aﬁs/f

Volume 40, No. 1, 1-31

APSF.ORG

NEWSLETTER

THE OFFICIAL JOURNAL OF THE ANESTHESIA PATIENT SAFETY FOUNDATION

More than 700,000 readers annually worldwide

February 2025

Recommendations for Managing Non-Cardiac
Implantable Electrical Devices (NCIEDs) During
Non-Neurologic Surgery and Procedures

by Jacqueline M. Morano, MD, FASA, and Jamie L. Uejima, MD

Anesthesia professionals are encountering
patients with non-cardiac implantable electrical
devices (NCIED) with increasing frequency.
These devices are otherwise known as neuro-
logic stimulators and include, but are not limited
to spinal cord stimulators (SCS), deep brain
stimulators (DBS), and vagal nerve stimulators
(VNS). The indications for placement of NCIEDs
are expanding and as such the likelihood that
an anesthesia professional will encounter them
during elective and emergent surgical proce-
dures is increasing.

TYPES OF NCIEDS
Vagal Nerve Stimulators (VNS):

VNS are pulse generators placed in the mid-
cervical neck, usually on the left. The left is
typically chosen to avoid severe bradycardia
that can occur with the right-sided vagal nerve
stimulation. Indications for VNS include seizure

reduction, cluster headache prevention, and
refractory depression.

Deep Brain Stimulator (DBS):

DBS is an implanted lead used to stimulate
structures deep within the brain. The most
common targets include the thalamus, globus
palladium, and subthalamic nuclei. The target
for the lead is dependent on the pathology
being treated. It is considered to be a minimally
invasive targeted neurosurgical intervention.
Since its success with Parkinson’s disease, its
utilization has expanded to other movement
disorders (tremors, tics, and dystonias), psychi-
atricillnesses (major depression and obsessive-
compulsive disorder), chronic pain, and
refractory epilepsy.

Spinal Cord Stimulators (SCS):

SCSinhibit chronic pain by continuously stim-
ulating the large diameter afferent fibers in the
spinal cord. The electrode itself lies in the dorsal

epidural space, and its location is determined
by the location of the pain being treated.

See “Neurological Stimulators,” Page 3
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Safety of Sugammadex in Pregnancy, Pediatrics, and Renal Failure

by Kevin Yang, BS; Christina Ratto, MD; Joseph Szokol, MD; and Ashley Osumi, MD

In 2023, the American Society of Anesthesi-
ologists published practice guidelines for the
monitoring and antagonism of neuromuscular
blockade. The guidelines recommended quanti-
tative monitoring over qualitative assessment to
avoid residual blockade. The guidelines also
called for the use of sugammadex over neostig-
mine at different depths of blockade. While
these guidelines provide a framework for gen-
eral practice, they do not address specific con-
siderations for special patient populations, such
as those with renal failure, pregnant women, and
pediatric patients.

SAFETY OF SUGAMMADEX
IN RENAL FAILURE
Sugammadex is primarily excreted by the kid-
neys and poses challenges in patients with

TABLE OF CONTENTS, NEXT PAGE

severe renal impairment due to the risk of recu-
rarization (Figure 1, page 7).2 The recurarization,
resulting in potential paralysis or residual weak-
ness, presumably occurs because the circulat-
ing rocuronium-sugammadex complexes can
disassociate. In patients with normal renal func-
tion, the elimination half-life of sugammadex is

about 2 hours and the estimated plasma clear-
ance is about 88 mL/min. Studies show over
90% of the dose is excreted within 24 hours,
with 96% excreted unchanged in urine. How-
ever, in renal impairment, the half-life extends to
4,6, and 19 hours in mild, moderate, and severe
cases, respectively.?

The rocuronium-sugammadex complex is
highly stable due to intermolecular (van der
Waals) forces, thermodynamic (hydrogen)
bonds, and hydrophobic interactions.3 For
every 25 million sugammadex-rocuronium
complexes, only 1 complex dissociates. The
complex is water-soluble and excreted in
the urine in patients with normal renal func-
tion. The complex is also removed during
dialysis with a high-flux filter.*

See “Sugammadex,” Page 6
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Patients with NCIEDs Should Have a Preoperative Evaluation
Prior to Undergoing Anesthesia

From “Neurological Stimulators,” Page 1

In general, low thoracic to lumbar placement is
used to manage lower extremity pain and
chronic low back pain and mid-cervical to high
thoracic placement is used to manage upper
extremity pain.

There are additional NCIEDs as well, such as
the hypoglossal nerve stimulator, phrenic
nerve stimulators, sacral nerve stimulators,
and gastric nerve stimulators. The hypoglossal
nerve stimulator, for example, helps treat
obstructive sleep apnea (OSA). Obesity and
OSA are on the rise and patients are growing
less tolerant of traditional treatments such as
continuous positive airway pressure (CPAP).
This has given way to the increased utilization
of the hypoglossal nerve stimulator for the
treatment of OSA. Hypoglossal nerve stimula-
tors treat OSA by sending electrical pulses to
the hypoglossal nerve, controlling tongue
movement and causing the tongue to move
forward during sleep, thereby reducing airway
collapse and possible obstruction.

PREOPERATIVE CONSIDERATIONS
In order to provide safe anesthetic care and
prevent day of service delays, patients with

NCIEDs should undergo a preoperative evalu-
ation such as in the anesthesia preoperative
clinic prior to elective cases. This will help
identify patients with NCIEDs in advance,
allow time to contact the providers managing
their devices, and inform those providing
anesthetic care for these patients (Figure 1).

Prior to anesthetizing a patient with an
NCIED, there are several questions that should
be asked of the patient and/or the provider
managing their device (Table 1, next page).?

Itisimperative to request a recent interroga-
tion of the device from the managing provider
noting the lead impedance, as this is used to
assess the electrical performance and struc-
tural integrity of the leads in the NCIED and
should changes be seen in the lead imped-
ance, the procedure may potentially need to
be delayed.

In addition, the surgeon performing the pro-
cedure should be made aware the patient has
an NCIED. A preoperative discussion should
include special surgical needs that will be uti-
lized the day of surgery (i.e., neuromonitoring
or electrocautery) and determine whether
those needs will interact with the device.
During the preoperative evaluation regarding

the device, it is imperative to determine if the
device should be reprogrammed to a specific
setting (i.e., MRI safe mode or surgery safe
mode) or turned off.

DAY OF SURGERY

Prior to case start, all individuals involved in
the care of a patient with a NCIED should be
aware that the patient has the device; this
includes preoperative, operative, and postop-
erative care teams. Two commonly used intra-
operative tools that can interact with NCIEDs
are electrocautery and intraoperative
neuromonitoring.

ELECTROCAUTERY

Electrocautery induces an electrical current
within the body, and patients with NCIEDs
undergoing surgery with electrocautery are at
risk for harm. These risks can be mild, such as
potentially reprogramming the device and
changes in stimulator output. However, there
is also the possibility of significant harm includ-
ing thermal skin burns, damage to the elec-
trode, failure of the generator, or thermal injury
to the underlying neurologic tissue. Due to
these greater risks, manufacturers of most
NCIEDs recommend avoiding the use of elec-
trocautery.®® If electrocautery is necessary,

PERIOPERATIVE NEUROLOGIC STIMULATOR (NCIED) MANAGEMENT

Will any of these be used for the procedure?

ELECTROCAUTERY

ELECTROMAGNETIC

INTRAOPERATIVE

DIATHERMY

INTERFERENCE (MRI)

B

Contact

manufacturing ELECTROCAUTERY/
representative.  NEUROMONITORING
0 Do | have remote
NO control?
YES

Bipolar recommended
over monopolar

Turn NCIED OFF
Utilize lowest energy
setting on cautery &

intraoperative

neuromonitoring. than tcMEPs

manufacturing company.

YES

Has a recent interrogation noting lead
impedance been completed?

NEUROMONITORING

NO Proceed as Normal
No need to turn NCIED off

NO (D DELAY
— PROCEDURE
YES
P —
WHICH ONE WILL BE USED? ‘
o= © DIATHERMY
E o
"ﬁiv
() DO NOT PROCEED
MRI DEBRILLATION OR Diathermy absolutely
Refer to recommendations of PACEMAKER PLACEMENT contraindicated in patients with

NCIEDs.

Proceed at lowest possible

energy level to obtain ROSC.

If needed contact managing
provider (there may be
SSEPs & EMGs safer limitations on duration of MRI or
body parts able to be scanned).

Figure 1: Potential intraoperative device interactions when patients present with NCIEDs.

Interrogate device after and
contact manufacturing
representative.

NCIED: Non-cardiac implantable electrical device; MRI: Magnetic Resonance Imaging; SSEP: Somatosensory Evoked Potential; EMG: Electromyography; tcMEPs: Transcortical
Motor Evoked Potential; ROSC: Return of Spontaneous Ventilation

See “Neurological Stimulators,” Next Page
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Bipolar Cautery Is Preferred to Unipolar/Monopolar Cautery

From “Neurological Stimulators,” Preceding
Page

the recommendations by most manufacturers
is to first confirm the device’s lead impedance
with a recent interrogation and then turn the
device off. If the device has a current output
setting, then this should be set to the lowest
setting possible or to zero prior to turning off
the device. Some devices have a surgery
mode available which can be another safe
option.®

For many NCIEDs, a remote is used to adjust
the settings. For both SCS and DBS, the
remote can be utilized to turn the device off by
holding it over the generator. However, VNS
systems are unique in that many patients will
carry their remote in the form of a wand or
bracelet. Holding the remote over the genera-
tor for a specified period, usually 2—3 seconds
of time generates an impulse rather than shut-
ting the device off. How the VNS turns off
varies depending on the manufacturer. There-
fore, it is important to verify that the device is
turned off, which can be visualized on the con-
troller screen. Regardless of the NCIED, care
must be taken to be sure the device is off or
reprogrammed to the proper setting. If there is
a question regarding the NCIED settings, the
device representative should be contacted.*

When using electrocautery in patients with
an NCIED, bipolar cautery is preferred to unipo-
lar/monopolar cautery. With monopolar cau-
tery, the current travels between the device tip
and the return plate or grounding pad on the
patient. Therefore, the risk of current traveling
through the NCIED is higher. With bipolar cau-
tery, the majority of the current travels between
the tips of the bipolar cautery and is less likely
to affect the NCIED. If monopolar cautery is
necessary, the surgeon should utilize the
lowest power setting possible. The grounding
pad should be placed so that the current is
least likely to travel through the NCIED and its
generator, such as the contralateral distal limb.
Full-length table grounding pads should be
avoided. Patients should be made aware of the
need to use electrocautery as part of the surgi-
cal procedure and the subsequent risks which
include potential thermal injury to brain or ner-
vous system tissue, reprogramming of the
device, and potential damage to the leads.”®

Despite these warnings, many published
reports testify to the generally safe use of both
monopolar and bipolar electrocautery.
A survey of 167 pediatric spinal surgeons
reported no complications due to the intraop-
erative use of electrocautery.® Most respon-
dents reported short-term use of monopolar
cautery. After a procedure involving the use of
electrocautery, the provider should always

in Patients with NCIEDs

Table 1: General Perioperative Concerns for Patients with NCIEDs?

identification card?

Identify the type of device, the manufacturer, and model. Does the patient have a device

Where are the leads and pulse generator located?

How is the device turned off or inactivated? Does the patient have a remote or magnet?

What symptoms develop when the device is turned off?

When was the device implanted? What is the battery status?

When was the last device check/interrogation?

What was the lead impedance on the last device check?

Determine availability of “safe modes” for surgery or for MRI.

The provider who placed the device should be contacted for perioperative device
recommendations (as part of preoperative clinic assessment).

clinic provider).

Does the surgery/procedure require neuromonitoring? If so, discuss with the provider who
placed the device as certain neuromonitoring modalities may be deemed unsafe (preop.

Contact the device representative to determine if they need to be present on the day of
surgery for pre/postoperative interrogation (preop. clinic provider).

Does the patient also have any additional implanted devices? If so, the providers managing
both devices should be contacted for recommendations.

confirm that the NCIED is on and functioning
properly.>1o

INTRAOPERATIVE NEUROMONITORING

Many functional neurosurgeons recom-
mend against the use of transcortical motor-
evoked potentials (tcMEPs) in patients with
NCIEDs. Intraoperative neuromonitoring trans-
mits an electrical current through the patient’s
body. In theory, this can also be conducted
along the path of the NCIED and may damage
the device or cause tissue injury along the
length of the leads. TcMEPs utilize a higher
energy system than somatosensory-evoked
potentials (SSEPs) and for this reason SSEPs
are considered to be relatively safe and well-
tolerated in patients with these implanted
devices.

In practice, there are several case reports
that describe the use of intraoperative neuro-
monitoring in patients with spinal cord stimula-
tors with no postoperative complications.®"
However, for many neurosurgeons, the poten-
tial risks of utilizing tcMEPs in patients with
vagal nerve stimulators or deep brain stimula-
tors is not worth the benefits they may provide.
If intraoperative neuromonitoring is to be
employed, the lowest energy level possible
should be used to obtain signals regardless of
the device and type of monitoring utilized.

DEFIBRILLATION/CARDIOVERSION

The presence of a NCIED should notimpede
emergent cardioversion or defibrillation. The
patient with a NCIED should be cardioverted or

defibrillated in the setting of a cardiac emer-
gency per advanced cardiac life support guide-
lines. However, clinicians should place pads as
far from the device as possible and use the
lowest energy that is feasible to treat the
arrhythmia. The NCIED should be interrogated
afterward to evaluate function.'®3

MRI CONSIDERATIONS
WHEN AN NCIED IS PRESENT

MRIs pose a potential risk of harm to the
patient or damage to the device if proper pre-
cautions are not taken. It is necessary to con-
firm the manufacturer and the exact model of
the NCIED prior to the MRI. The provider
responsible for the device should also be con-
tacted before the MRI to discuss any safety
concerns. The device manual or the manufac-
turer’s technical helpline should be consulted
if there is any uncertainty regarding the spe-
cific scan requirements for the patient’s
system. Many newer devices are MRI condi-
tional, meaning only part of the patient’s body
can now be scanned, such as the limbs, or they
can only undergo scans for a specified period
of time and then require a rest period. This
varies from device to device and many older
models are not MRI-conditional. Itis imperative
to confirm the specific MR-conditional compo-
nents and location of the system to determine
if the MRI can be safely completed.™>'® In addi-
tion, prior to the MRI, lead impedance should
be checked. If it is discovered that the lead
impedance is outside of the acceptable range

See “Neurological Stimulators,” Next Page
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Regional and Neuraxial Anesthesia Can Pose Challenges

From “Neurological Stimulators,” Preceding
Page

per the manufacturer’s guidelines, the MRI
should not be completed.

Some devices have an MRI safe mode. This
setting will turn off stimulation and detection,
but allow other background processes to con-
tinue to function. The NCIED should be set to
MRI safe mode prior to the patient entering the
scanner and programmed back to the original
settings once the MRI is completed and the
patient is safely outside of the scanner. The
device should be interrogated at some point
after the MRI. The timing of the interrogation
should be determined by the provider or the
device representative.

