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Emergency Manuals: The Time Has Come

Michael . Mulroy, MD, for Emergency Manual Implementation Collaborative

1 Air Embolism - Venous

2 Anaphylaxis

Operating Room
Crisis Checklists BRI

4 Cardiac Arrest - Asystole/ PEA
5 Cardiac Arrest - VF/VT

6 Failed Airway

7 Fire

8 Hemorthage

9 Hypotension

10 Hypoxia

11 Malignant Hyperthermia

12 Tachycardia - Unstable

It was a “standard” interscalene block for shoulder
surgery, a single injection of a ropivacaineftetracaine mix-
ture under ultrasound guidance. But then the convulsion
started; the patient lost consciousness and stopped breath-
ing. The blood pressure dropped, but sinus rlythm was
maintained. The anesthesiologist reported: "I sort of froze:
Four people were doing a lot of things at once, it was cha-
otic, but I remembered to get the checklist.” The checklist
he remembered was the ASRA guideline for managing local
anesthetic toxicity (LAST) that he had just simulated at a
meeting, and which was now posted on the operating room
wall. The checklist was read out loud; administration of a
large dose of propofol (dratwn up and being connected to the
V) was immediately stopped and Intralipid™ given
instead in the correct dose. After following the steps on the
list, the patient awakened with no permanent complica-

This is the story shared by Paul Preston, MD, of
the Kaiser Hospital system in Northern California.
He added that “using the checklist really helped the
team get organized and more effectively do the cor-
rect steps. It greatly added to situational awareness.
Nobody could remember the exact dose of Intralipid
even though two of the providers had been through
LAST simulation a month earlier—this let the team
rapidly get it right.”

The reality is that none of us can any longer func-
tion as that “lone expert” recalling every procedure
and drug dose from memory, especially in crisis situ-
ations. The American Heart Association has devel-
oped algorithms for managing cardiac arrest, the
MHAUS association has a detailed checklist for man-
aging malignant hyperthermia (www.mhaus.org), the
Central Line Bundle is now used to prevent infections

Figure 1. Table of Contents of Ariadne Group checklists. tions, and received surgery at o later date. See “Manuals,” Page §
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by Robert K. Stoelting, MD

The Anesthesia Patient Safety Foundation (APSF)
Executive Committee believes that a Pre-anesthetic
Induction Patient Safety (PIPS) checklist offers an
opportunity to pursue the foundation’s vision that “no
patient shall be harmed by anesthesia.”

In this regard, the APSF created a 22-question
survey (www.surveymonkey.com/s/3VHDTJY) to
determine anesthesia professionals’ views on the per-
ceived value of a PIPS checklist and the observations
that should be part of the checklist. Those responding
to the survey were asked to prioritize items for the
checklist, based on what they would want to be part of

See “Checklists,” Page 11
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ANESTHESIA PATIENT SAFETY FOUNDATION (APSF)
2014 GRANT PROGRAM

Announcing Guidelines for Grant Applications
to be selected on Saturday, October 12, 2013 (ASA Annual Meeting)
and Scheduled for Funding Starting January 1, 2014

Maximum Award is $150,000 for a study conducted
over a maximum of 2 years.

THE ANESTHESIA PATIENT SAFETY FOUNDATION (APSF) GRANT PROGRAM
supports research directed toward enhancing anesthesia patient safety.
Its major objective is to stimulate studies leading to prevention of mortality and morbidity
resulting from anesthesia mishaps.

The APSF Scientific Evaluation Committee will designate one of the funded proposals as the
recipient of the Ellison C. Pierce, Jr., MD, Merit Award that carries with it an additional
unrestricted award of $5,000.

ANTICIPATED 2013-2014 NAMED AWARDS
APSF/ American Society of Anesthesiologists (ASA)
President’s Endowed Research Award
APSF/Covidien Research Award

APSF / American Society of Anesthesiologists (ASA) Endowed Research Award
Submissions due online no later than Sunday, June 16, 2013 (23:59 EDT).
See www.apsf.org for grant guidelines and other information.
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The APSF Newsletter is the official journal of the
Anesthesia Patient Safety Foundation. It is
published 3 times per year, in June, October, and
February. The APSF Newsletter is not a peer-
reviewed publication, and decisions regarding
content and acceptance of submissions for
publication are the responsibility of the editors.
Individuals and/ or entities interested in submitting
material for publication should contact the editors
directly at Morell@apsf.org and/or Lee@apsf.org.
Full-length original manuscripts such as those that
would normally be submitted to peer review
journals such as Anesthesiology or Anesthesia &
Analgesia are generally not appropriate for
publication in the Newsletter due to space limitations
and the need for a peer-review process. Letters to
the editor and occasional brief case reports are
welcome and should be limited to 1500 words.
Special invited articles, regarding patient safety
issues and newsworthy articles, are often solicited
by the editors. These articles should be limited to
2000 words. Ideas for such contributions may also be

directed to the editors. Commercial products are not
advertised or endorsed by the APSF Newsletter;
however, upon occasion, articles about certain novel
and important technological advances may be
submitted. In such instances the authors should
have no commercial ties to, or financial interest in,
the technology or commercial product. The editors
will make decisions regarding publication on a case-
by-case basis.

If accepted for publication, copyright for the
accepted article is transferred to the Anesthesia Patient
Safety Foundation. Except for copyright, all other
rights such as for patents, procedures, or processes are
retained by the author. Permission to reproduce
articles, figures, tables or content from the
APSF Newsletter must be obtained from the APSE.

All submissions should include author affilia-
tions including institution, city, and state, and a
statement regarding disclosure of financial interests,
particularly in relation to the content of the article.
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The Anesthesia Patient Safety Foundation
Newsletter is the official publication of the nonprofit
Anesthesia Patient Safety Foundation and is pub-
lished quarterly in Wilmington, Delaware. Annual
contributor cost: Individual-$100, Corporate-$500.
This and any additional contributions to the
Foundation are tax deductible. © Copyright,
Anesthesia Patient Safety Foundation, 2013.

The opinions expressed in this Newsletter are not
necessarily those of the Anesthesia Patient Safety
Foundation. The APSF neither writes nor promulgates
standards, and the opinions expressed herein should
not be construed to constitute practice standards or
practice parameters. Validity of opinions presented,
drug dosages, accuracy, and completeness of content
are not guaranteed by the APSE.
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Panel on Monitoring of Neuromuscular Blockade at
2012 New York PGA Meeting, Sponsored by APSF

On Monday, December 17, 2012, at the New
York Society of Anesthesiologists Post Graduate
Assembly, Dr. Aaron Kopman, Dr. Lars Eriksson,
Dr. Glen Murphy, and Dr. Sorin Brull participated
in an APSF sponsored panel titled, “Residual
Muscle Relaxant Induced Weakness in the
Postoperative Period: Is it a Patient Safety Issue?”
Drs. Brull and Robert Stoelting, APSF President,
served as co-moderators of this timely panel,
which set forth the following goals for audience
participants:

1. Enumerate the advantages and disadvantages
of utilizing different techniques for monitoring
neuromuscular function during surgery

2. Recognize the implications of incomplete
reversal of neuromuscular blockade in the
postoperative period

3. Incorporate strategies to minimize complica-
tions of excessive neuromuscular blockade in
the postoperative period.

The panel began with Aaron F. Kopman, MD,
clinical professor of Anesthesiology (Retired)
Cornell University, Weill Cornell Medical College,
New York, New York who reviewed the basics of
monitoring neuromuscular blockade. Dr. Kopman
defined the classic train-of-four (TOF) and shared
the history of its use from its origination in 1971 by
HH Ali. Dr. Kopman reviewed studies in which
volunteers received curare and had vital capacity
(VC), negative inspiratory force (NIF), and peak
expiratory flow (PEF) measured and correlated
with the TOF ratio. Subjects’ NIF did not return to
>90% of baseline until TOF was greater than 90%.

With TOF of approximately 70%, volunteers
reported double vision, were unable to drink from
a straw, and could not lift their heads off of the bed
for 5 seconds. Even at TOF values of 0.9 there
were measurable differences in grip strength.

Dr. Lars I. Eriksson, MD, PhD, FRCA, professor
and academic chair, Department of
Anesthesiology, Surgical Services and Intensive
Care Medicine at the Karolinska Institute and
Karolinska University Hospital in Stockholm,
Sweden presented the Clinical Consequences and
Outcomes after Incomplete Recovery of Neuromuscular
Function. Dr. Eriksson reviewed the molecular
pharmacology of neuromuscular function, block-
ade and recovery from blockade. Dr. Erikkson dis-
cussed the pre- and post-synaptic acetylcholine
(ACh) receptors and pointed out how presynaptic
ACh receptors (N3- nicotinic) are responsible for
mobilization of ACh and maintenance of force

by Robert C. Morell, MD

over time. A subtype of the ACh receptor is
responsible for this, and blockade of that receptor
subtype is actually responsible for muscular fade.
All neuromuscular blocking (NMB) compounds
also cause some presynaptic block, which is
responsible for fade. Function of the laryngeal
musculature and the diaphragm returns faster
than does the function of the adductor pollicis
(thumb) muscle. Pharyngeal recovery is very slow
as well. Risks of aspiration are increased as TOF
ratio decreases, and the elderly are at much greater
risk of aspiration than young patients with low
TOF ratio, particularly because many elderly
patients have impaired pharyngeal function at
baseline.

It was also pointed out that neostigmine can
produce profound weakness when given in the
absence of NMB.

Dr. Glen Murphy, director of cardiac anesthesia
and clinical research and clinical professor of anes-
thesiology, University of Chicago Pritzker School
of Medicine located in Chicago, Illinois, presented
his perspective on Neuromuscular Management and
Postoperative Complications. Dr. Murphy shared
data regarding the association between residual
neuromuscular blockade and postoperative pul-
monary complications. Patients who experience
residual blockade due to the use of longer acting
NMB drugs such as pancuronium had worse out-
come than patients with residual blockade after
short- or intermediate-acting agents, and could
have long-term adverse consequences. Dr.
Murphy also provided comparisons of patients
who were monitored with standard twitch stimu-
lators (subjective evaluation) as opposed to those
monitored with the TOF-Watch monitor (objective
evaluation). Patients monitored with the TOF-
Watch monitor had a lower incidence of residual
neuromuscular blockade and a lower incidence of
critical respiratory events such as significant
oxygen desaturation, pulmonary aspiration or
need for emergent tracheal reintubation.

Finally, Sorin J. Brull, MD, FCARCSI (Hon),
professor of Anesthesiology at the Mayo Clinic
Jacksonville presented Back to the Future: Trends,
Needs, and Developments in Monitoring for Safe
Clinical Care. Dr. Brull discussed subjective tech-
niques for monitoring NMB including visual, tac-
tile, and clinical assessments. Direct visual and/or
tactile assessment of the adductor pollicis response
requires the ability to see and/or touch the hand
and thumb, which is often not accessible. Clinical
assessment of leg or head lift or handgrip has been

used in the past. Longer duration (10 seconds or
more) of head or leg lift or handgrip is more “accu-
rate” than shorter duration assessments.
Quantitative assessment of NMB, with baseline
assessments prior to administration of neuromus-
cular blocking drugs, is superior and more accu-
rate than subjective assessments. New devices are
on the horizon, including one being developed by
Dr. Brull and for which he provided full disclosure
regarding any potential conflict of interest.

All presenters agreed that routine careful mon-
itoring of NMB is important and should be per-
formed in all cases in which patients receive
neuromuscular blocking agents. Furthermore, all
presenters agreed that a TOF ratio of >0.9 is an
appropriate goal, and the minimum degree of
recovery consistent with adequate neuromuscular
function postoperatively. Lesser TOF ratios indi-
cate residual NMB and the potential for adverse
events, both long- and short-term. Objective
assessment is considered far superior to qualita-
tive or subjective assessments.

Following the presentations, a survey was dis-
tributed amongst audience members. Of the 81
respondents, 80 were anesthesiologists and 1 was
an anesthesiologist assistant. Sixty-six (81.5%) had
more than 10 years of clinical practice, 7 had less
than 5 years, and 7 had 5-10 years of practice.
Forty-eight (60%) of respondents were in an aca-
demic practice model, while 32 (40%) reported
being in private practice.

When asked if residual muscle weakness in the
PACU is a rare phenomenon, 10 (13.3%) agreed,
while 64 (85.3%) disagreed; 1 respondent felt that
data were insufficient to have an opinion.

Of the respondents, 73 (90%) disagreed that a
TOF > 0.7 confirmed the absence of significant
residual drug-induced muscle weakness in the
PACU, while 3 individuals agreed; 5 had no opin-
ion. Similarly, 71 respondents (87.7%) felt that
normal respiratory and upper airway function in
the PACU may not be present until the TOF ratio is
> 0.9, while 9 (11.1%) disagreed, and 1 had no
opinion. Regarding this question, 8 individuals
(9.9%) stated that their response would have been
different before attending this panel presentation.

