Dudley, MD

INTRODUCTION

Time-out checklists reduce morbidity and
mortality from surgical procedures.1 While these
checklists are now ubiquitous in operating
rooms, their adoption in other procedural areas
is inconsistent, but no less important. The challenges of nonoperating room anesthesia
(NORA) include ineffective team dynamics,
remote location from assistance, unfamiliar procedures, and physical obstacles present in the
work environment.2,3 In addition, studies have
shown that patients receiving NORA tend to be
older and have more comorbidities when compared to patients in the OR (operating room).4
The added complexities of a remote location
with unique physical set up and staff that may
be unfamiliar with working in NORA locations
make the time-out checklist even more important in establishing common ground to ensure
optimal patient care. The purpose of this review
is to highlight important elements for designing
and implementing a NORA checklist based on
experience at our institution.
Many aspects of a time-out checklist are similar for both the OR and NORA locations, but
there are some elements unique to, or more
crucial to emphasize, in the NORA location. For
example, waiting until the patient is prepped
and draped before initiating the time-out is
common practice in the OR. However, we recommend performing the time-out with the
patient in the NORA location before induction
of anesthesia, given potential idiosyncrasies of
the procedures. For example, positioning for a
Computerized Tomography (CT)-guided procedure may depend on an initial CT scan; it is
inconvenient to convert to prone positioning
after the patient is already intubated and supine
on the CT carriage. Another possibility is the
necessity of lung isolation for a procedure,
which radiologists may forget to communicate
to the anesthesia professionals ahead of time.

CHECKLIST

Our time-out checklist focuses on four essential categories: 1. patient; 2. procedure; 3. team;
and 4. emergency response.

PATIENT INFO

STAFF

Name:
Date of Birth:
Weight (kg):
Allergies/comorbidities:

D/C Disposition:

Proceduralist:
Anesthesia:
RN:
Tech:
Clinic/Front Desk RN:
1
2
3
Staff with N95/PPE:

PROCEDURE INFORMATION

EMERGENCY CONTACT

Position:
Anesthesia Machine check: Y/N
Consents:
Anesthesia exp:
Procedure exp:

Anesthesia 1st Contact:
OR Front Desk:
On Call Anes. Pager:
Caregiver:

Labs (COVID, pregnancy, INR):

Figure 1. Example of a NORA time-out checklist, showing the four main categories: patient, procedure, team members, and emergency contact.

cations, and anticipated post-procedural pain
should be discussed, especially if the anesthesia professional is not as familiar with the procedure. Patients undergoing general anesthesia
need proper positioning and padding, deep
venous thrombosis prophylaxis, and temperature management. Staff in NORA locations may
not be as accustomed to implementing these
interventions and may need to gather appropriate equipment.
3. Team—Team dynamics can be challenging, as members of the procedural team may
not routinely work with anesthesia professionals. Establishing rapport with introductions may
facilitate better teamwork and plays a crucial
role in emergency response. The whole team
should participate in the time-out to ensure
everyone’s questions have been answered and
there is a shared understanding of the plan of
care. At our institution, the anesthesia team was
unsuccessful in establishing a time-out practice
at one NORA location until we involved the
entire team of physicians, nurses, and technicians in the process.5

1. Patient—The patient information contained in the NORA checklist is very similar to
that used in the OR. The usual patient identifying information, weight, and allergies are covered here. Additional information may include
pregnancy test results, COVID-19 status, and
coagulation studies. Disposition of the patient
should also be discussed. In NORA locations,
proceduralists are often consultants, not the primary care team, which highlights the need for
discharge plans to be clarified, including the
location of post-anesthesia care and whether
the patient will be admitted or discharged home
after the procedure.

4. Emergency response—One of the biggest
challenges in NORA is its remote location, far
from immediate availability of additional anesthesia personnel and life-saving equipment.
Therefore, ensuring availability of emergency
contact numbers for additional providers and
anesthesia technicians is essential when help is
needed. We have established a system of writing these contact numbers on a time-out whiteboard, ensuring all team members have this
information and that someone other than the
anesthesia team can call for help when needed.
The location of the nearest code cart and malignant hyperthermia cart should be verified
during the time-out.

2. Procedure—Patient positioning, length of
the intervention, discussion of potential compli-

For the time-out, we use a large whiteboard
with prompts for all the key elements of the

checklist (see Figure 1). We found that the visual
cue of the elements of the checklist is key to a
successful time-out. The visualized checklist
creates a shared understanding of the plan of
care, facilitates active participation, and ensures
access to essential information throughout the
procedure.

