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ISANESTHESIA-INDUCED BURST SUPPRESSION
NEUROPROTECTIVE ORNEUROTOXIC?



OUTLINE

1. WHAT IS THE
PATHOPHYSIOLOGY OF
BURSTFSUPPRESSION?

3. ISIATROGENIC
BURSTFSUPPRESSION
PROTECTIVE OR
TOXIC?

2. HOW CAN WE MONITOR
BURSTFSUPPRESSION?
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THE EFFECTS OF ANESTHETICS ON ACTION POTENTIALS IN
THE CEREBRAL CORTEX OF THE CAT

A. J. DERBYSHIRE, B, REMPEL, A. FORBES axp E. r. LAMBERT

From the Department of Physiology in the Harvard Medical School

Received for publication April 20, 1936

The action potential s the most direct index of activity in the nervous
system. This familiar fact has been applied to the study of the cerebral
cortex in numerous recent researches, with the use of modern methods of
amplified electrical recording. A number of workers have given interest-
ing accounts of the cortical potentiais occurring under both local and
general anesthesia (for bibliography see Berger, 1929; Fischer, 1932;
Kornmiilier, 1935; Jasper and Andrews, 1636 Gibbs, Davis and Lennox,
1935); but a systematic study of the effects of anesthetics on cortical poten-
tials, partlcularly in relation to the normal type from the unanesthetized
animal, has not yet been reported. The present research was designed to
obtain information on the mode of action of various anesthetics on the
central nervous system, s indicated by their effects on cerebral action
potentials and on reflex activity, and, if possible, through this means to
throw light on the nature of the nervous mechanism itself. For compari-
son, a few studies were made on unanesthetized preparations.
Electrical potentials were recorded from different parts of the cerebral
cortex of the cat during spontaneous activity and under sensory stimula-
s denths of anesthesia induced by ether, avertin or
+ .« hanance they repre-

R. SWANK, C. WATSON

EFFECTS OF BAR
BITURATES AN
ACTIVITY OF DOG BRAIN D ETHER ON SPONTANEOUS ELECTRICAL

J
NEUROPHYSIOL, 12 (1949), PR 137-160

TURATES AND ETHER
ON SPONTANEOUS ELECTRICAL
ACTIVITY OF DOG BRAIN®

ROY L. SWANK T AND C. WESLEY WATSON

Neurological Unit, Boston City Hospital, and Department
of Neurology, Harvard Medical School, Boston

(Received for publication August 3, 1948)

The present study is concerned with the changes which occur in the
spontaneous cortical electrical activity of the dog during ether and sodium
amytal narcosis. As a part of this study it has been necessary 1o analyze in
detail the electrocorticogram of non-anesthetized dogs. Rheinberger and
Jasper (16) indicated the objections to a study of the spontaneous electrical
activity of the cat’s brain during anesthesia or restraint, No doubt these
same objections apply for the dog.

It is well known from the studies of Derbyshire et al. (4), Bremer (3)
and Heinbecker and Bartley (8) that ether and the barbiturate drugs change
strikingly the frequency characteristics of the brain waves. It is significant
that each of these anesthetics alter the brain waves in what would appear
to be an entirely different manner; during ether anesthesia the electroen-
cephalogram is dominated by high frequency, low voltage activity, and
during comparable levels of barbiturate anesthesia by slow brain waves. Al-
though not clearly stated it seems to be the consensus that these drugs alter
the basic frequencies of the brain waves. The possibility that the amplitude
of the normally present brain waves is changed rather than their frequency
el Y S R LT considered. The present paper will deal with

. the mechanisms of the
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AMZICAS HYPOTHESIS

Epilepsia, sO(Suppl. 12) 18-39, 2009
dot: 10.11 ll/).lﬁlx-llh7.2(lm.ﬂ2,\4543

ATUS EPILEPTI

PROCEEDINGS: THEIN

Basic physiology of burst-suppression

Florin Amzica

Departmem of Stomatology, School of Dentistry, Universite de Montreal, succursale Centre-ville,
Montreal, QC, Canada

e

Burst-suppression (BS) is an c\ccu'ocnccphalugruphy glutamate uptake (isoflurane). In the latter case, hyper-
(EEG) pattern consisting of alternative periods of slow excitability resulted from the reduction of cortical inhibi-
waves of high amplitude (the burst) and periods of so- tion (Ferron et al., 2009), which was corroborated with an
called flat EEG (the suppression) (Swank & Watson, outburst of extracellular C1 , probably reflecting the lesser
1949). Itis generally associated with comatose states of activity of ",'-‘.m\'umhu(yric acid (GABA)A inhibitory
various etiologies (hypoxia, drug-related intoxication, ~ Synapses. [t results that the cxcitulnry-inhihilow balance
h_\'pmhcrmiu, and childhood encephalopathies, but also leans toward excitation. The bursting process is limited in
anesthesia). It has been studied extensively at the EEG  time because bursting activity is accompanied by a deple-
level (see review by Brenner, 1985, also this issue), but  tion of extracellular cortical Ca>* at levels thatare incom-
only sparse information is available with respect o the patible with synaptic transmission. This generates an
cellular and jonic mechanisms underlying its patierns. overall disfacilitation in cortical networks (Kroeger &
Some of the most fascinating questions pertain to the gen- Amzica, 2007), which ultimately is responsible for the
esis of bursts: Are they truly spontancous, what triggers ~ amest of neocortical neuronal activities and the ensuing
them, what mechanism dictates their quusi-pcﬁ(xlicily'? flat EEG. During suppression, the synaptic silence allows
Moreover, in clinical practice bursting activities during peuronal pumps to restore interstitial Ca’" levels at control
BS are often associated with jerks resembling those pres- levels. At this moment, any external (or intrinsic) signal 18
ent during epileptic fits, 1s there any common link to able to trigger a new burst in the hypcrcxcimhlc cortex.
known seizure mechanisms”? Therefore, the pscudu-lhyllm\ic'ny of the BS patiem is
At the cortical level, EEG bursts are always associated dictated by the degree of extracellular C a-’ depletion and
with phasic synaptic depolarizing intracellular potentials, the ability of neurons to restore this concentration, These
1 ~rawned by action potentials, in virtually all phenomena are modulated by the general state of the ner-
N r cam  vous system and, therefore, the etiology and the serious-
e hurstine episodes




THE DISCONNECTION HYPOTHESIS

BURST SUPPRESSION ISNOT BRAIN
REST
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burst suppression Is a state of cellular
hyperexcitability caused by a disinhibition of
cortical pyramidal neurons alternating with
neuronal Inactivity caused by depletion of
extracellular calcium
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THE BURST
SUPPRESSION
MUSHROOM

widespread in Asia and
North America

contains muscimol toxins
that crosses the blood-
brain barrier and acts as an
agonist of GABA receptors

muscimol also known to
produce burst-suppression
EEG In rats cortical slices

PHOTO: H. KRISP, WIKIMEDIA COMMONS




BURST SUPPRESSION
IN BACLOFEN
INTOXICATION




BURST SUPPRESSION OCCURS IN AWIDE RANGE OF
PATHOLOGICAL STATES

HYPOXIC-ISCHEMIC

ENCEPHAL OPATHY HYPOTHERMIA
OHTAHARA SYNDROME VAROUS INTRACORTICAL
SPACE-OCCUPYING
INFANTILE MYOCLONIC L ESIONS
ENCEPHAL OPATHY -
DENGUE COMA

ENCEPHALOPATHY
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Ching et al. PNAS, vol 109, 8, 3095-3100
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A neurophysiological-metabolic model for
burst suppression

ShiNung Ching®®-' Patrick L. Purdon®t< Sujith Vijayan® Nancy J. Kopell*', ang Emery N. Brown*t<e

explain certain Properties of the burst Suppression waveform,
These modeks do not clarify the underlying biophysical dvnamics,
Contrast, we construct biophysical model that is cop.
Stramed by ncurophys:olog) and the commonality between the
aforementioned cudogues—s;xcnfrally. & reduction in brin me-
tabolism, The unique feature of our model is a nuanced in-
leraction between heuronal dynamics and changes in cerebral
metabolic rate of oxygen (CMRO). The model produces the
een neu- distinctive characteristics of burst Suppression, providing unique
ronal dynamics and brain metabolism. |n each condition, the . . icti :
model suggests that a decrease in cerebral metabolic rate, coupled
with the Stabilizing Properties of ATP-gated potassium channels,
leads to the characteristic epochs of Suppression, Consequent!y.
the model makes a number of specific predictions of experimental
and clinical relevance,

