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* FDA statement
* Animal data
*  Human clinical data
*  What next
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http://www.fda.gov/Drugs/DrugSafety/ucm532356.htm oy

The U.S. Food and Drug Administration (FDA) is warning that repeated or
lengthy use of general anesthetic and sedation drugs during surgeries or
procedures in children younger than 3 years or in pregnant women during
their third trimester may affect the development of children’s brains.
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Smart tots versus safetots

.

Neurotoxicity is irrelevant
If there had been a problem we would have seen it
Concentrate of physiologic homeostasis

Despite the inherent differences in the above-
mentioned cohort studies, why are there such
striking differences between the epidemiologic
studies from North America and the epidemio-
logic studies generated (mainly) in Europe? Pri-
vate/insurance based health care vs. mainly
national health care systems with access for
everyone? Differences in the access to and qual-
ity of the school systems between the conti-
nents? Or rather a desperate desire to keep and
expand the NIH funding for the research group?
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Ikonomidou et al. Blockade of NMDA Receptors and Apoptotic NeurodegenerationNgr
the Developing Brain. Science 1999, 283, 5398 it

* 7-day old rat
Saline Treatment  MK-801 (0.5 mg/kg)
Ketamine (20 mg/kg x7)
AWz

Morphologic changes T:w:"_

* Apoptosis
* 3 - 6 hours after anaesthesia exposure

* Cortical layer 2/3 and layer 5 pyramidal neurons, also interneurons,
oligodendrocytes

e ~ 2% of all neurons

* Impaired hippocampal neurogenesis
* Impact determined by cell age
* Explain variable regions affected with age of animal

» Changes in dendritic spines and synaptic density
* Occurs rapidly and persists
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Mechanisms

“the anaesthetic state” — use it or lose it

Altered neurtrophin signalling
Mitochondrial dysfunction
Neuroinflammation

Changes in interneuron phenotype
Tau phosphorylation

Agent

All general anaesthetics and benzodiazepines
Probably not the a2-adrenergic receptor agonist dexmedetomidine
? Not Xenon
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What we know — animal studies =

* In animal experiments many general anaesthetics have a variety of effects on
the developing brain; including apoptosis.

» The effects and regions affected vary with dose, agent and age of exposure.

* The strongest evidence for morphologic change is for agents that are GABA
agonists or NMDA antagonists.

* The changes are greatest with longer exposure.
» There are multiple mechanisms described.

» Increasing evidence for long term neurodevelopmental changes in rodents
and non-human primates.

CONTROL ISOFLURANE

FRONTAL

SOMATOSENSORY

TEMPORAL
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Translation B

» There is no reason to suggest these changes in animals would not occur when
the developing human brain is exposed to sufficient doses of general
anaesthetics.

» But, there are precedents for animal models being irrelevant to humans.
* Hard to predict what age, or at what dose, children are at risk.

* We have incomplete data on which neurological domains in humans are
likely to be affected, if any.

*  We don’t know the impact of surgery.

* There are many modifying factors when translating animal to humans.
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Surgery in neonates

* Congenital diaphragmatic hernia

* QOesophageal atresia

» Laparotomy for necrotising enterocolitis
* Congenital heart disease

* Hernia repair in the ELBW infants

* Pyloric stenosis

* All have increased risk of poor neurobehavioural outcome

Human studies specifically addressing the
problem

* Birth cohorts

* Retrospective population based studies
* Ambi-directional cohort studies

* One prospective trial

* Diagnosis of learning or developmental disorder
* School grades

* Psychometric testing

*  MRI imaging

10/26/17
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Learning disability or ADHD =
*  Mayo group
* Increased risk with multiple exposures <2yr of age
* No risk with single exposure
* Similar results in a more recent cohort exposed <3yr
*  New York. Di Maggio et al.
» Weak evidence for an association between hernia repair and
diagnosis of a disorder
* Greater if multiple exposure
Nz
=, &
Age at Exposure to Surgery and Anesthesia in WJ,;_:M

Children and Association With Mental Disorder
Diagnosis
Caleb Ing, MD, MS,*t Ming Sun, MS,*+ Mark Olfson, MD, MPH,§

Charles J. DiMaggio, PhD, MPH, PA-C,|| Lena S. Sun, MD,*] Melanie M. Wall, PhD,$§ and
Guohua Li, MD, DrPH*{

BACKGROUND: Animals exposed to anesthetics during specific age periods of brain develop-
ent experien with changes Iy observed during
adulthood. The corresponding vulnerable age in children, however, is unknown.
METHODS: An observational cohort study was performed using a longitudinal dataset con-
structed by linking individual-level Medicaid claims from Texas and New York from 1999 to 2010.
This dataset was evaluated to determine whether the timing of exposure to anesthesia <5 years
of age for a single common inguinal hernia, i outside the
perinatal period, or and/or is with increased subse-
quent risk of diagnoses for any mental disorder, or specifically developmental delay (DD) such
as reading and language disorders, and attention deficit hyperactivity disorder (ADHD). Exposure
to anesthesia and surgery was evaluated in 11 separate age at exposure categories: <28 days
old, >28 days and <6 months, >6 months and <1 year, and 6-month age intervals between
>1 year old and <5 years old. For each exposed child, 5 children matched on propensity score
using \ic and clinical were selected for comparison. Cox
proportional hazards models were used to measure the hazard ratio of a mental disorder diag-
nosis associated with exposure to surgery and anesthesia.
RESULTS: A total of 38,493 children with a single exposure and 192,465 propensity score-
matched children unexposed before 5 years of age were included in the analysis. Increased risk
of mental disorder diagnosis was observed at all ages at exposure with an overall hazard ratio
of 1.26 (95% confidence interval [Cl], 1.22-1.30), which did not vary significantly with the tim-
ing of exposure. Analysis of DD and ADHD showed similar results, with elevated hazard ratios
distributed evenly across all ages, and overall hazard ratios of 1.26 (95% Cl, 1.20-1.32) for DD
and 1.31 (95% Cl, 1.25-1.37) for ADHD.
CCONCLUSIONS: Children who undergo minor surgery requiring anesthesia under age 5 have a
small but statistically significant increased risk of mental disorder diagnoses and DD and ADHD
diagnoses, but the timing of the surgical procedure does not alter the elevated risks. Based on
these findings, there is little support for the concept of delaying a minor procedure to reduce
long-term r risks of anesthesia in children. In evaluating the influence of
age at exposure, the types of procedures included may need to be considered, as some proce-
dures are associated with specific comorbid conditions and are only performed at certain ages.
(Anesth Analg 2017;XXX:00-00)

