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THE EXISTENTIAL QUESTION

ISANESTHESIA-INDUCEDBURSTSUPPRESSION
NEUROPROTECTIVEORNEUROTOXIC?
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OUTLINE

1. WHAT ISTHE
PATHOPHYSIOLOGY OF
BURST-SUPPRESSION?

3. IS IATROGENIC
BURST-SUPPRESSION
PROTECTIVE OR
TOXIC?

2. HOW CAN WE MONITOR
BURST-SUPPRESSION?
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“ PATTERNCHARACTERIZEDBYTHETA
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DEFINITION

AND/ORDELTAWAVES,

ATTIMESINTERMIXEDWITH FASTER
WAVES,

ANDINTERVENINGPERIODSOFRELATIVE
QUIESCENCE.”

INTERNATIONAL FEDERATION OF SOCIETIES FOR

ELECTROENCEPHALOGRAPHY AND CLINICAL NEUROPHYSIOLOGY

(IF-SECN)
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DERBYSHIRE AJ, REMPEL B, FORBES A, LAMBERT EF. THE

EFFECTS OF ANESTHETICS ON ACTION POTENTIALS IN THE

CEREBRAL CORTEX OF THE CAT. AMERICAN JOURNAL OF

PHYSIOLOGY–LEGACY CONTENT. 1936;116(3):577–596.

R. SWANK, C. WATSON

EFFECTS OF BARBITURATES AND ETHER ON SPONTANEOUS ELECTRICAL

ACTIVITY OF DOG BRAIN

J NEUROPHYSIOL, 12 (1949), PP. 137-160
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FLORIAN AMZICA, PH.D.

AMZICA’SHYPOTHESIS
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THE DISCONNECTION HYPOTHESIS

BURSTSUPPRESSIONISNOTBRAIN
REST
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DISCONNECTION HYPOTHESIS

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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CASEREPORT

unconscious 68 years old

woman w/ GCS 4/15 on

admission, with Cheyne-

Stokes breathing

all labs normal, normal CTscan

was put un supportive

treatment

EEG = burst suppression

woke up after 18 hours

PHILIPPE DESJARDINS / THE BURST-SUPPRESSION

PARADOX IN ANESTHESIA

OGAWA ET AL. EPILEPSY & BEHAVIOR CASE REPORTS 4 (2015) 82–83



22

AMANITA PANTHERINA

THEBURST
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

PHILIPPE DESJARDINS / THE BURST-SUPPRESSION

PARADOX IN ANESTHESIA

PHOTO: H. KRISP, WIKIMEDIA COMMONS



23

CAPLINE HEADER ELEMENT

BURSTSUPPRESSION
INBACLOFEN
INTOXICATION
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BURSTSUPPRESSIONOCCURSINAWIDERANGEOF
PATHOLOGICALSTATES

HYPOXIC-ISCHEMIC
ENCEPHALOPATHY

OHTAHARASYNDROME

INFANTILE MYOCLONIC
ENCEPHALOPATHY

DENGUE 
ENCEPHALOPATHY

VARIOUSINTRACORTICAL
SPACE-OCCUPYING

LESIONS

DEEP
COMA

HYPOTHERMIA

PHILIPPE DESJARDINS / THE BURST-SUPPRESSION PARADOX IN ANESTHESIA



25

BURST-SUPPRESSION PATHOPHYSIOLOGY

BROWN&
PURDON’S
MODEL
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Ching et al. PNAS, vol 109, 8, 3095-3100



BROWN & PURDON’S MODEL

SEARCHINGFORANALL-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
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KATP channel
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hyperpolarization

& cessation of

spiking

BROWN & PURDON’S MODEL

BIOPHYSIOLOGICALMODELING
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rate of ATP consumption
sodium ATP pump

action potential 

burst activity

CMRO2

CBF

rate of ATP

generation

AUTOREGULATION

suppression pattern

ATP depletion
ATP regeneration

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

opens



KATP channel
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BROWN & PURDON’S MODEL

BIOPHYSIOLOGICALMODELING
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burst activity

CMRO2

CBF

hyperpolarisation

& cessation of

action
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generation
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ATP regeneration