Pression represents g basal nmmmc't.'bulic regime that ensures
basic cell function during states of lowered metabolism. We dis.
cuss chinical and EXperimental implications of these findings.

sion) periods alternate SYstematically byt Quasiperiodically (a]. there is clinical and Experimental evidence. The first feature of
1odi ' in i note is the synchrony of burst onset: (re., bursts begin and end
nearly simullancuu\l_v &ross the entire scalp). Such a Spatially
homogencous behavior mmediately suggests that very low-
order dynamic mechansm underfies burst Suppression. Some
studies have suggested that asynchronous byrst Suppression can
h arise in the case of large-scale cortical deafferentation (14, 15).
athy. These cliologies indicate that the burst Suppression pattern I such settings, largescale differences in regional blood supply
fepresents a low-order dynamic mechanism thyg PEISISES in the and autoregulation may prevent the uniformity typically associ-
absence of higher-level brain activity. Indecd, the fact that Mmany  ated with burs Suppression.
different conditions Produce similar brain actwvity suggests that A second important feature of burst SUPPICSSION i€ ite wene
there may be 5 common pathway 1o the state of brain inactivation  metric SCOSITVIEY 8 o B o o
and may indicate fundamenty) PIropertice oxf shie L.+ .
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SEARCUCHING FURANALL-ENCOMPASSING
EXPLANATION

the unifying feature of the different
burst suppression etiologies Is

aberrant neurometabolic dynamics

a biochemical candidate to explain the slow
modulation AND link with brain metabolism is
the

ATP-dependant potassium channel




BIOPHYSIOLOGICAL MODELING

: N
rate of ATP consumption AUTQREGULATION
sodium ATP pump \’ '/

action potential
burst activity

ATP regeneration

hyperpolarization
suppression pattern & cessation of
spiking

Ching et al. PNAS, vol 109, 8, 3095-3100

CMRO,
CBF

rate of ATP
generation

ATP depletion

opens

Katp channel
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BIOPHYSIOLOGICAL MODELING

i N

rate of ATP consumption AUTORZGULATION CMRO:
sodium ATP pump \' / CBF
‘! action potential rate of ATP N
| burst activity )

generation =

ATP regeneration |
ATP depletion

hyperpolarisation opens

suppression pattern & cessation of Karp Channel

action
Ching et al. PNAS, vol 109, 8, 3095-3100 potentials
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WHAT IS THE PATHOPHYSIOLOGY OF BURST
SUPPRESSION?

decreased cortical inhibition and cyclical depletion and recovery of
Interstitial calcium Amzica et al. 2009

slow osclillations related to cyclical ATP depletion and regeneration
Ching et al. 2011

aberrant neurometabolic dynamics
-
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2. HOW CAN WE MONITOR
BURST SUPPRESSION?

31



.

RAWEEG TRACE

50 uV/|
1sec

F Furbass et al. / Clinical Neurophysiology 127 (2016) 2038—2046 2041
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QUANTIFICATION & AUTOMATIC DETECTION

~
[ ' Detection segments (15 sec)
L 2 J
[ i
Artefact removal (PureEEG)
L ‘
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Channel-wise detection
of burst suppression events
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chunks included in burst
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Burst suppression classification
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Cgurst: ABURsT = 2A1B1, TURrsT = 0.5 sec
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F Flrbass et al. / Clinical Neurophysiology 127 (2016) 2038—-2046 2041
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Frequency (Hertz)

DENSITY SPECTRALARRAY/ SPECTROGRAM

Propofol Induced Unconsciousness ,
Burst Suppression
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Power (dB)
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BIS MONITORING OF BURST SUPPRESSION

Name Involved Parameters Range of Values  Classically Defined Thresholds
BIS * Relative [} activity 0-100 Wake state: >93
* SFSactivity LOR: 80

~ Quasi-flat activity “) RIV: 40-60
e BS activity "
* Bispectrum

Marchant et al How Electroencephalography Serves the Anesthesiologist



REVER
SE ENGINEERING THE BISALGORITHM
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B‘spEcTnAL |NnEx lB‘s‘ A“n B“BST S“PPRESS|0 Bruhn J, But;il\on ':'\V. Shafer SL\ 1:i;}\u'c"lr.ll 1;1dvx
cuppression: Revealing a pe ¢ of the BIS alg ithm.
REVEALING A PART OF THE BIS ALGORITHIY mpresion: Revealing 3 partof the BIS SEUCIEE, 0, 16 593596
Jorgen Bruhn, MD,! Thomas W. Bouillon, MD,? and
wafer, MD’

Steven L. Sl

(BIS) and burst

ABSTRACT. Objective. The bispectral index (BIS) is a com-
plex EEG parameter which integrates several disparat¢ de-
scriptors of the EEG into 2 single variable. One of the
subparameters incorporated 1n the BIS is the suppression
ratio, quantifying the percentage of suppression during burst
suppression patterh. The exact algorithm used to synthetze
the informaton to the BIS value is unpubh\'hcd and still
unknown. This study provides insight mto the integration of
the suppression ratio into the BIS algorithm. Methods. EEG
data of 10 healthy volunteers during pmpnfol infusion were
analyzed. Propofol concentrations Were ramped up to 4
prcdctcrmincd concentrations (1,2, 340, 8.9, or12 g /ml)
using a computer controlled infusion pump (ST}\NI’UMP).
EEG recordings WeTC pcrfunncd with an Aspect A-1000
EEG monitor (Version 3.22). The relationship of the proc-
essed EEG variables bispectral index and suppression ratio,
calculated by the Aspect A-1000 monitor, Was analyzed.
Results. Up to 40% suppression ratio the average BIS values
remained constant regardless of suppression ratios (r = 0.13).
Beyond a suppression ratio of 40%, BIS and suppression ratio
were invariably linearly correlated (r = — 1). Ata suppression
ratio > 40% the BIS value could be calculated as BIS = 50 —
suppression ratiof2. Conclusions. Suppression ratio values
> 40% are linearly correlated with BIS values from 30 to 0.
An increasing anesthetic drug cffect resulting 1 an increase of

the duration of suppression to a suppression ratio up to 40%
is not adequately reflected by the BIS value.

KEY WORDS. EEG, monitoring.

INTRODUCTION

The bispectral index (BIS, Aspect Medical Systems,
Framingham, MA) s a complex EEG parameter which
integrates several disparatc descriptors of the EEG 1nto
a single variable. BIS values range from 0 to 100 and

L Teacriaral assessments of sedation and
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BSRVALUES <40%ARE LINEARLY CORRELATED WITH BIS
VALUES FROM30 TOO

bispectral )
Index ) AT A BSR 40% THE BIS VALUE COULD BE
CALCULATED AS:

BIS = 50 - BSR/2

suppression ratio [%]
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3. ISIATROGENIC
BURST SUPPRESSION
PROTECTIVE OR
TOXIC?
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IATROGENIC BURST SUPPRESSION

ANESTHETICAGENTSAND
BURST SUPPRESSION



British Journol of Ancesthesia 112 (6): 1067-74 (2014) l% \
Advance Access publication 20 March 2014 doi:10.109 3/bja/oeul16 [

NEUROSCIENCES AND NEUROANAESTHESIA the Prop ofol P lasma

Burst suppression-MAC and burst suppression-CPso

as measures of cerebral effects of anaesthetics conce ntrati on necessary tO

S. Pilge!, D. Jordan?, M. Kreuzer?, E.F. Kochs? and G. schneider’”

' Department ofAnoes(hesio&ogy,Helaos Clinic Wuppertol.wmenIHerdecke University, 42283 Wuppertol, Germany p E b u rSt S u p p reSS I O n i n

 pepartment of Angesthesiology, Klinikum rechts der 1sar, Technische Universitdt Munchen, Munchen, Germary
* Comresponding outhor. E-mail gerhard schneider@uni whde

509 i
Background. MAC (minimum olveolct concentration of an inhaled anaesthetic and CPSOL O /O Of S u bJ ECtS (C PSOBS) Wa.S

