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Airway Management-1 Mask and Direct
Laryngoscopy Grade Characteristics of Difficult
Airway Letters at a Single Institution from
2015-2019: A Retrospective Observational
Study

Benjamin H Cloyd?!, Samuel A Schechtman?, David Healy?,
Aleda Leis!, Magnus Teig*

lUniversity of Michigan, Ann Arbor, Ml

Introduction: The American Society of Anesthesiologists
(ASA) defines a 'difficult airway' as the clinical situation in which
a conventionally trained anesthesiologist experiences difficulty
with facemask ventilation, tracheal intubation, or both.! Of
characteristics able to help a health care provider anticipate a
difficult airway, a history of difficult intubation has the best
predictive value for subsequent difficult intubation, identifying up
to 30% of these patients.? The ASA also recommends that a
difficult airway letter (DAL) is provided to these patients if
indicated. However, little research has evaluated if consensus
exists amongst anesthesia providers regarding the clinical
characteristics that merit a DAL. Our own departmental
guidelines allow for attending anesthesiologist discretion as to
which clinical characteristics merit a DAL, and these may include
but are not limited to difficult mask ventilation, difficulty with
direct or video laryngoscopy, difficult tube passage, and other
pathologic airway features. However, the guidelines do
recommend writing a DAL when encountering difficult mask
ventilation combined with difficult direct laryngoscopy, defined
as a grade 3 or 4 mask score (Han mask ventilation grading
scale) combined with a grade 3 or 4 direct laryngoscopic view
(Cormack Lehane).® Data previously analyzed within our own
institution found that from 2004 to 2013 only 38% of patients with
difficult mask ventilation combined with difficult direct
laryngoscopy received a DAL.* The goal of this study was to
evaluate the airway management characteristics associated
with the primary composition of a difficult airway letter at a single
academic medical center from 2015 to 2019. Our primary
outcomes were characteristics associated with the primary
composition of a difficult airway letter, including direct
laryngoscopic grade view, mask ventilation grade, and the
number of intubation attempts.

Methods: After obtaining institutional review board approval,
we performed a retrospective observational study using the
University of Michigan's electronic health record to define
characteristics associated with writing DALs. We hypothesized
that the frequency of a DAL would increase with worsening mask

ventilation grade, worsening direct laryngoscopic view grade
and increased number of intubation attempts. Also, we
hypothesized that a significant number of patients with
characteristics meeting departmental criteria for a DAL
(combined grade 3 or 4 mask grade and grade 3 or 4 direct
|l aryngoscopic view) would not
older receiving general anesthesia, without a pre-existing airway
at our institution from 1/1/2015 through 3/19/2019 were
included. Patients with a documented prior difficult airway letter,
ASA 6, those with pre-existing airways such as a tracheostomy
or intubated patients, and patients whose primary intended
procedure was a tracheostomy were excluded.

Results: In total, 121,349 patients met inclusion criteria, of
these, 589 patients (0.5%) had a DAL recorded for the
encounter. Of the 246 patients who had a combined grade 3 or
worse mask grade and grade 3 or worse direct laryngoscopic
view, 168 patients did not have a DAL and 78 did; i.e. only 32%
of patients with combined difficult mask ventilation and direct
laryngoscopic view had a difficult airway letter written in line with
departmental recommendation (p < 0.001).3

Conclusion: Our data demonstrates that the frequency of a
DAL increases with worsening mask ventilation grade, direct
laryngoscopic view, and number of intubation attempts, and that
a large portion of patients with combined difficult mask
ventilation and direct laryngoscopic view continue not to receive
a DAL. These results are consistent with previous work done in
New Zealand which found that only 14% of patients with airway
difficulty had a pertinent comment in their clinical record.®
Further inquiry is merited into anesthesiologists' attitudes
towards what represents a difficult airway, the barriers in place
to providing a patient a DAL, and how to improve overall
communication regarding difficult airways.

Reference(s):

1. Apfelbaum JL, Hagberg CA, Caplan RA, et al.
Anesthesiology; 2013; 118: 2511 70

2. Lundstrgm LH, Mgller AM, Rosenstock C, et al.
Anaesthesia; 2009; 64: 1081i 8
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2013; 119: 13601 9
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Airway Letters. Poster session presented at the World
Airway Management Meeting, Amsterdam, Netherlands.
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Table 1. Laryngoscopy and Mask Ventilation Characteristics by Difficult Airway Letter Status

No Difficult Airway Difficult Airway P-Value
Letter (N = 120,760} Letter (N =589)

n (%) n (%)
Mask and DL grade view = 3 168 (0.2) 78 (14 4) <0.001
Laryngoscopy Grade View =<0.001
1 84 262 (70.1) 122 (21.0)
2a 25391 (21.1) 90 (155
2b 8,678 (7 2) 67 (116)
3 1,872 (1.6) 273 (47.1)
4 57 (0.1) 28 (4.8)
Mask Ventilation Grade <0.001
1 60,428 (54 1) 167 (20 3)
2 33,853 (30.3) 203 (36.8)
3 3,534 (3.2) 133 (24.1)
4 129 (0.1) 165 (2.7)
Number of Attempts <0.001
1 115,065 (95.3) 371 (62.0)
2 4947 (4.1) 110 (18.7)
3 680 (0.6) 83 (14.1)
4+ 52 (0.0) 25 (4.2)

Data are presented as frequency (percentage) of non-missing data. DL = Direct Laryngoscopy




Airway Management-2 Preoperative airway
assessment: a prospective study to evaluate
the association between voice parameters and
Mallampati classification.

Clistenes C de Carvalho?, Danielle M da Silva?, Flavia A de
Orange?

linstituto de Medicina Integral Professor Fernando Figueira,
Recife, Pernambuco, ?Hospital da Clinicas da UFPE, Recife,
Pernambuco

Introduction:  Difficult airway management still lacks an
accurate predictor and subjective parameters such as the
modified Mallampati test may hamper its prediction leading to
misclassification [1,2]. Objective measurements, on the other
hand, have been shown to enhance the accuracy of any test [1].
In this field, voice parameters have been proved to be
associated with upper airway anatomy besides been deemed to
predict difficult airway management [3-8]. This way, some voice
parameters such as formant frequencies (Figure 1) are
supposed to improve, as objective parameters, the preoperative
airway assessment by better evaluating the upper airway
anatomy. Therefore, we aimed at observing whether voice
parameters would be associated with Mallampati classification
so that they could improve the assessment of upper airway
anatomy.

Methods: A prospective study with 453 patients scheduled for
elective surgery under general anesthesia was performed. At
transitional waiting hall before transport to the operating room,
we collected data on sex, age, weight, height, ASA physical
status, Body Mass Index, modified Mallampati test, and acoustic
parameters from voice. Uni and multivariable analyses were
conducted. Two logistic regression models and their predictive
performances were determined.

Results: Of a total of 467 initially eligible patients, 453 were
submitted to statistical analysis, with 14 being excluded because
of missing data. The Mallampati | was present in 161 patients
(35.5%), the 11 in 158 (34.9%), the IIl in 94 (20.7%), and the IV
in 40 (8.9%). The main result was the association found between
formant if5 (p=0.00) and modified Mallampati test. ASA physical
status and age were also related to Mallampati classification.
Obesity, sex, weight, height, and BMI did not show any
association with the Mallampati test. The AUC for the regression
model containing all formants together was 65.0%, whereas the

AUC for the model containing only three formants (af2, af4, and
if5) after a stepwise was 60.2%.

Conclusion: Voice formants are objective measurements
associated with both upper airway anatomy and Mallampati
classification. Such as, voice analysis may improve the upper
airway assessment performed by the conventional modified
Mallampati test.

Reference(s):
1. Assessment Before Airway Management. 2015; 33: 2571 78.

2. Inter-observer reproducibility of 15 tests used for predicting
difficult intubation. 2011; 155: 275i 81.

3. Pre-operative voice evaluation as a hypothetical predictor of
difficult laryngoscopy. 2019; 74: 1147-52

4. A Formant Range Profile for Singers. 2017; 31: 382.e9-
382.e13.

6. Acoustic pharyngometry measurement of minimal cross-
sectional airway area is a significant independent predictor of
moderate-to-severe obstructive sleep apnea. Acoustic
pharyngometry and vowel formants. 2015; 138:8331 45.

7. Influence of vocal tract geometry simplifications on the
numerical simulation of vowel sounds. 2016;140:1707i 18.

8. The singerds formant and t
realize it: a descriptive review. 2010; 21: 43-50
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Airway Management-3 3D Cric Trainer and
Silicone Skin: A Novel Approach to Emergency
Airway Simulation.

Jeffrey Huang?, Charles R Sims?

IMayo Clinic Rochester, Rochester, MN

Introduction: Surgical cricothyrotomy is a life-saving skill with
rare opportunities to improve competency given the low
incidence (Ref 1). While a systematic review comparing needle
versus surgical cricothyrotomy failed to demonstrate superiority
of either approach (Ref 2), low-quality evidence suggests a
simple technique for surgical -cricothyrotomy may be
advantageous. Simulation models in the literature include pig
tracheas, cadavers, and mannequins - each with limitations. Pig
tracheas are cheap and realistically simulate human anatomy
(Ref 3 & 4) but the ethics have been called into question by
animal advocacy groups, leading institutions to pursue
alternatives. 3D printing offers a cheap sustainable alternative,
but evidence is limited comparing efficacy for skills training. We
hypothesized that the 3D Cric Trainer is not inferior to a pig
trachea for improving competency and confidence levels in
anesthesia trainees.

Methods: The publicly-available 3D Cric Trainer (Ref 5) was
printed by our institutional engineering department (Pictures 1-
3; NB: the green tape was omitted in this study). Pig trachea
models were obtained from Hormel by our simulation center. To
simulate the cricothyroid membrane, Hy-Tape (Picture 4, left
side) was applied to the 3D model. Skin and fat was simulated
using a silicone pad created by combining Smooth-On Ecoflex
00-20, Smooth-On Ecoflex Gel, power mesh fabric, and peach
and yellow acrylic paints (Picture 4). After institutional IRB
exemption (IRB #19-008949), a randomized prospective pilot
study was performed. Participants were randomized into the pig
trachea arm (control) or the 3D model arm (intervention). After a
brief didactic, and instructor demonstration of the scalpel-finger-
bougie technique (Ref 6) on both models, participants were
assessed on time to cricothyrotomy completion by the instructor
using a stopwatch. The instructor then ensured procedure
success and quality. After this pre assessment, participants
practiced five repetitions on their assigned model, followed by
post assessment timing and a post-survey. Paired student's t-
tests were performed to determine mean difference and
confidence intervals between pre/post assessments between
the individual control and intervention groups. A Wilcoxon
ranked sums test was applied comparatively for the two groups
to determine non-inferiority. Power calculation: 28 participants

are necessary to achieve a
probability of type Il error.

Results: Thirteen participants were included (Table 1). Six
randomized to the 3D arm, and seven to the pig trachea arm.
No participants had performed or witnessed a cricothyrotomy.
At baseline, 23% (3/13) felt confident in performing the
procedure, while 15.4% (2/13) strongly doubted their ability.
After training, 92.3% (12/13) agreed or strongly agreed they
would be confident in performing the procedure. 100% felt this
training contributed to their education and should continue as
part of a formal curriculum. Technique was satisfactory during
100% of the assessments. For the 3D Cric Trainer arm, the
mean time pre-training was 36.33 seconds and post-training
was 28 seconds (mean diff 8.33, CI, 1.8-14.86), p= 0.01). For
the pig trachea arm, the mean time pre-training was 38.14
seconds and post-training was 32.29 seconds (mean diff 5.86,
Cl -8.51 - 20.23, p = 0.18). Comparing the two groups with a
Wilcoxon Ranked Test given unequal variances, the mean time
pre-training was 37.24 seconds, post-training 30.15 seconds
(mean diff 7.09, Cl -8.67 - 22.85, p = 0.99). See Table 1 for
complete data.

Conclusion: The 3D Cric Trainer is cheap, reusable, and does
not involve either animal or human components. We were
successfully able to show the use of the 3D Cric Trainer for
emergency airway simulation of a surgical cricothyrotomy was
not inferior to a pig trachea model. We found significant pre-to-
post improvement within the 3D-printed group, and observed no
significant change in the control group. Confidence levels
significantly improved among participants, with unanimous
satisfaction among participants. Limitations include the small
sample size, which will be addressed by enrolling additional
participants over two repeat sessions to achieve the expected
power to complete this pilot study. This work provides a
foundation for future modifications to simulate and practice on
challenging airway anatomy. It provides a framework for
simulation training of other care providers involved in airway
management.

Reference(s): Ref 1: Br J Anaesth. 2011 May;106(5):617-31.
Ref 2: Scandinavian Journal of Trauma, Resuscitation and
Emergency Medicine 2013, 21:43. Ref 3: Emerg Med J. 2008
Nov;25(11):732-4. Ref 4: Rev Col Bras Cir. 2015
Jun;42(3):193-6. Ref 5: Can J Anesth/J Can Anesth (2017)
64:1079i 1081. http://www.airwaycollaboration.org/3d-cric-
trainer-1 Ref 6: EMCrit Podcast 131 - Cricothyrotomy - Cut to
Air: Emergency Surgical Airway.



Table 1: 3D Model Arm Compared to Pig Model ArniPferand Postraining Completion Times.

3D Model Arm
Pre-Time Post-Time Descriptive Statistics
(sec) (sec)
n 6 6 Mean Diff 8.33
Mean 36.33 28 Std Dev 6.22
Variance 99.87 63.2 Cl (95.0%) 6.53
P(T<=t) one-tail 0.01
t Critical one-tail 2.02
Pig Model Arm
Pre-Time Post-Time Descriptive Statistics
(sec) (sec)
n 7 7 Mean Diff 5.86
Mean 38.14 32.29 Std Dev 15.54
Variance 125.14 231.90 CI (95.0%) 14.37
P(T<=t) one-tall 0.18
t Critical one-tail 1.94
Wilcoxon Ranked Test 0.99







Airway Management-4 Correlation between
voice parameters and number of intubation
attempts: a prospective study

Clistenes C de Carvalho?, Danielle M da Silva2

lUniversidade Federal de Campina Grande, Campina Grande,
Paraiba, 2Hospital da Clinicas da UFPE, Recife, Pernambuco

Introduction: Predicting difficult airway management remains
challenging so far. All predictors available to the present
moment feature just a poor performance to anticipate problems
over the airway manipulation. In this field, voice parameters
have been proved to be associated with upper airway anatomy
besides being deemed to predict difficult airmay management.
These conceptions led us to investigate the correlation between
the formant frequencies (Figure 1) and the number of
intubations attempts.

Methods: We performed a prospective study involving 453
patients who underwent elective surgeries under general
anaesthesia with tracheal intubation. Before transporting the
patients to the operating room, we collected their data on sex,
age, weight, height, ASA physical status, Body Mass Index
(BMI), and acoustic parameters from five phonemes (/a/, /el, /i,
/ol, Iul). In the operating room, during the airway management
maneuvers, the number of attempts to successfully allocate the
orotracheal tube was noted. The Spearman correlation test was
performed among the quantitative variables.

Results: The number of intubation attempts were correlated to
the formants ef2 (r=-0.123, p=0.016); of2 (r=0.097, p=0.037);
and of4 (r=0.114, p=0.014). Age, weight, height, and BMI did not
show any correlation to the number of intubations attempts.

Conclusion: Voice formants were correlated to number of
intubations attempts and may constitute an alternative tool for
preoperative upper airway assessment.



Level (dB)

1000

2000 3000

4000

5000

—20 1

=30 1

=40

_50 a

—(0

F1

F2

F3

Frequency (Hz)

F4



Airway Management-5 Predictive value of Conclusion: Mallampati test and sternomental distance have

. . better predictive performance when evaluated together.
combined Mallampati and Sternomental - : - _
Additionally, the chances of facing a real difficult airway are

distance for difficult laryngoscopy: a highly increased when both are indicative of difficulty.
prospective study.

Clistenes C de Carvalho?, Danielle M da Silva?, Flavia A de
Orange?

linstituto de Medicina Integral Professor Fernando Figueira,
Recife, Pernambuco, ?Hospital da Clinicas da UFPE, Recife,
Pernambuco

Introduction: Difficult airway prediction remains a challenging
task as none of the predictors reported so far has featured
satisfactory accuracy. Much of this poor accuracy may be due
to the inability of predictors to assess the diverse anatomic
structures involved in difficult airway management. This led us
to investigate whether the Mallampati test, a parameter that
assesses the upper region of the airway, along with the
sternomental distance, a parameter which evaluates the lower
region of the airway, would improve the preoperative airway
assessment when bound together.

Methods: A prospective study with 453 patients scheduled for
elective surgery under general anesthesia was performed. At
transitional waiting hall before transport to the operating room,
we collected data on sex, age, weight, height, ASA physical
status, Body Mass Index, modified Mallampati test, and
sternomental distance. In the operating room, after the induction
of the anesthesia, direct laryngoscopies were performed by the
assistant anesthesiologists who take note of the Cormack-
Lahane classification. Uni and multivariable analyses were
conducted and three logistic regression models were obtained.

Results: Of a total of 467 initially eligible patients, 453 were
submitted to statistical analysis, with 14 being excluded because
of missing data. Difficult laryngoscopy was present in 29
patients (6.4%). Mallampati classification (OR=7.17; p=0.000)
and sternomental distance (SMD) (OR=11.08; p=0.000) were
both associated with difficult laryngoscopy. The OR was 25.95
(p=0.000) when both Mallampati and SMD were indicative of
difficult intubation. Three logistic regression models were
evaluated (Figure 1) and their AUC defined as follows:
Mallampati alone 72.88%; SMD alone 65.0%; Mallampati and
SMD together 78.51%.



Sensitivity

0.4

1.0

0.8

0.6

0.2

0.0

0.0

0.2

I I
04 06

1 - Specificity

0.8

1.0




Ambulatory Anesthesia



Ambulatory Anesthesia-1 A pragmatic
randomized controlled trial comparing nasal
positive airway pressure to usual care in
endoscopy to reduce hypoxia

Laeben Lester?, Haitham Al-Grain?, Matthew Tan?, Katherine
Norgaard?, Nauder Faraday?, Aaron Hsu?®, Luke Zsido*, Nikki
Kerns*, Nicholas M Dalesio®, Eun Shin?, Sachidinand Hebbar®,
Sarabdeep Singh®, Allan Gottschalk’

1Johns Hopkins, Baltimore, MD, 2Johns Hopkins School of
Medicine, Baltimore, MD, 3The Johns Hopkins University,
Baltimore, MD, “Johns Hopkins Medical Institutions, Baltimore,
MD, 3Johns Hopkins University, Baltimore, MD, 8Johns
Hopkins School of Medicine, Baltimore, United States of
America, "Johns Hopkins Hospital, Baltimore, MD

Introduction:  Hypoxia during propofol administration by
anesthesia providers during upper endoscopic procedures has
been to range from 8 to 62%.1,2 Use of nasal positive airway
pressure has been shown to improve oxygenation in patients
undergoing sedation in the operating room, in the endoscopy
suite during colonoscopies, and is used by patients with
obstructive sleep apnea during normal sleep at home.3,4 We
hypothesized that the use of nasal positive airway pressure
(NPAP) with a nasal anesthesia mask (SuperNO2VAtm) could
decrease the incidence of desaturation events compared with
usual care with a nasal cannula (NC) in patients considered to
be at increased risk for such events.

Methods: We performed a pragmatic randomized controlled
trial at a single hospital. Patients with OSA and/or BMI > 30
were randomized to nasal positive airway pressure or usual care
with nasal cannula during anesthesia with propofol sedation
while undergoing upper endoscopic procedures with or without
additional procedures. Patients randomized to NPAP received
oxygen at 10 Ipm via the anesthesia circuit with the pop-off valve
set at 10 mmH20 while the control group received usual care
with nasal cannula set. The primary endpoint was the incidence
of oxygen desaturation < 90% for 15 seconds, and the primary
endpoint was assessed by Chi-Square analysis.

Results: One hundred eleven patients were randomized to NC
(N=58) or NPAP (N=53). The hypoxia rate in the NC group was
27.6% and the NPAP group was 5.7%, a statistically significant
difference (p = 0.002). Excluding seven patients in NC (N=3)
and NPAP (N=4) for enroliment failure (No OSA/BMI >30, or
colonoscopy without upper endoscopy), the remaining 104

patients with OSA and/or BMI >30 with a procedure that
included upper endoscopy the hypoxia rate remained similar
with NC 29% (N=55), and NPAP 6% (N=49), still a significant
difference (p=0.002).

Conclusion: NPAP was associated with a statistically
significant decrease in the hypoxia rate in patients undergoing
endoscopic procedures with propofol-based sedation from
approximately 28% to 6%.

Reference(s):

1. Mehta PP, Kochhar G, Albeldawi M, et al.
Capnographic Monitoring in Routine EGD and Colonoscopy
With Moderate Sedation: A Prospective, Randomized,
Controlled Trial. Am J Gastroenterol. 2016;111(3):395-404.
2. McVay T, Fang JC, Taylor L, et al. Safety Analysis of
Bariatric Patients Undergoing Outpatient Upper Endoscopy
with Non-Anesthesia Administered Propofol Sedation. Obes
Surg. 2017;27(6):1501-1507.

3. Nozaki-Taguchi N, Isono S, Nishino T, Numai T,
Taguchi N. Upper airway obstruction during midazolam
sedation: modification by nasal CPAP. Can J Anaesth.
1995;42(8):685-690.
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Control Group Treatment Group P value
(n=58) (n=53)

Age 57.07+13.17 61.16+£12.49
Gender 29 (50.8%) 24 (45.3%) 0.69
BMI 34.70+5.33 33.55+4.68 0.22
Outpatient 50 (87.7%) 51 (96%) 0.20
ASA 2.58+0.56 2.49+0.57 0.36
Obesity 50 (87.7%) 44 (83%) 0.66
OSA 25 (43.9%) 25 (47%) 0.87



Ambulatory Anesthesia-2 Incidence of
Malignant hyperthermia during ambulatory
surgery procedures. A national ambulatory
surgery database 2016 study

Atul Gupta?, Avery Tung?, Sajid Shahul®

luniversity of Chicago, Chicago, United States of America,
2The University of Chicago Medicine, Chicago, IL, University
of Chicago Medical Center, Chicago, IL

Introduction: While the incidence of malignant hyperthermia
has been estimated to be from 10.2 to 13.3 per million of hospital
discharges in national databases (1), the national incidence of
malignant hyperthermia in ambulatory surgery setting is
unknown. We analyzed Nationwide ambulatory surgery (NASS)
database for year 2016 (published in 2019) to estimate this
incidence. NASS is the largest all-payer calendar-year,
encounter-level database in the US of hospital owned
ambulatory surgery centers. It is constructed from State
Ambulatory Surgery and Services Databases (SASD) of 34
geographically dispersed states. These States account for 83
percent of the total U.S. resident population, an estimated 59
percent sample of the universe of hospital-owned facilities, and
an estimated 69 percent sample of the universe of ambulatory
surgery encounters. The NASS contains clinical and resource-
use information that is included in a typical hospital-owned
facility record, including patient characteristics, clinical
diagnostic and surgical procedure codes, disposition of patients,
total charges, expected source of payment, and facility
characteristics. Major ambulatory surgeries are identified
through Current Procedural Terminology (CPT) codes. These
major ambulatory surgeries are selected invasive therapeutic
surgical procedures that typically require the use of an operating
room and regional anesthesia, general anesthesia, or sedation.
Procedures intended primarily for diagnostic purposes are
excluded. Unweighted, the NASS contains approximately 7.3
million major ambulatory surgery encounters in 2016,
corresponding to approximately 9.4 million major ambulatory
surgeries (some encounters have more than one major
ambulatory surgery). Weighted, it estimates approximately 10.5
million major ambulatory surgery encounters and 13.6 million
major ambulatory surgeries in the United States.

Methods: We used SAS 9.4 program for analysis. continuous
variables were compared using a test while categorical variables
were compared using a chi square test. We identified presence
of ICD 10 diagnosis code 'T883XXA' on any of the 15 diagnosis
slots on each record to identify malignant hyperthermia
occurrence during initial encounter and ICD 10 code 'T883XXD'

to identify occurrence of malignant hyperthermia during
subsequent encounter. Procedures were identified by presence
of up to 30 Current procedural terminology (CPT) on the records.
Death status was determined by variable value of dispuniform
=1 to identify alive discharge and dispuniform = 20 to determine
death at discharge. Mean age was compared using t-test. sex
was compared using chi-square test.