REGIONAL AND NEURAXIAL
APPROACHES WHEN AN NCIED
IS PRESENT

Regional and neuraxial anesthesia can pose
challenges in patients with NCIEDs (Table 2).
Any upper extremity block in a patient with a
DBS or cranial nerve stimulator/NCIED should
be performed under direct visualization. Using
either ultrasound or fluoroscopy, the provider
needs to confirm that the needle does not
come into contact or transect the NCIED wires.
In addition, the use of peripheral nerve stimu-
lation to identify the location of the brachial
plexus should be avoided. If the stimulation
needle comes into contact with any portion of
the NCIED an electrical current can be con-
ducted, which can travel to the implanted elec-
trode and/or pulse generator. This, like
electrocautery, has the potential to damage
the NCIED. There are case reports that
describe the use of upper extremity block
placement with peripheral nerve simulation in
patients with DBS without complications."'®
However, with the widespread use of ultra-
sound for peripheral nerve blocks, the need to
perform blind peripheral nerve stimulation
guided nerve blocks is unnecessary and
should be avoided in patients with NCIEDs.

There is an increasing number of pregnant
women with SCS. Several case reports exist of
the successful use of both epidurals and spi-
nals in patients with SCS."® However, the deci-
sion to perform neuraxial anesthesia in patients
with these devices should only be made after
proper review of imaging identifying the loca-
tion of the leads, level of insertion, extension
wires, and the internal pulse generator. The
physician managing the device should also be
notified as they may have additional guidance
to offer considering SCS reside in the dorsal
epidural space.’®?'

It is imperative that the neuraxial placement
occur below the level of the SCS insertion, to
avoid transecting the SCS. Appropriate empha-

to Patients with NCIEDs

Table 2: Key Points When Performing an Acute Pain Procedure in a Patient with a
Non-cardiac Implantable Electrical Device (NCIED)

REGIONAL:
¢ Use ultrasound guidance when near NCIED

SPINAL:

EPIDURAL:

¢ Special emphasis on sterility

equina

» Avoid application of electrical current across the pulse generator and lead

* Not contraindicated with spinal cord stimulator
» Obtain an X-ray/imaging prior to attempt to be sure that attempt is below level of electrode

* May only obtain a patchy or failed block due to fibrosis in the epidural space
» Fibrosis may result in the catheter being directed caudally causing compression of cauda

sis should be placed on sterility during neurax-
ial placement to avoid infection as this can
result in future SCS removal. In addition, the
feel of loss of resistance may be altered if the
SCS electrodes are near the entry level for the
epidural. Due to the development of fibrosis
from the SCS, the epidural spread of local
anesthetic may be impeded and result in
patchy analgesia or a failed block. Moreover,
fibrosis can also result in the epidural catheter
being directed caudally rather than cranially or
coiling locally in the epidural space, which can
cause compression of the cauda equina and
lumbar roots %!

ECT WHEN AN NCIED IS PRESENT

Electroconvulsive therapy (ECT) is a proce-
dure used to treat certain psychiatric condi-
tions including refractory depression, bipolar
disorder, and catatonia. While under general
anesthesia, an electrical current is applied to
the brain, inducing a seizure. As aforemen-
tioned, electrical currents have the potential to
cause harm to the patient or damage to the
device. With ECT, there is a particular concern
for patients with a DBS. While there are no
existing guidelines on how to manage patients
with NCIEDs who are scheduled for ECT, there
are many case reports demonstrating the safe
use of ECT in this patient population.?? It is
imperative to inform the provider managing
the NCIED that the patient is being evaluated
for ECT. The provider will be able to comment
on the safety of proceeding with the ECT and
share recommendations regarding the device
prior to the ECT. Most recommendations
would include reprogramming the NCIED to
the lowest possible stimulation setting and
then turning off the device prior to the ECT.
The NCIED should be turned on immediately
after the ECT, particularly DBS. Allowing only
temporary interruption of the DBS for the pro-
cedure minimizes the symptoms being treated
by the DBS and thus the negative impact of

turning the device off. The team managing the
device will decide when the NCIED should be
interrogated or if any imaging is required
during the course of ECT. In patients with a
DBS, itis important to consider ECT electrode
placement. Ideally, the electrodes would be
positioned so that the ECT stimulus current
path would be directed away from the DBS
electrodes.?® While there are no reports of
adverse outcomes in patients with NCIEDs
who underwent ECT, these patients should
still be approached with caution as there is no
evidence-based safety guidelines for this
patient population.

POSTOPERATIVE CONSIDERATIONS

Prior to emergence, if the NCIED was turned
off, it should be turned back on. This will pre-
vent disease symptoms from complicating
emergence and extubation. If a representative
was needed to reprogram the NCIED, that
person should be present for emergence and
recovery. The skin around the NCIED and its
generator should be examined for any thermal
injuries and the patient should be evaluated for
any neurologic changes.

CONCLUSION

The number of patients presenting with
NCIEDs is increasing. The article is meant to be
used as a tool in the management of these
patients in the perioperative period. As these
devices are constantly being improved and
updated, good communication with the man-
aging provider or manufacturing representa-
tive is paramount.

Jacqueline M. Morano, MD, FASA, is assistant
professor of anesthesiology at the North-
western University Feinberg School of
Medicine, Chicago, IL.

Jamie L. Uejima, MD, is assistant professor of
anesthesiology at the Northwestern University
Feinberg School of Medicine, Chicago, IL.
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NCIEDs Should Be Turned Back on After the Procedure
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Sugammadex is Superior to Neostigmine for Reversing Moderate
Blockade in Renally Impaired Patients

From “Sugammadex,” Page 1

In patients not getting dialysis, there is a the-
oretical concern in anuric patients that the
rocuronium-sugammadex complex may persist
in the plasma longer leading to higher rates of
disassociation.

In clinical practice, managing patients with
renal failure who necessitate paralysis poses a
dilemma. The anesthesia professional can
either administer neuromuscular agents and
then wait until recovery of function or opt for
alternative agents like a benzylisoquinolinium
such as cisatracurium, which is not reversible by
sugammadex. A recent prospective, random-
ized, blinded, controlled trial addressed this,
comparing sugammadex and neostigmine for
reversing moderate blockade in renally
impaired patients.® The study demonstrated
sugammadex’s superiority, achieving Train-of-
Four Ratio (TOFR) >90% significantly faster
(3.5+1.6 min) compared to neostigmine (14.8 +
6.1min), without major adverse events. This sug-
gests that the use of sugammadex to reverse
moderate blockade is safe and faster than a
combination of neostigmine/cisatracurium in
renally impaired patients. Ideally, a quantitative
neuromuscular monitor should be used to
assess adequacy of reversal in these patients.

SAFETY OF SUGAMMADEX
IN PREGNANCY

The use of sugammadex in pregnancy poses
a significant dilemma for anesthesia profession-
als due to the lack of substantial evidence indi-
cating its clinical dangers in this patient
population. Despite the absence of definitive
data demonstrating harm, the Society for
Obstetric Anesthesia and Perinatology (SOAP)
guidelines restrict its use, leaving clinicians with
limited options. This cautious stance by SOAP
reflects the broader challenge in medical prac-
tice where the scarcity of conclusive research
data on drug safety in pregnancy often results
in conservative recommendations, potentially
impacting the optimal management of preg-
nant patients requiring neuromuscular block-
ade reversal. In this section, we evaluate the
current evidence on the safety, efficacy, and
side effects of sugammadex in the context of
pregnancy.

Many of the potential pregnancy-related side
effects of sugammadex stem from its potential
to bind progesterone. The initial manufacturer’s
model suggested potential binding to progestin,
prompting speculation about similar interactions
with progesterone.® Subsequent in vitro studies
have supported that sugammadex can in fact

bind to progesterone. In pregnant patients
undergoing nonobstetric surgery, there is con-
cern that sugammadex might decrease proges-
terone levels which are crucial for maintaining
pregnancy. However, the current preclinical evi-
dence on this matter is inconclusive. A single
preclinical study found that administering high-
dose sugammadex (30 mg/kg) to first-trimester
pregnant rats did not reduce endogenous pro-
gesterone levels or affect live birth or stillbirth
rates.”® Conversely, a subsequent study in
which pregnant rabbits underwent general
anesthesia including paralysis reversal with
sugammadex showed significant decreases in
progesterone levels; however, all rabbit preg-
nancies were successful, without early births or
stillbirths.® The only currently published human
evidence is a single case report that describes a
pregnant patient who underwent surgery for
ovarian torsion who did not experience any
pregnancy-related side effects following
sugammadex administration.® Large retrospec-
tive studies and a registry in which providers
report on the use of sugammadex in pregnant
patients could help better elucidate the effect of
sugammadex on pregnancy progression.®

See “Sugammadex,” Next Page
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Sugammadex Has Been Used Safely in the Pregnant Patient
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While neuraxial anesthesia is preferred in the
setting of obstetrics, general anesthesia is nec-
essary under certain conditions. As such, there
has been investigation on how sugammadex
may effect obstetric outcomes. The possible
sugammadex binding of progesterone is again
of concern in this context, as decreased proges-
terone is associated with preterm labor and pre-
term premature rupture of membranes.® A case
series involving 25 pregnant women who
received sugammadex during the antenatal
period identified no obstetric complications
directly attributable to sugammadex.”"° The
authors attribute the lack of complications to
minimal placental transfer of sugammadex and
its high affinity for rocuronium, which may pre-
vent significant sequestration of progesterone.
Given sugammadex’s elimination half-life of
about 2 hours, most of the medication should
be cleared from the bloodstream within 48
hours, implying that any potential effects on
progesterone binding would manifest shortly
within that period.

In cesarean deliveries requiring general
anesthesia, sugammadex has been shown to
be effective and safe for reversing rocuronium-
induced neuromuscular blockade at the end of
cesarean deliveries, even in cases of profound
neuromuscular block.”&" However, there is lim-
ited evidence on the effectiveness of sugam-
madex for rescue reversal in cannot-intubate/
cannot-ventilate scenarios after rapid sequence
induction.” Despite this, guidelines recommend
considering high-dose sugammadex for imme-
diate reversal in such emergencies because the
sequelae of severe hypoxia could be more det-
rimental than the potential risks that may arise
from sugammadex exposure.®

Concerns about sugammadex teratogenicity
arise from cell culture studies showing it may
promote neuronal apoptosis due to oxidative
stress,® but this effect was not seen in mice with
mature blood-brain barriers.”® Combined with
sevoflurane, increased neuronal apoptosis
occurred in mice.’ Preclinical studies found no
adverse effects in pregnant rats, but high doses
in New Zealand white rabbits caused
decreased fetal body weight and bone ossifica-
tion issues, with no malformations observed.®
No evidence exists regarding these effects in
humans.

Just as the large and polarized sugammadex
molecules may limit the drug’s ability to cross
the blood-brain barrier, these biochemical prop-
erties are also thought to limit its excretion into
breast milk.® Sugammadex passage into breast
milk is of concern because the infant’s immature
metabolism and renal function may delay clear-

FDA APPROVED FOR
CHILDREN 2 2 YEARS-OLD

Rocuronium-sugammadex complexes
can dissociate—resulting in

NO DOSING GUIDELINES FOR
INFANTS « 2YEARS-OLD

recurarization.

However, sugammadex may still be
more efficacious than
neostigmine/cisatracurium in renally

RESIDUAL WEAKNESS &

RECURARIZATION
impaired patients.

Figure 1: Use of sugammadex in special populations.

ance of the agent. An unpublished preclinical
study demonstrated peak sugammadex levels
in rat milk 30 minutes post-administration with-
out adverse effects on offspring.” However,
there is no evidence regarding sugammadex in
human breast milk.” Given the lack of human
evidence, breastfeeding immediately after
received sugammadex is discouraged due to
peak concentrations of sugammadex occurring
around one hour postdelivery and potential
increased passage into breast milk during the
early postpartum period.®

While sugammadex offers critical benefits in
pregnancy for rapid reversal of neuromuscular
blockade, uncertainties persist regarding its
interaction with progesterone, teratogenic
potential, and safety during breastfeeding.
Robust clinical data are needed to delineate
these risks comprehensively and guide safe
practices in obstetric and nonobstetric settings
where its use is necessary.

SAFETY OF SUGAMMADEX

IN THE PEDIATRIC PATIENT
When sugammadex was introduced to the
US market, FDA approval was only for use in
adults. The Bridion® package insert (Merck,
Rahway, NJ) outlined that the safety and effec-
tiveness of the drug had yet to be established in
patients under 17 years of age.? Compared to
adult patients, pharmacokinetics and pharma-
codynamic profiles vary by age group, and a
high age-dependent variability has been
observed in pediatric patients in response to
muscle relaxants and neuromuscular blockade
reversal agents.” Numerous studies and case
reports have since been published, and in 2021,
an updated package insert was released with
FDA approval for use in patients 2 years and

SUGAMMADEX PRIMARILY
EXCRETED BY KIDNEYS

'

INTERACTION WITH
PROGRESTERONE

R IENTIAL TERATOGENICITY

e e — — — —

DISCOURAGED DURING
BREASTFEEDING

older. Sugammadex provides safe, effective,
and predictable reversal of neuromuscular
blockade in pediatrics, revolutionizing care and
improving outcomes in pediatric surgical set-
tings. This section will focus on sugammadex in
different pediatric age groups, recurarization,
adverse events, and use in specific pediatric
populations.

SUGAMMADEX USAGE BY AGE GROUP
Children aged 2-17

Sugammadex has been FDA-approved for
use in children 2 years and older with the same
dosing parameters as adults for moderate and
deep blockade. The dose of 16 mg/kg forimme-
diate reversal in pediatric patients has not been
studied and is not FDA-approved for use.? Com-
pared with neostigmine, reversal of moderate
blockade with 2 mg/kg sugammadex occurred
significantly faster.® Within 3 minutes, over 90%
of the pediatric population had a TOFR > 0.9.
The time to reversal of deep neuromuscular
blockade with 4 mg/kg was consistent with
results found in the adult population.”® Sugam-
madex use was associated with a significantly
shorter duration from the administration of
reversal agents to TOFR>0.9 compared to ace-
tylcholinesterase inhibitors. There is also an
association with shorter interval from reversal of
neuromuscular blockade to extubation com-
pared to acetylcholinesterase inhibitors. These
findings demonstrate the superiority of sugam-
madex for reversing neuromuscular blockade
over the conventional drugs such as the acetyl-
cholinesterase inhibitors.™

See “Sugammadex,” Next Page
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Pediatric Patients Receiving Sugammadex Do Not Have a Higher Incidence
of Bradycardia Than Those Receiving Neostimine in the Operating Room
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Infants (less than 2 years)

Currently, sugammadex use in infants to chil-
dren under 2 years of age is considered off-
label, as safety and effectiveness data have yet
to be clearly established. There still needs to be
validated pediatric dosing, and inconsistencies
with monitoring have led to a wide range of
approaches to the use of sugammadex as a
reversal drug. Infants exhibit diverse reactions
to neuromuscular blocking agents because of
their immature neuromuscular junctions, larger
extracellular volume during development, dis-
tinct body composition, anatomy, respiratory
physiology, and muscle mass, all contributing to
varying responses to neuromuscular blocking
agents (NMBASs).”® Additionally, the morphology
of acetylcholine receptors differs from that of
adults, and neuromuscular transmission is
immature in neonates and infants until 2 months
of age. Fetal postjunctional receptors are more
sensitive to neuromuscular blockers as they
have prolonged opening times. Pharmacokinet-
ics are also affected by infants’ underdevel-
oped hepatic and renal function, which reduces
NMB clearance.’®

In a prospective pilot trial, a sugammadex
dose of 2 mg/kg was used in children aged 1-12
months old. Similar time to recovery of TOFR in
all age groups was observed with no subse-
quent TOFR decrease after initial TOFR recov-
ery to 0.9.” Redosing occurred in 4.2% of the
cases after an initial dose of 3.45 mg/kg in chil-
dren under 2 years of age. However, in this
study, the use of neuromuscular blockade mon-
itoring was inconsistent as only 43.7% of
patients received train of four monitoring.'®
Overall, there are no specific dosing guidelines
for neonates, and further investigation is
needed to determine the appropriate dose of
sugammadex in children under 2 years of age.

