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Declaracao de Conflitos de Interesse (em conformidade com a Declaracao de Helsinque):

Declaro nao possuir relacdoes com industria farmacéuticas ou de tecnologias na area da
saude.
Declaro, portanto, nao possuir qualquer conflito de interesse que possa estar

relacionado com a confeccao desta aula.
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INTRODUCAO

* Disfagia ou disturbios de degluticao
* Prevaléncia ainda desconhecida
* Aproximadamente 10% de recém-nascidos prematuros (<37 sem)
* Nos RN com menos de 1500g -> aproximadamente .

* Com 1 ano de vida, aproximadamente 26% dos RNPT apresentam disfagia ou

alguma sequela
* 31% apresentam displasia broncopulmonar

* 20-80% dos pacientes com atraso de desenvolvimento neuropsicomotor
apresemtaram disfagia

Jadcherla S. Am J Clin Nutrition. 2016
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Hypoxia Prematurity Neural & Endocrine Inflammation
* Hypoxic Ischemic * Perinatal * Hunger & Satiety * Infection
Encephalopathy Interventions + Smell & Taste * Interventions, Injury &
* Ischemiaand * Physiological * Thirst Surgery
Reperfusion Injury Immaturity » Congenital Birth * Nociceptive Events
« Ontogeny Variations Defects » Side Effects of Drugs
« Variations in Gl * Perinatal Trauma * NEC
Organ Functions * Maternal Diabetes « BPD
+ Birth Defects « Perinatal Addictive « GERD
Drugs & Withdrawal * Aspiration Syndrome

v v 4 v

Central Nervous System, Enteric Nervous System & Neuro-Muscular Effects on
Maturational delays, Maldevelopment, Maladaptation, Malfunction Involving:

Neurons and Glial Networks Muscles
* Multiple Cranial Nerves < « Striated Muscles
» Afferent & Efferent Neurons * Smooth Muscles
* Excitatory & Inhibitory Neurons = * Mixed Muscles
* Neural Networks & CPG * Interstitial Cells of Cajal
* Synaptogenesis and Pruning « Sphincters

4

Regional Mechanisms
Autonomic Reflexes, Secretory Reflexes, Enteric Reflexes & Aerodigestive Protective Reflexes
Contraction & Relaxation of Gl Muscles and Sphincters
Coordination, Regulation & Pattern Generation of Gut Motility by CNS & ENS Interactions
Maturation & Experience of Favorable Sensory Stimuli vs. Nociceptive Stimuli

Retirado de: Jadcherla S. Dysphagia in the high-risk infant: potential factors and mechanisms. Am J Clin Nutrition. 2016
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Hipoxia

Encefalopatia
hipoxico-isquémica

Lesao por isquemia
e reperfusao

Prematuridade

Intervencoes
Perinatais

Imaturidade fisiologica

Variacao das funcoes
dos orgaos

Malformacodes
congeénitas

Neuro e Endocrinos

Fome e Saciedade
Cheiro e Sabor
Sede

Traumas perinatais

Dependéncia a
medicacoes €
sindrome de
abstinéncia

Inflamacoes

Infeccoes

Intervencoes, lesoOes e
cirurgias

Eventos dolorosos
Efeitos colaterais
Enterocolite Necrosante
Displasia broncopulmonar
DRGE

Retirado e adaptado de: Jadcherla S. Dysphagia in the high-risk infant: potential factors and mechanisms. Am J Clin Nutrition. 2016
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Casos clinicos
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Caso clinico-1

Recém-nascido do sexo masculino, com idade gestacional ao nascer de 27 semanas e
0eso ao hascer de 900g. Esta atualmente com 42 dias de vida, em ar ambiente,
nesando 1650g. No momento recebendo leite materno ordenhado, 35 ml via sonda
orogastrica. Hoje iniciado oferta de 10ml via oral. Apds primeira oferta, paciente
apresentou quadro de queda de saturacao até 60% e palidez cutanea. Qual hipotese
diagnostica para o ocorrido?? Qual o motivo deste acontecimento??
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Caso clinico-1

Recém-nascido do sexo masculino, com idade gestacional ao nascer de 27 semanas e
0eso ao hascer de 900g. Esta atualmente com 42 dias de vida, em ar ambiente,
nesando 1650g. No momento recebenda leite materno ordenhado, 35 ml via sonda

orogastrica. Hoje iniciadéoferta de 10ml via oralL Apds primeira oferta, paciente
Saturagao até 60% e palidez cuténed>
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ldade Gestacional

Idade gestacional Classificacao OMS
<28 semanas RNPT extremo
28 — 31 6/7 semanas RNPT muito prematuro

32 semanas — 33 6/7 semanas RNPT moderado

34 — 36 6/7 semanas RNPT tardio
37 —41 6/7 semanas RNT
42 semanas ou mais RN pds-termo
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Classificacao pelo PESO AO NASCER

Peso Classificacao

<1000g Extremo baixo peso

1000g - 1499g Muito baixo peso

1500g — 2499¢g Baixo peso

percentil<10th Pequeno para Idade Gestacional (PIG)

percentil entre 10e 90  Adequado para a Ildade Gestacional (AIG)

percentil>90th Grande para a Idade Gestacional (GIG)
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PAP

Classificacao pelo PESO AO NASCER
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 Meta-analise de 6 estudos

* 3,.986.456 nascimentos

* >30.000 com menos 30
semanas

* 6 paises

Alemanha
Estados Unidos
Italia

Escocia

Canada
Australia

DGERT

ENTIDADE
FORMADORA

RTIFICADA

Retirado de: Fenton and Kim. BMC Pediatrics, 2013
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ARTICLES L)

Chack Tor
updales

Neurodevelopmental Outcomes of Infants at <29 Weeks of Gestation Born
iIn Canada Between 2009 and 2016

M. Florencia Ricci, MD, PhD', Prakesh S. Shah, MD, MSc, MBBS?, Diane Moddemann, MD', Ruben Alvaro, MD',
Eugene Ng, MD, Shoo K. Lee, OC, PhD, MBBS**, and Anne Synnes, MDCM, MHSc, on behalf of
the Canadian Neonatal Network and the Canadian Neonatal Follow-Up Network Investigators®

Table IV. Outcomes by epoch

Epoch 1 Epoch 2
(2009-2012) (2013-2016)
(N = 1895), (N = 2531),
Outcomes n (%) n (%)

602 (31.8) 756 (29.9)
1051 (55.5) 1345 (53.1)

322 (17.0) 420 (16.6)

a0R, epoch 2 vs
epoch 1 (95% CI)*

0.85 (0.74-0.98)
0.89 (0.79-1.01)

0.86 (0.72-1.02)

Death or significant NDI

Death or any NDI

Death at any time before
follow-up’

Significant NDI

Any NDI

280 (17.8) 336(15.9)  0.85(0.72-1.02)

“PAP

Epoch 1

Epoch 2

(2009-2012) (2013-2016)

(N=1895), (N=2531), aOR, epoch 2 vs
Outcomes n (%) n (%) epoch 1 (95% CI)*
Death or significant NDI 602 (31.8) 796 (29.9)  0.85 (0.74-0.98)
Death or any NDI 1051 (55.5) 1345(53.1)  0.89 (0.79-1.01)
Death at any time before 322 (17.0) 420 (16.6)  0.86 (0.72-1.02)
follow-up’
Significant NDI 280 (17.8) 336 (15.9)  0.85(0.72-1.02)
Any NDI 729 (46.3) 925 (43.8)  0.91 (0.79-1.04)
CP (any stage) 94 (6.1) 114 (5.5) 0.89 (0.67-1.19)
CP with GMFCS level =lll 29 (1.9) 37 (1.8) [: 91 (0.55-1.49)
Bayley-lll Motor 100 (6.9) 111 (6.0) 86 (0.64-1.14)
Composite Score <70
Bayley-lll Cognitive 45 (3.0) 79 (4.1) 1.36 (0.93-1.98)
Composite Score <70
Bayley-lll Language 169 (11.6) 217 (11.8)  1.02 (0.82-1.27)
Composite Score <70
Bayley-lll Motor 313 (21.6) 379 (20.6)  0.96 (0.81-1.14)
Composite Score <85
Bayley-lll Cognitive 195 (13.2) 311 (16.0)  1.25 (1.02-1.52)
Composite Score <85
Bayley-lll Language 528 (36.2) 664 (36.1)  0.99 (0.86-1.15)
Composite Score <85
Hearing loss
Hearing aid or 39 (2.6) 28 (1.4) 0.47 (0.29-0.78)
cochlear implant
Sensorineural/mixed 105 (7.1) 103 (5.0 0.68 (0.52-0.91)
hearing loss
Visual impairment
Bilateral visual 19 (1.4) 11 (0.6) 0.40 (0.19-0.85)
impairment
Unilateral or bilateral 22 (1.6) 14 (0.7) 0.46 (0.23-0.91)

visual impairment
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DE GRUYTER

J. Perinat. Med. 2019; 47(2): 247-251

Elinor Charles, Katie A. Hunt, Christopher Harris, Ann Hickey and Anne Greenough*

Small for gestational age and extremely low birth

weight infant outcomes

Table 3: NICU course and discharge outcome.