CONCLUSION
Establishing a time-out checklist requires
more than simply providing a whiteboard and
expecting people to use it. Like any quality
improvement project, engaging the whole team
is key to successful implementation. A successful time-out should include the issues proceduralists, anesthesia professionals, nurses,
technicians, and patients have determined to
be important to discuss prior to the procedure.
Following implementation of the checklist, solicitation of feedback is crucial to long-term success. Having an anesthesia professional
focused time-out alone is unlikely to be successful without engagement of other team
members. Anesthesia professionals are often
focused on hands-on tasks associated with
placing lines and monitors, preparing for induction, and may be distracted from leading the
time-out. We believe in emulating common OR
practice where the proceduralist or circulating
nurse leads the time-out. After implementation
of the time-out, assessing compliance can
establish expectations and ensure that the time
out is integrated into the workflow of NORA
locations.
Preventing adverse events and setting the
stage for optimal response to unexpected
events requires advance team preparation. Consistently performing a time-out before a patient is
anesthetized for a NORA procedure establishes
common ground for team members.
See “Time-Out Checklists” Page 122
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Perioperative Surgical Home Initiative Markedly Reduces the
Incidence of Acute Kidney Injury After Total Joint Arthroplasty
by Aldo Carmona, MD, Christopher Roscher, MD, Daniel Herman, MD, Robert Gayner, MD, Ajith Malige, MD, Brian Banas

The American Society of Anesthesiologists
(ASA) defines a perioperative surgical home
(PSH) as "a team-based model of care created
by leaders within the ASA to help meet the
demands of a rapidly approaching health care
paradigm that will emphasize gratified providers, improved population health, reduced care
costs and satisfied patients." The PSH model of
care was used by a team at St. Luke' s University Health Network to reduce the incidence of
Acute Kidney Injury (AKI) after elective total joint
arthroplasty (TJA).

Table 1: Surgical Optimization Center AKI Risk Evaluation
• Hold ACE/ARBs/diuretics day before and after surgery
• Hold NSAIDs for 10 days prior to surgery
• Pre- and postop Nephrology consult for GFR<45 or AKI event in prior 3 months
• Nephrology interventions include: BP control ( SBP 130-140 target), volume optimization,
gentle prehydration day of surgery in select patients, avoiding nephrotoxic agents.

Table 2: Summary of Nursing Postop Hypotension Protocol
• Maintain SBP > 100
• BP checks q 1 hr x 4 hrs post procedure, then q 4 hrs x 12 hrs if systolic BP>100
• If SBP<100:
– Confirm in contralateral arm
– Administer 1 L bolus lactated ringers over 30 minutes and re-check BP in 1 hour
– If systolic BP < 90 after bolus, or <80 at any time, physician notified.

AKI is a known complication after total joint
arthroplasty. Rates reported in the literature vary
from 2 to 15% for elective cases.1 The incidence
of AKI may be underreported due to several factors. The absence of a creatinine measurement
on postoperative day one, inconsistency in measuring urine output postoperatively, lack of recognition of AKI based on KDIGO criteria,2,3 and
institutional differences in coding may all contribute to underreporting. An episode of AKI postoperatively may have negative short and long-term
implications for patients4 and increased costs to
the health care system.5,6
In 2016, a PSH-led initiative to reduce hypotension and AKI in our elective TJA population was
initiated. A multidisciplinary team of anesthesia

professionals, nephrologists, orthopedic surgeons, internal medicine hospitalists, nurses, EPIC
analysts and a quality resource specialist was
assembled. A protocol was developed and implemented with the following elements (Table 1):
• Screening of patients through our SOC (Surgical Optimization Center)
• Medication adjustment (ACE/ARBs/NSAIDs,
diuretics) and standardized perioperative
fluid replacement
• Standardized anesthetic management via
ERAS protocol
• Withholding antihypertensive medications if
systolic BP < 130
• Implementation of nursing-driven fluid protocol to allow postoperative treatment of hypotension ( Table 2)

Table 3: Patient Characteristics for the Perioperative Surgical Home Initiative to
Reduce the Incidence of Acute Kidney Injury after Total Joint Arthroplasty

Gender
Age

1/2016–6/2016

7/2016–11/2018

>11/2018

Total

Preprotocol

Protocol Phase
1 (single
hospital)

Protocol Phase II
(nine hospitals)

Male

303

382

630

1315

Female

521

567

819

1907

<49 years

53

74

68

195

50–59 years

216

212

337

765

60–69 years

286

339

539

1164

70–79 years

193

245

386

824

All patients undergoing TJA were included
(Table 3). There were no exemptions for
patients with pre-existing renal disease or revision surgery. Hypotension decreased from
12.7% to 5.9% and AKI from 6.2% to 1.2%. Further details of our PSH initiative were published
in The Journal of Arthroplasty in June, 2018.7
Since this publication, further enhancements
were made to the protocol. They included:
• Increased preoperative focus on high-risk
patients with preoperative nephrology consultation for patients with GFR < 45 mL/min
and addition of gentle preprocedure intravenous hydration where indicated
• Addition of continuous postoperative vital
signs monitoring including continuous pulse
oximetry and automated vital signs gathering
and real-time input into Electronic Medical
Record (EMR) using Masimo Root and Patient
SafetyNet Technology, (Irvine, CA).
• Further leveraging of EMR to improve protocol compliance, as well as rates of early
detection of significant vital signs abnormalities (i.e., use of "smart alerts," improved resolution of early-warning scoring systems via
updating of EMR with continuous, realtime
vital sign monitoring)