RESIDUAL WEAKNESS

AND RECURARIZATION
Postoperative residual paralysis impacts
respiratory function and compromises ventila-
tion, increasing the incidence of critical postop-
erative respiratory events."® The pediatric
population is more vulnerable to hypoxemia
due to smaller lung volumes, reduced Func-
tional Residual Capacity (FRC), immature respi-
ratory control and high oxygen demand, and
postoperative recurrent paralysis “recurariza-
tion.” While residual weakness and recurariza-
tion occur in both adult and pediatric
populations, children, particularly infants, have
an increased susceptibility to postoperative

respiratory complications due to anatomical
airway differences when exposed to lingering
effects of neuromuscular blocking agents.”®
The overall incidence of residual postoperative
weakness has been reported as high as 28.1%
in children, which may be due to inappropriate
neostigmine use, as it cannot reverse deep
neuromuscular block'® One of the advantages
of sugammadex is the ability to reverse both
moderate and profound block, and it has been
shown to reduce the risk of residual neuromus-
cular blockade. Multiple large-scale retrospec-
tive and prospective studies reviewed
sugammadex use in pediatrics, in which both
recurarization was not observed, and additional
doses of neuromuscular reversal agents were
not required." However, case reports have
described recurarization events that required
additional reversal. In a case series of four pedi-
atric patients with residual weakness or recura-
rization, three of the patients were under the
age of 2. After adequate reversal with sugam-
madex and extubation was executed, the
patients were noted to have a decreased respi-
ratory effort, minimal limb movement, weak-
ness, and cyanosis. In these patients, repeated
sugammadex dosing had near-immediate
improvement in ventilatory effort and strength.
An additional patient, age 11, was also noted to
be adequately reversed and required additional
sugammadex 50 minutes after the initial dose,
followed by improved ventilatory effort and
eye-opening.’” In a different case report
describing an eight-month-old with DiGeorge
and Truncus Arteriosus, who was adequately
reversed using TOF monitoring at the adductor
pollicis muscle, the patient required a repeat
sugammadex dose 20 minutes after extuba-
tion.2° While uncommon, the need for addi-
tional reversal does occur, and close monitoring
and awareness during the postoperative period
are essential to avoid complications.

ADVERSE EVENTS IN PEDIATRICS

Children can experience adverse events
such as recurarization or anaphylaxis. There are
considerations specific to the pediatric popula-
tion. In young children, cardiac output is heart
rate-dependent, and dose-dependent brady-
cardia could have a more clinically significant
hemodynamic impact.?' There was no signifi-
cant difference between patients receiving
sugammadex 2 mg/kg, 4 mg/kg, or neostig-
mine in the incidence of bradycardia while in
the operating room.” At the same time, a meta-
analysis with trial sequential analysis noted a
significantly lower incidence of bradycardia in
patients receiving sugammadex compared to

acetylcholinesterase inhibitors or placebo in the
operating room."

CONCLUSION

The evolving landscape of neuromuscular
blockade reversal continues to advance clinical
practice, and sugammadex has emerged as a
preferred agent in many settings. It has shown
efficacy and safety in many different patient
populations including those with renal impair-
ment, during pregnancy, and pediatrics. By con-
tinuing to expand clinical evidence, anesthesia
professionals can optimize patient care and
safety in the management of neuromuscular
blockade and reversal.

Kevin Yang, BS, is a fourth-year medical student,
Keck School of Medicine of the University of
Southern California.

Christina Ratto, MD, is an assistant clinical pro-
fessor of anesthesiology, co-medical director of
anesthesia services, Keck School of Medicine of
the University of Southern California.

Joseph Szokol, MD, is a professor of clinical anes-
thesiology, Keck School of Medicine of the Uni-
versity of Southern California

Ashly Osumi, MD, is a CA-1anesthesiology resi-
dent in the USC/LA General anesthesiology
program.

The authors have no conflicts of interest.

REFERENCES

1. Thilen SR, Weigel WA, Todd MM, et al. 2023 American
Society of Anesthesiologists practice guidelines for
monitoring and antagonism of neuromuscular block-
ade: a report by the American Society of Anesthesiolo-
gists Task Force on Neuromuscular Blockade.
Anesthesiology. 2023;138:13—41. PMID: 36520073.

2. Bridion (sugammadex) {prescribing information].
Rahway, NJ: Merck & Co., Inc.; 2022. https://www.
merck.com/product/usa/pi_circulars/b/bridion/bridion_
pi.pdf. Accessed December 12, 2024.

3. Bom A, Bradley M, Cameron K, et al. A novel concept of
reversing neuromuscular block: chemical encapsula-
tion of rocuronium bromide by a cyclodextrin-based
synthetic host. Angew Chem Int Ed Engl. 2002;41:266—
270. PMID: 12491405.

4. Cammu G, Van Vlem B, van den Heuvel M, et al. Dialys-
ability of sugammadex and its complex with rocuronium
in intensive care patients with severe renal impairment.
BrJ Anaesth. 2012;109:382-390. PMID: 22732111.

5. Oh MW, Mohapatra SG, Pak T, et al. Sugammadex
versus neostigmine for reversal of neuromuscular
blockade in patients with severe renal impairment: a
randomized, double-blinded study. Anesth Analg.
2024;138:1043-1051. PMID: 38190344.

6. Gaston IN, Lange EMS, Farrer JR, Toledo P. Sugamma-
dex use for reversal in nonobstetric surgery during
pregnancy: a reexamination of the evidence. Anesth
Analg. 2023;136:1217-1219. PMID: 37205805.

See “Sugammadex,” Next Page


https://pubmed.ncbi.nlm.nih.gov/36520073/
https://www.merck.com/product/usa/pi_circulars/b/bridion/bridion_pi.pdf
https://www.merck.com/product/usa/pi_circulars/b/bridion/bridion_pi.pdf
https://www.merck.com/product/usa/pi_circulars/b/bridion/bridion_pi.pdf
https://pubmed.ncbi.nlm.nih.gov/12491405/
https://pubmed.ncbi.nlm.nih.gov/22732111/
https://pubmed.ncbi.nlm.nih.gov/38190344/
https://pubmed.ncbi.nlm.nih.gov/37205805/

APSF NEWSLETTER February 2025

PAGE 9

Sugammadex is Emerging as a Preferred Agent
in Many Special Populations

From “Sugammadex,” Preceding Page

7.

Richardson MG, Raymond BL. Sugammadex adminis-
tration in pregnant women and in women of reproduc-
tive potential: a narrative review. Anesth Analg.
2020;13:1628-1637. PMID: 31283616.

. Do W, Cho AR. What we need to know and do on

sugammadex usage in pregnant and lactating women
and those on hormonal contraceptives. Anesth Pain
Med (Seoul). 2023;18:114-122. PMID: 37183279.

. Varela N, Lobato F. Sugammadex and pregnancy, is it

safe? J Clin Anesth. 2015;27:183-184. PMID: 25516396.

. Singh S, Klumpner TT, Pancaro C, et al. Sugammadex

administration in pregnant women: a case series of
maternal and fetal outcomes. A A Pract. 2021;15:e01407.
PMID: 33626026.

. Pihringer FK, Kristen P, Rex C. Sugammadex reversal of

rocuronium-induced neuromuscular block in Caesar-
ean section patients: a series of seven cases. Br J
Anaesth. 2010;105:657-660. PMID: 20736231

. Won YJ, Lim BG, Lee DK, et al. Sugammadex for rever-

sal of rocuronium-induced neuromuscular blockade in

pediatric patients. Medicine. 2016;95:e4678. PMID:
27559972.

. Voss T, Wang A, DeAngelis M, et al. Sugammadex for
reversal of neuromuscular blockade in pediatric
patients: results from a phase IV randomized study.
Paediatr Anaesth. 2021; 32:436-445. PMID: 34878707.

14. Lang B, Han L, Zeng L, et al. (2022). Efficacy and safety

of sugammadex for neuromuscular blockade reversal
in pediatric patients: an updated meta-analysis of ran-
domized controlled trials with trial sequential analysis.
BMC Pediatr. 2022;22:295. PMID: 35590273.

15. Scheffenbichler FT, Rudolph MI, Friedrich S, et al.

Effects of high neuromuscular blocking agent dose on
post-operative respiratory complications in infants and
children. Acta Anaesthesiol Scand. 2020;64:156-167.
PMID: 31529484.

16. Cates AC, Freundlich RE, Clifton JC, Lorinc AN. Analysis

of the factors contributing to residual weakness after
sugammadex administration in pediatric patients under
2 years of age. Paediatr Anaesth. 2023;34:28-34.
PMID: 37792601.

Donate to APSF

Contributions of $250 or more will be listed in the
APSF Newsletter and on the APSF website.

Individuals making annual recurring contributions
of $250 or more will receive the new APSF vest.

In the US, your contribution is tax-deductible to the extent of the law
(APSF Tax Identification Number 51-0287258)

Donate at the Anesthesia Patient Safety Foundation (apsf.org/donate)

17. Zhang R, Hu J, Li S ,et al. Effects of age on sugamma-
dex reversal of neuromuscular blockade induced by
rocuronium in Chinese children: a prospective pilot trial.
BMC Anesthesiol. 2021,21:248. PMID: 34666673.

18. Tobias JD. Current evidence for the use of sugamma-
dex in children. Paediatric Anaesthesia. 2017;27:118—
125. PMID: 27859917.

29. Lorinc AN, Lawson KC, Niconchuk JA , et al. Residual
weakness and recurarization after sugammadex
administration in pediatric patients: a case series. A A
Pract. 2020;14:e01225. PMID: 32539277.

20.Carollo, DS, White WM. Postoperative recurarization in
a pediatric patient after sugammadex reversal of
rocuronium-induced neuromuscular blockade: a case
report. A A Pract. 2019;13:204-205. PMID: 30985317.

. Gaver, RS, Brenn, BR, Gartley, A, Donahue BS. Retro-
spective analysis of the safety and efficacy of sugam-
madex versus neostigmine for the reversal of
neuromuscular blockade in children. Anesth Analg.
2019;129:1124-1129. PMID: 31584918.

2



https://pubmed.ncbi.nlm.nih.gov/34666673/
https://pubmed.ncbi.nlm.nih.gov/27859917/
https://pubmed.ncbi.nlm.nih.gov/32539277/
https://pubmed.ncbi.nlm.nih.gov/30985317/
https://pubmed.ncbi.nlm.nih.gov/31584918/
https://pubmed.ncbi.nlm.nih.gov/27559972/
https://pubmed.ncbi.nlm.nih.gov/34878707/
https://pubmed.ncbi.nlm.nih.gov/35590273/
https://pubmed.ncbi.nlm.nih.gov/31529484/
https://pubmed.ncbi.nlm.nih.gov/37792601/
https://pubmed.ncbi.nlm.nih.gov/31283616/
https://pubmed.ncbi.nlm.nih.gov/37183279/
https://pubmed.ncbi.nlm.nih.gov/25516396/
https://pubmed.ncbi.nlm.nih.gov/33626026/
https://pubmed.ncbi.nlm.nih.gov/20736231/
https://apsf.org/FUND
https://www.apsf.org/donate/

APSF NEWSLETTER February 2025

PAGE 10

Battling Medical Misinformation: An Important Patient Safety Issue
for Health Care Professionals

by George Tewfik, MD, MBA, FASA, and Raymond Malapero, MD, MPH, FASA,

PREVALENCE OF MEDICAL
MISINFORMATION

Medical misinformation can have a profound
impact on perioperative patient safety. With
users numbering in the billions, platforms such
as Facebook, Instagram, TikTok, X (formerly
Twitter), Snapchat, Pinterest, Reddit, Messen-
ger, and YouTube command an ever-increasing
share of the public’s time, attention, and depen-
dence.! Consequently, they have also become
primary sources of information for politics,
sports, general knowledge, and news for the
general public. Statistics published by Pew
Research in 2022 show that adults under the
age of 30 actually trust information from social
media almost as much as national news outlets,
and in 2023, half of US adults get news at least
some of the time from social media.?®

The relationship between medical care and
information on the internet has been fraught
since the early days of the internet, predating
the more recent increase of medical misinfor-
mation. According to the United States Office of
the Surgeon General, medical misinformation is
“information that is false, inaccurate, or mislead-
ing according to the best available evidence at
the time.” The term “cyberchondria” was first
coined more than two decades ago to describe
heightened distress or anxiety caused by
review of medical information on the internet.®
One framework to explain the etiology of this
distress suggests that patients with pre-existing
anxiety seek out additional information on the
internet for reassurance. Given the possibly
unreliable nature of this information, alarm and
surprise may follow, causing some patients or
family members to find reassurance, whereas
others do not. Those that fail to find reassur-
ance seek out even more online health
research, which often produces more anxiety
and a self-perpetuating cycle takes hold.®

Misinformation can affect understanding of
public health concerns, as was seen in the
recent COVID pandemic when concerns were
expressed regarding social distancing, mask
mandates, and vaccination.”® Perioperative
medicine is no less affected. Patients present-
ing for labor pain may hesitate to consent for an
epidural for analgesia if they consumed medical
misinformation regarding potential side effects
or complications. In 2022, a scoping review to
assess the most common patient-reported bar-
riers regarding epidural use in labor found that
patients feared maternal side effects, fetal com-
plications, prolonged labor, and paralysis,
among other concerns.®

Table 1: Sampling of Categories of Medical Misinformation in Anesthesiology With
Associated Questions/Statements From Patients or Family Members.

Common misinformation about
anesthesia

Intraoperative awareness

Sample patient/family concerns

“Will | wake up during surgery?”

“Please don’t let me wake up during surgery!”

“I saw a movie once, and they were awake during the
surgery.”

Medications given are very
dangerous (propofol, fentanyl, etc.)

“Are you going to give me that fentanyl stuff?”

“I've heard you use that stuff that killed Michael
Jackson.”

“Don’t use that on me, are you trying to make me an
addict?”

“Matthew Perry died from ketamine. Don’t give me
that!”

Anesthesia changes postoperative
behavior (e.g., truth serum, seizures)

“Don’t let me say anything stupid in there.”

“Can you get seizures from anesthesia?”

Epidurals cause permanent damage

“Don’t those things paralyze you?”

“l know you can get bad back pain from those things.”

“You just want me to have that so | don’t get any pain
meds.”

Nerve blocks do not work

“I've heard those things never work and can really
hurt!”

Sedation is safer versus general

“I know sedation is so much safer—can | have that
instead?”

anesthesia

“I've heard people die undergoing general
anesthesia all the time.”

“You don’t even know how that stuff works?”

Understanding how anesthesia
works

“How do you give medication when you don’t know
what it does?”