SGA (n=35) AGA (n=49) Odds ratio or risk estimate P-value
(95% confidence interval) adjusted for GA
NEC 8/35(23%) 10/49 (20%) 0.5 (0.1-2.5) 0.349
Age at full enteral feeds, days 53.5(26-172) 47.5(11-184) 38.2(9.1-67.2) 0.011
Required NJ feeding 3/35(8.6%) 7149 (14%) 2.3 (0.28-18.7) 0.443
Breastfeeding on discharge home 6/24(25%) 12/34 (35%) 1.6 (0.33-8.0) 0.56
Any breast milk at discharge home 10/24 (42%) 20/34 (59%) 2.5(0.57-10.6) 0.23
Length of hospital stay (days) in 126.5 (63-404) 130.5 (89-309) 39.4 (-2.2-81) 0.064
those surviving to discharge
Weight z-score at discharge -3.64 (-4.93t0-1.73) -1.66(-4.91100.65) -1.5(=2.4to -0.67) 0.001
Change in weight z-score from birth  —-1.53 (-4.01 to 0.54) ~-1.065 (-4.72t0 1.34)  0.47 (-0.35t0 1.30) 0.256

to discharge

Data are presented as n (%) or median (range). NJ, naso-jejunal.
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Placenta

A funcao da placenta e sua relacao com o
crescimento e desenvolvimento do feto
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? frontiers  MiNIREVIEW
. . published: 02 August 2021
in Endocrinology doi: 10.3389/fando. 2021714214

Placental CRH as a Signal of
Pregnancy Adversity and Impact
on Fetal Neurodevelopment

Ifigeneia Kassotaki', Georgios Valsamakis®>, George Mastorakos?
and Dimitris K. Grammatopoulos =" Structural Modifications
Dendritic remodeling
J Density of hippocampal neurons
J Cortical and amygdala volume x
Impaired

4 Brain maturation

Neurotransmission

GABAergic dysfunction /
GABA methylation
Serotonergic dysfunction

Fetal HPAaxis reset
\ NR3C1 methylation

NN

J GCs receptors

Xy 7 stress

T HPA axis reactivity

Behavioural Outcomes
Cognitive deficits
Neuroinflammation Emotional de.ﬁats
T Levels of distress

TIL-6 Internalizing symptoms

inflammation
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Fig. 2:  Schematic representation of the physiological actions of hPL in the mother and fetus during pregnancy. | | | i | | |
hPL has direct actions on maternal and fetal tissues. 10 20 20 40 2 4 B
Gestational Postnatal
Age (WK)
Retirado de: Handwerger S. and Freemark M., 2000. Retirado de: Avery’s Diseases of the Newborn, 10th ed. Elsevier, 2018
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Table 11.1 A Subset of Endoc

Pituitary-Like Hormones,
Including Growth Factors

lated Factors Expressed in Human

Placenta.?

Pituitary-Lik
Steroid Hormones Including Gri
Estriol hCG
Estradiol hCS
Estrone hGH-V
Estetrol IGF-I
Progesterone IGF-II
Allopregnanolone Activin
Pregnenolone5a-DHP Inhibin
Cortisone Follistatin
Testosterone f-Endorphii
Androstenedione Oxytocin
DHT ACTH
DHEA MSH

Relaxin

dThose mentioned in the text are shown in b

5a-DHE 5a-Dihydroprogesterone; ACTH, ac
dehydroepiandrosterone; DHT, Dihydrote:
chorionic gonadotropin; hCS, human cho
inhibitory factor; MSH, melanocyte-stimul;
VIE vasoactive intestinal peptide.

“PAP

hCG
hCS
hGH-V
IGF-I
IGF-II
Activin
Inhibin

Follistatin
f-Endorphin
Oxytocin

ACTH
MSH
Relaxin

tides Placental Cytokines Eicosanoids

1 TNF-a Prostaglandins

In LIF Leukotrienes

aphalin Interferon-a Prostacyclin
Interferon-f Thromboxane
Interferon-vy
IL-1

>tin IL-2

sin IL-6

eP IL-8

| IL-10

tokinin

iide Y

in

tide; CRH, corticotropin-releasing hormone; DHEA,

1e; GnRH, gonadotropin-releasing hormone; hCG, human

xrmone variant; IGF, insulin-like growth factor; LIF, leukemia

F-e, tumor necrosis factor a; THH, thyrotropin-releasing hormone;

Retirado de: Fetal and Neonatal Physiology, 6th ed., Elsevier, 2021 (
E FORMADORA
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Int. |. Mdl. Sa. 2021, 22, 1671

2 of 25

Antenatal factors

Infection Chronic hypoxia
Asphyxia
IPotentiaI Mechanisms |

® ot
N7

Oxidative stress

&

Cell death
(especially preOis)
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Failure of myelinaticn  |qa0mation

Figure 1. Potential factors contributing to preterm brain injury.
Retirado de: Yates N. et al. Int. J. Mol. Sci., 2021
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Preterm Birth

Potential Mechanisms
® ® 9 '
N
Reduced antioxidant Immature vasculature
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Differentiation and I
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|
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* Fig. 58.1 Schematic representation of the major ontogenic events

taking place in the human neocortex.

Retirado de: Fetal and Neonatal Physiology, 6th ed., Elsevier, 2021
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Caso clinico-1

Recém-nascido do sexo masculino, com idade gestacional ao nascer de 27 semanas e
0eso ao hascer de 900g. Esta atualmente com 42 dias de vida, em ar ambiente,
nesando 1650g. No momento recebendo leite materno ordenhado, 35 ml via sonda
orogastrica. Hoje iniciado oferta de 10ml via oral. Apds primeira oferta, paciente
apresentou quadro de queda de saturacao até 60% e palidez cutanea. Qual hipotese
diagnostica para o ocorrido?? Qual o motivo deste acontecimento??

Quando iniciar o trabalho fonoaudiologico? Quando
solicitar a interconsulta dos terapeutas da fala?

r
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Contents lists available at ScienceDirect

Research in Develonmental Digahilities

- ook Differentiation and
ELSEVIER plasticity : axons

MNeuronal death

MNeuronal

2urol | e—
migration
Developmental ygrona

|

|

corrected age? Proferaton
Gliogenesis | .ﬁ

I I I
Ayelet Harel-Gada: ! ! ! . Post conceptional
Smadar Eventov-Fi 0 10 20 10 40 Weeks

~ School of Education, The Hebn - Fig 58,1 Schematic representation of the major ontogenic events
Department of Psychology, The

© Deparsment of Neanatology, 1 taking place in the human neocortex.
9 Department of Obstetrics & Gynecology, Hadassah University Hospital, Jerusalem, 91120, Israel

Retirado de: Fetal and Neonatal Physiology, 6th ed., Elsevier, 2021
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Caso clinico - 2

Recém-nascido do sexo masculino, com idade gestacional ao nascer de 26 3/7

semanas e peso ao nascer de 750g.
Atualmente esta com 95 dias de vida e com 40 semanas de idade gestacional corrigida.

Esta em suporte ventilatorio com canula nasal de baixo fluxo com 0.6L/minutos e FiO2
30%. Recebe nutricao enteral plena, com toda oferta via sonda nasogastrica, em

treinamento fonoaudioldégico ha 6 semanas.

De antecedentes relevantes, apresentou hemorragia periventricular grau 2 ja em
melhora e com 36 semanas de idade gestacional corrigida estava com suporte
respiratorio de CPAP 6 com FiO2 40%;

Qual(is) o(s) motivo(s) da disfagia deste prematuro?

r
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Caso clinico - 2

Recém-nascido do sexo masculino, com idade gestacional ao nascer de 26 3/7

semanas e peso ao nascer de 750g.
Atualmente esta com 95 dias de vida e com 40 semanas de idade gestacional corrigida.

Esta em suporte ventilatorio com canula nasal de baixo fluxo com 0.6L/minutos e FiO2
30%. Recebe nutricao enteral plena, com toda oferta via sonda nasogastrica, em

treinamento fonoaudioldégico ha 6 semanas.

De antecedentes relevantes, apresentou hemorragia periventricular grau 2 ja em
melhora e com 36 semanas de idade gestacional corrigida estava com suporte
respiratorio de CPAP 6 com FiO2 40%;

Qual(is) o(s) motivo(s) da disfagia deste prematuro?
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Hemorragia Peri-Intraventricular do Recém-Nascido Prematuro
E Leucoencefalomalacea

"
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A MATRIX GERMINATIVA

Brain @ @

Lateral ventricle
Lateral Germinal
parenchyma

ventricles matrix

. | [T
" _ 9
A | \Y v ® @ ®
5%
A ' < ——— V(g ® |0 o
| S wl| ) o CaessS e
. . Normal coronal view 1Z 1Z
Normal sagittal view h % e bra
. ro rain GZ GZ GZ GZ
through the brain T
Retirado de: Egesa et al. Int. Journal of Pediatrics, 2021

Volpe’s Neurology of the Newborn, 8th ed. Elsevier, 2018
Avery’s Diseases of the Newborn, 10th ed. Elsevier, 2018
c
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Fetal and Neonatal Physiology, 6th ed., Elsevier, 2021
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A MATRIX GERMINATIVA

Anterigr «
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Blood vasculature (blood brain barrier)
- rapid angiogenesis
- state of relative hypoxia

Germinal matrix:
precursor
neuronal cells

Endothelium

Coronal section of
preterm brain

Cortical Plate

Choroidal v.