Ing et al.,
Anesth Analg
2017

10/26/17
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e 38,493 children surgery before 5 yrs

* Pyloromyotomy

* Inguinal hernia

* Circumcision

» Tonsillectomy and/or adenoidectomy
* 192, 465 matched controls

* Diagnosis of any mental disorder
* Developmental delay
« ADHD

* Opverall hazard ratio of mental disorder 1.26 (95% CI 1.22—1.30)

* Developmental Delay 1.26 (95% CI, 1.20-1.32)
* ADHD 1.31 (95% CI, 1.25-1.37)

15
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Figure 2. Hazard of an ICD-9 coded mental disorder diagnosis after a single exposure to surgery and anesthesia in Texas and New York.
Hazard ratios (HRs) for diagnosis of mental disorder are displayed for exposed versus matched unexposed children. The number (n) of
exposed children in each age at exposure group is also displayed. A shows HRs for children who had any of the 4 procedures of interest versus
unexposed children. B, C, D, and E show HRs for children who had pyloromyotomy, inguinal hernia repair, circumcision, and tonsillectomy and/
or adenoidectomy, respectively, compared to unexposed children. Cl indicates confidence interval.
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Figure 3. Hazard of an ICD-O coded developmental delay diagnosis after a single exposure to surgery and anesthesia in Texas and New York.
Hazard ratios (HRs) for diagnosis of a developmental delay are displayed for exposed versus matched unexposed children. The number (n) of
exposed children in each age at exposure group is also displayed. A shows HRs for children who had any of the 4 procedures of interest versus
unexposed children. B, C, D, and E show HRs for children who had pyloromyotomy, inguinal hernia repair, circumcision, and tonsillectomy and/
or T compared to children. Cl indicates confidence interval.
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Figure 4. Hazard of an ICD-9 coded attention deficit hyperactivity disorder diagnosis after a single exposure to surgery and anesthesia in
Texas and New York. Hazard ratios (HRs) for diagnosis of an attention deficit hyperactivity disorder are displayed for exposed versus matched
unexposed children. The number (n) of exposed children in each age at exposure group is also displayed. A shows HRs for children who had
any of the 4 procedures of interest versus unexposed children. B, C, D, and E show HRs for children who had pyloromyotomy, inguinal hemnia
repair, and and/or ader pared to unexposed children. Cl indicates confidence interval.

Risk for each
disorder,
By surgery type
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School grades oy

e Denmark. Hansen et al.
e Jowa. Block et al.

*  Weak evidence for an association between surgery in infancy and poor
school grades

* Very little if any evidence for an association when control for
confounding

* Higher incidence of “non-attainers”

APop based Study ing the i
between Surgery in Early Life and Child Development at
Primary School Entry

in Ki in
Children Exposed to General Anesthesia before the
Age of 4 Years

A Retrospective Matched Cohort Study

M. Ruth Graam, MD., FLG.P1C), Marn Brownel, P, Dariel G
Foxara D, Dragan, MA. G Buchil, M .. Randal . Francoo,

Jams . Olary M., Magdlona Janus, .., Erc Duku, P, Durind N. Wiggsundera, PhD.
Tooea To, PAD. Ping L, PR D, Jason T. Hanes, P1 D, Mk W, Crawford, M.B B

soau, PHD.

ssTRACT

™

ApsTRACT

iy

Anesthesiology 2016
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Outcome measure: Early Development s
Index (EDI) o

* Measure of child development at entry to primary school

» 103 item teacher completed questionnaire to assess child’s
readiness for school

* 5 domains:
* physical health and well being
* social knowledge and competence
* emotional health and maturity
* language and cognitive development
* communication skills and general knowledge

O’Leary et al. Ontario =

» 28,366 surgery before EDI completion
e 55,910 matched controls

* Excluded; physical disability, health related causes of impaired
development, diagnosis of behavioural learning or developmental problem

* Matching: (1:2) gestational age at birth, mother’s age at birth, rurality,
gender, year and quarter of birth

* Primary outcome: “vulnerability” (any EDI domain in lowest 10%)
* Regression adjusted for: aboriginal status, age, household income

10/26/17
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Table 2. Unadjusted Early Development Instrument Domain Scores and Vulnerability in Exposed and Unexposed Groups in the
Matched Cohort
Cohort Groups
Outcomes No Surgery (n = 55,910) Surgery (n = 28,366) SMD or ARD P Value
EDI domain scores, mean (SD)
Physical health and well-being 8.96+1.21 8.92+1.23 -0.03 < 0.001
Social knowledge and competence 8.44x1.71 8.38+1.73 -0.04 < 0.001
Emotional health and maturity 8.13+1.43 8.09+1.46 -0.03 < 0.001

Language and cognitive development 8.77+1.57 8.77+1.57 0.00 0.58

ge 2974236 8.00+2.32 0.01 0,06
Early developmental vulnerability, N (%) 13,957 (25.0) 7,259 (25.6) 0.6 0.047 I
ultiple challenge index, N (%) 1,453 (2.6) 771 (2.7) 0.1 0.31

EDI domains < tenth percentile, N (%)

Physical health and well-being 6,568 (11.7) 3,546 (12.5) 0.7 0.003

Social knowledge and competence 4,505 (8.1) 2,367 (8.3) 0.2 0.36

Emotional health and maturity 5,162 (9.2) 2,898 (10.2) 1.0 < 0.001

Language and cognitive development 4,023 (7.2) 2,004 (7.1) -0.1 0.009

Communication skills and general knowledge 5,303 (9.5) 2,514 (8.9) -0.6 0.01
ARD = absolute risk di EDI = Early D¢ p SMD = ized mean

