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Neural Correlates of Anesthetic-induced Unconsciousness



Pal D, Silverstein BH, Lee H, Mashour GA

Neural Correlates of Wakefulness, Sleep, and
General Anesthesia

An Experimental Study in Rat
Anesthesiology 2016; 125:929-42
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Handling Editor’s Summary of
Wakefulness and Unconsciousness

What We Already Know about This Topic

e Accumulating evidence suggests that fragmentation of corti-
cal networks occurs during physiologic, pharmacologic, and
pathologic states of unconsciousness

* Cortical connectivity and acetylcholine levels were examined
in relation to changes in behavioral arousal due to propofol or
sevoflurane anesthesia and normal sleep in rat

What This Article Tells Us That Is New

* Disruption of cortical connectivity in high y band correlated
with anesthetic- and sleep-induced unconsciousness, while
B connectivity comrelated with cholinergic tone and cortical
activation

* Functional fragmentation of high-frequency activity in the cor-
tex may be a common network-level mechanism of uncon-
sciousness during general anesthesia and sleep



Executive Editor’s Summary of
Wakefulness and Unconsciousness

THIS MONTH IN

ANESTHESIOLOGY

929 Neural Correlates of Wakefulness, Sleep, and General Anesthesia:
An Experimental Study in Rat

The relationship of cortical acetylcholine and electroencephalographic (EEG) indices of corticocortical con-
nectivity—coherence and symbolic transfer entropy—was studied in rats before, during, and after propofol-
and sevoflurane-induced unconsciousness. These EEG indices were also analyzed during wakefulness, slow
wave sleep (SWS), and rapid eye movement (REM) sleep in other rats. EEG coherence and frontal-parietal
directed connectivity in the high gamma (85 to 155 Hz) bandwidth were present during wakefulness and
were disrupted during physiological (SWS and REM sleep) and pharmacological (propofol and sevoflurane)
states of unconsciousness. Coherence and bidirectional frontal-parietal connectivity in the theta (4 to 10
Hz) bandwidth were present during states of cortical activation (low amplitude—fast wave electroencephalogram) with (wakefulness)
or without (REM sleep) behavioral arousal, and correlated with cortical acetylcholine concentrations. Coherence and frontal-parietal
directed connectivity in high gamma band were not mediated by cholinergic mechanisms. See the accompanying Editorial View on
page 832. (Summary: M. J. Avram. lllustration: A. Johnson, Vivo Visuals.)




ANESTHESIOLOGY

929 Neural Correlates of Wakefulness, Sleep, and General Anesthesia:
An Experimental Study in Rat

The relationship of cortical acetylcholine and electroencephalographic (EEG) indices of corticocortical con-
nactivity—ecoherence and symbcelic transfer entropy—was situdied in rats before, during, and after propofol-
and sevofiurane-induced unconsciousness. These EEG indices were also analyzed during wakefulness, slow
wave sleep (SWS), and rapid eye movement (REM) slesp in other rats. EEG coherence and frontal-parietal
directed connectivity in the high gamma (85 to 155 Hz) bandwidth were present during wakefulness and
were disrupted during physiclogical (SWS and REM sleep) and pharmacological (propofol and sevofiurane)
states of unconsciousness. Coherence and bidirectional frontal-parietal connectivity in the theta (4 1o 10
Hz) bandwidth were present during states of cortical acfivation (low amplitude—fast wave electroencephalogram) with (wakefulness)
or without (REM sleep) behavioral arousal, and comelated with cortical acetylcholine concentrations. Coherence and frontal-paristal
directed connectivity in high gamma band wera not mediated by cholinergic mechanisms. See the accompanying Editorial View on
page 832. (Summary: M J Avram. flusirator A Johnson Vivo Visuals)

861 Neural Correlates of Sevoflurane-induced Unconsciousness Identified
by Simultaneous Functional Magnetic Resonance Imaging and
Electroencephalography