<

Basement membrane

Pericyte

I

Astrocyte end feet

Thalamostriate v.
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A hemorragia peri-intraventricular

Lateral ventricle

Normal sagittal view
through the brain

Intraventricular extension
involving <50% of the
ventricle

g

Vo g

Grade II

A

Lateral
ventricles

Germinal Brain
matrix

Hemorrhage confined to
parenchyma the germinal matrix

’/ y ~7J .
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P

Grade I

‘* 11“ 2

Normal coronal view

through the brain

Extension of hemorrhage
into the surrounding
parenchyma

Intraventricular
extension involving
>50% of the ventricle

Extension of
hemorrhage intoa ©Of
dilated ventricle

o
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FiGure 1: Grades of GM-IVH.
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Egesa et al. Int. Journal of Pediatrics, 2021
Volpe’s Neurology of the Newborn, 8th ed. Elsevier, 2018
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A hemorragia peri-intraventricular

Volpe Grading System®
| Germinal matrix hemorrhage <10% IVH

I IVH 10%—-50%
i IVH =50%, usually with distention of lateral ventricle

Separate notation Periventricular echodensity signifying parenchymal lesion

Retirado de: Avery’s Diseases of the Newborn, 10th ed. Elsevier,
2018

Retirado de: Volpe’s Neurology of the Newborn, 8th ed. Elsevier,
2018
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FISIOPATOLOGIA

PREMATUROS:

Cerebral blood flow velocity
Cerebral vasculature status
Passive Max , Max
collapse dilation Normal autoregulation constrict w
Arterial blood pressure
c o 55
S =
= =
S 25 —_
= 50 - 1 sec
: /
Ew, Cerebral blood flow velocity
| | |
50 100 150
MAP (mmHg) 1 sec
Figure. Autoregulation of Cerabral Blood Flow and Mean Artarial Pressure. :
CBF: cerebral blood flow, MAP: mean arterial pressure, Max: maximum. Arterial blood pressure
o 99
. . I
Retirado de: Liu et al. JAPM, 2017. =
E
25 sec

“PAP

Retirado de: Volpe’s Neurology of the Newborn, 8th ed. Elsevier, 201
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PAP

FISIOPATOLOGIA

Ventilated premature infant with RDS

' '

v '

Decreases Fluctuating Increases Increases in
in CBF CBF in CBF cerebral venous
pressure
]
Endothelial Vulnerable germinal
injury matrix capillaries

(4+/- prior 4 in CBF)

Y

Capillary rupture

Intravascular:

platelet/capillary and/or
coagulation disturbances

¥

Extravascular:
fibrinolytic activity

Intraventricular hemorrhage

Retirado de: Fetal and Neonatal Physiology, 6th ed., Elsevier, 2021
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Hidrocefalia

COMPLICACOES

1 Head ultrasound ventricular size measurements

TOD: thalamo-occipital distance

Germinal matrix—intraventricular hemorrhage

Hemosiderin in CSF

v 4 V

Retirado de: R.A Dorner et al. Journal of Perinatology, 2018

“PAP

Germinal matrix Microglia activation Cerebellum—oss of
destruction presence of free iron external granular layer
| |
| Proliferation I' Reactive oxygen
species
| GABAergic 1 Oligo Oligo-progenitor Axonal injury
neurons progenitor cells cell injury
Y
1 Mature
oligodendroglial cells
X l l
Cerebral cortex 7 b
and thalamic — - .
dysmaturation 1 Myelination Axonal dysmaturation Cerebellar dysmaturation

Figure 24.9 Neuropatheologic consequences of germinal matrix—intraventricular hemorrhage on cerebral white
and gray matter, and cerebellum.

Retirado de: Volpe’s Neurology of the Newborn, 8th ed. Elsevier,
2018
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LEUCOENCEFALOMALACEA

Y

Periventricular
leukomalacia
nonhemorrhagic
infarction)

Y

Hemorrhagic
periventricular
leukomalacia

/ reperfusion \

lschemia
I
Y
Germinal matrix
injury
Subsequent

\J

Intraventricular

hemorrhage

Retirado de: Volpe’s Neurology of the Newborn, 8th ed. Elsevier,

2018
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INCIDENCE OF

DEFINITE

NEUROLOGICAL
SEVERITY OF HEMORRHAGE"® SEQUELAE" (%)

Grade | 15

Grade || 25

Grade |l 20

Grade lll and apparent periventricular 73
hemorrhagic infarction

PROGNOSTICO

SEVERITY OF IPE*°

UNILATERAL BILATERAL
OUTCOME EXTENSIVE LOCALIZED EXTENSIVE LOCALIZED
Mortality rate 21127 (78%) 8/23 (35%) 9/11 (82%) 6/14 (43%)
Major motor deficits® 5/6 (83%) 4/8 (50%) 212 (100%) 5/6 (83%)
Cognitive <75%° 5/6 (83%) 1/8 (122%) 212 (100%) 3/6 (50%)

*See text for references. Data are derived from reports published since 2002
and include personal published and unpublished cases.

"For grading system, see Table 24.12.

“Mean values (to nearest 5%); considerable variability among studies was
apparent, especially for the severe lesions. Definite neurological sequelae

included principally cerebral palsy or mental retardation, or both.

\
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*See text for definitions of “extensive” and “localized.”

MIncludes only overt spastic motor deficits.

“Age range at testing generally | to 4 years; tests included varying combinations of Bayley, Stanford-Binet, Vineland, Wechsler, and Verbal Language Development Scales.
IPE, Intraparenchymal echodensity.

Retirado de: Volpe’s Neurology of the Newborn, 8th ed. Elsevier,
2018

ENTIDADE
FORMADORA

ERTIFICADA



Caso clinico - 2

Recém-nascido do sexo masculino, com idade gestacional ao nascer de 26 3/7

semanas e peso ao nascer de 750g.
Atualmente esta com 95 dias de vida e com 40 semanas de idade gestacional corrigida.

Esta em suporte ventilatorio com canula nasal de baixo fluxo com 0.6L/minutos e FiO2
30%. Recebe nutricao enteral plena, com toda oferta via sonda nasogastrica, em

treinamento fonoaudioldégico ha 6 semanas.

De antecedentes relevantes, apresentou hemorragia periventricular grau 2 ja em
melhora e com 36 semanas de idade gestacional corrigida estava com suporte
respiratorio de CPAP 6 com FiO2 40%;

Qual(is) o(s) motivo(s) da disfagia deste prematuro?
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Displasia Broncopulmonar do Recém-Nascido Prematuro
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DEFINICAO

displasia
dis-pla-si-a
sf

MED Crescimento anormal dos tecidos, ocasionando celulas defeituosas e problemas de
multiplicacao celular.

Retirado de: https://michaelis.uol.com.br/moderno-portugues
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DISPLASIA BRONCOPULMONAR

* Displasia Broncopulmonar “Classica”
—Descrita por Northway — 1967
—Era pré-surfactante e pré-corticoide antenatal
—Recém-nascidos de 30 a 34 semanas
—Lesao pulmonar por ventilacao agressiva e hiperoxia
—Areas de fibrose, areas de atelectasia x hiperinsulflacdo
—Infiltrado neutrofilico, estresse oxidativo e lesao tecidual

* “Nova” Displasia Broncopulmonar

r
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DISPLASIA BRONCOPULMONAR

Damaged lung tissue

Retirado de :
https://www.nhlbi.nih.gov/health/
bronchopulmonary-dysplasia

Normal Lung

Hyperinfiation

) of lungs

Alveoli (air sacs) —

Lung with
Bronchopulmonary
Dysplasia

Alveoli (3ir $3C5) wm

Inflammation ———

Retirado de : https:/bronchopulmonary-dysplasia-
bpd/www.nationwidechildrens.org/conditions/
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DISPLASIA BRONCOPULMONAR

* Displasia Broncopulmonar “NOVA”

—Diferente mecanismo fisipatolégico
—Na era da ventilacao gentil

* Menor agressao pulmonar pela ventilacao

mecanica

Acervo pessoal.

—“Pulmobes” em estagios mais precoces do

desenvolvimento

Voynow, JA. Paediatric Respiratory Reviews, 2017.
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DESENVOLVIMENTO PULMONAR

Embryonic

E

Lung bud differentiation
Trachea and bronchi
Pulmonary vein and artery

Pseudoglandular

Terminal .
bronchiole ~ ACINUS

. Respiratory
» bronchiole

Canalicular

Saccular ~

Alveoli saccules LR ey
Conducting airways Extra-cellular matrix Alveolar
Terminal bronchioles Neural network e of wcha
A maturation ~ Expansion of gas e area,
fmmétuf& neural networks b nerves and capﬁgnes
Pre-acinar blood vessels /p, . itive alveol :. ;8
Typel, Tye icells /¥ ¢
Surfactant synthesis b4 0% g Continued celiufar profiferation
feacd Lung growth and expansion

4-7weeks | 7-17weeks | 17-26 weeks | 27-36 weeks | 36 weeks-2years|------------ccmcimacaianaa.. ~ 18 years

In utero = Postnatal
Birth >

PO {8

A

Retirado de : Miller MD, Marty MA. Environmental Health Perspectives
2010.(Imagem original de: Kajekar R. Pharmacol Therap, 2007.

