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Electroencephalographic (EEG) monitoring to indicate brain state during anesthesia
has become widely available. It remains unclear whether EEG-guided anesthesia
influences perioperative outcomes. The sixth Perioperative Quality Initiative (POQI-6)
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brought together an international team of multidisciplinary experts from
anesthesiology, biomedical engineering, neurology, and surgery to review the current
literature and to develop consensus recommendations on the utility of EEG
monitoring during anesthesia. We retrieved a total of 1023 articles addressing the use
of EEG monitoring during anesthesia and conducted meta-analyses from 15 trials to
determine the effect of EEG-guided anesthesia on the rate of unintentional awareness,
postoperative delirium, neurocognitive disorder, and long-term mortality after surgery.
After considering current evidence, the working group recommends that EEG
monitoring should be considered as part of the vital organ monitors to guide
anesthetic management. In addition, we encourage anesthesiologists to be
knowledgeable in basic EEG interpretation, such as raw waveform, spectrogram, and
processed indices, when using these devices. Current evidence suggests that
EEG-guided anesthesia reduces the rate of awareness during total intravenous
anesthesia and has similar efficacy in preventing awareness as compared with
end-tidal anesthetic gas monitoring. There is, however, insufficient evidence to
recommend the use of EEG monitoring for preventing postoperative delirium,
neurocognitive disorder, or postoperative mortality.
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BACKGROUND: Acute hypotensive episodes (AHE), defined as a drop in the mean
arterial pressure (MAP) <65 mm Hg lasting at least 5 consecutive minutes, are among
the most critical events in the intensive care unit (ICU). They are known to be
associated with adverse outcome in critically ill patients. AHE prediction is of prime
interest because it could allow for treatment adjustment to predict or shorten AHE.
METHODS: The Super Learner (SL) algorithm is an ensemble machine-learning
algorithm that we specifically trained to predict an AHE 10 minutes in advance.
Potential predictors included age, sex, type of care unit, severity scores, and
time-evolving characteristics such as mechanical ventilation, vasopressors, or sedation
medication as well as features extracted from physiological signals: heart rate, pulse
oximetry, and arterial blood pressure. The algorithm was trained on the Medical
Information Mart for Intensive Care dataset (MIMIC 1) database. Internal validation
was based on the area under the receiver operating characteristic curve (AUROC) and
the Brier score (BS). External validation was performed using an external dataset
from Lariboisiere hospital, Paris, France.

RESULTS: Among 1151 patients included, 826 (72%) patients had at least 1 AHE
during their ICU stay. Using 1 single random period per patient, the SL algorithm
with Haar wavelets transform preprocessing was associated with an AUROC of 0.929



(95% confidence interval [CI], 0.899-0.958) and a BS of 0.08. Using all available
periods for each patient, SL with Haar wavelets transform preprocessing was
associated with an AUROC of 0.890 (95% CI, 0.886-0.895) and a BS of 0.11. In the
external validation cohort, the AUROC reached 0.884 (95% CI, 0.775-0.993) with 1
random period per patient and 0.889 (0.768-1) with all available periods and BSs
<0.1.

CONCLUSIONS: The SL algorithm exhibits good performance for the prediction of
an AHE 10 minutes ahead of time. It allows an efficient, robust, and rapid evaluation
of the risk of hypotension that opens the way to routine use.
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BACKGROUND: Predictive analytics systems may improve perioperative care by
enhancing preparation for, recognition of, and response to high-risk clinical events.
Bradycardia is a fairly common and unpredictable clinical event with many causes; it
may be benign or become associated with hypotension requiring aggressive treatment.
Our aim was to build models to predict the occurrence of clinically significant
intraoperative bradycardia at 3 time points during an operative course by utilizing
available preoperative electronic medical record and intraoperative anesthesia
information management system data.

METHODS: The analyzed data include 62,182 scheduled noncardiac procedures
performed at the University of Washington Medical Center between 2012 and 2017.
The clinical event was defined as severe bradycardia (heart rate <50 beats per minute)
followed by hypotension (mean arterial pressure <55 mm Hg) within a 10-minute
window. We developed models to predict the presence of at least 1 event following 3
time points: induction of anesthesia (TP1), start of the procedure (TP2), and 30
minutes after the start of the procedure (TP3). Predictor variables were based on data
available before each time point and included preoperative patient and procedure data
(TP1), followed by intraoperative minute-to-minute patient monitor, ventilator,
intravenous fluid, infusion, and bolus medication data (TP2 and TP3).
Machine-learning and logistic regression models were developed, and their predictive
abilities were evaluated using the area under the ROC curve (AUC). The contribution
of the input variables to the models were evaluated.



RESULTS: The number of events was 3498 (5.6%) after TP1, 2404 (3.9%) after TP2,
and 1066 (1.7%) after TP3. Heart rate was the strongest predictor for events after TP1.
Occurrence of a previous event, mean heart rate, and mean pulse rates before TP2
were the strongest predictor for events after TP2. Occurrence of a previous event,
mean heart rate, mean pulse rates before TP2 (and their interaction), and 15-minute
slopes in heart rate and blood pressure before TP2 were the strongest predictors for
events after TP3. The best performing machine-learning models including all cases
produced an AUC of 0.81 (TP1), 0.87 (TP2), and 0.89 (TP3) with positive predictive
values of 0.30, 0.29, and 0.15 at 95% specificity, respectively.

CONCLUSIONS: We developed models to predict unstable bradycardia leveraging
preoperative and real-time intraoperative data. Our study demonstrates how predictive
models may be utilized to predict clinical events across multiple time intervals, with a
future goal of developing real-time, intraoperative, decision support.
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BACKGROUND: Cardiovascular waveforms contain information for clinical
diagnosis. By learning and organizing the subtle change of waveform morphology
from large amounts of raw waveform data, unsupervised manifold learning helps
delineate a high-dimensional structure and display it as a novel 3-dimensional (3D)
image. We hypothesize that the shape of this structure conveys clinically relevant
inner dynamics information.