Results: Of 10536618 weighted records in NASS, Malignant
hyperthermia occurred in 37 records. The incidence was 3.5 per
million. None of these patients had reported a previous history
of malignant hyperthermia. All patients survived. In the entire
database 56.87% (5989532) were females and 43.13% were
males (4542109). Sex information was missing in 4940 subjects
(0.046%). In MH cohort had more males 54.92% (20) than
females 45.08% (17) p-value 0.03. Patients with MH were
younger (mean age =38 years, median age 38.4; SEM 4.29
years) vs. non-MH patients (Mean age 50.2 years SEM 0.25
median age 38.4) p-value 0.004. We did not find preponderance
of any particular procedure in patients with malignant
hyperthermia. 17 records had H/o Malignant hyperthermia.
Disposition status was missing in 1 record. All other patients
survived at discharge. The age was similar in those with a
history of malignant hyperthermia (53.4 SE 6.6 Median 57) vs.
those without.(mean 50.2, SE 0.25, median 57.03). p-value
0.62. We could not compare sex in records with history of
malignant hyperthermia due to low numbers.

Conclusion:  Our study on national ambulatory surgery
database from 2016 found much lower incidence of malignant
hyperthermia than previously reported from national inpatient
sample. It may be due to different population in two databases.
It may also be due to different diagnosis codes (NASS used ICD-
10 vs. NIS which used ICD-9). Further studies are needed to
confirm this finding.

Reference(s): Trends and Outcomes of Malignant
Hyperthermia in the United States, 2000 to 2005.
Anesthesiology 2009;110(1):89-94. doi:
https://doi.org/10.1097/ALN.0b013e318190bb08
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Anesthetic Pharmacology-1 Female rats are
more sensitive to dexmedetomidine hypnosis
than males

Risako Kato?!, Edlyn R Zhang?, Olivia Moody?, Ken Solt®

IMassachusetts General Hospital, Charlestown, MA,
’Massachusetts General Hospital, Boston, MA, *Harvard
Medical School; Massachusetts General Hospital, Boston, MA

Introduction: It has been reported in humans that females are
more sensitive than males to the sedative effects of zolpidem,
due to a combination of pharmacokinetic and pharmacodynamic
factors.! However, it is not known whether gender differences
exist for sensitivity to dexmedetomidine (DEX). We recently
found that dextroamphetamine (d-AMPH) reverses DEX-
induced loss of consciousness (LOC) in male rats.? In this study,
we tested the sensitivity of female rats for DEX-induced LOC
and reversal by d-AMPH.

Methods: All studies were approved by our Institutional Animal
Care and Use Committee. Eight male and eight female
Sprague-Dawley rats (13-15 weeks old) were housed on a
standard day-night cycle (lights on from 7 am to 7 pm). All
experiments were conducted between 9 am and 5 pm. A tail vein
IV catheter was placed under brief isoflurane anesthesia. After
full recovery from isoflurane (> 45 min), rats received DEX (50

eg/ kg I'V over 10 min), f-@MAHq3wve d

mg/kg IV over 2 min). A heating pad set to 37°C was used to
maintain normothermia. LOC and return of consciousness
(ROC) were defined by loss and recovery of the righting reflex,
respectively. The time to ROC was defined as the time from
initiation of the saline or d-AMPH infusion to return of righting. A
randomized, blinded, crossover design was used, and a
minimum of 3 days of rest was provided between experiments.
Welch's t-test was used to test for gender differences in time to
ROR, and a paired t-test was used to test for differences
between saline and d-AMPH in time to ROR.

Results: When saline was administered after DEX, the mean
time to ROC was significantly longer in females (138.4 + 33.7
min) than males (87.2 + 12.3 min, P < 0.01). When d-AMPH was
administered after DEX, the difference in mean time to ROC was
1.7 £ 0.7 min in males, and 1.9 £ 0.5 min in females. The large
decrease in time to ROR with d-AMPH was statistically
significant for both genders (P < 0.001).

Conclusion: At the same dose of DEX, the duration of LOC
was 59% longer in female rats compared to males. This finding
may be due to pharmacokinetic or pharmacodynamic factors,
and encourages future work to test whether gender differences
in sensitivity to DEX also exist in humans. Reversal of DEX-
induced LOC with d-AMPH was equally efficacious in female
and male rats, suggesting that d-AMPH may be a clinically
useful reversal agent for DEX.

Reference(s):
1 J Clin Pharmacol. 2014;54(3):282-90

2 AUA/IARS 2019 (Abstract A65/F106)
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The mean time to ROC in male and female rats that receivedl38IEX (

N 33.7 min, respectively. The diH f< rC.nlle; - testlEhembaiatimessotROC afterld-AMPHI g n i
(3 mg/kg IV over 2 min) in males and females were 1.7 = 0.7 min and 1.9 + 0.5 min, respectively. The d-AMPH arousal effects in both
sexes were statistically significant (***: P < 0.001; paired t-test).



Anesthetic Pharmacology-2 Propofol
Toxicity in Cardiomyocyte Mitochondria of
Developing Mice: A Novel Mechanism of
Pediatric Propofol Infusion Syndrome?
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3Columbia University, New York, NY

Introduction: Propofol infusion syndrome (PRIS) is a life-
threatening condition characterized by metabolic acidosis,
arrhythmias, cardiac failure, lactatemia, and fever.! Risk factors
include young age and high cumulative doses. Prior studies
suggest that propofol interferes with various components of the
electron transport chain (ETC), including complexes | and IV
and coenzyme Q (CoQ).2 However, the exact mechanism of
toxicity remains unknown. In addition, little is known regarding
age-dependent vulnerability and few studies have assessed
appropriate tissues of interest. Thus, we aimed to identify the
mechanism of propofol toxicity within developing cardiomyocyte
mitochondria in mice. We hypothesized that propofol would
induce discrete defects within immature mitochondria.

Methods: 10-day old male C57BL6 mice were utilized to model
a timepoint in human infancy. Ventricular myocardium was
harvested and mitochondria isolated via differential
centrifugation. Rates of oxygen consumption were measured
polarographically prior to and following in vitro exposure to
propofol. ETC enzyme kinetics were assessed via
spectrophotometry. Substrate oxidation, ATP turnover, and
proton leak were quantified relative to membrane potential. The
source of proton leak was determined using specific inhibitors.
3-5 animals were evaluated per cohort. Data were analyzed
using ANOVA and Tukey's post hoc analysis. Significance was
set at P < 0.05.

Results: Propofol had minimal effect on state 3 respiration,
however, caused significant dose-dependent increases in state
4 and oligomycin-induced state 4 respiration (proton leak).
(Fig.1) ETC inhibition was only seen at Complex | with the
highest concentration of propofol. (Fig 2.) Propofol-mediated
excessive leak was cyclosporin (CsA) sensitive, indicating the
mitochondrial permeability transition pore (mPTP) as a major
source of pathological leak. (Fig 3.) As such, CsA abrogated the

inefficient futile proton leak caused by propofol and fully
repolarized the mitochondrial membrane potential. (Fig 4.)

Conclusion: Propofol uncouples immature cardiac
mitochondria in a dose-dependent manner leading to excessive
proton leak via the mPTP. Uncontrolled opening of the mPTP
causes mitochondrial inefficiency, dissipates the mitochondrial
membrane potential, and leads to apoptosis or necrosis. Such
a novel mechanism could underlie the toxicity of propofol and
may highlight a previously unknown therapeutic target; the
mPTP. Future work will, therefore, focus on developing novel
agents to prevent pediatric PRIS.

Reference(s):

1. Kam, P. & Cardone, D. Propofol infusion syndrome.
Anaesthesia 62, 690-701 (2007).

2. Vanlander, A. V. et al. Possible pathogenic mechanism of
propofol infusion syndrome involves coenzyme q.
Anesthesiology: The Journal of the American Society of
Anesthesiologists 122, 343-352 (2015).
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Anesthetic Pharmacology-3 Ketamine and
metabolites bind to opioid receptors without
significant activation

Thomas T Joseph!, Weiming Bu?, Alexei Yeliseev?, Grace
Brannigan®, Renyu Liu*4, Roderic G Eckenhoff>

1University of Pennsylvania, Philadelphia, PA, ?National
Institutes of Health, Bethesda, MD, 3Rutgers University,
Camden, NJ, “University of Pennsyvania, Philadelphia, PA,
SUniversity of Pennsylvania Perelman School of Medicine,
Philadelphia, PA

Introduction: Part of the World Health Organization Model List
of Essential Medicines, ketamine is administered primarily for its
sedative and analgesic properties. One of its primary
advantages in clinical anesthesia is hemodynamic stability
compared to other common anesthetics such as propofol. It is
also increasingly used as a rapidly acting antidepressant, for
which the molecular mechanism is not yet clearly elucidated.
Ketamine is thought to act as an N-methyl-D-aspartate (NMDA)
receptor antagonist, binds ligand-gated ion channels [1, 2] and
binds and/or results in activation of various G-protein coupled
receptors (GPCRs) including opioid and olfactory receptors, as
demonstrated by various experiments [3i 8]. In mice, opioid
receptor antagonists were shown to inhibit ketamine's effect on
the tail flick test [9], suggesting an opiate-receptor-dependent
functional role. In humans, pretreatment with naltrexone was
shown to attenuate the antidepressant effect of ketamine [10],
suggesting a clinically significant interaction of ketamine or its
metabolites with mu and/or kappa opioid receptor. In a mouse
model, there appeared to be an effect of enantiomer on
ketamine's antidepressant activity [11]. These GPCR-related
effects might occur directly, through the binding of ketamine or
its metabolites to GPCRs themselves, or indirectly, through
stimulation of endogenous opiate peptides. To evaluate which
of these possibilities is most likely, we: 1) predict an atomic-level
description, including calculated binding affinities, of
protonation-state-dependent ketamine binding to horse spleen
apoferritin (HSAF) and three GPCRs (mu and kappa opioid
receptors and serotonin-2B receptor), with results consistent
with previous experiments, and 2) conduct experiments
quantifying ketamine-dependent G-pr ot ei n -arr@stird
recruitment of mu and kappa receptors.

Methods: These GPCR-related effects might occur directly,
through the binding of ketamine or its metabolites to GPCRs
themselves, or indirectly, through stimulation of endogenous
opiate peptides. To evaluate which of these possibilities is most
likely, we: 1) predict an atomic-level description, including
calculated binding affinities, of protonation-state-dependent

ketamine (and metabolite) binding to horse spleen apoferritin
(HSAF) and three GPCRs (mu and kappa opioid receptors and
serotonin-2B receptor), with results consistent with previous
experiments, and 2) conduct experiments quantifying ketamine-
dependent G-pr ot e i n-arrestindrecrlitment of mu and
kappa receptors. Binding site prediction and refinement is done
using computational molecular dynamics (MD) and free energy
perturbation (FEP) methods. We evaluate ketamine as well as
its metabolites norketamine and (2R,6R)-hydroxynorketamine.
We included R- and S- enantiomers for ketamine and
norketamine, and protonated states when they would be
expected to exist in significant quantities at physiological pH.

Results: Atomic descriptions of ligand binding modes for
ketamine, norketamine, and (2R,6R)-hydroxynorketamine were
predicted using molecular dynamics (MD) simulations. For
ketamine, and norketamine, both R and S enantiomers were
included, and for ketamine, the protonated version was included
as well. Binding affinities to opioid receptors were calculated
using free energy perturbation MD. Ketamine and its
metabolites were predicted to bind to both mu and kappa opioid
receptors. Ketamine binding affinity to the tested GPCRs is
heavily dependent on its protonation state, where the charged
ketamine binds much more avidly. However, just because a
ligand binds to a receptor does not mean it causes activation of
downstream pathways. This was tested using GTP-gamma-S
G-protein recruitment assay. Neither ketamine nor its
metabolites, regardless of enantiomer, mediated significant G-
protein activation.

Conclusion: We predicted binding modes of ketamine and its
metabolites to opioid receptors, and showed that despite this
binding, the resulting G-protein recruitment is unlikely to be
significant in magnitude. Our data suggest that if the
antidepressant effects of ketamine or its metabolites - which are
clinically attenuated by naltrexone - are mediated by the opioid
system, it is most likely that this is the result of an indirect effect,
rather than direct binding of opioid receptors.



Reference(s):
1. Biophys J. 2017;113:60571 12.

2. Struct Lond Engl 1993. 2012;20:1463i 9.

w
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5. Anesthesiology. 1999;90:1741 82.

6. Sci Signal. 2015;8:ra33i ra33.

~

. Neuropharmacology. 1987;26:125371 60.

8. Life Sci. 1980;26:789i 95.

9. Brain Res. 2014;1562:69i 75.

10. Am J Psychiatry. 2018;:appiajp201818020138.
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Anesthetic Pharmacology-4 Oral
dexmedetomidine is systemically available and
promotes non-rapid eye movement sleep in
healthy volunteers
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IMassachusetts General Hospital, Boston, MA, ?Escuela de
Medicina, Pontificia Universidad Catolica de Chile, Santiago,
Chile, 3Massachusetts General hospital, Boston , MA,
“Massachusetts General Hospital, Harvard Medical School,
Boston, United States of America, *Massachusetts General
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Introduction: The administration of dexmedetomidine is limited
to highly monitored care settings largely because it is only
available as an intravenous medication. An oral formulation of
dexmedetomidine may broaden its use and benefits (e.g.,
delirium sparing, sedation)[1-3] to all care settings. Therefore,
we investigated whether a capsule-based oral dosage
formulation of dexmedetomidine is systemically available in a
phase | dose-finding study. We also investigated the effect of a
capsule-based oral dosage formulation of dexmedetomidine on
polysomnography sleep quality and motor memory
consolidation in a phase Il study.

Methods: These studies were conducted under a Food and
Drug Administration investigator-initiated Investigational New
Drug Application and was registered on clinicaltrials.gov. First,
we performed a single-site, open-label, phase | dose-escalating
study of a solid oral dosage formulation of dexmedetomidine in
healthy volunteers (n = 5, 300 mcg; followed by n =5, 500 mcg;
followed by n =5, 700 mcg). The primary outcome for the Phase
| study was hemodynamic stability. Mean arterial pressure and
heart rate data were analyzed with polynomial mixed-effects
models using time as a fixed predictor and subjects as random
predictors. Plasma dexmedetomidine concentrations were
determined by liquid chromatograph-tandem  mass
spectrometry. Next, we performed a single-site, placebo-
controlled randomized, cross-over, double-blind phase I
nighttime sleep study of oral dexmedetomidine (700 mcg) in
healthy volunteers (n = 15). The primary outcome for the Phase
Il study was polysomnography sleep quality. Polysomnography
data were recorded using the Somté PSG (Compumedics,
Charlotte, NC) and scored using a validated automated sleep

scoring software.[4] The motor sequence task and sleep
guestionnaires were also administered.

Results: In the Phase | study, we found that oral
dexmedetomidine was systemically available and was
associated with decreased heart rate and mean arterial
pressure. However, these decreases did not meet our threshold
for hemodynamic instability. The calculated elimination half-lives
for the 300 mcg, 500 mcg, and 700 mcg groups were 2.7 hours,
2.5 hours, and 3.1 hours, respectively (Fig. 1). In the Phase I
study, we found that oral dexmedetomidine increased the
duration of non-rapid eye movement (non-REM) stage 2 sleep
by 63 [95% CI: 19, 107] minutes (p = 0.010) (Fig. 2) and
decreased the duration of REM sleep by 42 [5, 78] minutes (p =
0.031) (Table 1). We did not find any significant differences in
measures of sleep latency, sleep stage switching, or subjective
sleep quality (Table 2). Overnight motor memory consolidation
improved after placebo sleep (7.9%, p = 0.003) but not after oral
dexmedetomidine-induced sleep (-0.8%, p = 0.900) (Fig. 3).

Conclusion:  We conclude that an oral capsule-based
formulation of dexmedetomidine is systemically available in
humans. Further, this formulation of dexmedetomidine
promoted non-REM 2 sleep. The clinical significance of our
motor memory consolidation findings are unclear. Overall, our
results demonstrate the feasibility of developing oral
dexmedetomidine as a non-REM sleep-promoting medication.

Reference(s):

1. JAMA 2007, 298: 2644-53
2. JAMA 2016; 315: 1460-8
3. JAMA 2009; 301: 489-99

4. Sleep 2018; 41(5)



Table 1. Sleep metrics derived from polysomnography

Placebo (STD) Dexmedetomidine (STD)  Diff (95% Cl) P value
Total dark time (mins) 600 (0.3) 600 (0.4) 0.1 (0.5,0.2) 0.422
Total sleep time (mins) 523 (40) 544 (33) -16 (-43, 11) 0.207
Sleep Efficiency (%) 87(7) 91 (5) 3(7,2) 0211
WASO (mins) 53 (39) 42 (29) 5(-19, 29) 0.639
Wake duration (min) 77 (40) 56 (33) 16 (-11, 43) 0.212
N1 (mins) 24 (13) 24 (19) 0.3 (-10, 11) 0.953
N2 (mins) 256 (46) 326 (69) 63 (-107, -19) 0.010
N3 (mins) 122 (32) 108 (34) 5(-7, 18) 0.362
REM (mins) 120 (27) 86 (53) 42 (5, 78) 0.031
N1 TST (%) 5(3) 5(4) 0.2(-2,2) 0.881
N2 TST (%) 49 (6) 60 (11) -10 (-16, 4) 0.005
N3 TST (%) 24 (6) 20 (6) 2(-0.2,4) 0.071
REM TST (%) 23 (6) 16 (11) 8(1, 15) 0.026

WASO, wake after sleep onset; N1, non-rapid eye movement stage 1; N2, non-rapid eye movement stage 2; N3, non-rapid eye
movement stage 3; REM, rapid eye movement stage; TST, total sleep time. Diff, differences in the mean of the groups.
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g- 1. Dexmedetomidine plasma concentration, mean arterial blood pressure, and heart rate. (A)
n dexrmedetomidine plasma concentration measured by lguid chromatograph-tandem mass
rmetry. The mean plasma concentration for the 500 mog group was [ower than the 300 mog and
micg grougs at all time points baginning 30 minutes after drug administration. Vertical emor bars
present the standard deviation. (B} We fit a line to the concentration (logarithmic) versus time (linear)
rting at the peak plasma concentration. The slopes of the fitted lines were wsed to calculate the
If-lives. (C) Group bevel mean arterlal blood pressure. The line represents a smoothed best fif line to
data. Shaded colored bubbles represent the mean of arterial pressure ower each growp. (D) Group
el mean heart rate. The line represents a smoothed best-fit line to the data. Shaded colored bublbles
present the mean of heart rate aver each group. Blue color represents the 300 mog group (n= 5), red
or represents the 500 mog group [n = 5), and the green color represenits the 700 mog (n = 5.




Table 2. Sleep latencies, fragmentation and administered sleep questionnaires

Sleep latencies derived from polysomnography

Placebo (STD) Dexmedetomiding (STD)  Diff (95% CI) P value

Sleap latency (mins) 23.8 (18.4) 12.6 (7.5 11.1(-2.6, 24.7) 0.101
Wake duration (min) 77.0 (40.2) 55.6 (32.5) 16 (-10.9, 42.9) 0212
Sleep latency to N1 24 8 (18.6) 13.0 (T 4) 10.6 (-3.2, 24.4) 0417
{sT::]Ilmn:y to N2 28.3 (18.4) 21.0 (12.8) 5.5 (-B.4, 19.4) 0.395
{ST:::II:Mncy to N3 49 5 (27.0) 34.8(21.4) A0.7 (-2, 23.4) 0.089
(mins)

Sleep latency to REM 70.6 (56.6) T4.3 (BB.4) -T.4 (-96.1, §1.2) 0.837
{ST:II:::L 173.9 (44.7) 170.2 (64.0) 5.8 (-26.3, 38) 0.690
Switch index (per min) 0.3 (0.1) 0.3 {0.1) 0.02 {-0.03, 0.1) 0.404
Sleep fragmentation 59.1 (15.5) 58.7 (20.4) 1.9(-10.7, 14.5) 0.746
Sleep fragmentation 0.1 (0.01) 0.1 {0.04) 0.0 {-0.02, 0.03) 0.588
imdex (per min)

M1, non-rapid eye movement stage 1; N2, non-rapid eye movement stage 2; M3, non-rapid eye movement stage 3; REM, rapid eye
movement stage; switch, number of stage shifts; sleep fragmentation, number of shifts to a lighter stage; Diff, diferences in the
mean of the groups.

Sleep metrics derived from questionnaire

Placebo (STD) Daxmedatomidine (STD) Diff (95% CI) P wvalue

Total sleap (mins) 521.3 (62.2) 531.6 (59.5) -16.9 (-44.2_10.5) 0203
Sleep latency (mins) 36.3 (27.3) 33(24.4) 59(-10.3, 22.2) 0.435
Times awakened (n) aT7(3) 332 (28) 09(-1.1, 3.1) 0.315
Total time awake (mins) 23(21.3) 24 (21) 25121, 17.1) 0.719
Owverall sleapiness (1- 26({1.1) 26(1.2) 0.1 {-0.8, 1) 0.826
Awaka, T-Not Awaka)

Quality of sleep (1-Bad, 2.5 (0.8) 2.6 (0.6) 0.3 (-0.8, 0.2) 0230

4-Excallent)
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Fig. 2. Overnight sleep-wake profile of an illustrative subject during (A) Placebo visit and (B) 700 mcg oral-dexmedetomidine
visit. Oral-dexmedetomidine administration is associated with an increased non-REM stage 2 sleep as compared to placebo visit.
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Anesthetic Pharmacology-5 Site-specific
effects of neurosteroids on GABAA receptor
activation and desensitization
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University School of Medicine in St. Louis, Saint Louis, MO

Introduction: Neurosteroids (NS) are endogenous modulators
of neuronal activity and behavior that have been therapeutically
applied as anesthetics and anti-depressants (1-4). The principal
target of NaBiinobutyric achd etyped A receptor
(GABAAR) (1-4) and NS analogues can be either positive (PAM-
NS) or negative allosteric modulators (NAM-NS) of GABAAR
function (4-6). We have previously shown that there are three
PAM-NS bi ndi n gbs SABAeRs, two of which mediate
channel activation (7). In the current study, we explored the
binding sites for NAM-NS with variable stereochemistry and
substituents at the 3-carbon, and examined how site- and state-
specific binding to these sites contributes to NS allosteric
modulation of GABAARS.

Methods: In this study, we used direct photolabeling with NAM-
NS analogues, KK148 and KK150, in which a diazirine replaced
the C3-hydroxyl group to identify NAM-NS binding sites (8). We
also measured the ability of NAM- and PAM-NS analogues to
competitively prevent labeling by PAM-NS analogue
photolabeling reagents. We then examined the effect of NS
occupancy of each of the identified sites using site-directed
mutagenesis coupled with electrophysiological and orthosteric
ligand binding (3Hmuscimol) assays of GABAasubR function.

Results: We found that the PAM-NS 3 U5 U0UP, b AM-
NS 3b5U0P, b i ns@)Uu(-X intersubbnit sité that
mediates receptor activation by NS (Figures A-B), explaining the
absence of 3b50P PAM activit
3b5U0P bindttasahuni 4subsrittp®maoting
receptor desensitization.
alsobindtoanintrasub u ni t s i itsubunit. ®ccipaney ofJ
this site by 3U5UP promotes
3b50P promotes
intrasubunit sites provides a mechanistic explanation for the
NAM effects of
diazirine substituents (KK148 and KK150) bind to all three sites,
but do not potentiate GABAAR currents. KK148 is an efficacious
desensitizingagent ,

sites (Figur e GCepimerKfKK12g)is devold ef
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allosteric activity (Figure D). These compounds provide potential
chemical scaffolds for site-specific and general NS antagonists.

Conclusion: These results shed new light on the mechanisms
of NS allosteric modulation of channel function, and
demonstrate a novel pharmacology in which differential
occupancy and efficacy at three discrete NS binding sites
determine whether a NS has potentiating, inhibitory, or
competitive antagonist activity on GABAaRSs.

Reference(s):

1. Neurosteroids: endogenous regulators of the GABA(A)
receptor. Nat Rev Neurosci 6, 565-575, 2005.

2. Steroid Anesthesia Revisited: Again. Anesth Analg 120,
983-984, 2015.

3. Trial of SAGE-217 in Patients with Major Depressive
Disorder. N Engl J Med 381, 903-911, 2019.

4. Mechanisms of neurosteroid interactions with GABA(A)
receptors. Pharmacol Ther 116, 35-57, 2007.

5. Kinetic and structural determinants for GABA-A receptor
potentiation by neuroactive steroids. Curr Neuropharmacol 8,
18-25, 2010.

6. 3beta-hydroxypregnane steroids are pregnenolone sulfate-
like GABA(A) receptor antagonists. J Neurosci 22, 3366-3375,
2002.

7. Multiple functional neurosteroid binding sites on GABAA
receptors. PLoS Biol 17, e3000157, 2019.

8. A clickable neurosteroid photolabel reveals selective Golgi
compartmentalization with preferential impact on proximal
inhibition. Neuropharmacology 108, 193-206, 2016.
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Anesthetic Pharmacology-6
Dexmedetomidine use in awake fiber optic
intubation improves patient satisfaction

Craig Johnson?, Xiwen Zheng?, Sean O'Connor3, David Glick®
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IL, 2Memorial Hospital West, Pembroke Pines, FL, 3University
of Chicago, Chicago, IL

Introduction: Dexmedet omi di ne, an U2

agonist, is a sedative which has shown promise in its use in
awake fiber optic intubation (AFOI) in combination with
traditional sedatives. It has been shown to act as an
antisialogogue, anxiolytic, and analgesic, all of which lend to its
usefulness in sedation for AFOI. Importantly, it doesn't cause
respiratory depression as seen with benzodiazepines and
opioids. In this study, we were interested in learning whether its
effectiveness as a sedative would translate to improved patient
satisfaction.