Resting-state functicnal magretic resonance imaging (MA!) and electroencephalography were recorded simul-
taneously in 16 volunteers while awake and during sevofiurane anesthesia at burst suppression, 3 vol% and
suppression and 3 and 2 vol% steady-state concentrations to test the hypotheais that, like propofol, sevofiurane
would reduce frontal information processing (measured by permutation ent PEN]) and dlsn.lpt frontoparietal
connectivity, resulting in decreased frontalto-parietal directed connactlwtyr%% m by symbolic transfer
entropy [STEn]). Sevoflurane at 2 and 3 vol% profoundy decreased MRHbased measa.lres of functional con-
nectivity in frontal networks, especially ventral parts of the frontoparietal attention networks. Thalamocortical functional connectivity was
decreased in all stages of anesthesia Electroen rsth ic_analyses findings of a pronounced decrease in sumogates of information
procassing (PEn) in the frontal cortex and reve of OC (STEn) between frontoparistal slectrode pairs were consistent with those of
VR Ses the accompanying Editarial View on page 827. (Summarny: M J Avram. Image ImagePower Froductions, John Ursino)

873 Resting-state Network-specific Breakdown of Functional Connectivity
during Ketamine Alteration of Consciousness in Volunteers

The hyprotic effects of ketamine are largely mediated by blockade of N-methylH-D-aspartate receptors and
HCN1 channels. A functional magnetic resonance imaging study was conducted in eight voluntesrs submit-
ted to stepwise increments in plasma ketamine concentrations, up to loss of responsiveness to verbal
command, to explore the effects of ketamine on within and between resting-state consciousness networks
connectivities. Ketamine-induced unresponsiveness has features in commen with that induced by GABA-
ergic drugs. including breakdown of frontal-parietal connectivity and of anticorrelated activity between the
Default-Mode network (DMn) and other brain regions. Ketamine preserved subcortical input to the cortex in
addition to sensory and motor processing. Alteration of higher-order integration networks (such as the DMn) and their anticorelation
with other networks as well as breskdown of Salience network connectivity are responsible for mental content perturbation under
ketamine sedation See the accompanying Editonal View on page 830. (Summary: M. J Avram Image iStock.

952 Exposure of Stored Packed Erythrocytes to Nitric Oxide Prevents Transfu-
sion-associated Pulmonary Hypertension

The viability of erythrocytes is reduced by extended storage, leading to release of hemoglobin into the red
blood cell (RBC) unit supematant C-rcu.atmg celfree hemoglobin and hemoglobin-containing microvesicles
scavenge nitric oxide generated by endothelial cells, which may be the cause of pulmonary vasoconstric-
tion after transfusion of stored blood. Nitric axide consumption by ovine RBC supematant fluid was reduced
when stored RBC units were treated with either nitric oxide gas or a shortlived nitic oxide doner, due to
conversion of extracellular oxyhemoglobin te methemoglobin, which is unable to scavenge nitric axide. Nitric
axide treatment of stored FlByCS by either method prevented pulmonary vasoconstriction and hypertension
in lambs during and after transfusion of autclogous erythrocytes stored for either 2 days or 40 days. Washing stored RECs before
transfusion did not prevent puimonary hypertension. (Summany: M. J Aviam Photo: J P Rathmell)

Anesthesiology, V 125 * No 5 November 2016



889 Distinct Cortical Signatures Associated with Sedation and Respiratory
Rate Depression by Morphine in a Pediatric Population

An observational study was conducted in pediatric patients to identify cortical signatures of morphine-
induced sedation and to determine how these are associated with respiratory changes. The effect of
morphine on cortical activity, as measured by electroencephalogram spectral content, topography. and
coherence, was determined in young patients given morphine for pain relief after elective surgery as
were its effects on respiratory activity. Morphine reduced high-frequency (B, and B, band powers, 13.5
to 30 Hz) cortical activity in the central and frontal lobes, without changing low-frequency activity or

) affecting occipital lobe activities. These results were characteristic of morphine-induced sedation and
distinct from the changes induced by non-rapid eye movement sleep. Morphine decreased frontal-occipital coherence in the B,
electroencephalographic frequency band. Morphine-induced changes in respirat rate were related to the reduction in B, fre-
quency cortical activity and frontal-occipital coherence. (Summary: M. J Avram Fhoto: J. P Rathmell)

992 Lung Metabolic Activation as an Early Biomarker of Acute Respiratory
Distress Syndrome and Local Gene Expression Heterogeneity