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

opens

1
2



29

1. WHAT ISTHE
PATHOPHYSIOLOGY OF
BURST SUPPRESSION?

3. IS IATROGENIC
BURST SUPPRESSION
PROTECTIVE OR
TOXIC?

2. HOW CAN WE MONITOR
BURST SUPPRESSION?

PHILIPPE DESJARDINS / THE BURST-SUPPRESSION PARADOX IN ANESTHESIA



30

WHATISTHEPATHOPHYSIOLOGYOFBURST
SUPPRESSION?

decreased cortical inhibition and cyclical depletion and recovery of

interstitial calcium

slow oscillations related to cyclical ATP depletion and regeneration

Ching et al. 2011

aberrant neurometabolic dynamics
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Amzica et al. 2009
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BURST SUPPRESSION MONITORING

RAWEEGTRACE

F. Fürbass et al. / Clinical Neurophysiology 127 (2016) 2038–2046 2041
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BURST SUPPRESSION

QUANTIFICATION & AUTOMATICDETECTION

F. Fürbass et al. / Clinical Neurophysiology 127 (2016) 2038–2046 2041
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DENSITYSPECTRALARRAY/SPECTROGRAM
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CAPLINE HEADER ELEMENT

BISMONITORINGOFBURSTSUPPRESSION

Marchant et al How Electroencephalography Serves the Anesthesiologist
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REVERSEENGINEERINGTHEBISALGORITHM
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BSRVALUES<40%ARELINEARLYCORRELATEDWITHBIS
VALUESFROM30TO0

AT A BSR 40% THE BIS VALUE COULD BE

CALCULATED AS:

BIS = 50 - BSR/2

PHILIPPE DESJARDINS / THE BURST-SUPPRESSION PARADOX IN ANESTHESIA
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IATROGENIC BURST SUPPRESSION

ANESTHETICAGENTSAND
BURSTSUPPRESSION
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Pilge et al. Br J Anaesth. 2014 Mar;112(6):1067-74.
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the propofol plasma

concentration necessary to

produce burst suppression in

50% of subjects (CP50BS) was

4.85 mcg/ml (95% CI 4.25–5.40)

whereas published 

concentration necessary to

produce immobility (CP50i) is

more than three times greater

(CP50i 15.2 mcg/ml)



MEDIAN EFFECT-SITE CONCENTRATION TO
ACHIEVE BURST SUPPRESSION

Newman et al.1995
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PROPOFOL & BURST-SUPPRESSION

PREVIOUSSTUDIESONPROPOFOLBURST
SUPPRESSION

5,5 5,5mcg/mL

MINIMAL BRAIN CONCENTRATION REQUIRED
TO OBSERVE BURST SUPPRESSION

Ludbrook et al. 2002

mcg/mL

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

Newman et al. AnesthAnalg 1995;81:452
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MACBS OF SEVOFLURANE
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IATROGENIC BURST SUPPRESSION

BURSTSUPPRESSIONANDINHALEDAGENTS

2,9 vol% 1,5 vol%

MACBS OF ISOFLURANE

1.3-fold MAC

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

1.4-fold MAC
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IATROGENICBURST
SUPPRESSION
PART I : NEUROPROTECTION
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BACKTOANEURYSMSURGERY

IATROGENIC BURST SUPPRESSION
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IATROGENIC BURST SUPPRESSION

ANIMALSTUDIES
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

Kochs et al. Anesthesiology 76:245-252, 1992 

Selman et al. J Neurosurg 55:220-226, 1981

model
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Kochs et al. 1992



IATROGENIC BURST-SUPPRESSION

“ […] significant advantage when

they are given pentobarbital as the

primary neuroprotective agent or

when they receive propofol or

etomidate titrated to achieve

electroencephalographic burst

suppression

48

- LAVINE ET AL. 1997

Lavine et al. J Neurosurg 87:817–824, 1997
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IATROGENIC BURST SUPPRESSION

ALANDMARKSTUDY: IHAST

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.
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Todd at al. N Engl J Med 2005;352:135-

45.
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IATROGENIC BURST SUPPRESSION

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.
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Hindman et al. Anesthesiology 2010; 112:86 –101



COMPANY / PRESENTATION NAME 51

IATROGENIC BURST SUPPRESSION

ASIMILARTALE:BURSTSUPPRESSIONIN
CARDIACSURGERY
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IATROGENIC BURST SUPPRESSION

THEIHASTOFCARDIACANESTHESIA: MCSPI

Roach et al. Anesthesiology 1999; 90:1255-64.