METHODS: To validate this hypothesis, we investigate the electrocardiography
(ECG) waveform for ischemic heart disease and arterial blood pressure (ABP)
waveform in dynamic vasoactive episodes. We model each beat or pulse to be a point
lying on a manifold-like a surface-and use the diffusion map (DMap) to establish the
relationship among those pulses. The output of the DMap is converted to a 3D image
for visualization. For ECG datasets, first we analyzed the non-ST-elevation ECG
waveform distribution from unstable angina to healthy control in the 3D image, and
we investigated intraoperative ST-elevation ECG waveforms to show the dynamic
ECG waveform changes. For ABP datasets, we analyzed waveforms collected under
endotracheal intubation and administration of vasodilator. To quantify the dynamic
separation, we applied the support vector machine (SVM) analysis and reported the
total accuracy and macro-F1 score. We further performed the trajectory analysis and



derived the moving direction of successive beats (or pulses) as vectors in the
high-dimensional space.

RESULTS: For the non-ST-elevation ECG, a hierarchical tree structure comprising
consecutive ECG waveforms spanning from unstable angina to healthy control is
presented in the 3D image (accuracy = 97.6%, macro-F1 = 96.1%). The DMap helps
quantify and visualize the evolving direction of intraoperative ST-elevation
myocardial episode in a 1-hour period (accuracy = 97.58%, macro-F1 = 96.06%). The
ABP waveform analysis of Nicardipine administration shows interindividual
difference (accuracy = 95.01%, macro-F1 = 96.9%) and their common directions
from intraindividual moving trajectories. The dynamic change of the ABP waveform
during endotracheal intubation shows a loop-like trajectory structure, which can be
further divided using the manifold learning knowledge obtained from Nicardipine.
CONCLUSIONS: The DMap and the generated 3D image of ECG or ABP
waveforms provides clinically relevant inner dynamics information. It provides clues
of acute coronary syndrome diagnosis, shows clinical course in myocardial ischemic
episode, and reveals underneath physiological mechanism under stress or
vasodilators.
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The need to reduce the dose of intravenous anesthetic in the setting of hemorrhagic
shock is a well-established clinical dogma. Considered collectively, the body of
information concerning the behavior of intravenous anesthetics during hemorrhagic
shock, drawn from animal and human data, confirms that clinical dogma and informs
the rational selection and administration of intravenous anesthetics in the setting of
hemorrhagic shock. The physiologic changes during hemorrhagic shock can alter
pharmacokinetics and pharmacodynamics of intravenous anesthetics. Decreased size
of the central compartment and central clearance caused by shock physiology lead to
an altered dose-concentration relationship. For most agents and adjuncts, shock leads
to substantially higher concentrations and increased effect. The notable exception is
etomidate, which has relatively unchanged pharmacokinetics during shock. Increased
concentrations lead to increased primary effect as well as increased side effects
notably cardiovascular effects. Pharmacokinetic changes are essentially reversed for
all agents by fluid resuscitation. Propofol is unique among agents in that, in addition
to the pharmacokinetic changes, it exhibits increased potency during shock. The
pharmacodynamic changes of propofol persist despite fluid resuscitation. The
persistence of these pharmacodynamic changes during shock is unlikely to be due to
increased endogenous opiates, but is most likely due to increased fraction of unbound
propofol. The stage of shock also appears to influence the pharmacologic changes.
The changes are more rapid and pronounced as shock physiology progresses to the
uncompensated stage. Although scant, human data corroborate the findings of animal
studies. Both the animal and human data inform the rational selection and
administration of intravenous anesthetics in the setting of hemorrhagic shock. The
well-entrenched clinical dogma that etomidate is a preferred induction agent in
patients experiencing hemorrhagic shock is firmly supported by the evidence.
Propofol is a poor choice for induction or maintenance of anesthesia in severely



bleeding patients, even with resuscitation; this can include emergent trauma cases or
scheduled cases that routinely have mild or moderate blood loss.
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Ophthalmic pediatric regional anesthesia has been widely described, but infrequently
used. This review summarizes the available evidence supporting the use of conduction
anesthesia in pediatric ophthalmic surgery. Key anatomic differences in axial length,
intraocular pressure, and available orbital space between young children and adults
impact conduct of ophthalmic regional anesthesia. The eye is near adult size at birth
and completes its growth rapidly while the orbit does not. This results in significantly
diminished extraocular orbital volumes for local anesthetic deposition. Needle-based
blocks are categorized by relation of the needle to the extraocular muscle cone (ie,
intraconal or extraconal) and in the cannula-based block, by description of the
potential space deep to the Tenon capsule. In children, blocks are placed after
induction of anesthesia by a pediatric anesthesiologist or ophthalmologist, via
anatomic landmarks or under ultrasonography. Ocular conduction anesthesia confers
several advantages for eye surgery including analgesia, akinesia, ablation of the
oculocardiac reflex, and reduction of postoperative nausea and vomiting. Short (16
mm), blunt-tip needles are preferred because of altered globe-to-orbit ratios in
children. Soft-tip cannulae of varying length have been demonstrated as safe in
sub-Tenon blockade. Ultrasound technology facilitates direct, real-time visualization
of needle position and local anesthetic spread and reduces inadvertent intraconal
needle placement. The developing eye is vulnerable to thermal and mechanical insults,
so ocular-rated transducers are mandated. The adjuvant hyaluronidase improves
ocular akinesia, decreases local anesthetic dosage requirements, and improves initial
block success; meanwhile, dexmedetomidine increases local anesthetic potency and
prolongs duration of analgesia without an increase in adverse events. Intraconal
blockade is a relative contraindication in neonates and infants, retinoblastoma surgery,
and in the presence of posterior staphylomas and buphthalmos. Specific
considerations include pertinent pediatric ophthalmologic topics, block placement in
the syndromic child, and potential adverse effects associated with each technique.
Recommendations based on our experience at a busy academic ophthalmologic
tertiary referral center are provided.
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BACKGROUND: Mechanical ventilation with low tidal volumes appears to provide
benefit in patients having noncardiac surgery; however, whether it is beneficial in
patients having cardiac surgery is unclear.