A similar situation may present when discuss-
ing peripheral nerve block techniques for post-
operative analgesia, especially if patients found
medical misinformation on public health forums.
These forums are often not moderated, and the
personal anecdotes on these forums can influ-
ence patients, both positively and negatively.
For example, there was significant public con-
cern regarding peripheral nerve blocks follow-
ing the lawsuit filed by professional American
football player Sharrif Floyd against renowned
orthopedic surgeon James Andrews, MD, and
his colleagues. Floyd attributed his career-end-
ing injuries to both his knee procedure and the
nerve block that followed, with possible embel-
lishments or sensationalism of the story causing
panic and fear among future patients needing
orthopedic surgery. There are reliable sources
of information, such as the in-depth analysis
provided by journalist Michael McCann in

Sports llustrated, as well as the text of the legal
complaint." However, there are also sources of
potential misinformation, such as a Reddit page
featuring a robust discussion of theories regard-
ing the case, and an X/Twitter post that also fea-
tured speculation and comments that may
appear knowledge-based for members of the
general public.?

Sensationalism in news stories may even
cause patient fear and hesitancy when discuss-
ing medication selection (Table 1). For example,
following the death of Michael Jackson,
patients became very concerned with the
administration of propofol, despite its high
safety profile when administered by a trained
anesthesia professional. Recent negative cov-
erage regarding fentanyl and its use in illicit
drugs may cause undue panic, as well.

See “Misinformation,” Next Page
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Medical Misinformation May Negatively Impact Patient Safety
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Figure 1: Potential consequences of medical misinformation in anesthesiology.
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THE IMPACT OF MEDICAL

MISINFORMATION ON PATIENT SAFETY

Medical misinformation may negatively
impact patient safety throughout the periopera-
tive period. The detrimental effects of such mis-
information may be grouped into three
categories: fear and anxiety, delay of treatment,
and avoidance of treatment (Figure 1). Fear and
anxiety may cause psychological distress,
which can lead to perseveration on concerns,
gastrointestinal upset, sleep loss, and more. In
addition, such negative feelings may provoke
physiologic sequelae such as blood pressure
and heart rate changes. These physical and
psychological effects can further lead to patient
noncompliance.

Delays in treatment may also occur. For
example, if a patient initially refuses neuraxial
anesthesia due to fear of labor epidurals, this
may lead to last-minute epidural analgesia
requests as the baby is about to deliver, leading
to a rushed provider placing an epidural on an
actively contracting patient. It may lead to
increased risk in complicated pregnancies,
such as those in patients suffering from pre-
eclampsia. Although use of epidurals to control
blood pressure in preeclampsia is controversial,
early epidural placement is encouraged in par-
turients with preeclampsia to minimize the need
for general anesthesia in the event of an emer-
gent cesarean delivery.®* Peripartum safety
may therefore be compromised by the intro-
duction of medical misinformation if a delay pre-
cludes safe and efficacious epidural use.

The final category is avoidance of treatment.
This may affect not only the anesthetic plan

developed by the care team, but also may
affect a patient’s clinical course. For example,
a patient with pulmonary comorbidities may
not receive the most optimal perioperative
care if they refuse to receive a regional anes-
thetic nerve block due to misinformation about
the risk of paralysis or local anesthetic toxicity.
The patient’s pain may instead be treated with
opioids, resulting in the potential for respira-
tory depression and airway obstruction and
possible downstream complications and
delayed discharge. Another example is the
patient that may have benefited from a labor
epidural, but instead encounters severe labor
pain that remains untreated and may even
develop acute stress, or even post-traumatic
stress disorder, secondary to their experience
during peripartum period.®

HOW TO MINIMIZE THE IMPACT OF
MEDICAL MISINFORMATION ON
PATIENT SAFETY

What can be done to combat misinformation
and to ensure that it does not impact patient
safety? Awareness among anesthesia profes-
sionals must be increased. Patients who ask
such questions as “Will | wake up during sur-
gery” or “Don’t epidurals mess up your back
forever?” may be heavily influenced by seeing
a video on TikTok or reading a post on Face-
book. A friend or family member may have sent
them an anxiety-producing video from You-
Tube in anticipation of their planned surgical
procedure, leading to increased concern. Clini-
cians must be aware that these comments or
questions are not seemingly random or fleet-
ing thoughts, but may be deeply rooted in anxi-
ety provoked by misinformation. It is important
to consider that the genesis of these questions

is fear-based, and though it may arise from
incorrectinformation or irrational concerns, the
patient will continue to suffer anxiety if these
questions are not answered in a compassion-
ate and thoughtful manner.

After facilitating awareness of this potential
phenomenon, it is important to demonstrate
empathy for a patient and not to be dismissive.
Statements should be used such as “I'm sure
this process can be very scary” or “| under-
stand you have some concerns; let’s discuss
them further.” Validation of one’s fear, instead
of dismissing their concerns as unreasonable,
is a valuable first step to attenuating fear and
establishing trust between the clinician and
patient. Building trust with a patient during the
preoperative evaluation is always an important
aspect of a focused and targeted evaluation,
but it gains new importance when the patient
has anxiety due to misinformation.

Upon taking action to build trust, the anesthe-
siology professional should seek to carefully
inquire regarding the patient’s misinformation
and to use facts to reassure the patient and their
family. However, it is important to remember the
importance of patient autonomy. One should not
attempt to aggressively persuade a patient,
especially for an elective intervention such as a
regional anesthetic. Often, this will not only fail to
persuade a patient, but may reinforce negative
perceptions regarding health care professionals.
Nonetheless, empathy, patience, and a willing-
ness to listen to a patient’s concerns are often
enough to adequately address the concerns
regarding anesthetic care that have been intensi-
fied by fear and anxiety due to misinformation.

Unsurprisingly, regulatory agencies and
public health organizations have recognized the
potentially disastrous impact on patient safety
related to medical misinformation. In 2021, the
United States Surgeon General released an
“Advisory on Building a Healthy Information
Environment.”"® This valuable resource offers
further recommendations for health care pro-
fessionals regarding false or misleading data.
The recommendations include such items as
proactively engaging with patients and the
public regarding health information, using
empathy, and accessible language. Further-
more, health care professionals are encouraged
to use technology and electronic communica-
tions platforms to share accurate health infor-
mation with the public at large. Finally,
partnerships with community and local officials
are encouraged to help develop localized mes-
saging to address health care concerns in an
accurate manner.

Verification of medical information is a com-
plex task, especially for patients and family
members who lack medical training. Itis impor-

See “Misinformation,” Next Page



APSF NEWSLETTER February 2025

PAGE 12

Patients Can Be Heavily Influenced by Social Media
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tant for medical professionals who interact
with a patient in the preoperative period to
refer discussions regarding anesthesia (espe-
cially the choice of techniques and associated
risks/benefits) to the anesthesia professional
who will take care of the patient. Confusion
often results when an unqualified person
makes suggestions about possible techniques
and medications, as well as their associated
potential side effects. The preoperative evalu-
ation and consultation with the designated
anesthesia professional will be the single most
important source of relevant information for a
patient and their family. However, the impetus
to consume information regarding anesthesia
prior to a procedure is understandable, and
patients should be directed (if necessary) to
trusted and reputable sources of medical infor-
mation on the internet, such as the APSF
Patient Guide to Anesthesia and Surgery, that
are designed for nonclinicians.”

It is important for anesthesia professionals
to remember that medical misinformation may
negatively affect patients and their families.
Members of the public may seek out informa-
tion prior to a surgical procedure or be sent
information by loved ones. That information
may be incorrect or sensationalized, thus
affecting a patient’s perceptions regarding
anesthetic care. Utilizing empathy, patience,
and facts, one may work to address medical
misinformation to prevent fear and anxiety,

delayed treatment, or the avoidance of appro-
priate medical care.

George Tewfik is an associate professor of
anesthesiology at Rutgers New Jersey Medical
School in Newark, NJ.

Raymond Malapero is a clinical assistant profes-
sor of anesthesiology at Rutgers New Jersey
Medical School in Newark, NJ, and is the vice
chair of anesthesiology at Jersey Shore Univer-
sity Medical Center in Neptune, NJ.

The authors have no conflicts of interest.
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APSF Initiative Against Medical Misinformation

by Salvador Gullo Neto, MD, PhD, BCMAS, and Maria van Pelt, PhD, CRNA, CNE, CPPS, FAAN, FAANA

Patient Guide to
Anesthesia & Surgery

ay

BE, P

Technological advances, including online plat-
forms, present both opportunities and chal-
lenges in health care communication. As the
article by Tewfik and Malapero on medical misin-
formation describes, while these platforms
enable widespread information sharing, they
can also facilitate the spread of misleading and
unscientific content that can negatively impact
patients and their families.

As health care professionals, we have a funda-
mental responsibility to counter misinformation

with evidence-based, scientifically accurate
information from reliable sources. Since we
cannot control what others post on the internet,
our best strategy is to establish a strong pres-
ence in digital spaces, providing scientific evi-
dence and medical information to help combat
misinformation.

Many national organizations have established
adigital presence, including the APSF who most
recently launched the APSF Patient Guide to
Anesthesia & Surgery, developed by the APSF
Patient Engagement Working Group. Our meth-
odology focuses on identifying and addressing
the most common concerns about anesthesia
side effects and surgical risk factors, as well as
other frequently asked questions patients have
before surgery. Since its launch last year, we
have seen consistent organic growth, reaching
9,000 monthly visits to the APSF Patient Guide

to Anesthesia & Surgery by October 2024, and
demonstrating the public’s desire for trustworthy
medical information.

The perioperative period presents a crucial
opportunity for anesthesia professionals to
effectively communicate with patients. By
actively listening with empathy and sensitivity,
clinicians can build and strengthen trust. This
relationship serves as the foundation for combat-
ing misinformation and enhancing patient safety.
Salvador Gullo Neto, MD, PhD, is an assistant

professor of surgery, School of Medicine, PUCRS,
Porto Alegre, RS, Brazil.
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Editorial: Euglycemic Ketoacidosis Concerns in
Perioperative Use of SGLT2 Inhibitors:
Re-Examining Current Recommendations

by Soyun M. Hwang, MD; Arney S. Abcejo, MD; Adam K Jacob, MD; Jesse M. Raiten, MD; and Manpreet S. Mundi, MD

Over the past decade, sodium-glucose
cotransporter-2 inhibitors (SGLT2i) have been
well established as excellent therapeutic
agents for the management of type 2 diabetes
mellitus (T2DM).! Several randomized con-
trolled trials (EMPEROR and CANVAS) have
further established that SGLT2i demonstrate
additional benefits in heart failure and chronic
kidney disease, leading to their increased prev-
alence in the perioperative setting.>* However,
there has been growing concern regarding
euglycemic ketoacidosis, an uncommon but
life-threatening side effect associated with
SGLT2i use.' SGLT2i inhibit glucose reabsorp-
tion in the proximal convoluted tubule resulting
in glycosuria and reductions in serum glucose
levels without an increase in insulin levels.
Additionally, glucagon production can be stim-
ulated resulting in lipolysis, ketoacid produc-
tion, and, rarely, anion gap metabolic acidosis.®
Since several perioperative factors (e.g., fasting
state, increase in stress hormones) can exacer-
bate this risk, anesthesia professionals must
carefully consider the risk of perioperative
SGLT2i-associated ketoacidosis.

REVIEW OF CURRENT
RECOMMENDATIONS AND
CHALLENGES

Currently, there is no consensus on periop-
erative management of SGLT2i and many pub-
lished recommendations are outdated or based
on limited data (Table 1). In 2020, an article in
Anesthesiology recommended continuing
SGLT2i for ambulatory surgery but stopping on
the morning of surgery.® However, these rec-
ommendations were extrapolated from expert
opinions. In addition, they were published
before United States Food and Drug Adminis-
trative (FDA) updated its recommendation to
stop SGLT2i at least 3—4 days before all sched-
uled surgery. The FDA’s current recommenda-
tions also appear to be based on limited case
reports and the elimination half-life of SGLT2i.!
In 2023, the validity of the FDA recommenda-
tions were evaluated by reviewing 99 reported
cases of SGLT2i associated diabetic ketoacido-
sis; no cases were found in patients who held
SGLT2i for longer than 3 days.” Despite this
being the largest systematic review to date on
the subject, only 58.6% of the reviewed cases
discontinued SGLT2i preoperatively, making
the study further underpowered, and none of
the reviewed cases discontinued SGLT?2i for
more than 2 days preoperatively. Despite a lack
of validity, the FDA's recommendation has been
adopted by several organizations. Other indi-
vidual institutions have published their own rec-

Table 1: Summary of Current Notable Recommendations on Perioperative SGLT2i Use.

Organization

Perioperative Guideline

Consideration

¢ United States Food and ¢ Canagliflozin, dapagliflozin, o Updatedin 2020 based on series
Drug Administration (FDA)' empagliflozin—hold for 3 days of case studies and each agent’s
prior to surgery. elimination half-life, which is not the
R o same as pharmacologic half-life
Frtugiflozin—holdfordays | (56|21 have shown prolonged
P gery- clinical effect over a week after
cessation.)
¢ No studies to date that validate its
3-4 day hold time.
¢ No recommendation foremer-
gency surgery or other surgical
considerations.
¢ American Association of ¢ Stop 24—48 hours prior to * Based on asmall number of case
Clinical Endocrinologists scheduled surgery. reports and expert opinion.
i) Amer'lcan Colizge ¢ Immediate cessation for e |[nitially published as position state-
of Endocrinology in 2016 and . di
(AACE/ACE)E® emergentsurgery. mentin and was re-|t§rate in
consensus statement published in
2020, but without further updates.
¢ American Diabetes ¢ Endorses FDA recommendations.
Association
¢ American College of ¢ Endorses FDA recommendations.
Cardiology

ommendations, but these are still based on
limited case reports and do not demonstrate
consensus on hold times for SGLT2i.8™°

Several factors contribute to the current lack
of evidence for perioperative management of
SGLT2i. The most concerning factor is that, due
to its atypical presentation, SGLT2i-associated
euglycemic ketoacidosis is underreported,
which makes it challenging to understand its
prevalence and impact on a patient’s perioper-
ative outcome." In fact, outside the periopera-
tive setting, two large meta-analyses assessing
82 randomized controlled trials demonstrated
that SGLT2i are not significantly associated with
a higher risk of diabetic ketoacidosis compared
to other hypoglycemic agents.”>'® Position
statements from the American Association of
Clinical Endocrinologists and American Col-
lege of Endocrinology also suggest that the risk
of diabetic ketoacidosis associated with SGLT2i
is no greater than the low levels occurring in the
general diabetes population.2 However, neither
the meta-analyses nor position statements spe-
cifically comment on the risk of euglycemic
ketoacidosis, which is marked by a different
clinical presentation, diagnostic criteria, and
occurrence rate. The question remains: what
makes SGLT2i administration an exceptional
risk factor for euglycemic ketoacidosis com-
pared to other hypoglycemic agents during the

perioperative period? Are there other periop-
erative factors that affect the risk of SGLT2i-
associated euglycemic ketoacidosis? Several
sources repeatedly comment that these critical
questions are yet to be answered, which
impedes the development of evidence-based
perioperative guidelines for SGLT2i.

RECENT UPDATES ON PERIOPERATIVE
SGLT2I USE

Based on an updated review of current litera-
ture, there are new findings that elucidate the
prevalence and impact of perioperative SGLT2i-
associated diabetic ketoacidosis. In 2022, the
first and largest population-based study exam-
ining the incidence rate of SGLT2i-associated
postoperative diabetic ketoacidosis was
published. The incidence of postoperative dia-
betic ketoacidosis within 30 days postopera-
tively was six times higher in SGLT2i users
compared to nonusers, which is much higher
than previously suspected. SGLT2i users who
developed diabetic ketoacidosis postopera-
tively had higher rates of complications (e.g.,
need for mechanical ventilation, infection,
longer hospital stay) and overall increased mor-
tality. This is the first study to establish SGLT2i as
an independent risk factor for developing post-
operative diabetic ketoacidosis.