“PAP
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. Secondary

Capillary
plexus

Alveolar development

B primary septae formation

O Immature AEC2
O Mature AEC2

C Alveolar maturation
secondary septae formation

——®—> AEC1 . .
< Elastin matrix

<o~ Myofibroblast

} ’
t r

Secondary septae formation

D Sacculation/primary septae formation

Retirado de : Avery’s Diseases of the Newborn, 10th ed.
Elsevier, 2018.
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FISIOPATOLOGIA

| Imaturidade pulmonar e alveolar ‘

| Hiperoxia ‘ — «——— ‘ Ventilacdo mecanica ‘

| Infeccao ‘ — D — ‘ Edema pulmonar ‘

Y

Lesdo pulmonar primaria

Recrutamento de neutrofilos ‘ —> - ‘ Liberacao de citocinas inflamatorias

Diminuicao da producao de fatores de
crescimento

l — "Nova” Displasia
Broncopulmonar

Diminuicao da alveologenese e
vasculogenese

Adaptado de: Fetal and Neonatal Physiology, 6th ed., Elsevier,
2021; Avery’s Diseases of the Newborn, 10th ed. Elsevier, 2018
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FISIOPATOLOGIA

Oxidative stress

Inflammation

VEGF UPR ER ACEIl <

' 4 \ 4 \
Ll =7

LPA .\ INOS . CEBP

Protein oxcation Inflammatory cell infiltration

Nucleic acd fragmentation

Lipid peroxndaton

L-1. IL-6. IL-17. IL
CINC-1. MCP-1. TNF
« NF-xB. LOOH

Apoptoss factors T

Airway and blood
vessel remodeling

!

Antenatal stress:

* Inflammation
* Chorioamnionitis

U

Stretch injury:
* Resuscitation
* Mechanical
ventilation

Sepsis

Preterm birth —

Oxidative stress
== — inflammation

Progenitor cells:
* Lost

proteolytic damage * ‘Heprogrammed’

<Bronc hooulmonary dysplasi>

. Surfactant
fragile structure l
1 Antioxidants Abnormal
development
epair/maintenangé
[ Retirado de: Fetal and Neonatal Physiology, 6th ed., Elsevier, 2021

Retirado de: Wang J and Dong W. Gene, 2018
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FISIOPATOLOGIA

» ol o ’ -
kg& ’.’- |
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24 weeks + 151 days ventilation

Retirado de: Fetal and Neonatal Physiology, 6th ed., Elsevier, 2021
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DESFECHO

Table 2. Composite and Individual Outcome Rates according to the Optimal Bronchopulmonary Dysplasia Definition
No BPD Grade 1 BPD Grade 2 BPD Grade 3 BPD
Qutcome (n=773) (n=1,038)* (n=617) (n =249)
La serious respiratory I 76 (10) 199 (19) 216 (35) 192 (77)
ath after 36 wk PMA 14 of 773 (2) 25 of 1,038 (2) 20 of 617 (3) 50 of 249 (20)
Tracheostomy 2 of 759 (0.3) 7 of 1,013 (0.7) 28 of 596 (5) 62 of 199 (31)
NICU hospitalization beyond 50 wk PMA for 6 of 759 (0.8) 25 of 1,013 (2) 90 of 596 (15) 101 of 199 (51)
respiratory reasons
Supplemental O, use at follow-up 6 of 759 (0.8) 32 of 1,013 (3) 52 of 596 (9) 58 of 199 (29)
CPAP at follow-up 4 of 759 (0.5) 5 of 1,013 (0.5) 18 of 596 (3) 28 of 199 (14)
7 of 759 (0.9) 41 of 1,013 (4) 71 of 596 (12) 81 of 199 (41)
51 of 759 (7) 32 of 1,013 (13) 129 of 595 (22) 57 of 199 (29)
257 (33) 480 (46) 372 (60) 196 (79)
14 of 773 (2) 25 of 1,038 (2) 20 of 617 (3) 50 of 249 (20)
173 of 757 (23) 316 of 1,004 (31) 260 of 585 (44) 123 of 194 (63)
GMFCS level = 36 of 759 (5) 76 of 1,011 (8) 93 of 597 (16) 67 of 199 (34)
Blindness 2 of 759 (0.3 12 of 1,012 (1) 15 of 595 (3) 12 of 198 (B6)
Deafness 14 of 759 (2) 26 of 1,013 (3) 17 of 595 (3) 14 of 199 (7)

DE ENGASGO

Retirado de: Jensen et al. Am. J. Respir. Crit. Care Med, 2019.
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DESFECHO — EIXO PULMAO CEREBRO

\ alveoli
..V.oh:\‘:.,:.'.:: :;- —
epithelial
cell type Il
alveolar
epithelial
coll type |
(a) (b)
Obst et al. Oxidative Medicine and Cellular Longevity. 2022
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DESFECHO — EIXO PULMAO CEREBRO

Asphyxia

-Apnea
-PPHN
-MAS

Hypothermia

N (Decreased Oxygen

consumption
-Increased minute

ADS ventilation
‘ -Increased surfactant
Pulmonary hemorrhage activity
4

- Oxidative stress
- Inflammatory
mediators

Y

-Cerebral

‘Neuronal excitability

vasoconstriction
-Apoptotic cell death

Embryonic

\‘ Pseudoglandular

“ Canicular

Saccular

Alveolar

Rodent 0 El13 E18 E20 Birth P5

Human Term (38-40)

Rodent 0 E10 Birth Pl P10

Neurogenesis

Migration
L\\\\\“ Synaptogenesis [
Neuronal apoptosis ’

Myelination

AN

Days of gestation
Weeks of gestation

Days of gestation

Rodent

Human

Continued
development
after birth

E. Szakmar et al. Journal of Perinatology. 2019
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DESFECHO — EIXO PULMAO CEREBRO
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Caso clinico - 2

Recém-nascido do sexo masculino, com idade gestacional ao nascer de 26 3/7

semanas e peso ao nascer de 750g.
Atualmente esta com 95 dias de vida e com 40 semanas de idade gestacional corrigida.

Esta em suporte ventilatorio com canula nasal de baixo fluxo com 0.6L/minutos e FiO2
30%. Recebe nutricao enteral plena, com toda oferta via sonda nasogastrica, em

treinamento fonoaudioldégico ha 6 semanas.

De antecedentes relevantes, apresentou hemorragia periventricular grau 2 ja em
melhora, e com 36 semanas de idade gestacional corrigida estava com suporte
respiratorio de CPAP 6 com FiO2 40%;

Qual(is) o(s) motivo(s) da disfagia deste prematuro?
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Caso clinico - 3

Com relacao ao recém-nascido do caso anterior, do sexo masculino, com idade
gestacional ao nascer de 26 3/7 semanas e peso ao nascer de 750g.

Atualmente esta com 105 dias de vida e com 10 dias de vida pos termo de idade
gestacional corrigida. Esta em ar ambiente. Recebe metade da nutricao via oral e
metade da dieta via sonda nasogastrica, em treinamento fonoaudiolégico ha 8
semanas aproximadamente. Apresenta quadros de frequentes quedas de saturacao
cerca de 30 minutos apo6s as mamadas. O quadro do paciente &€ compativel com qual
patologia?
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Refluxo Gastroesofagico do Recém-Nascido Prematuro
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REFLUXO GASTROESOFAGICO

* E fisioldgico na maioria das criancas e

recém-nascidos

* Sintomas inespecificos

* Sem exames especificos (padrao-ouro) no

diagnostico

* Avaliar presenca de sintomas ou

complicacoes

Avery’s Diseases of the Newborn, 10th ed. Elsevier, 2018
Fetal and Neonatal Physiology, 6th ed., Elsevier, 2021
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ESFINCTER ESOFAGICO INFERIOR

e Area de musculatura lisa

* Relaxa durante a degluticao , ,
Patient Education

e Permanece contraida — musculatura
diafragmatica
* Distensao do estdbmago aumenta a

contracao

Avery’s Diseases of the Newborn, 10th ed. Elsevier, 2018
Fetal and Neonatal Physiology, 6th ed., Elsevier, 2021
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Spontaneous primary peristalsis

ESFINCTER ESOFAGICO INFERIOR

Esophago-deglutition response

Pharyngeal reflexive swallow

Pharyngeal |
infusion

Esophageal |
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Thoracic
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Tidal )
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airflow

Pharynx -

Upper
esophageal
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Avery’s Diseases of the Newborn, 10th ed. Elsevier, 2018
Fetal and Neonatal Physiology, 6th ed., Elsevier, 2021
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REFLUXO GASTROESOFAGICO

REFLUXO GASTROESOFAGICO DOENCA DO REFLUXO
BENIGNO GASTROESOFAGICO

 “Regurgitador feliz” * Baixo ganho ponderal

e Bom ganho ponderal * Regurgitagdes frequentes com irritabilidade

 Sem sintomas respiratorios * Dificuldade de progressao da dieta

* Boa aceitacdo alimentar * Posicdo de opstotono

Avery’s Diseases of the Newborn, 10th ed. Elsevier, 2018
Fetal and Neonatal Physiology, 6th ed., Elsevier, 2021
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REFLUXO GASTROESOFAGICO

Fisiopatologia no prematuro:

\ |
’.‘

* Esvaziamento gastrico

Nasogastric Tube

e Lentificado

* Maior tempo quanto menor a idade gestacional \

* \Volumes maiores e menor osmolaridade ->

. — Oesophagus
aceleram o esvaziamento
* Menor motilidade esofagica e peristalse
incompleta Stomach

» Utilizacao de sonda (tubo) gastrico

Avery’s Diseases of the Newborn, 10th ed. Elsevier, 2018
Ramirez, Wong and Shulman. Journal of Pediatrics, 2006
Davidson. JPGN, 2003.