Methods: Following IRB approval and informed consent, 77
narcotic-naive patients undergoing elective surgical procedures
requiring AFOI were enrolled in this double-blind RCT. Following
consent, patients were started on an infusion of either placebo

adrenergic

remembered the procedure accounted for most of the lower
mean satisfaction. Comparing the two groups, those who didn't
recall their AFOI were similarly satisfied, whether they received
placebo (M=9.4) or dexmedetomidine (M=9.5). However, of
those who did recall, the placebo group was significantly less
satisfied (M=5.9) compared to the dexmedetomidine group
(M=9.3) (p<0.05).

Conclusion: This study found that patients receiving
dexmedetomidine infusions greater than 21 minutes were more
satisfied with their AFOI sedation regimen, regardless of
whether they recalled the event or not.

receptor
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(nor mal saline) or dexmedet omi di ne (0.7 eg/ kg/ hr V),
midazolam (-2 mg | V) , and fentanyl eg/ kg, rounded to the
near est 25 g | V). Patients with an RSS < 2 were titrated

additional boluses of fentanyl to reach proper sedation. Once
the patient was properly sedated the AFOI was commenced. We
recorded the quantity of fentanyl required to reach proper
sedation as a proxy for the efficacy of the dexmedetomidine as
a sedative, and compared groups with an independent samples
t test. Within 24 hours of the surgery, we identified any
complications, inquired about recall and evaluated patient
satisfaction with their sedation regimen on a 10-point scale
(O=worst, 10=best). The satisfaction data presented herein were
analyzed using the Wilcoxen-Mann-Whitney test.

Results: Inthe analysis of patient satisfaction, we only included
patients who received infusions >21 minutes (n=41), as this was
determined to be the threshold at which patients receiving
dexmedetomi dine required | ess

compared to the placebo group

demonstrating that dexmedetomidine had reached a therapeutic
level. Patients in the dexmedetomidine group reported higher
satisfaction (M=9.5) compared to patients who received placebo
(M=8.1) (p<0.05). Within the placebo group, the patients who

rescue fentanyl
(M=1.97 eg/ kg,

(M=1.43 €9/ kg)
p<0.05), t hus



10 esessseee

Satisfaction Score

Placebo Dexmedetomidine

Figure 1Patient Satisfaction: Placebo vs. Dexmedetomidifatients who received infusions of dexmedetomidioe
>21 minutes reported higher satisfaction (M=9.5) compared to patients who received placebd) p=8®.05).
Satisfaction was measured via survey and patients were asked to score their anesthetic on a scal&0f(@nmr Qvorst,
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similarly satisfied, whether they received placebo (M=9.4) or dexmedetomidine (M=9.5). However, of those who did
recall, the placebo group was sificantly less satisfied (M=5.9) compared to the dexmedetomidine group (M=9.3)
(p<0.05).



Anesthetic Pharmacology-7 Pathway- and
cell type-specific effects of isoflurane on
evoked responses in interneurons of non-
primary mouse neocortex.
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Introduction: While their behavioral effects are well-
characterized, the mechanisms by which anesthetics induce
loss of consciousness are largely unknown. Anesthetics may
ultimately influence both the level and contents of
consciousness via actions on corticothalamic circuits, disrupting
integration of information throughout the cortical hierarchy-.
Recent studies have shown that isoflurane diminishes synaptic
responses in a pathway-specific manner®’. However, the
degree to which the synaptic effects of isoflurane are cell-type
specific has yet to be explored. Here, we evaluate the effects of
isoflurane on evoked post-synaptic potentials (PSPs) in two
inhibitory interneuron populations to thalamocortical (TC) and
corticocortical (CC) layer 1 inputs in non-primary mouse
neocortex.

Methods: To isolate TC or CC projections, adeno-associated
virus containing channelrhodopsin (ChR2) and a fluorescent
(eYFP) reporter was injected into either posterior thalamus (Po)
or cingulate cortex (Cg) of mice expressing tdTomato in either
somatostatin-(SOM+) or parvalbumin-positive (PV+)
interneurons. Ex vivo brain slices were collected from a non-
primary sensory association area in cortex. Whole cell patch-
clamp recordings were obtained from layer 2/3 SOM+ and PV+
interneurons to evaluate post-synaptic responses to optogenetic
activation of either TC or CC inputs to layer 1. PSPs with latency
jitter <1 msec were considered putatively monosynaptic. The
magnitude and paired pulse ratio (PPR) of PSPs were
compared during control, isoflurane (0.24 mM), and recovery
conditions for each cell type for each pathway. To evaluate the
effect of isoflurane on EPSP magnitude and PPR, data were fit
to a linear mixed-effects model, with fixed effects of drug
condition and synapse combination, and random effect of slice
experiment.

Results: CC afferents to cortical layer 1 evoked monosynaptic
PSPs in both SOM+ and PV+ interneurons; TC afferents evoked
monosynaptic PSPs in PV+, but not SOM+, interneurons. CC
inputs to SOM+ cells displayed mild paired pulse depression

(PPR=0.9340.11, n=6), as did both TC (PPR=0.67+0.10, n=9)
and CC (PPR=0.79+0.08, n=10) inputs to PV+ cells. Isoflurane
increased PPR for CC inputs to SOM+ cells
(@PPRcontrol _iso=0.30N0. 10,

were unaffected f or -0D320.08,pFOFRBcont

and ccC ( pP PR ec0d1+D.08p | p=0.8%)0 #nputs.
Isoflurane suppressed CC-evoked PSPs in SOM+ interneurons
( PP SPc ont-31d%+8.2%, o p<0.001), enhanced TC

PSPs in PV+ cells (@PSPcontrol _

but had no effect on CC inputs to PV+ cells
(@PSPcontrol _iso=7.4%N6. 3%,

Conclusion: Here, we demonstrate pathway- and cell type-
specific effects of isoflurane on evoked responses in
interneurons of non-primary neocortex. We show that feedback
cortical inputs to SOM+ cells are suppressed during isoflurane.
PPR was also enhanced at CC-SOM synapses, implicating pre-
synaptic actions of isoflurane. SOM+ cells play a role in
modulating inputs to pyramidal cells during sensory
processing8; thus, anesthetic-induced changes in SOM+ cell
activity may disrupt integration of sensory signals. Isoflurane
amplified PV+ cell responses to TC inputs. PV+ cells restrict
integration windows of pyramidal cells9 and regulate pyramidal
cell spike timing in the context of network activityl0. The
amplification of PV+ cell activity by isoflurane may constrain
spike outputs from local pyramidal cells, and therefore disrupt
the computational power of the network.
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Anesthetic Pharmacology-8 Selective
impairment of interaction of ADP and ATP
synthase by anesthetics
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Introduction: Isoflurane, sevoflurane and desflurane have
different neurotoxic effects 1. However, the underlying
mechanisms remain unknown. Isoflurane, sevoflurane and
desflurane can differently induce mitochondrial dysfunction 2-3
and ATP synthase is the critical component of mitochondrial
function 4. We, therefore, set out to test a hypothesis that
anesthetics selectively impair the interaction of ADP and ATP
synthase.

Methods: The human H4-APP cells were treated with 2%
isoflurane, 4% sevoflurane or 12% desflurane for 6 hours. The
mitochondrial function was measured by using a Seahorse XFp
Extracellular Flux Analyzer. Next, we used a nanobeam
technology-based single molecular study 5 to determine the
interaction of ADP and ATP synthase. The resonance shift,
detected by a nanosensor, corresponded to such interaction.
Finally, the single molecular dynamics simulation 5 identified the
binding site between ATP synthase and isoflurane, sevoflurane
or desflurane.

Results: The Seahorse XFp Extracellular Flux Analyzer
demonstrated that isoflurane (Figure 1A), but not sevoflurane
(Figure 1B) nor desflurane (Figure 1C), induced mitochondrial
dysfunction in the H4-APP cells. Isoflurane significantly impaired
the interaction of ADP and ATP synthase as evidenced by the
decreased number of resonance shift (Figure 2A), longer
duration between the resonance shifts (Figure 2B versus 2C)
and decreased disassociation constant (Figure 2D). Neither
sevoflurane (Figure 3) nor desflurane (Figure 4) impaired such
interaction. Mechanistically, there were 7, 1 and 3 binding sites
between isoflurane, sevoflurane and desflurane with ATP
synthase alpha-subunit, respectively (Figure 5).

Conclusion: These findings suggest that isoflurane has more
binding sites with ATP synthase than sevoflurane or desflurane,

which accounts for the selective impairment of ADP and ATP
synthase interaction following the treatment of isoflurane but not
sevoflurane or desflurane. Consequently, isoflurane, but not
sevoflurane and desflurane, causes the observed mitochondrial
dysfunction and neurotoxicity.
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Figure 1: Anesthetics and mitochondrial function: The mitochondrial
function in H4-APP cells following the treatment with isoflurane (A), sevoflurane

(B) and desflurane (C).
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Figure 2: Isoflurane impairs the interaction of ADP and ATP synthase:

Real-time binding dynamics of the ADP and ATP synthase in the standard
binding buffer following the isoflurane treatment (A). B. The binding kinetics
are fitted from the event as described in previous studies °.
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standard binding buffer following sevoflurane treatment (A). B. The binding
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Figure 4: Desflurane does not impair the interaction of ADP and ATP synthase:
Real-time binding dynamics of the ADP and ATP synthase in the standard binding
buffer following desflurane treatment (A). B. The binding kinetics are fitted from the
event as described in previous studies °.



Figure 5: Binding sites of anesthetics with ATP
synthase: The binding sites of ATP synthase with
isoflurane (A), sevoflurane (B), and desflurane (C).



Anesthetic Pharmacology-9 Consistent 5-
95% Recovery Intervals Shown by the NMBA
CW 002 (RP 1000) in Humans Over the
Clinical Dose Range May Enable Prediction of
the Timing of Recovery After Any Dosing
Regimen
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Introduction: In a Phase | study of the intermediate-duration
NMBA CW 002 in volunteers under sevoflurane/N20
anesthesia, the 5-95% (and 25-75%) recovery times of the first
twitch (T1 of TOF) did not differ following doses of ~ 1.0 to 1.8
times the ED95 (1). In the present study, this consistent recovery
pattern has been reevaluated. The potential application of this
property to clinical practice would be the ability to accurately
predict the time required for recovery from deep neuromuscular
blockade (5% twitch height), to twitch height 95% of baseline
and to TOF ratio (TOFR) 0.90.

Methods: Healthy volunteers (n=34) aged 18 to 55 of either
gender gave informed consent to an IRB-approved Phase |
protocol. NMB was measured by mechanomyography during
sevoflurane (0.5 MAC)/N20 (70%) anesthesia. Each volunteer
received a single IV bolus of CW 002. At doses below 0.08
mg/kg, (n=18) 100% twitch inhibition occurred in NONE of the
volunteers. 12 of 14 volunteers, however, who were given doses
of 0.08, 0.10, or 0.14 mg/kg, developed 100% block: (n=2 of 6
at 0.08, 6 of 6 at at 0.10, and 4 of 4 at 0.14 mg/kg). During
spontaneous recovery from 100% block, in all volunteers, TOF
stimulation was applied to the ulnar nerve every 20 sec and the
response of the thumb was monitored continuously until T1 of
TOF had recovered to 95% of baseline and TOFR had reached
0.90. The total duration of block was calculated from injection to
recovery of T1 to 95 percent of baseline and to recovery of
TOFR to 0.90. The 5-95% recovery intervals during recovery
from 100% block were measured. Following the completion of
data acquisition for all dosage groups, a comparison was made
by ANOVA of the 5-95% recovery times resulting after doses of
0.08, 0.10 and 0.14 mg/kg. Recovery data in the 12 volunteers
who developed 100% block were then combined to show a
single composite recovery pattern. ANOVA was again done to
compare the recovery data (5-95% intervals) for the composite

group to the corresponding intervals for the separate dosage
groups of 0.08, 0.10, and 0.14 mg/kg. The recovery data for the
composite group of twelve was then analyzed by linear
regression. The regression essentially comprised data for 5-
95% recovery time. The slope of the composite regression line
was calculated.

Results: Results are summarized in Figs 1 and 2 and in Table
1. Fig 1 shows apparent parallelism of all recovery curves: for
groups 0.08, 0.10, and 0.14 mg/kg, and for the composite group.
Both comparisons where ANOVA was applied twice and
showed no significant differences among the groups 0.08, 0.10,
and 0.14 mg/kg; when comparison of the composite group was
added, differences remained nonsignificant: P= 0.58 and P=
0.76 respectively. Fig 2 shows the regression of the composite
recovery line from 5% twitch height to 25, 50, 75, and 95% twitch
height, versus time for the twelve individuals who developed
100% block of twitch. The relation is significant (P= 0.002). The
slope of the line is 2.518.

Conclusion: The pharmacology in humans of CW 002, an
intermediate-duration nondepolarizing NMBA, has been
reported. Pharmacokinetic measurements included in that
report show an elimination half-life of 25-26 minutes in all
dosage groups. This kinetic pattern is consistent with the
pharmacodynamics of this drug and is likely due to the
compound's degradation in a chemical reaction, cysteine
adduction (1). The clinical pharmacology of CW 002 shows
indications that recovery intervals following doses that caused
100% block of twitch do not differ in the three escalating dosage
groups of 0.08, 0.10, and 0.14 mg/kg in the first study in humans
(1). Combination of data from these three groups, to yield a
composite group of twelve who developed 100% block, as done
in the present study, results in a 5-95% recovery interval which
does not differ from data which had been derived from any of
the separate dosage groups (P= 0.58 by ANOVA) (Figl). In the
composite group, a comparison of recovery of NMB from 5%
twitch height to several levels of function, i.e. recovery time of
twitch (T1of TOF) from 5% to 25, 50, 75, and 95% of baseline,
resulted in a regression where the linear relationship is
significant. These results suggest that, using the slope of that
regression line, the recovery time from 5% twitch height (which
is a readily identifiable level of deep NM blockade) to any level
of recovery of function, in the case of CW 002, may easily be
calculated and forecasted in humans.
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Fig 1. Recovery curves of CW 002 in healthy adult volunteers under sevoflurane/N20 anesthesia. The curves
illustrate spontaneous recover after 100 percent block, from 5% T1 to 95% of baseline T1.

Left to right: Groups 0.08 mg/kg (n=2); 0.10 mg/kg (n=6); and 0.14 mg/kg (n= 4). These doses are ~ 1.0, 1.4
and 1.8 x ED95. Fourth curve to the right is the composite of all three groups (composite curve, n= 12). There
are no significant differences among the groups in comparisons done by ANOVA of the 5-95% recovery

intervals.
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of 25%, 50%, 75%, and 95% of baseline. The linear relationship is significant (P= 0.002). This
suggests that rather precise prediction of time required for recovery from CW 002- induced NMB
may be done in humans.
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Introduction: Our understanding of the molecular mechanisms
of general anesthesia has been transformed over the last 30
years with the introduction of the high-resolution
electrophysiology patch-clamp method. The technique has
demonstrated that general anesthetics act directly on ion
channels, changing the kinetics of how channels open and
close. However, the inefficient technique remains low-
throughput and requires prolonged training to attain proficiency
and as a result the cost per data point remains high. The
technique is commonly used in discovery-based physiology and
pharmacology departments, where expert researchers can use
the technique on a daily basis, but is less accessible in most
anesthesia departments where it is difficult to fund the significant
labor cost. If the technique could be simplified and automated,
the need for specialist users would be reduced and automation
would allow for increased perioperative insight from anesthesia
providers, not just research scientists. Here we demonstrate the
utility of a new automated system that incorporates electrode
cleaning and re-use, manipulation of heterologous cells (whole
cell and outside out patches) and control of submillisecond
solution exchange to mimic the speed at which
neurotransmitters are released and removed from the synaptic
cleft, where they activate ligand-gated ionotropic receptors. The
system can perform typical ligand-gated ionotropic receptors
experimentation protocols autonomously that allows for a high
experiment completion success rates and can reduce the
operator's effort substantially. The system allows for the ability
to conduct complex and comprehensive experimentation that
yield datasets not normally within reach of conventional systems
that rely on constant user control.

Methods: Starting with a conventional inverted microscope-
based manual patch-clamp system equipped with rapid solution
exchange, we added a camera and engineered pressure control
systems and motor-driven adaptors for the micromanipulator
systems. All system components were integrated via a National

Instruments digital-analog converter and driven by bespoke
control software written in Labview. The stable cell line was

generated with human/ "RUIPMGABA(&)e d

receptor cDNAs in HEK293 cells. Data are reported as mean +
SEM.

Results: We used the automated electrophysiology system to
determine the effect of 1 pM - 50 pM propofol on the kinetics of
human GABA(A) receptors expressed in a stable cell line. In
automated mode, the time between starting each patching
protocol was 2 minutes. The 28 datasets collected in this study
were gathered during 9.07 hours of operation in automated
recording mode. The recording required only 2.49 hours of
human effort. In contrast, 28 excised patches would take 1-2
weeks of effort using conventional manual methods. The
receptors were successfully activated by synaptic
concentrations of GABA in outside patches. In the clinical range
(< 5 pM), propofol increased the time-constants for receptor
deactivation and receptor desensitization. This effect continued
beyond the clinical range.

Conclusion: Our data collected on human receptors in a stable
cell line supports previous findings in transient and rodent
systems that propofol increases synaptic inhibition by
preventing channel closure via 2 different mechanisms. By
utilizing the automated system, we were able to reduce labor
time by 96% and increase real time throughput by more than 6
fold.
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Introduction: Ketamine has recently been shown to improve
major depressive disorder (MDD) in patients that are
unresponsive to other forms of treatment. The antidepressant
effect occurs rapidly, often following a single exposure, and can
outlast the presence of the drug, often for several weeks.
Current evidence suggests that the mechanism for this effect
does not involve NMDA receptor antagonism. Little is known
about other molecular targets for ketamine. The present study
examined the effects of ketamine on synaptic transmission at
glutamate and GABA synapses, to determine whether changes
in activity at these synapses contribute to the lasting effects
produced by this drug.

Methods: All procedures were approved by the Stanford
University Animal Use Committee, male C57BL/6J mice
weighing between 25-30 grams were used to prepare 400 pm
thick coronal brain slices. We studied the effects of ketamine
and its major metabolites (2R, 6R & 2S, 6S)-
hydroxynorketamine by electrically stimulating Shaffer-collateral
axons while recording evoked responses from CAl pyramidal
neurons and GABA inhibitory interneurons using a paired-pulse
paradigm.

Results: Concentration dependent effects were observed over
clinical ranges (from 1.0 pM; antidepressant, to 350 uM;
anesthetic). Ketamine produced three effects: 1) an acute
depression of population spike amplitudes, 2) an enhancement
of GABA-A fast and/or tonic inhibition, and 3) a long-lasting
increase in population spike amplitude. The long-lasting
increase in amplitude was observed following drug washout and
lasted for at least 8 hours (longest duration of recording). This
effect was unlike other anesthetics that also produce an acute
depression of population spike amplitudes, but do not produce
long-lasting effects following washout. These effects were
mimicked by the primary ketamine metabolites. A long-lasting
effect was not observed on EPSP responses, indicating a
postsynaptic site for ketamine's action.

Conclusion: Our results agree with previous studies showing
that ketamine produces an acute depression of population spike
amplitudes with an increase in GABA-mediated inhibition. This
is the first report to demonstrate a long-lasting increase in
excitability following washout of ketamine from the brain slice.
We suggest this long-lasting effect could be related to the long-
lasting antidepressant effects produced by ketamine and its
metabolites.
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Introduction: Pediatric patients undergoing cardiac surgery
are at risk for bleeding and large transfusions due to
cardiopulmonary bypass (CPB) effects, immature coagulation
systems, and surgical complexity (1-3). Blood transfusions are
often needed to restore post-CPB hemostasis, but some
patients have refractory bleeding despite maximal standard
hemostatic therapy. Prothrombin Complex Concentrates
(PCCs), such as Factor Eight Inhibitor Bypass Activator (FEIBA,
Baxter Healthcare Corp. Westlake Village, CA), are being used
off-label to treat refractory bleeding and reduce transfusions in
adult cardiac surgery patients after CPB (4-5). While one
prospective study evaluates the prophylactic administration of a
non-activated 4F-PCC (Confidex®; CSL Behring, Milan, Italy),
there are no published data on the off-label use of the activated
4F-PCC FEIBA as rescue therapy for children undergoing
cardiac surgery (6). We report our initial experience with FEIBA
as rescue therapy in pediatric patients with refractory bleeding
after CPB.

Methods: After IRB approval, we queried our institutional
database between January 1, 2017 - June 5, 2019 for pediatric
patients undergoing cardiac surgery with CPB who received
FEIBA intraoperatively and performed a retrospective chart
review. Our primary outcome was blood products given before
and after FEIBA administration. Secondary outcomes included
FEIBA dose, intubation time, ICU and hospital length of stay
(LOS), and adverse events (AE). The Wilcoxon paired test was
used to compare transfusions before and after FEIBA
administration.

Results: Thirty-two patients (32/1287) received FEIBA® as
rescue treatment for bleeding: median age 7.2 years [0.33-13.4];
median weight 23.05 kg [5.15-51.18]; 81% had a STAT score of

dose of FEIBA was 12.98 units/kg [10-21.86]. Platelet (12.50
ml/kg [6.12-25.24] vs. 0.73 ml/kg [0.00-14.51]; p<0.001) and
cryoprecipitate (4.76 mil/kg [2.72-10.18] vs. 0.00 ml/kg [0.00-
1.56]; p<0.001) administration decreased significantly after
FEIBA administration. There were no significant difference in
PRBCs or FFP transfusion after FEIBA administration (Table 2).
Intubation time was 42.50 hours [23.81-139.09], ICU LOS of 5
days [2-16] and hospital LOS of 14 days [6-33]. AE included
thrombosis (6.3%), repeat surgery within seven days (18.8%),
chest exploration (21.9%), infection (9.4%), stroke (6.3%), and
ECMO within 24h (6.3%). Overall mortality was 9.4% (3/32)
(Table 3).

Conclusion: Given the increased morbidity and mortality
associated with blood transfusions, finding safe and effective
blood product alternatives to restore post-bypass hemostasis in
pediatric patients is paramount. Our retrospective study
suggests that pediatric patients who received FEIBA for
refractory bleeding received significantly less platelets and
cryoprecipitate after FEIBA administration. This  study
demonstrates that low dose FEIBA administration used as a
rescue therapy significantly reduced blood utilization in high risk
pediatric patients with refractory bleeding after CPB. While more
studies are required, FEIBA may be a safe and effective
hemostatic agent for rescue therapy in patients with refractory
bleeding after CPB.