76

79

119

274

Total Hip

478

488

663

1629

After demonstrating success and sustainability at a single site, the protocol was expanded
to additional network hospitals performing TJA.
This included 21 additional surgeons performing procedures at nine hospitals. After network
expansion, similar reductions in perioperative
AKI from baseline were observed (5.9% to
0.6%) (Figure 1).

Total Knee

498

511

711

1720

See “Kidney Injury,” Next Page
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PSH Model Led to Reduced AKI in Patients Undergoing
Total Joint Arthroplasty
From “Kidney Injury,” Preceding Page

At our University Hospital, based on KDIGO
criteria, we have had a single case of AKI since
November 2018 in 1,210 consecutive procedures ( primary, revision, or previous renal disease all included) at the time of this publication.
In summary, a multidisciplinary approach in
the PSH model has led to sustained reductions
of a significant complication following an elective surgical procedure. It has also raised
awareness to the value of enhanced vital sign
monitoring and avoidance of hypotension in
the perioperative setting. A growing body of
evidence suggests that perioperative hypotension is both common and underdiagnosed.
Post-operative AKI may be a marker of global
hypoperfusion, and cardiac troponin elevations
in TJA patients have also been reported.8
Furthermore, hypotension is an important risk
factor for perioperative myocardial injury after
noncardiac surgery, which has been associated
with worse perioperative outcomes.9 It is plausible that further improvement to patient care
can be realized by expansion of real-time vital
signs monitoring to other patient populations at
increased risk for perioperative hypotension
and AKI.10,11 Finally, although initiated by anesthesia professionals, the collaborative and multidisciplinary nature of this project was critical to
its success. These outcomes could not have
been achieved or sustained without our physician and nonphysician colleagues’ input and
collaboration. This is a hallmark of a mature
Perioperative Surgical Home and a model for
future patient improvement projects.
Aldo Carmona, MD, is chief of Anesthesiology
and senior VP of Clinical Integration at St. Luke's
University Hospital, Bethlehem, PA.
Christopher Roscher, MD, is section chief of Cardio-Thoracic Anesthesia at St. Luke's University
Hospital, Bethlehem, PA.
Daniel Herman, MD, is director of Perioperative
Medicine at St. Luke' s University Hospital, Bethlehem, PA.
Robert Gayner, MD, is chief of Nephrology and
vice-president of Medical and Academic Affairs
at St. Luke' s University Hospital, Bethlehem, PA.
Ajith Malige, MD, is a PGY-V resident in the
Department of Orthopedics at St. Luke’s University Hospital, Bethlehem, PA.
Brian Banas is a medical student at Geisinger
Commonwealth School of Medicine,Scranton, PA.
The authors have no conflicts of interest.
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Overall, length of stay during this time period
decreased from 2.75 days to 2.12 days (p< 0.01).
Mortality rate was unchanged and 30-day readmissions were reduced from 3.8–3.2%, a trend
which did not reach statistical significance.
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Figure 1: Changes in the frequency of perioperative hypotension and AKI before and during the 2 phases of the PSH
initiative.
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The NORA time-out also increases awareness of
anticipated events during the procedure, and
facilitates methods for accessing additional
help when needed. This process will ensure
that routine procedures proceed more
smoothly as concerns can be discussed ahead
of time, and also helps establish the appropriate
actions should an adverse event occur. Given
the complexities of working in NORA, such
advance preparation could prevent significant
morbidity and even mortality.
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LETTER TO THE EDITOR:

Perioperative Handovers in Low- and Middle-Income Countries
by Marta Ines Berrio Valencia, MD, MSc