Staiano et al. Gastroenterology, 2007.

v V') Peter et al. Journal of Pediatrics, 2002 .
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REFLUXO GASTROESOFAGICO

Fisiopatologia no prematuro:

* Esvaziamento gastrico

Nasogastric Tube

e Lentificado

* Maior tempo quanto menor a idade gestacional \

* \Volumes maiores e menor osmolaridade ->

. — Oesophagus
aceleram o esvaziamento
* Menor motilidade esofagica e peristalse
incompleta Stomach

» Utilizacao de sonda (tubo) gastrico

—

Avery’s Diseases of the Newborn, 10th ed. Elsevier, 2018
Fetal and Neonatal Physiology, 6th ed., Elsevier, 2021
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REFLUXO GASTROESOFAGICO

DIAGNOSTICO
* Clinico
* pHmetria 24h
* Episodios de refluxo acido

* Correlacao com sintomas

* Cintilografia de Esvaziamento Gastrico

* Pouco pratico na UTI Neonatal

Avery’s Diseases of the Newborn, 10th ed. Elsevier, 2018
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REFLUXO GASTROESOFAGICO

European Journal of Pediatrics (2021) 180:353-378
https//doi.org/10.1007/s00431-020-03814-1

REVIEW

Check far
updates

Macrolides for the prevention and treatment of feeding intolerance
in preterm low birth weight infants: a systematic
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Caso clinico - 3

Com relacao ao recém-nascido dos casos 2 e 3, do sexo masculino, com idade
gestacional ao nascer de 26 3/7 semanas e peso ao nascer de 750g, que apresentou
guadro de hemorragia peri-intraventricular, displasia broncopulmonar, disfagia e
refluxo gastroesofagico, quais exames sao necessarios para esse paciente para definir
prognostico e programacao com relacao ao neurodesenvolvimento?
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Caso clinico - 4

Recém-nascido a termo, de 39 semanas de idade gestacional ao nascer, filho de mae
com diabetes melito gestacional, peso ao nascer de 3990g. Nasceu de parto via
cesariana por sofrimento fetal agudo. Ao nascer estava em apnéia, sendo iniciadas
manobras de reanimacao neonatal. Apresentou FC >100bpm apos 5 minutos de

reanimacao. APGAR2 /3 /5.
RN encaminhado a UTI, aonde apresentou quadros de crises convulsivas com 3 horas

de vida, sendo iniciado protocolo de hipotermia neuroprotetora.
ApOs estabilidade clinica, esse paciente necessita de avaliacao da terapeuta da fala

antes de iniciarmos dieta?? Se sim, qual o motivo??
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Caso clinico - 4

Recém-nascido a termo, de 39 semanas de idade gestacional ao nascer, filho de mae
com diabetes melito gestacional, peso ao nascer de 3990g. Nasceu de parto via
cesariana por sofrimento fetal agudo. Ao nascer estava em apnéia, sendo iniciadas
manobras de reanimacao neonatal. Apresentou FC >100bpm apos 5 minutos de
reanimacao. APGAR2 /3 /5.

RN encaminhado a UTI, aonde apresentou quadros de crises convulsivas com 3 horas
de vida, sendo iniciado protocolo de hipotermia neuroprotetora.

ApOs estabilidade clinica, esse paciente necessita de avaliacao da terapeuta da fala
antes de iniciarmos dieta?? Se sim, qual o motivo??
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Caso clinico - 4
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Asfixia Perinatal e Encefalopatia Neonatal
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“A PLACENTA E O PULMAO DO FETO”

Ductus Arteriosus

e Asfixia:

Aorta

Placenta
| Foramen Ovale

{

/

* Diminuicao das trocas gasosas
* Hipoxemia -> Hipoxia Tecidual
Lu/,.g * Hipercapnia (aumento de CO2) ->
Acidose respiratoria
Left Kidney * Metabolismo anaerébio -> Acidose

\ metabolica
* Morte celular

Lung ——

Pulmonary Artery

Ductus Venosus

- Liver
,
Umbilical Corc\

Umbilical Vein

g
J )

Retirado de: Rainald and Perlman. Clinics in Perinatology, 2016.
https://www.stanfordchildrens.org/en/topic/default?id=blood-
circulation-in-the-fetus-and-newborn-90-P02362
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“PAP

“A PLACENTA E O PULMAO DO FETO”

Maternal blood

Gases

Mutrients

HP
¥ B

Microvillous membrane lgG lons/small solutes

Placental
Syncytiotrophoblast

_ Transcytosis Paracellular
Wastes/toxins diffusion
Diffusion Membrane via hypothesised
transport transsyncytial
Endothelium channel

CooNoRORe oSNNS NORSNORORONS]

Fetal blood Blood flow

Retirado de: Fetal and Neonatal Physiology, 6th ed., Elsevier, 2021
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“PAP

e

Selected causes of perinatal asphyxia

ASFIXIA PERINATAL

Diminuicao do fluxo sanguineo
placentario ou para o feto

Maternal Placental/Umbilical Cord Neonatal

Diabetes mellitus  Placental abruption Airway anomalies

Hypertension Fetomaternal hemorrhage Neurologic disorders

Preeclampsia Umbilical cord compression (prolapse,| Severe cardiopulmonary disease

nuchal cord, knot, etc)

Severe circulatory compromise
(blood loss)

Hypotension/shock Infection/inflammation

Uterine rupture Velamentous cord insertion Infection

Severe anemia —

Medication effect

Infection —

Rainald and Perlman. Clinics in Perinatology, 2016.
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ASFIXIA PERINATAL

Atraso no estabelecimento da
respiracao do Recem-Nascido

Table 1
Selected causes of perinatal asphyxia

Maternal Placental/Umbilical Cord Neonatal

Diabetes mellitus  Placental abruption

Airway anomalies

Hypertension Fetomaternal hemorrhage Neurologic disorders

Preeclampsia Umbilical cord compression (prolgpse, Severe cardiopulmonary disease
nuchal cord, knot, etc)

Hypotension/shock Infection/inflammation Severe circulatory compromise

(blood loss)
Infection

Uterine rupture Velamentous cord insertion

Severe anemia — Medication effect

Infection —

Rainald and Perlman. Clinics in Perinatology, 2016.
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“PAP

ENCEFALOPATIA NEONATAL

Interrupcao do fluxo sanguineo placentario

Centralizacao da Circulacao no feto
(redistribuicao do Débito Cardiaco)

Fluxo Renal — Oliguria e IRA

Fluxo Pulmonar — Hipertensao pulmonar
Fluxo Instestinal — Enterocolite Necrosante
Fluxo Hepatico — Coagulopatia e Hipoglicemia
Fluxo periférico - Rabdomidlise

N

Fluxo Cerebral
Fluxo Coronario
Fluxo Adrenal

Acidemia grave (pH <7,0) e falha dos mecanismos compensatorios

Fluxo Cerebral

)

Fluxo Coronario

Encefalopatia hipoxico-isquémica
Faléncia multipla de orgaos

Rainald and Perlman. Clinics in Perinatology, 2016.
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ENCEFALOPATIA NEONATAL

600,000 -
. MNE w/ moderate—severe impairment
B NE wi mild impairment
500,000 1 ME unaffected survivors
. . . . IPR-ME neonatal deaths
¢ Epldem|0|0g|a . IPR non-ME neonatal deaths
400.000 . Intrapartum stillbirths
&
. i
e 1.5/1000 nascidos S
; 300,000 4
VIVOS g
[] v 4 <
* Malor em paises 200,000
subdesenvolvidos
100,000 -
0 o
South Asia Sub-Saharan East, Southeast Asia MNorth Africa Latin Amenca Eastern High income
Afnca and Pacific and Middle and Europe/
East Caribbean Central Asia

DGERT
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m

ENCEFALOPATIA NEONATAL
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Retirado de: Fetal and Neonatal Physiology, 6th ed., Elsevier, 2021
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ENCEFALOPATIA HIPOXICO-ISQUEMICA

Presenca de encefalopatia neonatal +

Apgar 5’ e 10’: <5

Gasometria corddo: pH <7 e/ou BE < ou =-12
Lesao cerebral documentada (RM)

Faléncia multipla de 6rgaos

Presenca de fatores predisponentes ou auséncia de outras
causas.

American College of Obstetricians and Gynecologists. Obstet Gynecol 2014;
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PREVENCAO E TRATAMENTO
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REANIMACAO NEONATAL

* Objetivo da Reanimacao Neonatal

* Ajudar o Recém-Nascido a estabelecer respiracao espontanea
* Promover oxigenacao cerebral adequada

* Prevenir a hipotermia -> alta causa de mortalidade

* Realizar reanimacao avancada (intubacao e massagem

cardiaca)

Programa de Reanimacao Neonatal. Sociedade Brasileira de Pediatria, 2022.
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HIPOTERMIA NEUROPROTETORA

Retirado de: https://www.ucl.ac.uk
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HIPOTERMIA NEUROPROTETORA
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PAP

TRATAMENTO A LONGO PRAZO

HI Reperfusion
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Hesuscitation Hypothermia

Maintenance of cardiac output and gas exchange

Meurorehabilitation
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HIPOTERMIA NEUROPROTETORA

* Academia Americana de Pediatria 2014:
*|G > o0u =36 semanas
*< 6 horas de vida
*» Gasometria de cordao ou de até 1 HV: pH< 7 e/ou BE<-16

E
* Apgar score< 5 com 10 minutos de vida Ou
*Necessidade de reanimacao neonatal com 10 minutos de vida
E
* Encefalopatia neonatal moderada a severa Ou

*Crises convulsivas
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Caso clinico - 4

Recém-nascido a termo, de 39 semanas de idade gestacional ao nascer, filho de mae
com diabetes melito gestacional, peso ao nascer de 3990g. Nasceu de parto via
cesariana por sofrimento fetal agudo. Ao nascer estava em apnéia, sendo iniciadas
manobras de reanimacao neonatal. Apresentou FC >100bpm apos 5 minutos de

reanimacao. APGAR2 /3 /5.
RN encaminhado a UTI, aonde apresentou quadros de crises convulsivas com 3 horas

de vida, sendo iniciado protocolo de hipotermia neuroprotetora.
ApOs estabilidade clinica, esse paciente necessita de avaliacao da terapeuta da fala

antes de iniciarmos dieta?? Se sim, qual o motivo??
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Caso clinico - 5

Recém-nascido prematuro, de 36 semanas de idade gestacional. Nasceu de parto
cesarea de urgéncia por quadro de sofrimento fetal. Peso ao nascer de 2650g. Durante
o parto notado quadro de liquido meconial. Ao nascer estava hipotdnico e em apnéia,
sendo iniciadas manobras de reanimacao neonatal. Apresentou estabilizacao apos 3
ciclos de ventilacdo com pressao positiva. APGAR 2 /7 / 10.

