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What are we trying to do?

Better

Measure Titrate your
outcomes

something drugs

Depth of anaesthesia Sevoflurane Faster awakening

Nociception Propofol Less delirium

Brain concentration Opioids Less awareness
? Remimazolam Less toxicity

? Dexmedetomidine



Questions

* What are we measuring, and can we measure it?
* Will measuring and titrating improve outcomes?

e How are children different?
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What is anaesthesia depth?
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Measuring consciousness

* EEG is not a direct measure of consciousness
* No EEG “ signature” which indicates consciousness
* Some patterns which preclude it

* Alpha band

* Burst suppression
* High relative delta activity



“Dysaesthesia”

* Using isolated forearm technique, man
subjects respond to command under
anaesthesia

Do not move spontaneous

Do not remember anything

Not “thinking”

Responsive but not conscious

Anaesthesia 2014

Monitoring (un)consciousness: the implications of a new definition

of ‘anaesthesia’

What should we properly monitor,
when we monitor the brain for
‘anacsthesia’™? Any answer is likely
to depend on what we mean by
‘anaesthesia’. The article by Escallier
et al. in this issue of Anaesthesia is
an important review of the status
of processed EEG (pEEG) monitor-

ing in anaesthesia [1]. Central to

the role of pEEG (or any other
type) of ‘depth of anaesthesia’ mon
itors is their putative ability to
detect when a paralysed patient is
suitably  anaesthetised  or  not
apparently a simple binary deci
sion-making process. Yet, this arti
cle contains a profound sentence
whose implications, if widely
accepted, are likely to change our
entire view of ‘anaesthesia’, for rea
sons I will explain in this editorial.
The apparently innocuous sentence
is: “There is a growing consensus
that intra-operative awareness is a
spectrum  of brain  states” [my
emphasis]. The following questions
immediately come to mind: what is
the basis for this new consensus?
What does this consensus imply for
mechanisms  of anaesthesia? And
what does it imply for monitoring

of the anaesthetic state?

& 2014 The As50¢

The emerging consensus
that intra-operative
awareness is a spectrum
of brain states

T'raditionally, anaesthesia has been
regarded as an all-or-nothing, binary
phenomenon. This view was most
proposed by Prys-Roberts
when he wrote: “There cannot be
degrees of anaesthesia nor for that
matter can there be variable depths

of anaesthesia” |2], a statement that

was unsupported by other refer
ences but a sentiment that became
nevertheless  widely repeated i
standard texts [3]. Superficially, this
makes sense: either you are anaes:
thetised or you are not. Once you
are anaesthetised, it is difficult to
conceive then how you can be
‘more’ anaesthetised. It is not (to
borrow Sleigh's phrase [4]) as if
‘the patient is a submarine™

Yet, things are never really so
simple and this traditional view is
now challenged in several ways.
Assuming that anaesthetic drugs act
at protein channel receptor targets,
we  know  that  dose-response
pharmacology is not binary or all
or-nothing. Rather, the drug-dose

response relationship is characteris-

tlan of Anaesthetists ot Great ntain aad Ireland

tically continuous, described by rel
atively simple models in which the
drug effect is non-lincardy propor-
tional to drug concentration, up to
some maximum receptor effect. At
some concentration of drug lower
than this maximum, the active
drug-receptor combination reaches
a threshold that  wiggers the
ntended  response  (in this  case,
‘anaesthesia’). If there were no vari
ability in individual organism sensi
tivity or receptor state, then all
animals of a species would become
anaesthetised at exactly the same
anaesthetic concentration. We know
that this is not true: at a given
clinically  relevant  concentration,
there will always be some propor
tion of animals not anaesthetised
(this proportion dependent upon
the steepness of the population

‘dose-response’ relationship for the

drug) [5]. In this way, Dilger has
clegantly summarised how continu
ous dose-response relationships at
molecular level can translate into
near (but not quite) binary rela