METHODS: We retrospectively examined patients having elective cardiac surgery
requiring cardiopulmonary bypass through a median sternotomy approach who
received mechanical ventilation with a single lumen endotracheal tube from January



2010 to mid-August 2016. Time-weighted average tidal volume (milliliter per
kilogram predicted body weight [PBW]) during the duration of surgery excluding
cardiopulmonary bypass was analyzed. The association between tidal volumes and
postoperative oxygenation (measured by arterial partial pressure of oxygen
(PaO2)/fraction of inspired oxygen ratio [PaO2/FIO2]), impaired oxygenation
(PaO2/F102 <300), and clinical outcomes were examined.

RESULTS: Of 9359 cardiac surgical patients, larger tidal volumes were associated
with slightly worse postoperative oxygenation. Postoperative PaO2/FI02 decreased
an estimated 1.05% per 1 mL/kg PBW increase in tidal volume (97.5% confidence
interval [Cl], -1.74 to -0.37; PBon = .0005). An increase in intraoperative tidal
volumes was also associated with increased odds of impaired oxygenation (odds ratio
[OR; 97.5% CI]: 1.08 [1.02-1.14] per 1 mL/kg PBW increase in tidal volume; PBon
= .0029), slightly longer intubation time (5% per 1 mL/kg increase in tidal volume
(hazard ratio [98.33% CI], 0.95 [0.93-0.98] per 1 mL/kg PBW; PBon < .0001), and
increased mortality (OR [98.33% CI], 1.34 [1.06-1.70] per 1 mL/kg PBW increase in
tidal volume; PHolm = .0144). An increase in intraoperative tidal volumes was also
associated with acute postoperative respiratory failure (OR [98.33% CI], 1.16
[1.03-1.32] per 1 mL/kg PBW increase in tidal volume; PHolm = .0146), but not other
pulmonary complications.

CONCLUSIONS: Lower time-weighted average intraoperative tidal volumes were
associated with a very modest improvement in postoperative oxygenation in patients
having cardiac surgery.
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BACKGROUND: Vancomycin is used for antibiotic prophylaxis in pediatric surgical
patients without a complete understanding of plasma and soft-tissue pharmacokinetics.
Guidelines recommend incision within 60 minutes after administration; however,
tissue vancomycin concentrations at that early time may not be therapeutic. We
conducted a study of plasma and skin concentrations in pediatric neurosurgical and
orthopedic patients to characterize intraoperative vancomycin pharmacokinetics.
METHODS: Patients (0.1-18.8 years of age) undergoing posterior spinal fusion (n =
30) or ventriculoperitoneal shunt placement (n = 30) received intravenous
vancomycin 15 mg/kg (maximum 1000 mg) over 1 hour. Skin was biopsied at
incision and skin closure. Blood samples were collected at incision, at 2 and 4 hours
intraoperatively, and at closure. Population pharmacokinetic analysis was performed
to characterize pharmacokinetic parameter estimates and to develop a model of
intraoperative plasma and skin vancomycin concentrations versus time.

RESULTS: Pharmacokinetic analysis included data from 59 subjects, 130 plasma
samples, and 107 skin samples. A 2-compartment model, volume of the central (\Vc)
and volume of the peripheral compartment (V2), proved to have the best fit. Stepwise
covariate selection yielded a significant relationship for body surface area on
elimination clearance and body weight on V2. Skin vancomycin concentrations rose
continuously during surgery. Modeling predicted that equilibration of skin and plasma
vancomycin concentrations took =5 hours.



CONCLUSIONS: Skin vancomycin concentrations immediately after a preoperative
dose are relatively low compared with concentrations at the end of surgery. It may be
advisable to extend the time between dose and incision if higher skin concentrations
are desired at the start of surgery.
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Background: Opioid-induced respiratory depression (OIRD) is traditionally
recognized by assessment of respiratory rate, arterial oxygen saturation, end-tidal
CO2, and mental status. Although an irregular or ataxic breathing pattern is widely
recognized as a manifestation of opioid effects, there is no standardized method for
assessing ataxic breathing severity. The purpose of this study was to explore using a
machine-learning algorithm for quantifying the severity of opioid-induced ataxic
breathing. We hypothesized that domain experts would have high interrater agreement
with each other and that a machine-learning algorithm would have high interrater
agreement with the domain experts for ataxic breathing severity assessment.
Methods: We administered target-controlled infusions of propofol and remifentanil to
26 healthy volunteers to simulate light sleep and OIRD. Respiration data were
collected from respiratory inductance plethysmography (RIP) bands and an intranasal
pressure transducer. Three domain experts quantified the severity of ataxic breathing
in accordance with a visual scoring template. The Krippendorff alpha, which reports
the extent of interrater agreement among N raters, was used to assess agreement
among the 3 domain experts. A multiclass support vector machine (SVM) was trained
on a subset of the domain expert-labeled data and then used to quantify ataxic
breathing severity on the remaining data. The Vanbelle kappa was used to assess the
interrater agreement of the machine-learning algorithm with the grouped domain
experts. The Vanbelle kappa expands on the Krippendorff alpha by isolating a single
rater-in this case, the machine-learning algorithm-and comparing it to a group of
raters. Acceptance criteria for both statistical measures were set at >0.8. The SVM
was trained and tested using 2 sensor inputs for the breath marks: RIP and intranasal
pressure.

Results: Krippendorff alpha was 0.93 (95% confidence interval [CI], 0.91-0.95) for
the 3 domain experts. Vanbelle kappa was 0.98 (95% CI, 0.96-0.99) for the RIP SVM
and 0.96 (0.92-0.98) for the intranasal pressure SVM compared to the domain experts.



Conclusions: We concluded it may be feasible for a machine-learning algorithm to
quantify ataxic breathing severity in a manner consistent with a panel of domain
experts. This methodology may be helpful in conjunction with traditional measures to
identify patients experiencing OIRD.