Apresentou desconforto respiratorio ainda na sala de parto, sendo iniciado CPAP e
encaminhado a UTIl. Com 3 horas de vida, devido quadro de piora, foi realizada
intubacdo orotraqueal e iniciado Oxido Nitrico inalatdrio com discreta melhora.
Passado cateter venoso umbilical e iniciado milrinone com bom controle da pressao

oulmonar.
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Caso clinico - 5

Recém-nascido prematuro, de 36 semanas de idade gestacional. Nasceu de parto
cesarea de urgéncia por quadro de sofrimento fetal. Peso ao nascer de 2650g. Durante
o parto notado quadro de liquido meconial. Ao nascer estava hipotonico e em apnéia,
sendo iniciadas manobras de reanimacao neonatal. Apresentou estabilizacao apos 3
ciclos de ventilacao com pressao positiva. APGAR 2 /7 / 10.

Apresentou desconforto respiratorio ainda na sala de parto, sendo iniciado CPAP e
encaminhado a UTI. Com 3 horas de vida, devido quadro de piora, foi realizada
intubacdo orotraqueal e iniciado Oxido Nitrico inalatdrio com discreta melhora.
Passado cateter venoso umbilical e iniciado milrinone com bom controle da pressao
pulmonar.
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Caso clinico -5 - ENTENDENDO O CASO CLINICO

VENTILACAO EM RECEM-NASCIDO

VENTILACAO DE RESGATE

A “VPP”
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Caso clinico—5 - ENTENDENDO O CASO CLINICO
VENTILACAO EM RECEM-NASCIDO — MODOS NAO INVASIVOS

CANULA DE NASAL DE 02 VENTILACAO MECANICA NAO INVASIVA
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https://www.rumersrainbow.co.uk/2016/03/nicu-basics-
respiratory-support.html
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Caso clinico -5 - ENTENDENDO O CASO CLINICO
VENTILACAO EM RECEM-NASCIDO — MODO INVASIVO
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Caso clinico-5 - ENTENDENDO O CASO CLINICO
ACESSOS VENOSOS CENTRAIS NO RECEM-NASCIDO

INSERCAO PERIFERICA INSERCAO CENTRAL

Central venous
catheter

Inserted into the
vein of the arm
\

7V

> © AboutKidsHealth ‘

#ADAM.

Fonte: internet
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Caso clinico—=5 - ENTENDENDO O CASO CLINICO
ACESSOS VENOSOS CENTRAIS NO RECEM-NASCIDO

ACESSO CENTRAL POR PUNCAO DIRETA CATETER UMBILICAL

. ——

Fonte: internet
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Caso clinico - 5

Recém-nascido prematuro, de 36 semanas de idade gestacional. Nasceu de parto
cesarea de urgéncia por quadro de sofrimento fetal. Peso ao nascer de 2650g. Durante
o parto notado quadro de liquido meconial. Ao nascer estava hipotonico e em apnéia,
sendo iniciadas manobras de reanimacao neonatal. Apresentou estabilizacao apos 3
ciclos de ventilacdo com pressao positiva. APGAR 2 /7 / 10.

Apresentou desconforto respiratorio ainda na sala de parto, sendo iniciado CPAP e
encaminhado a UTIl. Com 3 horas de vida, devido quadro de piora, foi realizada
intubacdo orotraqueal e iniciado Oxido Nitrico inalatdrio com discreta melhora.
Passado cateter venoso umbilical e iniciado milrinone com bom controle da pressao

oulmonar.
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SINDROME DE ASPIRACAO MECONIAL
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FISIOPATOLOGIA

Aspiration of Meconium

- Pneumonite quimica

- Pneumonia bacteriana secundaria

- Valvula Meconio

- Atelectasia / hiperinsuflacao

Mecanium

- Inativacao surfactante

BB | - Hipertensdo Pulmonar

Beston Law Geeemy. LLGC 10 SV 08 I TOUDN the Mot and down towarnds the Lngs
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TRATAMENTO

CONTROLE DA
HIPERTENSAO
PULMONAR

ANTIBIOTICOS
SE SUSPEITA DE
INFECCAO

SUPORTE
HIDROELETROLITICO

(=]

SUPORTE VENTILATORIO
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TRATAMENTO - ECMO
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Fletcher K, Chapman R and Keene S. Seminars in Perinatology, 2018
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ium/public/images/news/20190313_ 180150 sml.jpg
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Modulo 5: Perturbacgao alimentar pediatrica e co-morbilidades clinicas — Dr.2 Lucas Hirano Arruda Moraes

DGepy

ENTIDADE
FORMADORA

ERTIFICADA



Caso clinico - 6

Recém-nascido a termo, de 40 semanas de idade gestacional, esta com 22 horas de
vida. Durante avaliacao da amamentacao deste recém-nascido, a terapeuta da fala
identificou que seus olhos estavam amarelos.

Qual a hipotese diagnodstica para o quadro? Com o que devemos nos preocupar frente
ao quadro?
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“ICTERICIA NEONATAL” — HIPERBILIRRUBINEMIA DO RN
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ICTERICIA NEONATAL

https://www.waterwip
es.com/us/en/commun
ity/newborn/newborn-
jaundice

https://mommyhood101.com/baby
-jaundice

https://healthservehhc.co/newborn-
jaundice/
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ICTERICIA NEONATAL

PRODUCAO

>

Barreira Hematoencefalica @
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> Bilirubin —_

e > Bilirubin-Albumin
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Free bilirubin™-._
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/

e
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A

Eritrocitos
. Heme Biliverdin
(hemolysis) oxygenase - . reductase
_— » Heme - Biliverdin
> Fe2+
o e
’ S Epﬂt‘c’
Hemoproteinas Lo enteroner
lecu\aqa
o h Decomposicao
RlnS bacteriana
i~ Urobilinogen Conjugated Bile Duct
Urobilin «— bilirubin
| Stercobilin
Urine
Fec'es

Intestino Vesicula Biliar Figado

BiIirubir;-Ligandin
UGT1A1l

L

Bilirrubina conjugada

“PAP

Adaptado de: Anderson and Calkins, NeoReviews. 2020
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ICTERICIA NEONATAL

o CNS
Bilirubin oxidase

Bilirubin binding

o

Cytochrome P-450 enzymes

Blood-brain barrier
ABCB1

.

Blood—cerebrospinal fluid

ABCCl1

J

Passive diffusion

[ Bilirubin-albumin

Modulated by: ;-
Albumin concentration
Binding constants k;, k,, and k;
Total serum bilirubin level

(" Affected by:

Gestational age
lliness

LCompeting compounds J

™

“PAP

[

q\

Mncrt:>‘g|:a¢,:’e,?6 -

/ol igodendrocyte
A

-

\

Protection
Unbound bilirubin and BOXes:
T Bilirubin oxidase

T Cytochrome P-450 enzymes
t ABCB1 and ABCCI export

)

y.

Neurons:
4 Energy
i Oxygen consumption
i TER

t Calcium

T Caspase 3

T Apoptosis
T cPARP

| Arborization

p,

Astrocytes:
T Interleukin-18
T Interleukin-6
T TNF-a
t Glutamate release
T Apoptosis

"

Microglia:
Phagocytic phenotype
T Interleukin-18
T Interleukin-6
T TNF-a
T Metalloproteinase 2
! T Metalloproteinase 9 J

Oligodendrocytes:
i Mitochondrial functions
T Reactive oxygen species
T Caspase 3
T Apoptosis
4 Myelin synthesis

'S S

Retirado de: Ingelfinger JR, NEJM. 2013
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ICTERICIA NEONATAL

I 1
Incompatibilidades Materno-Fetais Encefalopatia
! j Barreira Hematoencefalica .
Deficiéncia de GGQ @ Induzida por
T Bilirrubina
Policitemia

Fritrdcitos Free bilirubin ™.
Defeitos de membranas | Heme Biliverdin /
| LHIEmuiysis) H oxygenase Bili di reductase Bilirubi /
< —» Heme ——— Biliverdin > Bilirubin —_
ColecoOes de sangue > Fel+ N
_— CO hepﬁﬁcﬂ e > Bilirubi le .
Hemoprote|nas u\a@‘u Entetﬂ J— Hiru |n umin
ciee Albumin </
Ictericia do “Aleitamento” ,-
: Bilirubin-Ligandin
. h Decomposicao UGTlAl' Crigler-Najar
Rins bacteriana Bilirrubina conjusada |||
— Urobili : Bile Duct - ;
robiine WAL e C‘;'i"lji:_’f;t:d — Sindrome de Gilbert
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Urine ] ,

Adaptado de: Anderson and Calkins, NeoReviews. 2020
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ICTERICIA NEONATAL - AVALIACAO