Perioperative handovers involve knowing
how to communicate in an efficient, organized,
and coordinated manner. There are increasing
publications about handovers in the literature,
but most of them come from affluent nations.
There is a lack of published information about
perioperative handovers in low-income countries. The limited reporting on the topic in middle-income nations mainly deals with the
intensive care unit (ICU) or the postanesthetic
care unit environments. This situation could be
caused by the lack of incentives for research in
countries with fewer resources, but other
potential explanations could apply to these
nations.
Many anesthesia professionals do not
receive education in handovers in medical and
anesthesia curriculums; others do not use a
standardized tool for a handover. In addition,
recently, fewer human resources are located in
the operating rooms because many anesthesia
professionals have shifted their responsibilities
to the needed support in the critical care units
during the coronavirus pandemic. This has
undoubtedly increased time constraints to
develop standardized handovers and also has
increased production pressure. The current
organizational objectives might not be aligned
with the importance of performing efficient
handovers, which could result in no allocated
professional time for education in proper
patient handovers. On the other hand, proper
training of professionals could reduce overall
health care costs and increase production and
satisfaction among patients and health care
workers in the future. Another limitation in lowand middle-resources countries is the lack of
integration of a handover into the electronic
medical record (EMR). This integrated handover
with the EMR could streamline the process of
face-to-face communications such as the one
presented by Mershon et al. in a recent APSF
Newsletter.1
Recommendations for effective handovers
suggest that the leader should check that all the
relevant members are present and verify that
the patient is hooked up to monitors and is
stable before starting the handover.2,3 During
the handover, one person should speak at a
time in an organized and coordinated manner.4
The code status, the contingency plans with the
use of “if-then” statements, the goals of treatment4 or an explicit indication of no anticipation
of adverse contingencies,5 the action list with
“who and when“ will perform the pending tasks,
a shared mental model with the active participation of the receiving team, and verbal confirma-

tion of accepting the patient are all key
components to the handover process success.
A more advanced process entails several structured processes, including continuous feedback, readback, closed-loop communication,
and cross-monitoring.6,7 It means that handovers require ongoing education,8 considering
the experiences and backgrounds of the stakeholders.
Despite the barriers, having efficient leaders
in anesthesia could motivate colleagues to
embrace the challenge, engage with stakeholders, and expose the danger of not performing handovers to the institution to get support.
For example, an anesthesiology leader could
design a universal information form that fits
straightforward cases and tailors to a specific
surgical population during a small-scale implementation. The next phase would be receiving
feedback from all stakeholders as a multidisciplinary collaborative approach, promoting its
use, and emphasizing the importance of the
structure of handovers through different
resources such as institutional emails and
meetings to empower staff to work as a team.
Finally, the appropriate evaluation of the process, compliance, and professional satisfaction
would require organizational support.
In conclusion, improving perioperative
handovers in low- and middle-income countries
will be a long journey, but it is a must for better
teamwork dynamics and patient safety. Thanks
to the APSF for being a leader in education in
handovers and paving the way for many anesthesia professionals.
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Hiding in Plain Sight: Compassion as an Antidote to
Burnout in the Post-COVID Era
by Christopher Cornelissen, DO, FASA; Brent Lee, MD, MPH, FASA; Stephen Rivoli, DO, MPH, MA, CPHQ, CPPS; Barbara Gold, MD, FASA, MHCM

CLINICAL VIGNETTE
DW is an anesthesia professional at a community hospital who takes call from home and
just finished her last case at midnight. She was
nodding off to sleep at 2:00 am when she was
alerted by the OR front desk that she was
needed to provide anesthesia for an elderly
patient with a small bowel obstruction.
Exhausted and less than enthusiastic about
returning to the hospital, she met the patient in
the holding area and went through the usual
preoperative routine. The patient was frightened and apologized profusely to the operating
room team that they all had to be called in to
provide care in the middle of the night. DW
reassured the patient that this was her job and
that she spent many years training to do exactly
this—to care for people that are ill and in pain,
irrespective of the hour. The surgery proceeded
without incident and in the recovery room, the
patient was relieved and profoundly appreciative to the team for making it through surgery.
DW recounted that when she left the hospital
later that morning, she was exhausted yet invigorated and recharged from helping this frightened and distressed patient who benefited
from her expertise. Despite her physical
exhaustion, she was not upset or angry but felt
connected to her colleagues and reaffirmed in
her role as an anesthesia professional able to
care for this patient during a time of great need.

THE CURRENT STATE
In October 2018, the APSF Newsletter
described the trend of increasing burnout
among anesthesia professionals.1 Burnout is a
syndrome resulting from chronic and unmanaged workplace stress, characterized by
decreasing work effort, cynicism, and low physical and emotional energy levels.2,3 Drivers of
burnout can be divided into seven categories
(see Table 1).3,4 While studies to characterize
and combat burnout are occurring, the phenomenon continues to escalate. In 2014, burnout rates of 50% were reported among
anesthesia professionals and continue to be
cited as a perioperative patient safety priority in
2021.5,6 A survey conducted among members
of the American Society of Anesthesiologists in
March 2020 during the initial phases of the
pandemic assessed burnout and demonstrated
59% were at high risk of burnout and nearly 14%
met criteria for burnout syndrome.7 The AANA
has identified a paucity of research on burnout
among anesthesia professionals while under-
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Figure 1. Cycles of Burnout and Well-Being.

scoring the threat of contributing factors such
as increasing emotional exhaustion.8