When asked if objective monitoring (twitch
measurement) of the intensity of NMB should be
utilized intraoperatively on all patients receiving
neuromuscular blocking drugs, 64 (87.7%)
responded affirmatively, while 8 (10.9%) disagreed

See “Neuromuscular Blockade,” Page 14
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The Largest Health Care Associated Fungal Outbreak in the U.S.

by Tricia Meyer, PharmD, Emory Martin, PharmD, Richard Prielipp, MD

The recent and tragic outbreak of fungal infec-
tions identified in patients receiving products
from the New England Compounding Center
(NECC) in Framingham, Massachusetts, has now
become the largest reported health care associated
fungal outbreak in the U.S.! Information from this
catastrophic event began emerging when the
Tennessee Department of Health was notified on
September 18, 2012, of a patient with Aspergillus
fumigatus meningitis. The patient had received an
epidural steroid injection for lower back pain at an
ambulatory surgery center 46 days earlier. This
56-year-old index patient initially presented to cli-
nicians with neutrophilic meningitis—most typi-
cal of a bacterial infection. After antibiotic therapy
failed, an infectious disease specialist investigated
and verified the fungal infection.* Ultimately, this
56-year-old index patient did not survive. Eight
other patients, including 7 patients treated at the
same center as the index patient, were also identi-
fied with fungal meningitis. Health authorities
soon identified that all 9 patients had received an
epidural injection with preservative free methyl-
prednisolone acetate (MPA) 80 mg/ml com-
pounded by the NECC.* The Food and Drug
Administration (FDA) determined through a
microscopic review, that fungal contamination
was detected in unopened vials of methylpredn-
siolone.’ The contaminated MPA was associated
with 3 specific lots. An initial voluntary recall on
these 3 lots of MPA occurred but was soon fol-
lowed by an expanded recall of all products dis-
tributed from NECC.>® In addition, on October 31,
2012, the FDA announced a voluntary recall of all
unexpired products from Ameridose, LLC, a ster-
ile admixing service and sister company of NECC.
Regulators found deficits in testing procedures;
however, no impurities were identified in any of
their products.®

As patient data accumulated, the Center for
Disease Control and Prevention (CDC) confirmed
the principal fungus detected in afflicted patients
has been Exserohilum rostratum. Although not a typi-
cal human pathogen, Exserohilum species are envi-
ronmental fungi that are commonly found in soil
and grass.’ The first patient (the index case) had a
laboratory-verified Aspergillus fumigatus infection.?
Both of these fungi are common in the outdoor
environment. The CDC, as of March 2013, has
found Exserohilum rostratum as the primary fungal
infection although 22 other species were identified
including the Aspergillus fumigatus in sickened
patients.’ Tests at both the CDC and FDA laborato-
ries on the preservative-free MPA vials reported the
same fungus, Exserohilum rostratum, in unopened
vials from 2 of the 3 implicated batches. These
results support the association between preserva-
tive-free MPA vials and the outbreak.®”

Authorities estimate 17,675 vials of the MPA
from these lots were distributed to 76 facilities in 23

states. Of the tainted lots, the earliest dating of the
vials was beginning on May 21, 2012. Regulatory
officials calculated that 13,534 individuals may
have been exposed to contaminated drug from
these lots through epidural, spinal, paraspinal,
peripheral joint or other therapeutic injections.
Urban and rural hospitals, ambulatory surgery cen-
ters, eye clinics, pain clinics, and plastic surgery
centers ordered and administered products from
NECC. But other compounded products were also
found to have been contaminated during testing by
the FDA and CDC. They identified both bacterial
(variants of Bacillus) and / or fungal contamination
(Aspergillus tubingensis, Aspergillus fumigatus,
Cladosporium and Penicillium species) in unopened
vials of betamethasone (5 lots), cardioplegia (single
lot), and triamcinolone solutions (3 lots)-com-
pounds all prepared by the Framingham
Massachusetts pharmacy.5”

The most recent CDC statistics report 51 deaths
and 730 cases of the fungal meningitis and other
related infections in this recent 20 state outbreak.?
These infections include not only fungal meningi-
tis but paraspinal and spinal infections as well as
peripheral joint space infections. Moreover, recent
reports often note localized spinal or paraspinal
infections such as abscesses and arachnoiditis.
Although there have been reports of infections
caused by other products compounded at NECC,
the CDC and FDA have no evidence to support
this link at this time.’

Although this outbreak, due to compounding
of medications, may prove to be one of the most
serious and lethal in recent history, it is not the first
tragedy that has occurred from tainted products
distributed by compounding pharmacies. The
Institute of Safe Medication Practices (ISMP) has
published a list of selected pharmacy compound-
ing mishaps related to sterile products that have
occurred since the 1990s (See Table 1) from com-
pounding and hospital pharmacies. The list
describes 200 adverse events including vision loss,
blindness, infection, and death from 71 different
compounded products.” Interestingly, the same
drug, methylprednisolone, was involved in a 2002
Exophiala dermatitidis meningitis outbreak due to a
contaminated compounded injectable. The clini-
cian’s involved with caring for the patients deter-
mined that compounding of preservative free
corticosteroids requires meticulous sterility to pre-
vent fungal contamination. If sterility is lacking,
the concentrated steroids are a suitable media to
support the aggressive growth of pathogenic
fungi. The author also found that development of
the disease may be delayed for up to 6 months
post-exposure.!!

The Compounding Story

Clinicians using compounded medications for
the care of patients must recognize that these

products are not considered FDA approved or
reviewed drugs. These medications are not
normally commercially available from a
manufacturer in the strength, concentration, or
dosage form needed for a specific patient or
special application (e.g., epidural injection).
Therefore the safety, efficacy, quality, and
adherence to federal manufacturing standards
may have not been established.’

“Compounding” implies a wide range of
complexity from the very simple process of
adding one medication to an intravenous
solution—a process done daily in hospital
pharmacies and operating rooms across the
country. However compounding could also be
the more complex process of compounding
multiple ingredients from raw material. Prior to
the 1960s, pharmacists in the local corner
pharmacies compounded 80% of all dispensed
medications. In the early 1960s, pharmaceutical
companies began increasing manufacturing of
medications. Thereafter, compounding by local
pharmacists greatly diminished. This changed
when the need for compounded pharmaceuticals
reappeared in the 1980s due to, in part,
discontinuation of over 8,000 prescription and
non-prescription products.’? The International
Academy of Compounding Pharmacists (IACP)
estimates that there are 7,500 pharmacies in the
United States that specialize in advanced
compounding services of which approximately
3,000 provide sterile compounding.'

Compounded medications are prepared from
component ingredients that can be formulated into
capsules, syrups, suspensions, external creams,
and gels, and injectables including infusions.
Compounding pharmacies prepare medications
for patients with allergies to preservatives, dyes,
or binder, and for individualized dosage strengths
for various patient populations (e.g., infants).*1°
Although all pharmacies may compound, a main
function of the hospital pharmacy is to prepare
injectables by following strict standards for
sterility. These preparations may include total
parenteral nutrition, surgical irrigations,
chemotherapy drugs, and various medication
drips or infusions. Infection risks are much greater
from injectable drugs, and standards to prevent
these risks have been established by the United
States Pharmacopeia (USP). The development of
Chapter <797> describes standards and
requirements for compounding sterile products in
a safe manner (Table 2). USP <797> is a national
standard for the process, testing, and verification
of any medication prepared for administration to
patients.®

If a hospital, clinic, or medical facility does not
have the resources to prepare the compounded

See “Fungal Outbreak,” Next Page
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Drug Shortages Drive Demand for Compounding Pharmacies - Numerous Infections Reported

“Fungal Outbreak,” From Preceding Page

product they may select to purchase the needed
product from an outside compounding pharmacy.
Although the definition of a compounding phar-
macy is a company that prepares medications for a
specific patient pursuant to a prescription, many
facilities will use anticipatory compounding.

Anticipatory compounding is making limited
quantities of these compounded medications that
are not patient-specific but are made for expected
patients that will be used in the near future.!®
Recent and recurring drug shortages have also
dramatically increased the use of outside com-
pounders when the commercial agent is not
available.

Compounding pharmacies are overseen by
their individual State Boards of Pharmacy for
adherence to Board regulations. The Board over-
sees the licensure and oversight of pharmacists
and pharmacy technicians, the process of filling
prescriptions, records, documents, environment,

See “Fungal Outbreak,” Next Page

Table 1. Selected Pharmacy Sterile Compounding Misadventures (adapted from ISMP Newsletter)®

Year State Description
1990 Nebraska 4 patients died of a bacterial infection from non-sterile cardioplegia solution compounded in a hospital.
1990 Pennsylvania 2 patients lost their vision after becoming infected by Pseudomonas aeruginosa found in indomethacin eye drops compounded in a drug store even
though commercial non-steroidal drops were available at the time.
1998 California 11 children became septic—10 tested positive for Enterobacter cloacae bloodstream infections associated with contaminated prefilled saline
syringes.
2001 California 11 patients contracted Serratia marcescens infections following the injection of betamethasone compounded at a community pharmacy.
2001 Missouri 4 children contracted Enterobacter cloacae infections from IV ranitidine compounded in a hospital pharmacy.
2002 North Carolina, 5 patients developed Exophiala infections from contaminated injectable methylPREDNISolone prepared by a compounding pharmacy; one patient
South Carolina died.
2002 Michigan Pharmacy preparing injectable methylPREDNISolone and baclofen recalled the products because of contamination with Penicillium mold, Methylo-
bacterium, and/or Mycobacterium chelonae.
2003 Missouri Bacteria contamination with Burkholderia cepacia found in at least 2 batches of a compounded inhalant solution used by 19,000 patients with
chronic lung diseases.
2004 Texas, New York, | 36 patients developed Pseudomonas bloodstream infections after receiving heparin/saline flushes from multiple lots of preloaded syringes.
Michigan,
Missouri
2005 New Jersey, Up to 25 patients contracted Serratia marcescens infections due to contaminated magnesium sulfate mini-bags prepared by a compounding phar-
California macy.
2005 Minnesota 2 patients were blinded after receiving a compounded trypan blue ophthalmic injection contaminated with Pseudomonas aeruginosa and Burkholg-
eria cepacia.
2005 California Sterile talc vials with unwashed stoppers were not sterility tested before distribution from a compounding pharmacy.
2005 Maryland 10 patients died after exposure to cardioplegia solution from 2 lots contaminated with gram-negative rods.
2006 Nevada 1 baby died from a 1,000-fold zinc overdose (mcg and mg zinc sulfate confused) compounded in a hospital pharmacy.
2006 Ohio 1 child died after a compounding error led to administration of chemotherapy in 23.4% sodium chloride injection instead of 0.9% sodium chloride.
2007 Washington, 2, possibly 3, patients died after receiving an IV colchicine product compounded at a concentration higher than standard (4 mg/mL vs. 0.5 mg/mL)
Oregon in a compounding pharmacy.
2009 Florida 21 horses died after receiving a compounded vitamin supplement containing vitamin B, potassium, magnesium, and selenium (product not approved
in the US).
2010 Illinois 1 child died after receiving more than 60 times the amount of sodium chloride prescribed due to a compounding error in a hospital pharmacy.
2011 California, Florida, | 16 patients being treated for wet macular degeneration developed severe eye infections due to contamination of AVASTIN (bevacizumab) during
Tennessee compounding; one patient lost vision, another patient developed a brain infection.
2011 Alabama 9 patients among 19 died when parenteral nutrition solutions were contaminated with Serratia marcescens during compounding using non-sterile
components to prepare amino acids in a compounding pharmacy.
2012 California 9 patients developed fungal endophthalmitis after use of the compounded product Brilliant Blue-G (BBG) or receiving injections of triamcinolone-
containing products dispensed from the same compounding pharmacy.
2012 Nationwide More than 200 patients contracted fungal meningitis after receiving methylPREDNISolone acetate injection prepared by a compounding pharmacy
that was contaminated with Exserohilum (a brown-black mold) and Aspergillus species.