225 patients undergoing valve

surgery randomized to sufentanil

alone vs sufentanil + propofol

titrated to burst suppression

neurologic and neuropsychologic

testing post-operatively
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electroencephalographic burst suppression surgery with propofol did

not significantly reduce incidence or severity of neurologic dysfunction
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PHARMACOLOGICALLYINDUCEDBURST
SUPPRESSIONDOESNOTYIELDBETTER
NEUROLOGICOUTCOMESINCARDIAC
SURGERYANDANEURYSMSURGERY
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remember Amzica!
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BURSTSUPPRESSIONIS
NOTBRAINREST
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(INVOLUNTARY)IATROGENIC
BURSTSUPPRESSION
PART II : NEUROTOXICITY
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RISKFACTORSFOR
BURSTSUPPRESSION

PHILIPPE DESJARDINS / THE BURST-SUPPRESSION PARADOX IN ANESTHESIA



58

AGE&
BURSTSUPPRESSION
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THEAGEINGBRAINISMORELIKELYTOSHOW
BURSTSUPPRESSION
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BURSTSUPPRESSIONDURINGANESTHESIAIS
ASSOCIATEDWITHPOOROUTCOME
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secondary analysis BAG-RECALL and B-UNAWARE

trials

unadjusted association between EEG suppression and

postoperative mortality using a univariable logistic 

regression

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

727 adult patients who received general anesthesia

with planned intensive care unit admission

Fritz et al. Anesth Analg 2015
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Soehle et al. BMC Anesthesiology (2015) 15:61

prospective observational case control

hypothesis: patients with postoperative delirium

will spend more time in burst suppression and

exhibit a higher burst suppression rate than

nondelirious patients.

81 patients undergoing cardiac surgery

BSR monitoring with BIS (pre, intra and postop)

main outcome: post-op delirium (CAM-ICU

assessment every day)
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BURSTSUPPRESSIONANDMORTALITYINTHEICU
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ASSOCIATIVITY VS CAUSALITY

MEDIATOR,MALEFACTORORMIRROR

Escallier et al., Brain monitoring and peri-operative outcomes. Anaesthesia 2015, 69, 899–910
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ONGOINGRCT:ENGAGESSTUDY
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Wildes TS, et al. BMJ Open 2016;6:e011505. doi:

10.1136/bmjopen-2016-011505
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NARRATIVE REVIEW OF LITERATURE

METHODOLOGY



X

Ferron et al. 2009

Amzica et al., Epilepsia, 50 (Suppl. 12):38–39, 2009

NEURONALBASISOFBURSTSUPPRESSION

absence of synaptic activity among cortical neurons

depletion of extracellular cortical calcium levels

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

synaptic silence allows neuronal pumps to restore 

interstitial calcium levels to trigger a new burst

refractoriness caused by disfacilitation

hyperexcitability caused by reduced cortical inhibition

(lesser activity of GABA inhibitory synapses)

rythmicity of bursts is dictated by Ca2+ depletion and

its restoration

bursts can be triggered by a variety of internal and

external stimuli

SUPPRESSION BURST
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NEURONALBASISOFBURSTSUPPRESSION
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absence of synaptic activity among cortical neurons

SUPPRESSION BURST

Steriad et al. Electroencephalography and clinical Neurophysiology, 90 (1994) 1-16
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Ferron et al. 2009

arrest of synaptic transmission - flat EEG

synaptic silence allows neuronal pumps to restore 

interstitial calcium levels to trigger a new burst

refractoriness caused by disfacilitation

Amzica et al., Epilepsia, 50 (Suppl. 12):38–39, 2009

NEURONALBASISOFBURSTSUPPRESSION

absence of synaptic activity among cortical neurons

preserved rythmic acitivity (1-4 Hz) in thalamocortical 

neurons

depletion of extracellular cortical calcium levels

hyperexcitability caused by reduced cortical inhibition

(lesser activity of GABA inhibitory synapses)

excitatory-inhibitory balance leans toward excitation

SUPPRESSION BURST
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Ferron et al. 2009