Reference(s):

1. Anesth Analg 1999; 89:57-64.

2. Ann Thorac Surg 1992; 54(3):541-6.

3. Anesth Analg 2015;120 (2): 405-410.

4. J Card Surg 2008;23: 614-621.

5. J Cardiothorac Vasc Anesth 2014;28:12211 66.
6. Pediatr Cardiol 2014; 35: 208-214.
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Table 1. Patient Demographics and Intraoperative data

n N=32

Gender- 32

Male 22 (68.8%)

Female 10(31.3%)
Weight (kg)* 32 23.05(5.15-51.18)
Height (cm)* 32 122,00 (59.75 — 160.00)
Age (months)* 32 86.69 (3.95-160.11)
Prematurity (ves) + 32 0 (0%)
=1 Prior Sternotomy (yes) + 32 13 (40.63%)
Preoperative Hemoglobin (gm/dL)* 32 12.80 (11.05 — 14.40)
Preoperative oxygen saturation (%)* 32 99.00 (94.75 — 100.00)
STAT Score+ 32

1 0 (0%)

2 6 (18.75%)

3 4 (12.50%)

4 19 (59.37%)

5 3 (9.38%)
Mortality Score® 32 1.60(1.40 —2.40)
Anesthesia Time (min)* 32 686.00 (592.25 — 787.50)
Surgery Time {min)* 32 501.00 (440.50 — 628.50)
CBP Time (min)* 32 262.50 (198.50 — 336.50)
Aortic Cross Clamp Time (min)* 29 160.00 (74.00 — 219.00)
Regional Perfusion Time (min)* 7 30,00 (25.50 — 54.50)
DHCA Time (min)* 5 4.50 (4.00 — 8.00)
Lowest Temperature ("C)* 32 28.00 (20.75 — 32.00)

32 12.98 (10.00 —21.86)

Total FEIBA® dose (units/kg)

+percentage; *Median (Interquartile Range)

Table 2: Median patient blood products before and after FEIBA (compared using Mann-Whitney test,

p=0.05 is considered significant)

Post Bypass Blood Products n Before FEIBA® After FEIBA® p-value
PRBCS (ml'kg) 32 3.54 (0.00 - 13.66) 0.00 (0.00 — 3.35) 0.223
FFP (ml’kg) 27 331 (0.00-7.22) 0.00 (0.00-3.17) 0.295
Platelets (ml/kg) 32 12,50 (6.12 — 25.24) 0.73 (0.00 — 14.51) <0.001
Cryo (ml’kg) 31 4.76 (2.72 - 10.18) 0.00 {0.00 — 1.56) <0.001




Table 3. Patient Outcomes

Outcomes n FEIBA® N=32, %
End CPB to FEIBA® Time (min)* 32 67.00 (50.25 — 96.00)
FEIBA® to End Anesthesia Time (min)* 32 113.501(74.74 — 140.50)
Chest Tube Output (mlkg)* 30 9.67 (6.48 —23.17T)
Intubation Time (min)* 32 43.50(23.81 — 139.09)
ICU LOS (days)* 31 5.00(2.00 — 16.00)
Hospital LOS (days)* 31 14 (6.00 — 33.00)
Adverse Outcomes
Thrombosis 32 2(6.3%)
ECMO within 24h 32 2 (6.3%)
Repeat Surgery within 7 days 32 6 (18.8%)
Chest Exploration 32 7(21.9%)
Arrhythmia requiring treatment 32 11 {34.4%)
Infection {positive blood culture) 32 3(9.4%)
Stroke 32 2(6.3%)
Death 32 3 (9.4%)

Death within 24h 3 0 (0%)

Death within 30 days 3 2(66.6%)

rpercentage; *Median (Interquartile Range)

: LOS = Length of Stay



Blood Management-2 Ex Vivo Effect of
Fibrinogen Concentrate on the Fibrin Network
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Introduction: Bleeding is a serious complication of
cardiopulmonary bypass (CPB) in neonates and is associated
with morbidity and mortality (1). To restore hemostasis,
transfusion is often necessary. Given the risks associated with
blood product transfusion, neonates would benefit from safe and
effective alternatives to augment hemostasis after CPB. The
use of fibrinogen concentrate (FC; RiaSTAP®, CSL Behring,
Marburg, Germany) is increasing. However, it has not been
studied in pediatric patients and the limited experience in adult
cardiac patients may not be relevant to pediatric practice. Our
recent studies demonstrate that adult and neonatal fibrinogen
are structurally distinct and may not integrate seamlessly after
transfusion (2). In this study we characterize the effect of FC on
the structure of fibrin clots when added ex vivo to neonatal
plasma obtained before and after CPB.

Methods: After IRB approval and parental consent, blood
samples were collected from neonates undergoing cardiac
surgery at baseline, after CPB, and after the transfusion of
cryoprecipitate. All samples were centrifuged to yield platelet
poor plasma for ex vivo fibrin clot formation. Clots were formed
ex vivo from patient plasma 1) at baseline, 2) post-CPB, 3) post-
transfusion, 4) post-CPB + 0.5mg/ml FC, and 5) post-CPB +
0.9mg/ml FC. The clinical dose of FC results in approximately
0.9mg/ml of FC. Fibrin clot structure was analyzed using
confocal microscopy and scanning electron microscopy for fiber
density (FD) and fiber alignment (Al). Tuckey's multiple
comparisons test was used to compare mean difference
between groups.

Results: Clots formed post-CPB had a significantly lower FD
than any other condition. The average FD of clots formed post-
CPB + 0.5mg/ml FC did not significantly differ from post-
transfusion clots. However, FD of clots formed post-CPB +

0.9mg/ml FC was significantly more dense than post-transfusion
clots (p<0.001)(Figure 1, Table 1A). Baseline clots showed the
highest Al, and were significantly more aligned than fibrin clots
formed post-transfusion (Table 1B). Additionally, baseline clots
displayed significantly greater alignment than those formed
post-CPB + 0.9mg/ml| FC.

Conclusion: Our results show that clots formed with clinically
relevant doses of FC (0.9mg/ml) displayed greater fiber density
and less alignment than the in vivo transfusion of
cryoprecipitate. While structurally dense clots may provide
better post-CPB hemostasis, further analyses to examine
strength and degradation kinetics are important to assess the
risk of postoperative thrombosis.

Reference(s):
1. A&A 2015;120:405
2. Anesthesiology 2016;124:1021



Table 1A: Mean Difference of Fiber Density Comparisons

Mean Difference Adjusted
(95% CI) p-value*
. 0.178
Baseline vs. Post-Bypass (0.0599 to 0.292) 0.002
Baseline vs. Post-Transfusion -0.136 0.02
- (-0.252 to -0.01986) :
. -0.139
Baseline vs. Post-Bypass + .5 mg/imL FC (-0.255 to -0.0228) 0.02
Baseline vs. Post-Bypass + .9 mg/mL FC P . Y <0.0001
Post-Bypass vs. Post Transfusion -0 42_3;13} 196) <0.0001
Post-Bypass vs. Post-Bypass + .5 mg/mL FC (-0 43_.?':31_?} 198) <0.0001
Post-Bypass vs. Post-Bypass + .9 mg/mL FC 0 Bg-gtsu{{eg 387) <0.0001
Post Transfusion vs. Post-Bypass + .5 mg/mL -0.003 5099
FC (-0.119 to 0.113) i
Post Transfusion vs. Post-Bypass + .9 mg/mL -0.191 0.001
FC (-0.307 to -0.0752) i
Post-Bypass + .5 mg/mL FC vs. Post-Bypass + -0.188 0.001
.9 mg/mL FC (-0.304 to -0.0721) .
*Tukey's multiple comparisons test
FC = fibrinogen concentrate
Table 1B: Mean Difference of Fiber Alignment Comparisons
Mean Difference Adjusted
(95% CI) p-value*
. 0.026
Baseline vs. Post-Bypass (-0.027 to 0.078) 0.57
Baseli . 0.054
eline vs. Post-Transfusion (0.002 to 0.106) 0.04
Baseline vs. Post-Bypass + .5 mg/mL FC -0 {}0%?3-;} 089) 0.09
Baseline vs. Post-Bypass + .9 mg/imL FC © mﬁfﬂgao 11) 0.03
Post-Bypass vs. Post Transfusion -0 {}%2%22{‘}1084} 0.48
Post-Bypass vs. Post-Bypass + .5 mg/mL FC (-0 033'?3}':.} 074) 0.72
Post-Bypass vs. Post-Bypass + .9 mg/mL FC 0 02%?2% 084) 0.36
Post Transfusion vs. Post-Bypass + .5 mg/mL -0.007 0.99
FC (-0.059 to 0.045) )
Post Transfusion vs. Post-Bypass + .9 mg/mL 0.004 0.99
FC (-0.048 to 0.056) ’
Post-Bypass + .5 mg/mL FC vs. Post-Bypass + 0.011 0.97

.9 mg/mL FC

(-0.042 to 0.063)

*Tukey's multiple comparisons test
FC = fibrinogen concentrate




Post-Bypass + Post-Bypass +
Baseline Post-Bypass Post-transfusion .5 mg/mL FC .9 mg/mL FC

Fiber Density Alignment Fi'gure 1. Sample c.onfocal

. 1.2 microscopy analysis of clots
@ rees * formed ex vivo from patients
° IR %1_1 —_— samples at baseline (A), post-
h’-_‘t —_— E bypass (B), post-transfusion of
e T p— 214 cryoprecipitate and platelets (C),
£, 2 £ post-CPB + 0.5mg/ml FC (D) and
g w3 Zio (E) post-CPB + 1mg/ml FC.
] I [ Tuckey’s multiple comparisons
o M1.00 test was used to compare mean

L_““_ L—___ _—_—_ difference between groups. (N=4)
FC = Fibrinogen Concentrate

Baseline Post-CPB Post-T  Post-CPB+  Post-CPB + Baseline Post-CPB Post-T  Post-CPB+  Post-CPB +
0.5mg/ml FC 0.9mg/ml F 0.5mg/ml FC 0.9mg/ml FC



Blood Management-3 Effect of preoperative
ferric carboxymaltose injection on perioperative
transfusion in patients undergoing total hip
arthroplasty: A retrospective, propensity-score
matched study

Heijin Lee!, Hyun-Jung Shin?

1Seoul National University Bundang Hospital, Seongnam-si,
Gyeonggi-do

Introduction: Despite ongoing efforts to reduce perioperative
transfusion, there is still a high chance of transfusion in total hip
arthroplasty (THA). We investigated the requirement and
incidence of red blood cell (RBC) transfusion according to the
administration of preoperative ferric carboxymaltose (FCM),
which is one of the intravenous irons, in patients undergoing
THA.

Methods: This retrospective study examined medical records
of the patients who received FCM (FCM group) or did not (non-
FCM group) in unilateral THA at a single tertiary care academic
hospital from November 2014 to July 2018. To balance the two
groups for analysis, a propensity-score matching method was
used. The primary endpoint was the difference in the amounts
of RBC transfused between the two groups. The secondary
endpoints were the association between the FCM use and the
requirement and incidence of RBC transfusion in the
perioperative period.

Results: This study included 1032 cases of THA for final
analysis, and the cases were divided into the FCM group (n =
568) and non-FCM group (n = 464). Propensity matching
produced 389 patients in each group. In the FCM group showed
significant lower amount (0.4 vs. 0.6 units) and incidence (21%
vs. 31%) of RBC transfusion compared with non-FCM group (P
= 0.035 and P = 0.003, respectively). Also, FCM administration
was associated with lower requirement (coefficient -0.145, 95%
Cl -0.253 to -0.036, P = 0.009) and lower incidence (OR 0.492,
95% CI 0.3171 0.765, P = 0.002) of RBC transfusion.

Conclusion: Preoperative intravenous iron administration may
reduce the needs of RBC transfusion in patients undergoing
THA.
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Introduction: Patients undergoing open reconstructive surgery
for abdominal aortic aneurysms (AAA) and thoracoabdominal
aortic aneurysms (TAAA) are ideal candidates for cell salvage
due to the high blood loss nature of the surgery. It is common
belief, however that transfusion of salvaged blood in sufficient
guantities poses a risk for dilutional coagulopathy. In this study
we tested the hypothesis that transfusion of large amounts of
salvaged blood does not result in coagulopathy if delivered in a
balanced ratio with plasma (FFP), platelets (PLTS) and
cryoprecipitate (CRYO).

Methods: After IRB approval, 38 patients were chosen for a
retrospective analysis of transfusion practices in AAA and TAAA
surgeries where at least 1000 mL of salvaged blood was
transfused between years 2016-2019. Patients were divided into
two cohorts: those receiving 1000 to 2000 mL of salvaged blood
(High Dose cohort) (n=20); and those receiving > 2000 mL
(Ultra-high Dose cohort) (n=18). We assessed salvaged RBC
volume transfused, the ratio of allogeneic RBC to
FFP+PLTS+CRYO, and the same ratio adjusted to include both
allogeneic and salvaged RBCs. Coagulation was assessed by
the international normalized ratio (INR), thromboelastography
(TEG) R time and MA values, and fibrinogen, all measured at
the end of surgery. Students t tests, Mann-Whitney U, and Chi-
squared tests were used to compare the two cohorts. P < 0.05
(two-tailed) defined significance.

Results: The two cohorts were similar for age and sex, and
there were more TAAA cases in the Ultra-high Dose cohort
(Table). The Ultra-high dose cohort received 4 times more
salvaged blood and greater amounts of all allogeneic blood
components compared to the High Dose cohort. The mean
adjusted ratios of RBCs (including allogeneic and salvaged
RBCs) to FFP+PLTS+CRYO was 1.64 in the High Dose and
1.21 in the Ultra-high Dose cohorts, whereas the unadjusted

ratios were much lower (between 0.3 - 0.4). Both the High and
Ultra-high Dose cohorts had no evidence for coagulopathy
based on laboratory testing (Table).

Conclusion: Our study demonstrates that when High or Ultra-
high dose salvaged blood is given, transfusion of extra non-RBC
blood components (by 2 to 3-fold the typical amount used for
massive transfusion) is associated with normalization of
coagulation parameters. When providing care for cases that
received large quantites of salvaged blood, good
communication with transfusion medicine is helpful to obtain the
extra non-RBC components needed to rebalance the ratio and
avoid coagulopathy.



High Dose Cell Ultra-High Dose Pvalue

Salvage [n=20) Cell Salvage (n=18)
Age, years, mean+5D 65+ 14 66+ 15 0.75
Male sex, n (%) 15(75.0) 12 (66.7) 0.57
TaAAAAA, N 4/16 11/7 0.02
Estimated blood loss, meanz5D 2528 = 1559 7153 =9791 0.063
Salvaged RBCs transfused (mL) meantSD 1,240 £ 279 5,550 % 3,801 0.0002
Salvaged RBCs transfused (mL) median (IQR) 1,143 (1,000-1,500) 4,253 (2,638-7,310) <0.0001
Salvaged RBCs transfused (mL) range 1,000-1,879 2,025-15,000 -
RBC units (allogeneic), mean=50 1.3+£30 11.0+ 105 0.0011
Plasma units, mean50 3244 253+1201 0.0002
Platelet units, mean+5D 05+ 1.0 39+26 <0.0001
Cryo units, mean+sD 0.3£1.0 11+13 0.040
Unadjusted ratio (allogeneic-only 0.36 £ 0.61 0.33+0.33 0.88

RBC:FFP+PLTS+CRYD), meandsD
Adjusted ratio (allogeneic and salvaged 164 £1.35 1.21+0.56 0.31
RBC:FFP+PLTS+CRYD), meantsD

End surgery INR, median (IQR) 1.25(1.1-1.3) 1.15(1.1-1.2) 0.49
End surgery TEG R time, median {IQR) 5.2 (4-6.8) 4.7 (3.6-5.8) 0.59
End surgery TEG MA value, median (IQR) 59.6 (52.8-64.1) 56.55 (54.6-60.9) 0.49
End surgery Fibrinogen (mg/dL], median (IQR) 217 (140-246) 208 (169-256) 0.87

TAAA - thoracoabdominal aortic aneurysm, AAA — abdominal aortic aneurysm, RBC — red blood cell, FFP-fresh frozen plasma,
PLT-platelets, CRYO = cryoprecipitate, INR = international normalized ratio, TEG = thromboelastography
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Introduction: Cardiac surgeons rely on a technique called
Deep Hypothermic Circulatory Arrest (DHCA) during surgeries
such as aortic arch repair or replacement [1]. Over the years, it
has become standard practice to add antegrade or retrograde
cerebral blood perfusion (ACP and RCP, respectively) for extra
brain protection during DHCAs [2]. Near infrared spectroscopy
(NIRS) is often used to monitor cerebral blood perfusion during
surgery because it can provide regional saturation of oxygen
(rSO2) in the brain [3]. Changes in rSO2 often correlates with
cerebral blood perfusion but is not a direct measure of cerebral
blood flow, which is especially of interest during DHCA [4].
Measuring the blood flow to the brain can potentially guide the
surgeon to deliver appropriate amounts of blood during cerebral
perfusion. Diffuse correlation spectroscopy (DCS) is a novel
optical technology used to monitor cerebral blood flow. We use
a hybrid device employing frequency domain (FD) NIRS in
conjunction with DCS to simultaneously characterize cerebral
oxygenation and blood flow. Thus far, we have collected data on
11 patients undergoing DHCA. Initial results strongly suggest
that this combination of non-invasive optical techniques can be
used to provide timely and accurate insight into the efficacy of
brain protection.

Methods: There are three groups in the study: DHCA only
(n=4), DHCA with RCP (n=2) and DHCA with ACP (n=5). In
patients with RCP, the brain gets the blood through superior
vena cava. Blood is perfused through right axillary artery for
ACP. We used a combined DCS and FD-NIRS system [4] that
employs an 850-nm laser and 8 photon counting detectors for
DCS and 8 sequentially illuminated lasers (670 to 830 nm) with
4 photomultiplier detectors for FD-NIRS, respectively. A DCS
detector fiber is located at 5 mm from the source to detect skin

blood flow. The remaining DCS detector fibers are located at 25
and 30 mm from the source. The 4 FD-NIRS detector fibers are
located at separations of 20, 25, 30, and 35 mm from the source,
and a multi-distance method is used to calculate optical
properties [5]. The probe is secured against the right side of the
patient's forehead. Standard clinical data including cerebral
oximetry and other vital signs are acquired from electronic
medical records (EPIC) during the measurement.

Results:  Inclusion criteria for this study were patients
scheduled for cardiac surgery with deep hypothermic circulatory
arrest. Exclusion criteria were patients who could not consent in
English. Figure 1 shows the data from our device (middle and
top panels) and the standard hospital oximeter (bottom panel)
during a double DHCA procedure with no cerebral perfusion.
Our device responds to both DHCA's, showing immediate drops
to zero in blood flow at the start of the procedure, and rapid
overshoots when blood flow resumes. Our measurements of
oxygen saturation show the expected consistent decrease in
oxygenation throughout the DHCAs. The drop in hemoglobin
concentration suggests hemodiluted blood in the brain during
circulatory arrest. The addition of relative oxygen saturation from
the hospital oximeter in this graph offers a useful comparison
with our oximeter and gives bilateral readings. In all subjects, we
found that DCS short and long separation signals were distinct,
suggesting that longer separations are sensitive to cerebral flow
rather than solely to skin flow. The FD-NIRS agreed with the
hospital NIRS oximeter in every measurement. In terms of
perfusion validation, our preliminary results show very low rates
of perfusion and levels of oxygen delivery to the brain with RCP.
These results also include a measurement in which the data
suggests that ACP may not always provide adequate bilateral
blood flow.

Conclusion: Our initial results suggest that DCS could be a
crucial addition at the bedside during cardiac surgeries. Moving
forward, we will plot the correlation trends between physiological
parameters with cerebral blood flow to see how flow correlations
change during different stages of the surgery. We will also
quantify the magnitude of the CBF drops in blood flow signal at
DHCA onsets to demonstrate signal responsiveness. Ultimately,
demonstrating the ability to accurately and simultaneously
measure oxygenation and cerebral blood flow during surgery will
lead to new approaches to reduce neurological injury and the
overall morbidity and mortality associated with anesthesia in
general, and aortic arch replacement surgeries in particular.
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Remodeling after Myocardial Infarction by
Family with sequence similarity 3D (FAM3D)
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Introduction: Advances in the management of acute
myocardial infarction (MI), such as timely reperfusion strategies,
have greatly improved mortality. However, the risk for
developing heart failure (HF) is close to 50% in those that
survive acute MI. Although large infarct size and impaired
function at the time of Ml are strong predictors of eventual HF, a
significant number of patients with initially preserved function
experience late adverse remodeling in the heart that leads to a
decline in left ventricular (LV) function and failure(1). The
structural adaptations the heart undergoes after injury are
termed ‘cardiac remodeling' and involve cardiomyocytes as well
as non-cardiomyocytes. Mechanistically, while neurohormonal
activation plays an integral role in ‘adverse' remodeling, many
studies have highlighted the important role of inflammation(1-3).
Favorable remodeling of the myocardium after injury involves
appropriate sequential activation and inactivation of an immune
program involving different subtypes of leukocytes. Indeed,
recent clinical trials point to the benefits of anti-inflammatory
therapy in preventing major cardiovascular events after MI(4).
We used an aptamer-based proteomics platform to examine
differences in plasma proteins between patients matched for
clinical characteristics, infarct size, and initial post-MI LV
function, who then went on to experience either recovery
(‘'reverse' remodelers) or worsening (adverse remodelers) of
function. Interestingly, FAM3D (chemokine Family with
sequence similarity 3D) was highly elevated in the patients who
did better after MI. Although FAM3D has no known role in
cardiac biology, in other settings, this secreted factor binds to
formyl-peptide receptors (FPR), expressed predominantly on
neutrophils and monocytes, and regulates inflammation(5). In
an animal model of ischemia-reperfusion injury (IRI), we found
that FAM3D secretion, likely from the spleen, is dynamically
regulated after IRI, and correlates with myocardial injury as
reflected in plasma troponin. Importantly, overexpression of
FAM3D dramatically reduces infarct size and myocardial
inflammation after IRI. Our data suggest splenic FAM3D is
secreted as an endogenous protective measure against
ischemic injury and adverse remodeling by modulating cardiac
inflammation and leukocyte trafficking.

Methods: In a discovery cohort, 374 patients underwent
extensive cardiac phenotyping 4 weeks and 6 months after
presentation for an acute coronary symptom. Cardiac MRI
imaging with late gadolinium enhancement measured volumes,
mass, function, and infarct. Patients were classified as 'Good’
remodelers or 'Poor' remodelers based on a decrease or an
increase, respectively, of > 20% in left ventricular end systolic
volume index (LVESVI) at their 6-month followup. Importantly,
the Good and Poor remodelers we profiled were matched on
initial infarct size, and shared similar distributions for age,
gender, BMI, risk factors (e.g., smoking), co-morbidities
(e.g.,T2DM, hypertension, hyperlipidemia), and medication
regimens (ACE inhibitors, ARBs, aspirin, statins, beta-blockers).
We then used SOMAscan to quantify over 1300 human proteins
in blood samples from 10 Good and 11 Poor remodelers that
had been collected at 4 weeks post-MI. Statistical analysis of the
results employed an empirical Bayesian analysis (LIMMA) that
accounted for distribution of global protein expression, outliers,
and likely false positives. Fig 1A is a volcano plot showing the
14 candidate molecules (green dots) whose difference in
abundance between the Good and Poor groups satisfied
threshold values for significance (p<0.05) and fold-change
(FC>1.4).

Results: 1. FAM3D is highly elevated in Good remodelers by
both SOMAscan and traditional ELISA (Fig 1). 2. FAM3D is
dynamically upregulated after ischemia-reperfusion injury (IRI)
in proportion to troponin-1 levels (Fig 2). 3. FAM3D mRNA and
protein in the spleen increase after myocardial IRl (Fig 3). 4.
Exogenous FAM3D reduces infarct size in the heart after IRI (Fig
4). 5. Exogenous FAM3D reduces cardiac inflammation
measured by flow cytometry after IRI (Fig 5).

Conclusion:

1. FAM3D is elevated in 'Good' Remodelers as measured by
multiple detection methods.

2. FAM3D secretion is dynamically regulated after IRl in mice
and is a biomarker for the extent of myocardial injury.

3. FAM3D may be a signal within the cardio-splenic axis.

4. Exogenous FAM3D dramatically reduces infarct size and
inflammation after IRI.
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Figure 3. FAM3D protein and RNA increase in the spleen
after myocardial injury. (A) Western blot of splenic FAM3D
after 24h of myocardial reperfusion. (B) Quantification of
FAM3D protein expression normalized to vinculin loading
control (Image Lab Software, Biorad). (C) RNA level of
splenic FAM3D after 24h of myocardial reperfusion. Error
bars=SEM. p-value=two-tailed Student’s t-test.
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Figure 4. Mice injected with adenoviral FAM3D have dramatically reduced 24h infarct
size. Mice were i.p. injected with either ad-GFP or ad-FAM3D 5&7 days prior to IRI.
Hearts were collected after 24h of reperfusion, sectioned, and quantified for areas of
underperfusion (area-at-risk, AAR, represented by black&white images) and infarct areas
(red TTC stained images). One representative mouse from each group shown on the left.
Quantification of AAR and infarcts from both groups above. Error bars represent SEM. p-
value = two-tailed Student’s t-test.
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Figure 5. Reduction of cardiac inflammation
after IRl by FAM3D. Mice were i.p. injected
with either control adenovirus (ad-GFP) or
adeno-FAM3D before I/R surgery. After 24h
of reperfusion, animals were sacrificed and
hearts digested into single cell suspensions.
(A) Cells from each heart were stained with
antibodies against the surface markers
listed. Shown is a representative flow
contour plot for the cells from one of the
hearts. (B) Relative abundances of myeloid
cells (total), macrophages, neutrophils, and
lymphocytes (B and T cells) as percentages
of all cells from each heart. Ctl=adeno-GFP,
FAM=adeno-FAM3D. Error bars=SEM. p-
value=Student’s two-tailed t-test.



Cardiovascular Anesthesiology-3 Effects of
Low dose Hydroxyethyl Starch 13//0.4 on FVIII
and VWF in Cardiac Surgery
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Introduction: The FDA warns that use of hydroxyethyl starch
(HES) for plasma volume replacement in patients undergoing
open heart surgery increases risk of bleeding(1), although other
investigations suggest that third-generation hydroxyethyl starch
(HES) solutions, such as 6% HES 130/0.4 cause less
coagulopathy than earlier solutions(2). We recently reported that
a postoperative measure of coagulation, specifically clot
initiation, was prolonged in cardiac surgical patients who
received intraoperative plasma volume replacement with a third-
generation HES versus those who received human albumin 5%.
The purpose of this investigation was thus to examine the effect
of HES on coagulation factors, specifically Factor VIII and von
Willebrand's factor (VWWF), which may contribute to prolonged
clot initiation in cardiac surgical patients.