ISMP thanks Eric S. Kastango, MBA, RPh, FASHP, CEO of ClinicallQ, for his contribution to this table and for serving as an expert for the related article (wwuw.clinicalig.com).
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FDA and State Boards of Pharmacy Provide Oversight of Compounding Pharmacies

“Fungal Outbreak,” From Preceding Page

and compliance with the state’s laws and regula-
tions designed to protect the public. The FDA
authority is for the integrity of the drugs and
“Active Pharmaceutical Ingredients” (APIs) that
the pharmacy orders, stores, and uses (all raw
material should be from FDA registered pharma-
ceutical ingredient suppliers). The FDA does not
regulate pharmacy practice but can step in if the
pharmacy is considered to be mass producing
rather than compounding. The FDA may inspect
any pharmacy at any time to validate that the
medications are stored, inventoried, dispensed, or
sold by that pharmacy are safe. However, the FDA
does not designate a pharmacy as FDA approved.
If controlled substances are involved in the com-
pounded product, then the Drug Enforcement
Administration (DEA) would also have oversight.
Additionally, following of the United States
Pharmacopeia USP <797> standards for the com-
pounding of sterile medications is expected and is
typically inspected by the state boards of phar-
macy. The Pharmacy Compounding Accreditation
Board (PCAB) sets national standards to accredit
compounding pharmacies. Participation with
PCAB is voluntary. Including New England
Compounding Center, 98% of compounding phar-
macies are not currently PCAB accredited.' 5

The NECC was licensed by the Commonwealth
of Massachusetts as a pharmacy. Reports indicate
that the NECC may have extended beyond its
scope of authority as a pharmacy and may have
been involved in the manufacture and distribution
of prescription drugs without registering with the
FDA or the Massachusetts State Board of Pharmacy
as a manufacturer and distributor. The FDA is
responsible for and oversees manufacturers.

When the NECC was identified as the com-
pounding pharmacy responsible for the contami-
nation, authorities found the pharmacy’s records
showing their clean room had tested positive for
bacteria and mold over the past year. The NECC
did not take corrective action. The investigators
also found failure to use sterilization equipment
for the necessary time to assure the drugs were
safe. Two of the three steroid tainted lots were
shipped before results of sterility testing were con-
firmed. The NECC may not have followed gener-
ally accepted manufacturing processes.’

Each time contaminated compounded prod-
ucts harm patients, consumers, clinicians, and
society assumes a valuable lesson was learned,
and corrections were implemented to prevent this
from occurring again. Unfortunately, we are
relearning this lesson. As of March of 2013, two
separate compounding pharmacies have posted
recalls for potentially contaminated products.®

Table 2. USP 797 Compounding Conditions: Risk of Contamination for Compounded
Sterile Products (CSP)*

*for illustration purposes, not a complete listing of USP Standards

Low-Risk Level

e Compounded entirely in air quality of ISO Class 5 standard (room air with <100 particulates (0.5 pm) per ft3).
e |nvolves transferring, measuring, and mixing manipulations with closed or sealed packaging systems.

e Limited to aseptically opening ampules, penetrating sterile stoppers on vials with sterile needles, and transfer
of sterile liquids in sterile administration devices.

e |nthe absence of sterility testing, storage periods of CSP can NOT exceed 48 hrs at room temperature, or
more than 14 days at cold temperature, or 45 days if stored in a solid, frozen state (—20 degrees or colder).

Medium-Risk Level

o All conditions under low-risk apply (see above)

Multiple individual or small doses of sterile products are pooled to prepare a CSP administered to 1 patient
multiple times or multiple patients.

¢ |nvolves complex aseptic manipulations beyond simple volume transfer.
e Compounding procedure requires long duration.

The sterile CSP does not contain any broad-spectrum bacteriostatic agents, and are administered over sev-
eral days. Specific storage conditions apply.

High-Risk Level

e Non-sterile ingredients and components are incorporated, or use of a non-sterile device is used before final
sterilization.

e Sterile components or mixtures are exposed to air quality inferior to ISO Class 5 standard (room air with >100
particulates per ft%).

e Non-sterile ingredients are exposed for up to 6 hrs prior to terminal sterilization
¢ Non-sterile ingredients are terminally sterilized but not tested for bacterial endotoxins.

¢ Assumption that chemical purity and content strength of ingredients meet compounding specifications in
packages of bulk ingredients.

¢ The sterile CSP does not contain any broad-spectrum bacteriostatic agents, and are administered over sev-
eral days in the absence of passing a sterility test.

Exserohilum Rostratum
Photo used with permission of the CDC.

See “Fungal Outbreak,” Next Page
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“Fungal Outbreak,” From Preceding Page

Tricia A. Meyer, PharmD, MS, FASHP, is an associate
professor, Department of Anesthesiology, Texas A&M
College of Medicine; Emory Martin, PharmD, BCPS, is the
Pharmacy (PGY1) Residency Program Director at Scott &
White Memorial Hospital in Temple, TX; Richard C.
Prielipp, MD, MBA, FCCM, is a professor of Anesthesiology
at the University of Minnesota in Minneapolis, MN.
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Fire Prevention Algorithm*

=

Does patient require oxygen supplementation?

ves ¢

Is >30% oxygen concentration required to maintain
oxygen saturation?

Is patient at risk for surgical fire?
(Procedures involving the head, neck and upper 75
and use of an ignition source in proximity to an oxidizer.)

YES

t Although securing the airway is preferred, for cases where using a device is undesirable or not feasible, oxygen accumulation may be
minimized by air insufflation over the face and open draping to provide wide exposure of the surgical site to the atmosphere.

PROVIDED AS AN EDUCATIONAL RESOURCE BY THE

Anesthesia Patient Safety Foundation |
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Letter to the Editor:

What is the Optimal CVP to Minimize Risk in Patients
Undergoing Laparoscopic Hepatectomy?

To the Editor:

As surgical specialties advance, subspecialties
within the field are uniting to combine modalities that
ultimately benefit patient care. This is evident with
hepatic surgeons assimilating laparoscopy for major
hepatic resections. The advent of this new technique
mandates that anesthesia professionals stay in touch
with the changing physiologic environment that the
operative field creates and demands. In open hepatic
resections, the goals of minimizing hemorrhagic risk
and venous air embolism are mitigated by maintain-
ing a central venous pressure (CVP) from 0-5mmHg
with the transducer leveled to the site of resection
(Giordano C, Gravenstein N, Rice M—unpublished
data). This effectively keeps sinusoidal venous pres-
sure low enough to prevent excessive blood loss yet
sufficient to minimize the risk of air entrainment. This
physiologic milieu becomes unbalanced with the
implementation of pneumoperitoneum pressure (PP)
to facilitate laparoscopic surgery.

The conundrum begins by appreciating the pres-
sure differential between the CVP and PP impacting
the hemorrhagic tamponade effect'? and CO,
embolic risk.>® Complicating the physiology of these
two risks are the compliance, compressibility, and col-
lapsibility of the vessels being dissected. Puncturing
a hole in the inferior vena cava as opposed to tran-
secting hepatic sinusoids may result in differences in
their volume and rate of CO, ingress during PP. The

surgical field creates more uncertainty when varying
venous structures are periodically stented open by PP
distension and mechanical retraction.

The anesthetic balancing act continues with a new
variable resulting from the insufflation pressure:
abdominal compartment syndrome. Anesthesia pro-
fessionals must recognize the PP decreases preload
and impacts cardiac output, and diminishes renal,
hepatic, and splanchnic perfusion pressures. An addi-
tional concern is the reverse—the Trendelenburg
positioning required to optimally expose the liver.
Patient positioning results in significant venous pool-
ing that decreases the intrathoracic CVP and preload,
while augmenting the PP-CVP differential. This may
abrogate blood loss, but it magnifies the pressure gra-
dient from the operative field to the central venous
circulation promoting CO, embolization. Currently,
no adopted stance on optimal CVP has been voiced,
acknowledging the new variables within laparo-
scopic hepatectomy: PP (intraabdominal pressure
[IAP]) and patient positioning.

If the significance of CO, embolism is minimal,
absent insertion of the insufflation needle into a
vessel, then the opposing concerns are the maximum
allowable insufflation pressure to view the field and
balance hemostatic effects versus the appropriate
organ perfusion pressures. Trials of insufflation
limits have demonstrated that IAPs greater than
16 mmHg are ultimately detrimental to organ

The Anesthesia Patient Safety Foundation
gratefully acknowledges an educational grant from

AR
¢ MERCK

to support the Spring-Summer 2013
issue of the

APSF Newsletter

Be well

perfusion,*® and therefore should be maintained no
higher then 12-14 mmHg. If this is our founding
block, despite the notion that some procedures may
be done with less PP to adequately view the surgical
field, we must now decide on the optimal target CVP
strategy and perhaps also intraoperative monitoring
for the increasingly common laparoscopic hepatic
resection operation. We pose two questions. First,
should the target CVP during laparoscopic hepatic
resections be different than for open cases and sec-
ondly, should transesophageal echocardiography or
precordial Doppler monitoring be recommended
during these operations?

Chris Giordano, MD

Nik Gravenstein, MD

Mark Rice, MD

Department of Anesthesiology, University of Florida
College of Medicine, Gainesville, FL
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Checklists Improve Performance in Emergencies

“Manuals,” From Page 1

in the ICU, and ASRA has shared the LAST checklist.!
We are now adapting to the checklist concept that has
been used in aviation for 80 years, and for anesthesia
machine checks for 50. We have seen that effective
use of the WHO surgical checklist in the operating
room reduces morbidity and mortality. The Stanford
Patient Simulation Center has an extensive history of
developing and testing cognitive aids for operating
room teams through simulation.? This concept has
also been explored by researchers at Ariadne Labs, a
joint center for health system innovation at Brigham
and Women's Hospital and Harvard School of Public
Health, to introduce a broad set of 12 Crisis
Management checklists for the operating room
(Figure 2)3

Simulation testing of such cognitive aids in Palo
Alto , Boston,? and Seattle' has shown, not surpris-
ingly, that performance in emergency situations is
greatly improved with a checklist. The use of these
tools in teaching new residents how to manage
emergency situations has also been demonstrated at
Northwestern University.’ Distribution of emer-
gency manuals in the VA Hospital system has
resulted in anecdotal reports of efficacy in real time
crisis situations.®

While every hospital needs an Emergency
Manual that meets their specific needs (including
the phone number for fire reporting, the location of
the MH kit, etc.), there are several sets of cognitive
aids available as potential templates. The Stanford
published handbook of checklists” is now supple-
mented by a website with a set of 23 anesthesia cog-
nitive aids (http:/ /emergencymanual stanford.edu)
(Figure 3) and a second website with additional
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By T. Kyle Harrison, MD, Larry F. Chu, MD, and Sara Galdhaber-Fiebert, MD

Some signs may be absent in an anesthetized patient:
1. Hypoxemia, difficulty breathing
2. Rash/ hives
3, Hypotension (may be severe)

4. Tachycardia

5. Bronchospasm/wheezing

6. Increase in peak inspiratory pressure (PIP)
7. Angioedema (potential airway swelling)

achypnea

CALL FOR HELP CODE CART? Continued
INFORM TEAM Next Page
PREPARE EPINEPHRINE 10 pg/mL OR 100 pg/mL
CONSIDER PAUSING SURGERY

If patient becomes pulseless, start CPR,
continue Epinephrine 1 mg IV boluses_ and
large volume IV fluid. Go to PEA algorithm.

Consider and rule out other causes:

- Pulmonary embolus
- Myocardial infarction
- Anesthetic overdose

- Pneumotharax
- Hemorrhage

- Aspiration

Figure3. Example of checklist from Stanford Anesthesia Cognitive Aid Group.

8 Hemorrhage

Acute massive bleeding

@ call for help and a code cart
» Ask: “Who will be the crisis manager?”

e Open IV fluids and
assess for adequate IV access

o Consider...
> Electrolyte disturbances
(hypocalcemia and hyperkalemia)

» Uncrossmatched type O blood
if crossmatched blood not available

DRUG DOSES and treatments

HYPOCALCEMIA treatment

Give calcium to replace deficit
(calcium chloride or calcium gluconate)

© Turm FiO, to 100% and
turn down volatile anesthetics
@ call biood bank
» Activate massive transfusion protocol

» Assign 1 person as primary contact
for blood bank

» Order blood products (in addition
to PRBCs)
1FFP: 1 PRBC
If indicated, 6 units of platelets

e Request rapid infuser (or pressure bags)

e Discuss management plan between
surgical, anesthesiology, and nursing teams

e Call for surgery consultation
9 Keep patient warm

e Send labs

CBC, PT/PTT/INR, fibrinogen, lactate,
arterial blood gas, potassium, and ionized calcium

» Damage control surgery
(pack, close, resuscitate)

» Special patient populations
(see considerations below)

HYPERKALEMIA treatment

1. Calcium gluconate 30 mg/kg IV
or-
Calcium chloride « 10 mg/kg IV
2. Insulin 10 units regular IV with
1-2 amps D50W as

needed

3. Sodium bicarbonate
ifpH <72

SPECIAL PATIENT POPULATIONS

OBSTETRIC:

* Empirical administration of 1 pool of
cryoprecipitate (10 cryo units)

o Check fibrinogen.
(goal isfibrinogen > 100 mo/dL)

If first fibrinogen level is:

<100 Order 2 more pools
mg/dL of cryoprecipitate

100-200  Order 1 more pool

mg/dL of cryoprecipitate

TRAUMA:

Give either.

o Antifibrinolytic tranexamic acid:
1000 mg IV over 10 minutes followe
by 1000 mg over the next 8 hours

—or-

o Aminocaproic acid: 4-5 g in
250 mL NS/RL IV over first hour
followed by a continuing infusion
of 1gin 50 mL NS/RL IV per hour
over 8 hours

* 1-2 mEg/kg
slow IV push

NON-SURGICAL UNCONTROLLED
BLEEDING despite massive
transfusion of PRBC, FFP, platelets
and cryo:
o Consider giving Recombinant
Factor Vlla: 40 meg/kg IV
- Surgical bleeding must first
be controlled
- Use with CAUTION in
patients at risk for thrombosis
- DO NOT use
when PHis <7.2

Figure 2. Example of checklist from Ariadne Labs

protocols (www.cognitive aids.org). Another
manual of Crisis Checklists for the Anaesthetist® is
available, but uses more British standards for car-
diac emergencies—a North American version may
be coming in the future. The LAST guidelines are
available from www.asra.com. The 12 checklists
developed and tested by researchers at Ariadne
Labs are also available at www.projectcheck.org/
crisis, which includes a 4-page discussion describ-
ing practical ways to adapt and distribute these in
operating rooms and a discussion of modifications
that may be needed.