Edltor's key pomts (minimum plasma concentration of iv. anaesthetics) are well-established measures 10
« For decades, anaesthetic compare potences of anaesthetics. The underlying clinical endpoint immobility reflects mainly 4 8 5 m /
tency has be effects of anaesthetics on the spinal cord, which limits the use of this measure for companson " C g m |
::::rib);d as - of effects on the main target organ of general anaesthesio—the brain. The present study (95% CI 4 25_5 40
concentration required to determines the median concentration of sevoflurane, isoflurane, and propofol that induce the ) . )
suppress responses o0 onset of electroencephalogram (EEG) suppression (silent second’): MACgs and (Psces-
noxious stimuli Methods. Fifty-five unpremedicated patients (ASA physical status of 1 or 11) undergoing elective
« This is not ideal because surgery were randomly assigned to receive general anaesthesio with sevoflurane, isoflurane, or W e re aS b .
immobility results mostly propofol. A wo-channel EEG was continuously recorded 10 identify ‘silent second’. p u I S h e d
from spinal effects. Independent cross-over pairs were analysed using the ‘Dixon’s up-ond-down' method, and
« Theauthors thus sought 0 MAC g/ CPsces volues were calculated by logistic regression. C O .
potency measure relying Results. CPsoas WOS 4.9 pgml ! for propofo\. MACgswas 2.9 vol% for sevoflurane and 1.5 vol% for n C e n t r at I O n
only on brain effects. isoflurane. CPsoes of propofolwosless than one-third of CPS0i, whereas MACgs of sevoflurane was n e Cessa t
« They propose the l.lo-fddofMAC.MA(esof isoflurane was 1.3-fold of MAC. ry O
concentration required for Conclusions. Immobility and cerebral effects reflect different entities of anaesthetic action. The p ro d ' g
burst supptession onset, median concentration of anaesthetic drug (volatile or Lv. agent) required 10 induce ‘silent u C e I m m O b I .
and report their findings second’ might be 0 more useful metnc than the medion concentration required 10 prevent I I ty (C P 50
for three agents. movement in response to a surgical stimulus in order 10 compare relative potencies of | IS

anaesthetic agents on the brain. Advantage of the 'silent second' is an easy identification of

this endpoint, while <uch o deeplevelis not required for dinical onaesthesid m O re t h an t h re e t I m eS g re ate r

Keywords: anaesthetics, inhalation; anaesthetics, intravenous; electroencephologmphy

(CP50; 15.2 mcg/ml)

MAC (CPSOI) is defined as ‘minimum alveolar concentration’ anoesthesia is associated with functional changes in the
of an inhaled angesthetic (minimum plasma concentration brain, which can be assessed by recording of electrical brain
of Lv. anaesthetics) that prevents movement in response to activity. Changes in electroencephalogram (EEG) recording

kin incision in 50% of o test population. MAC! and CP50 during generol anaesthesia follow @ characteristic pattern,
S L ikad meacures to compare the potencies of whichallows to quantify the level of hypnosis. ' However, drug-
R <necific EEG changes'®™ "~ are present, predominantly during

pi
vesent, predominantly &ur70 llge et al. Br J Anaesth. 2014 Mar;112(6):1067-74
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PREVIOUS STUDIES ON PROPOROL BURST
SUPPRESSION

5 y 5 mcg/mL 5 y 5 mcg/mL

MEDIAN EFFECT-SITE CONCENTRATION TO MINIMAL BRAIN CONCENTRATION REQUIRED
ACHIEVE BURST SUPPRESSION TO OBSERVE BURST SUPPRESSION
Newman et al.1995 Ludbrook et al. 2002

Ludbrook et al. Anesthesiology 2002; 97:1363—70
Newman et al. AnesthAnalg 1995;81:452
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BURST SUPPRESSIONAND INHALED AGENTS

2,9 vol% 1,5 vol%

MACgs OF SEVOFLURANE MACgs OF ISOFLURANE

1.4-fold MAC 1.3-fold MAC

Pilge et al. Br J Anaesth. 2014 Mar;112(6):1067-74.
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IATROGENIC BURST SUPPRESSION

BACK TO ANEURYSM SURGERY
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ANIMAL STUDIES

In various animal models of middle cerebral artery
occlusion, barbiturates given before or after occlusion
reduce the size of cerebral infarction as compared to

controls
Selman et al. 1981

Taylor et al. 1996

propofol has also been shown to improve neurologic
outcome and neuronal death after ischemia in rat

model Kochs et al. 1992

Kochs et al. Anesthesiology 76:245-252, 1992
Selman et al. J Neurosurg 55:220-226, 1981
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. [...] significant advantage when

they are given pentobarbital asthe
primary neuroprotective agent or

when they receive propofol or
etomidate titrated to achieve
electroencephalographic burst
suppression

- LAVINE ET AL. 1997

Lavine et al. J Neurosurg 87:817-824, 1997



ALANDMARK STUDY: IHAST
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Mild Intraoperative Hypothermia
during Surgery for Intracranial Aneurysm

Michael M. Toad M.D., Bradley |. Hindman, M.D., William R Clarke, Ph.D
ynd James L. Torner, Ph.D., for the Intraoperl tive Hypothermid for Aneurysm
Surgery Iri | (IHAST) Investigators

STR ACT

Al

BACKGRO UND

Surgery for intracranial aneurysm often results in pﬂstupcmtivc neurologic deficits. We
conducted a randomized trial at 30 centers tO determine whether intraoperative cool-
ing during open craniotomy would improve the outcome among patients with acute
aneurysmal subarachnoid hemorrhage.

METHODS

Atotal of 1001 patients with a preoperative World Federation of Neurological Surgeons
score of 1, 11, or Il (“ guod-gmdc patients”), who had hada subarachnoid hemorrhage
no more than 14 days before planned su rgical aneurysm clipping, were randomly as-
signed to intraoperative hypothermia (target temperature, 33°C, withthe use of surface
cooling techniques) Or normothermia (target temperature, 36.5°C). Patients Were ol-
lowed closely pnstopemtivcly and examined appro ximately 90 days after surgery, at
which time a Glasgow Outcome Score was assigned.

RESULTS
There were No significant differences between the group ass igned to intraoperative
hypothermia and the group assigned to normothermia in the duration of stay in the
- i whatatal leneth of hospitalization, the rates of death at follow-up
e o annther hospital,

J.and Lucille A, Carver College of Medicine,
University of lowa (M.M.T., BJH.) and the
Departments of Biostatistics (WRC) and
Epidemiology ().CT) and the Data Manage-
ment Center WR.C.), University of lowa
College of Public Health — both in lowa
City. Address reprint requests to Dr Todd at
the Department of Anesthesia, University
of lowa, 200 Hawkins Dr, 6546 )CP, lowa
City, |A 52242, or at michael-todd @uiowa.
edu.

#Participating centers and investigators are
listed in the Appendix.

N Engl ) Med 2005;352:135-45.
Copyright & 2005 Massachuserrs Medical Society.

the Intraoperative Hypothermia for
Aneurysm Surgery Trial (IHAST) was
a randomized trial of mild systemic
hypothermia (33°C) in patients
undergoing surgery to treat an

acutely ruptured intracranial
aneurysm.

Todd atal. N E
45, ngl JMed 2005;352:135-
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NEUROSURGERY: IHAST

441 patients undergoing temporary
clipping either had no additional protective
intervention (n =263) or received
supplemental protective drug during
temporary clipping (thiopental, n=157;
etomidate, n=20)

administration of supplemental
pharmacologic agents during temporary
clipping did not affect neurologic
outcomes.

Hindman et al. Anesthesiology 2010; 112:86 —101
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ASIMILAR TALE: BURST SUPPRESSIONIN
CARDIAC SURGERY



THEIHAST OF CARDIACANESTHESIA: MCSPI

B CLINICAL INVESTIGATIONS

(Vs to b b o

225 patients undergoing valve

Sur ' .
Ineffectiveness of Bursl Suppression Therapy in gery randomlzed tO SUfe ntan”
Mitigating Perioperative Cerebrovascular Dysfunction alone VS Sufe ﬂtanil + p ro pO fOI

Gary W. Roach, M.D..* Mark F. Newman, M.D..1 John M. Murkin M.D..1 Jeff Martzke Ph.D..§
Adam Ruskin, D.V.M., Ph.D., Julet i, M D..8 Anme Guo, M.S.,” Amy Wismewsk PhD.1T

Dennis T. Mangano, PhD.. M.D..33 for The Multicenter Study of Penoperative Ischemia (McSPI) t Itrate d .
Research Group§§ O u rSt S u p p reSSIO n

L 125500
P9 AMETCan SoueT A Ancsthossobogests. e

Lippencott Wl & Wolkons. I

Background: ( erchral injury is among the most common and Methods: Two hundred twenty-five paticnts undergoing valve

disabling complications of open heart surgery Attempts 1o pro SUrgery were randomized to receive cither sufentanil or sufen n -

vide peuroprotection have yickded conflicting results. We as tanil plus propofol titrated W0 electroencephalographic burst e u ro O g I C an d n e .
sessed the puu-nlial ol pn-pninl induced burst suppression dur suppression. Blinded investigators prrlnnnﬂl ncurologic and u rO p SyC h O I O g I C
ing open heart surgery w0 provide cerebral protection as neuropsychologic testing at bascline, postoperative day (POD) )

(neurologic testing only). PODs 57, and PODs 50-T0. Ncuro

-
peye hologic tests were comparcd with the results of 40 pnonsur te Stl n g O St— O e "
gical paticnts maic hed for age and cducation ra IV‘ E y

This aricie s ACCOMPani 4 by an Fditoral View Ploase scx Results: Electrocn (-plulugr.lphit burst \llpl‘ﬂ‘\\iﬂll Was Sin

determined by POSLOPETALIVE NEUrOPSYL hologic function.