*  Weak evidence for a small difference

Results: age at exposure

Table 3. Adjusted Odds of Vulnerability for Children Exposed to Surgery Compared with Children Not Exposed to Surgery, Stratified
According to Age at the Time of First Surgery

Age at First Exposure

Any Age (n = 28,366) <2yr(n=10,937) >2yr(n=17,429)

Outcomes OR (95% CI) P Value OR (95% CI) P Value OR (95% Cl) P Value

| Early developmental vulnerability 1.05 (1.01-1.08)
UMiple chafenge maex T.06 (0.07-1.1

EDI domains < tenth percentile:

0.19 0.02

0.009 1.04 (0.98-1.10) 1.05 (1.01-1.10)

Physical health and well-being 1.09 (1.04-1.14) <0.001 1.09 (1.01-1.17)  0.02 1.09 (1.03-1.15) 0.004

Social knowledge and competence 1.05 (1.00-1.11) 0.07 1.02 (0.93-1.11) 0.72 1.08 (1.00-1.15) 0.04

Emotional health and maturity 1.13(1.07-1.18) <0.001 1.13(1.04-1.22) 0.003 1.13 (1.06-1.20) < 0.001

Language and coghnitive development 0.99 (0.94-1.05) 079 0.92(0.84-1.01) 0.07  1.04(0.97-1.12)  0.25
(

Communication skills and general knowledge 0.94 (0.89-0.99) 0.01 0.88 (0.81-0.96) 0.003 0.98 (0.91-1.04) 0.45

» Difference only detected in >2 yr group
» Insufficient power to comment on <2 yr group

10/26/17

19



Wz
AU AN

\

Graham et al. Manitoba B

e 4,470 surgery before age 4
e 13,586 matched controls

» Excluded; diagnosis of developmental disability,

* Matching: (1:3) gestational age at birth, mother’s age at birth,
rurality, income quintile, gender, year of birth

* Regression adjusted for: ever received welfare, gestational age,
small or large for dates, mothers age at birth, child’s age, John
Hopkins Resource Utilisation Band

W
AU &

Results B,

iospil
Melbourne

Table 3. Early Development Instrument Results: Single versus Multiple GA

Single GA (n = 3,850) Multiple GA (n = 620)
No GA Mixed-effect Model Mixed-effect Model
EDI EDI EDI
Score Score Score
Domain (SD) (SD) Estimate 95% ClI t Value P Value (SD) Estimate 95% CI t Value P Value
Com/gen knowl 7.6(2.6) 7.1(2.8) -0.35 -045t00.26 -7.6 <0.0001 6.9(28) -0.49 -0.69to-0.28 -4.6 <0.0001
Emotional 78(16) 7.6(1.6) -0.06 -0.12t0-0.007 -2 0.03 76(1.6) -0.04 -0.17t00.08 -0.68 0.49
maturity
Lang/cogn 81(0) 773 -023 -03to-0.16 -6.37 <0.0001 7.6(2.4) -0.3 -0.46to-0.14 -3.62 < 0.0001
development
Physical 87(1.4) 84(1.6) -0.14 -0.19t0-0.09 -5.59 <0.0001 8.3(1.7) -0.25 -0.36to-0.13 -4.23 < 0.0001
well-being
Social 8.2(1.8) 8.0(2.00 -0.1 -0.17t0-0.04 -3.06 0.002 7.9(2.00 -0.14 -0.291t00.009 -1.84 0.06

competence —
| Total score 40.2(7.7) 38.7(8.4) -0.87 -1.13t0-0.6 -6.45 <0.0001 38.3(8.6) -1.2 -1.83t0-0.61 -3.94 <0.0001

* Strong evidence for a small difference
* No evidence for a difference between single and multiple exposures
» Difference greater in older children

10/26/17
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Association of Anesthesia and Surgery During Childhood ol
Melboune

With Long-term Academic Performance

0. Rl . Sardin D, P, Ny L Pec

PG, fersen, P, Ann-Kain Boniy, MO, PO
Lot Erkason, WD, PhD. FRCA FredrkGeant, PO

IMPORTANCE

Glatz et al., JAMA

1Qtestscores at miltary conscription.

DESIGN. SETTIN

i
2013 o Octaber 2015, Among a2 174 073 Swecish children born betueen 1973 and 1993,

159619 matched

&l

before age 4 years vere studied.

EXPOSURE Having atleast | surgical procediure n the Sweclsh Patient Register before.

age 4 years.
dnumbe
ofsibings.
ResuuTs
Terposure
1, 012%-070%)
1,015%1 Scores, The magrituce:

pediatrics 2016

grades with | exposure before ages 6 months, 7o 12 months, 13 to 24 months, or 25 1036
months.

maternal educatonallevel,or month of birthduring the same year.

thelow overall

Conyright 2016 American Wi Assaciaton. Al ighs reservec.

byaThev raries User on 11142016

The cohort

4

.-‘\\. 4

E AU
The Royal
Children's
Hospital
Melbourne

2,174,073 Swedish children born between 1973 and 1993,

33,514 children with 1 anaesthesia and surgery exposure before age 4
years and no subsequent hospitalization

159,619 matched unexposed control children.

In addition, 3640 children with multiple surgical procedures

10/26/17
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Outcomes e

.

The mean school grades at age 16 years
1Q test scores at military conscription at age 18 years

Adjusted for sex, month of birth, gestational age at delivery, Apgar score
at 5 min, parental education, household income, cohabiting parents, and
number of siblings

Results e

* One exposure before age 4 years was associated with:
* mean difference of 0.41% (95%CI, 0.12-0.70) lower school grades
* and 0.97% (95%CI, 0.15-1.78) lower 1Q test scores.