[6]

tionships at population |

(Fig. 1)

Figure 1 also raises another

question, Even if anaesthesia is



Consciousnhess

* Hard to define
* Cannot measure directly with EEG
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|s there a “Depth” of arousal

* |[f you have a low concentration of an anaesthetic and you provide a stimulus
the patient may wake up, but not at a higher concentration, implying different
levels of “rousability”

* Similarly, if you provide a surgical stimulus to an unconscious patient then
you may see EEG changes

* Increasing concentration of anaesthetic changes the EEG
* Does this reflect changing the underlying arousal?
* Or, isitjustadirectdrug effect?
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Putting it all together
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Anaesthesia depth

A useful but abstract construct

EEG can measure anaesthesia depth

Probably measuring underlying arousal

Indirectly give you an indication of the likelihood of being conscious

Agent dependent



Processed EEG monitors

BIS

Narcotrend
Patient State Index (Sedline)
Entropy

Power frequency relationships

Burst suppression

Chaos (entropy)

Dimensionless number



Do they work in children?



BIS “works” in older children
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Older children: > 1-2 years

EEG changes during anaesthesia in a way similar to adults

All “work” in older children

Indices decrease with increasing dose of hypnotic

Differentiate between conscious and unconscious



EEG during anaesthesia in children up to 3yrs

* 90 children aged 0-3yrs

 Multichannel EEG during sevoflurane anaesthesia

Electroencephalographic markers of brain

development during sevoflurane anaesthesia in
children up to 3 years old
i n 1L2s - 3

* Delta oscillations in all ages
* Theta and alpha appear at about 4 months

* Alpha oscillations increase up to 10 months

* Alpha frontal oscillations become coherent at about
10 months
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Pediatric Anesthesiclogy

B NARRATIVE REVIEW ARTICLE

A Narrative Review lllustrating the Clinical Utility of

* Electroencephalogram-Guided Anesthesia Care in
C h I ld re n Children

Choon Looi Bong, FRCA,* Gustavo A. Balanza, MD,t Charis Ern-Hui Khoo, FANZCA,*
Josephine Swee-Kim Tan, MMed (Anaes),* Tenzin Desel, BA,t and Patrick Lee Purdon, PhDt

The major therapeutic end points of general anesthesia include hypnosis, amnesia, and immobil-
ity. There is a complex relationship between general anesthesia, responsiveness, hemodynamic
stability, and reaction to noxious stimuli. This complexity is compounded in pediatric anesthesia,
where clinicians manage children from a wide range of ages, developmental stages, and body
sizes, with their concomitant differences in physiology and pharmacology. This renders anes-
thetic requirements difficult to predict based solely on a childs age, body weight, and vital signs.
Electroencephalogram (EEG) monitoring provides a window into children's brain states and may
be useful in guiding clinical anesthesia management. However, many clinicians are unfamiliar
with EEG monitoring in children. Young children's EEGs differ substantially from those of older
children and adults, and there is a lack of evidence-based guidance on how and when to use
the EEG for anesthesia care in children. This namative review begins by summarizing what is
known about EEG monitoring in pediatric anesthesia care. A key knowledge gap in the literature
relates to a lack of practical information illustrating the utility of the EEG in clinical management.
To address this gap, this narrative review illustrates how the EEG spectrogram can be used to
visualize, in real time, brain responses to anesthetic drugs in relation to hemodynamic stabil-
ity, surgical stimulation, and other interventions such as cardiopulmonary bypass. This review
di: anesthetic m ient principles in a variety of clinical scenarios, including infants,
children with altered conscious levels, children with atypical neurodevelopment, children with
hemodynamic instability, children undergoing total intravenous anesthesia, and those undergo-
ing cardiopulmonary bypass. Each scenaric is accompanied by practical illustrations of how the
EEG can be visualized to help titrate anesthetic dosage to avoid undersedation or oversedation
when patients experience hypotension or other physiclogical challenges, when surgical stimu-
lation increases, and when a child’s anesthetic requirements are otherwise less predictable.
Overall, this review il how well lished clinical r nent principles in children
can be significantly complemented by the addition of EEG monitoring, thus enabling personalized
anesthesia care to enhance patient safety and experience. (Anesth Analg 2023;137:108-23)

e EEG /s different

* |s it more useful to look at the raw
EEG and the spectrogram?