BARRIERS TO EXPERIENCING
CONNECTEDNESS
The COVID-19 pandemic which is associated
with an increase in the prevalence of burnout
among health care workers, has exacerbated
many of the factors which contribute to burnout.1,9 In a survey targeting the experiences of
health care workers involved in the COVID-19
pandemic, 76% of respondents reported
exhaustion and burnout and over one-third
noted a lack of adequate emotional support.10
Common concerns included an increase in
emotional exhaustion (82%), difficulty with
sleep (70%), physical exhaustion (68%), and
work-related dread (63%).10 A recent Washington Post article on the experiences of an anesthesiologist involved in airway management
during COVID-19 compared the stress to working beside a nuclear reactor.11
A perceived lack of support in the workplace
has been identified as one of the most important factors contributing to burnout.7 In a preCOVID environment, attempts to mitigate
burnout at the institutional level included implementing tools such as flexible scheduling to
enhance provider satisfaction, education for
providers on the causes and symptoms of burnout, promotion of enhanced work-life integration, and providing resources to promote
resilience and self-care.1,3 However, during the
height of the pandemic, many health promo-

tional activities such as exercising in a gym, connecting in-person with friends and family, or
traveling were significantly curtailed leading
individual health care providers to cope on their
own. COVID-19 has only amplified the limitations of existing approaches. As we slowly
emerge from the pandemic, what are more
effective strategies to mitigate burnout and promote clinician well-being? (See Figure 1.)
Many frontline workers have intuitively discovered during this pandemic that compassionate-connected care can be an effective antidote
to neutralize each of the three hallmarks of burnout: emotional exhaustion, lack of personal
accomplishment, and depersonalization (Figure
1).12 The crux of the argument for compassionate
care to mitigate burnout and enhance the anesthesia professional’s connection to their profession lies in the idea that while empathy is simply

Table 1. Drivers of burnout and
engagement in physicians.
Workload and job demands
Efficiency and resources
Meaning in work
Culture and values
Control and flexibility
Social support and community at work
Work-life integration
Adapted from Mayo Clin Proc3,4

See “Compassion,” Next Page
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Compassionate Care May Help Rejuvenate Health Care Professionals
From “Compassion,” Preceding Page

Feeling connected both at home and at work
can protect against burnout.7 Additionally, institutions play an important role in breaking the
cycle of burnout and can be crucial in emphasizing a culture of compassion for colleagues
and in helping one another cope with the
stressors that exist in anesthesia practice.

the recognition and understanding of someone’s
pain and suffering, compassion is the “emotional
response to another’s pain or suffering, involving
an authentic desire to help.”13,14 In other words,
compassion involves not just feeling someone
else’s pain but taking the action to alleviate or
eliminate it. By the very definition of the specialty
of anesthesiology, anesthesia professionals are
the experts at eliminating physiologic pain and
suffering and derive satisfaction from seeing the
direct impact of those actions in the service of
others. These acts of compassionate care can
be rejuvenating.
In addition to combatting burnout, the other
benefits of compassionate care include
improved patient safety, higher patient satisfaction, and even decreased cost of care.15-18
Expanding compassion in clinical practice can
increase social connectedness that extends
beyond our patients and includes our colleagues and coworkers. It is important to note
that the factors that have contributed to burnout, are in fact the very same barriers that prevent clinicians from connecting to their patients.
These barriers include spending nonnegotiable
time on clerical and billing functions in the electronic health record (EHR), production pressure
that leads to hurrying and not connecting with
patients, and taking short cuts due to staffing
shortages. Given these powerful benefits of
compassionate care, we, in partnership with our
institutions should work to eliminate the barriers

and create systemic conditions that increase
the ability of clinicians to connect with their
patients and with each other.

SYSTEMIC CHANGES FOSTER
ORGANIZATIONAL COMPASSION
To further mitigate burnout, health care institutions should foster a workplace culture of
compassion to extend beyond patients and
also include colleagues and coworkers. Strong
interpersonal relationships are an important
contributor to one’s physical and emotional
well-being.19,20 In fact, strong human relationships may be a better predictor of one’s health
than traditional markers such as lipid levels.15

Table 2: Compassionate Care Resources for Health Care Providers.
Center for Mindful Self-Compassion
https://centerformsc.org/train-msc/
Cleveland Clinic- Communicate with H.E.A.R.T.
	
https://my.clevelandclinic.org/departments/patient-experience/depts/experience-partners/licensed-programs/communicate-with-heart
Compassion Resilience Toolkit
https://compassionresiliencetoolkit.org/healthcare/
Hillebrand Center for Compassionate Care in Medicine- University of Notre Dame
https://compassionatecare.nd.edu/healthcare-professionals/
Massachusetts General Hospital Empathy and Relational Science Program
 ttps://www.massgeneral.org/psychiatry/research/empathy-and-relational-scienceh
program
T. Denny Sanford Institute for Empathy and Compassion- University of California, San Diego
https://empathyandcompassion.ucsd.edu
The Schwartz Center For Compassionate Healthcare
https://www.theschwartzcenter.org/programs/schwartz-rounds/