Avaliacao da Ictericia:

e Zonas de Kramer
 Clinica
e Bilirrubina

Transcutanea

Full Term Infants
Bilirubin (mg/100 ml)

Dermal p A .
Zone Range Mean = SD Observations

1 4.3-7.8 T 50+0.3 13

2 5.4-12.2 8.9+1.7 49

3 8.1-16.5 11.8+1.8 52

4 11.1-18.3 15.0+1.7 45

5 ~>15 . 29

‘ r") Retirado de: Kramer LI, Amer J Dis Child. 1969
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Avaliacao da Ictericia:

e Bilirrubina

Transcutanea

- https://www.drager.com
\ l
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ICTERICIA NEONATAL - AVALIACAO
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Retirado de: Szabo et al. European Journal of Pediatrics, 2004.
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ICTERICIA NEONATAL — ENCEFALOPATIA INDUZIDA POR BILIRRUBINA

Motor Association Thalamus M50 S
Cortex
» Kernicterus Spectrum Disorder = Doenca/Transtorno
do Espectro de Kernicterus .
&lﬁ.z . - Sensory
* Kernel = centro + Icterus = Amarelo Satum (= L rsociation
Cortex
— Lesao do “centro” do cérebro -> Nucleo \_ e
PN . . TS
subtalamico e Globus pallidus Globus \ﬁr
Pallidus
externus
i s

https://medicinaonline.co/2019/04/18/
globo-pallido-e-pallido-ventrale-
anatomia-e-funzioni-in-sintesi/

Le Pichon et al. Current Pediatric Reviews, 2017
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ICTERICIA NEONATAL — ENCEFALOPATIA INDUZIDA POR BILIRRUBINA

* Encefalopatia aguda:
—Sonoléncia, hipotonia e choro agudo
— Letargia, hipertemia, succao fraca ou em “mordedura”.

* Transicao de hipotonia para hipertonia ->
Retrocollis/opisthotonos

— Apnéia, inabilidade de succao, convulsdes -> coma

* Encefalopatia cronica:

— Paralisia Cerebral Coreoatetdide

* Movimentos involuntarios
* Hipoplasia dentaria

. L]
DeSVIO dO OI ha r Volpe JJ. Neurology of the Newborn, 4th ed, WB Saunders. 2001
Bhutani VK and Stevenson DK. Seminars in Perinatology. 2011
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ICTERICIA NEONATAL — ENCEFALOPATIA INDUZIDA POR BILIRRUBINA

— . Medial geniculate
£ \ body (VI-VII)

A Inferior colliculi (V)

- Acoustic radiation
1 ‘\\_ ' 4 /
] AVARY)
; \ TASA
3 J || 1" |',
W l n / \ | ', Vi
((D //-\\\‘ ’/\\‘ "V |‘\‘ / |l /"’,-‘\ :

\ m Yy, ! \ / . :
= "' |' VI / \ \ A Cochlea
O \ a \ /
> |

\~_/‘\_/ : !
TIME

Retirado de: Olds and Oghalai. Seminars in Fetal and Neonatal Medicine, 2015
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ICTERICIA NEONATAL — ENCEFALOPATIA INDUZIDA POR BILIRRUBINA

“PAP

A. Kernicterus Spectrum Disorder Subtypes,

Auditory - None Auditory - Mild

Auditorv - Moderate

Auditory - Severe

Motor - None

None Mild Auditory

Moderate Auditory

Severe Auditory

Motor - Mild

Mild Motor Mild Motor and Auditory

Mild Motor, Moderate Auditory

Mild Motor, Severe Auditory

Motor - Moderate

Moderate Motor Moderate Motor, Mild Auditory

Moderate Motor and Auditory

Moderate Motor, Severe Auditory

Motor - Severe

Severe Motor

severe Motor, Mild Auditory

Severe Motor, Moderate Auditory

Severe Motor and Auditory

B. Kernicterus Spectrum Disorder Severity

Auditorv Kernicterus

Motor Kernicterus

None

No auditory symptoms

No motor symptoms

Mild

Mild ANSD ABR abnormal but present, may normalize
with time) or CAPD = mild hearning loss; normal or mildly
delayved speech

Mild abnormal muscle tone £ writhing movements (athetosis); mild gross
motor delays e g. walking; ambulates well, speech 1s intelligible

Moderat

ANSD with absent or persistent abnormal ABR,
mild/moderate hearing loss, may tluctuate; speech
delaved or absent

Moderate abnormal muscle tone = writhing movements, “athetoid” CP;
ambulates with or without assistance with abnormal gait with abnormal
tone and postures of the hands and feet.

Severe

ANSD with absent ABR, severe-to-profound hearing

loss/deatness

tone and muscle cramps

Severely abnormal tone = wrnithing movements, athetoid CP; unable to
ambulate, feed self, sign, speak; often with episodes ot severe increased

Abbreviations: ANSD: Aud
Kernicterus Spectrum Disorder.

ry Neuropathy Spectrum Disorder; ABR: Auditoryg

amstem Response; CAPD: Central Auditory Processing Dwsorder; CP: Cerebral Palsy; KSD:

Le Pichon et al. Current Pediatric Reviews, 2017
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Retirado de: https://www.sciencerepository.org/phototherapy-and-its-applications

“PAP

ICTERICIA NEONATAL — TRATAMENTO

24

»n > © ® o

Total Serum Bilirubin (mg/dL)

—
2

— o EE wEs  wes W =
e . o
— - - -
____.—.-—-—--'_'
-
— o - = =
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- E— -
— - = =
— W |
N —
— o s -
— = - -
- e =

Clinical Practice Guideline Revision

American Academy
of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Management of Hyperbilirubinemia
the Newborn Infant 35 or More
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M. Jeffrey Maisels, MB BCh, DSc, FAAP? Jon F. Watchko, MD, FAAP® Stephen M. Downs, MD, MS;
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ICTERICIA NEONATAL — TRATAMENTO

GUIDELINE SOCIEDADE PORTUGUESA
DE NEONATOLOGIA 2016
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Caso clinico -7

Recém-nascido prematuro de 31 semanas, peso ao nascer de
1650g. Esta atualmente com 21 dias de vida, recebendo nutricao
enteral plena, via sonda orogastrica. Iniciou quadro de distensao
abdominal, hipoatividade e vomitos ha 12 horas. Apresentou
também apnéias com necessidade de intubacao orotraqueal.

Qual a principal hipotese diagndstica para o caso? Como prevenir
0 aparecimento desta patologia?

Fonte: arquivo pessoal
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Caso clinico -7

Recém-nascido prematuro de 31 semanas, peso ao nascer de
1650g. Esta atualmente com 21 dias de vida, recebendo nutricao
enteral plena, via sonda orogastrica. Iniciou quadro de distensao
abdominal, hipoatividade e vomitos ha 12 horas. Apresentou
também apnéias com necessidade de intubacao orotraqueal.

Qual a principal hipotese diagndstica para o caso? Como prevenir
0 aparecimento desta patologia?

Fonte: arquivo pessoal
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Caso clinico— 7 — ENTENDENDO O CASO CLINICO

APNEIA

“Pausa respiratoria maior do que 20 segundos
ou qualquer pausa respiratoria acompanhada

de bradicardia, palidez ou cianose”

Eichenwald. Committee on Fetus and Newborn. Pediatrics 2016

r
O
‘ P Modulo 5: Perturbagdo alimentar pediatrica e co-morbilidades clinicas — Dr.2 Lucas Hirano Arruda Moraes P coniaiois




Caso clinico— 7 — ENTENDENDO O CASO CLINICO

APNEIA

O | . SARs Laryngeal F‘eriphgral
. Inspiratory neurons RARs chemoreflex arterial
f”‘”h__/ @ Expiratory neurons s ELEILIZEE LI
g — $# CO,/H™ chemosensors \ l /
R & N N
|/ (L complex GROUP | Caudal nucleus tractus solitarii
O —- (phase switching)

Dorsal Respiratory Group
rf “?“w Inspiratory neurons

\/ 7 N/ | 4
i ! | VENTRAL RESPIRATORY COLUMN
Bg;ﬁ:;?:xr J/"I *"_f- f V \ Facial Hostral (rhythm generating) Caudal (pattern forming)
_ . Nucleus of the _ nucleus BEtzC PBC Ventral Respiratory Group VRG
Pre-Botzinger —  solitary tract I.' expiratory pacemaker neurons
complex ) ‘ | neurons :_:r,'xs FT'F;E;E'W &, -~
—_ Nucleus ___,-——J«,I-"'f / o FlTNJ’ FHG [ ) PITatony
Caudal VRG ventral A 7 .
respiratory : | = Bulbospinal 4 >
column T Neurons
Medullary Arcuate A \ 4 5
raphe nucleus
Bulbospinal neurons synapse with respiratory motoneurons
(phrenic, intercostals, upper airway, abdominals)
Retirado de Avery’s Diseases of the Newborn, 10th
ed. Elsevier, 2018
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Caso clinico— 7 — ENTENDENDO O CASO CLINICO

APNEIA

T Inhibitory . Central Mechanisms
neurotransmission FH{.‘.
Lor 1 peripheral L Decreased central chemosensitivity
chemosensitivity \/’f \"/ T Resistance Hypoxic ventilatory depression
| Central rLﬂ;g}?;;';fv res;ﬁ:mw | Upregulated inhibitory neurotransmitters
h tivity ——> <«—— | Compli
chemosensitivity >:untrul function | omplance Delayed central nervous system development
s ™
Unstable Low O :
 upper airway ‘ ,.ESEW;E Peripheral Reflex Pathways
\ \ | Decreased carotid body activity
; 4 . : a
Apneic o ncreased carotid body activity
R Sa0, _aryngeal chemoreflex
l J Excessive bradycardic response

Intermittent hypoxic eplsodes

Eichenwald. Committee on Fetus and Newborn. Pediatrics 2016
Fetal and Neonatal Physiology, 6th ed., Elsevier, 2021
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Caso clinico—7 — ENTENDENDO O CASO CLINICO

APNEIA

Inflammation

(pre or postnatal)
N\
N\
N\

3\

Immature Immature
Lung Development Respiratory Control

' Low’{Rc / \

Altered

2 Unstable
O, Reserves Peripheral Upper Airway
Chemoreceptor
Activity l

Apnea/Hypoventilation  Apnea
Prolongation

Chronic Intermittent
Hypoxia

g J.M. Di Fiore et al. Respiratory Physiology & Neurobiology, 2013.
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Caso clinico -7

Recém-nascido prematuro de 31 semanas, peso ao nascer de
1650g. Esta atualmente com 21 dias de vida, recebendo nutricao
enteral plena, via sonda orogastrica. Iniciou quadro de distensao
abdominal, hipoatividade e vomitos ha 12 horas. Apresentou
também apnéias com necessidade de intubacao orotraqueal.