B FHHEm B PSR TRYT - 2EEE

Perioperative Anemia: Prevention, Diagnosis, and Management Throughout the
Spectrum of Perioperative Care
Warner, Matthew A. MD""; Shore-Lesserson, Linda MD™*; Shander, Aryeh MD'*:;

Patel, Sephalie Y. MD"; Perelman, Seth I. MD"™': Guinn, Nicole R. MD"*
Anesthesia & Analgesia: 2020 130 1364-1380

MR TIHRE & I B EEHREAR - HFEEAE - &I F 2
% > EEMALE A K NEEIAWEMEIEAY/KEE - AERYE - SRR i
AV ACAEERS T REPRAVRR LR - A BB a8 BRI VB A 2R e 73 TR
TR A A SRS - @8 CAEHR T AREH T lopr I E& mAvE:s - 55
BB A E I RS AR TR B SEAY &R D - BEAN - A (RS i 2
BV © FHRC R E H (18 8] T~ flo S B o R B S Y I TR - A2
{7 o] {18 [ T Pl S8 M 3l S8 o BB e o 1 B RS O B S - B TR
TR ANV ES R S - BRI e (e AL A & (ESA) HY
M-
(RIREEE B - BEREERY)

Anemia is common in the perioperative period and is associated with poor patient
outcomes. Remarkably, anemia is frequently ignored until hemoglobin levels drop
low enough to warrant a red blood cell transfusion. This simplified transfusion-based
approach has unfortunately shifted clinical focus away from strategies to adequately
prevent, diagnose, and treat anemia through direct management of the underlying
cause(s). While recommendations have been published for the treatment of anemia
before elective surgery, information regarding the design and implementation of
evidence-based anemia management strategies is sparse. Moreover, anemia is not
solely a concern of the preoperative encounter. Rather, anemia must be actively
addressed throughout the perioperative spectrum of patient care. This article provides
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practical information regarding the implementation of anemia management strategies
in surgical patients throughout the perioperative period. This includes evidence-based
recommendations for the prevention, diagnosis, and treatment of anemia, including
the utility of iron supplementation and erythropoiesis-stimulating agents (ESAS).
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Background: The ventilation/perfusion mismatch in chronic obstructive pulmonary
disease (COPD) patients can exacerbate cardiac function as well as pulmonary
oxygenation. We hypothesized that inhaled iloprost can ameliorate pulmonary
oxygenation with lung mechanics and myocardial function during one-lung

ventilation (OLV) in COPD patients combined with poor lung oxygenation.

Methods: A total of 40 patients with moderate to severe COPD, who exhibited the
ratio of partial pressure of arterial oxygen to the fraction of inspired oxygen
(PaO2/F102) <150 mm Hg 30 minutes after initiating OLV, were enrolled in this study.
Patients were randomly allocated into either ILO group (n = 20) or Control group (n =
20), in which iloprost (20 pug) and saline were inhaled, respectively. The PaO2/FIO2
ratio, dead space, dynamic compliance, and tissue Doppler imaging with myocardial
performance index (MPI) were assessed 30 minutes after initiating OLV (pre-Tx) and
30 minutes after completion of drug inhalation (post-Tx). Repeated variables were
analyzed using a linear mixed-model between the groups.

Results: At pre-Tx, no differences were observed in measured parameters between

the groups. At post-Tx, PaO2/FI02 ratio (P <.001) and dynamic compliance (P =.023)
were significantly higher and dead space ventilation was significantly lower (P =.001)
in iloprost group (ILO group) compared to Control group. Left (P =.003) and right
ventricular MPIs (P < .001) significantly decreased in ILO group compared to Control
group.

Conclusions: Inhaled iloprost improved pulmonary oxygenation, lung mechanics, and
cardiac function simultaneously during OLV in COPD patients with poor lung
oxygenation.
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BACKGROUND: Reimbursement for anesthesia services has been shifting from a
fee-for-service model to a value-based model that ties payment to quality metrics. The
Centers for Medicare & Medicaid Service's (CMS) value-based payment program
includes a quality measure for perioperative temperature management (Measure #424,
Perioperative Temperature Management). Compliance may impose new challenges in
clinical practice, data collection, and reporting. We investigated the impact of an
electronic decision-support tool on adherence to this emerging standard.

METHODS: In this retrospective observational study, perioperative temperature data
were collected from cases eligible for reporting this measure to CMS from a single
academic medical center before and after the implementation of an electronic



decision-support tool that prompted temperature measurement and maintenance of
normothermia. Proportions of measure compliance were assessed using segmented
regression analysis. Proportions of intraoperative temperature measurement were also
assessed, and multivariable logistic regression was performed to assess the association
between patient and surgical factors and measure compliance.

RESULTS: A total of 24,755 cases eligible for reporting in 2017 were assessed, and
25,274 cases from 2016 were included as an extended baseline. Segmented
time-series regression did not show a significant baseline trend in measure
compliance. Introduction of the alerts was associated with an increase in overall
compliance from 84.4% (95% confidence interval [Cl], 83.6%-85.2%) to 92.4%
(91.4%-93.4%), and an increase in intraoperative compliance from 26.8%
(25.8%-27.8%) to 71.0% (69.6%-72.4%). The association between the alerts and
overall compliance was also present on multivariable analysis.

CONCLUSIONS: Implementation of an intraoperative decision-support tool was
associated with statistically significant improvement in the maintenance of
normothermia in cases eligible for reporting to CMS. This led to improved
compliance with Measure #424 and suggests that electronic alerts can help practices
improve their performance and payment bonus eligibility.
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BACKGROUND: Brain monitors tracking quantitative brain activities from
electroencephalogram (EEG) to predict hypnotic levels have been proposed as a
labor-saving alternative to behavioral assessments. Expensive clinical trials are
required to validate any newly developed processed EEG monitor for every drug and
combinations of drugs due to drug-specific EEG patterns. There is a need for an
alternative, efficient, and economical method.

METHODS: Using deep learning algorithms, we developed a novel data-repurposing
framework to predict hypnotic levels from sleep brain rhythms. We used an online
large sleep data set (5723 clinical EEGs) for training the deep learning algorithm and
a clinical trial hypnotic data set (30 EEGSs) for testing during dexmedetomidine
infusion. Model performance was evaluated using accuracy and the area under the
receiver operator characteristic curve (AUC).