Hindman B, Todd MM Improving peurologic outcome atter cessfully achicved in all 109 prnpulnl p.lli('l“\. However, these

cardiac sungery  ANESTHESIOUOGY 1999 90 1245 paticnis sustained at Jeast as many adverse ncurologic ot
comes as the 116 controls: POD 1, 40% rersus 25%. P = 0.08x
PODs 57, — INs rersus 8% P = 0.07: PODs 50 =0, ~6% rersus
. P = 0.80. No diffcrences in the incidence of neuropsycho
Jogic deficits were detected, with 91% of the propofol paticnts
versus 92% of the control patients being impaired at PODs 57,
decreasing 10 52 and 4™, respectively, by PODs 50-70 No

¢« Assistant Clinscal Protossor of Ame sthesiology . Lmversty of Calslor

nia San Francisco, at Kancr Poermancnic Medical Conter, San Fran

o Caldor S . o

Chos aisofn significant differences in the severity of neuropsychologic dys
¢ Associate Profossor Ancsthessology Duke | nnversty Durham function, dcpm{um. OFf ANXKCTY BOTT noted

North Carolina Conclusions: E hlnu-tuvplulngr;ph'u burst SUPPression sur

e e geey et Pn.‘,..g.,| dufing cardiac valve replacement did not RoaCh et a'l' AneStheSIOIOgy 1999; 90:1255-64

- tmridendse or severity Of ncurologic or



53

Table 3. Incidence of Neurologic Outcome
T T R T e T S e e e e Y Fo s e S s

Group A Propofol + Sufenta Group B Sufenta
Anesthesia (n = 109) Anesthesia (n = 116)
(%) (%) P Value

POD 1

Neurologic deficit 40/101 (40) 27/110 (25) 0.06
POD 6

Neurologic deficit 18/98 (18) 8/103 (8) 0.07
POD 60

Neurologic deficit 5/81 (6) 5/81 (6) 0.80

electroencephalographic burst suppression surgery with propofol did
not significantly reduce incidence or severity of neurologic dysfunction



PHARMACOLOGICALLY INDUCED BURST
SUPPRESSIONDOESNOT YIELD BETTER
NEUROLOGIC OUTCOMES IN CARDIAC
SURGERY AND ANEURYSM SURGERY



PPPPPPPPPPPPPPPPPP /| THE BURST “SUPPRESSION PARADOX IN ANESTHESIA 55

BURST SUPPRESSION IS
NOT BRAIN REST

remember Amzical




(INVOLUNTARY) IATROG EN IC
BURST SUPPRESSION
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RISKFACTORS FOR
BURST SUPPRESSION

& Male 1.57 (1.03-2.40)

S7

Table 3 Independent risk factors of intraoperative SR. Adjusted
on: ASA physical status (I-1I vs III-1V), diabetes mellitus,
hypertension, chronic renal failure, congestive heart failure,
peroperative antihypertensive medication, peroperative
vasopressive medication, trial of inclusion, and propofol and
remifentanil dose (mg kg *h ' and ng kg ! min~?, respectively).
P=0.67 for the Hosmer-Lemeshow goodness of fit test. Tg;s 40- 60,
per cent of time spent in the BIS target range between 40 and 60

Risk factors Odds ratio (95% CI) P-value
Age
<40 yr 1.00
40-59 yr 2.16 (0.81-5.75) 0.068
60-80yr 480 (185-1243)  0.027
— >80yr 10.59 (3.76-29.81) <0.0001__>
Tais —057(096-098) <0.0001
Coronary artery disease
No 100 o
& VYes 2.53 (1.47-4.37) 0.001
Gender e -
Female 1.00

_—— — —— = -

e e . T . e—
T e —e—— e ==
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Fig 2 Proportion of patients from the SR group in each category
of age.



THE AGEING BRAIN ISMORE LIKELY TO SHOW

BURST SUPPRESSION




BURST SUPPRESSION DURING ANESTHESIAIS
ASSOCIATED WITH POOR OUTCOME
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British Journal of Ancesthesia 113 (6): 1001-8 (2014) 1% »\
Advance Access publication 22 May 2014 d01110.1093/bploeu1 05 J

NEU ROSCIENCES AND NEUROANAESTH ESIA

second i
Association between intraoperative electroencephalographic ary anaIySIS BAG-RECALL and B-UNAWARE

suppression and postoperotive mortality* trials

M. Willinghamf, A. Ben Abdallah?, S. Gradwohl?, D. Helsten!, N. Lin? A. villafranca?, E. Jacobsohn?,
M. Avidan? and H. Kaiser*™!

! peportment of Anesthesiology, Washington University in 5t Louis School of Medicine, Compus Box 8054, 660 5. Euclid Ave., St Louis,

MO 63110, USA

Z pepartment of Mathematics, Washington University in St Louis, Compus Box 1146, One Brookings Drive, StLous, MO 63130, USA

3 peportment of Anesthesia and Perioperotive Medicine, University of Manitoba, 2nd Floor, Harry Medovy House, 671 Williom Ave., Winnipeg,
Canada MB R3E 022

unadjust o
* Comesponding outhov.E-moil:heikokouser@me.com pOStOJ ed aSSOCIatI 0 n betwee n EEG Su ppreSSion a d
- | erati - . n
ackground. Low bispectral index values frequently reflect EEG suppression and have been p t |Ve m O rtal Ity u S I n g a u n ivari ab I e I O g i Sti C

Editor's key pomts assodiated with postopemlive mortality. This study investigated whether introoperative EEG .
« Previous studies have suppression was an independent predictor of 90 day postoperative mortality and explored re g re SS I 0
suggested a link between risk factors for EEG suppression. n
deep anaesthesia and Methods. This observational study included 2662 adults enrolled in the B-Unaware o BAG-
mortality. RECALL trials. A cohort was defined with >5 cumulative minutes of EEG suppression, and 1:2
« The authors studied this prq:»ensity-motched to 0 non-suppressed cohort (<5 min suppression). We evaluated the
association using data association between EEG suppression and mortality using multivariable logistic regression,
from mop,wms;mm and examined risk foctors for EEG suppression using zero-inflated mixed effects analysis.
« Amultivariate analysis did Results. Ninety day postoperative mortality was 3.9% overall, 6.3% in the suppressed cohort,
not show an assodation and 3.0% inthe non-suppressed cohort {odds ratio (OR) [95% confidence interval (C1)] =2.19
petween =5 min of EEG (1.48-3.26)}. After matching and multivariable adjustment, EEG suppression Was not
suppression and assodated with mortality [OR (95% C1)=083 (055-1.25)k however, the interaction
mortality. between EEG suppression and mean arterial pressure (MAP) <55 mm Hg was [OR (95%
« EEG suppression and =296 (134-652)). Risk factors for EEG suppression were older age, number of
coincident hypota\sion comorbidities, chronic obstructive pulmonary disease, and higher intraoperative doses of
were however strongly benzodiazepines, opioids, Of volatile anaesthetics. EEG suppression was less likely in
ossociotedwkhmonolity. patients with cancer, preoperative alcohol, opioid of benzodiazepine consumption, and

intraoperative nitrous oxide exposure.

Conclusions. Although EEG suppression was associated with increasing anaesthetic
administration and comorbidities, the hypothesis that intraoperative EEG suppression isa
predictor of postoperative mortality was only supported if it was coinddent with low MAP.

Clinical trial registration. NCT00281489 and NCT00682825.