Methods: This sub study of a larger prospective, double-blind
clinical trial randomized patients having aortic valve
replacement with or without coronary artery bypass grafting to
HES versus 5% human albumin at the Cleveland Clinic.
Institutional Review Board approval and written informed
consent was obtained. Exclusion criteria included renal failure,
anticipation of deep hypothermic circulatory arrest, pre-existing
coagulation disorders, patients in whom anticoagulant other
than heparin was used. Coagulation tests including PT, INR,
aPTT were performed at baseline following anesthetic induction
before surgical incision, 1 hour and 24 hours after patient arrived
in ICU. Components of thromboelastography including reaction
time (R), kinetics time (K), maximum amplitude (MA), slope
between R and K (alpha angle), amplitude reduction at 30
minutes after MA (lysis LY 30) and clotting indices were
compared and evaluated at the same intervals. In twenty
patients randomly selected from 141 patients enrolled in original
study, we compared Factor VIII and von Willebrand factor
concentrations. The non-inferiority between HES and albumin
was assessed for each outcome at the 0.025 level. We could
claim non inferiority of HES to albumin if non-inferiority was
shown on all of the variables in this set. Therefore no adjustment
for multiple testing was done (i.e. intersection-union test).

Results: 149 patients were randomized and 141 were included
in the final analysis. (HES = 69, albumin=72). Demographics,
medical comorbidities and surgical types were comparable
between the two groups. Volume of HES used was 611+278 and
albumin 674+275 (P=0.18) and were comparable . HES was
found not comparable to albumin in initiation of coagulation after
surgery (R at 1 hour sample (5.7£3.9 vs 5.1+2.0 in HES vs
albumin groups (P=0.030), but HES performed non-inferior to
that of albumin in other measures of coagulation such as INR,
clotting time, APTT, K value, MA and alpha angles. In the
subsequent factor analysis (N=20), HES was found to be non-
inferior to that of albumin in the VWF --170 + 46 HES vs174 + 53
Albumin, P=0.84) and FVIII (149 + 38 vsl64 + 59 HES vs
Albumin, P= 0.34) assays. HES and albumin groups were
comparable in terms of 24 hour chest drain median 590 (SD
460-810) mL HES and median 600 (SD 410-826) mL albumin)
No difference in red blood cell transfusion was seen (19% HES
versus14% albumin; P=0.13)

Conclusion: Although clot initiation was slightly longer in
patients who received HES as assessed by TEG, other
coagulation tests and Factor VIII and von Willebrand factor
concentrations were comparable between groups. We conclude
that HES had minimal effect on coagulation in patients having
cardiac surgery
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Comparison of Non-Inferiority in Coagqulation parameters between
HES 130/0.4 and Albumin

Treatment
HES Albumin Hon-
Outcomes Effect P Value
(N=6%) (N=T2) Inferiority
(85% CI)
PT Baseline 10.9 11.1
09a 1.15 <0.001
PT Postop 1 hour 3.2 13.3
APTT Baseline 28 28
02 52 <0001
APTT Postop 1 hour a5 34
R Value Baseline 4.342.6 4.0+1.8 037 0.8 0.030
R wvalue Postop 1 howr | 57139 51£2.0
K value Baseline iz 12
1.04 1.15 0.011
K wvalue Postop 1 howr 2.1 18
MA (min) Baseline 636 G526
0.6 -8.3 <0001
MA (min) Postop 1 howr GdzT 5T+6
Alpha angle Baseline To:7 715
-1.5 8.3 <0001
Alpha Postop 1 hour GO 10 G309
LY-30 Baseline 1.1721.76 | 1212180
-0.3 0.14 0.012
LY-30 Postop 1 howr | 0764168 | 1.15¢2.15
Cl Baseline 1.8+3 2542
Cl Postop 1 hour -0.8£35 | 02124
Cl 24 hour 1.8+1.3 1.8+1.1




Cardiovascular Anesthesiology-4 Feasibility
of Perioperative Endothelial Glycocalyx
Monitoring during Mechanical Circulatory
Support
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Introduction: The endothelial glycocalyx serves a critical role
in maintaining vascular integrity and may be compromised
during the perioperative period potentially leading to worse
patient outcomes (1). Currently, clinicians do not monitor the
glycocalyx because a suitable method has not been established.
The purpose of this study was to demonstrate the feasibility of
perioperative glycocalyx monitoring and identify barriers to
clinical implementation of the technique.

Methods: We performed the research in accordance with the
guidelines stated in the Declaration of Helsinki. With a case
series design, 7 subjects participated in the study at the
University of Colorado Hospital (2 healthy controls, 3 patients
undergoing cardiac surgery with cardiopulmonary bypass, and
2 patients with venous-arterial extracorporeal membrane
oxygenation support). The primary outcome variable was
glyocalyx thickness measured by non-invasive side stream dark
field microscopy (Microvision Medical, Amsterdam, the
Netherlands) using a method reported previously in healthy
controls (2) and adapted for perioperative use. In brief, the
sublingual microscope system was placed under the tongue and
held securely with a custom mount attached to an IV pole. A
powered USB extension connected the microscope to a
dedicated workstation in the operating room or intensive care
unit. We acquired a video with 300 frames of sublingual
microcirculatory blood flow and imported the file into ImageJ
software. We identified the passage of white blood cells through
the microcirculation and measured the vessel thickness before
and immediately after the passage of a white blood cell to
measure the glycocalyx thickness with the following formula:
Post-WBC vessel thickness - Pre-WBC vessel thickness =
Glycocalyx thickness We collected 55 measurements from 6
subjects (healthy controls, 26 measurements and patients, 29
measurements). We performed the statistical analysis using
JMP Pro 15 software (SAS institute, Cary, NC, USA) We
compared the two groups using a Welch's t test. We also used
a mixed effects linear regression model controlling for inter-

individual variability and subject group. We considered a p-value
less than 0.05 to be significant.

Results: Patients receiving mechanical circulatory support had
significantly thinner glycocalyx compared to healthy controls
(Figure 1 and Table 1). This result did not change when
controlling for subject variability and exposure to mechanical
circulatory support (Table 2). Figure 2 presents a schematic and
representative image demonstrating the method for measuring
glyocalyx thickness.

Conclusion: Perioperative glycocalyx monitoring is feasible
with existing technology. Current barriers to implementing
routine glycocalyx monitoring is a lack of automated software for
image processing and reliable image acquisition. Further clinical
research is necessary to determine whether glycocalyx
monitoring is beneficial in the perioperative environment.

Reference(s):

1. Endothelial cell dysfunction and glycocalyx - A vicious
circle. Matrix Biol. 711 72, 4217 431 (2018).

2. Indirect measurement of the vascular endothelial
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Figure 1. The glycocalyx is significantly thinner in the
mechanical circulatory support (MCS) group than the
control group.
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Figure 1. Representative images of the
microcirculation and a schematic of how
the glycocalyx is measured. The red line
indicates the measured distance of the
vessel diameter before and after white
blood cell (WBC) passage.



Table 1. Data Summary. Cardiopulmonary bypass (CPB) Extracorporeal membrane

oxygenation (ECMO)
Subject Measwrament  Capillary Capillary Glycocaly=
Number diameter (uM, diameter (pM, thickness (pM)
Post-WBC) Pre-WBC)

All n = G) n =55 13.40 (2.47) 12,06 (2.57) 135 (0.73)
Comntral 1 n=14 13.51 (1.43) 11.91 (1.63) 1.67 (0.82)
Contral 2 n= 165.77 (1.84) 14.35 (2.28) 1.45 (0.62)
CPE 1 n=4 1287 (4.18) 11.77 (4.13) 1.12 (0.36)
CPE 2 n=2 11.08 (0.54) 835 (0.24) 0.95 (0.33)
ECMO 1 n=10 12.70({2.12) 11.62 (2.18) 1.13 (0.77)
ECMO 2 n= 13.61 (2.85) 12.42 (3.38) 1.18 (0.57)

Tabla 2. Mixed modal linear regression results. Controlling for inter-individual vanakbility,
the control group had a glycocalyx 0.28 ub thicker than the patient group (p < 0.0001).

Tem Estimate Sid Emor 25% Cl Frob=ft|
Subject variance  -0.024 00045 -033 --0015 =0.0001
Fixed effect

Intercept 1.34 0.056 1.28-1.50 =0.0001
Conirol group 028 0.056 0.17-10.39 <0001




Cardiovascular Anesthesiology-5 Molecular
changes in the Spinal Cord during Modulation
of Myocardial Ischemia-Induced Ventricular
Arrhythmias by Spinal Cord Stimulation in a
Porcine Model

Kimberly Howard-Quijano?, Yuki Kuwabara?!, Tomoki
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Lundquist®, Aman Mahajan®

1University of Pittsburgh, Pittsburgh, PA, 2University of
Plttsburgh, Pittsburgh, United States of America, 3University of
Pittsburgh, Pittsburgh, United States of America

Introduction: Myocardial ischemia (MI) induces changes in
cardiospinal neural networks leading to ventricular
tachyarrhythmias (VTs) and sudden cardiac death. We have
shown that neuromodulation with spinal cord stimulation (SCS)
decreases cardiac sympathoexcitation and VTs1,2. However,
there is incomplete understanding of the molecular mechanisms
through which SCS modulates cardiospinal neural pathways.
We aimed to characterize the changes in anatomical distribution
of activated neural cells in the spinal cord during MI - with and
without SCS - by comparing changes seen at different spinal
levels and in spinal segment laterality. We hypothesized that
during MI, SCS modulates cardiospinal networks via GABA
mediated neural signaling and that the anti-arrhythmic effects of
SCS will be diminished in the presence of GABA receptor
antagonists.

Methods: After approval by the animal research committee,
Yorkshire pigs (n=50) were randomized to 1)Control(n=5), 2)MI
(n=14), 3)MI+SCS (n=15), 4) MI+SCS+GABAA antagonist
(Bicuculline, n=8), or 5) MI+SCS+GABAB antagonist
(CGP55845, n=8). 4-pole lead was placed in T1-T4 epidural

space for SCS (50 Hz , 200 esec

threshold) 30 min prior to MI. After sternotomy, high-resolution
cardiac electrophysiological mapping with measurement of
Composite Arrhythmia Score was performed at; baseline, after
SCS, and during MI from 30 min ligation of left anterior
descending coronary artery. IHC was performed on thoracic
(T1-T4) and lumbar spinal sections to map cardiospinal network
cells activated with Ml and SCS (C-fos) and identify cell types-
neurons, microglia, and astrocytes (NeuN, IBA-1, GFAP).

Results: SCS significantly reduced MI induced VTs (10.5+4.3
vs. 6.9+4.3, p<0.05, Fig 1). Intrathecal GABA blockade during

SCS therapy with GABAA and GABAB receptor antagonists
abolished the SCS protection of VTs (6.9+4.3 vs 11.9+3.4 &.
12.741.3, p<0.01). IHC demonstrated that during Ml there is an
increase in spinal cord C-fos expression that is localized to T1-
T4, with no change in lumbar segments (Fig 2A). Importantly,
the greatest C-fos expression during Ml was at T3 with no
difference in right or left spinal segments. With MI+SCS there
was an even greater increase C-fos expression, but no
difference in expression by thoracic level or side. An increase in
C-fos+/NeuN+ cells were observed with SCS, however, there
was also an increase in C-fos+/NeuN- cells. Glial subtype
analysis demonstrated an increase in microglial cells with SCS
and a reduction in reactive astrocytosis (Fig 2B-C).

Conclusion: SCS during Ml is associated with a reduction in
VTs and an increase in activated neurons and microglia in both
the left and right dorsal horns of T1-T4 spinal cord segments.
The anti-arrhythmic effects of SCS during MI were strongly
inhibited by GABA receptor antagonists. Thus, the results of this
study emphasize the potential role of neuronal-glial interactions
and GABA signaling pathways in neuromodulation by SCS.

Reference(s):

1. Spinal cord stimulation reduces ventricular arrhythmias
during acute ischemia by attenuation of regional
myocardial excitability. Am J Physiol Heart Circ Physiol.
2017:ajpheart 00129.

2. Effect of Thoracic Epidural Anesthesia on Ventricular
Excitability in a Porcine Model.
Anesthesiology.2017;126:1096-1106.
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Figure 1. Composite Arrhythmia Score- increased incidence of
cardiac arrhythmias with acute M| which was decreased with SCS
during MI. Intrathecal GABA blockade reversed SCS arrhythmia
reduction. Ml=acute myocardial ischemia, MI+SCS = myocardial
ischemia with spinal cord stimulation, GABA A = myocardial ischemia
with spinal cord stimulation and GABA, antagonist (Bicuculline), GABA
B = acute acute myocardial ischemia with spinal cord stimulation and
GABA, antagonist (CGP55845). *=p<0.05, **=p<0.01
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Figure 2. Thoracic Spinal Cord Immunohistochemistry — results represent averaged values from 3 sections per thoracic level,
analysis performed blinded to animal, experimental group, spinal level, and side. A) Cfos expression characterizes activated neuronal
cells, increased Cfos expression in Ml and even greater increase in MI+SCS. B) IBA-1 expression demonstrates increase in microglia
with SCS. C) GFAP expression show an increase in reactive astrocytosis with ischemia and a decrease with SCS during ischemia.
Control = surgical prep and time control, MI=acute myocardial ischemia, MI+SCS = myocardial ischemia with spinal cord stimulation.

*2p<0.05, *=p<0.01, **=p< 0.001



Cardiovascular Anesthesiology-6 Snall
Knockdown is a Novel Therapeutic Strategy for
Inhibiting Endothelial-to-Mesenchymal
Transition in Right Ventricular Failure
Secondary to Pulmonary Hypertension
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Bagsik!, Jason Hong?, Gregory A Fishbein?, Louis Saddic?,
Soban Umar?!
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Introduction: Right ventricular failure (RVF), the main cause of
death in pulmonary hypertension (PH) patients, is associated
with distinct structural remodeling which is poorly understood
[1,2]. We performed transcriptome analysis of RV remodeling in
two clinically relevant rat models of PH using RNASeq and
investigated the role of transcription factor Snail in mediating
Endothelial-to-Mesenchymal Transition (EndMT) [3-6] in rats
and explanted human RV tissue. We also performed in vivo
knockdown of Snail as a therapeutic strategy for RVF.

Methods: Adult male Sprague Dawley rats (250-3009) received
either a single s.c. injection of Monocrotaline (MCT, 60mg/kg,
n=4; followed for 30-days) or Sugen (SU5416 20mg/kg, n=4;
10% O2 hypoxia for 3-weeks followed by normoxia for 2-weeks)
or PBS (CTRL, n=4). For in vivo Snail knockdown, MCT-rats
either received Snail-siRNA (n=6; 5nM/injection every 3-4 days;
4-injections) or scramble (n=7) through tail vein from day 14-30
after MCT. Echocardiography and RV-catheterization were
performed terminally. RVs were stained with Trichrome and
EndMT markers. RNASeq was performed on rat RV tissue.
Differential expression analysis was conducted. Gene
expression was assessed by RT-PCR. Human RV sections
(CTRL n=3; PAH n=7) were stained with Trichrome and Snail
antibody. ANOVA and Student's t-test were used for statistical
analysis. Values are mean+SEM.

Results: PH was confirmed by increased RVSP (mmHg) in
MCT (97.6+6.6) and Su/Hx (85.26+15.6) vs CTRL (37.1+1.3;
p<0.05). RV hypertrophy index was significantly increased in
MCT (0.82+0.07) and Su/Hx (0.61+0.1) vs CTRL (0.27+0.01;
p<0.05). MCT and Su/Hx had significant RV dilatation vs CTRL
(RVID diastolic: MCT 3.5£0.3mm, SuHx 2.5+0.2 vs CTRL
1.3+0.1; p<0.05). PH patients had significantly elevated RVSP
(80.7£9.9 mmHg) and reduced RV-function. MCT, Su/Hx rats
and PH patients had increased RV-fibrosis. Double

immunolabeling of RVs demonstrated colocalization of
endothelial and smooth muscle markers, illustrating EndMT in
RVs of MCT, Su/Hx and humans. RNASeq demonstrated
EndMT as the top upregulated pathway in both MCT and Su/Hx
RVs. Snail was significantly increased (~2-fold) in MCT and
Su/Hx (p<0.05) and demonstrated increased nuclear
immunolabeling (activation) in humans. Other known EndMT-
transcription factors Snai2, Twistl, and Zeb1 were unchanged.
Based on RNASeqg, we
CDKN2B (~3-fold) and PRSS23 (~2-fold) upregulate Snail that
recruits LOXL2 (~2-3-fold increase), causing HistoneH3
oxidation (~1.5-fold decrease) and CBX5 (~1.5-fold decrease)
release leading to chromatin reorganization resulting in EndMT.
Finally, MCT-rats treated with Snail-siRNA demonstrated
decreased Snail expression (~3-fold), RVSP (45£1.6 vs 60+3.9
in scramble; p<0.05) and RV hypertrophy index (0.41+.01 vs
0.81+.06; p<0.05).

Conclusion: Pre-clinical and clinical PH-induced RVF is
associated with EndMT mediated via Snail. Targeting Snail is a
novel therapeutic strategy for PH-associated RVF.
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Cardiovascular Anesthesiology-7 Deletion
of miR-155 in motor neurons protects from
aortic cross clamping-induced paralysis in mice
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1The Ohio State University, Columbus, OH, 2Ohio State
University, Columbus, OH, 3Phylogeny, Inc, Powell, OH, “OSU,
Columbus, OH, Wexner Medical Center, Columbus, OH

Introduction: Spinal cord (SC) injury after aortic aneurysm
repair surgery is one of the most feared and devastating
complication post-surgery, with 5-15% of patients experiencing
paraparesis or paraplegia (1). Using our mouse model of
paralysis induced by transient aortic cross-clamping (ACC) we
had found that microRNA miR-155 is up-regulated in the SC
after ischemia-reperfusion, in two compartments of the
neurovascular unit, endothelial cells (ECs) and motor neurons
(MNs). We had also found that mice with global miR-155
deletion present with reduced central cord edema and gray
matter damage, and suffer roughly 35% less paralysis than wild-
type mice. The aims of this study were: (1) to investigate the
roles of miR-155 in these two compartments of the SC; and (2)
to identify key miR-155-target genes in ECs and MNs.

Methods: To investigate the cell specific contribution of miR-
155 in MN and EC in SC injury after ACC, we developed four
strains of mice: Two knock-out (KO) strains: Mice that
specifically lack miR-155 expression either in MNs (MN-miR-
155-K0O) or in ECs (EC-miR-155-KO); and two knock-in (KI)
strains: Mice that over-express miR-155 specifically in MNs
(MN-miR-155-Kl) or in ECs (EC-miR-155-Kl). The KO and KiI
strains were respectively produced by mating miR-155 fl/fl mice
(that allow miR-155 deletion upon CRE expression) or Rosa-26-
lox-stop-lox-miR-155-KI mice (where miR-155 expression is
induced after the stop codon is eliminated upon CRE
expression) to either ChAT-Cre transgenic mice (that express
Cre in MNSs) or Tie-Cre transgenic mice (that express Cre in
ECs). The effects of ACC surgery on mice of these four strains
were then compared to those on WT mice by recording the rate
of paralysis and by measuring the volume of central cord edema
using MRI. Additionally, we used Affymetrix MTA-Mouse total
transcriptome profiling arrays to compare gene expression in
SCs from WT mice and SCs from both MN-miR-155-KI and EC-
miR-155-KI mice.

Results: We found that miR-155 activity in MNs is instrumental
in the initiation of molecular malfunctions leading to paralysis in
our mouse ACC model. Namely, specifically deleting miR-155 in
MNs provided a level of protection against paralysis that is very
similar to the level of protection provided by the global deletion
of the miR-155 gene. In agreement with this result, MN-miR-
155-KI developed more paralysis than the WT mice. Our finding
suggests the urgency to focus on analyzing miR-155 intrinsic
effects on neuron homeostasis and survival, at least in the
context of our ACC model and thoracic-abdominal aneurism
repair by open surgery. Interestingly, although EC-miR-155-KO
mice developed less central cord edema than WT mice, that did
not translate in protection from paralysis after ACC.

Conclusion: The deletion of miR-155 in MNs but not in ECs
reduces the initial response to ischemia, thus limiting the
spreading of inflammation and reducing the intensity of
secondary SC damage.

Reference(s):

1. Awad H, et al. Spinal cord injury after thoracic
endovascular aortic aneurysm repair. Can J Anaesth
64, 1218-1235, 2017.

2. Awad H, et al. A mouse model of ischemic spinal cord
injury with delayed paralysis caused by aortic cross-
clamping. Anesthesiology, 113:880-891, 2010.

3. Awad H, et al. MiR-155 deletion reduces ischemia-
induced edema and paralysis in a mouse model of
TAAA patients. Annals of Diagnostic Pathology,
36:12-20, 2018.
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Introduction: Heart transplant remains the gold standard for
the treatment of end stage heart failure but it is limited by an
increasing gap between available donor organs and recipients.
As a result, many centers are introducing donation after
circulatory death (DCD) to increase the donor pool. Ex vivo heart
perfusion (EVHP) was created to decrease cold ischemia time
and allow metabolic and functional assessment of donor hearts
prior to transplantation. However, current clinical platforms do
not allow functional evaluation of hearts. Echocardiography is a
validated non-invasive imaging modality to assess heart
function. We developed an EVHP system to allow functional
donor heart evaluation in 2 working modes: Pump Supported
(PSWM) and Passive Afterload Working Mode (PAWM). PSWM
enables an antegrade flow to the left atrium, and a retrograde
flow into the aorta. In systole, the LV must overcomes the aortic
backpressure that in diastole provides retrograde coronary
perfusion. PAWM is an alternative to PSWM to closer simulate
systemic vascular resistances. In PAWM the ascending aorta is
connected to a Windkessel-based afterload module. In this
report, we performed echocardiographic evaluation of LV
function during this two different working modes.

Methods: After approval of local ethics board, 4 Yorkshire male
pigs underwent general anesthesia for heart harvesting. The
hearts were procured after injection of cardioplegia solution and
subsequent cardiac arrest. They were put in cold storage for 15
minutes to allow cannulation and were then mounted on our
custom EVHP circuit. The reperfusion protocol consisted of
Langherdorf mode (LM) for 30m, PSWM for 1h, PAWM for 4h,
and PSWM for 1h. LV function was assessed using
echocardiography in vivo, during PSWM1, PAWM and PSWM2.
Echocardiography included the main standard LV views to
quantify LV function according to current guidelines. We
measured: EF, fractional shorting (FS), fractional area change
(FAC), global longitudinal strain (GLS), global circumferential
strain (GCS) and radial strain (RAD).

Results: During EVHP, our 3D custom setup was able to
provide good quality images comparable to standard
transthoracic and transesophageal views which allowed for
measurements of functional cardiac assessment (Figure 1). The
global systolic function of the LV (represented by EF, FAC, FS)
was reduced over the course of the experiment (Figure 2). In
addition, GLS and GCS increased while RAD strain decreased
over the course of the experiment (Figure 3)

Conclusion: Heart transplantation after DCD is a viable option
to increase the number of viable available organs, however DCD
hearts are invariably exposed to warm ischemia that leads to a
variable degree of LV dysfunction. It is of critical importance to
assess DCD heart function to determine organ suitability before
transplantation. Epicardial echocardiography assessment
during EVHP in bi-PSWM and bi-PAWM was feasible with our
system and provides high quality images to assess the cardiac
function as per current guidelines. Echocardiography may be
included as a diagnostic modality during the working mode in
EVHP. Further experiments of transplant after PSWM and
PAWM are needed to compare both preservation modalities.

Reference(s): Ardehali A. et al, Ex- vivo perfusion of donor
hearts for human heart transplantation (PROCEEDII): a
prospective, open-label, multicentre, randomized non-inferiority
trial, Lancet 2015;(385):2577- 84 i Messer S. et al,
Normotheric donor heart perfusion: current clinical experience
and the future, Transplant International 2015; 28 (6):634-42
Xin L, Gellner B, Ribeiro RVP, et al. A New Multi-Mode
Perfusion System for Ex Vivo Heart Perfusion Study. J Med
Syst. 2017;42(2):25. doi:10.1007/s10916-017-0882-5.
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Figure 1: Modified gpicardial echocardiography views acquired with a 3 D custom made setup
LV: left ventricle.
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Figure 2: Trend of EF, FAC, IS during the experiment

PSWM: Pump Supporied Working mode. PAWM Passive Afterload Working Mode EF: ejecton fraction. FAC:
fractional area change. F5: fractional shorting GCS: global circumferential strain. GLS: global longitudinal strain. LV:
left ventricle.
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Introduction: The current practice of balanced anesthesia
generally uses intravenous propofol to induce and inhaled
ethers to sustain unconsciousness, midazolam for amnesia,
muscle relaxants for immobility and opioids for antinociception
(1,2). However, recent advances in the understanding of specific
neural circuits involved in antinociceptive and arousal pathways
have made it possible to use medications synergistically to
achieve proper levels of antinociception and unconsciousness.
Evidence suggests that the selection of multiple classes of
intravenous medications allows for a reduction in overall dosing
requirement when compared to dosing each medication
individually (3). Multimodal general anesthesia (MMGA) is a
strategy designed to utilize known central and peripheral
neurophysiology in designing a rational and explicit mechanism
to control levels of unconsciousness and antinociception during
anesthetic practice. MMGA uses a combination of multiple
agents with specific central nervous system targets at low doses
to maximize therapeutic benefit while minimizing the potential
side effects of each agent. MMGA improves on the practice of
balanced anesthesia by using multiple antinociceptive agents
which act at different parts of the nociceptive system. These
medications also contribute to unconsciousness by decreasing
arousal and limit the amount of opioids necessary to manage
nociception intraoperatively and pain postoperatively (4).