a
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GLOSSARY

ASD =autism spectrum disorder; BIS =bispectral index; BP =blood pressure; CPB = cardiopulmonary
bypass; DBP = diastolic blood pressure; EDS0 = median effective dose; EEG = electroencephalogram;
ETT = endotracheal tube; GABA = gamma-aminobutyric acid; GCS = Glasgow Comma Scale; HR =
heart rate; ICU = intensive care unit; KTS = knife to skin; MAC = minimum alveclar concentration;
NT = neurotypical; Paco, = partial pressure of carbon dicxide; PACU = postanesthesia care unit;
pEEG = processed EEG; PSI = patient state index; SBP = systolic blood pressure; TCI = target-
controlled infusion; TIVA = total intravenous anesthesia

lators with the capacity to exert profound  during general anesthesia depends on multiple fac-
effects on the brain.' Anesthetic agents exert tors, including the inherent pharmacodynamic prop-
multimodal actions on the brain to alter network  erties of anesthetic agents, effect-site concentration,
connectivity* leading to temporary disruption of and intensity of the underlying surgery stimulus.”®

S nesthesia drugs are powerful neuromodu-  consciousness. A patient’s state of responsiveness
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Do they change outcomes in children?
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200 children aged 1-6
RCT, DSA guided sevoflurane anaesthesia

Less sevoflurane, less burst suppression
No difference in delirium
No difference in PACU times

Journal of Clinical Anesthesia 81 {2022) 110913

‘Contents kists available at ScienceDirect

Journal of Clinical Anesthesia

journal homepage: www.als
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Sevoflurane requirements during electroencephalogram (EEG)-guided vs
standard anesthesia Care in Children: A randomized controlled trial

Melody H.Y. Long (MMed Anaes)®, Evangeline H.L. Lim (MMed Anaes)”, Gustave A. Balanza,
MD b, John C. Allen Jr, PhD %, Patrick L. Purden, PhD “, Choon Loci Bong, FRCA ™"

ks " Department of Pediatric Anesthesle, KK Women's and Children’s Hospeial, 100 Uikt Timah Rood, 220895, Smgapore
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© Duke NUS Mesical School, Cenme for (mantinative Medicine, 169857, Sir

 Depariment of Anesthesia, Crifical Care and Pain Medicive, Massochusens er'vm_ Hospital, Harvard Medical School, LA

ARTICLEINFO ABSTRACT

Keywords: Study Objectives Intra-operatve electroencephalographic (EEG) monitoring utlizing the spectrogram allows
EEfi-manitoring in children wvisualization of children's brain response during anesthesia and may complement routine casdiorespiratory
ERG-guidedl amesthesia memitoring to faciliste titrasion of anesthetic doses. We simed to determine if EEG-guided anesthesia will resule
Pedintric anssthesia P S . - b sk Fh ion and i 1
Sevoflurane anesthesia depth T ¥
ekl 55 e s in childzen indergoing routine mml anesthesia, compared w standard care.
Brmergemes: delisfinn Design: Randomized controlled rrial
Serting: Testiary pediatric hospital
Pasiens: 200 children aged 1 ta & years, ASA 1 or 2, undergoing routine sevoflurane anesthesia for minor surgesy
lazting 50 to 240 min
Incervencions: Children were randomized to either EEG-guided anecthesia (EBG-G) or standand care (5C). EBG-0
group had sevollurane titrated to maimtain continuows dlow./delta oacillations on the raw EEG and spectrogram,
aiming to avoid burst suppression and, az far 2z possible, maintain 3 pasient state index (PSI) between 25 andS0.
5C group recaived standard anesthecis care and the anasthacia teame ware blinded to EEQ waveforms.
Mm.mmma The -pmn_u-; outcomes were the average end-tidal cevoflurane concentration during induction and
of