Keywords: anaesthesia, general; comorbidity; deep sedation; e\ecuoencepho\ogrophy. risk
assessment

Accepted for publication: 5 January 2014

. .t onl inntionts (81S) values and postoperative mortality.” °~* The BIS is a pro-
., rer indey ranaing from h'gh values

Willingham et al. Briti
. British Journal of Ana '
esthesia 113 (6): 1001
; -8 (2014)
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Fig 2 Per cent of the study population surviving after surgery.
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after propensity matching each suppressed case with up to two non-
suppressed controls based on their patient characteristics and comorbid
covariates,

patients who experienced EEG suppression had similar odds of dying
by 90 days as their non-suppressed counterparts

Willingham et al. British Journal of Anaesthesia 113 (6): 1001-8 (2014)
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sub
study of SATISFY SOS observational study

Intraoperative Electroencephalogram Suppression
Predicts pPostoperative Delirium

Bradley A. Fritz, MD.* Philip L. Kalarickal, MD,* Hannah R. Maybrier, BS,” maxwell R. Muench, BS,*
Doug Dearth, MD.* Yulong Chen, BA,* Krisztina E. Escallier, MD,* Arbi Ben Abdallah, PhD,*
Nan Lin, PhD,t and Michael S. Avidan, MBBCh*

/27 adult pati
e e patlgnts who received general anesthesia
planned intensive care unit admission

delirium would be expected to shorten the postoperative i ‘ I '

hospltal stay, reduce the risk of complications after dis- No
First

BACKGROUND: Postoperative delirium isa common complication associated with increased mor
bidity and mortality, longer hospital stays. and greater health care expenditures. \ntraoperative
eledroencephalogram (EEG) slowing nhas been associated previously with postoperative delir-
jum, but the relationship petween intraoperative EEG suppression and postOpefan‘ve delinum
has not been investigated.
METHODS: In this observational cohort study, 727 adult patients who received general anes-
thesia with planned intensive care unit admission were included. Duration of intraoperative
EEG suppression was recorded from a frontal EEG channel (FP1to 7). Delirium was assessed
twice daily on postopemtive days 1 through 5 with the Confusion Assessment Method for the
intensive care unit. Thirty days after surgery, quality of life, functional independence, and cognk
tive ability were measured using the Veterans -
PROMIS Applied Cognnnwmliﬁes-smn Form 4a survey.
RESULTS: Postoperative deliium was observed in 162 (26%) of 619 patients assessed. When
we compared patients with no EEG suppression with those divided into quartiles pased on dura
tion of EEG suppression, patients with more suppression were more likely 10 experience delirium
(4= 25, P < 0.0001). This effect remained significant after we adjusted for potential confound-
. . 40

>

functional independence (Spearman partial correlation coefficient -0.15, P=0.02) but not with
changes in quality of life or cognitive ability. Predictors of EEG suppression included greater end-
tidal volatile anesthetic concentration and lower intraoperative opiold dose.

CONCLUSIONS: EEG suppression is an independent risk factor for postoperative delirium. Future
studies should investigate whether anesthesia titration to minimize EEG suppression decreases
the incidence of postogerat‘we deliium. This is 3 substudy of the Systematic Assessment and
Targeted improvement of Services Following Yeariong Surgical Outcomes Surveys (SATISFY-
s0S) surgical outcomes registry (NCT02032030). (Anesth Analg 2015:XXX:00—00)

b
N
(hog

type of procedure.’ Patients who expenence postopera-
tive delirium require longer stays in the intensive care unit
(ICU), more days of mechanical ventilation, and increased
hospital length of stay,?leading to 2 31% increase in hospital
costs during the index admission.” Even after hospital dis-
charge, patients who experence postoperative delirium are
——— at increased risk for institutionalization, death, and demen-
tia* These patients have an add itional $60,000 in total health
care costs over the first year after discharge® and also report

dlirium is an acute cognitive disorder characterized
by inattention, disorganized thinking, and 2 fluc-
tuating course that develops over hours to days.

Delirium is a commaon complication after surgery, with
an incidence ranging from 10% to 70%, depending on the

lnci_c}ence of Delirium (%)

o

From the *Department of Anesthesiology, Washington U niversity School of
Medicine, St. Louts, Missourt; and $ Department of Mathematics Washing ton
University, Louts, Missoun

o
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charge, and reduce health care costs for the patient and for
socety.

Certain features of the intraoperative dectroencepha-
logram (EEG) have been associated pw\‘mu.sl_v with poor
perioperative outcomes, such as postoperative delinum.
During general anesthesia with ether-derived volatile
agents, the EEG often shows a dominance of delta waves
(04 Hz) coupled with theta waves (4-8 Hz) and/or alpha
‘e 17 Hz) and low beta (12-16 Hz) oscillations.” Patients

—r  cubieritw during lhl’

Second '
Quartile ' s
Quartile Quartile gf:&?e

(0.1-0.6 mi '
min) (0.7-44min) (4.5-17.4min) (>17.4 min)

Duration of El
ectroencephal
: phalo
Fritz et al. Anesth Analg 2015 gram Suppression

Suppression



Table 2. Predictors of Postoperative Delirium in a Multiple Logistic Regression (n = 619)

Variable
Age (per year)
Male sex
ASA physical status >3
Age-adjusted Charlson index (per unit)
Sensory impairment
Alcohol use >5 drinks per week
Surgery type
Noncardiac
Coronary artery bypass grafting
Open cardiac
Length of surgery (per minute)
Intraoperative ketamine use
Intraoperative opioid dose (per 1 morphine equivalent/kg
increase)
Blood transfusion (dichotomous)?
Blood transfusion (per unit)?
Mean end-tidal anesthetic concentration (per 0.1 MAC unit)
Duration of electroencephalogram suppression (in minutes)®

Non-transformed model

Odds ratio (99% Cl)

1.01 (0.98-1.03)
0.92 (0.69-1.23)
0.81 (0.60-1.11)
1.10 (0.93-1.30)
1.04 (0.63-1.70)
1.02 (0.62-1.66)

Reference
1.12 (0.62-1.66)
0.95 (0.60-1.51)
1.00 (1.00-1.00)
0.70 (0.38-1.29)
1.08 (0.71-1.64)

1.29 (1.14-1.46)
0.66 (0.50-0.87)

1.05 (1.003-1.103)"

P

0.37
0.46
0.08
0.15
0.83
0.93

0.57
0.77
0.65
0.13
0.65

<0.0001
0.0001
0.0065

Transformed model®

Odds ratio (99% Cl)

1.00 (0.98-1.03)
0.89 (0.67-1.19)
0.80 (0.58-1.08)
1.09 (0.92-1.30)
1.03 (0.62-1.74)
1.02 (0.62-1.68)

Reference
1.26 (0.76-2.11)
1.03 (0.65-1.62)
1.00 (1.00-1.00)
0.71 (0.39-1.30)
1.05 (0.69-1.61)

1.82 (0.83-4.00)

1.77 (1.07-2.94)

0.66 (0.50-0.88)
1.22 (1.06-1.40)

P

0.69
0.31
0.06
0.18
0.85
0.91

0.24
0.89
0.61
0.15
0.76

0.05
0.004
0.0002
0.0002
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Table 2 Comorbidity and plasma electrolyte concentrations in comparison between delirious and non-delirious
patients

Patients with delirium (n = 26) Patients without delirium (n=55) p-value

Comorbidity

Congestive heart failure 9 24 048
Myocardial infarction 6 18 044
Diabetes mellitus 7 15 1.00
COPD 5 8 0.75
Peripheral vascular disease 2 5 1.00
Cerebrovascular disease 3 4 0.20
Preoperative plasma electrolyte concentrations

Sodium [mmol/l] 140 [137.8;142.3] 140 [139;141] 0.83
Potassium [mmol/I] 3.7 [3.6; 4.1] 3.8 [3.54.1] 0.96

The number of patients with certain comorbities is shown in the upper part. COPD = chronic obstructive pulmonary disease. Electrolyte concentrations are
expressed as medians and interquartile range. Groups did not differ significantly with respect to the above shown parameters.



