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No esta claro que estos efectos negativos en el
comportamiento o en los procesos de aprendizaje
son debido a medicamentos o a la condicion medica

del paciente o a otras cosas...



Young Brain and Anesthesia: Refusal of Anesthesia Is
Not an Option!

Deborah J. Culley, M.D., Michael J. Avram, Ph.D.

’T WENTY-FIVE years ago,
surgery was commonly per-
formed on awake or paralyzed
infants and children without the
benefit of analgesics, sedatives,
or anesthetics. This practice was
justified by a fear that these drugs
would increase the risk of adverse
surgical outcomes and the belief
that infants did not experience
pain.! Subsequent clinical studies
have demonstrated that inadequate
sedation, anesthesia, and analgesia
may actually increase the risk of
adverse postoperative outcomes in
infants and children and have led to
a paradigm shift such that the use of
general anesthetics and analgesics is
now routine in the humane prac-
tice of pediatric anesthesiology.!?
This does not mean that doing so is
without risk or controversy. Seven
years after this change, questions
began to arise from the laboratory
of John Olney, M.D., who was well
known for his work on fetal alcohol
syndrome, supeesting that exposure
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“...[Tlhere may be risk
associated with exposure
to general anesthesia...[but]
surgery without adequate
anesthesia and analgesia is
simply not an option.”

with enhanced apoptosis (neurons
and glia) and alterations in neuro-
genesis, gene expression, cytokine
expression, synaptic transmission,
and lipid metabolism that are, in
turn, associated with cognitive
and behavioral abnormalities in
later life.” Perhaps the most inter-
esting of these findings is that
they appear to be dependent on
developmental stage and duration
of treatment. Administration of
a single anesthetic to rodents or
subhuman primates for long dura-
tions (6h or more) or multiple
shorter treatments during critical
periods of development are cru-
cial for the development of these
changes. Studies in rodents that
have looked at shorter exposures
to general anesthetics during these
same critical developmental peri-
ods have found acute but not long-
lasting changes in synapse density
or function, neurogenesis, and cell
survival and differentiation, and
no differences in coenitive perfor-




Ya sabemos...

Bouza H. The impact of pain in the immature brain. J
Maternal-Fetal Neonat Med 2009

Infantes y neonatos definitivamente experimentan
dolor y estrés

Retener analgesia y sedacion puede causar
hiperalgesia, alteraciones estructurales y
comportamientos inapropiados en el desarrollo
posterior






Data Pre-Clinica

Animales

Trasladar la evidencia en animales a humanos es una
ciencia inherentemente imprecisa



Anesthesiology 2005; 102:860-8 © 2005 American Society of Anesthesiologists, Inc. Lippincott Williams & Wilkins, Inc.

Of Mice and Men: Should We Extrapolate Rodent Experimental
Data to the Care of Human Neonates?

Sulpicio G. Soriano, M.D.,* Kanwaljeet J. S. Anand, M.B.B.S.,
D.Phil., Cynthia R. Rovnaghi, M.S., Paul R. Hickey, M.D.
* Children’s Hospital Boston and Harvard Medical School, Boston,




Lin EP, et al
Neurotoxicology Teratology 2017

Revision de 440 estudios pre-clinicos

Mayor proporcion de estudios—anormalidades con
exposiciones de duracion mas larga

No se difinié una linea demarcadora en tiempo
Tampoco se definio edad



Estudios Clinicos en Humanos



PANDA
GAS
T-Rex
MASK
UCSF
CUMC

6 Estudios principales



MASK

Mayo Safety in Kids



Neuropsychological and Behavioral Outcomes after
Exposure of Young Children to Procedures Requiring
General Anesthesia

The Mayo Anesthesia Safety in Kids (MASK) Study

David O. Warner, M.D., Michael J. Zaccariello, Ph.D., L.P, Slavica K. Katusic, M.D.,
Darrell R. Schroeder, M.S., Andrew C. Hanson, B.S., Philiip J. Schulte, Ph.D., Shonie L. Buenvenida, R.N.,
Stephen J. Gleich, M.D., Robert T. Wilder, M.D., Juraj Sprung, M.D., Danging Hu, M.D.,

Robert G. Voigt, M.D., Merle G. Paule, Ph.D., John J. Chelonis, Ph.D., Randall P. Flick, M.D., M.PH.
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MASK

Estudio observacional
Retrospectivo y Prospectivo
Ninos de Minnesota

Una anestesia, multiples anestesias, o no anestesia
antes de los 3 anos

Estudios neurocognitivos en grupo prospectivo



Estudio Retrospectivo

Anestésicos multiples pueden aumentar la frecuencia
de problemas de aprendizaje y de TADH (déficit de
atencion)



Estudio Prospectivo
Anesthesiology Julio 2018

Anestesia antes de los 3 anos no fue asociada a

deficits en inteligencia general que era el resultado
primario

Una unica exposicion no llevo a ningun deficit
neuropsicologico

Multiples exposiciones se asocio a disminuciones en
el procesamiento de la coordinacion motora y de
velocidad



Confounding Factors
(factores que confunden)

Cuando otro factor influye
directamente tanto en la necesidad de
anestesia como en el resultado de
neurodesarrollo