But it is not just a matter of buying some books
or distributing a set of three ring binders.
Experience with the WHO surgical checklist shows
just tacking a checklist on the wall doesn't create
effective use or team behaviors. Lists must be modi-
fied for local use; even the ACLS guidelines aren’t

See “Manuals,” Next Page
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Cognitive Aids Critical for Crisis Management

“Manuals,” From Preceding Page

always suited to the operating room.’ Institutional
support and education is needed, as well as inclu-
sion of all of the staff who might be affected, includ-
ing surgeons, nurses, and anesthesia technicians. A
local “champion” is the best way to ensure broad
implementation. There are at least 4 stages:

* acquiring the tools

o familiarization by the staff

¢ actual use (simulation as the best start)
o eventual cultural change.

This latter concept highlights the need for all mem-
bers of the team to move away from the traditional reli-
ance on memory and towards the acceptance of
cognitive aids, as well as a shift from the cultural
expectation of individual perfection, concepts that will
likely require several years in a medical system that
currently teaches and grades individual responsibility
and independent action. Several simulations have
shown reluctance of current trainees to use cognitive
aids, even when made available.!

Crisis checklists will not be used if the potential
users are unaware of them and untrained. Neily and
colleagues at the VA found that, despite the positive
response to the concept by 98 % of staff, 13% and 41%
in 2 surveys admitted they were not even aware of the
tools.> Awareness alone is also not enough—practice
is critical. Burden and colleagues found in their simu-
lation trials that a designated “reader” was essential
for the more complex scenarios, such as malignant
hyperthermia.!’ The ASRA group discovered in their
initial simulation that the first guideline was ambigu-
ous and had to be revised to be effective.! Using the
crisis checklists as templates for multidisciplinary
simulation is the ideal way to ensure that the steps are
clear, and that all members of the operating team are
really prepared to handle emergencies—the Stanford
group has been constantly revising their lists based
on simulation experience.

Many of these ideas were broached at a collabora-
tive discussion on crisis checklist implementation at
the ASA meeting in Washington, DC, in October 2012,
and will be refined at a follow-up session in San
Francisco. The discussions in DC led to development
of an Emergency Manual Implementation
Collaborative (EMIC) this spring, which is dedicated
to fostering the implementation of crisis checklists in
the operating room. The group has established a
website for exchange of ideas (www.emergencyman-
uals.org). If you have a set of Emergency Checklists
or Cognitive Aids, or whatever you call them, please
share your experiences on this site. Your participa-
tion is welcome, especially if you have familiarities
with implementation that can ease the path for others,
or give good reasons to make it happen.

Although everyone accepts the concept, effective
implementation of emergency manuals will not
happen automatically, partly because of the rare fre-
quency of such events, but also because of our cul-
tural heritage of independence. It took the airlines
many years to arrive at their current state of high reli-
ability, achieved by their emphasis on frequent simu-
lation, adaptation of team training, and heavy use of
checklists. We have equal challenges, but hopefully
can use their experience to help us make the transi-
tion rapidly.

Members of the Emergency Manual Implementation
Collaborative include

William Berry, MD, Harvard School of Public Health
Amanda Burden, MD, Cooper Health

Anthony Debs, MD, Kaiser Permanente, Northern
California

David Gaba, MD, Stanford University

Sarah Goldhaber-Fiebert, MD, Stanford University
David Hepner, MD, Brigham and Womens Hospital
Steven Howard, MD, Stanford University

Michael Mulroy, MD, Virginia Mason Medical Center
Paul Preston, MD, Kaiser Permanente, Northern CA

Dr. Michael F. Mulroy is faculty anesthesiologist at
Virginia Mason Medical Center, Seattle, WA.
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Request for Applications (RFA)
for the

SAFETY SCIENTIST
CAREER DEVELOPMENT
AWARD (SSCDA)

Application deadline:
November 1, 2013

APSF is soliciting applications for
training grants to develop the next

generation of patient safety scientists.

In this initial, proof of concept RFA, we
intend to fund one ($150,000 over
2 years) Safety Scientist Career
Development Award to the sponsoring
institution of a highly promising new
safety scientist. The award will be sched-
uled for funding to begin July 1, 2014.

Please contact Stoelting@apsf.org
to request the SSCDA GRANT
GUIDELINES AND APPLICATION.

Check out the
APSF Monthly
Poll at
www.apsf.org
Give your
opinion on
timely issues.
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APSF Pre-anesthetic Induction Patient Safety
(PIPS) Checklist: Results of Survey and Next Step

“Checklists,” From Page 1 Table 1: Responses to survey question, “Please indicate your years in clinical practice.”

a safety checklist before induction of their anesthetic Number of

(the passenger rather than the pilot) Percent of responses
p 5 pulot). responses (n-723)
The intent is to ultimately create a template for a Less than 5 years 9% 65

PIPS checklist that could be utilized by anesthesia pro-

fessionals and anesthesia groups as the basis to create a 5to 10 years 10.9% 79

pre-anesthetic induction patient safety checklist that .

best fits their practices. Such a checklist is not intended AEBUEIOLEE 80.1% 579

to reflect the steps involved in a pre-anesthetic evalua-
tion and formulation of an anesthetic management

plan. The proposed checklist would confirm the status Table 2: Responses to survey question, “Please characterize your clinical practice model.”

of those characteristics most important for proceeding Number of

with anesthetic induction (on the runway and cleared r:gcglq;g; re(fﬁggg's

for take-off). Success of this APSF safety initiative may _ P

well be “stimulating interest and creating the traction Group practice (less than 10 members) 5.7% 4

for the national professional societies to act.” Group practice (10 to 30 members) 10.9% 79
An H,Wltatlon ,to take the sur ‘,’ey was sent 2,229 Group practice (more than 30 members) 16.9% 122

anesthesia professionals representing members of the

American Society of Anesthesiologists, American Solo practice 2.8% 20

Association of Nurse A.nestl}etlsts,‘and the Arr.leflcan o 46.7% 337

Academy of Anesthesiologist Assistants. Recipients

were encouraged to share the survey link with col- Hospital based 13.9% 100

leagues who wished to express their olpinions. Other 3.2 23

Respondents were asked to comment on their percep-

tion of the need / value of an APSF PIPS checklist and

to rank (high priority, low priority, donotinclude)the ~ Table 3: Responses to survey question, “Please indicate which statement(s) best reflect(s)
proposed components of the checklist. The survey ~ your opinion(s) regarding APSF’s proposal to develop the content for a template that
was opened 738 times and completed 713 times  anesthesia professionals and anesthesia groups could utilize to develop a “PIPS Check-
(96.6%) with between 705 and 723 respondents list” that is tailored to the unique needs and characteristics of their practice (check all that

answering each question. apply).” (723 respondents answered this “check all that apply” question.)

Respondents’ years in clinical practice and charac- Number of
teristics of their clinical practice model are summarized r:;cgr';';:; re:ﬁotﬂgfz(c?e)m
in Tables 1-2. More than 80% of the respondents had D )
been in practice more than 10 years, 46.1% character- A_PSF s_ho_uld giye d_ev_elopment of the tf_;mplate content for a safety checklist 51.3% 37
ized their clinical practice model as academic, and high priority as it will likely enhance patient safety.
nearly 30% practiced in a group of 10 or more Our patients expect an anesthesia professional to verify the items that are | 36.9% 267
members. included on a safety checklist so why not document our actions?

Respondents were asked initially to indicate | There is no evidence that utilization of a checklist will likely enhance patient | 9.1% 66

which statement(s) best reflect(s) your opinion(s) safety, but it is the right thing to do.
regarding the APSF's proposal to develop the content
for a template that could be utilized to develop a
“PIPS Checklist” (Table 3). Clearly the majority of
respondents supported the development of a check- A safety checklist that might be developed from the proposed template con- | 32.8% 237
list while many endorsed the statement that the “pro- tent should be utilized only if there is evidence to support its value.
posed template content should be utilized only if
there is evidence to support its value.” Only 2.2% (16
respondents) concluded the “proposed template for
development of a checklist is not needed and should
not be considered at this time.” Comments were

A safety checklist that might be developed from the proposed template would 5.0% 36
only increase “paperwork” and is unlikely to enhance safety.

A safety checklist that might be developed from the proposed template con- 6.4% 46
tent would be burdensome from a time standpoint in an already busy environ-
ment and could detract the anesthesia professional from other important
patient safety practices.

The proposed template for development of a safety checklist is not needed and 2.2% 16
should not be considered at this time.

See “Checklists,” Next Page
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Pre-anesthetic Induction Patient Safety Checklist
(PIPS): A Call to Study Efficacy

“Checklists,” From Preceding Page

Table 4: Summary of comments that were not supportive of developing an APSF Pre-anesthetic Induction Patient Safety (PIPS) Checklist.

Maybe you should first pilot a study to determine if these checklists indeed improve patient safety.

There is ample evidence in aviation literature and now medical literature that checklists DO NOT solve all problems attendant to a "pretake off mode." Often times
the well-intended nature of checklists is defeated by time pressures and frequent interruptions necessitating (under ideal conditions) that the checklist be restarted
at the beginning.

There is no reason to increase the complexity and cost of anesthetics unless pilot studies show the potential for enhancing safety.

We may be reaching a point of over-documentation, which elevates the risk of lawyers looking for problems that may not exist, without any real advancement in
patient safety.

Little evidence that time outs and checklists have importantly impacted errors in medicine. The solution is not more of the same, but studies to determine other
effective means to affect errors.

Duplication of issues already covered in existing checklists (WHO, machine checklist, SCIP protocols) and institutional/universal time out, “huddle.”

Redundant and unnecessary.

Too many checklists already (too many will lead to lower safety).

Time taken to specifically document is likely to be non-fruitful, as it will be easy to just check all boxes (electronic check boxes make this very easy).

We are converting medical care into checklist care.

Most of the issues included should have been done before entering the operating room.

The list would create mindless autobots. This is something you learned, should be second nature, and I'm tired of hearing about the airplane pilot blah blah blah.

If individualized, | think the correct checklists can improve awareness but | don't want somebody else's that may not be applicable to our setting.

| do agree that it adds more paperwork, and most people would breeze through the checkmarks anyway. Making providers check off a box may or may not make
them more likely to actually DO those things.

Forms/checklists do not substitute for diligence and attention to detail.

These are part of what should-be-routine pre-induction review of our technical readiness. If this proceeds, it should be named more correctly—take out the word
Patient from the title.

| am insulted that you think anesthesiologists would need a template to provide good care. Most of these things are basic, like airway assessment (isn't that what
we do???).

Many items you covered are part of pre anesthetic evaluation....are you just changing the name of the the evaluation....| see no need to do the pre anesthesia
evaluation and then repeat it with a check list.

We need to be careful not to require too many lists, checklists, etc.

Anyone can check boxes and still not have good practice skills. Time spent "checking"cannot take away from clinical care time.

See “Checklists,” Next Page
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Prioritization Needed for PIPS Items

“Checklists” From Preceding Page

invited for each question and a summary of comments
that urged caution and/ or were not supportive for the

The APSF is proposing a template of those items
that achieved the highest priority plus a “special
considerations” box based on comments from sev-

performance of the proposed APSF PIPS checklist
(see box announcement on page 4, contact Stoelting@

apsf.org for RFP guidelines and application).

development of a checklist are listed on Table 4. eral of the respondents (Table 6).