10/26/17

22



/,
N
“7 T\‘
Chitdrants
Melboure
Age at exposure
No. of
Surgical
Age at Surgery, mo Procedures Mean (95% Cl)
37-48 8321 -0.79(-1.33t0 -0.25) L 2
25-36 6943 -0.38(-0.97 t0 0.20) L 2
13-24 6202 -0.50(-1.11t00.12) *
7-12 3420 0.00 (-0.82 t0 0.83) L 3
0-6 7971 -0.13(-0.69t00.43) L 2
45 <10 05 0 05 10
Normalized Mean Difference, Percentage Units
(P
:‘\.. -~
T
The Royal
Children's
loourne
Number of exposures

No. of
Multiple Surgical Surgical
Procedures Procedures Mean (95% Cl)
23 799 -0.82(-3.49t0-0.15)
2 2841 -1.41(-2.31to-0.50)
1 32857 -0.41(-0.70t0-0.12)

L

-
S

-35 -30 -25 -20 -15 -10 -05 o
Normalized Mean Difference, Percentage Units
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Impact of exposure compared to other

factors

E‘ Mean school grades

Mean (95% Cl)

Boys vs girls

Born in December vs January of the same year
Maternal educational level, 10-12 vs >12 y
Inguinal hernia, operated children vs controls?
Inguinal hernia, operated children vs controls
All operations, operated children vs controls?
All operations, operated children vs controls

-9.88(-9.69t0-10.10)
-5.34 (-4.89 to -5.80)
-9.89 (-9.61 t0 -10.20)
-0.75(-1.17 to -0.34)
-0.36(-0.86t0 0.15)
-0.87(-1.11to-0.64)
-0.41(-0.70t0-0.12)

TheRoyal
Children's
Hospital

Melbourne

L ]
.
L 3
-
hd H
P

12 -10 -8 -6 -4 -2 0 2

Normalized Mean Difference, Percentage Units

Impact of exposure compared to other ’T

factors

E‘ Mean school grades

Mean (95% Cl)

Boys vs qgirls

Born in December vs January of the same year
Maternal educational level, 10-12vs>12y
Inguinal hernia, operated children vs controls?
Inguinal hernia, operated children vs controls
All operations, operated children vs controls?
All operations, operated children vs controls

-9.88(-9.69t0-10.10)
-5.34 (-4.89 0 -5.80)
-9.89(-9.61 to -10.20)
-0.75(-1.17 to -0.34)
-0.36(-0.86t00.15)
-0.87(-1.11 to -0.64)
-0.41(-0.70t0-0.12)

Children's
Hospital
Melbourne

12 10 8 6 -4 2 0 2

Normalized Mean Difference, Percentage Units
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Impact of exposure compared to other i

factors

\I‘ Mean school grades

Hospital
Melbourne

Mean (95% Cl)

Boys vs girls

Born in December vs January of the same year
Maternal educational level, 10-12vs >12 y
Inguinal hernia, operated children vs controls?
Inguinal hernia, operated children vs controls
All operations, operated children vs controls?
All operations, operated children vs controls

-9.88(-9.69t0-10.10)
-5.34 (-4.89 to -5.80)
-9.89 (-9.61 t0 -10.20)
-0.75(-1.17 to -0.34)
-0.36(-0.86t0 0.15)
-0.87(-1.11to-0.64)
-0.41(-0.70t0-0.12)

12 0 8 6 -4 -2 0 2
Normalized Mean Difference, Percentage Units

AN 7%

P -

L
=, S
\
TheRoyal
Children's

Psychometric testing =

* Perth/New York. Ing ef al.
e UCSE. Stratmann ef al.

» Cincinnati. Backeljauw ef al.

» Association between exposure and cognitive, memory, listening
comprehension and language deficits

10/26/17
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Association Between a Single General Anesthesia Exposure u n et a 7 IVI
Before Age 36 Months and Neurocognitive Outcomes
in Later Childho 2 O 1 6

Pediatric Anesthesia Neurodevelopment
Assesment (PANDA)

* Sibling matched ambidirectional cohort study
e 105 Sibling pairs — 8-15 years old, and siblings similar age

* Healthy at time of exposure

* Exposure — GA for inguinal hernia surgery before 36 months of age
*  Median duration of anaesthesia 80 minutes

* Primary outcome — [Q
* Range of secondary outcomes — behaviour and other neurocognitive tests

10/26/17
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Results

Full scale IQ

Performance 1Q

Verbal IQ

Exposed

111 (108-113)

108 (105-111)

111 (108-114)

Unexposed

111 (108-113)

107 (105-110)

111 (109-114)

Difference

The Royal
Children's
Hospital

Melbourne

0.2 (-2.6 t0 2.9)

0.5 (-2.7t0 3.7)

-0.5(-3.2t02.2)

Data as mean (95% Cl)

Mean (95%C1)