See “Re-Examination,” Next Page
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Recognition of Perioperative Euglycemic Ketoacidiosis Can Be Challenging

Table 2: Factors That Can Increase the Risk of Perioperative SGLT2i-Associated
Euglycemic Ketoacidosis.

From “Re-Examination,” Preceding Page

However, this population study did not have
uniform diagnostic criteria for diabetic ketoacido-
sis and did not clarify which of them, if any, were
euglycemic at presentation. This is concerning
since SGLT2i can cause prolonged glycosuria
and ketonemia up to 9-10 days after cessation,
which can confound the diagnosis.’® In fact, a
2023 single-institution retrospective analysis
showed that all patients on SGLT2i, after average
preoperative hold time of 1.5 days, developed
some degree of ketoacidosis with mean increase
in anion gap from 12.6 mmol/L preoperatively to
13.4 mmol/L postoperatively.'® These findings

Underlying comorbidities

Female sex Suggested based on case review.”

Previously suggested as an independent factor.”"®
Recently, HgbAlc >8% reported to cause 3.1-fold increased risk."

Advanced or poorly controlled
T2DM

Liver disease Suggested as liver function is critical in glucose metabolism®

Concomitant insulin use Recently reported to cause 2.8-fold increased risk.*

Obesity
Surgical type

Suggested due to ketosis”

Previously suggested as an independent factor associated with as

t that diaanosis of clinically sianificant Emergency much as 25% of SGLT2-associated DKA.”®
suggest that diagnosis of clinically signitica Recently reported to cause 24.5-fold increased risk."
ketoacidosis is a complex clinical consideration of . : :
not just pertinent laboratory values, but also clini- Bariatric Su‘pported by seyeral syﬁtematlc reviews a§1? prominent factor due
. . to its postoperative nutrition management.”
cal symptoms and presenting circumstances.
Without clear diagnostic criteria differentiating Cardiac Suggested through several case reports.”®

the types of ketoacidosis, we may not under-
stand the true incidence and impact of SGLT 2i-
associated euglycemic ketoacidosis, which
continues to hinder the development of evi-
dence-based perioperative SGLT2i guidelines.

Other perioperative considerations

Pre- and Postoperative
hypovolemia

Suggested as it can mask the usual hyperglycemia
induced polyuria."

Supported by current guidelines, reviews and meta-analyses; inad-

Postoperative nutrition equate nutrition can worsen postoperative catabolic state and

PRACTICE CONSIDERATIONS
AND RECOMMENDATIONS

There are several perioperative factors that
should be considered when assessing the risk of
SGLT2i-associated diabetic ketoacidosis (Table
2). Advanced T2DM (HgbAlc >8%) was recently
reported to increase the risk by 3.1-fold.* Emer-
gent surgery, which was previously suggested as
arisk factor given its inherent stress and urgency,
was also recently reported to increase the risk by
24.5-fold* Bariatric surgery has long been con-
sidered a risk factor as perioperative SGLT2i-
associated euglycemic ketoacidosis was first
reported in bariatric patients, thought due to post-
operative dietary changes as well as complica-
tions.”" This concern can be expanded to
consider adequate postoperative nutritional
intake (to overcome postoperative catabolic state)
as anindicator for when to resume SGLT2i. Such a
complex variety of factors should be incorporated
when developing a guideline to manage patients
on SGLT2i. For example, the University of Penn-
sylvania recently published a comprehensive sin-
gle-center guideline incorporating factors such as
anticipated procedure duration, anesthesia type,
preoperative HgbAlc and glucose and basic
metabolic panel, and underlying patient comor-
bidities to better identify which patients may be at
high risk of perioperative SGLT2i-associated eug-
lycemic ketoacidosis.” While this guideline still
endorses the FDA recommendation for preopera-
tive SGLT2i cessation and needs further evidence
for optimization, this is the first published
approach to developing an algorithm to guide the
management of high-risk euglycemic ketoacido-
sis cases for anesthesia providers taking care of
patients on SGLT2i.

worsen metabolic complications.'®

Infection/sepsis

Suggested as it can impair adequate glycemic control and cause
physiological stress.”"

Glucocorticoid use

resistance.”

Suggested as it can promote hyperglycemia and insulin

T2DM: Type 2 Diabetes Mellitus; DKA: Diabetic Ketoacidosis

Finally, it is important to highlight that for cer-
tain patients, SGLT2i cessation in the periopera-
tive setting may be more harmful. At the end of
EMPEROR trials that demonstrated cardiopro-
tective benefit of empagliflozin, the patients
who were prospectively withdrawn from treat-
ment had increased risk of cardiovascular death
and hospitalization for heart failure within
30 days of discontinuation back to pretreat-
ment baseline.® Given the rapid reversal of the
cardioprotective benefits of SGLT2i, some
advocate for early detection and treatment of
ketoacidosis (e.g., intraoperative lab monitoring
for acidosis and insulin infusion use) rather than
perioperative discontinuation of SGLT2iin heart
failure patients.”>2° There also has never been a
case of euglycemic ketoacidosis in patients
taking SGLT2i for cardiorenal indications in the
absence of T2DM, so SGLT2i should be contin-
ued in this population.”

We suggest a perioperative algorithm for
patients on SGLT2i (Figure 1, next page). Given
the lack of evidence in current literature, this
algorithm may not apply to every case. How-
ever, we highlight the most significant periop-
erative considerations supported by current
data, such as emergent procedures and other
confounding risk factors for diabetic ketoacido-
sis.”M41819 Eor emergent or urgent procedures,

we recommend proceeding with surgery with
close perioperative monitoring for acidosis and
early initiation of insulin infusion, as the risk of
delaying surgery may outweigh the risk of dia-
betic ketoacidosis. While data are lacking, the
current FDA and other institutional guidelines
suggest holding SGLT2i for all scheduled sur-
geries, including outpatient procedures with
expected rapid return to preoperative state. °
Therefore, for elective procedures, if the patient
is considered high risk, we recommend
rescheduling surgery, but if the patient is con-
sidered low risk, we recommend assessing
other patient and surgical factors.” For non-
diabetic patients taking SGLT2i for heart failure
or cardiorenal protection, we do not believe this
algorithm applies; based on current data, they
should continue SGLT2i and are considered at
low risk for diabetic ketoacidosis. However,
depending on other confounding risk factors,
they too may require close perioperative moni-
toring for acidosis.

In summary, we believe that SGLT2i pose an
increased risk for diabetic ketoacidosis and
other morbidities in the perioperative setting.
However, the optimal preoperative hold time
for SGLT2i and how cases should be handled if
the hold time is not met remains controversial.

See “Re-Examination” Next Page
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The latter is particularly important for anesthe-
sia professionals as many patients currently do
not adhere to a universal hold time. While fur-
ther research is needed, we encourage clini-
cians to consider the currently reported risk
factors, along with other patient and surgical
factors, to risk-stratify and individualize the
management of patients taking SGLT2i, from
case cancellation consideration to enhanced

postoperative monitoring.
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Brad Steenwyk

Shepard B. Stone, DMSc, PA

Jonathan M. Tan, MD, MPH,
MBI

Samuel Tirer

Laurence and Lynn Torsher
Andrea Vannucci

Maria van Pelt

Christine Vo, MD, FASA
Matthew B. Weinger, MD
Andrew Weisinger
Suzanne Wright

Margaret Wypart DVM,
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Shannon and Yan Xiao
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John J. McAuliffe lll, MD, MBA
(in honor of Timothy W. Martin,
MD, FASA)
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Maureen McLaughlin
Margaret Meenan (in memory
of Francis and Maureen
Meenan)

Jay and Beth Mesrobian
Michael Miller

Sara Moser (in honor of

Mark Warner, MD)
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Christopher O’Connor
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Olympio

Dr. Fredrick Orkin

Sephalie Patel

Amy Pearson (in honor

of Sara Moser)

Lee S. Perrin, MD

Paul Pomerantz

Timothy D. Saye, MD

Scott A. Schartel

George and Jo Ann Schapiro
(in honor of Robert Stoelting,
MD)

Wendy J. Sharp, MD
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Steve and Janice Barker

Dan and Cristine Cole

Karma and Jeffrey Cooper

Burton A. Dole, Jr.

Dr. John H. and Mrs. Marsha
Eichhorn

Jeffand Debra Feldman

David Gaba, MD, and Deanna Mann
Drs. Alex and Carol Hannenberg
Drs. Joy L. Hawkins and Randall
M. Clark

Dr. Eric and Marjorie Ho

Della M. Linand Lee S. Gueriter
Drs. Michael and Georgia Olympio
Paul Pomerantz

Lynnand Fred Reede

Bill, Patty, and Curran Reilly

Dru and Amie Riddle

Steven Sanford

Dr. Ephraim S. (Rick) and

Eileen Siker

RobertK. Stoelting, MD

Brian J. Thomas, JD, and Keri Voss
Mary Ellen and Mark Warner

Drs. Susan and Don Watson
Matthew B. Weinger, MD, and

Lisa Price

Note: Donations are always welcome. Donate online (https://www.apsf.org/donate_form.php) or mail to APSF, P.O. Box 6668, Rochester, MN 55903.
(Donor list current as of December 1, 2023-December 31, 2024.)
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The Open Oximetry Project: Safe and Accurate Pulse
Oximeters for All Skin Tones

by Daryl Dorsey, BS; Fekir Negussie, MPH; Elizabeth Igaga, MMed; Tyler Law, MD, MS; and Michael Lipnick, MD

Pulse oximetry has long been a cornerstone
of patient safety both inside and outside the
operating room. However, data emerged
during the COVID pandemic revealing health
care disparities that may be linked to underper-
formance of these essential devices. Most nota-
bly during the pandemic, patients with darker
skin tones experienced delays in treatment!
This delay can lead to worse health care and
health outcomes. Although these concerns
have persisted for years with relatively little
attention prior to the pandemic, increasing data
on potential harms from inequitable device per-
formance have renewed interest from the
public and regulatory agencies.?® There is a
need to understand and address the root cause
of pulse oximeter performance issues in
patients with darker skin tone.

The Open Oximetry Project, spearheaded by
University of California San Francisco’s Hypoxia
Lab and Center for Health Equity in Surgery and
Anesthesia, was formed as a collaborative initia-
tive to tackle this issue. This group’s foundational
goal was to uncover why some pulse oximeters
underperform in patients with darker skin tone
and to develop solutions to promote equitable
performance. The project has multiple facets,
including (1) data collection in healthy human vol-
unteers as well as critically ill patients; (2) data
sharing through an open-source data repository
and open-access website (OpenOximetry.org)
providing device performance data; (3) commu-
nication of best practices with health care provid-
ers, and convening a collaborative community of
stakeholders from around the world (Figure 1).
The Open Oximetry Collaborative Community is
one of 18 entities formally recognized by the
United States (US) Food and Drug Administration
(FDA) (https://www.fda.gov/about-fda/cdrh-stra-
tegic-priorities-and-updates/collaborative-com-
munities-addressing-health-care-challenges-
together) that brings together clinicians,
engineers, researchers, device manufacturers,
regulatory agencies, and patient safety advo-
cates, including the Anesthesia Patient Safety
Foundation (APSF). This is to prevent duplication
of efforts, to share knowledge, and to accelerate
progress towards more equitable standards and
guidelines that will serve the full spectrum of
patients worldwide.

EDUCATION
One initiative that has been undertaken by
the OpenOximetry.org Collaborative Commu-
nity is the creation of educational content to
inform clinicians on how to optimize pulse oxim-
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Figure 1: Key facets of the Open Oximetry Project are shown in the infographic wheel, including clinical and lab
studies, new techniques, standards, open data sharing, and global collaboration to improve access to accurate
oximeters. Reproduced with permission from the Open Oximetry Project. Available at: OpenOximetry.org/about.

eter use and to minimize health and health care
disparities. Through a series of online stake-
holder meetings and asynchronous design pro-
cesses involving collaborators from numerous
geographies and disciplines, the project has
created a customizable infographic that out-
lines the best practices for pulse oximetry use.
This online tool (https://openoximetry.org/info-
graphic-builder/) allows users to download a
pre-made infographic or to customize and build
their own using templates created by the proj-
ect team (Figure 2, next page). Users can fully
customize the infographic content to address
the needs and specific challenges of their insti-
tution, selecting from a range of options, each
highlighting a key aspect of pulse oximetry for
greater relevance to their unique context.
Topics covered included “How to Place a
Probe,” “How to Obtain a Reliable SpO, Read-
ing,” “Known Limitations,” “SpO, for Clinical
Decisions,” among others.

LABORATORY STUDIES

Another key focus of the Open Oximetry
Project involves performing validation testing
for pulse oximeters in the UCSF Hypoxia Lab.
The Hypoxia Lab, founded by Dr. John W.
Severinghaus in 1958, has been one of the
leading centers for investigating the effects of
hypoxia in the body as well as the discrepancies
seen in the pulse oximeter’s accuracy in darker
skin tones. Healthy participants volunteer in
controlled desaturation studies with SaO,
plateaus between 70-100%, allowing the lab to
test and compare the performance of various
pulse oximeters as compared to gold standard
arterial blood gas analysis. The project has
focused on independently testing pulse
oximeters that are representative of global
markets, especially those found in low and mid-
dle-income countries.

See “Open Oximetry,” Next Page


https://globalsurgery.org/
https://globalsurgery.org/
https://openoximetry.org/data-repository/
https://openoximetry.org/
https://www.fda.gov/about-fda/cdrh-strategic-priorities-and-updates/collaborative-communities-addressing-health-care-challenges-together
https://www.fda.gov/about-fda/cdrh-strategic-priorities-and-updates/collaborative-communities-addressing-health-care-challenges-together
https://www.fda.gov/about-fda/cdrh-strategic-priorities-and-updates/collaborative-communities-addressing-health-care-challenges-together
https://www.fda.gov/about-fda/cdrh-strategic-priorities-and-updates/collaborative-communities-addressing-health-care-challenges-together
https://openoximetry.org/infographic-builder/
https://openoximetry.org/infographic-builder/
http://hypoxialab.org/
http://OpenOximetry.org/about

APSF NEWSLETTER February 2025

PAGE 18

Pulse Oximeters May Have Variable Performance
in Patients with Darker Skin Tones

From “Open Oximetry,” Preceding Page

The project has published findings for 20
devices and plans to release data on an addi-
tional 20 in the coming months (Device
Update meeting). To date, these results have
been mixed, demonstrating highly variable
performance of devices on the market, many
with positive bias in people with dark skin pig-
ment, some with negative bias, and some
without apparent bias. Of note, definitions for
clinically relevant levels of bias are evolving,
and the team is actively working and refining
methods to optimize sample size and improve
detection of biases and definitions of biases
linked to skin pigment.

™ Infographic builder

Improve the use of pulse oximetry in your health facility!

We've created a simple process to help you build your own pulse oximetry infographic.
You can choose from preset information tiles each addressing different areas of best
practice so you can prioritize issues most relevant in your setting. Follow the steps below
and in seconds you will have a custom infographic to download and share. (Individual
images can be downloaded here). This tool is currently in beta testing.