RESULTS: The deep learning model (a combination of a convolutional neural
network and long short-term memory units) trained on sleep EEG predicted deep
hypnotic level with an accuracy (95% confidence interval [CI]) = 81 (79.2-88.3)%,
AUC (95% CI) = 0.89 (0.82-0.94) using dexmedetomidine as a prototype drug. We
also demonstrate that EEG patterns during dexmedetomidine-induced deep hypnotic
level are homologous to nonrapid eye movement stage 3 EEG sleep.
CONCLUSIONS: We propose a novel method to develop hypnotic level monitors
using large sleep EEG data, deep learning, and a data-repurposing approach, and for
optimizing such a system for monitoring any given individual. We provide a novel



data-repurposing framework to predict hypnosis levels using sleep EEG, eliminating
the need for new clinical trials to develop hypnosis level monitors.

BIRTT LIRS MR RIS i h B R e S S NBUR ER &

.Impact of Intraoperative Cell Salvage on Blood Coagulation Factor
Concentrations in Patients Undergoing Cardiac Surgery

Adam, Elisabeth H. MD"; Funke, Moritz MD"; Zacharowski, Kai MD, PhD, ML,
FRCA": Meybohm, Patrick MD"; Keller, Harald CCP'; Weber, Christian F. MD"**
Anesthesia & Analgesia: 2020 130 1389-1395

B OB NI E B o R BRI [FI R S S R e AL AR E - By T EcKIR
JEE e/ D[] el SRR AL 4 AR i - fi o B G e s o ARG PR A 24
SEIARTFEHY H BYE Rl B A Bl seim N ey 22 -

Tk - WHE— R A B R — T ATIE M B T OB T A IR E T > 85 T 30
AT QO T AT Y S8 < 16 B R B 2 e Y Gt (- A SR A B A Y AT AR
Ry RS T B MR A - A2 MRS 18 B S Sl S B 2 ARl 2 1%
BP0 RIS T AR NS ~ dRAEE IR ~ FrstiESRT von Willebrand (NS
PELLURCRRIE - A6{sE ) Wilcoxon Lt sk iz T aeat 04

&R - RMEREUR > BEFE RSN EAREVEEAAEE - EEEEAYET
AMRERAE R P A AE SR R (P<.001) ~ i [AEL 11(P=.004) ~ ZeinNE VI~ X

XI(P<.001)A1H A ffr 2 I S HY B L PN BUR B S P B E T -

&m © AHTFERVEEREI o B AG A F AR B (o e N RS N MR
FfE - I > B R BRI HA KRB LR ZVES  BEFESREE
HY A LRE B

(EHFFEE 758 - BERAIRD)

BACKGROUND: Cardiothoracic surgery is associated with major blood loss and
allogeneic transfusion of red blood cell concentrates. To minimize allogeneic red
blood cell (RBC) transfusion, intraoperative cell salvage has been effectively used for
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years. The objective of this study was to evaluate the impact of cell salvage on blood
coagulation factors.

METHODS: We enrolled 30 patients scheduled for cardiac surgery in a prospective
single-center observational cohort study at an academic hospital. Blood samples from
the cell salvage system were obtained from both the reservoir and the processed red
blood cell concentrate. Coagulation factors, fibrinogen, antithrombin and von
Willebrand activity, and antigen were assessed before and after cell salvage. Statistical
analysis was performed using Wilcoxon matched-pairs signed rank test.

RESULTS: Our results revealed a significant decrease of fibrinogen (P < .001),
coagulation factors Il (P = .004), factors VII, X, and XIII (P <.001), and all other
measured coagulation factor concentrations/activities in the processed red blood cell
concentrate, when compared to the concentrations/activities of the reservoir.
CONCLUSIONS: The results of the present study revealed a significant reduction of
coagulation factor concentrations/activities by the washing process. Therefore,
physicians need to consider adequate management of coagulation in patients with
major blood loss and the need of large volumes of RBC transfusion.
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Idiopathic achalasia is a motility disorder of the esophagus with important
implications on anesthesia and periprocedural management. As new and more
complex treatment options develop, anesthesiologists are increasingly involved with
these patients. The cardinal symptoms of achalasia are as follows: dysphagia,
regurgitation, chest pain, and weight loss. Achalasia is also associated with an
increased risk of aspiration. Patients are frequently treated by endoscopic botulinum
toxin injections, pneumatic dilation of the lower esophageal sphincter, laparoscopic
Heller myotomy, or peroral endoscopic myotomy (POEM). The POEM procedure is
based on the concept of “natural orifice transluminal endoscopic surgery.” Because
the integrity of the esophageal wall is deliberately interrupted during POEM, the
mediastinum and the peritoneal cavity may be exposed. Thus, the insufflated carbon
dioxide frequently causes hypercapnia, tension capnoperitoneum, capnomediastinum,
or pneumothoraces. An interdisciplinary team, skilled in diagnostics and emergency
measures such as therapeutic hyperventilation, percutaneous abdominal needle
decompression, or pleural drainage, is essential for the successful periprocedural
management of POEM. POEM is one endoscopic procedure that requires general
anesthesia. But neither anesthesia-specific care algorithms nor evidence-based
recommendations are currently available for these patients. Because institutional
experience varies broadly across the globe, this review examines anesthesia
recommendations and perioperative management of POEM procedures based on 7
retrospective case series, 1 prospective study, and our personal experience.
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BACKGROUND: This pilot study investigated the effect of sufentanil titration by 3
different analgesia monitoring devices or clinical signs during general anesthesia.
METHODS: Forty-eight patients undergoing radical retropubic prostatectomy with
sevoflurane/sufentanil anesthesia were randomly assigned into 4 groups and received
sufentanil guided either by 1 of 3 analgesia monitoring devices (Surgical Pleth Index
[SPI], Pupillary Pain Index [PPI], Nociception Level [NoL]) or by clinical judgment
(control). The primary end point was intraoperative sufentanil consumption.
Adrenocorticotropic hormone (ACTH) and cortisol were measured at 4 time points
during the day of surgery. Data were analyzed by Kruskal-Wallis and Mann—
Whitney U tests and by mixed model and area under the curve (AUC) analyses for
group comparisons and time effects of stress hormones.