Various system-level interventions have
been proposed to address the cycle of burnout,
including assessing mental health needs, providing consistent childcare opportunities for
frontline workers, allowing work hour flexibility,
providing adequate personal protective equipment and COVID-19 testing, and offering reassurance that clinicians will not be relocated to
other fields or suffer financial cuts.21 Furthermore, to enhance compassion at the organizational level, institutions must continue to adjust
expectations of increased productivity, excessive documentation, and administrative burden
which are drivers of burnout. These external
factors have been identified to increase pressure on health system leaders, managers and
practice leaders.22
Numerous programs have been described
that focus on enhancing the patient-caregiver
relationship, which also remind clinicians why
they entered the profession (Table 2). For
example, the Schwartz Center Rounds enable
health care providers to develop increased
insight into social and emotional aspects of
patient care, increasing the level of compassion
towards patients, and decreasing feelings of
stress and isolation.16 Some institutions have
spearheaded programs that feature organizational compassion cultivation training that can
improve self-reported mindfulness, self-compassion and compassion toward others.17
Though originating in a pre-pandemic environment, programs such as these may be
extremely useful now to mitigate the effects of
burnout in anesthesia professionals and other
frontline health care workers and could be
widely promoted by health care institutions in a
spirit of promoting organizational compassion.

CONCLUSION
Stress and burnout can affect all health care
providers. It existed long before the pandemic
and will likely grow until we are able to recultivate the deep sense of professional satisfaction
that comes with caring compassionately for the
sick. Stated another way, “The practice of medicine has always been demanding and exhausting, and it always will be. It is the loss of the ability
to care and the buffering of stress and exhaustion that come from caring deeply for and
See “Compassion,” Next Page
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Compassion, Cont'd
From “Compassion,” Preceding Page
improving the quality of life of patients that have
led to the current crisis of dissatisfaction and lack
of well-being among many physicians.”18
As DW in the clinical vignette experienced, it
was during a time of stress that she was able
to reflect on the connectedness to her patient
and colleagues in her role as an anesthesia
professional. We must be steadfast in combating the forces that impede the delivery of compassionate care and contribute to burnout.
Whether they are financial pressures, production pressures or forces challenging the emotional connection formed with our patients,
these pressures will always be part of the perioperative care landscape. In response, institutions in partnership with clinicians, can work to
improve workplace support and, by extension,
the ability for clinicians to provide compassionate care that is healing for patients and rejuvenating for clinicians such as DW. This is
foundational to our commitment to deliver the
safe, compassionate care that is emblematic of
anesthesia professionals.
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Primum Non Nocere But What Happens Next?
by Stephanie Lynn Davidson, DO, FASA

I was asked to write an article about second
victim syndrome (SVS) as it was suggested that I
may be an expert in the area. Let me state up
front, I do not self-proclaim to be an expert in the
area of SVS. I can say I’ve been a practicing
anesthesiologist for 20+ years and during that
time I am certain that I have experienced SVS on
numerous occasions. Furthermore, on October 1,
2017, I was thrust into duty running point for an
operating room caring for over 200 victims of the
Las Vegas Mass Casualty Event1 arriving at our
trauma center Emergency Department over
several hours. In processing this experience and
in sharing the lessons learned from it, I came to
understand that many patient-related adverse
events are not over when the event ends.
Therein lies my academic introduction to SVS.
The multiple lectures that my husband (Nicholas
Fiore Jr., MD, a pediatric surgeon) and I have
given on our experience were incomplete without a discussion on SVS. The imprint this event
left on me is indelible and every time I tell my
story, the anxiety it produces gives way to a
sense of healing after an emotional and psychological wrestling match.
The term second victim syndrome was
coined by Albert Wu in 2000 and refined by
Scott et al. in 20092 to describe the state of
mind of a health care provider whose patient
has experienced an unanticipated adverse
event, medical error, or care-related injury as
the “first victim.” Second victims are health care
providers who are involved in an unanticipated
adverse patient event, in a medical error and/or
patient-related injury, and are traumatized by
the event. Frequently, these individuals feel personally responsible for the patient outcome.
Many feel as though they have failed their
patient and start to second guess their clinical
skills and knowledge base. The term SVS has
become internationally recognized by health
care providers and managers as well as policy
makers because it is memorable and invokes a
sense of urgency. Simply put, the psychological
trauma that follows a stressful event often with
negative outcomes creates a second victim, the
health care provider. Studies have shown that
nearly 80% of health care providers experience
and are psychologically impacted by a significant adverse event at least once in their career.3
It is estimated that patient safety incidents (PSIs)
occur in one out of seven hospitalized patients.4
System failures occurring before a health care
provider even enters the picture can lead to
medical errors and unforeseen outcomes.
Since PSIs can range from mostly near misses
up to permanent harm or death, hospital systems increasingly realize their role in providing
an institutional support system. Whether it be
systemic error or provider-related, we feel liable
for the outcome. A health care provider