Amzica et al., Epilepsia, 50 (Suppl. 12):38–39, 2009

NEURONALBASISOFBURSTSUPPRESSION

absence of synaptic activity among cortical neurons

preserved rythmic acitivity (1-4 Hz) in thalamocortical 

neurons

hyperexcitability caused by reduced cortical inhibition

(lesser activity of GABA inhibitory synapses)

excitatory-inhibitory balance leans toward excitation

SUPPRESSION BURST
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spatial homogeneity of bursts

periodic nature of suppression

parametric sensitivity to level of brain depression

much slower time scale vs other brain patterns

X

PREVAILING
FEATURESOF
BURST
SUPPRESSION
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Ching et al. PNAS, vol 109, 8, 3095-3100
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BURST
SUPPRESSION
RATIOVSBURST
SUPPRESSION
PROBABILITY
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CONCENTRATION REQUIRED TO PRODUCE
MAXIMAL SUPPRESSION

X

PROPOFOLBURSTSUPPRESSION:MORENUMBERS

15 6-8mcg/mL

CONCENTRATION AT WHICH NEAR MAXIMAL
DEPRESSION OF CBF IS OBTAINED

Ludbrook et al. 2002Ludbrook et al. 2002

mcg/mL

Ludbrook et al. Anesthesiology 2002; 97:1363–70
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IATROGENIC BURST SUPPRESSION

EFFECTOFNITROUSOXIDEONBURSTSUPPRESSION

N2O is neither additive nor antagonistic to the effect of sevoflurane on burst suppression

Niu et al. Anaesthesia 2017, 72, 570–579
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IATROGENIC BURST SUPPRESSION

PHARMACOLOGICCONSIDERATIONS:ETOMIDATE

burst suppression pattern upon

induction of anesthesia with 

etomidate prevented increase in

ICP and maintained CPP during

laryngoscopy

could be used as a target of deep

anesthesia in raised ICP patients

Modica et al. Can J Anesth 1992 / 39:3 / pp236-41
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IATROGENIC BURST-SUPPRESSION

DIFFERENCESINPROPOFOLANDSEVOFLURANE
INDUCEDBURSTSUPPRESSION
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DIFFERENTANESTHETICAGENTSINDUCE
(SLIGHTLY)DIFFERENTBURSTSUPPRESSION
PATTERNS
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Schwartz intracranial temporary arterial 

clamps and applying forceps from the

Storz Surgical Instruments catalog, circa

1948.

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

PHILIPPE DESJARDINS / THE BURST-SUPPRESSION PARADOX IN ANESTHESIA
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sodium ATP pump

action potential

burst activity

stops action potentials

rate of ATP consumption CMRO2

CBF

rate of ATP

generation

AUTOREGULATION

suppression pattern

ATP lackingATP regeneration burst activity

KATP 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)
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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

X

BARBITURATE
PROTECTION
Taylor et al. Neurosurgery, Volume 39, Issue 5, 1

November 1996, Pages 893–906,

IATROGENIC BURST SUPPRESSION

RAVUSSIN’S
PROTOCOL
Ravussin et al. Neurosurgery, volume 32(2), February 

1993, p 236–240.

propofol infusion increased to 500 mcg/kg/min

prior to temporary clipping

titrated to burst suppression
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“ INTRAOPERATIVEASSESSMENTOFBSRMAY

X

IDENTIFYPATIENTSATRISKOFPODANDSHOULD
BEINVESTIGATEDINFURTHERSTUDIES.SOFAR

ITREMAINSUNKNOWNWHETHERTHEREISA
CAUSALRELATIONSHIPORRATHERAN
ASSOCIATIONBETWEENINTRAOPERATIVEBURST
SUPPRESSIONANDTHEDEVELOPMENTOF
POSTOPERATIVEDELIRIUM.

- 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.
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• 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].

X

IATROGENIC BURST-SUPPRESSION

CIRCULATORYARREST:RATIONALE

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 ETAL 15 2001;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.