Secondary include incidence and durstion of intra-operative burs: Tup-
pression and Pediatric Anesthesia Emergence Delivium (PAED) scores.
Resuds: The BEEG-0 group received lower end-sidal sevofl ioms during induction [4.50% v 5.67%,

—0.58% (— 1.45, —0.31) p = 0.003] and maintenance of anesthezia [2.25% vo 2.50%, —0.15% (—0.25, —0.05) p
= 0.005], and had a lower incidence of burt suppreszion [3.19% va 10.9%, p = 0.044] compared to the 5C group.
PAED ocores were gimilar between groups. Children <2 years old required higher average end-tidal sevoflurane
concentrations, regardless of group.

Gonelusions: EBG-guided anesthesis care reduces sevoflurane requi in children undergaing general
anesthesia, pomibly lowsring the incidence of burst suppression, without altering emergence characteristics. EEG
menitoring allows direct vizualization of brain responses in real time and allows dearer appreciation of varying
b sk i CMi, ol ik e

1. Inroduction be routinely employed for anesthesia care in children Cumrent practice
relies on delivering inhalational anesthetic doses based on population

General anesthesia is a state of drug-induced unconsciousness pharmacology models to estimate the patient’s anesthetic requirements,
resulting from disruption of normal cortical and thalamic communica- [2,3] with the concept of minimum alveolar concentration (MAC) [4]
tion by anesthetic agents [1]. Intra-operative EEG monitoring has yet to being the key guidance principle. Anesthetic doses are typically titrated

* Corresponding suthor at: Department of Pediatric Anesthesia, 100 Bubit Timah Road, 220399, Singapase.

hetpe://doiorg/ 10.1016.4. ne 2023 110913
Received 21 March 2022; Received in revised form 18 May 2022; Accepeed 14 June 2022
Available online 27 June 2022

2-8150/2 2022 Published by Bloevier Inc.




* 40 children, 12-17 years
* RCT Narcotrend guided propofol

sedation

* Less propofol

* Faster recovery times

Accepted: 25 Febneary 2018

M) Check for updates
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The impact of Narcotrend™ EEG-guided propofol
administration on the speed of recovery from pediatric
procedural sedation—A randomized controlled trial
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Summary

Background: Propofal is often used for procedural sedation in children undergoing
gastrointestinal endoscopy. Reliable assessment of the depth of hypnosis during the
endoscopic procedure is challenging. Processed electroencephalography using the
Marcotrend Index can help titrating propofol to a predefined sedation level.

Aims: The aim of this trial was to investigate the impact of Marcotrend Index-
guided titration of propofol delivery on the speed of recovery.

Methods: Children, aged 12-17 years, undergoing gastrointestinal endoscopy under
procedural sedation, had propofol delivered via target controlled infusion either
based on Marcotrend Index guidance (group MI) or standard clinical parameters
(group C). Sedation was augmented with remifentanil in both study groups. The pri-
mary endpoint of this study was to compare the speed of fulfilling discharge criteria
from the operating room between study groups. Major secondary endpoints were
propofol consumption, discharge readiness from the recovery room, hypnotic depth
as measured by the Marcotrend Index, and adverse events.

Results: Of the 40 children included, data were obtainable from 37. The time until
discharge readiness from the operating room was shorter in group NI than in group
C, with a difference between medians of 4.76 minutes [95%Cl 2.6 to 7.4 minutes].
The same accounts for recovery room discharge times; difference between medians
4.03 minutes [95%CI| 0.81 to 7.61 minutes]. Propofol consumption and the percent-
age of EEG traces indicating oversedation were higher in group C than in group NI
There were no significant adverse events in either study group.