Robert K. Stoelting, MD
President, APSF

The results of prioritizing items to place in the Editor's Note: The next step is APSF's request

template are shown on Table 5. Based on these results: ~ for proposals (RFP) to study the implementation and

Table 5: Responses to Survey Questions to Prioritize the Content of a Template for Inclusion on a Pre-anesthetic Induction Patient Safety
(PIPS) Checklist.

Template Statement High Priority Low Priority Do Not Include
1. Verify suction is working. 94.4% 2.9% 2.7%
2. Verify anesthesia workstation can provide ventilation with 100% oxygen under positive pressure. 90.8% 4.1% 5.2%
3. Verify upper airway status evaluation and availablity of backup airway devices. 85.8% 7.3% 6.9%
4. Verify review of known drug allergies and consideration of possible drug interactions. 83.9% 10.1% 6.1%
5. Verify NPO status and aspiration risk. 82.2% 9.1% 8.7%
6. Verify monitors are functioning, wave forms are present if appropriate and the audible and visual alarms are set. 79.3% 13.3% 7.4%
7. Verify appropriate medications are available including resuscitation drugs. 78.5% 13.0% 8.4%
8. Verify intravenous access is appropriate and functioning. 73.2% 16.5% 10.3%
9. Time out according to existing institutional protocol. 72.2% 13.2% 14.6%
10. Verify blood available if needed. 70.6% 20.1% 9.3%
11. Verify antibiotics administered if appropriate 68.4% 21.4% 10.2%
12. Verify baseline vital signs (including BP and HR) and desirable range for these values during anesthesia. 62.9% 24.5% 12.5%
13. Verify review of medications, laboratory values and radiographic studies relevant to anesthesia. 59.1% 25.8% 15.2%
14. Verify level of surgical fire risk. 52.2% 29.2% 18.6%
15. Verify appropriate steps taken or planned for protection from peripheral nerve injury. 46.0% 36.8% 17.2%
16. Verify noninvasive blood pressure monitor is in the automatic mode. 41.5% 38.3% 20.3%
17. Verify function of operating room table including head down function. 30.0% 47.2% 22.71%

Table 6: APSF Pre-Anesthetic Induction Patient Safety (PIPS) Checklist

[] Suction is working, [ Special considerations for this patient confirmed (may include but not

[ Anesthesia workstation can provide ventilation with 100% oxygen under limited to):

positive pressure. [1 Increased risk for operating room fire.

Upper airway status has been evaluated. Surgical positioning requirements.

Backup airway devices are immediately available. Goals for blood pressure and/or heart rate management.

NPO status and aspiration risk confirmed.

L
U
Patient’s significant drug allergies and possible drug interactions noted. O
L
U

Monitors are functioning with appropriate waveforms.

Audible and visual alarms are set appropriately.

Appropriate medications including resuscitation drugs are available.

OO0oO0Oo0oo0ooaod

Intravenous access (if indicated) is appropriate and functioning.
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Survey Asks if Objective Monitoring for
NMB Should Be Standard Practice

“Neuromuscular Blockade,” From Page 3

and 1 had no opinion. When asked if their
response to this question would have been differ-
ent before attending the panel, 4 (5.5%) said yes.

The eighth question on the survey asked if
subjective monitoring (visual or tactile) and clini-
cal tests (head-lift or handgrip) for the presence of
residual weakness in the PACU would negate the
need for intraoperative objective monitoring.
Three (4.2%) of the respondents agreed, while 66
(91.7%) disagreed, and 3 had no opinion due to
either insufficient data (2) or the question being
outside their area of expertise (1). When asked if
their response would have been different before
the panel, only 2 respondents said yes.

When the participants were asked if the APSF
should encourage the American Society of
Anesthesiologists to consider adding neuromus-
cular function to the ASA Standards for Basic
Anesthetic Monitoring (recognizing that stan-
dards are considered to be evidence-based), 63
(86.3%) agreed, while 6 (8.2%) disagreed, 1 (1.4%)

had no opinion due to insufficient data to have an
opinion, and 3 (4.1%) had no opinion due to the
question being outside their area of expertise.
When asked if their response to this question
would have been different before attending this
panel, 2 stated yes (2.7%).

Finally, participants were asked if they would
support the following addition to the ASA
Standards for Basic Anesthetic Monitoring, recog-
nizing that standards are considered to be
evidence-based:

Neuromuscular Function

Objective

To aid in the recognition of residual skeletal muscle
weakness in the postoperative period owing to the intra-
operative administration of neuromuscular blocking
(most often nondepolarizing) drugs.

Methods

Qualitative clinical signs such as visual and tactile
observations and clinical signs such as head-lift, handgrip,
and tidal volume may be helpful, but every patient receiving
neuromuscular blocking drugs should have objective moni-
toring of the intensity of neuromuscular blockade during the

intraoperative period and prior to tracheal extubation. Prior
to tracheal extubation, pharmacologic antagonism of neuro-
muscular blockade should be considered based on subjective
and objective monitoring to minimize the risk of residual
drug-induced postoperative weakness.

Fifty-nine (86.9%) of the respondents agreed, 4
(5.9%) disagreed, 3 (4.4%) had no opinion due to
insufficient data to have an opinion, and 2 (2.9%)
had no opinion due to this question being outside
their area of expertise.

The expert panelists and a majority of the sur-
veyed audience members agree that objective
monitoring of neuromuscular blockade should be
used routinely in cases where neuromuscular
blocking agents are administered. The APSF is
very supportive of encouraging the professional
associations representing anesthesia professionals
to consider this initiative.

Dr. Morell is a private practice anesthesiologist in
Niceville, FL and is the co-editor of the APSF Newsletter
and a member of the APSF Board of Directors and
Executive Committee and attended this panel presenta-
tion at the NY PGA Meeting.

sl

|m| www.apsf.org
sttt R e -

The Anesthesia Patient Safety Foundation (APSF)
announces a Request for Proposals (RFP) to study the implementation and performance of the

APSF Pre-anesthetic Induction Patient Safety Checklist (PIPS)

The deadline for receipt of a proposal is November 1, 2013, for a grant scheduled for funding to begin no later than July 1, 2014.
¢ APSF intends to provide up to $200,000 for a period not to exceed 2 years.

¢ The proposed study should be a prospective observational clinical trial utilizing the APSF PIPS checklist with a matched and/or
parallel control group not cared for with the utilization of the checklist.

¢ The proposals will be evaluated by a scientific review committee selected by APSF.

¢ Proposals will be assessed for merit based primarily on their likelihood of meeting the objectives outlined in the RPF as well as the
proposed study’s scientific rigor, innovation, and cost-effectiveness.

¢ The principal investigator must be an experienced scientist from a North American institution.
¢ Agrant mechanism will be used and funds will be awarded to a single institution.

¢ Funding will be contingent upon acceptable modifications to the proposal based on feedback from the APSF review committee as well
as appropriate IRB and institutional approvals.

Please contact Stoelting@apsf.org to request grant guidelines and an application.
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Anesthesia Patient Safety Foundation

APSF is pleased to recognize the following corporate supporters for their exceptional level of support
Founding Patron

American Society or
Anesthesiologists

Founded in 1905, the American Society of Anesthesiologists is an educational, research and scientific association with 46,000 members
organized to raise and maintain the standards of anesthesiology and dedicated to the care and safety of patients. www.asahq.org

K. coviDiEN

Grand Patron

Foundation for Ethics,
Innovation, and Competition
in Health Care

ullisio

Covidien is committed to creating innovative medical solutions for
better patient outcomes and delivering value through clinical
leadership and excellence in everything we do.

www.covidien.com

Masimo is dedicated to helping anesthesiologists provide optimal
anesthesia care with immediate access to detailed clinical intelligence
and physiological data that helps to improve anesthesia, blood, and fluid
management decisions. www.masimofoundation.org

Supporting Patron

Today’s Merck is a global health care leader working to help the world be well. Through
our prescription medicines, vaccines and biologic therapies, we operate in more than 140
countries to deliver innovative health solutions. www.merck.com

MERCK

Be well

Sponsoring Patron

Baxter’s Global Anesthesia and Critical Care Business is a leading
manufacturer in anesthesia and preoperative medicine, providing all
three of the modern inhaled anesthetics for general anesthesia, as well

@ CareFusion

CareFusion combines technology and intelligence to measurably
improve patient care. Our clinically proven products are designed to help
improve the safety and cost of health care for generations to come.

products for PONV and hemodynamic control. www.baxter.com www.carefusion.com

Benefactor Patron

Phad&ium

PharMEDium is the leading national provider of
outsourced, compounded sterile preparations. Our broad
portfolio of prefilled O.R. anesthesia syringes, solutions
for nerve block pumps, epidurals and ICU medications
are prepared using only the highest standards.
www.pharmedium.com

obbvie

Supported by a charitable
donation from Abbvie.
www.abbvie.com

PPM

Preferred Physicians Medical providing malpractice
protection exclusively to anesthesiologists nationwide,
PPM is anesthesiologist founded, owned and governed.
PPM is a leader in anesthesia specific risk management
and patient safety initiatives.

WWW.ppmrrg.com

Patron

Dréger is a leading provider of anesthesia care
solutions. Our anesthesia domain expertise
allows us to deliver and support solutions
tailored to clinically and financially enhance
your practice. We deliver Technology for Life®.
www.draeger.us

Drager

For 35 years, Cook Medical has partnered with
anesthesiologists to develop breakthrough products,
including the Melker Emergency Cricothyrotomy
Set and Cook Airway Exchange Catheters, to
improve patient outcomes worldwide.
www.cookgroup.com

COOK’

Teleflex:

Nmnucmscuwwv The Doctors Company Foundation was created in 2008 by

Teleflex is a global provider of medical products
designed to enable healthcare providers to improve
patient and provider safety, including a comprehensive
anesthesia offering that features LMA and Rusch
airway management and Arrow pain management
solutions. www.teleflex.com

FOUNDATION ' The Doctors Company, the nation’s largest insurer of
medical liability for health professionals. The purpose is to
support patient safety research, forums, pilots programs,
patient safety education and medical liability research.
www.tdcfoundation.com
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Letter to the Editor:

Fire Safety in the Operating Room

To the Editor:

Operating room (OR) fire is considered a senti-
nel event in today’s practice of medicine. Despite
the safety guidelines that are currently in place at
most hospitals, OR fires still occur anywhere from
50-200 times per year. Recent literature suggests
that there is poor communication and preparedness
of the OR staff for such events. Furthermore, the
lack of accurate air-oxygen delivery systems has
been cited as an additional problem.

OR fires traditionally require 3 components,
known as the “fire triad”: 1) an oxidizer, 2) an igni-
tion source, and 3) fuel.! Oxidizers, usually supplied
by the anesthesia provider, include oxygen and
nitrous oxide, and are especially hazardous when
an oxidizer-enriched atmosphere exists within a
closed or semi-closed system. Ignition sources are
usually the responsibility of the surgeon, and
include electrosurgical or cautery devices, lasers,
and heated probes. Fuel sources are usually sup-
plied by the nurse or scrub technician, and include
sponges, drapes, alcohol-containing solutions,
gowns, and a number of other flammable items.?
The ASA Practice Advisory on OR Fires states that
prevention involves 3 components: 1) minimizing
an oxidizer-enriched atmosphere near the surgical
site, 2) managing ignition sources, and 3) managing
fuels.?

The anesthesia provider has a pivotal role in OR
fire prevention with regard to oxidizer supply.
Current oxygen delivery systems allow for delivery
of an inspired FiO; of 0.24 to 0.90, depending on the
oxygen flow rate, via systems such as simple or
Venti-masks, non-rebreather face masks, or nasal
cannulae.* Since 2003 the Joint Commission on
Accreditation of Healthcare Organizations (JC) has
recommended the use of air or FiO, <30% for open
delivery systems to prevent surgical fires.> The
common auxiliary ball-in-tube O, flowmeter
mounted to most anesthesia machines delivers
100% O,, which, when used with the above delivery
systems, is not ideal, according to the JC
recommendations.

An air-oxygen blender (Precision Medical), can
easily be mounted on most modern anesthesia
machines via a universal mounting bracket and
appropriate gas delivery hoses.® The blender has a
large control dial, which allows users to deliver a
precise FiO, between 21% and 100%, with a 3%
error. Gas blends can safely be delivered to infant,
pediatric, and adult patients. After being mounted
and connected to oxygen and air lines, this device is
also attached to a metering device and an oxygen
analyzer. A bleed collar vents the air-oxygen mix-
ture to the atmosphere to maintain FiO, accuracy.
Air-oxygen blenders offer a simple solution for
anesthesia providers to control delivery of accurate

oxygen concentrations, particularly at lower FiOs.
Such a solution allows for better prevention of OR
fires and greater compliance with JC
recommendations.