Raikkonen K et al
Am J of Epidemiology 2017

Consumo materno de regaliz durante el
embarazo

Consecuencia cognitiva y psiquiatrica
en ninos
Disminucion en la inteligencia

Aumento en la frecuencia de ADHD
( trastorno de atencion e hiperactividad)



Peterson BS
JAMA Psychiatry 2015

Relacion contaminantes atmosfeéericos y el desarrollo
de la materia blanca en el cerebro y el desarrollo
cognitivo

Exposicion en utero

Multiples problemas en el desarrollo neurolégico



Procedimiento o cirugia
Morbilidad que afecta directamente el desarrollo

neurolégico
Prematuridad
Sindromes
Anormalidades cromosomicas

Paralisis cerebral



Ninos con problemas en la audicion

Ninos con bajo nivel socioeconomico- problemas
dentales

Ninos con problemas de comportamiento

Cirugia mayor- > respuesta inflamatoria afectando el
cerebro



Otros Factores Perioperatorios

Dolor

Hipo-perfusion cerebral
Hipoxia

Disturbios electroliticos
Etc...



Peri-procedural factors Early, evolving Longer- term
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Procedure Medications
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Fig. 1. Example of a conceptual framework describing potential factors that affect outcomes after
procedures requiring anesthesia. Periprocedural and contextual factors interact to determine acute
child responses to the procedure; early and longer-term responses in affect, behavior, and cognitive
abilities continue to be moderated by these contextual factors as they evolve.

Anesthesiology 2018




Estrategias Neuroprotectoras



Farmacos Neuroprotectores
Eritropoyetina *
Bumetanide

L-carnitina- Toxicol Sci 2013 (luego de
ketamina en ratas)

Xenon*
Dexmedetomidina*
Melatonina

Litio- BJA 2013 (luego de ketamine en
ratas)

* Mejoras en los efectos cognitivos negativos de la anestesia
neonatal en ratas



Neuroprotective effects of dexmedetomidine
against glutamate agonist-induced neuronal cell
death are related to increased astrocyte brain-

derived neurotrophic factor expression.
Degos V1, Charpentier TL, Chhor V, Brissaud O, Lebon S, Schwendimann L,
Bednareck N, Passemard S, Mantz J, Gressens P.

Anesthesiology May 2013



A Comparison of Caudal Epidural in Conjunction with Intravenous Dexmedetomidine Administration

Nemours to Spinal Anesthesia in Preterm Infants Undergoing Awake Abdominal & Urologic Procedures ;...
R Bryskin M.D., G Felema M.D., F Zayas-Bazan M.D. Children’s

Preessbss i

n

Department of Anesthesiology-Nemours Children’s Clinic/ Wolfson Children’s Hospital Hospital

Introduction: Anesthetic management of preterm
neonates is often challenging secondary to co-morbidities
associated with prematurity. The neonatal central and
musculoskeletal respiratory systems are sensitive to the
depressant effects of general anesthesia(GA) and result in
prolonged need for assisted ventilation, and increased
incidence of post-operative apnea/bradycardia(AB).(1,2) The
use of spinal anesthesia(SA) in neonates has previously
been demonstrated to be a safe and effective alternative
to GA with reduced risk of postoperative respiratory
complications. However, it has not gained wide acceptance
due to its placement difficulty, high failure rate, and
inability to accommodate surgical procedures >1hr.()
Caudal anesthesia(CA) is a technically easier technique to
perform and provides the ability (via threading of an
angio-catheter or an epidural catheter) to extend both
duration and dermatomal coverage to meet surgical
demands. Regardless of the regional technique,
supplemental intraoperative sedatives (Whiskey nipple,
Ketamine, NO2, and Propofol) are frequently required to
assist with block placement or to calm an agitated patient.
Unfortunately, the use of these GABA and NMDA agents
can lead to AB and has been suggested to cause neuronal
apoptosis.@,5 Dexmedetomidine(DEX) use in neonatal
cardiac surgery population has been gaining popularity
and is considered to provide a neuroprotective effect with
a wide safety margin.

Hypothesis: The aim of this project was to determine if
placement of a caudal epidural catheter and concomitant
use of Precedex (CAD) had equivalent post surgical
outcomes compared to SA performed on preterm infants
undergoing abdominal and/or urologic procedures.

Discussion: Although both awake SA and CA avoid the use of GA,
supplementation with a potentially neurodegenerative sedative is not
uncommon and may contribute to an increased incidence of post-
operative AB. We found that the addition of DEX to CA provided for
satisfactory surgical conditions in all patients without increasing the
peri-operative risk of AB or contributing to hemodynamic instability. In
comparison, 1/16 SA pts experienced intra-operative AB and 4/16 had
bradycardia in the post-op period.

The choice of DEX as a sedative agent during CA carries the
advantage of minimizing exposure to potentially neurotoxic sedatives
plus the neuroprotective properties of DEX set it apart as an ideal
agent for use in premature infants.7 IV DEX has been previously
noted in adult studies to provide a twofold effect in the setting of
neuraxial blockade, both by prolonging the local anesthetic duration
and providing intra-op sedation (ref).