RESULTS: The total amount of sufentanil administration (ug-kg—1-minute—1-10—3)
differed between the groups (median [quartiles]: control = 5.6 [4.4-6.4], SPI =7.2
[4.8-8.4], PPI = 2.0 [1.8-2.9], NoL = 3.8 [3.3-5.1]; PPI versus SPI, -5.1 [-6.6 to
—1.3], P <.001; NoL versus SPI, —3.0 [-5.2 to 0.2], P =.024; control versus SPI, —1.6
[-3.7t0 1.7], P = .128; NoL versus PPI, 1.7 [0.6-3.4], P < .001; control versus PPI,
3.4 [2.0-4.6], P <.001; control versus NoL, 1.6 [-0.2 to 3.3], P =.017) (Hodges—
Lehmann estimator [99% confidence interval {CI}], Pvalues). The AUC analysis
indicated differences among groups in cumulative ACTH levels (ng-liter—1 -minute,
natural logarithm (In)-transformed data) of NoL versus PPI (=1.079 [-1.950 to
—0.208], P =.001) and PPI versus SPI (1.192 [0.317-2.068], P=.001), as well as
differences in cortisol levels (ug-liter—1-minute) for PPI versus SPI (46,710 [21,145-
72,274], P<.001), NoL versus SPI (27,645 [3163-52,126], P = .003), and control
versus SPI (31,824 [6974-56,675], P = .001) (differences in means [99% CI], P value).
Secondary end points (postoperative recovery, pain level, and analgesia medication)
showed no differences.

CONCLUSIONS: The type of analgesia nociception monitoring affected the total
amount of sufentanil administered. Lower sufentanil doses in the PPI group were
associated with an increased endocrine stress response. Titration by SPI caused no
opioid reduction compared to the control but was associated with a reduced endocrine
stress response.
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Autonomous Systems in Anesthesia: Where Do We Stand in 2020? A Narrative Review
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As most of us are aware, almost every facet of our society is becoming, for better
or worse, progressively more technology—dependent. Technological advancement has
made autonomous systems, also known as robots, an integral part of our life in several
fields, including medicine. The application of robots in anesthesia could be
classified into 3 types of robots. The first ones are pharmacological robots. These
robots are based on closed—loop systems that allow better—individualized anesthetic
drug titration for optimal homeostasis during general anesthesia and sedation.
Recent evidence also demonstrates that autonomous systems could control hemodynamic
parameters proficiently outperforming manual control in the operating room. The
second type of robot is mechanical. They enable automated motorized reproduction
of tasks requiring high manual dexterity level. Such robots have been advocated to
be more accurate than humans and, thus, could be safer for the patient. The third
type is a cognitive robot also known as decision support system. This type of robot
is able to recognize crucial clinical situation that requires human intervention.
When these events occur, the system notifies the attending clinician, describes
relevant related clinical observations, proposes pertinent therapeutic options and,
when allowed by the attending clinician, may even administer treatment. It seems
that cognitive robots could increase patients’ safety. Robots in anesthesia offer
not only the possibility to free the attending clinicians from repetitive tasks but
can also reduce mental workload allowing them to focus on tasks that require human
intelligence such as analytical and clinical approach, lifesaving decision—making
capacity, and interpersonal interaction. Nevertheless, further studies have yet to

be done to test the combination of these 3 types of robots to maintain simultaneously



the homeostasis of multiple biological variables and to test the safety of such

combination on a large—scale population.
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Parsimony of Hemodynamic Monitoring Data Sufficient for the Detection of Hemorrhage
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Background: Individualized hemodynamic monitoring approaches are not well validated
Thus, we evaluated the discriminative performance improvement that might occur when
moving from noninvasive monitoring (NIM) to invasive monitoring and with increasing
levels of featurization associated with increasing sampling frequency and
referencing to a stable baseline to identify bleeding during surgery in a porcine
model.
Methods: We collected physiologic waveform (WF) data (250 Hz) from NIM, central
venous (CVC), arterial (ART), and pulmonary arterial (PAC) catheters, plus mixed
venous 02 saturation and cardiac output from 38 anesthetized Yorkshire pigs bled
at 20 mL/min until a mean arterial pressure of 30 mm Hg following a 30-minute baseline
period. Prebleed physiologic data defined a personal stable baseline for each

subject independently. Nested models were evaluated using simple hemodynamic



metrics (SM) averaged over 20-second windows and sampled every minute, beat to beat
(B2B), and WF using Random Forest Classification models to identify bleeding with
or without normalization to personal stable baseline, using a leave—one—pig—out
cross—validation to minimize model overfitting. Model hyperparameters were tuned
to detect stable or bleeding states. Bleeding models were compared use both each
subject’ s personal baseline and a grouped—-average (universal) baseline. Timeliness
of bleed onset detection was evaluated by comparing the tradeoff between a low
false—positive rate (FPR) and shortest time to bleed detection. Predictive
performance was evaluated using a variant of the receiver operating characteristic
focusing on minimizing FPR and false—negative rates (FNR) for true—positive and
true—negative rates, respectively

Results: In general, referencing models to a personal baseline resulted in better
bleed detection performance for all catheters than using universal baselined data.
Increasing granularity from SM to B2B and WF progressively improved bleeding
detection. All invasive monitoring outperformed NIM for both time to bleeding
detection and low FPR and FNR. In that regard, when referenced to personal baseline
with SM analysis, PAC and ART + PAC performed best; for B2B CVC, PAC and ART + PAC
performed best; and for WF PAC, CVC, ART + CVC, and ART + PAC performed equally well
and better than other monitoring approaches. Without personal baseline, NIM
performed poorly at all levels, while all catheters performed similarly for SM, with
B2B PAC and ART + PAC performing the best, and for WF PAC, ART, ART + CVC, and ART
+ PAC performed equally well and better than the other monitoring approaches
Conclusions: Increasing hemodynamic monitoring featurization by increasing
sampling frequency and referencing to personal baseline markedly improves the

ability of invasive monitoring to detect bleed
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Early Detection of Heart Failure With Reduced Ejection Fraction Using Perioperative
Data Among Noncardiac Surgical Patients: A Machine—-Learning Approach
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Background: Heart failure with reduced ejection fraction (HFrEF) is a condition
imposing significant health care burden. Given its syndromic nature and often
insidious onset, the diagnosis may not be made until clinical manifestations prompt
further evaluation. Detecting HFrEF in precursor stages could allow for early
initiation of treatments to modify disease progression. Granular data collected
during the perioperative period may represent an underutilized method for improving
the diagnosis of HFrEF. We hypothesized that patients ultimately diagnosed with
HFrEF following surgery can be identified via machine—learning approaches using pre—
and intraoperative data.