Table 6 Time spent in a state of burst suppression, i.e. a
BSR > 0%

Patients

Group With delirium Without delirium p-value

Duration of burst suppression as obtained during the entire
period of surgery

| eft side 131 min [50:183] 48 min [13:127] 0.034
Right side 85 min [46;142] 35 min [7:89] 0.009

Duration of burst suppression from intubation to onset of
cardiopulmonary bypass

L eft side 59 min [17;77] 20 min [3:58] 0.008
Right side 53 min [18;77] 13 min [2;37] 0.001

All data are shown as median and interquartile range.
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BURST
SUPPRESSIONAND MORTALITY IN THE ICU

Presence of electroencephalogram burst suppression in sedated,
critically ill patients is associated with increased mortality

Paula L. Watson, MD; Ayumi K Shintani, MPH, PhD; Richard Tyson, MD;
Pratik P. pandharipande, MD. MSCI; Brenda T. Pun, RN, MSN, ACNP: E. Wesley Ely, MD, MPH

miecﬁm:m study investigates the possibility of a relation- the overall cohort demonstrating 2 high severity of illness
ship between oversedation and mortality in mechanically ventilated  (Acute Physiology and Chronic Health Evaluation || scores of
patients. The presence of purst suppression, 3 pattem of severdly 274 = 8.2) and 98% receiving sedation. 0f those with burst
decreased brain wave activity on the electroencephalogram, may be suppression, 29 of 49 (59%) died within 6 months compared
unintentionally induced by heavy doses of sedatives. Burst suppres- with 25 of 76 (33%) who did not demonstrate burst suppres-
m\lmnwubmswdasapoulﬂﬂskhcummmin sim.uwgmmﬂmmbnbmtbrchun

without a known disorder or injury. covariates (age, Charison comorbidity score, baseline de-

Design: Post hoc analysis of a pmmc\‘mu observational mentia, Acute mmyuummm Evaluation Il

cohort study. Organ Failure Assessment, coma, and delirium), patients who expe-

Setting: Medical intensive care units of a tertiary care, univer- rienced purst suppression were found to have 2 statistically signif-

sity-based medical center. icant higher 6-month mortality [Hazard's ratio = 204, 95% confi-
patients: A total of 125 mechanically ventilated, adult, critically  dence interval, 1.12-370,p = 0.03.

ill patients. Conclusion: The presence of burst suppression, which was

Richmond Ag‘taﬁon-Sedaﬁon Scale) was used to measure Wwas an independent predictor of increased risk of death at 6
sedation level, and the pispectral index monitor was used to  months. This association should be studied pmpcumy on a
capture electroencephalogram data. Burst suppression 0c- larger scale in mechanically ventilated, critically ill patients. (Crit
curred in 49 of 125 patients (39%). For analysis, the patients Care Med 2008; 26:3171-3177)

were divided into those with burst suppression (49 of 125, Ker Woros: intensive care; mechanical yentilation; burst sup-
39%) and those without burst suppression (76 of 125, 61%). All pression; bispectral index; proeessed encephalogram; sedation;
baseline yariables were similar between the two groups, with  analgesia; delirium

atically ill, mechanically ven- cm\mwrsial study, Monk et al. (2) re- as duration of mechanical ventilation,
tilated patients nearly univer- ported that cumulative intraoperative length of intensive care unit (ICU) and
sally receive large doses of deep hypnotic ime was an independent hospital stays, and healthcare cost (3, 4).
sedative and analgesic medi-  risk factor for increased mortality dunng Current sedation guidelines recommend
cations that frequently lead to deep seda- the first year after surgery. Sedation titration of sedation to a goal level using
iowe 1ittle 1s known rcgardmg the mor- managcmcm has been shown to affet a vahd and reliable chn;cal asse.\sn\cnt

W sarinns clinical outcome variables such tool (5). However, once a patient is se-

raed to the point of being unresponsive
- 2. .. A kae
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Burst Suppression on Processed Electroencephalography asa
predictor of Post-Coma Delirium in Mechanically Ventilated ICU
patients

Jennifer M. Andresen, MD', Timothy D. Girard, MD, MsCl-24, Pratik P. pandharipande, MD,
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Abstract

Oblectlvu—M-.my patients, duc 10 @ combination of iliness and sedatives, spend a considerable
amount of time in a comatose state that can include time in burst suppression. We sought 1o
determine if burst suppression measured by pmccs.scd clcclmcnccphnk»gmphy (pEEG) during

i endative-exposed patients is a predictor of post-coma delirium during critical illness.



MEDIATOR, MALEFACTOR OR MIRROR

MALEFACTOR

MEDIATOR

MIRROR

EEG suppression or
low BIS reflect direct
anaesthetic toxicity

-

Worse outcomes for all
patients with increasing
duration of deep
anaesthesia

~

Anaesthetic toxicity
with EEG suppression
or low BIS is mediated

by patient factors

EEG suppression or

low BIS reflect both

deep anaesthesia &
patient factors

Adverse outcomes occur

when patients have both
deep anaesthesia &

underlying pathology

Those with underlying
pathology are prone to

EEG suppression, but
deep anaesthesia does

not cause bad outcomes

|

T

Escallier et al., Brain monitoring and peri-operative outcomes. Anaesthesia 2015, 69, 899-910
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Protocol for the Electroencephalography
Guidance of Anesthesia to Alleviate
Geriatric Syndromes (ENGAGES) study:

a pragmatic, randomised clinical trial
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ABSTRACT

Introduction: Postoperative delirium, arbitrarily defined
as occurring within 5 days of surgery, affects up to 50%
of patients older than 60 after a major operation. This
geriatric syndrome is associated with longer intensive
care unit and hospital stay, readmission, persistent
cognitive deterioration and mortality. NO effective
preventive methods have been identified, but preliminary
evidence suggests that EEG monitoring during general
anaesthesia, by facilitating reduced anaesthetic exposure

and EEG suppression, might decrease incident

postoperative delirium. This study hypothesises that EEG-
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strengths and limitations of this study
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Figure 2 Flow diagram showing design overview for ENGAGES study.
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NEURONAL BASIS OF BURST SUPPRESSION
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SUPPRESSION BURST

——
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absence of synaptic activity among cortical neurons hyperexcitability caused by reduced cortical inhibition
(lesser activity of GABA inhibitory synapses)

depletion of extracellular cortical calcium levels
Ferron et al. 2009

arrest of synaptic transmission - flat EEG | S o
excitatory-inhibitory balance leans toward excitation

synaptic silence allows neuronal pumps to restore o o _
interstitial calcium levels to trigger a new burst rythmicity of bursts is dictated by Ca2+ depletion and
Its restoration

refractoriness caused by disfacilitation _ _ _
bursts can be triggered by a variety of internal and

external stimuli

Amzica et al., Epilepsia, 50 (Suppl. 12):38-39, 2009
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PREVAILING
FEATURES OF
BURST
SUPPRESSION

spatial homogeneity of bursts

periodic nature of suppression

parametric sensitivity to level of brain depression

much slower time scale vs other brain patterns
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The mesoscopic modeling of burst suppression during
anesthesia

pavid T. J. Liley * and Matthew Walsh

Brain and Psycholograal Scences Research Centre, Faculty of Life and Social SCRNces, Swinburne University of Technology. Hawthorn, VIC, Austraka

Edited by: The burst-suppression pattern 1S well recognized as a distinct feature of the mammalian

:m&::hr e electroencephalogram (EEG) waveform. Consisting of alternating periods of high amplr p

Germany wde oscillatory and isoelectnc activity, it can be induced In health by deep anesthesia as 8 —

Reviewed by: well as being evoked by a range of pamophvsao\ogiw\ processes that include coma and a

Axel Hutt, INRIA CR Nancy, France anoxia. While the eteciroencephalogfaphuc phenomenon and clinical implications of burst S— +

Moira Stayn-Rass, University of suppression have been studied extensively, the physiologncal mechanisms underlying s yl k (8 Ik ) L= + ~

Waikato, New Zoaland emergence remain unresolved and obscure. Because electroencephalographic bursting a t yl k (8 l k) I (r t
DardTJ “"“;m od phenomenologicallv resembles the bursting observed In single neurons, it would be rea- - a t Ik b ]
Psychological Sciences Research sonable to assume that the theoretical insights developed 10 understand bursting at the —

Cenre, Faculty of Life and Socal cellular (“microscopic”) level would enable insights int0 the dynamical genesis of bursung

Sciences, Swinburne Unnersity of at the level of the whole brain (" macroscopic” ). in general action potential bursting is the

Lmiz‘”:"" 18 Hawmom.  result of the interplay of two time scales: a fast ume scale responsible for spiking, and
omait diiey@swin odu.au a slow time scale that modulates such activity. We therefore hypothesize that such fast-
slow systems dynamically underpin electroencephalogfaphic pursting. Here we show that

a wellknown mean field dynamical model of the electroencephalogram, the Liley model,

while unable 10 produce burst suppression unmodified, 1s able to give rise 10 3 wide varr

ety of burst-like actwity by the addition of one of more slow systems modulating model

parameters speculated 10 be major “targets” for anesthetic acton. The development ofa

phvsaologucally plausible theoretical framework 10 account for burst suppression will lead 10

a more complete phys:oiogncal understanding of the EEG and the mechanisms that serve

10 modify ongoing brain actvity necessary for purposeful pehavior and consciousness.