Methods: In the PATHFINDER pilot study, a rational strategy
of multimodal general anesthesia with EEG-based
neuromonitoring was employed in a group of 18 elderly patients
undergoing cardiac surgery, a high risk population for
hemodynamic instability, delirium, and post-operative cognitive
dysfunction (5, 6 ,7). Antinociception was achieved by a
combination of remifentanil, ketamine, dexmedetomidine,
bupivacaine, and magnesium. The state of unconsciousness
was achieved primarily by propofol; however, the chosen

antinociceptive agents have secondary effects in decreasing
levels of arousal (2). Image/ Chart Captions: Table 1:
Demographics of study cohort. Table 2: Flowchart of multimodal
general analgesia protocol.

Results: Quantitative data was collected (data collection
ongoing) with a primary outcome of postoperative delirium and
secondary outcomes of intraoperative hemodynamic stability
(via area under the curve of hypotension and blood pressure
coefficient of variation) and post-operative analgesic
requirements. Qualitative observations include a) smooth wake-
ups in the ICU (per nursing); b) stable hemodynamics in the
operating rooms (per anesthesiologists); and c) a
comprehensive use of the raw EEG waveforms, density spectral
array, and patient state index to ensure adequate levels of
unconsciousness states. Image/ Chart Captions: Figure 1:
Incidence of burst-suppression in EEG of patients. Burst-
suppression is an EEG waveform seen during medically induced
coma that is undesirable during surgical unconsciousness. (A,
B) Computed EEG spectrograms for a selected control and
experimental group patient during cardiac surgery with labeled
timepoints of surgical incision (S), sternotomy (ST), heparin
bolus (H), bypass begin (BB), bypass end (BE), and sternal
closure (CS) before ICU transfer. Suppression epochs are
visible in the multitaper spectrograms and, suppressions were
identified computationally as 2s epochs with EEG amplitude
>5uV. Identified suppression epochs are plotted below each
spectrogram. (C) Selected raw EEG samples comparing
waveforms during general anesthesia versus a waveform of
burst suppression. (D) Fraction of time spent in burst
suppression from induction to closing of the sternum during
cardiac surgery under multimodal anesthesia. Figure 2:
Graphical representation of the area under the curve (AUC) of
mean arterial pressure < 65 using trapezoidal rule (median =
911.03), time-weighted average of AUC adjusted to the length
of surgery (TWA, median = 3.47), and mean arterial pressure
coefficient of variation (CV, median = 0.345) during cases under
the multimodel anesthesia paradigm.

Conclusion: By using multiple medications with specific CNS
targets at low doses, it is possible to operationalize a strategy in
cardiac anesthesia to optimize therapeutic benefit and minimize
potential side effects of each agent.
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Table 1: Baseline Characteristics of Study Participants

Demographics:

Sex, no (%)

Male

Female

Age, mean (SD)

Weight, mean (SD), kg

Height, mean (SD), cm

ASA status, no (%)

3
4

Length of Surgery,
mean (SD), min

Type of Surgery, no (%)
Isolated CABG

Isolated valve

CABG + valve

Other

Control (n=2)

1 (50)

1 (50)

67 (9.9)

88.4 (0.3)

166.4 (1.8)

1 (50)

1 (50)

338.5 (123.7)

1 (50)
1 (50)

Experimental (n=18)

13 (72.2)

5 (27.7)

72.7 (5.2)

82.1 (17.6)

170.7 (9)

9 (50)

9 (50)

346.5 (100.4)

8 (44.4)
4(22.2)
5 (27.8)
1(5.6)



MULTIMODAL GENERAL ANESTHESIA

PREOPERATIVE

I

Preanesthetic assessment
Patient education about multimodal general anesthesia

I

INTRAOPERATIVE
|
I I
MEDICATIONS MONITORING
I I
1) Routine anesthetic induction 1) Standard cardiac monitoring
2) Bilateral PIFB block with 20 mL of 0.25% 2) EEG monitoring (level of unconsciousness
Bupivacaine on either side of the sternum and fitration of hypnofic drugs)
after anesthetic induction but before surgical 3) Neuromuscular junction monitoring (depth
incision of neuromuscular blockade)
3) Ketamine (0.06 to 0.12 mg kg/hr)
4) Remifentanil (0.05-0.2 mcg/kg/min)
5) Dexmedetomidine (0.2-1.0 mcg/kg/hr)
6) Rocuronium intermittent bolus (TOF)
7) Propofol infusion + Sevoflurane titrated
based on EEG monitoring
I
|
POSTOPERATIVE

l

1)

Standard pain management protocol

* |V Acetaminophen 1gm x 8 doses at 6 hourly intervals

s |V Hydromorphone/fentanyl for rescue analgesia

» Other oral pain meds per standard of care (Oxycodone etc.)
Dexmedetomidine infusion 0.2-1.4 mcg/kg/hr (EEG guided)

Infusion continued till extubation

discretion

Propofol infusion may be added/used for sedation based on the ftreating physician's




A Control =
a5 wh 8 80 Toupp = 4.37 min
¥ 50 ' @
< 40 g
g 30} 0%
z 208 ‘ ‘ 3
(] " I ! ’ ! o
i 10F l " \ MG ) “;.‘ I [l -20
0 gaioe 4l Al 4 Al Al L " d bt asaki L 4
n [ Il Nl L 1 i
0 200 400 600 800
Time (min)
B Multimodal Anesthesia
o 05 T8 W 383 Toupp = 0.33 min
¥ 50 A0
5 40 g
g 30 Ll 0%
£ f e
- 0 | VA I |. A i ‘J,MI\;. .‘.”. b'«l)’ll‘[‘“ M il \‘.d -20
n [ 1 1 |
0 200 i 400 600
° °
.
°
1400 -~ d
5 4 °
.
— ¢ [ ]
£ 1200 - ~
c ° o
o o L 4 - .
T €
= 1000 - = % ©
= AP ~ .
Q 8004 e = .
< )
° °
600 - . 2 .
®
[ ] [
400 , y
Multimodal Multimodal

GA
=
S B-S
12s
0.10
£
2
E5s 0.08
= o g
O o=
E § g 0.06
50 5 ¢
Sog 004 .
§ .5 £ .
gl 0.02 3
2
0.00 P8 )
Multimodal
™
0.45 4
0.40 H
.
0.35 H Seeo
> L. o %%
Q ®
®
0.30 A
°
0.25 A .
o e
.
T
Multimodal



Cardiovascular Anesthesiology-10 A
Human Model of Whole-Body Ischemia-
Reperfusion: Changes in Extracellular Vesicle
microRNA Expression
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Introduction:  In-depth knowledge of individual patients'
physiology impacts perioperative management as well as
efficacy and safety of surgical procedures. Extracellular vesicles
(EVs), also named exosomes or microvesicles, are a new
paradigm in cellular communication, cell stress, and biomarker
development. EVs are secreted by all cells, carry biologically
active microRNAs, proteins, lipids, and other molecules. The
role of exosomes in the surgical population is not well known
and may have major impact on perioperative care and
monitoring. Deep hypothermic circulatory arrest (DHCA) is a
profound perioperative stress event involving arrest of the
circulation to major organ systems and whole body ischemia-
reperfusion (IR). DHCA is used for surgical repair of the great
vessels including pulmonary thromboendarterectomy (PTE).
Our study tests the novel hypothesis that surgically induced
DHCA alters exosome content and changes the ability of
exosomes to affect cellular metabolism and function.

Methods: Plasma was obtained from 12 patients undergoing
DHCA immediately after induction of anesthesia and after
completion of the procedure following chest closure.
Extracellular vesicles were isolated using membrane affinity
spin columns and total RNA was extracted from the EV pellet.
EV miRNAs were profiled with Next-Generation Sequencing
(NGS). Differentially expressed miRNA pre- and post-DHCA
were identified. Only miRNAs meeting stringent cut-off values of
|l og2fold change (FC)O

Results:  NGS identified 10 differentially expressed EV
miRNAs, all of which matched previously identified EV miRNAs
on ExoCarta, an online exosome database. These miRNAs
include miR-99a-5p (FC=+3.16, Padj=1.57E-04), which may
target NOX4, a gene upregulated in response to IR, and
associated with IR induced acute lung injury and myocardial
injury; miR-25-3p (FC=+2.89, Padj=7.13E-03), shown to target
MRNAs involved apoptosis, oxidative stress, inflammation and
play important roles in pathogenesis of cerebral IR injury, acute
myocardial infarction and left ventricular hypertrophy; and miR-

191-5p (FC=-2.5, Padj=3.03E-04) which is increased in
pulmonary hypertension, abnormally expressed in type 2
diabetes, and regulates cellular processes such as cell
proliferation, apoptosis and migration.

Conclusion: miRNAs from isolated circulating EVs are
potential biomarkers for IR and its effects on organs in the
perioperative setting. Further studies can provide new
information in intercellular communication and physiological or
pathological pathways involved in IR in a human model.
Furthering our understanding of the roles of EV miRNAs in
cellular processes may also lead to development of novel
therapeutics for IR.



Cardiovascular Anesthesiology-11 similar significant up-regulation of epithelial mesenchymal

. . . . transition and TNFU s i gragalationrofy p a:
Comparatlve AnalySIS of nght Ventricular fatty acid oxidation and oxidative phosphorylation pathways. We

Transcriptome in Pulmonary Arterial validated the RNA-sequencing with gRT-PCR by selecting
Hypertension Animal Models several key dysregulated genes from epithelial mesenchymal
transition (SPP1, CCN2), TNFA signaling (IL7R), oxidative
phosphorylation (ACAT1, COX7B), fatty acid metabolism
(DECR1, HSP90A), inflammation (C5AR1), and angiogenesis
(S100A4). The gRT-PCR findings from RV tissue of
independent MCT and SuHX groups |
consistent with sequencing results.
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1David Geffen School of Medicine at UCLA, Los Angeles, CA,
2University of California, Los Angeles, Los Angeles, CA,
SUCLA, Los Angeles, CA, “University of California Los

Angeles, Los Angeles, CA Conclusion: Our RV transcriptomic analysis of MCT and SuHx

animal models identified similar patterns of gene expression
changes. Targeting specific molecular mechanisms responsible
for RV failure in both MCT and SuHx animal models may identify

Introduction: Right ventricular (RV) dysfunction is a significant novel therapeutic strategies for PAH-associated RV failure.

prognostic determinant of morbidity and mortality in pulmonary
arterial hypertension (PH). However, the underlying molecular
mechanism of RV dysfunction secondary to PH remains
unclear. To better understand its pathobiological characteristics,
PH animal models have been used to study human PH. Here,
we compare the RV transcriptome of two clinically relevant PH
rat models with maladaptive RV remodeling.

Methods: Adults male Sprague Dawley rats received either a
single subcutaneous injection of pulmonary endothelial toxin
Monocrotaline (MCT group, 60mg/kg, n=7, followed 30-days),
VEGF-receptor antagonist Sugen with 3-weeks of hypoxia (10%
oxygen), followed by 2-weeks of normoxia (SU5416, 20mg/kg,
SuHx group, n=7), or PBS for control (Ctrl, n=7). PH and RV
failure were confirmed by echocardiography and RV-
catheterization. RNA sequencing was performed on rat RV
tissue, followed by differential expression and pathway analysis
using a threshold of 0.05 for statistical significance (p-value).
The p-value was corrected for multiple comparisons using false
discovery rate and Bonferroni. Pathway analysis was done with
hallmark gene sets. Real-time quantitative polymerase chain
reaction (QRT-PCR) was used to confirm the RNA sequencing
results.

Results: Both MCT and SuHx rats had severe PH, RV
hypertrophy and RV dilation compared to Ctrl. RNA sequencing
revealed 7,842 and 3,146 differentially expressed genes (DEG)
in RV from MCT and SuHx groups compared to control,
respectively, with significant overlap. The overlapping DEGs in
RV exhibited a strong correlation between both animal groups.
In addition, pathway enrichment analysis of DEGs in the RV
from MCT and SuHx groups according to hallmark gene sets
revealed 32 and 30 significant pathways, respectively, and 25
overlapping pathways. More specifically, both groups showed
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Introduction: Pulmonary hypertension (PH) is a fatal disease
associated with pulmonary vascular remodeling that leads to
right ventricular (RV) failure and death. While mir-10b-5p exerts
pro-proliferative effects in various cancers via inhibition of its
targets Cell Adhesion Molecule-1(CADM1) and Apoptotic
Peptidase Activating Factor-1(APAF1), its role in PH is yet to be
elucidated. We hypothesize that PH in rats is associated with
upregulation of lung miR10b-5p and downregulation of its
targets CADM1 and APAF1. Furthermore, inhibition of miR10b-
5p may rescue pre-existing PH.

Methods: PH was induced in adult male Sprague Dawley rats
(150-200 g) by either monocrotaline (MCT; 60 mg/kg single
subcutaneous injection; n=4; followed for 30-days) or
Sugen/Hypoxia (SU5416; 20 mg/kg single subcutaneous
injection and 10% O2 hypoxia for 3-weeks followed by normoxia
for 2-weeks; n=3). In vivo inhibition of MiR10b-5p was performed
from day 14-30 after MCT (5 intratracheal injections of miR10b-
5p antagomir every 3-4 days; 5nM per injection; n=3). PBS
treated MCT rats served as controls (n=5). Rats were followed
via echocardiography. RV catheterization was performed
terminally and RV hypertrophy index was calculated. MicroRNA
microarray was performed to assess miR10b-5p levels in MCT
rat lungs. Lungs were stained with trichrome to quantify
pulmonary vascular remodeling. RT-PCR was performed to
assess gene expression. Data is expressed as mean + SEM.
ANOVA was used to compare groups. P<0.05 was considered
statistically significant.

Results: As expected, MCT and SU/Hx rats developed severe
PH. MiRNA microarray data demonstrated a 3-fold increase in
miR10b-5p levels in MCT rat lungs. RT-PCR demonstrated an
increase in miR10b-5p in SU/Hx and MCT rat lungs.
Furthermore, there was significant downregulation of miR10b-
5p targets CADM1 (MCT 1.64-fold; Su/Hx 1.48-fold) and APAF1
(MCT 1.23-fold; Su/Hx 1.21-fold) in rat lungs. In vivo knockdown

of miR10b-5p resulted in rescue of PH in MCT rats (RVSP: 50.7
+ 4.42 in antagomir vs. 95.81 + 3.70 mmHg in placebo; p-value
<0.005; RV hypertrophy index: 0.52 + 0.02 in antagomir vs. 0.80
+ 0.07; p<0.05; RVID: diastolic 2.44 + 0.68 in antagomir vs. 4.55
+ 0.42 mm; p<0.05). RT-PCR of lungs demonstrated 30%
decrease in miR10b-5p expression of antagomir-treated rats.
Histological analysis revealed that miR10b-5p antagomir
treatment resulted in significantly decreased pulmonary
arteriolar wall thickness (32.72 + 1.12 in antagomir vs. 42.24 +
3.26 % in placebo, p<0.005).

Conclusion: Pre-clinical PH is associated with an increase in
miR10b-5p expression and decrease in its targets CADM1 and
APAF1. MiR10b-5p inhibition rescues experimental PH and may
serve as a hovel therapeutic target.



Critical Care



Critical Care-1 Optimal Timing for
Vasopressor Initiation in Septic Shock :
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Introduction: The Surviving Sepsis Campaign [1] recommends
to administer 30 ml/kg of fluid within 3 hours following the onset
of hypotension, before introducing vasopressors. However,
evidence supporting this recommendation is lacking.

Methods: We used the data from the MIMIC |l dataset. [2] To
be included, patients had to present an acute hypotensive
episode of septic origin and a lactate level > 2 mmol/l. The
primary outcome measure was hospital mortality. We used a
machine learning approach accounting for time-varying
confounders called longitudinal targeted maximum likelihood
estimation. [3]

Results: 933 patients were included: SOFA 7; arterial lactate
3.3 mmol/L, average hospital mortality rate 11.5%. Hospital
Mortality was significantly minimized when vasopressors were
introduced by hour 3 following the onset of hypotension. When
compared to 30 ml/kg, switching to vasopressors after 5 or 10
ml/kg was associated with reduced mortality (Fig. 1).

Conclusion: In septic shock, administering 5-10 ml / kg within
3 hours after the onset of hypotension appears to maximize the
chance of survival.

Reference(s):

1. Rhodes A, et al. Surviving Sepsis Campaign:
International Guidelines for Management of Sepsis
and Septic Shock: 2016. Intensive care Med March
2017, Volume 43, Issue 3, pp 3047 377,

2. Saeed M, Villarroel M, Reisner AT, et al.
Multiparameter Intelligent Monitoring in Intensive Care
II: A public-access intensive care unit database*. Crit

Care Med. 2011;39(5):952-960.
doi:10.1097/CCM.0b013e31820a92c6;

(3) Schwab J, Lendle S, Petersen M, van der Laan M
(2017). Itmle: Longitudinal Targeted Maximum
Likelihood Estimation. R package version 1.0-0
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Introduction: Among the recent spread of multidrug-resistant
bacteria, outbreaks of multidrug-resistant Pseudomonas
aeruginosa (MDRP) are a serious concern not only making
treatment difficult but also worsening the prognosis of infected
patients. The development of an effective vaccine against P.
aeruginosa as an alternative to conventional antimicrobial
therapy has been highly anticipated. We have focused on the V
antigen (PcrV), which inhibits the type Il secretion system
involved in the pathogenicity of virulent P. aeruginosa. In our
previous studies, we examined the efficacy of PcrV vaccines by
intraperitoneal and intranasal administration in micel)2). In this
study, we examined the immunity of nasal administration of PcrV
vaccine in rabbits. As a formula of PcrV vaccine, we used CpG-

oligodeoxynucl!l eotATU@ACTOTLCHEA GCGK 3
TTCTC-30), synthesized by GeneDesi

adjuvant, which induces Thl type immune response by
stimulating Toll-like receptor (TLR) 9.

Methods: Eleven-week-old rabbits (Japanese white species)

were divided into four groups

n=3, (2) PcrV-OBRNO5@0eg,CprGOBDN
alone 500eg, n=1, (4) saline
intranasally administered on days 0, 7, and 14. The serum was
obtained by collecting blood from the auricular vein of rabbits,
and titer increases against PcrV were evaluated by ELISA.

Results: In rabbits vaccinated with either PcrV or PcrV + CpG,
the anti-PcrV titers increased on day 30(group 1:1.22+0.15,
group 2: 1.12+0.08), in comparison with the titers in the control
rabbits vaccinated with CpG alone or saline alone (group 3:
0.09, group 4: 0.08). Fig. 1 Time-series data on changes in
antibody titer in the course of vaccination. (MeanzSD).

Discussion: While, in our previous study, a PcrV CpG ODN
vaccine, which was administered either intraperitoneally or
intranasally, successfully induced a significant increase of anti-
PcrV titers in micel)2). On the other hand, in this study, PcrV
vaccine alone increased anti-PcrV titer in rabbits.

Conclusion:  The nasal administration of PcrV vaccine
demonstrated the specific anti-PcrV titer increases, regardless
of with or without the CpG-ODN adjuvant. Nasal administration
of PcrV vaccine is attractive to induce specific immunity against
a major virulence factor of P. aeruginosa.

Reference(s):
1. Microbiology and Immunology,61:64-74,2017
2. Microbiology and Immunology,62:774-785,2018
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Critical Care-3 Mechanical ventilation with
moderate tidal volume aggravates
extrapulmonary sepsis-induced lung injury via
IL33-WISP1 signaling pathway

Li-Ming Zhang?, S. Liu', MH Deng?, Bruce Pitt?, T.R. Billiar!

lUniversity of Pittsburgh Medical Center (UPMC),, Pittsburgh,
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Introduction:  Mechanical ventilation (MV) is a common
requisite component of intraoperative care for adequate gas
exchange and the delivery of anesthetics in patients with sepsis,
whereas sepsis is the most common predisposing factor for
ALI/ARDS. We previously showed that both interleukin (IL)-33
and WNT1-inducible signaling pathway protein 1 (WISP1)
played important roles in a two-hit lung injury model that
combined cecal ligation and puncture (CLP)-induced sepsis and
MV with moderate tidal volume (MTV). However, the
relationship between IL-33 and WISP1 is still unclear in the two-
hit lung injury model.

Methods: Wildtype, IL-33 KO and ST2 KO mice underwent
cecal ligation and puncture (CLP) followed by MV with moderate
tidal volume (MTV) (10 mi/kg; 4 h), a two-hit model. A separate
cohort of wildtype mice pretreated with intratracheal neutralizing
antibodies to WISP1 or IgG as control were also performed in
the two-hit model. RAW264.7 cell line in vitro was used to
identify the specific components involved in the IL33-WISP1
signaling pathway.

Results: MTV itself did not change the levels of WISP1 and IL-
33 in the lung of septic mice, however, MTV significantly up-
regulated both WISP1 and IL-33 in the two-hit lung injury model.
Consistent with it, MTV alone did not cause lung injury and
inflammation, but MTV increased lung injury score, W/D weight
ratio, alveolar-capillary permeability and cytokines (IL-6 and

TNF-U in plasma and BALF) in mice

CLP. Whereas IL-33 or ST2 deletion as well as WISP1 blockade
partially inhibited the two-hit phenotype. Furthermore, IL-33 or
ST2 deletion decreased WISP1 expression in vivo. In vitro, IL-
33 induced WISP1 production by activating AKT-GSK-b-catenin
and ERK-GSK-b-catenin signaling pathway via ST2 in
macrophage, whi ch i s
catenin/TCF/CBP/P300 in nucleus.

medi at-i ng

Conclusion: We first demonstrated that IL-33/ST2-WISP1
pathway plays an important role in mediating exacerbations of
acute lung injury caused by systemic sepsis under MV with
MTV. The results will guide the potential development of new
therapeutic strategies for patients with extrapulmonary sepsis
under mechanical ventilation in critical care units.

Reference(s):

1). Crit Care, 2018; 22(1): 302.

2). Shock, 2018 [Epub ahead of print]

3). PLoS One, 2017; 12(9): e0184770.

4). Scientific reports 2016; 6: 28841

5).Transl Perioper Pain Med. 2016 ; 1(2): 241 32.

6).J Anesth Crit Care Open Access, 2016; 4(2): 00133.
7). Am J Respir Cell Mol Biol, 2012; 47(4): 528.
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Critical Care-4 Proximal Tubule Megalin
Inhibition Prevents Acute Kidney Injury Due To
Rhabdomyolysis in Mice

Michael Hutchens?, Katsuyuki Matsushita?

10HSU, Portland, OR, ?Kyushu University, Fukuoka, Japan

Introduction: Destruction of skeletal muscle by crush, blast,
burn, or exertion releases myoglobin into the systemic
circulation. Rhabdomyolysis-induced acute kidney injury
(rhAKI) ensues and can be lethal due to hyperkalemia.
Supportive management aims to reduce myoglobin toxicity by
increasing and alkalinizing urine flow with protocol-based
therapy (1). As rhAKI commonly occurs in austere environments
such as earthquakes and armed conflict, such therapy may be
challenging or impossible.  Therefore specific therapy to
ameliorate AKI would be a significant advance. Myoglobin is
taken into proximal tubular cells (PTECS) via the renal cortex-
specific endocytic transporter megalin (2). We therefore
hypothesized that interfering with megalin would ameliorate
rhAKI.

Methods: Animal studies were approved by the OHSU IACUC.
We bred inducible, proximal tubule-specific megalin knockout
mice (LRP2 fl/fl, NdrglCreERT2, iMegKO). These mice are
phenotypically normal until induction of cre recombinase with
tamoxifen. GFR was measured by transcutaneous decay of
injected fluorescent sinistrin at baseline and 24 hours and urine
was collected for 24 hours before and after experiments. Male
mice, 8-12 weeks old, received 8mL/kg 50% glycerol solution
into the vastus medialis muscle (3). 24 hours later, GFR was
measured and mice were killed. Plasma and urine myoglobin,
and myoglobin clearance were quantified. Kidney sections were
evaluated for pathology, injury markers (KIM-1 and cleaved
caspase-3), and for megalin and myoglobin by specific stains.
In a second protocol, C57BL/6 mice received cilastatin, a
pharmacologic megalin inhibitor, or vehicle at the time of
glycerol injection, and were evaluated in the same manner.
Statistical analysis (t-test and repeated measures ANOVA) was
conducted in Prism 7.0 and data expressed as mean+SEM.