Neurocognitive Assessment No. of Difference,
Domains. utcomes Specific Tests ‘Specific Scores Score Range Instruments Sibling Pairs. Exposed Unexposed Exposed - Unexposed
Global cognitive Global cognitive function Full-scale IQ ‘Composite score  40-160 WASI 105 111(108-113) 111(108-113) 02(-261029)
pation Performance IQ. 105 108 (105-111) 107 (105-110) 05 (-27t03.7)
Verbal IQ 105 111 (108-114) 111 (109-114) -0.5(-3.2t02.2)
Memory and Visual memory. Memory for faces Scaled score 1-19 NEPSY-II 104 10 (9.4-10.6) 11(10.6-11.4) -0.5(-1.1t00.1)
learning Delayed memory for faces 103 11(10.4-11.6) 11(104-116)  -0.4(-121t00.4)
Verbal memory Total trials 1-5 Tscore 20-80 CVLT-C 103 52 (50-54.1) 54 (52-55.9) -1.6 (-4.1 0 0.9)
Motor speed and Motor speed Dominant hand time Time(s) Grooved 102 71(67-75) 70 (66-74) 14(-35106.3)
piece ngpeed Nondominant hand time eotea 104 80.(75-85) 80 (75-85) 03 (-6.9 0 6.4)
Processing speed Coding Scaled score 1-19 WISC-IV. 103 9(8.4-9.6) 10 (9.4-10.6) -04 (-1.1t0 0.2)
Visuospatial Visuospatial Block design Tscore 20-80 WASI 105 56 (54-58) 54 (52-56) 12(-12t03.7)
Matrix reasoning 105 54 (52-56) 54 (52-56) ~0.6 (-2.6 to 1.4)
Language Expressive Vocabulary 105 56 (54-58) 57 (55-59) 0.5 (-2.4 to 1.4)
Verbal reasoning Similarities 105 57 (55-59) 57 (56-59) 0.3 (-2.1 t0 1.6)
Language Receptive (Comprehension of instructions  Scaled score 1-19 NEPSY-II 104 11(10.4-11.6) 12(114-12.6) 0(-0.7 to 0.6)
Speeded naming Speeded naming 97 9(8.4-9.6) 9(8.4-9.6) 0.4 (-03to 1.1)
Attention Attention Commissions. Tscore 30-90 CPT-N 100 49 (47-51) 50 (48-52) -08 (-3.6 to 2.0)
Omissions 100 50 (48-52) 48 (45-51) 2(-0.6t0 4.6)
Executive function ut fur P Tscore 30-100 BRIEF 104 48 (46-50) 47 (45-49) 0.5 (-1.7 to 2.8)
Working memory Digit span Scaled score 1-19 WISC-IV 104 11(10.4-11.6) 11(104-116)  -0.2 (-0.8t0 0.5)
Cognitive flexibility Condition 1 Scaled score 1-19 DKEFS Trail 104 10(7.7-12.3) 10(9.4-10.6) 05(-0.2t0 1.2)
Condition 2 kg 104 10(7.7-12.3) 9(8.6:9.4) 04(-03t012)
Condition 3 104 10(9.4-10.6) 10(9.4-10.6) 06(-02 to 1.4)
Condition 4 104 9(8.4-9.6) 9(8.4-9.6) 0.5(-0.2 to 1.3)
Condition 5 104 9(8.4-9.6) 9(8.2-9.8) 0.2 (-0.6to 1.1)
Verbal fluency Word generation Scaled score 1-19 NEPSY-II 104 12 (11.4-12.6) 13(12.4-13.6) -1(-17t0-0.3)
Behavior Internalizing Internalizing Tscore 20-100 cBCL 102 50 (48-52) 47 (45-49) 32(1.1t053)
Externalizing Externalizing 101 47 (45-49) 45 (43-47) 21(0to42)
Total problems. Total problems 101 47 (45-49) 45 (43-47) 27(0.6t04.7)
Adaptive behavior Conceptual composite Sum score 40-130 ABAS-II 102 104 (101-107) 106 (104-109) -2(-45100.5)
Social composite 105 104 (101-107) 107 (105-109) -33(-6.1 to -0.6)
Practical composite 101 97 (94-100) 98 (95-101) -0.8(-29t0 1.4)
General adaptive composite 99 101 (98-104) 103 (100-106) -14 (-36t00.7)

no evidence for differences in secondary outcomes that included
memory and learning, motor and processing speed, visuospacial

function, attention, executive function, or language
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Table 4. 1Q Scores in Exposed and Unexposed Siblings at Different Ages and at Different Durations of Anesthesia Exposure
Verbal 1Q Score Performance 1Q Score Full-Scale 1Q Score
Mean (95% C1) Cliar, Mean (95% CI) Ciiar, Mean (95%C1) Diferees
No. of e Exposed-Unexposed ——"-)  Exposed- Unexposed — ") f Exposed - Unexposed
Sibling Pairs  Exposed Unexposed (95% Cl) Exposed Unexposed (95% (1) Exposed Unexposed (95% Cl)
Age at anesthesia
0-11 33 113(109-117) 113 (109-117) 0(-5.1t05.1) 108 (103-113)  107(101-113) 1(-4.8t06.8) 112(108-116) 111 (106-116) f§ 1 (-4.1t0 6.1)
12-23 39 111(107-115) 110 (106-114) 0(-4.4t04.4) 108 (104-112) 107 (102-112) 1(-4.0t06.0) 111(107-115) 110 (106-114) § 1(-3.5t0 5.4)
24-36 33 109 (104-114) 111 (107-115) -2(-6.4 t0 2.4) 107 (102-112) 108 (104-112) -1(-6.8t04.8) 110 (105-115) 111 (107-115) -1(-5.8t03.8)
Duration of anesthesia
0-59 24 117(111-123) 113 (108-118) 4 (-1.6t09.6) 113(108-118)  113(107-119) 0(-6.81t0 6.8) 117 (112-122)  115(110-120) § 2(-4t08)
60-119 64 110 (107-113)  112(109-115) -3 (-6.4t0 0.4) 108 (104-112) 106 (103-109) 2(-1.9t05.9) 110(107-113)  110(107-113) § 0(-3.4t03.4)
2120 17 106 (98-114) 105 (101-109)  1(-5.2t07.2) 100 (94-106) 104 (96-112) -4 (-8.5t04.5) 103 (96-110) 105 (99-111) -2(-82104.2)
» No difference with age of exposure
* No difference with duration of anaesthetic — up to 120 minutes
\\.'«{ ”
- -

>0 K
MRI data Ta
» Backeljauw (Pediatrics 2015)

» Anesthesia < 4yrs, matched control group

e MRIaged 5-18

* 53 subjects each group

* No loss of total white matter

* No loss of grey matter in thalamus or retrosplenium

» Lower IQ and listening comprehension associated with loss of grey
matter in occipital cortex and cerebellum

10/26/17
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MRI data o

* Block (4nesthesiology 2017) 601
* Anesthesia in infancy 501 * % %
* MRI aged 12-15 w0 4:
* 17 subjects each group g
e Lower total white matter ‘g 301
* No difference in grey matter E
204
101
0- T T T T
Con A&S Con A&S
White Gray
»,‘\‘4?2 ,
;\T/\»\
Summary of human cohort data =