Condusion: Marcotrend Index guidance of propofol delivery for deep sedation in
children aged 12-17 years, underdoing gastrointestinal endoscopy results in faster
recovery, less drug consumption, and fewer episodes of oversedation than dosing
propofol according to clinical surrogate parameters of depth of hypnosis. The results
of this study provide additional evidence in favor of the safety profile of propofol/
remifentanil for procedural sedation in adequately selected pediatric patients.

KEYWORDS
child, deep sedation, electroencephalography, endoscopy, gastrointestinal, hypnosis, propofol

This ks an open access article under the terms of the Creative Gommons Attri bution-MonCommercial-NoDerfvs License, which permits use and distribution in any
medium, provided the orginal work i properly cited, the use ks non-commerclal and no modifications or adaptations are made.
% 2018 The Authors Pediatric Anesthesla Published by John Wiley & Sons Ltd
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EEG during anaesthesia: Power and age

* Power very low in infants, increases with age (peak mid childhood)
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EEG In neonates and infants

* Some activity form 12 weeks
gestation

e 24-27 weeks: discontinuous EEG

* Discontinuous EEG pathological
in the awake term baby

* But, common during anaesthesia
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EEG after bolus of propofol in a child
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“burst suppression” in infants

PERIOPERATIVE MEDICINE

ANESTHESIOLOGY

Isoelectric
Electroencephalography
in Infants and Toddlers
during Anesthesia for
Surgery: An International
Observational Study

lanYuan, M.D., Ting Xu, M.D., Justin Skowno, MB.Ch.B., Ph.D.,
Binggng Zhang, M.PH. Andrew Denidson, M.B.B.S., M.0., Ph.D.,
Britta S. von Ungarn-Stemberg, M.D., Ph.D.,

David Sommerfield, M.D., Jianmin Zhang, M.D.,

Xingrong Song, M.D., Ph.D., Mazhong Zhang, M.D., Ph.D.,
Ping Zhao, M.D., Ph.D., Huacheng Liu, M.D., Ph.D),

Yifei Jiang, M.D., Ph.D., Yurda Zuo, M.D., Ph.D.,
Jurgen C. de Graaff, M.D., Ph.D., Laszlo Vutskits, M.D., Ph.D.,
Vanessa A. Olbrecht, M.D., MBA., Peter Szmuk, M.D.,
Charles D. Kurth, M.D., for the BRAIN Collaborative
Investigators*

AnesTHESIOLOGY 2022; 137:187-200

EDITOR'S PERSPECTIVE

What We Already Know about This Topic
» In adults, intracperative episodes of isoelectic encephalogram
ly termed burst suppression) are iated with hypoten-
sion and postoperative delirium

ABSTRACT

Ispelectric (EEG) has

been associated with hypotension and postoperative delium in adultz. This

chi witional study sought to determine the prevalence

of soelectric EEG in young children during anesthesia, The authors hypathesized

that the prevalence of isoelectric events would be common worldwide and asso-
ciated with certain anesthetic practices and inraoperative hypotension.

Methods: Fifteen hospitals enrolied patients age 36 months or younger for
surgery using sswoflurane or propofol aneethetic. Frontal four-channel EEG
‘was recorded for izoelectric events. Demographics, anesthetic, emangence
behavior, and Pediatric Quality of Life variables were analyzed for association
with izoelestric events.