Download our premade infographic

Step 1/6

Enter title @

Theme color @ #f3776a

Select background @

Background 1

COLLABORATION WITH

REGULATORY BODIES
The Open Oximetry Project also collabo-
rates closely with regulatory agencies, includ-
ing the US FDA and the International
Organization for Standardization (ISO). The
team actively shares data through their open
data repositories with the intention of inform-
ing updated regulatory guidelines and stan-
dards that address disparities in device
performance. The team has been working to
develop and publish new protocols for pulse
oximeter regulatory testing, and also is devel-
oping new protocols to ensure that diversity of
skin pigment is included in research cohorts—
an element that has been lacking to date. We

Preview of your infographic:

Best practices for pulse oximeter use

Background 2

Background 3

are hopeful that through this ongoing collabo-
ration, we can contribute to the development
of standards that ensure all pulse oximeters
are rigorously tested and validated to be effec-
tive across all skin tones and clinical scenarios
so that clinical decision-making is based upon
the most reliable data.

OUR FUTURE GOALS
We are fortunate to work alongside partners
like APSF, whose commitment to patient safety
aligns perfectly with our mission. Together, we
are pushing forward on the path toward more
equitable health care technology and greater
inclusiveness in patient monitoring. The work is

See “Open Oximetry,” Next Page
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pulse oximeter use .
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Figure 2: The Infographic Builder, an online tool developed by the Open Oximetry Project allows users to create or customize infographics on best practices for pulse oximetry
use, enabling health care providers to tailor the information to their specific needs and improve clinical decision-making. Reproduced with permission from the Open Oximetry

Project. Available at: OpenOximetry.org/infographic-builder.
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Diversity of Skin Pigment Needs to Be Included in All Research Cohorts

From “Open Oximetry,” Preceding Page Daryl Dorsey, BS, is a medical student at the sity of California, San Francisco, and Zucker-

. University of California, San Francisco. berg San Francisco General Hospital.
far from over, but through continued efforts,

we believe that substantial strides can be
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Alan G. Sieroty APSF/SOCCA Inaugural Lecture
at the Annual SOCCA Meeting in Hawaii

Integrating Human Factors
Engineering & Implementation Science
to Support Safety in Anesthesiology &
Critical Carex

—With Keynote by Meghan Lane-Fall, MD

Saturday, March 22, 2025
from 3:30 pm—4:30 pm HST
at the Hilton Hawaiian Village Waikiki Beach Resort

Meghan Lane-Fall, MD, APSF Board Member

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 in
2025. Please follow us on Facebook at https://www.facebook.com/APSForg/ and on X at
https://x.com/APSForg. Also, connect with us on LinkedIn at https://www.linkedin.com/com-
pany/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 Emily Methangkool, MD, Director of the APSF Social Media Ambassador Program,
at methangkool@apsf.org, or Amy Pearson, Director of Digital Strategy and Social Media at
pearson@apsf.org. We look forward to seeing you online! Amy Pearson, MD, APSF Director of
Digital Strategy and Social Media.
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2024 President’s Report: Improving Patient Care
in Perioperative Medicine Continues as Our Purpose.

Recent data continue to confirm the epi-
demic of preventable harm in American health
care. In 2022, the U.S. Department of Health
and Human Services Office of Inspector Gen-
eral released a report titled “Adverse Events in
Hospitals: A Quarter of Medicare Patients Expe-
rienced Harm in October 2018.”" In 2023, the
New England Journal of Medicine published
that, “Adverse events were identified in nearly
one in four admissions;” with adverse drug
events accounting for 39.0% of all events, and
surgical procedural events a close second at
30.4%.2 Clearly, we have work to do in the peri-
operative space.

Not only does preventable harm exact a high
human cost, but it exerts a resource and finan-
cial stress on our health care system. According
to a recent report by the Organisation for Eco-
nomic Co-operation and Development (OECD),
“the direct cost of treating patients who have
been harmed during their care approaches 13%
of health spending,” with most of these events
deemed preventable.® One final adverse impact
of harm is the erosion of trust by patients in
health systems. Trust has a clear impact on
health and health care outcomes. A recent pub-
lication reports that between April 2020 and
January 2024, trust in physicians and hospitals
decreased from 71.5% to 401%.4

The Anesthesia Patient Safety Foundation
(APSF) approaches the challenge of
preventable harm with collaborative
relationships, realizing we accomplish more
together than in a silo. Since inception, the
APSF has included leaders from industry, regu-
latory agencies, other health care specialties
and providers, and medicolegal and insurance
companies. This broad union of forces has
allowed APSF to serve as a convenor of collab-
orators, each working together to resolve
patient safety issues that can have devastating
impacts on patients, their families, and their
health care providers.

While the APSF has been laser focused on
our vision “that no one shall be harmed by
anesthesia care,” we understand that, like the
strands of a strong rope, we should not unravel
safety from quality. The primary goal of quality
health care is to ensure that patients receive
the best possible care, achieve optimal out-
comes, and meet or exceed their personal
health goals. Health care and our patients do
not get to quality outcomes without safety. Our
vision should be entrenched throughout the
patient experience during the entire periopera-
tive process, and beyond. In short, we aspire to

by Dan Cole, MD

Daniel J. Cole, MD, Current APSF President

a system without preventable harm, returning
patients to their baseline or an improved state
of physical, cognitive, and psychological health.

OUR ACTIVITIES

The APSF serves as a strong advocate for
perioperative safety, and we continue to work
the levers of action by which we turn ideas into
action, and action into results. They include
research, education, our Newsletter, other com-
munication vehicles (e.g., social media, web-
site), collaboration with other stakeholders in
patient safety, and advocacy. With limited
resources, we will continue to strategically exer-
cise these levers to make continued progress in
the fight against preventable harm. Let me
highlight just a few of our many activities.

o Establishment of perioperative patient safety
priorities. The APSF seeks broad input and
has established a list of the top perioperative
patient safety priorities. These may be
viewed at https://www.apsf.org/patient-
safety-priorities/. In general, APSF’s primary
activities and initiatives are focused on these
priority issues which include

1. Culture of Safety, Teamwork, and Clinician
Safety
2. Clinical Deterioration
3. Nonoperating Room Anesthesia
4. Perioperative Brain Health
5. Opioid-related Harm
6. Medication Safety
7. Infectious Diseases
8. Airway Management
e Consensus Conferences: Each year, the
APSF hosts a Stoelting Consensus Confer-
ence oriented towards one of the priority

issues. These conferences bring together
patient safety advocates, anesthesia and sur-
gical professionals, and industry and regula-
tory leaders to address specific topics.
Examples of past conferences can be found
at https://www.apsf.org/past-apsf-consensus-
conferences-and-recommendations. The
2024 conference was titled “Transforming
Anesthetic Care: A Deep Dive into Medica-
tion Errors and Opioid Safety.” Medication
errors continue to comprise a high percent-
age of the total errors in perioperative medi-
cine. The 2024 conference was exceptional
and was held in Boston in celebration of the
meeting that occurred 40 years ago (https:/
www.apsf.org/about-apsf/apsf-history/) that
resulted in the formation of APSF in 1985.
The conference was sold out with over 200
individuals signed up for virtual participation.
The lectures are available online at https:/
www.apsf.org/event/apsf-stoelting-confer-
ence-2024/. A manuscript with recommen-
dations will be submitted for publication.

Next year’s conference will be held in Chi-
cago on September 3—4 and will be titled
“Transforming Maternal Care: Innovations
and Collaborations to Reduce Mortality.”

Our Committee on Technology has created a
technology education initiative, which can be
accessed at the APSF website. Two learning
activities are currently available free-of-
charge and include 1) Low-Flow Anesthesia
and 2) Quantitative Neuromuscular Monitor-
ing. A course on Manual External Defibrilla-
tion, Cardioversion, and Pacing will soon be
released.

There is a new webpage dedicated to pre-
venting and treating surgical fires. This
includes a legacy video of about 18 minutes,
and a new abbreviated video of 5-6 minutes
available in multiple languages. https://www.
apsf.org/videos/preventing-
surgical-fires/

A new initiative that we have been working
on for over two years and was launched late
last year regarding patient engagement.
According to a 2023 report by the OECD on
patient engagement, “Patients’and citizens’
perspectives and their active engagement
are critical to make health systems safer
and people-centered—and are key for co-
designing health services and co-producing
good health with health care professionals
and building trust.” Way overdue in Ameri-

See “President’s Report,” Next Page
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The APSF Continues to Focus on Our Vision
“That No One Shall Be Harmed By Anesthesia Care”

From “President’s Report,” Preceding Page

can health care is patient engagement in
their health care. We have a new website
that has been developed with significant
patientinput and to date has been highly uti-
lized. We envision building out this website
with a menu of options, over time, that are
specific to patient-specific conditions and
risks. https:/www.apsf.org/patient-quide/

We have a deeply committed group of vol-
unteers who | am confident will rise to the
challenges of health care that will occur in the
perioperative space over the next decade,
and the solutions that improve patient safety
and ultimately quality outcomes. We rely on
your financial support to achieve our goals,
and we will use our resources wisely to ensure

that anesthesiology remains a leader in peri-
operative safety to the benefit of our patients
and providers. We at the APSF will be proac-
tive to continue our work to fulfill our vision
“that no one shall be harmed by anesthesia
care.” Itis indeed a sacred trust that we have
with our patients and our goal is to further the
foundation of trust on which our specialty has
been built.

Dan Cole, MD, is professor of clinical anesthesi-
ology in the Department of Anesthesiology and
Perioperative Medicine David Geffen School of
Medicine, University of California at Los Ange-
les. He is also the current president of the Anes-
thesia Patient Safety Foundation.

The author has no conflicts of interest.
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SAVE THE DATE!

APSF Stoelting Conference 2025

Transforming Maternal Care:
Innovations and Collaborations
to Reduce Morbidity and Mortality

September 3—-4, 2025

The Palmer House Hilton
Chicago, IL

*This will be offered as a hybrid conference*

For registration and conference inquiries, please contact
Stacey Maxwell, APSF Administrator (maxwell@apsf.org).
Registration to open Spring 2025

For information on sponsoring the 2025 Stoelting Conference, please contact Jill Maksimovich, APSF Director of Development (maksimovich@apsf.org)



https://oig.hhs.gov/documents/evaluation/2997/OEI-06-18-00400-Complete%20Report.pdf
https://oig.hhs.gov/documents/evaluation/2997/OEI-06-18-00400-Complete%20Report.pdf
https://oig.hhs.gov/documents/evaluation/2997/OEI-06-18-00400-Complete%20Report.pdf
https://pubmed.ncbi.nlm.nih.gov/36630622/
https://doi.org/10.1787/761f2da8-en
https://doi.org/10.1787/761f2da8-en
https://pubmed.ncbi.nlm.nih.gov/39083270/
https://www.apsf.org/patient-guide/

APSF NEWSLETTER February 2025

PAGE 22

Assessing Fire Risk in Surgery: Why Limit Open
Oxygen Delivery to 30%?

by Mark E. Bruley, CCE-R, FACCE, and Jeffrey Feldman, MD, MSE, FASA

Surgical fires continue to cause preventable
morbidity and mortality despite educational
efforts and well-established recommendations
for eliminating the risk® Many medical societ-
ies and regulatory bodies recommend limiting
open oxygen delivery to 30%. These include
the American Society of Anesthesiologists, the
American College of Surgeons, the Society of
American Gastrointestinal and Endoscopic Sur-
geons, the Association of periOperative Regis-
tered Nurses, the Joint Commission, the
Emergency Care Research Institute (ECRI), the
Food and Drug Administration, and the Penn-
sylvania Patient Safety Authority.

The root cause of the overwhelming majority
of serious fires is administration of oxygen via
an open delivery source, i.e., disposable face-
mask or nasal cannula. For this reason, the key
recommendations for preventing fires are

1. Limit the delivered oxygen concentration
connected to the open delivery device to
30% or less

2. Control the airway if a greater concentration
of oxygen is clinically indicated.

Procedures around the head, neck, and
upper chest are considered high-risk for fire
and intravenous sedation is often sufficient to
achieve patient comfort. Oxygen is commonly
delivered during sedation via an open source
to “keep the patient safe.” In the case of a surgi-
cal fire, oxygen becomes the root cause of
patient harm rather than improving safety.
Since administering oxygen can be useful for
ensuring adequate oxygenation, in procedures
at high risk for fire it is important to question
how much oxygen can be administered to
ensure patient safety without increasing the fire
risk. The following information reviews the
rationale for the recommendation to limit
oxygen concentrations by open delivery to
30% or less. The rationale is based upon work
at ECRI (www.ecri.org) by Mark Bruley and
others investigating surgical fires over several
decades.’

In the early days of surgical fire investigation,
ECRI performed laboratory testing of the flam-
mability of surgical drapes in the presence of
oxygen at concentrations of 21% (room air) and
80%.8 Other authors have done similar test-
ing.>*2 While there are no data specifically test-
ing the flammability of surgical drapes and
other materials in the presence of 30% oxygen,
observations from testing at higher concentra-
tions provided useful guidance.

A video depicting surface fiber flame propagation was

The 30% recommendation was derived over
time from surgical fire accident investigations
by ECRI in the late 1970s. During investigation
testing, “surface fiber flame propagation” was
observed to occur in vitro on cotton surgical
towel fibers and human hair in the presence of
oxygen concentrations of 50% and greater®
This phenomenon involves the rapid spread of
fire from the inciting source. In other words, the
enriched oxygen concentration creates
flammable conditions that otherwise would not
exist (apsf.org/ORFire30). Testing revealed that
when oxygen concentration was reduced
below 50%, down to about 45%, flame propa-
gation was not as likely. It is the oxygen-
enriched atmosphere enhanced propagation
that creates the two-fold risk of easier ignition
of materials and subsequent very rapid
spread of flames outward from the point of
ignition. When supplemental oxygen was dis-
continued, tests found that oxygen concentra-
tions under drapes quickly dropped to below
30% and fire propagation was not observed”

Discussions and collaborations with
anesthesia professionals about the laboratory
results subsequently focused around what
would be an acceptable reduced delivered
oxygen concentration via an open source
(mask or nasal cannula). Fortunately, reliable
pulse oximeters were introduced coincident
with developing recommendations for
preventing surgical fires in the late 1980s. The
30% recommendation was promoted as safe,

created by the Royal Air Force (RAF) Institute of
Aviation Medicine investigating enriched oxygen fires
in aircraft.

Video available: https://www.sages.org/video/
fire-in-the-or-cause-and-prevention/.

The one-minute RAF video segment begins at time
code 2:43. The video segment is from research and
testing by the RAF Institute of Aviation Medicine.
Denison D, Ernsting J, and Cresswell AW. The Fire Risks
to Man of Oxygen-Rich Gas Environments. Royal Air
Force (RAF) Institute of Aviation Medlicine, Farnborough,
England. RAF Institute of Aviation Medicine Reports 320
(April 1965) and 343 (Sept. 1965).

knowing that pulse oximeter monitoring could
be used to continuously estimate the resulting
blood oxygenation and surface fiber flame
propagation was unlikely to occur.

Current recommendations for preventing
fires clearly describe that no more than 30%
oxygen be delivered by an open source and
that the airway be managed using a supraglottic
airway or endotracheal tube if a greater
concentration of oxygen is required to keep the
patient safe3468° Most patients have normal
lung function, and, therefore, 30% oxygen
should be sufficient to prevent hypoxemia if
spontaneous ventilation is maintained and
airway obstruction managed. Previous
recommendations to reduce the delivered
oxygen concentration prior to activating a
potential ignition source (e.g., electrosurgical
probe, electrocautery probe, or surgical laser)
do not seem advisable if the patient is sedated
to the point that a greater oxygen concentration
is required to prevent hypoxemia. Therefore,
controlling the airway when an oxygen
concentration of greater than 30% is required
becomes an important part of the fire preven-
tion strategy.