* Good evidence for an association between major surgery in neonates and
increased risk or poor neurodevelopmental outcome

* Good evidence for an association between exposure in early childhood and a
very small difference in school grades

* Good evidence for an association between single and multiple exposures and
learning disability and diagnosed disorder

* Mixed evidence for an association with deficits in cognition, memory and
language

* Poor evidence that the effects are greater with multiple exposures

» Little, if any, evidence that the effects are greater in infants

10/26/17
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Limitations of human cohort data i

* Confounding — children have anaesthetics because they are having a
procedure
e Procedure itself may cause harm

* Illness requiring the procedure may be associated with poor neurodevelopmental
outcome

» [ffind an association in cohort studies cannot assume it is due to
causation

* Multiple different outcome measures
» Using apical outcomes cannot exclude an association in sub domains

* Detailed assessments — can’t test all domains, & increased risk of chance
associations

» Heterogeneous or selective populations — cannot exclude an association in
smaller at risk groups

* Lack of evidence in cohort studies does not rule out an association

‘\‘\"’, 4
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Melbourne

GAS trial
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Articles I

Neu rodevelopmental outcome at 2 years of age after general
and ke-regional anaesthesia in infancy (GAS):
an international multicentre, randomised controlled trial

o DaviiaE Wehi " . Devid CBlinge,
e OlvesBoshou, Peer Semk,

(GeoffFavic Ches Brde, Gl D O

Summary

cohort studies that young children exposed 10 anaesthesta can have an ncreased risk of poor neurodevelopmental

ourcome. We aimed to esablish whether general anaesthesta 1n tnfancy has any effect on neurodevelopmenl 7

Anzesthesta compared 1o Spinal anaesthesta (GAS) tial

2 years of age n the General -

than 60 weeks pastmensirual age, born at greater than 26 weeks’ gesuation, and who had nguinal hernjorrhaphy,
from 28 hospleals in Australa, aly, the USA, the UK, Canada, the Netherlands, and New Zealind. Infants were
randomly assigned (L) 10 receive elther awake regional anaesthestz or sevoflurane-based general anacsih

Infams

were excluded If they had extsting sk facors for neurclogical njury. The primaty oucome of the wial will b the
Weir rsthotand Py Sl of mellgene Tod Edvin (VPFSHIT ul e meligence Qe
. reporid here, e Sales of

Infant and Toddler Development I
binh, i

This ral Is

registered with ANZCTR,

Findings Berween Feb 9, 2007, and Jan 31, 2013, 363 Infanss were randomly assigned 10 recelve awake regional

and 294 1n the general anaesthest I

T b s o (o el i gl ekt 16, 5% 1 330 1 360 T e

Interpretation . 1
infancy outcome at 2 years of
anesthesta

Funding Ausiralia Natonal Heslth and Medical Research Council (NHMRC), Health Technologles Assessment-
‘National Instiute for Health Rescarch UK. National Instiutes of Health, Food and Drug Adminisiration, Australtzn
o New Zaind Culgs of Asaeuhedes, Mandoch Cikios Bemmech i, Comlien bk o sk
Research, Canadian Anesthesiologists® Society, Pfizer Canads, Itallan Mindsury of Heath, Fonds NusOhra, and UK
ClnicalResarch Nowork (UKCRN)

Introduction s seven diferne generd raesbers g are

{5l azaealat drage hane b derlopene skl The chokal eevenc o e Srkings
young amtmals. These changes include acceleraied  unknown and much debased. >~

amumm".«mmmummmmu In hurman bemgs, tere 15 conficing evidence for an
morphalogy”* Findings have also shown that exposure  assoctaton between expasure 0 anaesthesta In catly
10 general anaesthesia tn young antmals 15 associaed chiidhood and adverse longerm neurodevelopmensl

with long+erm cognitive and behavioural changes. > asumprcn
Thest des:

e effects have been described 1n various species  of causalioy™ Young children who recetve anaesthesta

including norhnuman primates. = The changes are seen

Davidson AJ, Disma N, de Graaff JC,
Withington DE, Dorris L, Bell G, et al.
Neurodevelopmental outcome at 2
after general anaesthesia and awa
anaesthesia in infancy (GAS): an international
multicentre, randomised controlled trial. Lancet
2016;387(10015):239-50.

iears of age

e-regional

Design

* Randomised, assessor blinded, multisite, equivalence trial
* Infants hernia repair < 60 weeks post menstrual age

* Exclusions: previous GA, born < 26 weeks, risk of for poor

neurodevelopmental outcome

* Awake — regional anesthesia, versus

e Sevoflurane

()
-, NS
]
Chidrens
ital
Melbourne
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Neurodevelopmental outcomes

* Primary outcome:
»  WPPSI-III Full Scale IQ score at 5 years

* Secondary outcomes
* Bayley III at 2 years

Bayley-III

* 5 scores
* Cognitive
* Motor
e Language
e Social emotional
* Adaptive behaviour

» Composite score normalised to each country
e Mean 100
e SD 15

10/26/17
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Bayley-II11

* 5scores
* Cognitive
* Motor
e Language
* Social emotional

* Adaptive behaviour

* Composite score normalised to each country
* Mean 100
* SD 15

Analysis

* Primary: As per protocol
* Secondary: Intention to treat

* Adjusted for gestational age at birth

*  Multiple imputation
*  Complete case

10/26/17
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Analysis

* Primary: As per protocol

* Secondary: Intention to treat
» Adjusted for gestational age at birth

* Multiple imputation
*  Complete case

e 722 randomised
e RA failure rate: 19%
* Loss to follow up: 14%

* Incomplete assessment: 4%

* Average anaesthesia time 55 minutes

10/26/17
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Composite cognitive score RA-GA

APP multiple imputation 0.169 (-2.30 to 2.64)

Data as difference in mean (95% Cl)

Composite cognitive score RA-GA

APP multiple imputation 0.169 (-2.30 to 2.64)
APP complete case 0.458 (-2.02 to 2.94)