Methods: Perioperative data were reviewed from adult patients undergoing general
anesthesia for major surgical procedures at an academic quaternary care center
between 2010 and 2016. Patients with known HFrEF, heart failure with preserved
ejection fraction, preoperative critical illness, or undergoing cardiac, cardiology,
or electrophysiologic procedures were excluded. Patients were classified as healthy
controls or undiagnosed HFrEF. Undiagnosed HFrEF was defined as lacking a HFrEF
diagnosis preoperatively but establishing a diagnosis within 730 days
postoperatively. Undiagnosed HFrEF patients were adjudicated by expert clinician
review, excluding cases for which HFrEF was secondary to a perioperative triggering
event, or any event not associated with HFrEF natural disease progression.
Machine—learning models, including L1 regularized logistic regression, random
forest, and extreme gradient boosting were developed to detect undiagnosed HFrEF,
using perioperative data including 628 preoperative and 1195 intraoperative
features. Training/validation and test datasets were used with parameter tuning.
Test set model performance was evaluated using area under the receiver operating
characteristic curve (AUROC), positive predictive value, and other standard
metrics.

Results: Among 67, 697 cases analyzed, 279 (0.41%) patients had undiagnosed HFrEF.
The AUROC for the logistic regression model was 0.869 (95% confidence interval,
0.829-0.911), 0.872 (0.836-0.909) for the random forest model, and 0.873



(0.833-0.913) for the extreme gradient boosting model. The corresponding positive
predictive values were 1.69% (1.06%2.32%), 1.42% (0.85%1.98%), and 1.78%

(1. 15%—2. 40%), respectively.

Conclusions: Machine—-learning models leveraging perioperative data can detect
undiagnosed HFrEF with good performance. However, the low prevalence of the disease
results in a low positive predictive value, and for clinically meaningful
sensitivity thresholds to be actionable, confirmatory testing with high specificity
(eg, echocardiography or cardiac biomarkers) would be required following model
detection. Future studies are necessary to externally validate algorithm
performance at additional centers and explore the feasibility of embedding
algorithms into the perioperative electronic health record for clinician use in real

time.
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Automated Pulse Oximeter Waveform Analysis to Track Changes in Blood Pressure During
Anesthesia Induction: A Proof-of—Concept Study
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Background: Intraoperative hypotension is associated with postoperative
complications and death. Oscillometric brachial cuffs are used to measure arterial

pressure (AP) in most surgical patients but may miss acute changes in AP. We



hypothesized that pulse oximeter waveform analysis may help to detect changes in
systolic AP (SAP) and mean AP (MAP) during anesthesia induction.

Methods: In 40 patients scheduled for an elective surgery necessitating general
anesthesia and invasive AP monitoring, we assessed the performance of a pulse
oximeter waveform analysis algorithm (optical blood pressure monitoring [oBPM]) to
estimate SAP, MAP, and their changes during the induction of general anesthesia.
Acute AP changes (>20%) in SAP and MAP assessed by the reference invasive method
and by oBPM were compared using 4—quadrant and polar plots. The tracking ability
of the algorithm was evaluated on changes occurring over increasingly larger time
spans, from 30 seconds up to 5 minutes. The second objective of the study was to
assess the ability of the oBPM algorithm to cope with the Association for the
Advancement of Medical Instrumentation (AAMI) standards. The accuracy and precision
of oBPM in estimating absolute SAP and MAP values compared to the invasive method
was evaluated at various instants after algorithm calibration, from 30 seconds to
5 minutes.

Results: Rapid changes (occurring over time spans of <60 seconds) in SAP and MAP
assessed by oBPM were strongly correlated and showed excellent concordance with
changes in invasive AP (worst—case Pearson correlation of 0.94 [0.88, 0.97] [95%
confidence interval], concordance rate of 100% [100%, 100%], and angular concordance
rate at +30° of 100% [100%, 100%]). The trending ability tended to decrease
progressively as the time span over which the changes occurred increased, reaching
0.89 (0.85, 0.91) (Pearson correlation), 97% (95%, 100%) (concordance rate), and
90% (85%, 94%) (angular concordance rate) in the worst case. Regarding accuracy and
precision, oBPM—derived SAP values were shown to comply with AAMI criteria up to
2 minutes after calibration, whereas oBPM-derived MAP values were shown to comply
with criteria at all times

Conclusions: Pulse oximeter waveform analysis was useful to track rapid changes in
SAP and MAP during anesthesia induction. A good agreement with reference invasive
measurements was observed for MAP up to at least 5 minutes after initial calibration.
In the future, this method could be used to track changes in AP between intermittent
oscillometric measurements and to automatically trigger brachial cuff inflation

when a significant change in AP is detected
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Is Supraclavicular Block as Good as Interscalene Block for Acute Pain Control
Following Shoulder Surgery? A Systematic Review and Meta—analysis
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BACKGROUND: Interscalene block (ISB) is the acute pain management technique of
choice for shoulder surgery, but its undesirable respiratory side effects have
prompted seeking alternatives. Supraclavicular block (SCB) is proposed as an ISB
alternative, but evidence of comparative analgesic and respiratory—sparing effects
is inconsistent. We compared the analgesic and respiratory effects of SCB and ISB
for shoulder surgery.