Resulis: Isoekstric events coourred in 32% (206 of 648) of patients, varied
significantly among sites (9 to 88%), and were most prevalent during pre-
incision (117 of 626; 18%) and surgical maintznance (117 of 643; 18%).
Isoelectric events were more likely with infants younger than 3 months [pods
ratio, 4.4; 5% Cl, 257 to 7 4; P < 0.001), endotracheal tube use (odds ratio,
1.78; 05% C1,1.16t02.73; P=0.008), andp ypl
after sevoflurane induction {odds ratio, 2.92; 95% CI, 1.78 to 4.8, P< 0.001),
and less lkely with use of muscle relant for ntubation fodds ratio, 0.67;
05% CI, 0.46 to 0.90; P =0.046]. Expired savoflurane was higher in patiants
with isoelectric events during preincision (mean difference, 0.2%; 95% CI,
0.1 to 0.4; F = 0.005) and surgical maintenance (mean difference, 0.2%:‘
5% Cl, 0.1 10 0.3; P = 0.002). Isoelectric events were associated with mod-
erate (B of 12, 67%) and s2vere hypotenzion {11 of 18, 61%) during prein-
cision (odds ratio, 4.6; 95% CI, 1.30 to 16.1; P = 0.018) {pdds ratin, 3 54;
05% CI, 1.27 to 9.9; £ = 0.015) and surgical maintenance (odds ratio, 3 64;
85% O, 1.71 to 7.8; P = 0.001) [pdds ratia, 7.1; 95% CI, 1.78 t 28.1;
P =0.005), and lower Pediatric Quality of Life scores at baseline in patients 0
o 12 manths (median of differences, —3.5; 95% Cl,—6.2to —0.7; P=0.008)
and 25 to 36 months (median of differences, —6.3; 06% CI, —10.4 to -2.1; ;
P =10.003) and 30-day follow-up in 0 to 12 months (median of drﬁerennﬁ.t'
3

—2.B; 5% CI, 4.9 to 0; P = 0.036). ksceleciric events were not associated
‘with emergence behavior or anesthetic (sevoflurane vs. propofol).

Conclusions: lsoelectric events were comman worldwide in young chikren §
during anesthesia and associated with age, spacific anesthetic practices, and

» The variation in prevalence of isoelectric events during routine general intraoperative hypotension. E
anesthesia and surgery in pediatric patients worldwide is not known (ETHESBLoes 2027 137:187-200) 2

What This Article Tells Us That Is New

+ Isoelectric events occurred in about a third of patients, but varied e
widely between sites evofturane and propofol are the most commonly used 5

# Increased isoelectric events ocouned with increased savoflurane con- drugs for maintenance of inhalational and intravenous B
centrations, younger age, propofol boluses, and endotracheal tibeuse  Jpasthesia in the pediatric population. Their dosing is

* lsoel events were d with butnot 8850~ pacedt o population pharmacokinetic models (e.g., mini-

ciatad with emergence agitation mum alveolar concentration, target-controlled infusion)

This artidls is faatured in “This Manth in Anesthesiciogy,’ paps A1. This article has an audio pedcast. This articks has a visual abstract availabls in the anline varsian. Praliminary
data. presentad in this articks have bssn prassnisd as an abstract at the Intsrmational Anesthesia Ressarch Sackaty Annual Msting, May 14, 2021
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Fig. 3. Prevalence of isoelectric electroencephalography stratified by age groups. Median (dof) and 95% Cl (vertical lines) displayed.



“burst suppression” in infants

e No evidence that it is harmful or reflects excessive anaesthesia



Differential Suppression of Spontaneous and
Noxious-evoked Somatosensory Cortical Activity by
Isoflurane in the Neonatal Rat

Pi-shan Chang, Ph.D., Suellen M. Walker, M.B.B.S., Ph.D., FAMN.Z.C.A., Maria Ftzgerald, Ph.D.

ABSTRACT

Background: The effect of neonatal anesthesia and pain on the developing brain is of considerable clinical importance, but
few studies have evaluared noxious surgical input to the infant brain under anesthesia, Herein, the authors tested the effect
of increasing isoflurane concentration on spontaneous and evoled nociceptive activity in the somatosensory cortex of rats at
different postnatal ages.