The authors have no financial conflicts of interest
with Precision Medical or any other air-oxygen blender
manufacturer.

O.1. Ahmed, MD, G. Sanchez, BA, K. McAllister,
and PA, M. Girshin, MD, Department of Anesthesiology,
Metropolitan Hospital Center, New York, NY.
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The Anesthesia Patient Safety Foundation (APSF) announces the availability of
the 18 minute educational video:

Prevention and Management

of Operating Room Fires
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Impact of the Beach Chair Position on Cerebral
Perfusion: What Do We Know So Far?

Arthroscopic repair of the shoulder is one of the
most commonly performed surgical procedures in the
United States. Although shoulder surgery can be con-
ducted in the lateral decubitus position, the majority of
surgeons in the United States use the sitting or beach
chair position (BCP).! In 2005, Pohl and Cullen pub-
lished a 4-patient case series describing catastrophic
cerebral ischemia in patients undergoing shoulder sur-
gery in the BCP2 This series has prompted investiga-
tors to study how intraoperative management factors
(blood pressure, type of anesthesia) may potentially
affect outcomes following BCP shoulder surgery. This
review presents the current state of science regarding
cerebral perfusion in the BCP.

Anumber of investigations have used near infra-
red spectroscopy (NIRS) or cerebral oximetry to
examine the effect of the BCP on oxygen supply to the
brain. Near-infrared spectroscopy is a non-invasive
technology that provides continuous monitoring of
regional cerebral oxygen saturation (r50,). Several

by Torin Shear, MD, and Glenn Murphy, MD

investigations have demonstrated that significant
decreases in rSO, (cerebral desaturation event (CDE),
typically defined as a reduction in rSO, of >20% from
baseline values) are not infrequent during BCP sur-
gery. In 2009, Fischer reported the use of NIRS to mea-
sure r50; in a 63-year-old female undergoing
shoulder surgery in the BCP. After induction of gen-
eral anesthesia (GA) and patient positioning, hypo-
tension was observed along with a significant
decrease in rSO,.> In 2010, 2 similar cases were
reported in which a reduction in mean arterial pres-
sure (MAP) precipitated a decrease in r50,.* In a
direct comparison of the effect of position on rSO,,
Murphy evaluated 124 patients under GA during
shoulder arthroscopy. Sixty-one patients were in the
BCP and 63 in the lateral decubitus position (LDP).
The incidence of CDEs was significantly higher in the
BCP (80.3% vs. 0% in LDP). An association between
CDE and postoperative nausea and vomiting was
also observed.® In an evaluation of 20 consecutive

patients undergoing shoulder surgery in the BCP,
Moerman again found an 80% incidence of CDE asso-
ciated with the BCP.® Tange evaluated 30 patients
undergoing shoulder surgery in the BCP under GA.
All patients had a normal preoperative rSO, and
MAP. In contrast to the previous studies, no change in
SO, was observed intraoperatively, even during
periods of hypotension leading authors to conclude
that the BCP did not alter rSO,.” The absence of sig-
nificant decreases in SO, in this study may have been
attributable to the degree of sitting position used (30-
60°) or the short period of observation (5 min).
Furthermore, while rSO; is a simple and easy to use
surrogate for cerebral blood flow (CBEF), it may under-
estimate malperfusion events. Jeong compared 15O,
with jugular venous bulb saturations in 56 patients
undergoing general anesthesia with either propofol/
remifentanil or nitrous/sevoflurane. This study
found that cerebral oximetry had only a 30%

See “Beach Chair,” Next Page

Publication Study Design Outcome Measure Results

Fischer et al Case report S(ct)0, 15(ct)0, correlated with JMAP, {etCO,

Pain Pract 2009 63yo— ASA3

Dippmann et al Case report S(ct)0, 15(ct)0, correlated with L MAP

Arthroscopy 2010 1) 46 yo-ASA 1

2) 58 y0-ASA 2

McCulloch et al TCD supine v. 45° beachchair MCA, SBP,m 142 - 96 mm Hg

Anaesth Intensive Care 2010 (n=19) SBPean 141 - 76 mmHg
MAP, 95 - 50 mmHg (47% )
MCA, 46 - 36 cm/sec (22% V)

Lee JHetal S(ct)0, supine v. beachchair S(ct)0, MAPe., 85— 75 mm Hg

Athroscopy 2011 (n=27) S(ct)0, 74 - 67%

JeongHetal S(ct)0, and Sjv0, supine v. 65-70° S(ct)0, and Sjv0, MAP.,» goal w/in 20% baseline.

Acta Anaesthesiolo Scand 2012

(n = 56)

beachchair w/ propofol / remi (P/R) v.
sevo / N,0 (S/N)

MAP.r, < 20% baseline:
P/R grp — 69%; S/N grp — 38%

Sjv0, < 50%:

P/R grp—56% ; S/N grp—21%
P/R anesth (OR 4.76)

MAPez, < 50 mmHg (OR 3.85)
(n=0.02)

S(ct)0, > 20% { from baseline:

P/R grp — 28%; S/N grp — 25%

(S(ct)0, sensitivity and specificity for detecting Sjv0, < 50%
was 30.4% and 75.8%)

Gillespie et al

J Bone Joint Surg Am 2012 (n=52)

EEG supine v. 60° beachchair EEG

MAP/ SBP goal < 20% below baseline and
SBP > 90 mm Hg.

All pts fell below BP goals.

3 pts w/ EEG ischemia

S(ct)O, ,cerebral oximetry saturation; MAP, mean arterial pressure; SBE, systolic blood pressure; TCD, transcranial Doppler; MCAu, middle cerebral artery velocity; eam, external
auditory meatus; PIR, propofol/remi group; SIN, sevoflurance/N,0 group.
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Current Studies Warrant Caution with Hemodyamic
Management of Patients in the Beach Chair Position

“Beach Chair,” From Preceding Page

sensitivity for detecting a jugular venous saturation
<50% which is typically considered a critical value.
Although it raises questions regarding the sensitivity
of 1S0,, this study clearly demonstrated cerebral mal-
perfusion events in the BCP with 41% of patients suf-
fering a jugular venous bulb desaturation ®

It is possible that cerebral perfusion may be
better maintained during BCP surgery if regional
anesthesia (RA) is used. In order to investigate this
issue, Yadeau performed a study using NIRS in
patients receiving RA for surgery in the BCP.
Ninety-nine patients were monitored continuously
using cerebral oximetry. Despite a relatively high
incidence of hypotension (77%), cerebral desatura-
tion occurred in only 0.77% of patients.’ In another
observational trial, Murphy evaluated 60 patients
undergoing shoulder surgery in the BCP with either
GA or RA. The GA group had significantly more
CDEs (57.6%) than the RA (0%) group.!

In conclusion, investigations using cerebral oxim-
etry have reported that significant decreases in rSO,
are common in the BCP when GA is used, but are rare
under RA. However, in the same studies, no cerebral
vascular events (CVE) leading to gross neurologic
injury were identified. Further data are needed to
determine the clinical significance of these CDEs. Itis
possible that more subtle neurocognitive injury may
occur when CDEs are prolonged.

At the present time, the incidence of stroke or sig-
nificant cerebral injury remains poorly defined.
Friedman attempted to answer this question in a
large, retrospective survey study of 93 orthopedic
surgeons specializing in shoulder surgery. The over-
all rate of CVE was reported as 8/274,225 or
0.00291%. AlL 8 cases were in the BCP. The type of
anesthesia was not reported.'® In a mixed prospec-
tive /retrospective case review of 4,169 patients
undergoing shoulder surgery in the BCP under RA
(95.7%), Yadeau found a similarly low incidence of
CVEs, reporting no events despite significant and fre-
quent hypotension.! More recently, a large retrospec-
tive review evaluated 15,014 patients over an 11-year
period. All patients underwent shoulder surgery in
the BCP under RA. Only one new neurologic deficit
was reported occurring 24-hours after surgery.”
These large database reviews suggest a very low inci-
dence of CVE in this population, at least when sur-
gery is performed under RA.

Despite the low incidence of catastrophic neuro-
logic events in the BCP, the effect of low blood pres-
sure on CBF in the sitting position remains a concern.
Several studies evaluated the effect of controlled
hypotension in the BCP on CBE. Caution should be

used when interpreting these studies. To date, a stan-
dard definition of hypotension does not exist. In addi-
tion, the location of blood pressure measurement is
important (external auditory meatus (EAM) versus
arm; non-invasive blood pressure or arterial line) as
blood pressure measured at the arm may not be an
accurate reflection of cerebral pressure. Lee prospec-
tively investigated 28 patients under GA and noted
that when a MAP of 60-65 mmHg (radial arterial line
measured at the EAM) was maintained during sur-
gery, a significant reduction in rSO, as measured by
NIRS occurred (a surrogate for CBF).!® In another
study of 40 patients randomized to RA or GA, CBF
was estimated using Doppler ultrasound of the inter-
nal carotid artery. BCP significantly reduced MAP in
the GA group as compared to RA. Despite this, no
change in CBF occurred when MAP was maintained
above 70 mmHg, In a similar study, McCulloch mea-
sured middle cerebral artery blood velocity using
transcranial Doppler in 19 patients under GA. When
hypotension was induced (SBP 142 mm Hg to 96 +
10 mmHg at the level of the arm), a 22% decrease in
middle cerebral artery blood flow velocity was
noted.” Gillespie used electroencephalography (EEG)
to monitor for cerebral ischemia in 52 patients under
GA with induced hypotension in the BCP. Ischemic
changes on EEG were observed in 3 of 52 patients;
cerebral ischemia resolved with an increase in blood
pressure. No gross deficits were noted postopera-
tively as measured by the mini-mental status exam
(MMSE). Interestingly, the authors concluded that
controlled hypotension may be tolerated safely in this
population.!® This notion is concerning for several
reasons. First, a 6% risk of cerebral ischemia should
not be accepted as “safe.” Second, one cannot pre-
sume the “safety” of a lower blood pressure threshold
when detected ischemic events prompted a change in
management. Third, the sensitivity of the MMSE for
the detection of neurocognitive dysfunction is poor;
therefore the MMSE may fail to identify subtle post-
injury sequelae of cerebral malperfusion.”

While these studies do not provide conclusive
evidence of the harm of hypotension in the BCP, con-
cern is raised regarding an apparent decrease in cere-
bral perfusion as measured by multiple modalities
(EEG, NIRS, Doppler). This concern is magnified by a
high incidence of antihypertensive medication use in
the American surgical population. Trentman, in a ret-
rospective chart review of 384 patients in the BCP,
identified an increased incidence of hypotensive epi-
sodes and vasopressor use in patients taking anti-
hypertensive medications preoperatively.!® Possible
mitigating techniques include the use of RA and or
sequential compression devices (SCDs). Kwak evalu-
ated 66 patients undergoing shoulder surgery in the

BCP. The incidence of hypotension was slightly
higher in patients who were not wearing SCDs."”

There is clearly a growing body of literature
addressing cerebral perfusion in patients undergoing
shoulder surgery in the BCP (see Table 1). Some infer-
ences can be made from the current level of data.
First, cerebral malperfusion appears to occur fre-
quently during shoulder surgery in the BCP. The inci-
dence appears to be greatest in patients under GA
with relative hypotension. RA may protect cerebral
perfusion by better maintaining cerebral autoregula-
tion. The incidence of catastrophic neurologic injury
appears to be low, but to date there are no studies
evaluating more subtle forms of neurologic injury.
Clinicians should be aware that blood pressure mea-
sured at the level of the arm likely overestimates cere-
bral pressure in the BCP. Finally, one should carefully
consider a patient’s baseline blood pressure when
determining an "adequate” pressure to maintain cere-
bral perfusion. Large clinical studies are underway
and should offer more information regarding the risk
of shoulder surgery in the BCP and possible clues
toward a best practice in managing these patients.”’
However, a “best practice” will be difficult to define
until we are able to better understand the definition
of baseline blood pressure and to what degree a devi-
ation from baseline is safe. In the interim, clinicians
should remain aware of the potential danger of cere-
bral malperfusion in this patient population.

Torin D. Shear, MD

NorthShore University HealthSystem

Department of Anesthesiology

Clinical Assistant Professor

University of Chicago - Pritzker School of Medicine

Glenn Murphy, MD

NorthShore University HealthSystem
Department of Anesthesiology

Clinical Professor

University of Chicago Pritzker School of Medicine
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Dear SIRS

Change In Breathing Circuit Design Results in
Mismatch of Adult and Pediatric Face Mask Connections

S areTy

| NFORMATION
R Esponse

S vsTEM

Dear SIRS refers to the Safety
Information Response System. The purpose
of this column is to allow expeditious
communication of technology-related safety
concerns raised by our readers, with input
and responses from manufacturers and
industry representatives. This process was
developed by Dr. Michael Olympio, former
chair of the Committee on Technology, and
Dr. Robert Morell, co-editor of this
newsletter. Dear SIRS made its debut in the
Spring 2004 issue. Dr. A William Paulsen,
current chair of the Committee on
Technology, is overseeing the column and
coordinating the readers' inquiries and the
responses from industry.