METHODS: Trials comparing ISB to SCB for shoulder surgery were sought. We decided
a priori that SCB would be an acceptable alternative if it were noninferior for (1)
postoperative 24-hour cumulative oral morphine equivalent consumption (primary
outcome, noninferiority margin 4 = —25 mg) and (2) postoperative pain (secondary
outcome, noninferiority margin 4 =4.0 cm e hour '); and superior for (3) postblock
respiratory dysfunction (primary outcome). Opioid-related side effects and
block-related complications were also evaluated

RESULTS: Fifteen studies (1065 patients) were analyzed. In single—injection blocks,
SCB was noninferior to ISB for 24-hour morphine consumption (mean difference for
SCB-1SB, MD [95% confidence interval {CI}] =-3.11 mg [-9.42 to 3.19], 4 =-25mg);
it was also noninferior for 24-hour pain scores (MD = 0. 78 cm * hour ' [0.07 - 1. 49],
A =4.0 cm e hour ) : and decreased the odds of respiratory dysfunction (odds ratio
[OR] [95% CI] = 0.08 [0.01-0.68]). Similarly, in continuous blocks, SCB was
noninferior to ISB for 24-hour morphine consumption (MD = 0.46 mg [-6.08 to 5. 15],
A =—-25mg), and decreased the odds of respiratory dysfunction (OR = 0.22 [0. 08 -
0.57]). SCB also decreased odds of minor block-related complications (OR = 0.36



[0.20-0.68] and OR = 0. 25 [0. 15-0.41] for single—-injection and continuous blocks,
respectively). Consequently, the null joint—hypothesis was rejected, and SCB can
be considered an acceptable alternative to ISB.

CONCLUSIONS: For acute pain control following shoulder surgery, high—quality
evidence indicates that SCB can be used as an effective ISB alternative. SCB is
noninferior for postoperative opioid consumption and acute pain, and it reduces the

odds of postblock respiratory dysfunction.
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Obstetrics has unique considerations for high stakes and dynamic clinical care of
=2 patients. Obstetric crisis situations require efficient and coordinated
responses from the entire multidisciplinary team. Actions that teams perform, or
omit, can strongly impact peripartum and perinatal outcomes. Cognitive aids are
tools that aim to improve patient safety, efficiency in health care management, and
patient outcomes.

However, they are intended to be combined with clinician judgment and training, not
as absolute or exhaustive standards of care for patient management. There is
simulation—based evidence showing efficacy of cognitive aids for enhancing
appropriate team management during crises, especially with a reader role, with
growing literature supporting use in obstetric and nonobstetric clinical settings
when combined with local customization and implementation efforts. The purpose of
this article is to summarize current understanding and available resources for
cognitive aid design, implementation, and use in obstetrics and to highlight

existing gaps that can stimulate further enhancement in this field
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BACKGROUND: Inadvertent perioperative hypothermia is common in patients undergoing
off-pump coronary artery bypass grafting (OPCAB). We investigated the association
between early postoperative body temperature and all-cause mortality in patients
undergoing OPCAB.

METHODS: We reviewed the electronic medical records of 1714 patients who underwent
OPCAB (median duration of follow—up, 47 months). Patients were divided into 4 groups
based on body temperature at the time of intensive care unit admission after surgery
(moderate—to—severe hypothermia, <35.5° C; mild hypothermia, 35.5° C-36.5° C;
normothermia, 36.5° C-37.5° C; and hyperthermia, =37.5° C). Cox proportional
hazards models were used to assess the association between body temperature and
all-cause mortality. The association between early postoperative changes in body
temperature and all-cause mortality was also assessed by dividing the patients into
4 categories according to the body temperature measured at postoperative intensive
care unit admission and the average body temperature during the first 3 postoperative
days.

RESULTS: Compared to the normothermia group, the adjusted hazard ratios of all-cause
mortality were 2.030 (95% confidence interval, 1.407 -2.930) in the
moderate—to—severe hypothermia group and 1.445 (95% confidence interval, 1.113 -
1.874) in the mild hypothermia group. Patients who were hypothermic at postoperative
intensive care unit admission but attained normothermia thereafter were at a lower
risk of all-cause mortality compared to patients who did not regain normothermia
(adjusted hazard ratio, 0.631; 95% confidence interval, 0.453 -0.878), while they
were still at a higher risk of all-cause mortality than those who were consistently
normothermic (adjusted hazard ratio, 1.435; 95% confidence interval, 1.090 - 1. 890).
CONCLUSIONS: Even mild early postoperative hypothermia was associated with
all-cause mortality after OPCAB. Patients who regained normothermia postoperatively

were at lower risk of all-cause mortality compared to those who did not.
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BACKGROUND: We developed and implemented a perioperative guideline for obstructive
sleep apnea (0SA), comprising a preoperative screening tool (BOSTN) and clinical
management pathways. OSA was suspected with 2 or more of the following: body mass
index =30 kg/m2, observed apnea, loud snoring, daytime tiredness, and neck
circumference =16. 5 inches in women or = 17.5 inches in men. The primary objective
of this study was to assess the association between high BOSTN scores and the
requirement of invasive mechanical ventilation after surgery.
METHODS: In this hospital registry study, 169,662 noncardiac surgical cases
performed at Beth Israel Deaconess Medical Center (BIDMC), Boston, MA, between May
2008 and September 2017 were analyzed. We assessed the association between a high
BOSTN Score (score =2) and the primary outcome of requirement of invasive mechanical
ventilation within 7 days after surgery using multivariable logistic regression
adjusted for patient—specific factors and case—specific surgical and
anesthesiological confounders. Patients with a BOSTN Score =2 were assumed to have

a high likelihood of suffering from OSA. Key secondary outcome was postoperative



desaturation, defined as a peripheral oxygen saturation measurement <90% within 10
minutes of extubation.

RESULTS: Invasive mechanical ventilation within 7 days of surgery was necessary in
3170 (2.3%) low-risk cases (BOSTN Score <2) and 664 (2.1%) high-risk cases (BOSTN
Score =2). A score =2 was associated with significantly lower odds of requiring
postoperative invasive ventilation (adjusted odds ratio [aOR], 0.89; 95% confidence
interval [CI], 0.80-0.98; P =.017), but with an increased risk of postextubation
desaturation (aOR, 1.34; 99.3% CI, 1.21-1.48; P <.001). Patients with a score =2
were hospitalized for an average of 3. 71 days after surgery, compared to 4. 27 days
with a score <2 (adjusted incidence rate ratio [aIRR], 0.87; 99.3% CI, 0.84 -0.91;
P < .001).

CONCLUSIONS: Patients at high risk of OSA required postoperative mechanical
ventilation less frequently, had higher odds of postoperative desaturation, and were

hospitalized for shorter periods of time.