Methaods: Intracortical extracellular field potentials evoked by hind paw C-fiber elecerical stimulation were recorded in the rar
somatosensory cortex at postnatal day (F) 7, P14, P21, and P30 during isoflurane anesthesia (n = 7 per group). The ampli-
tudes of evoked potentials and the energies of evolied oscillations (1 to 100 Hz over 3s) were measured after equilibration at
1.5% isoflurane and during step increases in inspired isoflurane. Responses during and after plantar hind paw incision were
compared at Y and P30 {n = & per group).

Results: At I'7, cortical activity was silent at 1.5% isoflurane but noxious-cvoked potentials decreased only gradually in ampli-
tude and energy with step increases in isoflurane. The resistance of noxious-evolked potentials to isoflurane at P7 was signifi-
cantly enhanced after surgical hind paw incision (69 + 16% 1. 6+ 1% in nonincised animals at maximum inspired isoflurane).
This resistance was age dependent; at P14 to P30, noxious-evoked responses decreased sharply with increasing isoflurane (step
3 [4%] P7: 50+ 9%, P30 41 1% of basdine). Hind paw incision at P30 sensitized noxious-evoked potentials, but this was
suppressed by higher isoflurane concentrations.

Conclusions: Despite suppression of spontaneous activiry, cortical-evoked potentials are more resistant to isoflurane in young
rats and are further sensitized by surgical injury. (AnEsTHESIOLOGY 2016; 124:885-08)

M optimal level of neonatal anesthesia achieves both

hypnosis and antinociception while maintaining physi-
ologic stability and minimizing potential neurotoxiciry.'?
As both anesthesia and uncontrolled pain may alter cornti-
cal activity and impair nenrodevelopmental outcomes,3*
the impact of anesthetic agents on both spontaneous and
noxious-evoked neural activity in the developing brain
requires further cvaluation. An important aspect of neonatal
anesthesia research is the effect of nociceptive sensory input
on activity within cortical sensory circuits and the degree to
which central nociceptive activity is modulated by anesthesia
and analpesia. Both animal and dinical evidence point to
long-term consequences of early life procedural and surgical
tissue injury on somatosensory and nodiceptive systems,®
highlighting the need to consider the impact of postnaral age

on changes in both spontaneous and noxious-evoled corti-

What We Already Know about This Topic

= Considersble evidence ndicates that necnatal anesthesia and
fiz=ue injury heve long-temm consequences on somatosenaony
and nocoeptive sysiems

= The anesthetic sensiivity of nomous cutsnecus—evoked ac-
ity somatosensony cortex, with or without

cal activity during surgery and anesthesia.

Extracellular fiddd recording, including electroencepha-
logram, elecrrocorticogram, and local field potearials (intra-
cortical activity) are commonly wsed 0 monitor cngoing
spontaneous brain activity and levels of anesthesia in human

and rodent neonates but are also wsed o record specific poten-
tials evoked by a sensory stimulus. Somatosensory potentials
evoked by experimental noxious cutaneous stimulation® !
are commonly wsed to measure pain activity in the adult
human and rodent brain."? Specific nociceptive potentials are

Corresponding article on page TSE.

Submitted for puhlication March 12, 2005, Accepled for publicaton November 13, 2015, From the Depanment of Meurosclienoe, Physiol-

ogy and Fhamacology, University Collepe London, London, United Kingdom (P-5.C., M) Pain Research (Respiratory Critcal Care and
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Neonatal rats
1.5% isoflurane —flat line EEG

Noxious stimuli generate cortical activity — persisted with increasing doses of
iIsoflurane

Older rats
Increasing burst suppression with isoflurane >1.5%
Noxious stimuli were readily ablated with increasing doses of isoflurane



* Volatile agents profoundly suppress the neonatal brain when no surgical
stimulus

* [n neonates, volatile agents very poor at suppressing activity with noxious
stimulus

* Burst suppression may be “just enough” rather than “excessive”
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Measuring Nociception
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Nociception monitors

A Pupillometry - AlgiScan / Neurolight B surgical Pleth Index — GE healthcare

e Motor reflexes
e CNS
e Autonomic

—
\\_G &:

D Nociception Level index — Medasense Ltd.