Results: Upon treatment with tamoxifen, the renal cortex of
iMegKO mice demonstrated absence of proximal tubular
megalin while that of tamoxifen-treated cre-negative littermates
(controls) demonstrated intact proximal tubular megalin.
Glycerol injection caused elevated plasma myoglobin. 24h after
glycerol injection, iMegKO mice exhibited normal GFR (92.8 +
5.9 % of baseline) and normal 24h urine output (5.3+0.9 mL/24h

), with very attenuated histologic renal injury and primarily
medullary distribution of myoglobin, while littermate controls
demonstrated severe loss of GFR (22.4+ 0.3 %baseline p<0.001
compared with iMegKO, n=4-5), oliguria (mean urine output
2.4+0.9 mL/24, p=0.008 compared with iMegKO, n=4-5), severe
histologic injury and primarily cortical distribution of myoglobin.
When glycerol injection was conducted in wild type mice,
cilastatin also preserved GFR (526125 vs.67+31 pl/min/100g,
p=0.03, n=4/gr), urine output (.8 £0.3 vs. 0.4+0.1, p=0.01,
n=4/gr), and histologic architecture compared with vehicle. KIM-
1 and cleaved caspase-3 were reduced by megalin interference
and cilastatin treatment and in both iMegKO mice and cilastatin-
treated mice, clearance of plasma myoglobin was greatly
increased (5-16x) compared with respective controls.

Conclusion: Proximal tubule-specific megalin deletion
ameliorates rhAKI by increasing plasma clearance of myoglobin
and shifting intrarenal distribution of myoglobin away from
cortical PTECs. The pharmacologic inhibitor cilastatin,
ameliorates rhAKI similarly to megalin interference. Given the
lack of specific therapy for rhAKI and the burden of supportive
therapy in austere environments, further mechanistic and
translational study is warranted.

Reference(s):

1. Bicarbonate and mannitol treatment for traumatic
rhabdomyolysis revisited. American Journal of Surgery
213(1): 73-79. 2017

2. Renal uptake of myoglobin is mediated by the endocytic
receptors megalin and cubilin. Am J Physiol Renal Physiol
285(3): F451-458. 2003

3. Specific macrophage subtypes influence the progression
of rhabdomyolysis-induced kidney injury. J Am Soc
Nephrol 26(6): 1363-1377. 2015
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Circulation and Survival After In-Hospital
Cardiac Arrest in Patients With and Without
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Introduction: In 2012, the rate of hospital discharge after in-
hospital cardiac arrest (CA) was reported as 17%.(1) In 2016,
the American Heart Association reported survival rate in adults
after in-hospital CA was 24.8%.(2) When re-establishment of a
stable heart rhythm does not result in physiologic blood pressure
during advanced cardiac life support (ACLS) one possible cause
might be pre-existing right ventricular dysfunction (RVD) that
might impair filling of the left ventricle. Theoretically, patients
with RVD might have improved outcome after CA if, in addition
to epinephrine, dobutamine and/or inodilators were
administered during ACLS as these pharmacologic agents
might increase flow through the pulmonary circuit. The goal of
this study is to learn whether pre-existing RVD is in fact
associated with lower rates of successful resuscitation after in-
hospital CA, as compared to patients without pre-existing right
ventricular dysfunction.

Methods: With IRB approval and waiver of informed consent,
the EMR was searched and a list of all patients, ages 18 - 90,
who suffered in-hospital CA at our medical center from January
2010 - September 2018 was created. Subjects were excluded if
the record indicated hemorrhage within six hours prior to CA. To
be included, RV function had to have been assessed with echo
within six months prior to CA. Data recorded included age,
gender, LV Ejection Fraction (LVEF %), moderate or severe
aortic or mitral valve disease, diagnosis of HTN, DM, CAD, prior
coronary artery stenting, prior CABG, COPD, presence or
absence of RVD (and severity of RVD categorized as mild,
moderate or severe), and mg of epinephrine administered
during ACLS. Outcomes included initial return of spontaneous
circulation (ROSC), and survival. Outcomes were compared
between subjects with, and without RVD. (Some data not
documented in medical records resulted in less than 476

subjects in some analyses). Categorical variables were
analyzed using Chi-square test. Continuous variables were
analyzed using Mann-Whitney U-test. p-value <0.05 was
considered statistically significant.

Results: 1,044 Charts were reviewed. 476 subjects met
inclusion criteria. There were no differences in demographics
between survivors and non-survivors (see table 1). Initial ROSC
was achieved in 85/146 (58.2%) of subjects with RVD (of any
grade of severity) vs. 170/302 (56.3%) subjects without RVD (p
= 0.699). Among patients with RVD of any grade (mild,
moderate, or severe), 124/153 (81%) died vs. 243/318 (76.4%)
of patients without RVD, p = 0.25. Significantly more epinephrine
was administered in the group that died, p < 0.01. Future
analyses will compare survival between subjects with different
grades of severity of RVD, and as compared with subjects with
no RVD.

Conclusion: By echo criteria, RVD has been reported present
in 88% of patients after CA.(3) Furthermore, RVD after CA
predicts poor outcome, independent of LV function.(4) In a
swine model, post-CA RVD was successfully treated with
dobutamine 10 mcg/kg/min, as compared to controls(5) and, in
swine treated with dobutamine, RV ejection fraction (RVEF)
returned to baseline (normal) two hours post-CA, while RVEF
remained depressed in controls five hours post-CA.(5) This work
influenced us to undertake this pilot study, although it is noted
that post-CA RV dysfunction is a different entity than RV
dysfunction that precedes CA. The results of this pilot study
indicate that rates of initial ROSC, and survival, are not different
in patients with pre-existing RVD as compared with patients
without pre-existing RVD. Current analyses grouped together all
subjects with RVD. Future work will compared rates of ROSC
and survival across three grades of RVD as graded by echo
(mild, moderate and severe), as compared with subjects without
RVD. The fact that more epinephrine was administered in the
group that died could perhaps be explained by prolonged and
aggressive attempts to resuscitate in the group that died.

Reference(s):

1. American Heart Association Get With the Guidelines -
Resuscitation (GWTG-Resuscitation) Investigators Trends
in Survival After In-Hospital Cardiac Arrest. N Engl J Med.
2012 Nov 15; 367(20): 1912i 1920.

2. http://cpr.heart.org/AHAECC/CPRANAECC/General/lUCM_
477263 _Cardiac-Arrest-Statistics.jsp.

3. World J Crit Care Med. 2015 Feb 4; 4(1): 1i 12.

Gabriel Wardia, et al. Resuscitation. 103:2016, 717 74

5. Vimal Ramjee, et al. Resuscitation 96:2015, 1861 191
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Introduction: Lung ischemia reperfusion (IR) injury is a sterile
inflammatory process that is commonly associated with diverse
clinical situations such as hemorrhage followed by resuscitation
and pulmonary embolism (PE). We previously reported that
these inflammatory responses require toll-like receptor (TLR) 4
and the presence of alveolar macrophages (AMs)!. Whether
TLR4 expression on AMs mediates lung IR injury, however, is
still unknown. TLR4 receptor engagement activates the
intracellular signaling pathway via nuclear factor-°B (NFI°B) and
increases the transcription of the ll1b gene encoding pro-IL-1 b
and thus intracellular levels of this pro-cytokine. Subsequent
protein processing by the NOD-like receptor pyrin domain-
containing protein 3 (NLRP3) inflammasome, a complex that
includes NLRP3 and caspase-1, cleavespro-IL-1 b t o t he
protein. We therefore explored whether IR enhances expression
of Il1b mRNA and NLRP3 inflammasome in vitro by using mouse
AMs.

Methods: A mouse AM cell line (MH-S) was subjected to in
vitro nutritional IR. The condition of in vitro nutritional ischemia
was established by replacing medium with PBS (as the IR
group). We did not include hypoxic conditions for this period
because in PE alveolar macrophage cells are not subjected to
hypoxia. After the period of in vitro 'ischemia,” medium was
added for the 'reperfusion’ phase. Cells and supernatants were
collected for gRT-PCR analysis to evaluate Il1b mRNA
expression and for ELISA to measure IL-1 b . I n
were treated with MCC950 (selective NLRP3 inhibitor) or VX-

765 (Caspase-1 specific inhibitor) to determine how IR induces

IL-1b i n AMs. After IR stimulati
collected, and we measured the level of IL-1 b by ELI SA.
are shown as mean + SD and the groups were compared using
two-tailed unpaired t-test or One-Way ANOVA with Tukey post-

hoc test. P < 0.05 was considered as statistically significant.

Results: IR group had significantly up-regulated expression of
1I1b mRNA compared with control group (1.0 + 0.2 [Control] vs
2.1 + 0.3 [IR], P = 0.019) and secreted significantly more IL-1 b

add8ition,

than control group (15.1 + 1.9 [Control] vs 54.4 £ 9.1 [IR] pg/mL,
Eﬂao.gom) (Figure 1). Both MCC950 and VX-765 significNantIy
attenuated IL-1 b secretion (88.3 N 5.4
MCC950] pg/mL, P = 0.0005 and 67.8 + 1.5 [IR] vs 22.6 + 0.7

[IR + VX-765] pg/mL, P < 0.0001) (Figure 2).

Conclusion: Our results suggest that nutritional IR stimulation

1) significantly increased Il1b mRNA expression in AMs and 2)
induced IL-1 b secretion i n NEE&Erglenti nf |
manner.

Reference(s):
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Introduction: Patients readmitted to the intensive care unit
(ICU) after transfer to a lower acuity care unit demonstrate
increased mortality, length of stay, and healthcare expenditures
compared to those never readmitted.(1,2) In high acuity
specialized units, such as the cardiothoracic ICU (CTICU),
identifying patients at highest risk of readmission and
subsequent complications is challenging. Traditional rule-based
risk tools overpredict complications, illustrating the need for
dynamic means of prediction.(3) Machine learning models have
demonstrated improved success at identifying patients at risk for
ICU readmission.(4) However, these models use datasets from
a variety of different ICU types (e.g. surgical vs. medical), which
limits specificity. We hypothesized that machine learning-based
models will accurately discriminate cardiothoracic surgical
patients at high risk for CTICU readmission or death within two
weeks of discharge.

Methods: A dataset was curated to include 5559 encounters of
patients between August 2015 and October 2018 who
underwent cardiothoracic surgery then survived to initial CTICU
discharge. Input features included both patient derived data
such as past hospitalizations, and laboratory values along with
provider actions such as orders and procedures performed
(Table 1). The primary outcome was a composite of ICU
readmission or mortality within 14 days of initial discharge from
the CTICU (Figure 1). The model was trained using LightGBM
(a gradient boosting method using tree-based learning
algorithms) and compared to a logistic regression (LR) using sk-
learn. Model performance was evaluated using 500 iterations of
bootstrapping on a test split of 30% to calculate a 95% CI, and
compared across three metrics: area under the receiver-
operating characteristic curve (AUC), area under the precision-
recall operating curve (AUPRC), and positive predictive value
(PPV) at a fixed sensitivity of 20%.

Results: Of the 5559 encounters, 564 (10%) demonstrated
decompensation or death within 14-days of discharge from the
CTICU. The LightGBM model performed best compared to
logistic regression (LR) across precision-recall and positive
predictive value performance measures. AUCs were 0.834 +
0.001 for LightGBM and 0.851 + 0.001 for LR. The AUPRC was
0.400 + 0.004 for LightGBM and 0.360 + 0.003 for LR. Finally,
the PPV at a fixed sensitivity of 20% was 0.568 + 0.007 for
LightGBM, compared to 0.405 + 0.003 for LR.

Conclusion: A novel machine learning model achieves good
discrimination in identifying post-cardiothoracic surgical patients
at risk of ICU readmission or mortality. Compared to methods
using only snapshot measurements, this model strengthens its
predictions by integrating grouped trends data from multiple
source domains - both related to patient-specific disease
processes along with interventions (medication profiles,
treatments, actions and orders) performed by the clinical team.
Accurate prediction of unplanned readmission could be used in
decision support tools to inform ICU discharge readiness and
target resources for step-down unit care (increased patient
surveillance), especially for high-risk patients requiring complex
discharge planning.

Reference(s):

1. Critical Care 17, R102 (2013).

2. Critical Care Medicine 40, 3i 10 (2012).
3. Chest 118, 4921 502 (2000).

4. Annals ATS 15, 846i 853 (2018).
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Figure 1. CTICU readmission phenotype: flow of encounters readmitted to the CTICU during index
hospitalization. Readmission to the CTICU complicates hospital stay and often results in several transitions of care
between the CTICU (red) and step-down units (blue). Avoiding these cycles through the identification of patients at
risk (both by refining ICU discharge readiness and increase surveillance in step-down unit) could reduce the length of

stay, complications, and improve patient mortality and failure to rescue rates.

Table 1. Multiple domain input features for ML model of patient decompensation (CTICU readmission or mortality)

Features (number of data elements) | Variables
A Putient ic disease SSE. trends
Demographics (2) Age, Gender

Encounter Info (10)

(12 and 3 month) Count of General Admissions, ED Visits and CTICU Admissions; Length of
Stay in CTICU and/or Hospital Admission

Comorbiditics (282)

Clinical Classification Software of [CD-10 Codes*

Laboratory Values' (25)

Albumin, ALT, Ammonia, Anion Gap, Arterial Bicarbonate, Arterial PCOy, Arterial pH, AST,
Bands, BUN, Creatinine, CRP, ESR. Fibrinogen, Glucose, Hematoerit, Hemoglobin Ale, INR,
Lactate, LDH, Magnesium, OR Arterial PO,, Platelets, Potassium, Sodium, Venous PCOy

Physiologic Measures' (11)

Blood Pressure, BMI, Cardiac Index, Cardiac Output, Height, Level of Consciousness, Pulse,
Pulse Oximetry, Respiratory Rate, Urine Output, Weight

Patient status® (4)

Delirium, Dyspnea, Hypothermia, Length of Stay, Stroke Work-up

JiA

Clinical interventions {medication profiles, treatments, actions and orders), grouped trends

End Organ Support® (9)

Bilevel Positive Airway Pressure, Continuous Positive Airway Pressure, Continuous Renal
Replacement Therapy, Extracorporeal Membrane Oxygenation, Impella, Intra-aortic Balloon
Pump, Mechanical Ventilation, Ventricular Assist Device (VAD) (durable), VAD (temporary)

Orders for labs® (8) Arterial Blood Gas, Blood Typing, Coagulation Panel, Cytomegalovirus, Human Papilloma
Virus, JC virus, PT, INR, Toxoplasmosis, Sputum Culture

Orders of procedures/status Arterial Line Insertion, Arterial line Removal, Chest Tube Placement, Intubation, NPO,

changes* (12) Peripherally Inserted Central Catheter (PICC) insertion, PICC Removal, Stroke Workup,

Tracheostomy Placement, Transfusion (Fresh frozen plasma/Platelet/RBC/Cryoprecipitate),
VAD Placement, Wound Care

Orders for imaging/monitoring® (6)

Chest Radiograph, ECG, Echocardiogram, Kidneys Urine Bladder Radiograph, Telemetry,
Ultrasound (any)

*-Classification categories listed at:

https:/'www.hcup-us.ahrg.gov/toolssofiware/ces 1 0/CCSCategoryNames(FullLabels).pdf

f_numeric data summarized over encounter using: max, min, mean, standard deviation, 1* quartile, 3" quartile number of entries,
time of first order, time of last order

h . . . . . .
*-boolean event data summarized over encounter using: any event occurred, number of events, time of first event, time of last
event
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Introduction: Traditionally, echocardiography is performed by
a technician and later interpreted by a cardiologist. Focused
cardiac ultrasound (FOCUS) is different because it allows
physicians in fields including anesthesiology to immediately
assess and manage critically-ill patients [1]. High-quality
cardiopulmonary resuscitation (CPR) is the backbone of
resuscitation, but the American Heart Association [2] suggests
FOCUS can be used to identify potentially reversible causes of
cardiac arrest in patients with pulseless electrical activity (PEA).
In the out-of-hospital setting, application of FOCUS to ALS was
found effective in distinguishing true PEA (without wall motion)
from pseudo-PEA (with wall motion); it also allowed
identification of treatable conditions such as hypovolemia and
pericardial effusion [3]. We applied ALS-compliant FOCUS to
the in-hospital setting as echocardiographic assessment using
subcostal-only view in ALS (EASy-ALS). We trained
anesthesiology attendings and residents in FOCUS and EASy-
ALS with a modified previously-described curriculum [4-6],
allowing us to integrate FOCUS into peri-resuscitative
management while exploring the feasibility of its performance
after limited training and identifying obstacles to its routine
implementation.

Methods: We explored the feasibility of anesthesiology
attendings and residents performing FOCUS and EASy-ALS. A
total of 29 patients were examined from December 2016 to
December 2019. Patients were evaluated in the peri-
resuscitative period, defined as a period of profound
hypotension, cardiac arrest, or return of spontaneous circulation
(ROSC). Patients for whom FOCUS could not be safely
performed were excluded. Providers performed EASy-ALS
exams after completion of a course consisting of didactics,
hands-on practice, and simulation. EASy-ALS protocol is as
follows. A provider is contacted by call from the primary service
or overhead Code Blue page. On arrival, the provider places the
ultrasound probe on the chest without obstructing chest
compressions. The exam is performed during the pulse/rhythm

check, never exceeding 10 seconds. After resumption of chest
compressions, the provider interprets images and relays
findings. Afterwards, the provider completes a report
documenting indication for exam, initial cardiac rhythm, FOCUS
findings, and immediate patient outcome. Descriptive statistics
were used to summarize EASy-ALS exam findings. Cases in
which diagnostic quality images were obtained, as determined
by a FOCUS-credentialed attending anesthesiologist, were
presented as a proportion.

Results: Data were collected for 29 patients. Indications for
EASy-ALS included PEA (48%), post-ROSC (24%), pre-arrest
(14%), asystole (7%), and pulseless ventricular tachycardia
(7%). Image quality was good in 72% of cases and adequate in
the rest. Major findings included absence of cardiac causes of
event (45%), right ventricular syndrome (17%), severe
hypovolemia (17%), cardiac standstill (7%), dilated left ventricle
(3%), biventricular dysfunction (3%), pericardial effusion (3%),
and systolic anterior motion of the mitral valve (3%). Pleural
effusion was an additional finding in 2 cases. Of the 18 patients
evaluated during cardiac arrest, 12 achieved ROSC.

Conclusion: 1t is feasible for trained providers to perform
EASy-ALS in the in-hospital peri-resuscitation period, expanding
the role of anesthesiologists in acute patient care. Providers
consistently obtained diagnostic images and identified cardiac
motion and causes of instability. Several system-wide obstacles,
including a limited number of trained providers and a lack of
readily-available ultrasound machines, hinder regular use of
EASy-ALS. Use of handheld ultrasound devices and expanding
training can help address these issues and allow routine
implementation of EASy-ALS.

Reference(s):

Curr Opin Crit Care. 2010 Jun;16(3):211-5.
Circulation. 2010 Nov 2;122(18 Suppl 3):S729-67.
Resuscitation. 2010 Nov;81(11):1527-33.

Minerva Anestesiol. 2009 May;75(5):285-92.
Resuscitation. 2005 Oct;67(1):81-7.

Simul Healthc. 2015 Aug;10(4):193-9; quiz 199-201.
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Table 1:Protocol for echocardiographic assessment using subcostglview in advanced life support (EASYS

Protocol)
Timing Tasks
Prior to pulse/rhythm check 1. Wait until 2 minutes of chest compressions have been completed.
2. Removebarriers to ultrasound such as clothing or surgical dressing
3. Place probe on patient to prepare to obtain subcostehdmber
view.
During pulse/rhythncheck 4. Perform subcostal-¢hamber view and record images.

After pulse/rhythm check

o

&

1 DoNOTdelay resumption of chest compressions
1 Wipeultrasound gel from skin
Interpret recorded images.
Communicate findings to code leader.
Determine if patient would benefit from further FOCUS or lung
ultrasound duringsubsequenpulse/ rhythm checks.




Figure 1 Standardized report completed after echocardiographic assessment using sulmugtalew in advared life

support (EASALS) eam.

EASY-ALS
Patient:
Date of Study:
Indication:
Cardiac Arrest with CFR O Peri-arrest O Other,
Quality of Study: Good O Adequate O Inadequate O
Windows Obtained: Subcostal O e lungs O DVT O Acrta O Abdomen
¥ ]
& ° DOutcome:
Asystole g ROSC Yes OO No O
g VF 'O O Admitted to ICU O
& PEA O a Discharged from hospital O
PsewdoPEA 0O 0O
Cardiac Motion Detected [0 O Comments:
Total CPR time: Rounds of Epinephrine:
Pericardi
ericardial O o
Tamponade

SeverelyDilated O O

Severely Impaired n] O

Function

Paradoxical

| Right Heart | | Pericardium |

Septal Motion

Severely Dilated O (m]

Signature:

Severely Impaired

Supervisor Attestation:

Function

Severely Under filled O

Left Heart

Supervisor Signature:




Table2: Results of focused cardiac ultrasound (FOCUS) evaluations

Case Indication Image Cardiac Assessment ROSC
Number Quality Motion Achieved
1 PEA Adequate Yes Hypovolemia, Yes
pleural effusion
2 PEA Adequate Yes Ruled-out cardiac Yes
causes of event
3 PEA Good Yes Ruled-out cardiac Yes
causes of event
4 Asystole Good No Cardiac standstill No
5 Post-ROSC Good Yes Ruled-out cardiac Yes
causes of event
6 Post-ROSC Adequate Yes Biventricular Yes
dysfunction
7 Post-ROSC Adequate Yes Ruled-out cardiac Yes
causes of event
8 Post-ROSC Good Yes RV syndrome, Yes
pleural effusion
9 Asystole Good Yes Hypovolemia Yes
10 PEA Good Yes Ruled-out cardiac Yes
causes of event
11 PEA Good Yes Ruled-out cardiac No
causes of event
12 PEA Good Yes Hypovolemia Yes
13 Post-ROSC Good Yes Pericardial effusion Yes
14 Post-ROSC Adequate Yes Ruled-out cardiac Yes
causes of event
15 Post-ROSC Good Yes Ruled-out cardiac Yes
causes of event
16 PEA Good No Cardiac standstill No
17 Pre-Arrest Good Yes RV syndrome Not
Applicable
18 PEA Good Yes RV syndrome Yes
19 Pre-Arrest Good Yes SAM Not
Applicable
20 Pulseless ventricular Good Yes LV dysfunction Yes
tachycardia
21 Pre-Arrest Adequate Yes Ruled-out cardiac Not
causes of event Applicable
22 PEA Good Yes Ruled-out cardiac Yes
causes of event
23 Pulseless ventricular ~ Adequate Yes Ruled-out cardiac No
tachycardia causes of event
24 PEA Good Yes Ruled-out cardiac No
causes of event
25 Pre-Arrest Good Yes Ruled-out cardiac Not
causes of event Applicable
26 PEA Adequate Yes RV syndrome Yes
27 PEA Good Yes Hypovolemia Yes
28 PEA Good Yes RV syndrome No
29 PEA Good Yes Hypovolemia, ASD Yes




Figure 2 Selection ofesidentobtained subcostal echocardiogram images; (A) probe location (arrow), (B) normal heart,
(C) clot in right atrium, (D) right ventricular syndrome, (E) pericardial effusion, (F) left ventricular failure
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Introduction: Low muscle mass and density prior to
hospitalization are associated with higher morbidity and
mortality during critical iliness. (1,2) Their association with long-
term disability and physical function, however, is unclear. We
hypothesized that lower pre-critical illness muscle mass and
density would be associated with worse disability and physical
function at 3 and 12 months after discharge.

Methods: We conducted a nested study within the BRAIN-ICU
prospective cohort study of patients admitted to the medical or
surgical intensive care unit (ICU) for respiratory failure and/or
shock. We included only those patients who had abdominal CT
imaging in the 6 months prior to admission and who survived
and participated in follow-up assessments. We quantified the
cross-sectional area of all skeletal muscle present in axial
images at the L3 vertebrae using an automated version of Slice-
O-Matic software (TomoVision, Magog, Quebec) and indexed
this value by dividing by height (m2) to give the skeletal muscle
mass index (SMI). We assessed muscle density based on
Houndsfield units. At 3 and 12 months after hospital discharge,
we assessed for functional disability in Basic Activities of Daily
Living (BADLS) using the Katz ADL and Instrumental Activities
of Daily Living (IADLs) using the Functional Activities
Questionnaire (FAQ). We used multivariable regression to
describe the association between skeletal muscle mass and
density and functional outcomes, adjusting for baseline and in-
hospital covariates including age, sex, baseline functional
disability, and severity of iliness.