= v (en) explyi (ew) /v Tk Ap (r, 1),

yik(er) = exyy/ (€% —1), v

(7)
= yi(e)e (8)

Keywords: burst suppression. anesthesia, mmeﬂm mean field model. neuronal hmo.hbl!y

1. INTRODUCTION coma, variousinfantile encephalopathics, the final stages of deteri-
Prior to the development of the modern intensive care unit in orated gtatus epilepticus (Treiman et al,, 1990), hypo\hcmia.and
the carly 1960s, that featured inlubation.aniﬁcial respiration, and highlevels of many sedative and anesthetic agents (Schwartz etal,
comprehensive physiologial monitoring, reports of theelectroen-  198% Akrawi et al., 1996).

ccphaloyuphic pattern of burst suppression (BS) were confined Burst suppression in the absence of anesthesia is in general

1o animal studies involving deep anesthesia and the occasional associated with a very poor Prognosis. For example in neonates
case of psychosurgery (Niedermeyer 2009). Since then the burst-  (LOEg Damberger et al., 1989) the appearance of BS, even if tran-
suppression pattern has become well recognized as major diag- sient, is a portent of death or severe ncumdcvdopmcnlal disability.
nostic feature of the EEG waveform thatis encountered in a range In contrast, in adult populations while an anoxic/hypoxic BS pat-
of encephalopathic conditions, in addition 10 its appearance in  tern signals a serious palhophysiobgical event the outcome is not
health during decp anesthesia. Typically the BS pattern consists of necessarily fatal and recovery with or without severe neurological
bursts of high amplitude slow, sharp, or wiﬁngckamcmzphab- damage is possible (™ iedermeyer, 2009). Consistent with this are
graphic activity separated by periods of deamcnccphaloguphic results of experimental work with EEG monitoring in rats reveal-
suppression (isoclectricity). The oscillatory features of the bursts,  ing that animals with greater rates of high amplitude bursts havea
R et vhie duration and the duration of suppressed peri-  better survival and neurological outcome compared to those with
P B les)  lower rates of low amplitude bursts (¢ - cocadin et al., 2002).
o hic shenomenon and clinical
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A Probabilistic Framework for Time-Frequency Detection of Burst
Suppression ol
Michael J. Prerau, Patrick L. Purdon, Member, IEEE

Abstract— General anesthesia is 2 drug-induced, reversible clinical
condition comprised of hypnosis, amnes ja, akinesia, scoring
and autonomic stability. During the deepest levels of anesthesia,  can re

burst suppression is observed in the EEG, which consists of llmdawil’ubhshmg(lurputauon
alternating periods of pursting and isoelectric activity. By Se The Scientific World Joumal
accurately tracking aneslhesln-lndnctd burst suppression. it suppres Volume 2014, Article ID 295070, 11 pages
may be possible 10 provide a higher level of care for patients  metho s http// dx.dot uggllOJlSSlZOl-lizqi)T()

receiving general anesthesia. We develop 2 probabilistic EEG tin
framework for detecting burst suppression events. The  When
algorithm uses multinomial regression 10 estimate  the
probability of burst. suppression, and artifact states at each time g
given EEG frequency-domain data. We tet the efficacy of this depend
nethod on clinical EEG acquired during operating room limited

said to

Sargery with GA under propofol Giney Research Article
ave ¥
) X tho & . . .
I INTRODUCTION ol Detection of Burst Suppression Patterns 1n
General anesthesia (GA) 1is 2 d'ug-induced. reversible ! .
condition comprised of hypnosis (loss of consciousness). 2‘4‘32:‘; EEG USlng Recurrence Rate NIH Public AC cess
amnesia (loss of memory), analgesia (loss of pan sensation), and st @
akinesia (immobility). and autonomic stability. Every day, in  ghysiol Author Manuscript
United States alone, over 100.000 patients depend on general i O
anesthesia for the ability to undergo vital clinical procedures. Alte Zhenhu Lian 1 thhu‘ Wan: 23 Yongsl\ a0 Ren.‘ Duan Li.‘ Logan v 083-5
During GA, patients must be adequately anesthetized to classifi & L Published in final edited form as:
£ P cq y ; ie Slei 5 and Xi > 2z : 3 s
prevent awareness of post-operative recall.  However, hidden Jamie gh, an aoli = J Neurosci Methods. 201 3 September 30: 219( 1): 131-141. dot: 10.1016/) .]ncumcth.mnm 003.
atients should not be over-anesthetized, which can dela measuri %
gmergcnce and could contribute to post _operative dcliriu:l neonatal ! nstitute of Electrical Engineening, Yanshan University, Qinhuangdao 066004, China
or cognitive dysfunction. It is therefore important to be able Vectors:' 2 gtate Key Laboratory of Cognitive Neuroscience and Learming and IDG/McGovern Institute for Brain Resean » R | ti t ti fb t i tt . iti I
to characterize and monitor clinically observable biomarkers ~ multi-d Beging Normal University, Beijing 100875, China eal-time segmenta on of burs suppress on patterns in critica
of depth of anesthesia so that complicatiom from over- of statistic 3 Center for Collaboration and Innovation i Brain and Learming Sciences, Bajyng Normal University, Beijing 10
mdcr.ancsdictin'ng patients may be mitigated. rather 4 nstitute of Information and Science Engineering Yanshan University, lemangdao 066004, China care EEG monitoring
Onc such biomarker is the phenomenon of burst method! 5 Department of Anesthesia, Waikato Hospital, Hamilton, New Zealand §
| RS i b1 bc
suppression, w_hich is a state occurring at the deepest levels ) Me Correspondence should be addressed to Xiaoli Li; xiaoli@bnu edu.cn :a:‘r::go:::::;‘?: d"‘r o;h;‘:.':a. sa::f:";.?;“:u:rgog:lbncg % e Chemal™®.
of GA, consisting of altemating cpochs of electrical bursting major p g . , Sydney S. ' "
zﬂ isoelectric ac‘:,i‘&,‘ in the EEG. As the l;:.cl of anesthetic 0:‘ b; Received 21 January 20M4; Accepted 20 February 2014; Published 17 April 204 g ‘Department of Neurology, Massachusetts General Hospttal. Boston, MA
ug is increased, ¢ period benween ¢ burst cpochs ~ Classtie e "
increases. Thus, tracking burst suppression provides an t;:;\e Academic Editors: H.-K.lLam, ] L. G Ouyang, and T. Stathaki '::Zpartment of Brain and Cognitive Sclences, Massachuselts Institute of Technology, Boston,
important tool in monitoring depth of anesthesia. Burst cls = . - e _ ) )
suppression is also Cbserved in coma patients, and can be method: Copyright © 2014 Zhenhu Liang & sl Thisis an open 8 wdcs distributed under the Creative 0000 cDepartment of Anaesthesia and Critical Care, Massachuselts General Hospital, Boston, MA
induced using anesthetic  dru or cooling as 2 in the which permits unrestricted use, distribution, and reproduction in any medium, provided the original work
neuroprotective therapy- Consequently, accurate involvir dpepartment of Neurology, Beth Israel Deaconess Medical Center, United States
characterization of burst suppression has broad app\icabilily Burst suppression is a unique electroencephalogram (EEG) pattern commonly secn in Cases of severely
in neuro-critical care as well. The current clinical standard Se‘ y such as overdose of general anesthesia. It is important t0 detect burst suppression reliably during the admi z Abstract
for evaluating burst suppression is through visual inspection detectio or sedative agents, especially for cerebral-protective treatments in vanous neurosurgical diseases. This study =
of filtered EEG time-domain traces by a trained clinician or "ﬁ?‘;‘ : plot (RP) analysis for the detection of the burst suppression pattern (BSP) in EEG. The RP analysis isapplied t % Ob}octlvo——Dc\'ck»p a real-time algorithm to automatically discriminate suppressions from non-
lechnician. There is Currcnﬂy 20 Siﬂg‘e. uni\'crsally-acccptcd ‘ana_ ‘ BSPs colkdcd from 14 plicnu. "lﬁd) we obtain the best selection of p.lr.\mdcn for RP mahstx Then, the > supprcgsions (burs‘s) n c‘cdrmmwha‘ogrdms of cn“cauy lll aduh palicn‘s.
transit determinism (DET), and entropy (ENTR) are calculated. Then RR was selected as the best BSP index one- ‘ ) ) ) )
eRescarch supporied by an NIH New jnnovator Award DP2-OD006434 { small. ¥ (ANOVA) and multiple comparison tests. Finally, the performance of RR analysis is compared with spectts Methods—A real-time method for segmenting adult ICU EEG data nto bursts and suppressions
PLP) the res analysis, approximate entropy. and the nonlinear energy operator (NLEO). ANOVA and multiple compa is presented based on thresholding local voltage variance. Results are validated against manual
M J, Prerau is with Massachuscis General Hospital, Department of visuall ‘ the RR could detect BSP and that it was superior 10 other measures with the highest sensitivity of suppressi segmentations by two experienced human clcclrocnocphalogmplwrs. We compare inter-rater
Anesthesia, Criucal Care. and Pain Medicing, 149 13th Stedt. states p = 003). Tracking BSP patterns is essential for clinical monitoring critically ill and anesthetized pati : agreement between manual EEG scgmcmalions by experts with inter-rater agreement between