• Learning to process emotions and understand the experience.
• Finding and receiving help from friends and
colleagues.
• Most importantly, knowing when to seek professional help.

involved in a PSI has an increased chance of
developing post-traumatic stress disorder
(PTSD).4
What do we know about the SVS? First, we
must accept that it is extremely common. The
prevalence is estimated to be 10.4–43.3% of
providers following a traumatic experience.5
Each of us will express our own reaction. These
reactions can be emotional, cognitive, and
behavioral. Our coping strategies can impact
our patients, other providers, and our families,
as well as ourselves. Some providers may feel
not worthy of being labeled a second victim.
The night of October 1st, one of our PICU
nurses felt she had made no contribution to the
care of our over 200 patients. She was stationed at one of the double doors from the ED
to the OR and spent her time repeatedly hitting
the door plate which opened the door allowing
caregivers to pass back and forth. I told her I
personally ran back and forth down that hallway
over one hundred times to care for patients and
I never waited for the doors because she was
there. She experienced emotional trauma that
evening as we all did.
How do we cope with SVS? Our mental
health and how we respond to emotional stress
is a unique part of each of us. We process,
understand, cope, and come out the other side
after a traumatic experience at our own pace. If
we are not able to recognize the signs of SVS
and learn how to cope we may end up developing physical symptoms including chest pain,
headaches, poor concentration, hypervigilance,
or sweating, to name a few.6 Coping mechanisms to help rebuild or maintain personal physical strength and health include the following:
• Returning to daily activities which includes
exercise, reading, socializing, journaling, or
findings one’s personal best.
• Interacting with family members who can
provide comfort.

Signals that you may need to seek out professional help from SVS may come from experiencing dreams and thoughts that evoke painful
emotions and interfere with daily life. Others
may notice dramatic changes in their behavior
and try to assist you. If you experience thoughts
of hurting yourself, seeking professional assistance and guidance through the healing process is a must. Your ability to cope may be
influenced by your current personal circumstances, past experiences, and your core
values and beliefs. Strength of relationships
with loved ones and, of course, one’s personal
self-care and self-love are vital.
Intervention can help guide you through your
experience and help you in processing your
emotions.
As important as coping is resiliency. Through
time and with maturity, one learns to bend without breaking. This requires acquisition of the
tools to withstand the traumatic event and learn
to recover quickly from difficult situations. Realizing the importance of a strong support network will help combat common reactions. We
may experience mental and physical exhaustion, and may feel dazed, numb, sad, helpless,
and anxious. These feelings can spiral downward, with the second victim replaying and
reliving the experience over and over. Without
intervention, long-term sequelae may evolve
into PTSD, depression, suicidal thoughts, and/
or alcohol or drug abuse.
I believe that we all have multiple SVS-producing experiences during our careers, some
more powerful than others. Any time we feel
responsible for an unexpected outcome,
adverse event, or clinical error, it affects us.
How can it not? The compassion and desire to
help someone is at the very core of health care
providers and makes us vulnerable to becoming the second victim. For example, when a
partner calls you to recount a stressful patient
experience resulting in an undesired outcome,
whether or not patient harm ensues, aren’t they
simply expressing their feelings as a second
victim? When something negative happens, as
simple as missing an IV or more serious such as
missing a STEMI, we first judge ourselves and
feel responsible. You may have been in a situation where you “did all you could” and the outcome was not as favorable as you hoped. If this
See “Second Victim Syndrome,” Next Page

APSF NEWSLETTER October 2021

PAGE 128

Second Victim Syndrome, Cont'd
From “Second Victim Syndrome,” Preceding Page
experience is not processed by our personal
protective mechanisms in time, we may begin
experiencing doubt, anxiety, depression, anxiousness, or even denial and fear of repeating
the same mistake. Whether the patient’s course
culminates into a prolonged hospital stay or in a
malpractice proceeding, we struggle to carry
on. A basketball shooting guard on a cold
streak may keep asking for the ball, believing
his next shot will always go in. We often don’t
respond the same way. Instead, we wonder if
everyone knows what happened. We ask will it
pass and will our reputation be irreversibly
affected? How can all this not lead towards the
dreaded burnout syndrome? We are taught
early in medicine to compartmentalize our feelings. Move on. Accept the outcome. Learn from
it and do not repeat it. Don’t let it get into your
head. Family and friends may see this behavior
as seemingly harsh, unsympathetic, or stoic
when it involves personal family members.
Many have contributed to our understanding
and treatment of SVS. Among those is Kathy
Platoni, PsyD, who specializes in the treatment
of PTSD and war trauma.7 Throughout her
career as a U.S. Army Psychologist, in both
active and Army reserve status, she developed
programs addressing combat stress control,
and emphasized the importance of debriefings
and crisis management. As a survivor of the
Fort Hood Massacre herself she learned from
personal experience and her well-known quote
“Trauma is so very unforgettable” is often referenced.7 She is an outspoken advocate declaring that a mass shooting is an act of terrorism.
Barbara Van Dahlen, another leader in the
field of SVS, created giveanhour in 2005 to
provide free mental health care to active duty,
National Guard and Reserve service members.
Their mission is to develop national networks of
volunteers capable of assisting those that have
experienced acute and chronic traumatic
stress-related conditions that arise in our
society. More recently giveanhour has
partnered with #FirstRespondersFirst to offer
mental health services during the COVID-19
pandemic. Their activities highlighted that SVS
is not always directly related to a violent event.
For example, a planned difficult airway where
you call for assistance that evolves into a
prolonged difficult intubation may leave you
questioning your skills, decisions, the situation,
and possibly yourself. While writing this review,
I had a resident miss two IV attempts on an
18-month-old. After the case, she expressed
how horrible she felt about the situation and
that she hurt the baby. She expressed her
concerns that she wasn’t good enough to
pursue pediatric anesthesia. We sat and we
talked, a debrief of sorts, and went through the