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

Dear SIRS,

Our anesthesia department recently changed to
Vital Signs breathing circuits for both adult and pedi-
atric patient populations. There was no noticeable dif-
ference between our previous supplier and the Vital
Signs circuit for adult circuits. However, a major
change in design was noted with the pediatric circuit.
When the elbow was removed from the terminal
“wye,” it was discovered that the pediatric Vital Signs
circuit has an outside diameter of 19 mm instead of
the 22 mm of our previous pediatric breathing circuit.
An anesthesia provider then attempted to fit the ter-
minal “wye” into the anesthesia mask without success
immediately following extubation of the patient. The
circuit is packaged with a removable elbow that fits

Figure 1. Proper fit of Vital Signs pediatric circuit with
specialized elbow adapter connected to pediatric mask.

both 15 mm and 22 mm standard fittings. However, if
the elbow becomes misplaced, as in our case, the
anesthesia provider did not have a means to connect
the mask to the “wye.” Please see attached pictures
for illustration.

Paul Packard, CRNA
Gina Bond, CRNA
Hickory, NC

Reply from Vital Signs Devices

Vital Signs Devices appreciates the opportunity to
respond to the critical observations made on our pedi-
atric wye piece. To recap, the external terminal con-
nection found on the Vital Signs pediatric wye is not a
22 mm fitting, but instead is a 19 mm fitting.

ISO 5356 (2004) for conical fittings directs breath-
ing circuit components to employ either a 15 or
22 mm but does not require fittings to be present on
both the internal and external surfaces on a compo-
nent. The Vital Signs pediatric wye piece uses the
15 mm internal connection.

For the external diameter, we looked at the use
case for the product noting how the anesthesia
breathing circuits were oriented, in general terms,
parallel to the supine or prone patient. Linear compo-
nents, like an HME or gas sampling adapters are
functional extensions of the wye continuing the cir-
cuit’s parallel orientation. A 90° connector like an
elbow reorients the connections to accommodate
patient interfaces like the facemask, which by design

See “Dear SIRS,” Next Page

Figure 2. Superior view of loose fit of Vital Signs pediatric circuit to pediatric mask without specialized elbow adapter.



APSF NEWSLETTER Spring-Summer 2013

PAGE 22

Device Manufacturer Describes Reasons for
Design Changes and Welcomes Feedback on

Impact to Users

“Dear SIRS,” From Preceding Page

seal against the patient at a perpendicular angle to
their connections. Attaching a facemask with 15 or
22 mm connection directly to the fixed wye’s internal
or external patient connection would result in a verti-
cal orientation for the distal portion of the circuit
tubing, wye piece and any other inline component
(e.g. HME). This orientation and the resulting torque
on the facemask would make it difficult to obtain and
maintain a seal between the facemask and patient.
Vital Signs Devices made the determination during
the design phase of the pediatric wye to prevent this
orientation on the wye, thus preventing direct con-
nections to the mask.

In addition, pediatric circuits use a 15 mm tubing
set and components that are smaller in dimension,
often have a more compact profile, and tend to have
lower dead space. Our pediatric wye piece was
designed with a focus towards “minimizing” where
possible. We reduced the external dimensions of the
wye connection to improve the clinician’s view of the

Obvious
Loose
Fit/Gap

patient. Reducing the external dimension also
reduced the wye piece’s weight. Lower weight com-
ponents would tend to place less downward force on
what is typically an uncuffed ET Tube. As well,
smaller components also mean less to dispose of after
the case.

The combination of the above factors all weighed
in our previous design decisions. However, we
understand your ideas about gaining redundant con-
nection options in the event that an elbow is mis-
placed during a procedure. We are constantly
striving to improve our product’s design, functional-
ity, and safety, and as such will give consideration to
the addition of the 22 mm connector on the external
surface of the pediatric wye piece during the next
tooling redesign.

Vital Signs Devices

a GE Healthcare Company
20 Campus Road

Totowa, New Jersey, 07512

s JJ

Figure 3. Inferior view of loose fit of pediatric circuit to adult mask without specialized elbow adapter.
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On the Tipping Point of Disaster: Operating
Room Surgical Table Tips With Obese Patients

Introduction

The field of anesthesiology has experienced sig-
nificant advancements and enhancements to patient
safety, the result of which has been an improvement
in perioperative morbidity and mortality for our
patients."?? Specifically, Gaba? cites several factors
including a higher caliber of anesthesia staff, the need
to reduce malpractice insurance costs, and anesthesi-
ologist desire to study and improve upon patient
safety outcomes as catalysts for significant patient
safety improvements. These improvements include,
but are not limited to, closed malpractice claims anal-
ysis, technologic solutions for improved patient mon-
itoring, engineered safety devices to physically
prevent errors from being made, the adaptation of
standards and guidelines to improve patient safety,
and the formation of the Anesthesia Patient Safety
Foundation to further institutionalize safety in the
field of anesthesia. Despite the implementation of the
aforementioned patient safety features, as well as
other safeguards, Staender and Mahajan® estimate the
incidence of minor anesthesia-related perioperative
events to be around 18-22%, while more severe peri-
operative events tend to occur at a rate around 0.45-
1.4%, and events involving complications with
permanent damage to occur at rates close to 0.2-0.6%.
This said, despite the major advances in anesthesia
patient safety, there is still significant room for
improvement to enhance our patients’ safety. To this
end, we describe the case of a 148-kg patient who was
scheduled for endoscopic sinus surgery to remove a
skull-base tumor, examine the factors behind the
event that almost led to significant and permanent
injuries to her, and provide recommendations to pre-
vent this from happening to future patients.

Case

Our patient, ].M., was scheduled for endoscopic
sinus surgery to remove a skull-base tumor.
Examination of her medical records showed the
patient to be morbidly obese at a weight of 148 kg and
BMI of 48.02. Further, her records showed that she
had recently undergone a similar surgery with no sig-
nificant perioperative complications or events noted.
Pre-medication was given and the patient was trans-
ported to the operating room, where upon arrival she
was able to self-transfer to an Amsco 3085 SP surgical
table (STERIS Corporation Montgomery, Alabama),
configured in reverse orientation given the planned
surgical approach. After the placement of patient
monitors per standard ASA guidelines, the patient
underwent an uneventful intubation. After the place-
ment of an arterial line and 2 additional peripheral IV
lines, the surgeon requested that the patient, now

by Shervin Razavian, MD, and John Thurn, MD

intubated and under general anesthesia, be rotated
90 degrees clockwise to facilitate the surgical
approach. The anesthesia circuit was disconnected
from the patient’s endotracheal tube and the patient’s
bed was unlocked in preparation for rotation. Upon
unlocking the patient’s bed, however, the surgical
table started to tip, and the patient’s head was rap-
idly approaching the ground. Fortunately, the anes-
thesia resident at the head of the bed was able to grab
hold of the head of the surgical table and prevent the
patient from hitting the floor. Subsequent to this,
additional operating room staff were summoned to
the operating room and with the help of several indi-
viduals providing support, the patient was posi-
tioned as requested by the surgeon. After an
adjustable stool was placed under the head of the
surgical table to serve as additional support, she
underwent the scheduled surgery with no further
significant complications.

Discussion

The aforementioned event piqued our curiosity
as to whether similar events have been reported in
the literature; however, we were only able to come
across a few anecdotal reports of similar, but not
identical, events occurring in operating rooms.*
Further, while operating room surgical safety check-
lists, such as the oft-used and frequently cited WHO

surgical safety checklist, have been shown to decrease
perioperative morbidity and mortality, there is no
specific mention of the surgical table in this checklist.’
Upon discussion with our colleagues, however, it was
noted that a strikingly similar event had taken place
just two days prior to our event. In this particular
case, a 172 kg gentleman with a BMI of 52.04 was
intubated and sedated on a bariatric bed; however,
upon attempting to flip the patient onto the surgical
table in a prone position for spine surgery (surgical
table in reverse orientation due to the need for radiol-
ogy C-arm access during the case), it was noted that
the patient’s weight was tipping the bed, which was
subsequently stabilized with a support stool placed
underneath the head of the bed. This surgery was
completed as well with no further significant periop-
erative events.

Given the near-disastrous potential outcomes of
the aforementioned events, we thoroughly investi-
gated the operation manual of the Amsco 3085 SP sur-
gical table.® Specific manufacturer recommendations
state that the surgical table is rated to support patients
up to 1,000 Ib (454 kg) in the “normal” patient orienta-
tion. Further, the tables are designed to support
patients up to 500 Ib (227 kg) with side-tilt in the
“normal” orientation, and a 500 Ib (227 kg) rating
applies to the “reverse” patient orientation. In

See “Obese Patients,” Next Page

Figure 1: We enlisted the help of a colleague who weighs 160.3 kg to demonstrate the danger of OR table tipping on the Amsco
3085 SP surgical table when used in reverse orientation. Upon releasing the floor locks (with safety support present), the table

tipped instantaneously.
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Using Surgical Tables in Reverse Orientation Predisposes to Table Tipping

“Obese Patients,” From Preceding Page

addition, the bed is rated for patients up to 400 Ib
(181 kg) with the 3080/3085 Orthopedic Extension
accessory, 400 Ib (181 kg) with the Fem/Pop Board,
and a 500 Ib rating applies to Amsco Shoulder Table.
Furthermore, it is stated that when performing sur-
gery requiring a headrest accessory in a “reversed”
patient orientation, one is not to exceed the 400 Ib
(181 kg) patient weight limit (though the headrest
accessory itself weighs significantly less than 100 Ib).
Of interest, neither of the patients in the 2 cases we
describe above exceeded these manufacturer weight
recommendations. Also of note, there is no specific
mention in the operator manual of patient weight rat-
ings when the bed is “unlocked” from the operating
room floor. Closer examination of the surgical table,
however, does reveal a sticker near the bottom of the
bed that states, “DO NOT RELEASE FLOOR LOCKS
WHILE PATIENT IS ON TABLE,” while showing the
surgical table in the reverse orientation.
Unfortunately, while not recommended by the surgi-
cal table manufacturer, the practice of releasing the
floor locks of the surgical table to re-position the
patient within the operating room is one that occurs
frequently at the surgeon’s request.

To test the potential consequences of attempting
to re-position a patient within an operating room by
releasing the floor locks of the surgical table while a
patient is on the bed, we summoned the help of one
of our colleagues, who weighs 160.3 kg. After posi-
tioning him on the surgical table in the reverse orien-
tation (and with the help of several support
personnel to prevent him from being injured), we
released the floor locks of the surgical table. Almost
instantaneously, the operating room table started to
tip in the same fashion as our case. We documented
this event in photographs and were able to see that
upon releasing the floor locks of the surgical table,
the tipping fulcrum of the table shifts more towards
the feet of the patient, thereby enhancing the possibil-
ity of the surgical table tipping towards the patient’s
head. For this reason, we feel that it is absolutely nec-
essary to comply with the manufacturer recommen-
dation that the patient not be re-positioned within the
operating room while on the surgical table, oz, if it is
absolutely necessary to do so, several support per-
sonnel ought to be present to help support the patient
and prevent potentially disastrous outcomes. Further,
it is likely beneficial to confirm orientation of the
operating room table and the patient’s weight with
operating room and surgical personnel prior to trans-
ferring the patient onto the table.

Conclusion

The field of anesthesiology has been heralded for
its’ many advancements in patient safety; however,

Figure 2: Note that when the OR table’s floor locks are released, the fulcrum of the table shifts approximately 3 inches towards
the patient's feet. While this is a small shift, it markedly changes the OR table’s weight capacity and makes the table prone to

tipping.

significant room for improvement remains. Here, we
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what may be perceived to be routine practice.
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Tufts Team Develops Systematic Approach
to Safe Extubation Outside of the OR

As a complement to the article by Kadis and
Loskove in the Fall 2012 ASPF Newsletter,! we
wish to expand the clinician’s attention from the
intubation of the difficult airway to the critical
time of the difficult airway extubation. This is an
area of patient safety that has not been addressed
sufficiently in our opinion. We would like to con-
tribute our systematic approach.

The Patient

The following case scenario was abstracted
from actual patients and events that may not be
unique to any one institution and serves as an
illustration of the problem discussed in this report.