Data as difference in mean (95% ClI)
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Composite cognitive score RA-GA =
APP multiple imputation 0.169 (-2.30 to 2.64)
APP complete case 0.458 (-2.02 to 2.94)
ITT multiple imputation 0.256 (-2.06 to 2.57)

Data as difference in mean (95% CI)

W
Composite cognitive score RA-GA B
APP multiple imputation 0.169 (-2.30 to 2.64)
APP complete case 0.458 (-2.02 to 2.94)
ITT multiple imputation 0.256 (-2.06 to 2.57)
ITT complete case 0.430(-1.90 to 2.76)

Data as difference in mean (95% CI)

10/26/17
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Difference in means o

Melbourne

Seale | |R-GA____[95%CforRA-GA

Cognitive composite score APP multiple imputation 0-169 -2-:30 2-:64
APP complete case 0-458 -2:02 2:94
ITT multiple imputation 0-256 -2:06 257
ITT complete case 0-430 -1-90 2-76
Language composite score APP multiple imputation 1-146 -1-59 3-88
APP complete case 0-628 -2:07 332
ITT multiple imputation 1-454 -1-14 4-05
ITT complete case 0-942 -1-61 349
Motor composite score APP multiple imputation 0-598 -1.77 2:97
APP complete case 0-410 -1.92 2:74
ITT multiple imputation 0-143 -1-08 3-37
ITT complete case 1-031 -1-20 326
Social emotional APP multiple imputation 1-005 -3:12 513
composite score APP complete case 2:012 -1-32 5-35
ITT multiple imputation 1-183 -2:82 5-19
ITT complete case 2:015 -1-17 5-20
Adaptive behaviour APP multiple imputation -0-893 -3:52 1-73
composite score APP complete case -1-223 -3-83 1.38
ITT multiple imputation -0-502 -3-03 2:02
ITT complete case -0-830 -3:34 1-68

Cognitive composite score i —a— i
| |
| |
Language composite score - [ —
| |
| |
| |
Motor composite score - | — |
| |
| |
| |
Social emotional composite score | —-—}
| |
| |
| |
Adaptive behaviour composite score | — |
A -75 -5 -25 0 25 5 75 1
Standardised score scaled to 1 SD
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Limitations =l
* Duration of exposure — just under an hour
e 2 year outcome measure
* Imperfect predictor of future function
* No measure of higher executive function
N2
’\T/\
Results in context B

* Increasing evidence that 1 hour of exposure in infancy does not
increase risk of poor neurodevelopmental outcome

* No human data relating to longer exposures

38



http://www.fda.gov/Drugs/DrugSafety/ucm532356.htm s

The U.S. Food and Drug Administration (FDA) is warning that repeated or
lengthy use of general anesthetic and sedation drugs during surgeries or
procedures in children younger than 3 years or in pregnant women during
their third trimester may affect the development of children s brains.

http://www.fda.gov/Drugs/DrugSafety/ucm532356.htm ot

The U.S. Food and Drug Administration (FDA) is warning that repeated or
lengthy use of general anesthetic and sedation drugs during surgeries or
procedures in children younger than 3 years or in pregnant women during
their third trimester may affect the development of children s brains.

10/26/17
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http://www.fda.gov/Drugs/DrugSafety/ucm532356.htm s

The U.S. Food and Drug Administration (FDA) is warning that repeated or
lengthy use of general anesthetic and sedation drugs during surgeries or
procedures in children younger than 3 years or in pregnant women during
their third trimester may affect the development of children s brains.

http://www.fda.gov/Drugs/DrugSafety/ucm532356.htm ot

The U.S. Food and Drug Administration (FDA) is warning that repeated or
lengthy use of general anesthetic and sedation drugs during surgeries or
procedures in children younger than 3 years or in pregnant women during
their third trimester may affect the development of children s brains.
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Multiple cases — confounding B

e Assume 5% children have ADHD
* Assume all children have 10% chance of three different surgeries

* For one other surgery it is more likely to be needed in children at risk
of later developing ADHD

Number of surgeries RR if RRif
4% vs 2% 10% vs 2%

>2 1.15 1.59
1.09 1.15
0 0.98 0.92
W
Recommendation iz

* No need to delay or avoid short procedures

* Should consider delay non essential lengthy procedures
* We don’t do “non essential” lengthy procedures
* How long should the delay be?

* Do not generate a real risk by using an untested inadequate anaesthetic
to avoid a still largely theoretical risk

10/26/17
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What next Tw

What next Tw

* Better understand mechanisms
» Identify “safe” agents, mitigating agents
e Better cohort data
e Define those at risk
 Identify the domains affected
* Biomarkers
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Next trial

Infants > 2.5 hrs anesthesia

Dexmedetomidine/remifentanil/low dose sevoflurane,

Standard dose sevoflurane

Preclinical studies
show that
anaesthetics
effect brain
development

Cohort studies
show that infants

having surgery
have increased
risk of
neurobehavioral
poor outcome

10/26/17
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Preclinical studies
show that

anaesthetics
effect brain
development

Cohort studies
show that infants
having surgery
have increased
risk of poor
neurobeavioral
outcome

Preclinical studies
show that

anaesthetics
effect brain
development

Cohort studies
show that infants
having surgery
have increased
risk of
neurobehavioral
poor outcome
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Editorial Views

Anesthesiology

Dragons and Other Scientific Hazards

This brings me back to my initial point, the problem
of discovering nonexistence. Obviously, when what
you're searching for doesn't exist, you'll have trouble
finding it even with an infinite number of experi-
ments. Although halothane (or enflurane or diazepam
or Innovar) may not be toxic, you cannot construct a
study that will conclusively document nontoxicity.
Long ago my father warned me that [ could not
disprove the existence of dragons.

AN ’,

Wider context Tz

Melbourne

» Ifit isn't neurotoxicity then what is it that explains the association?

»  What is the optimal anaesthetic for infants?