Many anesthetizing locations only provide a
source of 100% oxygen for open delivery
devices. While it is possible to use the
anesthesia machine to deliver a reduced
oxygen concentration during sedation, incorpo-
rating an oxygen blender (Figure 1) into the

See “Oxygen Limit,” Next Page
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Figure 1: Oxygen blender device for titration of oxygen
concentration. Photo courtesy of Fisher Paykel
Healthcare.

anesthesia workspace for the open delivery
devices will facilitate safe practice.

In summary, laboratory testing has shown
that common materials in the surgical field
become flammable and can rapidly propagate
fire when oxygen is delivered by open source
at concentrations of 50% or more. During pro-

cedures at high risk for fire, the oxygen concen-
tration delivered using an open source should
be limited to 30% or less.

Mark E. Bruley, CCE-R, FACCE, vice president
emeritus, Accident & Forensic Investigation,
ECRI, Plymouth Meeting, PA.

Jeffrey Feldman, MD, MSE, chair of APSF Com-
mittee on Technology and professor of clinical
anesthesiology (retired) at Children’s Hospital of
Philadelphia Perelman School of Medicine.

Mr. Bruley has no conflicts of interest. Dr.
Feldman is a consultant for Medtronic and
Micropore and Becton-Dickinson.
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Intrahospital Patient Transport: Checklists, Adverse Events, and Other
Considerations for the Anesthesia Professional

by Caroline Andrew, MD, and Michael Fitzsimons, MD

Anesthesia professionals are routinely
involved in the transport of patients throughout
the hospital (intrahospital transport). Studies on
the outcomes of patients undergoing perioper-
ative transport by anesthesia professionals are
rare, as most literature involves nurses or other
care providers and rarely focuses on the periop-
erative population. Thus, we must learn from
reports published in critical care or emergency
medicine. The incidence of intrahospital
adverse events (ITAEs) during transport or
within 24 hours of transport approaches 80% in
some studies.? The frequency of patients
requiring medical intervention from ITAEs has
been reported to range from 4 to 9%.2 Produc-
tion pressure, reduction in support personnel,
and increased patient acuity may heighten the
risk of peri-operative transport*® As such, now is
the time to ask, “Is our approach to periopera-
tive patient transport right and are we doing it
safely?” We review the current literature to
understand the incidence and contributing fac-
tors leading to ITAEs as well as practices from
other areas that can be applied to our field.

The variability in the incidence of ITAEs may
be partially attributed to the lack of consensus
regarding what an adverse event entails during
transport. It can be defined as “any unintended
event or outcome, which may have or did
reduce the safety margin for the patient.” ® Or, it
can be any observation that fell outside of some
predefined threshold (e.g., hypotension with
SBP <100 mmHg, hypertension with SBP > 160
mmHg).® A meta-analysis describing the inci-
dence of ITAEs commented on the high hetero-
geneity among studies making it difficult to
accurately report a range of frequencies.’” For
instance, many studies did not clearly define an
ITAE while others defined one based on author
team consensus. Additionally, there was no
method for distinguishing whether patient
changes were indeed ITAEs or merely repre-
sent physiologic variability that just happened
to occur during transport.

Despite the heterogeneity in the literature
regarding the incidence and types of ITAEs,
common themes prevail. ITAEs are often
classified as respiratory, cardiovascular,
neurological, and equipment related.’
Commonly reported individual events included
hypertension, hypotension, arrythmias
(including cardiac arrest), decreased arterial
saturation, and agitation.” Equipment-related
problems included malfunction, accidental
dislodgement of lines, tubes, and catheters,

Table 1: Adverse Events and Risk Factors Associated With Patient Transport.

Adverse event (AE)

classification

Genera |1,4,7-8,11,14,16

system2,5,7-8,13

Respiratory and
airway1,llv,7,14,16

Cardiovascular'’1416

Neurologic™"381314

Equipment"571314

Potential complications

Staff musculoskeletal injury
General patient instability

Loss of information

Transport to wrong location
Failure to respond to crisis
Improper management of devices
Care delay

Hypoventilation
Pneumothorax
Hypoxemia

Accidental extubation or ETT
displacement
Hypertension
Hypotension

Arrhythmias

Central line displacement
Arterial line displacement
Cardiac arrest

Agitation

Intracranial hypertension
Reduction in GCS
Seizures

Secondary brain injury
Patient discomfort

Nonfunctioning ventilator
Battery depletion
Oxygen depletion

Fluid depletion

Infusion pump failure
Equipment disconnection
Monitor incompatibility
Monitor disconnection

Risk factors

Age

Male gender

Obesity

Patient condition
Higher APACHE score
Emergent transport
Longer transport time
Acidosis

Elevated PaCO,
Reduced pH

Higher ASA status
Less experienced transport
team

Resident rather than attending
directed transport

Lack of checklists

Mechanical ventilation
Manual ventilation
Need for PEEP

Use of vasopressors or
inotropic agents

Higher levels of sedation

Inadequate monitoring during
transport

Higher number of monitors
Poor preparation
Inexperienced transport team

Inadequate monitor inspection
prior to transport

ICP, intracranial pressure; PEEP, positive end expiratory pressure; ASA, American Society of Anesthesiologists;
ETT, endotracheal tube; GCS: Glasgow Coma Scale.

and empty oxygen cylinders. A recent
multicenter prospective study reported similar
findings.® Among 102 ITAEs identified in the
multicenter study, cardiac (30.3%), airway and/

or respiratory (17.6%), neurologic (16.6%), and
equipment problems (12.7%) were the most

See “Intrahospital Transport,” Next Page
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Critically Ill Patients Are at High Risk for Experiencing an Intrahospital

From “Intrahospital Transport,” Preceding Page

common.? The association between the physi-
ologic changes and transport itself was difficult
to determine. Regardless, equipment-related
adverse events continue to be prominent with
some studies attributing over one-third of ITAES
to problems with tools and technology, includ-
ing unreliable functioning of transport equip-
ment and errant management of such
equipment by health care providers.®

Patient transport may also subject anesthe-
sia professionals to physical harm due to ergo-
nomic factors. Transport stretchers or beds may
weigh as little as 100 pounds up to as much as
700 pounds.® Bed width and length may be
challenging to maneuver while simultaneously
managing an airway or performing an interven-
tion during ITAE. Anesthesia professionals
report a high rate of work-related musculoskel-
etal disorders with a large percentage reporting
the need for analgesics while over 40% report
sick leave associated with such injuries"

Numerous studies have evaluated risk fac-
tors for complications during transport (Table 1,
preceding page).*72% Risk factors may be
classified as patient-specific, equipment-
related, or systematic. Patient-specific factors
associated with higher rates of complications
include higher severity of illness scores, older
age, the need for pharmacologic support (spe-
cifically, sedative medications and/or vasopres-
sors), mechanical ventilation (specifically, PEEP
> 6 cm H,0), obesity, and compromised arterial
oxygen saturation before transport 471215 |n
general, the literature suggests that critically ill

Figure 1: Example of unsafe environmental factors. A
chest tube wrapped around a bed post in a cluttered
hallway.

Transport Adverse Event

Table 2: Perioperative Intrahospital Patient Transport Checklist

System

| Critical Points

Identification bracket on patient

Identification/

Chart with patient

Information

Necessary consents present

Confirm ICU / PACU / OR prepared for patient

Endotracheal tube secured

Airway precautions necessary

Manual resuscitator (Bag-valve-mask) present

available

Emergency airway management equipment necessary /

Mode of delivery of oxygen confirmed

Oxygen supply adequate

Breathing

Transport ventilator charged/ functioning

Patient on ventilator

Intravenous line identified for resuscitation

Emergency medications necessary / available

Circulation

Infusion pumps and monitor adequately charged

Hemodynamic alarms set

Defibrillator necessary / present

Neurologic

Sedation / pain control adequate

Spinal precautions necessary

Patient stable / safe for movement

Personal protective equipment present

Extras/Precautions

Lines, tubes, drains secured

Rails raised

Connect monitors

Plug in bed

Perform comprehensive hand-off

patients in particular are at increased risk for
ITAEs. Equipment-related risk factors include
the use of mechanical ventilation and increas-
ing number of monitors utilized during trans-
port.>8' System or situational risk factors
include longer duration of transport (> 60 min-
utes outside of the ICU), poor hand-off commu-
nication, urgent or emergency transport,
staffing shortages, and the use of less experi-
enced health care or transport provid-
ers. 258131617 Factors not identified in studies but
a subject of discussion are cluttered hallways
and focus of a care provider on the act of physi-
cally moving a bed which may limit their ability
to observe obstacles which threaten safe trans-
port (Figure ).

The American College of Critical Care Medi-
cine and the Society of Critical Care Medicine
have established guidelines for intrahospital
transport of critically ill patients to and from the
ICU, which provide a foundation for improving
our perioperative practice.” The SCCM guide-
lines focus on four critical components of trans-
port: communication, personnel, equipment, and
monitoring” Communication includes provider-
to-provider handoff when the receiving location
assumes management of the patient and con-
veys information to other disciplines such as
respiratory care regarding the timing of transport
and equipment required.” In terms of personnel,
the guidelines recommend a minimum of two

See “Intrahospital Transport,” Next Page
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Standardized Checklists May Help Decrease
Intrahospital Transport Adverse Events
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people accompany a critically ill patient during
transport. A provider with expertise in airway
management and advanced cardiac life support
is strongly recommended to accompany volatile
patients. Basic monitors including blood pres-
sure, pulse oximetry, and EKG should accom-
pany every critically ill patient during transport
without exception. The level of monitoring
should not be reduced during transport. Medica-
tions necessary for resuscitation should be read-
ily available. Equipment should be fully charged
and capable of functioning for the entirety of the
transport duration. The American Society of
Anesthesiologists provides additional guidelines
on the transport of patients from the operating
room (OR) to the postanesthesia care unit
(PACU)® The ASA guidelines on PACU transport
state that a patient who has received general
anesthesia, regional anesthesia, or monitored
anesthesia “shall be accompanied by a member
of the anesthesia care team who is knowledge-
able about the patient’s clinical condition.”"®
During transport, the patient should be consis-
tently assessed and treated with levels of moni-
toring and/or support that are suitable for the
patient’s clinical condition based on the anesthe-
sia professionals’ clinical judgment.'® Other
actions that may limit adverse effects during
transport include regular patient/equipment
checks, meticulous patient preparation, correct
use of protocols, and transport locations that are
within easy reach.>"2° Some studies have also
found reductions in ITAEs and increased compli-
ance with guidelines by incorporating standard-
ized transport checklists into their practice.?"??

Perioperative transport of seriously ill
patients should remain under the guidance of
the anesthesia care team. As patient acuity,
production pressure, and care volume continue
to increase, anesthesia professionals must be
proactive in efforts to increase transport safety
for our patients while maintaining our well-
being. We offer several recommendations that
may help us achieve those goals:

1. Patient assessment before transport should
include the identification of risk factors
associated with ITAEs.

2. All anesthesia team members as well as
others involved in patient movement should
be educated on the potential harm of
intrahospital transport and on proven
practices that minimize these harms (e.g.,
guidelines, and the use of checklists during
transport).

3. The use of perioperative patient transport
checklists may be beneficial to assure that
patients are prepared, equipment is function-
ing with back-up power supply, records are
present, and communication has occurred
(Table 2, preceding page). Such checklists
should be used at initiation of transport, during
hand-off at the receiving location, and upon
return to the original location.

4. Anesthesia professionals should participate
in system design when patient transport is
involved. Factors to consider are uncluttered
hallways, easily maneuverable beds and
stretchers, and team formation that allows
the anesthesia professional to observe the
patient and intervene without distraction
while other team members assume primary
responsibility for patient physical bed
movement.

5.Perioperative transport by anesthesia
professionals should be promoted as an
important focus of academic study.

Caroline Andrew, RN, MD, is a resident physi-
cian of anesthesiology, Massachusetts General
Hospital, Boston, MA

Michael Fitzsimmons, MD, is an associate pro-
fessor of anesthesiology at Harvard Medical
School and staff anesthesiologist at Massachu-
setts General Hospital, Boston, MA

The authors have no conflicts of interest.
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APSF Awards 2025 Grant Recipients

The APSF grant programs are key to the
mission of APSF to support and advance
anesthesia patient safety culture, knowledge,
and learning. The programs have played an
essential role in establishing and enhancing the
careers of many anesthesia and other profes-
sionals in conducting safety research and edu-
cation. Since 1987, APSF has supported more
than 130 anesthesiologists and other research-
ers with more than $15 million in funding. The
2024-2025 APSF investigator-initiated
research (IIR) grant program received 24 letters
of intent from 18 organizations in the United
States and Canada. The multidisciplinary Scien-
tific Evaluation Committee (SEC) reviewed and
discussed these letters, with the assistance of
external statistical reviewers. The top five scor-
ing projects were invited to submit full propos-
als, which were reviewed and discussed by the
SEC for their potential impact on anesthesia
patient safety and scientific rigor. Three propos-
als were recommended for funding to the APSF
Board of Directors and received unanimous
support. This year’s recipients are Rodney A.
Gabriel, MD, MAS, from the University of Califor-
nia, San Diego; Kelly Michaelsen, MD, PhD,
from the University of Washington; and Eliza-
beth Mahanna-Gabrielli, MD, from the Univer-
sity of Miami. In addition, the 2024 Mentored
Research Training Grant (MRTG) program,
jointly funded with the Foundation for Anesthe-
sia Education and Research (FAER), received
seven letters of intent from six organizations.
Full proposals were requested from three prin-
cipal investigators. After reviewing, the recipi-
ent was Caoimhe Duffy, MD, MSc, from the
University of Pennsylvania. The principal inves-
tigators provided the following description of
their proposed work.

Rodney A. Gabriel, MD, MAS

Associate Professor of Anesthesiology,
University of California, San Diego - Health
Sciences

by Yan Xiao, PhD

Dr. Gabriel’s project is titled “PLATO (Periop-
erative Learning using Artificial intelligence
for Timely surgical Optimization)—An Auto-
mated Approach for Triaging Surgical
Patients for Preoperative Care Clinics.”

Background: Effective use of preoperative
care clinics have demonstrated reductions in
surgical cancellations, unneeded testing, hospi-
tal length of stay, and postoperative complica-
tions.»? However, with the rise in surgical
volume, the expansion of electronic health
record (EHR) data management, and limited
resources to keep up with these demands, care
needs may outstrip clinic capacity. Using artifi-
cial intelligence (Al) to help automate the triag-
ing process for preoperative care clinics have
many patient safety-related benefits. While it
may directly reduce production pressure, the
primary goal of these automated processes is
to optimize the thoroughness of the preopera-
tive evaluation of every patient, especially
among those who are high risk for postopera-
tive complications.