A 60-year-old woman presented with ischemic
heart disease for emergent coronary artery bypass
surgery. Following easy mask ventilation, experi-
enced anesthesia providers were unable to intu-
bate the patient in the operating room using
standard laryngoscopy. The airway was secured
with a videolaryngoscopic device and use of a
bougie. After surgery, she was transported intu-
bated to the ICU per the cardiac surgical postop-
erative protocol. A sign identifying her difficult
airway was placed above her bed per the anesthe-
siology department’s airway protocol for such
instances. At the transfer of care to ICU team, the
anesthesiologist mentioned the need to contact the
anesthesiology service at the time of anticipated
extubation. On postoperative day #3, she met
extubation criteria and was on minimal vasopres-
sor support. She was extubated, but developed
significant respiratory distress followed shortly
thereafter by cardiac arrest. The anesthesiology
team responded immediately to the overhead
page at the time of the code. During CPR, she
could not be intubated, and the surgical airway
remained a futile effort. The ICU team caring for
the patient did not consult with the anesthesiology
team prior to extubation on the specifics of her
airway management.

The Problems

1. The assessment of risks/benefits of extubation
appeared to be limited immediately prior to
the event.

2. Advanced airway devices are usually not
immediately available in an ICU unless specifi-
cally requested.

3. Emergency intubating conditions are often
suboptimal especially during CPR.

4. Despite difficult airway identification, no addi-
tional steps were taken to prepare for potential
respiratory failure after extubation.

by John Adam Reich, MD, and Roman Schumann, MD

5. Following transfer of care from the anesthesia
team to a non-anesthesiology ICU team creates
a high risk for loss of critical information / prep-
aration needed at a later stage of care, in this
case at the time of extubation.

Background

In 1993 the American Society of Anesthesi-
ologists published a difficult airway algorithm
that recommended a nonsurgical device (LMA, jet
ventilation, or combitube) as a trial in the “cannot
intubate-cannot ventilate” scenario.? A closed
claims analysis comparing years 1985-1992 and
1993-1999 following publication of these guide-
lines showed a decrease in claims involving death
or brain damage during induction of anesthesia.
However, no similar observations could be made
for airway claims relating to maintenance, extuba-
tion, or recovery from anesthesia.? In addition,
100% of claims originating outside of the periop-
erative location involved death or brain damage.?
No information is available specifically addressing
the re-intubation of the difficult airway in out-side
of OR locations. In fact, in many hospitals, anes-
thesiology teams are part of first responders to
code situations and airway management chal-
lenges for surgical and non-surgical patients alike.
In these circumstances we are the first ones to
identify and deal with a difficult airway. It remains
our responsibility to establish a functioning mech-
anism to follow up with such patients that subse-
quently will leave our purview, to be cared for by
non-anesthesiology teams in surgical and medical
ICU’s or step down units. Extubation is a time
when airway complications can occur, and
resources and expertise in ICUs may be inade-
quate for dealing with acute respiratory failure of
a patient with known difficult airway.

Literature regarding difficult intubations is
plentiful, but evidence and recommendations on
tracheal extubation have been a relatively
neglected area of focus. [dentification of a difficult
airway by ID bracelet and/or inclusion with the
allergy list has been useful for tracking patients
throughout their hospital stay and improving
safety.! However, as evidenced by the case above,
simple identification of a difficult airway patient
may not prevent poor outcomes at the time of
extubation. Recently the Difficult Airway Society
(DAS) has published guidelines for the manage-
ment of extubation.! These guidelines codify an
“at risk” extubation as one with a known difficult
airway at intubation, an airway that may have
deteriorated because of surgery, or where flexion-
extension is now limited (application of halo or
cervical spine fixation).* It is recommended that

practitioners should proceed through a 4-step
algorithm: 1) plan to extubate, 2) prepare to extu-
bate, 3) perform extubation, and 4) provide post
extubation care.* A specific requirement to consult
with airway specialists prior to intended extuba-
tion to capitalize on their expertise remains
unaddressed.

Preparation for any extubation should involve
medical optimization of the patient to ensure suc-
cess. This includes achieving cardiopulmonary sta-
bility as well as correcting metabolic derangements,
normalizing temperature, and ensuring proper
neuromuscular function.* Coordination of appro-
priate resources and consultations is also necessary,
particularly in the known difficult airway scenario:
1) choosing location of extubation (ICU versus
operating suite), 2) ensuring proper equipment
availability (cricothyroidotomy kit, video laryngos-
copy, fiberoptic bronchoscopy, intubating laryngeal
mask airways, airway exchange catheter) and 3)
ensuring appropriate staff are available (anesthesia
provider-otolaryngologist).

The Solution

The clinical practice committee in the depart-
ment of anesthesiology developed a pathway for
extubation of patients with a difficult airway iden-
tified by anesthesia providers after these intubated
patients leave the immediate purview of the anes-
thesiology service. The committee determined that
because the patients frequently were transferred to
ICUs or were intubated in offsite locations with an
ICU destination determined later (cardiology cath-
eterization laboratory, electrophysiology, CT, MR,
interventional radiology, etc.), a hospital-wide
policy rather than departmental policy would be
needed, and it should be applicable to adults and
pediatric patients alike. Goals of the policy were to
improve awareness of patients that had an “at
risk” extubation, secure pre-extubation consulta-
tion with the anesthesiology service, allow for full
preparedness before extubation, and accomplish
safe reintubation if needed in a setting of post-
extubation respiratory failure.

Difficult Airway
Extubation Policy

Part 1: Identification and Communication of
At Risk Extubation

After identification of a difficult airway patient
who remains intubated, the anesthesia care team
1) places red stickers [Figure 1] on the endotra-
cheal tube [Figure 2], 2) completes a bedside 8% x

See “Safe Extubation Pollicy,” Next Page
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Hospital Develops Extubation Policy
for Patients with Difficult Airways

“Safe Extubation Policy,” From
Preceding Page

11 inch sign [Figure 3] to be placed above the
patient’s bed, and 3) places a red note in the prog-
ress notes section of the patient’s chart [Figure 4],
or an equivalent flag in the electronic record system.
The anesthesia care team must complete all paper-
work before leaving the operating room or immedi-
ately following intubation in an offsite location.
Stickers and a copy of the policy are placed in all
emergency code bags. Lastly the policy also
requires that a physician-to-physician sign out of
the case and difficult airway specifics occur.

Figure 1. Difficult Airway Extubation ETT Sticker
Identification.

Figure 2. Difficult Airway Red Sticker Placed on ETT.

Part 2: Planning and Preparing for
Extubation

Prior to the intended extubation, the policy
requires that the anesthesiology department must
be contacted to evaluate the patient. In addition,
the patient must then be extubated in the presence
of an anesthesiology member, intensivist with
airway expertise, neonatologist, or pediatric oto-
laryngologist (the latter two being age specific).
This check before intended extubation allows for
proper preparation for difficult airway manage-
ment. If airway difficulty or ability to oxygenate is
tenuous, elective extubation in the operating room

Figure 3. 8-1/2 x 11 inch sign with description of airway
placed at head of bed.

Figure 4. Difficult Airway Documentation in Progress
Notes.

can be arranged with proper equipment and sur-
gical teams in place.

Has the Protocol Worked?

Since institution of the hospital-wide difficult
airway extubation policy, we have had no epi-
sodes of death or inability to reintubate “at risk”
airways. Another benefit has been more apprecia-
tion for safety concerns from physicians, nurses,
and respiratory therapists around the “at risk”
extubation.

Conclusion

Institution of a hospital-wide difficult airway
extubation policy has allowed for proper prepara-
tion for extubation and improved patient safety
for “at risk” extubations. While our example
reflects one particular institution’s approach to
this issue, it calls attention to an area of airway
management that is easy to lose track of within
the complex, multidisciplinary hospital environ-
ment. It is our intent to encourage any health care
system to establish safe approaches that will work
for them to meet these difficult airway challenges
in the best interest of their patients.

John Adam Reich, MD, and Roman Schumann, MD,
Department of Anesthesiology, Tufts Medical Center,
Boston, MA. Neither author has financial interests to
disclose.
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Letter to the Editor:

The Safety of Hydroxyethyl Starch (HES)—Products Now in Doubt

To the Editor:

Hydroxyethyl starch (HES) products are com-
monly employed for volume resuscitation in the peri-
operative period as well as in ICU patients being
treated for sepsis and other conditions. The rationale
for their clinical use is that they are low-cost colloids
that are highly effective for increasing intravascular
volume for sustained periods." Additionally, they
are believed to have anti-inflammatory properties as
well as other desirable characteristics, such as having
a smaller impact on tissue edema compared to com-
monly used crystalloids.® As a consequence, HES
products have seen a great upswing in popularity in
recent years, a fact no doubt also supported by a
growing number of publications offering a favorable
assessment of HES products.

The purpose of this short commentary is to draw
attention to some recent safety concerns for HES prod-
ucts. While worries about the possibility of impaired
blood clotting have been a concern for some time (vide
infra), more recent studies suggest that HES products
are also associated with acute renal injury as well as
other adverse events, including an increase in mortality.
The pathophysiology may be related to the fact that
HES products, while undoubtedly effective at increas-
ing plasma volume, do not stay localized to the circula-
tion but end up instead as deposits in renal, hepatic,
splenic, endothelial, and other tissues.* In addition, as
discussed later, HES molecules may interact with the
endothelial glycocalyx in an unfavorable manner.

Evidence of the potential harm of HES products was
in part diluted by a number of relatively favorable stud-
ies authored by Boldt et al., a great many of which
turned out to involve scientific misconduct.>® This and
other considerations have led to investigators to recon-
sider the role of HES products, as outlined below.

A consensus statement of the European Society of
Intensive Care Medicine task force on colloid use in criti-
cally ill patients, has now recommended against the use
of 6% HES 130/0.4 in ICU patients.” Similarly, a 2011
Cochrane review cautioned against the routine adminis-
tration of HES products.® A systematic review by Hartog
etal’ concluded that, “There is no convincing evidence
that third-generation HES 130/0.4 is safe in surgical,
emergency, or intensive care patients despite publica-
tion of numerous clinical studies.” The recently pub-
lished 7000 patient Crystalloid versus Hydroxyethyl
Starch Trial (CHEST)" showed that while there was no
significant difference in 90-day mortality, patients ran-
domized to HES 130/ .4 had more renal injury and
requirement for renal-replacement therapy than those
receiving saline. Finally, a 2013 meta-analysis published
in JAMA." noted that after 7 tainted HES studies by
Boldt et al. were removed from consideration,
“Hydroxyethyl starch was associated with a significant
increased risk of mortality and acute kidney injury” and
warned that the “use of hydroxyethyl starch for acute
volume resuscitation is not warranted due to serious
safety concerns.”

Although it has been known for some time that
HES products can affect coagulation via adverse
effects on both von Willebrand factor and platelet
aggregation,'? it is now also known that HES 130/ .4
administration results in a weaker, smaller clot."®
These facts may explain the increased transfusion rate
in HES 130/ 4 treated individuals with blunt trauma
compared to those treated with normal saline.!

Finally, we would like to comment on the impor-
tance of the endothelial glycocalyx in understanding
the effects of fluid administration. The endothelial
glycocalyx covers the endothelial cells present in the
lumen of normal blood vessels, playing a central role
in its barrier properties. In conjunction with bound
fluid and plasma proteins the glycocalyx forms an
“endothelial surface layer,” typically 500 to 1000 nm
thick. The bound proteins provide the endothelial
surface layer with its own colloid osmotic force, with
the consequence that Starling's classic model (of semi-
permeable capillaries subject to hydrostatic and
oncotic pressure differences) is now considered to be
an oversimplification.!!6

The glycocalyx harbors a wide variety of antico-
agulant proteins like antithrombin, components of
the protein C system, and tissue factor pathway
inhibitors."” The glycocalyx also plays a vital role in
nitric oxide release in endothelial cells as well as mod-
ulating the immune response by preventing the adhe-
sion of leucocytes and platelets to the endothelial
cells.”!® Damage of the glycocalyx can lead to protein
extravasation and tissue edema as well as impair the
processes mentioned above. Continuing research on
the properties of the glycocalyx and endothelial sur-
face layer is expected to yield a better understanding
of the biology of vascular permeability, inflammatory
processes, blood pressure regulation, and blood coag-
ulation, as well as clinical conditions like ARDS,
sepsis and ischemia/ reperfusion injury.

HES colloids have negative charges on the surface
of their molecules which render them unattracted to the
glycocalyx, which also has negative surface charges.””
As aresult they are unable to contribute to the integrity
of the endothelium surface layer in a manner like albu-
min, whose distribution of positive and negative surface
charges is more favorable to maintaining the integrity of
the endothelial surface layer.”

Neither author has conflicts of interest to declare.

Ehab Farag, MD, FRCA

D. John Doyle, MD, PhD

Department of General Anesthesiology
Cleveland Clinic

Cleveland, OH
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