Acute respiratory distress syndrome (ARDS) is conceived to be an acute, diffuse, inflammatory lung injury
with increased pulmonary vascular pemrmeability and lung density. The hypothesis that lung cellular metab-
olism and gene expression manifest spatial and temporal heterogeneity in response to distinct regional
inmr};emechanisms and precede density changes detectable with conventional radiography was tested
in sheep subjected to endotoxemia and mechanical ventilation over 20 h, which reprises the “tworhit”
injury often seen in patients. Multitracer positron emission tomography and gene expression technigues
were used to study molecular processes during early ARDS development. Increased in vivo whole-lung
and regional metabollc activation were observed within the first 20 h of lung injury, which preceded lung density increases used
routinely for ARDS diagnosis. Temporal trajectories of metabolic activation were spatially heterogeneous and co-registered with
topographical heterogeneity in gene expression. See the accompanying Editorial View on page 838. (Summary: M J Avram
Image: J. P Rathmell)

1046 Association between Participation in an Intensive Longitudinal
Assessment Program and Performance on a Cognitive Examination in the

9 Maintenance of Certification in Anesthesiology Program®
M2CA e

The American Board of Anesthesiology (ABA) requires diplomates with time-limited certificates to participate

w in a Maintenance of Certification in Anesthesiclogy Program® (MOCAT). The Assessment of Knowledge,

M [ N UTE Judgment, and Skills by the MOCA Cognitive Examination has to be passed every ten years The ABA
launched the pllot MOCA Minute program, a web-based longitudinal assessment involving weekly guestions

with immediate feedback and links to leaming resources, in 2014 to help diplomates master topics included

in the Cognitive Examination. The hypothesis that voluntary enroliment and participation in the MOCA Minute

program is associated with improved performance on the Cognitive Examination was tested in an observational study When other
factors were taken into account, participation in MOCA Minute was associated with a modest but significant improvemnent in_perfor-
mance for items querying topics covered by MOCA Minute guestions and those in other topic areas. See the accompanying Editorial
View on page 844. (Summary: M. J Avram Image: The MOCA Minute® logo is a trademark of the American Board of Anesthesiology)

846 Preclinical Pain Research: Can We Do Better?

The abllity of modem medicine to control both acute and chronic pain is limited despite extensive pain research.
Clinical trials of new‘:liy designed drugs that were effective in changing painrelated behavior in preclinical mod-
els have often falled. This special article reviews reasons for these failres and makes recommendations for
how to improve the process. Reasons for falure include poor preclinical pain models, preclinical pain measures,
and reporting practices. Recommendations include selecting models closely resembling their targeted clinical
conditions, studying animals under conditions relevant to cIinicaJJ:»a.'ln. and using pain measures involving mare
informative behaviors as altematives to, or in addition to, evoked responses largely involving spinal reflexes. A
final recommendation is that reports should be written clearly and accurately, key experimental details should
be included, and sources of potential bias should be disclosed. (Summary: M. J Aviam. Photor @ThinkStock)
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Hudson AE, Pryor KO:
Integration and Information: Anesthetic
Unconsciousness Finds a New Bandwidth
Anesthesiology 2016;125:827-9

[ 1]\

I e ey
“How might disruption of
the functional connection
between cortical modules...
be so crucial to inducing a
state of unconsciousness?”’



Hudson AE, Pryor KO
Integration and Information: Anesthetic

Unconsciousness Finds a New Bandwidth
Anesthesiology 2016;125:827-9

Just as the early 20th century astronomers exploring the
solar system and local star clusters before relativity could have
no comprehension of the questions facing modern cosmolo-
gists, the current models of human consciousness will inevira-
bly evolve. Any plausible theory must be consistent with whar
is observed in experimental studies of anesthetic unconscious-
ness, and in this regard, the work presented by Pal er al' con-
tributes to the critical evaluation of models such as the II'T.
Bur its impact in the anesthesia literature is grearer. It adds
important evidence to support the theory that the common,
essential cause of anesthetic unconsciousness is related to the
functional disruption of feedback systems and challenges the
field to now seek bridges between systems- and cellular-level
models.
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Functional Breakdown of Cortical Networks:

A Tale of Three Anesthetics

Results from three research groups,23 with three
anesthetics and three research paradigms, suggest

a common neural mechanism:
Sevoflurane :! @

In humans,
Propafol

frontoparietal con-

nectivity was disrupted
In a rat model, within and between con-
corticocortical coherence ontopar;, sciousness networks
and frontoparietal O Cly using stepwise ket-
transfer entropy in : %4 amine infusions
high gamma band %, and fVMRI.
were reversibly red- e, Ketaming
uced with two =
anesthetics. <

In humans, fronto-
parietal and thalamocortical
networks had reversibly reduced
within-network connectivity seen
with EEG and fMRI

Savofturane under sevoflurane.