Charlestown MA. 02129 (corresponding author to provide phone: 617- content’

43.9513; fax: 617-643- 9531 b preray nmem oh harvard edu) may provide an effective burst suppression detector for developing new patient monitoring systems.

human Vs automatic segmentations, and investigate the robustness of segmentation quality t©
variations in algorithm parameter settings. We further compare the results of using these
segmentations as input for calculating the burst suppression probability (BSP), a continuous
measure of depth-of -suppression.

effectt

p. L. Purdon with Massachusetis General Hospital, Depanment of
- L  Cam. and Pum Medicine  (email

1. Introduction diseases. It is commonly used as a mo i
of sedatives in order to achieve a ma

e cdion pattern (BSP) cerebral metabolic rate [5).
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Rosults—Automalcd segmentation Was comparable t0 manual segmentation, i ¢. algorithm-vs-
human agreement was comparable to human-vs-human agreement, as judged by comparing raw

EEG segmentations of the derived BSP signals. Results were robust to modest variations 1n
R GE e ntar crtIngs.
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Burst suppression probability algorithms: state-space methods
for tracking EEG burst suppression
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Abstract

Objective—Burst suppression 1s an electroencephalogram pattern in which bursts ol electrical
activity alternate W ith an isoclectric state This pattern 1S commonly seen in states of severely
reduced brain acuvity such as profound general anesthesia, anoxic brain injures, hypothermia and
certain dev clopmental disorders. Devising accurate, reliable ways to quantify burst suppression is
an important clinical and research problem Although thresholding and scgmentation algonithms
readily idenuly burst suppression periods, analysis algorithms require long intervals of data 1o
characterize burst suppression at a given ume and provide no framework for <tatistical inference.

Appfoach—-\\'c introduce the concept of the burst suppression probability (BSP) to define the
brain’s instantancous propensity of being in the suppressed state. To conduct dynamic analyses ol
burst suppression We propose a state-space model in which the observation process 1s d binomial
model and the state equation 18 a Gaussian random W alk. We estimate the model using an
approximate expectaton maximization algorithm and illustrate is application in the analysis of
rodent burst suppression recordings under general anesthesia and a patent during induction ol
controlled hypothermia

Main result—The BSP algorithms track burst suppression ona second-to-second tme scale, and
make possible formal statistical comparisons of burst suppression at different umes.

~ inance—The state-space approach suggests a pnnclplcd and informative way 1o analyze
L allv 1o control, the brain staies of patients



PROPOFOL BURST SUPPRESSION: MORE NUMBERS

1 5 mcg/mL 6_8 mcg/mL

CONCENTRATION REQUIRED TO PRODUCE CONCENTRATION AT WHICH NEAR MAXIMAL
MAXIMAL SUPPRESSION DEPRESSION OF CBF IS OBTAINED
Ludbrook et al. 2002 Ludbrook et al. 2002

Ludbrook et al. Anesthesiology 2002; 97:1363-70



EFFECT OF NITROUS OXIDE ON BURST SUPPRESSION

N20O Is neither additive nor antagonistic to the effect of sevoflurane on burst suppression
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PHARMACOLOGIC CONSIDERATIONS: ETOMIDATE

burst suppression pattern upon
iInduction of anesthesia with
etomidate prevented increase in
ICP and maintained CPP during
laryngoscopy

could be used as atarget of deep
anesthesia in raised ICP patients

TABLE III Time to dose requirement and duration of EEG burst
suppression produced by etomidate

Time from etomidate bolus until

EEG burst suppression: 240 % 33 sec

Etomidate dose (bolus plus infusion)

to reach burst suppression: 1.28 + 0.11 mg - kg™

Total duration of burst suppression: 211 * 25 sec

Modica et al. Can J Anesth 1992/ 39:3/ pp236-41
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DIFFERENCES IN PROPOFOLAND SEVOFLURANE
INDUCED BURST SUPPRESSION
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DIFFERENTANESTHETIC AGENTS INDUCE
(SLIGHTLY) DIFFERENT BURST SUPPRESSION
PATTERNS
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Schwartz intracranial temporary arterial
clamps and applying forceps from the
Storz Surgical Instruments catalog, circa
1948.

——zu0}s-

5-5200

Taylor et al. Neurosurgery, Volume 39, Issue 5, 1 November 1996, Pages 893-906,



rate of ATP consumption CM ROZ
A

sodium ATP pump AUTOREGULATION CBF

action potential T
burst activity \ / rate of A_\TP
generation
ATP regeneration burst activity ATP 1aCKing

suppression pattern  signs action potentials Kare channel

If suppression of metabolic activity has a part in cerebral protection, complete EEG
silence may give more protection than 50% burst suppression.

Doyle et al.British Journal of Anaesthesia 83 (4): 580—4 (1999)



BARBITURATE
PROTECTION

Taylor et al. Neurosurgery, Volume 39, Issue 5, 1
November 1996, Pages 893-906,

RAVUSSIN'S
PROTOCOL

Ravussin et al. Neurosurgery, volume 32(2), February
1993, p 236-240.

normoglycemia, mild hypothermia, elevated
mean arterial pressure before temporary clip
application

10 mg/kg loading dose

thiopental
followed by maintenance dose 5-10 mg/kg/h,

titrated to EEG burst suppression

propofol infusion increased to 500 mcg/kg/min
prior to temporary clipping

titrated to burst suppression
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“ INTRAOPERATIVE ASSESSMENT OF BSRMAY
IDENTIFY PATIENTSAT RISK OF PODAND SHOULD
BEINVESTIGATED IN FURTHER STUDIES. SOFAR

| T REMAINS UNKNOWNWHETHER THERE ISA
CAUSAL RELATIONSHIP OR RATHERAN
ASSOCIATION BETWEEN INTRAOPERATIVE BURST
SUPPRESSIONAND THE DEVELOPMENT OF
POSTOPERATIVE DELIRIUM.

- SOELHE ET AL, BMC ANESTH 2015

Soehle et al. BMC Anesthesiology (2015) 15:61
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Most importantly, under the same dose of isoflurane, ECI is attained at different temperatures in
different patients, and fluctuations into and out of ECI once despite maintenance of relatively
constant temperature and anesthetic conditions are relatively common. Consequently; it is not
possible to reliably predict an individual patient's level of burst suppression or to ensure
maintenance of ECI by simply targeting a predetermined temperature plus anesthetic
combination. In turn, continuous EEG monitoring to allow continual fine-tuning of brain
temperature and anesthetic levels is essential in cases for which maintaining a specific target level
of BS or ECI are necessary to provide cerebral metabolic protection.



CIRCULATORY ARREST. RATIONALE

- The most important cerebral protective measure used during
procedures requiring circulatory arrest is deep hypothermia [1].
Therefore, the selection of an optimal temperature for circulatory arrest
IS critical. A circulatory arrest temperature that is too high [2] may
predispose to cerebral ischemia. A circulatory arrest temperature that is
too low prolongs the periods of cooling and rewarming and hence the
time on cardiopul- monary bypass (CPB) and its associated risks [3]. In
addition, extremely low temperatures may produce brain injury [4 —7] as
a result of the formation of intracellular ice crystals or denaturation of
proteins [8].

Burst suppression appeared in all patients between 2 and 28 minutes (mean, 12.7 6 minutes) after the start of cooling, with
nasopharyngeal temperatures ranging from 15.7°C to 33.0°C (mean, 24.4°C 4°C).

Ann Thorac Surg STECKER ET AL 1s2001;71:14-21
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Trials from numerous centers from around the world have demonstrated the clinical efficacy of adult aortic arch repair with ACP and mild to moderate hypothermia in the range of 22 C to 30 C.