Aim: The primary goal of our proposal is to
develop tools that may reduce risk of major
post-surgical complications, specifically
cardiac-related events, by improving our ability,
within a preoperative care clinic, for identifying
high-risk patients prior to surgery. The objective
of our proposal is to leverage Al modalities®—
such as machine learning and large language
models to process unstructured and structured
data—to develop PLATO, which will process
preoperative EHR data to calculate a patient’s
Revised Cardiac Risk Index* (RCRI) and
summarize relevant clinical history to assess
cardiac risk (Aim 1). PLATO will process
unstructured data (e.g., clinical notes) and
structured data (e.g., laboratory values,
medications, diagnosis codes) to determine
patient risk factors and, subsequently, to
calculate 30-day risk of death, MI, or cardiac
arrest. We hypothesize that we will be able to
develop PLATO such that it will identify which
RCRI components each patient has and thus
calculate their preoperative cardiac risk. This
information can then be used by the
preoperative anesthesia care clinics to triage
preoperative evaluation needs. In addition,
risks for postoperative outcomes including
cardiac complications, pneumonia, surgical site
infections, urinary tract infections, venous
thromboembolism, renal failure, unplanned
reintubation, and mortality can be predicted
(Aim 2).

Implications: Preoperative care clinics are
associated with improved patient outcomes.

The objective of our proposal is to leverage Al
to develop PLATO, which will process
structured and unstructured EHR data to
identify postoperative risk based on the
preoperative RCRI score as well as predict
probability of various postsurgical complica-
tions. Such an approach may provide an auto-
mated tool to screen high-risk patients so that
preoperative clinics may more effectively triage
available resources for preoperative evalua-
tions (e.g., patients identified as high risk from
PLATO may be allocated to in-person preoper-
ative clinic visits while those who are low risk
may be allocated to either day of surgery or
phone call evaluation).

Funding: $150,000 (January 1, 2025-Decem-
ber 31, 2026). The grant was designated as the
APSF/American Society of Anesthesiologists (ASA)
President’s Research Award.

REFERENCES

1. Edwards AF, Slawski B. Preoperative clinics. Anesthesiol
Clin. 2016;34:1-15. PMID: 26927735

2. Blitz JD, Kendale SM, Jain SK; et al. Preoperative evaluation
clinic visit is associated with decreased risk of in-hospital post-
operative mortality. Anesthesiology. 2016; 125:280-294.
PMID: 27433746

3. Suh HS, Tully JL, Meineke MN, et al. Identification of pre-
anesthetic history elements by a natural language process-
ing engine. Anesth Analg. 2022;135:1162-1171. PMID:
35841317

4. Fronczek J, Polok K, Devereaux PJ, et al. External validation
of the revised cardiac risk index and national surgical qual-
ity improvement program myocardial infarction and cardiac
arrest calculator in noncardiac vascular surgery. Br J

Anaesth. 2019;123:421-429. PMID: 31256916

Kelly Michaelsen, MD, PhD

Assistant Professor of Anesthesiology,
University of Washington

Dr. Michaelsen’s project is titled “An Inte-
grated, Centralized Anesthesia Alarm System
Based on Aviation Alarm Systems
Principles.”

Background: Medical equipment alarms are
widely recognized as a dysfunctional system
that produces a cacophony of distracting

See “2025 Grants,” Next Page
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sounds that lead to “alarm fatigue” and can
jeopardize patient safety! Equipment alarms
frequently occur in operating rooms, and the
majority of alarms do not have any clinical
significance and do not require immediate
action.?3 The Joint Commission has recognized
the problem of medical alarms since 2013 and
still considers the safe use of alarms to be a
National Patient Safety Goal in 2024.* This
project proposes a shift in the philosophy of
anesthesia equipment alarms by applying
design best practices from the aviation industry.
Unlike medical alarms, flight deck alarms are
centralized. When an alarm from any aircraft
system or sensor is triggered, the condition is
displayed on a central panel according to a
hierarchy of importance, with alarms requiring
an immediate response at the top of the
hierarchy. Attention is drawn to the most
important conditions with a red “master
warning” light and a distinct persistent tone. In a
few instances of the most important alarms,
they will be accompanied by an audible
announcement (CRITICAL alarms). Alarms that
have lesser priority are presented with a yellow
“master caution” light and a single tone
(WARNINGS and CAUTIONS), or no tone at all
(ADVISORIES), along with the condition
message on the display.

Aims: We aim to create a proof-of-concept
version of a centralized anesthesia alarm system
with a commercial aviation-style architecture
adapted to the anesthesia setting. We will test
the proof-of-concept system in a full-size operat-
ing room simulator environment. Our hypothesis
is that our alarm system will result in rare CRITI-
CAL alarms, few WARNINGS, and mostly lower-
level, unobtrusive messages. We further
hypothesize that our system will provide caregiv-
ers with a simple, intuitive, central source of
alarm information that reliably presents alarms in
priorities that match caregiver’s expectations
and needs, to best support their actions in the
interest of patient safety.

Implications: The key novel aspect of this
design is a centralized system that pulls
information from all the anesthesia-related
monitors and devices in the operating room,
including the patient monitor and the
anesthesia machine, into a single system that
presents alarms and status messages from all
of the devices. This design will integrate and
replace all aural and visual alarms with a single,
prioritized scheme including a master alarm
light, two different aural alarms (reserved for
WARNING and CAUTION), and in rare
instances, a voice aural alarm for CRITICAL

alarms that require immediate action, and a
centralized alarm screen display with detailed
information about active alarms. Ultimately, the
centralized anesthesia alarm system could
integrate data from all anesthesia-related
devices. A similar system could be designed for
other environments such as the emergency
room and intensive care units.

Funding: $150,000 (January 1, 2025—-
December 31, 2026). The grant was designated
as the APSF/Medtronic Research Award, and
was also designated as the APSF Ellison C.
Pierce, Jr, MD, Merit Award with $10,000 unre-
stricted research support.

REFERENCES:

1. Chopra V, McMahon LF. Redesigning hospital alarms for
patient safety: alarmed and potentially dangerous. JAMA.
2014;311:1199-1200. PMID: 24590296

2. Schmid, F. et al. The wolf is crying in the operating room:
patient monitor and anesthesia workstation alarming
patterns during cardiac surgery. Anesth Analg. 2011;112:78—
83. PMID: 20966440

3. de Man FR, Greuters S, Boer C, et al. Intra-operative moni-
toring—many alarms with minor impact. Anaesthesia.
2013;68:804-810. PMID: 23745968

4. Hospital: 2024 National Patient Safety Goals. The Joint
Commission. January 1, 2024. Available at: https://www.
jointcommission.org/standards/national-patient-safety-
goals/hospital-national-patient-safety-goals/. Accessed

December 12, 2024.
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Elizabeth Mahanna-Gabrielli, MD

Associate Professor of Anesthesiology,
Miller School of Medicine of the University of
Miami

Dr. Mahanna-Gabirielli’s project is titled “Does
ongoing comprehensive geriatric assessment
reduce the incidence of postoperative delir-
ium in older, frail patients undergoing elective
inpatient surgery?”

Background: Frail, older patients have 2-3
times the odds of postoperative delirium (POD)
as compared to robust counterparts! Frailty is a
syndrome of comorbidities, weakness, and
poor resilience to recover from stressors.
Comprehensive Geriatric Assessment (CGA)
evaluates the complex interaction of frailty,
comorbidities, and risk factors for POD. Expert
consensus has recommended CGA in at-risk

patients.?® However, equipoise exists as to
whether CGA reduces older patients’ risk of
POD, possibly due to the inclusion of robust,
older patients in prior studies.* We hypothesize
that postoperative assessment and individual-
ized recommendations, including adherence to
delirium prevention strategies, provided by a
dedicated geriatric medicine service (“CGA”) will
be superior to simple EHR frailty identification,
anesthetic guidelines, and generic recommen-
dations for reducing POD (“standard care”) in
frail, older patients, > 60 years old, who are
scheduled for elective inpatient surgery (> 2 day
anticipated length of stay).

Aims: 1. To determine if CGA is superior to
standard care with respect to reducing POD. 2.
To explore if CGA is superior to standard care
with respect to discharge to the same or a
lower preoperative level of care. 3. To explore if
CGA differs from standard care with respect to
prolonged length of stay.

Implication: Delirium is a serious, common,
preventable patient safety problem occurring
across surgical subspecialties with significant
associated morbidity, mortality and cost.® Evi-
dence-based delirium prevention is often
poorly followed.2 CGA is a proposed strategy to
reduce POD with current equipoise in the litera-
ture.* Models of CGA can vary and need not be
comprised of only geriatricians, but rather pro-
viders with in-depth knowledge of geriatric best
practices, including geriatric anesthesiologists.
This proposal includes only frail, older patients
with a high risk of POD and thus more potential
to demonstrate benefit than robust patients. If
superiority is shown, this will be strong evi-
dence supporting postoperative CGA over EHR
frailty identification and generic recommenda-
tions to reduce POD.

Funding: $150,000 (January 1, 2025-
December 31, 2026).

REFERENCES

1. Gracie TJ, Caufield-Noll C, Wang NY, Sieber FE. The associa-
tion of preoperative frailty and postoperative delirium: a
meta-analysis. Anesth Analg. 2021;133:314-323. PMID:
34257192

2. Peden CJ, Miller TR, Deiner SG, et al. Improving periopera-
tive brain health: an expert consensus review of key actions
for the perioperative care team. Br J Anaesth.
2021,126:423-432. PMID: 33413977

3. Hughes CG, Boncyk CS, Culley DJ, et al. American Society
for Enhanced Recovery and Perioperative Quality initiative
joint consensus statement on postoperative delirium pre-
vention. Anesth Analg. 2020;130:1572-1590. PMID:
32022748

4. Saripella A, Wasef S, Nagappa M, et al. Effects of compre-
hensive geriatric care models on postoperative outcomes
in geriatric surgical patients: a systematic review and meta-
analysis. BMC Anesthesiol. 2021;21:127. PMID: 33888071
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5. Gou RY, Hshieh TT, Marcantonio ER, et al. One-year Medi-
care costs associated with delirium in older patients under-
going major elective surgery. JAMA Surg.
2021,156:490-442. PMID: 33625501

Caoimhe Duffy, MD, MSc

Assistant Professor of Anesthesia and
Critical Care Medicine, University of
Pennsylvania, Perelman School of Medicine

Dr. Duffy’s project is titled: “Resilience train-
ing to prevent intubation harm: the One Safe
Act-Airway study.”

Background: Over 15 million tracheal intuba-
tions are performed each year in the United
States! This practice, commonly perceived as
routine, represents a high-risk medical interven-
tion since major airway complications contrib-
ute to 25% of anesthesia-related deaths.?
Neither technologic advancement nor continu-
ous guideline refinement have successfully
decreased airway-associated adverse events
over the past two decades.® The largest study
of airway complications to date, National Audit
Project 4 (NAP4), highlighted a causal link
between cognitive errors and adverse airway
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events.? Lapses in decision-making arise when
subconscious processes and mental shortcuts
are inappropriately applied. These lapses have
been implicated in up to 80% of anesthetic criti-
cal incidents, yet actionable targets for improv-
ing anesthesia safety remain relatively
underexamined.*®

Cognitive error-mitigation techniques,
dubbed “forcing strategies,” leverage metacog-
nitive (thinking about thinking) promotion of
structured preprocedural planning and deci-
sion-making self-assessment.®

Our proposed intervention, One Safe Act-
Airway (OSA-A), will address this gap and build
on our prior pilot study that demonstrated that
OSA-A prompts consideration of proactive
safety behaviors among clinicians.’” Aligning
with the Safety-Il approach, OSA-A promotes
consideration of why processes succeed rather
than the traditional focus on debriefing failures.
Through this emphasis, OSA-A shifts clinicians’
focus from just-in-time error mitigation towards
deliberate, planned error prevention. OSA-A
simply, efficiently, and seamlessly integrates
into existing workflows to improve safety with-
out significant costs.

Aim: To evaluate whether OSA-A can reduce
errors during tracheal intubation through
enhancement of clinicians’ metacognition and
resilience. Specifically, we will assess whether
participation in this intervention leads to a
reduction in hypoxic events during tracheal
intubation and improves clinicians’ perceptions
of successful and safe intubation practices.

Implications: The outcomes of this project will
lay the foundation for implementing proactive
error-prevention behaviors in airway manage-

us at APSF.org/podcast and at @APSForg on X, Facebook, and Instagram.

ment. It will offer valuable insights into cognitive
techniques related to intubation, as well as dem-
onstrate the implementation and sustainment of
the OSA-A. Future work will focus on identifying
proactive behaviors in clinical practice and sub-
sequently disseminating these strategies to fur-
ther enhance safe airway management.

Funding: $300,000 as 2024 APSF/FAER
Mentored Research Training Grant (MRTG).
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Yan Xiao, PhD, is a professor at the University of
Texas at Arlington College of Nursing and
Health Innovation, and the chair of the APSF’s
Scientific Evaluation Committee.

The author has no conflicts of interest.

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

Allison Bechtel, MD
APSF Podcast Director
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SPOTLIGHT on Legacy Society Members

Drs Alexand Carol Hannenberg Drs. JoyL Hawkins and Randall M. Clark

The ground-
breaking improve-
ments in clinical
outcomes and
patient safety for
which the specialty
of anesthesiology is
known—above all
other disciplines—
has been a pro-
found source of
pride for me. To call

% myself an anesthe-

siologist and be

associated with the work and achievements of so many
| admire deeply is a privilege. The APSF is the home of
these people and this work and its commitment to

We are very pleased to be
part of the APSF Legacy
Society. A foundation like
APSF that focuses on the
safety of patients is an essen-
tial part of our identity as
anesthesiologists. As others
before us have correctly
observed, the safety of our
patients is at the center of
everything we do as
physicians.

<

Joy and Randy are both professors of Anesthesiology at the University
of Colorado School of Medicine in Denver. Joy is the head of obstetric
anesthesia for the Department of Anesthesiology and University Hospital.

ceaselessly capture opportunities to protect our She has previously served as president and chair of the Board of Directors
patients deserves our support. for the Foundation for Anesthesia Education and Research. Randy is a

Carol and | are delighted to provide for ongoing sup- pediatric cardiac anesthesiologist at Children’s Hospital Colorado. In Octo-
port of APSF in our estate planning and encourage ber 2019, Randy became ASA first vice president and then president in
others to do so. 2021. Randy and Joy have two daughters, Catherine and Victoria, both of

whom are in graduate school.

David Gaba, MD, and Deanna Mann

Our two careers in health care were dedicated to the provision of safe patient
care. David’s academic mission centered on patient safety—both on its theoretical
basis and on a number of practical avenues to bring it to fruition around the world.
Without APSF’s support of these efforts, and those of countless others, patient
safety as a specific, targetable goal would never have come to the fore. That “no
one shall be harmed by anesthesia care” is a vision that we believe should con-
tinue in perpetuity.

Deanna Mann, RN, BSN, RNP, MSN, is a registered nurse and women’s health
nurse practitioner specializing in obstetrics and gynecology. She has worked in
both hospital and community clinic settings, giving care to patients of diverse eco-
nomic and cultural backgrounds. David Gaba, MD, is an anesthesiologist at Stan-
ford School of Medicine and at VA Palo Alto Health Care System. He has served as
a director of the APSF continuously from 1990 through 2019, as well as a member of its Executive Committee, and secretary, at various
times in this period. He was also a founding member of the American Society of Anesthesiologists’ Simulation Editorial Board. He was a
founding board member of the Society for Simulation in Healthcare and the founding editor-in-chief of its peer-reviewed journal, Simula-
tion in Healthcare.

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 Jill Maksimovich, APSF Director of Development at maksimovich@
apsforg.

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