“An ounce of replication is worth a ton of small Pvalues.'4




Anesthesiology
November 2016, Volume 125, Issue 5
Editor-in-Chief’s Podcast

Evan D. Kharasch, M.D., Ph.D.

Overview of November issue original studies.
Duration 19 minutes 07 seconds

)




Anesthesiology
November 2016 Author Podcast
Wakefulness and Unconsciousness

Moderator: James P. Rathmell, M.D.
Participants: George A. Mashour, M.D., Ph.D.,

and Andrew E. Hudson, M.D., Ph.D.
Duration: 21 minutes 16 seconds

)
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Intravenous General Anesthetic Binding to GABA, Receptors



Nourmahnad A, Stern AT, Hotta M, Stewart DS,
Ziemba AM, Szabo A, Forman SA:

Tryptophan and Cysteine Mutations in M1 Helices
of alB3y2L y-Aminobutyric Acid Type A Receptors
Indicate Distinct Intersubunit Sites for Four
Intravenous Anesthetics and One Orphan Site.

Anesthesiology 2016;125:1144-1158.




Jenkins MA, Jenkins A:
Anesthetic-Receptor Relationship Status:

It's Complicated
Anesthesiology 2016;125:1088-1089

“...an enormous leap for-

ward in our understanding
of how anesthetics work.”
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Understanding Intravenous General Anesthetics

From Receptor Binding
to Loss of Consciousness

Intravenous general anesthetic binding to GABAA
receptors stabilizes the open state of the ion channel
and increases chloride conductance, hyperpolarizing

- o

and decreasing neur-
onal excitability.2

Etomidate, propofal, alphaxalone,
and barbiturates are intravenous
general anesthetics that enhance the
activity of y-aminabutyric acid type A
(GABA,) receptors by binding in pockets
- formed at up to four subunit transmem-

brane interfaces.! Erhancermant of GABAsrgle
‘transmission in cortical
Intermeurcns

.

Enhancomant of
GABAergic traremission & «

at ml| rxujmmu
\m oﬂnt-rn

Binding of intra-
venous anesthetics like
propofol results in potenti-
ation of GABAergic inter-
neurons in the cortex, the
thalamic reticular nucleus,
and the arcusal centers in
the midbrain and pons.®

Potentiation of GABAergic interneurons leads to loss
of connectivity among cortical centers, leading to
sedation and loss of consciousness. 4




Mapping where general anesthetics bind
Duration 3:23




New Section Being Rolled Out

’ METHODOLOGIES
“B EXPLAINED

Propensity Score Matching — Principles, Uses,
and Controversies

Author Names



A Few Words about Statistical Analysis

Timothy Houle, Ph.D.
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Key Papers from the Most Recent Literature Relevant to Anesthesiologists
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Jean Mantz. M.D., Ph.D., Editor

Spinal cord reconstitution with homologous neural grafts enables robust corticospinal
regeneration. Nat Med 2016; 22:479-90.

Traumatic spinal cord njury is a devastafing disease associated with severe sequelae. Despite recent progress
in prometing the regeneration of many classes of central nervous system axons after spinal cord inury (SCI), the
corticospinal projection remains largely refractory to regeneration Using a combination of sophisticated experimental
approaches in murne models of SCI the authors demonstrated robust corticospinal axon regeneration, functional
synapse fomation, and improved skilled forsimb function after grafting multipotent neural progenitor cells into sites
of SCL Corticospinal regeneration requires grafts to be driven toward caudalized (spinal cord), rather than rostralzed,
fates. Corticospinal axons can also emerge from neural grafts and regenerate beyond the lesion, a process that
is potentially related to the atteruation of the glial scar. These findings will be essential for advancing corticospinal regensration in futura
translational efforts. (Summary: J Mantz flustmtior J B Rathmsil)

Take home message: Corticopinal axon regeneration, functional synapse formation, and improved skilled forelimb function have been
shown after grafting multipotent neural progenitor cells into sites of spinal cord injury in murine medels,

Effects of aspirin on risk and severity of early recurrent stroke after transient ischaemic attack
and ischaemic stroke: Time-course analysis of randomised trials. Lancet 2016; 388:365-75.