10/26/17
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Neurotoxicity and the Need for Anesthesia in the

Newborn
Does the Emperor

N 2011 nearly hlf the pediar-
tic papers in ANisTHESIoLOGY
nearotoxicity of

general anesthetic o the develo
ing brin. There is continued de-
bate about the linica relevance of
the animal data, and the interpee-
tation of uman cohort studics. In
hisissue Shih . presenta paper
that moves us a significant step
docr 10 trlriog the aninal
data o cinical stuarions. Bur, 35
we slovly unasel the queston of
wheher o not general anesthecs
cause any clinically significant ef-
fect on brain development, we
houid perhaps addressome wider-
relaed isues that sometimes go

unsaid.

hi . provides further e
dence that several hours of anes-
theia exposur is asociated with
neuronal njury and subsequent

Have No Clothes?

«. regardless of whether or
not sevoflurane causes any
clinically relevant toxicity,
is it time to question the

from s sy imply e

provides some indication that the
surgeryitself may not be.a conerb-
uor o poor outcome; hawer,
the degree of surgicl stmulus in
dlinical practice varies consider.
ably, and i is il possible thar the
stress of a major laparotomy o
ardinc surgery has @ greaer
chance of measurable impact on
neurodevclopment than 3 il

‘Another aspect of Shih e al’s
study looked at whetheror not the

neurobehavioural change in a ro-  antra that all babies need  injucd s could be “eaed

dent. At a mechanisic level it is
difficalt 0 argue that apoprosis
would be wiggered by sollrne— sevoflurane ?”
in todents but ot in humans. The
big question has always becn how

performance
n st his 1 b g I ¢ v syt el enviced e st
This Ia

a hypnotic agent such as

with environmental enrichment,
They found thar cnvironmental

h
on neursbehaviour] aurcome shen compared with the
events thar migh influence outcome.

of isue injury, and the relac

posed animals. This is imporan for

i of ncsheds  tradation, ,..u,..p ot s a viable treatment modality Gt is
ifcult to see how we could practically furcher enrich the
environment for the average infant in the 215t century), but
The study found dhat tisue injury neicher worsens nor  the finding is very important as i

highlighs that neurobe-
A

histologic change and the same changes
compared with s with no inju

invalid because they have no surgical st
rguc that would

This s interesting a5 there are a multirude of influences on outcome in humans
previous animal studies have often been criricized as being.  and that an anesthesia exposure may only be on
Iehad ben compared i many o mmmwnnm evenrsin child-

inorinsult

dings might p thac the

override any “use it orloseit” mechanism where apoprosis is

due o newvonal wffic quisscence. I this respec fndings  [g o o
- -, Gonzalez

isration. ] 7 Ralmel, A Jobmon Bickir PE, Lscherdrs GF, v €

e for publcstion Decemnber 13, 2011 The suthor s ot Kang H, Wik AJ, Carson Ci, Mendoza MV, Guggenheim

apporad . o iyl s ;o N, Schaslor M, Row AM, Siraimann G: von.
iy that may e i the s of this i et svichment. roverssa e-itcadt romory
o © 2012 e p— i
Wl & i Aoy 1% 11631
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EDITORIAL

ediatric Anesthes

The Royal
Childrents
tal

Melbourne

Do we actually need to anesthetize the neonate?

i this e of Pediaric Anesthesia, authors discuss sev-

1 of the theory and practce of neonatal
ssthesia. Recurring themes are that neonatal physiol-
oyissubstantially different 0 older chikiren, that there
are substantial gaps in our understanding of basc phar-

7

s mesaved il i he ay of anctbda due

cancerns about their physiologial capaciy o survive

the depressant effects of anestheics and a belief that

neonates have less capacity to feel puin. While we can

sl argue about what 4 neonate “fels” it is clear that
ad

sl in and
ratot o bt longec. somoqwnen
Good pain relief not only improves outcome, it i now
regarded as a basic human sight, and there i no rea-
Son why this right should ot be extended 10 the neo-
. Bt anesi s more (b ust pin . Do
(o be anesthetized? One way to answer his
1 ek what we are siming 1o ackies wih anctb-
sia. Rees and Gray described the tiad of anesthesia 15
hyposis, analeesia, and immobily (1). This was per-
haps a simplisic 4pproach, and practially the i
aredoser 0 unconciownes, immobiy, and e
o n e s cresr topons s
4 with noccpton. Amacis may o be regaded
A an i howevcr, incomsciousncs should ret n
el aconates nead o be mmobized for sur-
410 b

be seen a basic human right, and distressed neonates
in the neonatal intensive care unit have poorer shor

term and long-term outcomes. In an unparalyzed neo-
nate, being unresponsive could be reasonably expected
0 b 0 sgn of o bing ditresd. Sy, o gt
eonate having an awake regional lechnique could be
om0 be ot ditresd. I the ot

v, s hader 1o denily s Ghing
ould

s required 1o prevent distress even if the
neonate is pain free, but how do we know how much
Siion s ncded
Pevenig the physiiogc s and vl
response of anesthesia is an important aim of anesihe
we mproed
that
had sufliet algsis andor aneahs (: 4. While
the importance of preventing physiologi
s increasingly important, we sl have lite idea how
mshanesieic o vt sl bt o s
‘One approach to anesthetzng neonates
e e e e s and v oo cokt
of hypotic, analgesic. and neoromuscular blocki
agent. I we give ‘enouzh." this should achicve our aims.
s sl sbove the o Tl with (s spprosh
rmine ‘cnough.” The problem of
e o acts g the
ol erorr iy o sl et Mo
“enoush general anesthetic may cause more harm than
. While the cliical implcations of neurotoxicity
are sill very unclar. and possibly may be clinially

his ssue, very e s known about cerebral autoregu-
lation in the neorate. What blood pressure is adequate
o prevent cerebral ischemia in neonates - partiularly

‘more harm than good. T sems we have come full cirle
and we are once again concerned about the capacity of
neonates (0 manage the depressant effects of excessive
anesthesia

Yes. we do need to anesthetize the neonae, but
ave ik idea how we should bt 4o hs. Anesthets

in neonates i different to anesthetiing s o s
ehildren. To do thi best, we need to start filing some of
the gaps n our knowledge.
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