Nociception monitors

* In adults — can be used to titrate opioids and predict post op needs

* Very little, if any, use in children



Technology, Com and Simulatio

== NARRATIVE REVIEW ARTICLE
&) Depth of Anesthesia and Nociception Monitoring:
Current State and Vision For 2050

Pascal Laferriére-Langlois, MD, MSc, FRCPC,*t Louis Morisson, MD, MSc, DESAR, T Sean Jeffries, MSc,3
Catherine Duclos, PhD,t Fabien Espitalier, MD, PhD, DESAR,§ and Philippe Richebé&, MD, PhD, DESAR*t

See Article, page 233

The future

A Review of the Evolution of Anesthesia Objectives and Monitoring Strategies

* Personalised monitors Al m A s

roles in anesthesia care and g phvsiotogica prosses

anising e modalatnn

Current strategies for nociception moasoring
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s gt e

Hostuption

arginl
! pieth e !_ L et e

* Closed loop with agent delivery
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Weciczption manitarimg enabies:
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O I e e C Update cliniciars an the “ ertce of geastoperanve
evarlution af Dak and peciception detirium inadequate nociception monstoring
Mg Iadequate Dok mositoring may cause: may causa:
Highlight Ee impartance of b ikt e & Pote pain nasaIment
: s thetics i
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Fropese viskanary ideas far the
Famure of anssthesta

Anesthesia objectives have evolved into combining h is, amnesia, ia, paralysis, and
suppression of the sympathetic autonomic nervous system. Technological improvements have led
to new monitoring gdies, aimed at ing & gualitati state into i

tive metrics, but the optimal sl.rategles for depth of ia (DodA) and ia monitoring
continue to sti debate. | DoA itoring used patient’s movement as a surro-
gate of awareness. Pharmacokinetic models and metrics, including minimum alveolar concentra-
tion for inhaled stheti am target infusion models for intravenous anesthesia,
provided further insights to cli but electr and its derivati d

EEG; pEEG) offer the potential for personalization of anesthesia care. Current stun:hes sppear
to affirm that pEEG monitoring decreases the quantity of anesthetics administered, diminishes
po ia care unit d ion, and may reduce the occurrence of postoperative delirium
(notwithstanding the difficulties of defining this condition). Major trials are underway to further
elucidate the impact on postoperative cognitive dysfunction. In this manuscript, we discuss the
Bispectral (BIS) index, Narcotrend monitor, Patient State Index, entropy-based monitoring, and
Neurosense monitor, as well as middle latency evoked auditory potential, before exploring how
these technologies could evolve in the upcoming years. In contrast to developments in pEEG

monitors, nociception manitors remain by comparison underdeveloped and underutilized. Just

as with ar hetic agents, |

equate gesia is iated with i

can lead to harmful side effects, whereas inad-
d stress response, poorer hemodynamic conditions
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The future in paediatrics

* Better processed EEG for older children — probably not
* Finding their place to improve care — maybe

* Neonates...




Thank you

* A Narrative Review Illustrating the Clinical Utility of Electroencephalogram-Guided Anesthesia Care in Children.
Bong, Baanza, Khoo, Tan, Desel, & Purdon. Anesth Analg. 2023; 137: 108-123

* Neuromonitoring in paediatric anaesthesia. Davidson & Skowno, Curr Opin Anesthesiol 2019; 32:370-376

* Applications and Limitations of Neuro-Monitoring in Paediatric Anaesthesia and Intravenous Anaesthesia: A
Narrative Review. Grasso, Marchesini & Disma. J Clin Med. 2021; 10:2639

* Intraoperative EEG Monitoring in Pediatric Anesthesia. Yuan, Chao, Kuth, Misset & Cornelissen. Curr Anesth
reports. 2023
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