Aspirin Is recommendad for secondary prevention after transient ischemic attack (TIA) or ischemic stroke on
the basis of trials showing a 13% reduction in long-term risk of recurrent stroke, but short-term effects may
have been underestimated. In this time-course analysis of aspirin effects after TIA, 15778 participants from
12 trials of aspirn versus confrol in secondary prevention were pooled. The severity of early recurrent strokes
between freatment groups was analyzed with shift analysis of the modified Rankin Scale score. Aspirin
reduced the 6-week risk of recurrent ischemic stroke by about 60% (B4 of 8452 participants in the aspirin
group had an ischemic stroke vs. 75 of 7326, hazard ratio 0.42; 95% CI, 032 to 055 P < 0.0001) and
disabling or fatal ischemic stroke by about 70% (36 of 8452 vs 110 of 7326; hazard ratio 0.29; 95% Cl, 0.20 to 042; P < 0.0004),
with greatest benefit noted in patients presenting with TIA or minor stroke. The effect of aspirin on early recument ischemic stroke
was due partly to a substantial reduction in severity of the primary event. (Summary: J Mantz. Wustration: J P Rathrmell)

Take home message: Medical treatment substantially reduces the risk of early recument stroke after transient ischemic attack and
minor stroke and aspirin is identified as the key intervention.

Robot-assisted laparoscopic prostatectomy versus open radical retropubic prostatectomy:
Early outcomes from a randomised controlled phase 3 study. Lancet 2016; 388:1057-66.

The absence of tia data comparing robot-assisted laparoscopic prostatectomy and open radical retropubic
prostatectomy is a crucial knowledge gap in urclogic oncology. In this prospective randamized controlled trial, the
authors aimed at comparing winary function (urinary domain of the Expanded Prostate Cancer Index Composite
%P}CI) and sexual function (sexual domain of EPIC and Intemational Index of Erectile Function Questionnaire) at
eks, 12 weeks, and 24 months, and cncological outcome (positive surgical margin status and biochemi-
cal and imaging evidence of progression at 24 months) in men undergoing either robot-assisted laparoscopic
prostatectomy or radical retropubic prostatectorny. Early outcomes at 6 wesks and 12 weeks were reported in
326 IEl)am::f'ﬁ.s. The two technigues yield similar functional cutcomes at 12 weeks: examination of the longerterm
follow-up data in this trial will help guide future patient and practitioner decisions (Summary: J Mantz Photor @Think Stock)
Take home message: In this randomized controlled trial, robotic versus conventional laparoscopic prostatectomy did not reveal signifi-
cant differences in functional outcomes at 12 weeks after surgery

Adaptive Designs for Clinical Trials. N Engl J Med 2016; 375:65-74.

Bandormized clinical nals (RCTs) serve as the standard for clinical research and have confributed to major advances
in patient care, yet they have several shoricomings. Adaptive trial design has been proposed as a means to increase
the efficiency of RCTs, potentially benefiting trial participants and future patients while reducing costs and enhancing
the likefihood of finding a frue benefit of the therapy being studied Adaptive trials apply to both exploratory frials
| amed at finding a safe and efficient dose range and conhmatoi":ylemds aimed at testing the clinical bensfit of a
therapy/intervention. In this review, the authors focus on adapiive designs of confimatory clinical trials and discuss
the benefits and limitations of such designs, using four case studies that highlight the statistical and cperational

\ considerations for a successiul irial. Readers wil find here mobust and easytoead information on how to identify
" patients who are most likely to derive bensfit from a given (Summary: J Mantz lustration J P Rathmal)
Take home message: Adaptive design appled to confimatory clinical rials may help identify those patients who

are most lkely to derve benefit from a therapy.

Anesthesiology, V 125 = No 5 November 2016



SCIENCE, MEDICINE, AND THE ANESTHESIOLOGIST

Key Papers from the Most Recent Literature Relevant to Anesthesiologists

Effect of a primary care management intervention on mental health—related quality of
life among survivors of sepsis: A randomized clinical trial. JAMA 2016; 315:2703-11.