difficulties and successes of our day. I assured
her with time, training, and dedication she
would overcome this one obstacle.
The stages to recovery from SVS are welldescribed, not unlike the Kubler-Ross stages of
response to death or loss.8 Initially, the second
victim has feelings of chaos and accident
response, an initial loss of control provoked by
the event. Ideally, the negative effect of the
adverse event is limited by colleagues who
help provide ongoing care and prevent additional harm. The second victim then replays the
event in their mind and may have difficulty
focusing or concentrating due to intrusive
reflections. Again, peers play a vital support role
as the victim works to restore personal integrity.
This is not the end, however, as the inquisition
and investigation ensues, possibly culminating
in litigation. As one endures this stage, it's
important to receive emotional first aid and
seek peer or professional support. Finally, the
second victim is hopefully able to move on and
recover. Some practitioners, unfortunately, limit
their practice and even leave clinical practice as
a result of their traumatic experience.
On the first anniversary of the October 1st Las
Vegas Mass Casualty Event, our hospital set up
a lunchtime memorial for survivors and caregivers alike, an anniversary wake of sorts, to provide comfort for each other and search for
meaning in the unspeakable terror we experienced together. Such an event is a circle that
never closes, a story without an ending-- but we
were united by the understanding that we, and
life, must go on. We cried till we laughed. We
told stories and took pictures, celebrated life
and life lost. And in the end, we all walked out
the door of the meeting hall, together, tattooed
with that experience and the belief that we
would go on.
We as anesthesia professionals carry a substantial daily burden. Patient needs, practice
demands, family requirements, and “satisfaction scores” from both our patients and the hospital system continually weigh on us. In today’s
immediate world, with instantaneous access to
information from the internet, there is no tolerance for a poor outcome. Patients often arrive
with their own WebMD diagnosis, treatment
plan, and prognosis that they expect to play out
without a hitch. This places our clinical practice
under an increasing amount of scrutiny. In other
professions mistakes are more readily
accepted and at times even expected. How
often do we take our vehicle in for service only
to have to return back to the garage within a
week when the ‘service light’ comes back on?
We accept this, we tell ourselves this was not an
unexpected outcome, and we just deal with it.
In medicine “the light” coming back on is
unquestionably unacceptable. The demands

and expectations that are placed on us hourly,
daily, monthly, can lead to burnout. Burnout is
higher in health care than any other industry.
Our personal expectations continue to push us
daily. But how far? When do our safety and our
patient’s safety become jeopardized? Managing the SVS, in ourselves and others, is an
important component of professionalism. We
should recognize the cause and teach ourselves how to mitigate the effects.
Stephanie Lynne Davidson DO, FASA, is Core
Faculty, HCA/Mt View/Sunrise Health GME and
director Quality/Patient Safety HCA/Mt View/
Sunrise Health GME and chief of Anesthesia,
Summerlin Hospital, Las Vegas, Nevada
The author has no conflicts of interest.
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YOUR CONTRIBUTION PROVIDES
FUNDING FOR IMPORTANT PROGRAMS:

Over $13.5 million
in research grants awarded
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The APSF Newsletter will now be translated into Mandarin, French,
Japanese, Portuguese, Spanish, Russian, and Arabic.
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Join us!
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David Gaba, MD, and
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Stoelting, MD

Mary Ellen and
Mark Warner

Drs. Alex and Carol
Hannenberg

Drs. Joy L. Hawkins and
Randall M. Clark

Matthew B. Weinger, MD,
and Lisa Price

https://www.apsf.org/
donate/legacy-society/

Drs. Susan and Don
Watson

An abiding belief in safeguarding the future of anesthesiology. 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.