Results: We included 133 patients who had abdominal CT
imaging available for analysis and who participated in follow-up
assessments. Patients were a median [IQR] of 56 [47-64] years
old, 63 (47%) were female, median BMI was 29 [25-35], and 121
(91%) required mechanical ventilation. The SMI prior to ICU
admission was 51.9 [42.3-64.9]. Using predetermined sex-
specific cutoffs (3), 54 (40%) of patients met criteria for low
muscle mass (Figure 1). At 3 and 12 months, baseline SMI was

not associated with greater odds of new or worsened disability
in BADLs (OR 1.0 [0.9-1.0] and 1.0 [0.9-1.0], respectively) or
IADLs (OR 1.0 [0.9-1.0] and 1.0 [0.9-1.0], respectively).
Similarly, muscle density was not associated with disability in
BADLs (OR 1.0 [0.9-1.0] and 1.0 [0.9-1.1], respectively) or
IADLs (OR 1.0 [0.9-1.0] and 1.0 [0.9-1.0], respectively).

Conclusion: In this nested cohort of survivors of critical iliness,
low skeletal muscle mass was present in 40% of patients despite
95% of the cohort presenting with a normal BMI. We did not find
an association between skeletal muscle mass or density and
long-term disability or physical function. Larger cohort studies
are needed to better characterize the role of skeletal muscle in
long-term recovery after critical iliness.

Reference(s):
1. JAMA Surgery 2013; 17: R206

2. Crit Care 2016; 20: 3863. Lancet Oncol 2008; 9: 629
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Introduction: Lung transplantation (LTx) has improved the
quality of life and longevity of patients with end-stage lung
diseases, including cystic fibrosis, interstitial lung disease, and
pulmonary hypertension. These patients are particularly
vulnerable to increased morbidity and mortality due to
complications such as vocal cord paralysis (VCP), a result of
recurrent laryngeal nerve injury. Although often overlooked
postoperatively, VCP may present clinically as hoarseness of
voice or impaired cough reflexes, often leading to aspiration
pneumonia.! Despite a doubling of LTx in the past 15 years,? the
risk factors associated with VCP in the setting of LTx are
understudied. In this study, we assessed the risk factors and
complications associated with VCP in unilateral and bilateral
LTx recipients who developed dysphonia.

Methods: A retrospective chart review was conducted on
patients who underwent unilateral or bilateral LTx between May
2013 and June 2018. Participants were identified as adult

patients (018 years ol d) wh o

subsequently developed hoarseness of voice post-LTx. Patients
with a history of stroke, paralysis, and current state of coma
were excluded from the study. Patients who met criteria and
presented with dysphonia were referred to speech pathology for
assessment of voice quality, impaired cough reflex, and VCP.
Outcome variables measured included aspiration pneumonia,
pneumonia, incidence of reintubation, length of intubation,
incidence of arrhythmias (atrial fibrillation, supraventricular
tachycardia, ventricular tachycardia, and ventricular fibrillation),
vocal cord paralysis, and incidence of vocal cord injections.
Values are frequency (%) or mean (SD) and compared between
groups using the chi-squared test or t-test.

Results: We screened 142 patients that underwent a unilateral
or bilateral LTx, of which 141 were included for analysis. Of
those patients, 87 (62%) were diagnosed with VCP. Bilateral
LTx had VCP incidence of 65.7%, left LTx 56.0%, and right LTx
of 47.1% (p<0.281) (Table 1). Outcomes comparing VCP vs.

no VCP found that those with VCP had an increased incidence
of aspiration pneumonia (11.5% vs 3.7%; p<0.107) and
pneumonia (33.3% vs 20.4%; p<0.097). Patients without VCP
had a higher reintubation rate vs those with VCP (16.7% vs
8.0%; p<0.117). Incidence of arrhythmias (Afib, SVT, Vtach, and
Vfib) were higher in the VCP group vs no-VCP (32.2% vs 22.2%;
p<0.202). Subgroup analysis found no statistical significance
between VCP and atrial fibrillation. However, when comparing
bilateral vs left vs right LTx patients separately, we found a
statistically significant reduction of atrial fibrillation (18.2% vs
44.0% vs 47.1%; p<0.004). In sum, our results demonstrate
trends in adverse outcomes in our patients who developed VCP
after LTx, despite not reaching statistical significance.

Conclusion: Preliminary data analysis shows an increased
incidence of VCP in bilateral vs unilateral LTx recipients. Such a
higher rate may be expected, as surgical manipulation within
bilateral thoracic compartments predisposes the patient to
mechanical recurrent laryngeal injury. The increased diameter
of a double-lumen tube, utilized for LTx, can be a significant risk
factor contributing to laryngeal nerve injury as a result of
compressive trauma. Additionally, our data demonstrates a
higher incidence of VCP in left vs right LTx patients. While not
certain, a possible reason for this finding is most likely due to a
higher probability of mechanical injury from surgical
manipulation given the long thoracic course of the left recurrent
laryngeal nerve. Patients with VCP were at higher risk of
aspiration pneumonia, which may in part be due to isolated VCP
or a combination of VCP and impaired reflexes. Despite the fact
that the exact mechanism is unknown, we found a significant
reduction in atrial fibrillation in bilateral vs. unilateral lung
transplant patients. Although there were no significant
differences in outcomes in patients with vs without VCP, the lack
of significance can, in part, be attributed to a limited sample size.
VCP in patients undergoing LTx is associated with increased

p magbidigy n arel d mottadity. tRowine | abd) camprdhensive

postoperative evaluation of VCP, especially in the presence of
associated clinical symptoms such as dysphonia, may allow for
timely treatment and decreased perioperative morbidity.
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Table 1: Incidence of Vocal Cord Paralysis by Lung Transplantation Type

Right (n=17) | Left (n=25) | Bilateral (n=99)

8 (47.1%) 14 (56.0%) 65 (65.7%)
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Introduction: Extracorporeal membrane oxygenation (ECMO)
is a closed circuit that provides days to weeks of
cardiopulmonary and/or pulmonary support in critically ill
patients with severe respiratory and/or cardiac failure
(unresponsive to conventional treatment). (1) Based on the
UNOS database from 2005 to 2011, prior to lung transplantation
roughly 1% of critically ill patients required ECMO support as a
bridge to lung transplantation. (2) The numbers have continued
to grow since then as an increasing number of single-center
studies have demonstrated the utility and successful outcomes
associated with ECMO as a bridging strategy to lung
transplantation. (3) However, few studies have examined the
indications, impact, and related outcomes of ECMO pre-lung
transplant, during lung transplant, and post-lung transplant.
(3,4,5)

Methods: We performed a retrospective chart review of 43
patients who received ECMO support prior to lung transplant,
during or after lung transplant, or as a bridge to lung
transplantation and deceased. Patients were selected over 7
years (from 2013 to 2019) at Loyola University Medical Center
and were divided into 4 groups: ECMO prior to lung
transplantation, ECMO within 24 hours of lung transplantation,
ECMO more than 24 hours after lung transplantation, and
ECMO as a bridge to lung transplantation (with no lung
transplantation) and support withdrawn. Exclusion criteria
included patients who receive ECMO cannulation, but without
an indication for a lung transplant. Patient age ranged from 15
to 70 years. Outcome variables examined in the retrospective
review for all groups included patient demographics, medical
history, co-morbidities, mortality rate, type of ECMO, whether
conversion from VV to VA ECMO was performed, the duration
of ECMO, and whether the patient was extubated on ECMO. In
patients who received ECMO cannulation prior to lung
transplantation, we looked at the number of days on ECMO prior
to lung transplantation. In patients who received a lung
transplant, we looked at 30 day survival, indications for the lung
transplant, single versus bilateral lung transplant, whether
intraoperative cardiopulmonary bypass was used (planned
versus unanticipated), ventilation requirements prior to lung

transplant, and ECMO complications. In patients who received
ECMO cannulation as a bridge to lung transplantation and then
had support withdrawn, we looked at the number of days on
ECMO prior to patient deceased. Statistical analysis of our data
was performed using the software of research data capture
(REDCap).

Results: Of the 43 patients in our study population, 33% (14 of
43 patients) received ECMO prior to lung transplantation, 23%
(10 of 43 patients) had ECMO cannulation during or within 24
hours of lung transplant, 19% (8 of 43 patients) received ECMO
more than 24 hours after lung transplantation, and 26% (11 of
43 patients) received ECMO and then support was withdrawn
with no lung transplantation (Chart 1). The combined mortality
rate for the 43 patients studied was 49% (21/43). Of the total 21
deceased patients, 52% (11/21) were on ECMO as bridge to
transplant and never received transplant, 33% (7/21) received
ECMO cannulation more than 24 hours after lung
transplantation, 14% (3/21) received ECMO cannulation during
or within 24 hours of lung transplantation, and no patients were
deceased in the population that received ECMO prior to lung
transplantation (Chart 2). In addition, the mortality rate from all
groups decreased from the year 2014 (100%) to the year 2019
(42%).

Conclusion: Preliminary analysis of our data reveals that
ECMO cannulation prior to lung transplantion leads to the lowest
post-transplant mortality rate in our study population. Survival
rates in patients, who receive ECMO cannulation during or
within the first 24 hours after a lung transplantation, are much
higher than in patients who undergo ECMO cannulation more
than 24 hours after a lung transplant. The overall decrease in
mortality rate from 2013 to 2019 may be correlated to the
increase in the number of ECMO cannulations pre-lung
transplantation, improvements in critical care team experience,
or surgeon experience in managing ECMO patients. While our
preliminary data reveals key findings from a retrospective review
at one institution, further statistical analysis must be completed
to confirm the significance of variables examined as predictors
of adverse outcomes and survival in potential and/or known lung
transplant recipients undergoing ECMO cannulation.
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Introduction: More and more patients have a written patient's
decree to make sure that doctors follow their end-of-life
decisions even in cases of unconsciousness or inability to
enforce their final will personally. We investigated, why patients
died on an 18-bed Intensive Care Unit (ICU) in a teaching
hospital of the Johann Wolfgang Goethe University of Frankfurt.

Methods: We included all patients admitted to the ICU in 2018.
The patients were then divided into two groups depending on
whether they stayed on the ICU for more than 24 hours or less
than 24 hours.

Results: A total of 801 patients were admitted to the ICU, from
whom 116 died (mortality rate 14,5 %). Out of these 116
patients, 72 died based upon a patient's decree or when
relatives assumed that full treatment was not wished by the
patient. 44 patients died despite full treatment (mortality rate 5,5
%). Out of 63 patients who deceased within 24 hours after being
admitted to the ICU, in 63,5% (40 out of 63 patients, Fig. 1)
therapy was withheld because of a written patient's decree. 53
of those 116 patients who have died, had been on the ICU for
more than 24h. In 60,3% of these patients therapy was
terminated because of a patient's decree. They passed away
after an average of 8,2 days on ICU.

Conclusion: Our overall mortality rate of 14,5% is in line with
the mortality rate reported by Galloways Meta-Analysis
published in 2018: 18,2% of 902,551 patients (1). Just a decade
ago, mortality on ICU was primarily associated with the degree
and severity of (multi) organ failure and the quality of the
consecutive therapeutic regimen. Nowadays, more and more
patients or their relatives present written patient's wills, limiting
doctors in their ability to treat the underlying disease. As a result,
more than two thirds of our patients died based upon a patient's
decree, which, according to German law, is mandatory to be
heeded by. Consecutively, the mortality rate is on the increase

(14,5% versus 5,5%). Our data, showing that nearly two thirds
of our ICU-patients refuse (ongoing) therapy, support the idea
of the Improving Palliative Care in the ICU (IPAL-ICU) Advisory
Board to increase the involvement of palliative care specialists
for critically ill patients on ICU (2). Further, while ICU beds are
rare, this resource is wasted when costly treatment is initiated in
patients, who in the end refuse to be treated. ICU-beds are one
of the most expensive resource in every hospital, especially on
the day of admission (day 1), when new therapies are initiated
in emergency cases. Reimbursement of cases staying only one
or two days on ICU is inadequate, since the high costs are not
adequately refunded. Subsequently, patients admitted to ICU
despite an existing patient's decree, which is not on file right
away, is an economic and ethical burden. We therefore suggest,
that case managers have the patient's decree scanned before a
patient is admitted to ICU or the Medical Emergency Team is
called for. This would help to utilize our costly staff, equipment
and knowledge for patients who really need it and want to be
treated, leading to a significant improvement of ICU-efficiency
and ICU-economics.

Reference(s):
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Introduction: With improved survival from the intensive care
unit (ICU) (1), many patients are being discharged with impaired
quality of life, and 30% have chronic pain attributed to the ICU
stay (2). However, no studies to our knowledge have identified
risk factors for increased opioid use during the ICU course. The
purpose of this study is to describe the use of opioids during an
ICU course after surgery and identify risk factors of increased
opioid use.

Methods: Data for this single center prospective observational
cohort was collected between 2012 and 2017 for the Michigan
Genomics Initiative (MGI). Inclusion criteria were: 1) Adults (age
> 18 years), 2) Had a procedure done at a University of Michigan
site, 3) Experienced an ICU admission within 24 hours after
surgery. Exclusion criteria were: 1) Language barrier, 2)
Cognitive impairment, 3) Current pregnancy, or 4) Death during
the ICU course. The database included baseline
sociodemographic, pain, mental and physical health
characteristics from a questionnaire completed prior to surgery.

Moder ate anxi ety and depression

PROMIS and HADS questionnaires. Preoperative opioid use
and oral morphine equivalents (OME) administered in the ICU
were collected from the electronic medical record. The primary
outcome variable was average daily OME use in the ICU.
Univariable and multivariable linear regressions were performed
to examine associations of baseline risk factors with average
daily OME in the ICU. Statistical analysis was conducted with
SPSS.

Results: A total of 2135 participants were included. Mean (SD)
age was 56 (15.2) years, 1097 (51%) were male, and 1023
(48%) were ASA Class lll. The mean (SD) ICU length of stay
was 2.5 (3.6) days. The most common type of surgery was
neurosurgical followed by cardiac and abdominal surgery.

Preoperative opioid use was noted in 25% of patients, and 26%
and 47% had preoperative depression and anxiety, respectively.
During the ICU stay, average OME use per day was 56 mg, and
66% of participants received opioids each ICU day (Graph 1).
Some of the strongest univariate predictors of increased opioid
use in the ICU were pre-surgery self-reported current tobacco
use (B=29.6, 95% CI 18.1-41.1, p<0.001), current/past alcohol
use (B=14.1, 95% CI 2.7-25.4, p=0.015), and current/past illicit
drug use (B=29.5, 95% CI 12.6-46.5, p=0.001). Other significant
univariate associations with increased ICU opioid use were
preoperative opioid use, major surgery, lower age, increased
anesthesia duration, depression, low life satisfaction, overall
pain, and centralized pain (Table 1). By multivariable linear
regression, preoperative opioid use, major surgery, age, and
anesthesia duration remained significantly associated with
opioid use in the ICU (Table 2).

Conclusion: Patient factors such as pre-existing tobacco use,
substance use, opioid use, and depression could help predict,
in addition to surgical factors, those who will be most at risk for
increased opioid use in the intensive care unit.
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n (%) unless
otherwise noted

95% Confidence

N=2135 Coefficient  p-value Interval R?

Male sex 1097 (51.4) 1.46 0.74 -7.18 10.10  0.007
Age in years (standard deviation) 56.44 (15.22) -0.99 <0.001 -1.27 -0.71 -0.15
Race
Caucasian (reference) 1966 (92.1)
African American 98 (4.6) 0.001 1.00 -20.64 20.65 0.001
Other 71 (3.3) -18.42 0.13 -42.51 5.68 -0.03
Insurance

Medicaid / Medicare (reference) 740 (34.7)

Private or other 948 (44.4) 1.41 0.78 -8.37 11.19 -0.01

Uninsured or unknown 740 (34.7) 11.00 0.07 -0.94 22.94 0.04
WHO Obesity Class*

Class 1 BMI <18.5 (reference) 27 (1.3)

Class 2 BMI 18.5-24.9 413 (19.3) -31.60 0.14 -73.42 1022  -0.03

Class 3 BMI 25.0-29.9 591 (27.7) -20.30 0.34 -61.73  21.14 0.03

Class 4 BMI 30.0-34.9 441 (20.7) -29.40 0.17 -71.14 1234  -0.02

Class 5 BMI 35.0-39.9 213 (10.0) -22.04 0.32 -55.05  20.97 0.01

Class 6 BMI >40.0 175 (8.2) -28.55 -0.20 -72.08 1498 -0.009
ASA Classification*

ASA | (reference) 23 (1.1)

ASA 525 (24.6) -5.71 0.80 -50.15  38.73 0.07

ASA I 1023 (47.9) -19.45 0.39 -63.44 2453  -0.03

ASA IV 324 (15.2) -28.51 0.21 -73.52 1651 -0.05
Major Surgery* 1602 (75.04) 26.84 <0.001 13.74  39.94 0.09
Surgical Service*

Neurosurgical (reference) 616 (28.85)

Cardiac surgery 349 (16.35) -7.00 0.31 -20.42 6.41 -0.07

Abdominal/Colorectal 262 (12.27) -9.42 0.21 -24.19 5.35 -0.07

Otolaryngology/Oral Maxillofacial 214 (10.02) 41.84 <0.001 25.95 57.73 0.11

Spine Surgery 175 (8.20) 91.88 <0.001 74.73 109.03 0.25

Plastic surgery 73 (3.42) -9.80 0.44 -34.58  14.99 -0.04

Thoracic 47 (2.20) 3.23 0.83 -27.07 33.54 -0.008

Other 165 (7.73) -16.34 0.07 -33.90 1.21 -0.07
ICU length of stay in days (Standard deviation) 2.51 (3.63) 1.11 0.07 -0.08 2.30 0.04
Anesthesia Duration in minutes (Standard deviation) 432.72 (180.93) 0.09 <0.001 0.06 0.11 0.14
Tobacco

Never (reference) 863 (40.4)

Current 463 (21.7) 29.60 <0.001 18.14  41.06 0.12

Former 789 (37.0) 0.04 0.99 -9.76 9.840 -0.05
Current or past Alcohol use* 1234 (57.8) 14.07 0.015 2.73 25.40 0.06
Current or past lllicit Drug Use 147 (6.9) 29.53 0.001 12.59 46.46 0.08
Preoperative opioid use 537 (25.2) 55.35 <0.001 45.25 65.44 0.24



Preoperative Survey questionnaire

Moderate Anxiety* 790 (37.0) 9.62 0.067 -0.66 19.89 0.05
Moderate Depression* 427 (20.0) 25.84 <0.001 14.09 37.58 0.11
Life Satisfaction Scale* (0 least to 10 most satisfied) 6.64 (2.68) -2.98 0.002 -4.86 -1.11 -0.08
Fibromayalgia Survey Score* (range 0-28) 6.04 (4.76) 2.81 <0.001 1.75 3.88 0.13
Brief Pain Inventory® (average of two overall body

pain items, O no pain to 10 worst pain) 3.02 (2.96) 8.31 <0.001 6.70 9.92 0.23
Pain Detect Neuropathic Pain Scale® (range -1 to 34) 6.50 (7.50) 1.75 <0.001 1.24 2.26 0.20

Bold test denotes statistical significance ofestst p<0.05
*10-15% of data missing
§15-20% of data missing
¥ 20-25% of data missing
°45-50% of data missing

Tablel: Univariate @sociations of sociodemographic and surgical factors with increased average daily oral morphine
equivalent use in the intensive care uriitie rsquared for each predictor is also displayed.
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Graph 1.Opioid administratiorover timein the ICU Darkgrey bars indicate number of participants who received an
opioid. Light grey bars indicate the total number of participants in the ICU.



Coefficient p-value 95.0% Confidence R?

Age -0.412 0.030 -0.78 -0.04 -0.08
Major Surgery* 18.94 0.014 3.90 33.98 0.15
Current smoker (vs never) 13.77 0.064 -0.80 28.34 0.15
Former smoker (vs never) 7.02 0.28 -5.69 19.72 -0.05
Alcohol use* 4.63 0.46 -7.62 16.875 0.06
History of lllicit drug use 2.01 0.85 -19.14 23.15 0.06
Anesthesia Duration 0.043 0.006 0.013 0.074 0.17
Preoperative opioid use 20.17 0.005 6.12 34.22 0.19
Moderate Depression* 5.03 0.50 -9.63 19.70 0.12
Moderate Anxiety* 4.31 0.49 -7.90 16.52 0.10
Life Satisfaction Scale* -0.55 0.62 -2.76 1.65 -0.10
Fibromayalgia Survey Score¥ -0.78 0.37 -2.48 0.92 0.10
Brief Pain Inventory$ 2.46 0.077 -2.534 5.18 0.15
Pain Detect Neuropathic Pain Scale® 0.004 0.99 -0.97 0.97 0.12

Bold test denotes statistical significance of at leastp05
*10-15% of data missing
§$15-20% of data missing
¥ 20-25% of data missing
"45-50% of data missing

Table 2: Multivariate associations of sociodemographic and surgical factors with increased average daily oral morphine
equivalent use in the intensive care unit. Theguared for each predictor is also displayed
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Introduction: Acute kidney injury (AKI) continues to be a major
clinical problem with health care costs of more than $10 billion
per year in the US (1). AKI due to renal ischemia and reperfusion
(IR) is a major cause of clinical AKI (2). Unfortunately, there is
no effective preventive therapy for AKI (2,3). We previously
showed that deletion of renal proximal tubular TLR9 protects
against renal IR injury in mice demonstrating a critical role for
renal proximal tubular TLR9 in generating ischemic AKI (4).
However, global delivery of TLR9 antagonist will target renal as
well as extrarenal cells and may have non-specific effects and
systemic side effects. One way to circumvent the confounding
effects of multiple organ targeting of drugs and less-than-
effective dosing problems is to devise a strategy to selectively
deliver or concentrate drugs in the kidney by renal-specific
delivery methods. Utilizing mesoscale nanoparticle (MNP)
technology, we developed an innovative and effective therapy
for ischemic AKI by selective kidney-targeted delivery of specific
TLR9 antagonist in mice subjected to renal IR injury.

Methods: Herein, we used ~300-400 nm polymer-based
mesoscale nanoparticles (MNP) that localize to the renal tubules
with >30-fold kidney selectivity after intravenous injection over
other organs (liver, heart, lung and spleen, Figure A) (5,6). In
our previous studies, we determined that peak MNP delivery to
the kidney occurs 3-6 hr after intravenous injection (5,6). After
Columbia University Institutional Animal Care and Use
Committee approval, C57BL/6 mice weighing 20-25g were
subjected to sham surgery or to 30 min renal ischemia and 24
hr reperfusion. Some mice received intravenous MNPs
encapsulating control oligodeoxynucleotides (ODN) or MNPs

encapsulating 3.25 o(aseléctive TLRY / k g

antagonist) 6 hr before renal ischemia. To test the renal
protective effects of delivering MNP ODNZ2088 after renal

ischemia, separate cohorts of

MNP-ODN2088 at the time of reperfusion or 1.5 hr after
reperfusion. Some mice received 5 mg/kg ODN2088 without
MNP (naked ODN2088) 6 hr before renal ischemia to test the
effects of global TLR9 antagonism against ischemic AKI. Data

were analyzed with Student's t-test, one-way ANOVA plus
Tukey's post hoc multiple comparison test or Manni Whitney
nonparametric U test to analyze renal injury scores. All data are
expressed as means * SEM.

Results: Mice treated with 3.25-6 . 5 ¢ g / -kngapsulatéd
TLR9 antagonist ODN2088 either 6 hr before renal ischemia, at

the time of reperfusion or 1.5 hr after reperfusion were protected
against ischemic AKI (Figure B). However, 5 mg/kg naked
ODN2088 failed to protect against ischemic AKI. ODN2088-
encapsulated MNP attenuated renal tubular necrosis (Renal
injury score of 3.5+0.13, N=6 for MNP encapsulating control
ODN vs. 1.5N0. 22, N=6 for MN P
ODN2088 given 6 hr before renal ischemia and 1.75+£0.11, N=6
for MNP encapsulating 6.5 €9g/kg
reperfusion, P<0.05), inflammation (decreased synthesis of pro-
inflammatory cytokines KC, IL-6, MCP-1, MIP-2and TNF-U) an d
apoptosis (decreased DNA fragmentation, caspase 3 and
caspase 8 activation) when compared to negative control ODN

MNP treated mice.

Conclusion: Taken together, we demonstrate in this study a
novel and innovative method to treat ischemic AKI using MNPs.
We show that selective renal tubular delivery of TLR9 antagonist
via MNP protects against ischemic AKI in mice. In contrast,
systemic administration of ~1000-fold higher dose of naked
ODN2088 failed to protect against ischemic AKI. Our study
suggests that kidney targeted MNP-mediated selective drug
delivery is an exciting method to treat AKI with improved
therapeutic specificity and potentially reduced systemic toxicity
by allowing lower drug dosage and reduced systemic side
effects.

Reference(s):

J Am Soc Nephrol 2005; 16: 3365-3370.
Anesthesiology 2015; 123: 1301-1311.
Br J Anaesth 2015; 114: 919-926.

J Immunol 2018; 201(3):1073-1085
Hypertension 2018; 71: 87-94.

Kidney Int 2016; 90: 740-745

ok wnNE

ODN20 88

mice were injected with 6.5 €9/ kg