This randomized clinical trial examined if a primary cars-based intervention improves mental health-related
quality of life among survivors of sepsis. Two hundred ninety-one patients 18 yr or older who survived sepsis,
including septic shock, were recruited from nine intensive care units (ICUs) across Germany. Participants
were randomized to usual care (n = 143) or to a 12-month intervention (n = 148). Usual care was provided by
. their primary care physician (PCP) and included periodic contacts, referrals to specialists, and prescription of
medication, other ireatment, or both. The intervention included PCP and patient iraining, case management
provided by trained nurses, and clinical decision suppeort for PCPs by consulting physicians. The primary
outcome was change in mental health-related quality of life between ICU discharge and 6 months after
ICU discharge using the Mental Component Summary of the 3&-tem Short-Form Health Survey. It was found that among survivors
of sepsis and septic shock, the use of a primary care-focused team-based intervention, compared with usual care. did not improve
mental health-related quality of life 6 months after ICU discharge. {Summary: J Mantz Photor @ThinkStock.)

Take home message: In this randomized controlled trial, a targeted, primary care intervention versus standard care did not improve
mental health-related quality of life among sepsis survivors.

Standardized rehabilitation and hospital length of stay among patients with acute
respiratory failure: A randomized clinical trial. JAMA 2016; 315:2694-702.

Physical rehabilitation in the intensive care unit (ICU) may improve the outcomes of patients with acute respi-
ratory failure. The objective of this single-center randomized clinical trial was to compare the effect of stan-
dardized rehabilitation therapy (SRT) to usual ICU care in acute respimatory falure on hospital length of stay
{LOS; primary outcome). Patients in the SAT group received daily therapy until hospital discharge. consisting of
passive range of motion, physical therapy, and progressive resistance exercise. The usual care received
weekday physical therapy when ordered by the clinical team Of the 300 randomized pafients, the median
hospital LOS was 10 days (interquartile range, & to 17) for the SRT group and 10 days (interquartile range, 7
to 16) for the usual care group (median difference, O [85% Cl -15 t0 3] P = 04U Mo significant difference was observed between
g{up’s in most of the secondary outcomes (handgrip and dynamometer strength, 36-tem Short-Form Health Surveys and Mini-Mental

tate Evaluation Score performed at 2 4, and 6 mcnlhs] (Summary: J Mantz Phota J B Rathmel

Take home message: Among patients hospitalzed with acute respiratory failure, standardized rehablitation tharapy compared with
usual care did not decrease hospital length of stay.

Effect of buprenorphine implants on illicit opicid use among abstinent adults with
opiocid dependence treated with sublingual buprenorphine: A randomized clinical trial.
JAMA 2016: 316:282-90.

Hates of opioid addiction and deaths related to abuse hawe risen in parallel to lberalized prescribing
practices over the past 15 yr. Opiold maintenance therapy with buprencrphine or methadone represents
an important treaiment option, although adherence to therapy is often problematic. To address this issue,
a G-month implantable form of buprenorphine was tested against a conventional sublingual formulation of
the drug Using a randomized, active-control, 24-week, double-blind study design invelving 77 patients,
the investigators found that the anﬁlantable formulation was noninferior to sublingual buprenorphine, and
slightly better at promoting opioid abstinence (857 vs. 719%; P = 003 at 24 weeks). An important limitation of the generalizability
of the study is that the patient population was predominantly educated and employed, characteristics associated with high rates
of treatment response. MNonetheless, this trial suggests that use of implantable buprenorphine in the treatment of opicid addiction
is promising. (Surmmary: David J Clark Photo: J. B Rathrnell.)

Take home message: Thi= randomized controlled trial shows promising results for implantable buprenorphine in the treatment of opioid
addiction

Measuring moral courage for interns and residents: Scale development and initial
psychometrics. Acad Med 2016 Jul 5. [Epub ahead of print.]

Moral courage, wilingness to do the right thing even when it is not in your personal best interest, such as
reporting an emor or speaking up to authority, Is a desirable quality to develop in resident physicians. Can
it be taught? Can it be measured? These authors developed and provide initial validation of a method that
can be used to measure and potentially track the development of moral courage in the context of clinical
care. Three hundred fifty-two intems and residents in medicine and surgical specialties at two academic
medical centers completed the Moral Cowrage Scale for Physicians as part of a voluntary safety culture
survey. The 12-question survey tool addresses the five aspects that define moral courage. Corelation to
established measures of empathy assessed validity. Perhaps this simple survey tool could be used to track
effectivensss of educational interventions in professionalism, a competency that is challenging to measure. (Summary: Cathleen
PatersorrLayne. Photo: J F Rathmell)

Take home message: The authors developed a 12-guestion survey tool to assess moral courage of residents such as reporting an
emor or speaking up to authority
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Napoleon’s March to Moscow in 1812 & Subsequent Retreat
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