One of the most significant advantages we observed in this study with
the CAD approach is the prolongation of the surgical time that is
allowed through local anesthetic re-dosing. The extension in surgical
duration and possible dermatomal coverage have been welcomed by
our surgical colleagues.

Conclusion: We report potential advantages to using CAD in preterm
neonates. This approach provided for ease of placement, allowed
extension of surgical duration, avoided potentially neurotoxic sedative
agents, extended dermatomal coverage, and reduced incidence of AB
in preterm neonates. For these reasons, we recommend CAD as a
preferred awake regional technique for premature infants undergoing
abdominal and urologic procedures.

References:

1- Cote CJ, et al. Postoperative apnea in former preterm infants after inguinal herniorrhaphy. A combined analysis. Anesthesiology.
1995;82(4):809-22.

2-Krane EJ, et al. Postoperative apnea, bradycardia, and oxygen desaturation in formerly premature infants: prospective comparison of
spinal and general anesthesia. Anesthesia and analgesia. 1995;80(1):7-13.

3- William JM,et al. Post-operative recovery after inguinal herni in ex-premature infants: ison between and spinal
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Ventajas Tecnica de Caudal con
Dexdemetomidina

Mayor duracion de anestesia quirurgica (con o sin
catéter)
Se evitan posibles agentes sedantes neurotoxicos

Aumento de la cobertura en los dermatomas
Reduccion en la apnea/bradicardia en prematuros



Otros

Yonamine et al, Anesthesiology 2013-
anadiendo hidrogeno al anestésico
inhalatorio puede disminuir la
apoptosis por el sevo y los efectos de
comportamiento (estudio en ratas)

Zhao et al, Anesthesiology 2013—- 1 hr
pre-acondicionamiento con Isoflurano
(puede disminuir el efecto neurotoxico
de una exposicion posterior mas
prolongada al isoflurano )



Boscolo et al, BJA 2013- pramipexole (droga que
restora la integridad mitocondrial)



Monoxido de Carbono
Toxicidad vs Agente Terapéutico
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La produccion de CO
en los circuitos anestesicos de ventilacion
fue reportado por primera vez en 1990

Moon RE, el al; Anesthesiology. 1990;73:A109.




Ventilacion con CO

Puede prevenir la apoptosis neuronal inducida
por la anestesia en el cerebro en desarrollo?




Cheng Y, Levy R
Anesthesia &Analgesia 2014

Subclinical Carbon Monoxide Limits
Apoptosis in the Developing Brain After
Isoflurane Exposure



Anesthetists rather than anesthetics
are the threat to baby brains

Weiss M et al
Pediatric Anesthesia Oct 2013



Cerebro Inmaduro...

Los infantes son vulnerables a danos neurotoxicos e
isquémicos durante la anestesia y cirugia

Es esencial que el anestesiologo mantenga una
perfusion cerebral optima (a pesar de enfermedades
co-existentes, efectos depresivos de los anestésicos,
perturbaciones quirurgicas, etc...)



Recordar...

Hipotension- poco se sabe de la
autoregulacion cerebral en el neonato...que
presion arterial es adecuada para prevenir la
isquemia cerebral en neonatos ?



Lo Nuevo en el 2018...
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Caudate
Putamen

Control

Noguchi KK et al. . Sci Rep. 2018 Mar 28;8(1):5302.
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33-OH: esteroide neuroactivo
con propiedades analgesicas
significativas

7 ratas recibieron 3(3-OH,
ketamina, o salino
e 3(3-OH es un hipnotico efectivo

e Ketamina, pero no 33-OH,
causo neuroapoptosis

¢ Ketamina, pero no 33-OH,
causo problemas en el
aprendizage luego

Atluri N et al. Br ] Anaesth. 2018 Apr;120(4):768-778.
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Estudios Clinicos
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Neuropsychological and Behavioral Outcomes

in Children after Anesthesia Exposure

Matched cohort study, 1994 to 2007
Unexposed (411) Single exposure (380) Multiple exposures (206)

vs. Unbxpmd Children

0.5 points lower
(95% Cl, -2.8 to 1.9; P = 0.70)

1.3 points lower
(95% Cl, —3.8 to 1.2; P = 0.32)

Secondary Outcome: Parents of children with
multiple exposures reported more problems
related to executive function, behavior, and
reading (but not math); parents of children with
a single exposure reported more problems
related to executive function and reading.

Anesthesia before the age of 3 yr was not
associated with deficits in general intelligence.

Warner DO et al. ANgsTHESIOLOGY. July 2018.

ANESTHESIOI OGY

The Journal of the Americen Society of Anesthesiclogists, Inc. * aresthesols

| Warner DO et al. Anesthesiology. 2018 Jul;129(1):89-105.
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Resumen

Aviso de la FDA

Mayormente estudios pre-clinicos en ratas

Multiples anestésicos asociados a una incidencia
baja de trastornos de aprendizaje pero...

Co-factores???



Resumen

Evidencia significativa que un solo anestéesico de
corta duracion no esta asociado a ningun riesgo a
largo plazo en humanos

Técnicas neuroprotectoras...
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