Qual a principal hipotese diagndstica para o caso? Como prevenir
0 aparecimento desta patologia?

Fonte: arquivo pessoal
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ENTEROCOLITE NECROSANTE
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ENTEROCOLITE NECROSANTE

Processo inflamatorio intestinal
Isqguemia local

Necrose da parede

Perfuracao intestinal

Vi . 4 \! >
v ?.,ﬂm . L.In\ | ) ?n
DOI:10.1056/NEJMicm2020782

Markel TA et al, Shock, 2006.

| r") Bazacliu C, Neu J. Current Pediatric Reviews 2019 n
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ENTEROCOLITE NECROSANTE

2 JWN
I I

|
8 12 16
weeks weeks weoks

Digestive ;
processes W
]
Gut
innervation
and motility
e e
~—

20
weeks

I I I l 1
24 28 32 36 40
weeks weeks weeks WOk weeks

Preterm birth

Lingual lipase activity
Gastric acid production
Pepsin activity
Enterokinase activity (pancreatic zymogens acivation)

Sucrase and maltase activity

Lactase activity

Excitatory neurotransmitter expression

Inhibitory neurotransmitier expression

Gastric motor activity

Fasting motor activity (small ntestine)
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ENTEROCOLITE NECROSANTE

Perinatal insults
[ Bacteria

Formula Physwal
feeding barrier |
Premature
gut dysbiosis

a—

Digestion Immune
motility . defense |

Hypoxia| Formula feeding N [ ] [T

Luminal bacteria M;cosal
J \ ' . . * . . qlfy T\
mg U ‘g Elg E].Em QQ Barrier ET1 EGF

TLR4 § TLR9
Barrier dﬂmi?/: * \ Bacterlal translocation @ | =
Cytokine
synthesis T
: Innate immune cells

Inflammatory cytokines FE———
Prostanoids NF-iB 1
\—/ IkB-o |
Inflammation

Accentuated
proinflammatory Chemokine
response synthesis T

Retirado de: Grishin A et al, Journal of Pediatric Surgery, 2016 Retirado de: Chen et al. JPGN 2014.

\ l
‘ P Modulo 5: Perturbagdo alimentar pediatrica e co-morbilidades clinicas — Dr.2 Lucas Hirano Arruda Moraes BB b,

DGERT




ENTEROCOLITE NECROSANTE

Idem ao anterior

Idem ao anterior,
com diminuigao dos
ruidos hidroaéreos.
Pode apresentar dor
abdominal

Dilatag3o intestinal,
ileo paralitico,
pneumatose
Intestinal

Idem ao anterior,
com acidose
metabolica e
trobocitope-nia

Idem ao anterior,

com auséncia de ruidos
hidroaéreos e dor
abdominal.

Pode apresentar
celulite ou massa
abdominal em
quadrante inferior
direito

Idem ao anterior,
com gas em sistema
porta com ou sem
ascite

- SINAIS
ESTAGIO SINAIS SISTEMICOS SINAIS INTESTINAIS RADIOLOGICOS
Instabilidade térmica, Aumento de residuos Alcas ptestmans
IA- apneia pre-gavagem, NoOrmais ou
SUSPEITO e dicz;r dia distensao abdominal dilatadas, NA-
. ' vomitos, ileo paralitico ECN LEVE
letargia f : o
ezes guaiaco positivas
- Idem ao anterior Sangramento retal vivo Idem ao anterior
SUSPEITO &
Il B-
ECN
MODERADA
Idem nterior, .
MmA- h(:eotear?sgote = Idem ao anterior,
ECN GRAVE, brz rom dia' — peritonite generalizada
INTESTINO o +ap dor abdominal Idem ao anterior
INTACTO acidose mista, VD e |mport§nte distensdo
: abdominal
neutropenia
e Idem ao anterior Idem ao anterior idem ao anterior
GRAVE Pneumoperitonio

“PAP

Adaptado de: Neu J. Pediatric Clinics of North America,

1996.
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ENTEROCOLITE NECROSANTE - TRATAMENTO

PORTE CLINICO
JEJUM

‘ ENTIDADE
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ERTIFICADA

\
A
‘ P PAP Modulo 5: Perturbacgao alimentar pediatrica e co-morbilidades clinicas — Dr.2 Lucas Hirano Arruda Moraes



ENTEROCOLITE NECROSANTE - TRATAMENTO

| V'J Retirado de: Karakan et al. Nutrients 2021 n
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ENTEROCOLITE NECROSANTE - PREVENCAO

Table 1. Meta-analysis results.

Pooled Analysis Heterogeneity

RR (95% CI) p-Value 12 p-Value

—RCT

Human milk (breastfeeding and donor) vs preterm formula
k=6 0.62 (0.42-0.93) 0.02 47.03  0.009

3 . ,,f [6,27-31]
bl nutrients MDPI
S r\\) Human milk (breastfeeding and donor) vs preterm formula
k=4* 0.57 (0.32-1.01) 0.054 64.01 0.040
Review [27-30]
The Impact of Human Milk on Necrotizing Observational studies
Enterocolitis: A Systematic Review >50° quantile of human milk of total enteral feeding k=7 0.51 (0.31-0.85) 0,001 9.1 0,359
and Meta-Analysis 45541
Human milk (breastfeeding and donor) vs preterm formula
Emma Altobelli 1*, Paolo Matteo Angeletti !, Alberto Verrotti 2 and Reimondo Petrocelli 3 k=18 0.45 (0.32-0.62) <0.001 55.25  0.002
3-5,32-47]
Human milk (breastfeeding and donor) vs preterm formula
k=15 0.45 (0.30-0.69) <0.001 56.61 0.004
[32-47]
Human milk {breastteedmg[ﬂlfﬂﬂnur} vs mixed feeding k = 3 0.74 (0.63-0.91) 0.003 0.00 0.407

Mixed feeding vs preterm formula k = 4
[37,38].
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1.37 (1.13-1.65) 0.001 0.00 0.774
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ENTEROCOLITE NECROSANTE - PREVENCAO

SUSCEPTIBILITY OF PRETERM INFANTS TO NEC

STOMACH:
High gastric pH

Immature proteolytic enzymes

INTESTINAL PERMEABIUTY

o

MICRO BIOME:
Gram pos bactera
Gram neg bacteria

BACTERIAL TRANSLOCATION

MUCUS LINING AND
MUCUS PROTEINS

.

€

o

s

)

osal Im

7
=

PAF release
ncontrolled inflammatio
Gut barrier failurg

“BACTERIAL INVASION

Retirado de: Maffei D, Schanler RJ. Seminars in Perinatology, 2017.

Modulo 5: Perturbacgao alimentar pediatrica e co-morbilidades clinicas — Dr.2 Lucas Hirano Arruda Moraes




ENTEROCOLITE NECROSANTE - PREVENCAO

Protection From NEC by a Diet of Human Milk

MICROBIOME:

STOMACH:
Decreases gastric pH

BENEFICIAL INTESTINAL FLORA

DECREASES INTESTINAL PER MEABILI‘I‘+

Easily digested protein O
____/ ' m_"l ' LIGOSACCHARIDES
T |
N |
HUMAN
w1000 101010107010101010
—

\ "\ PREVENTS
— = BACTERIAL INVASION
.-*"—““x H\\

MATURES |

|
@u&ésal IMM: 4 ACETYLHYDROLASE
tof

rrin,
i 1e cells

Fig. 2 - Protection against NEC by a diet of human milk.

Retirado de: Maffei D, Schanler RJ. Seminars in Perinatology, 2017. c
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Caso clinico -7

Recém-nascido prematuro de 31 semanas, peso ao nascer de
1650g. Esta atualmente com 21 dias de vida, recebendo nutricao
enteral plena, via sonda orogastrica. Iniciou quadro de distensao
abdominal, hipoatividade e vomitos ha 12 horas. Apresentou
também apnéias com necessidade de intubacao orotraqueal.

Qual a principal hipotese diagndstica para o caso? Como prevenir
0 aparecimento desta patologia?

Fonte: arquivo pessoal
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Caso clinico- 8

Lucas, médico neonatologista do Brasil, foi convidado para dar uma aula para
terapeutas da fala de Portugal.

Entretanto, ele ndo abordou patologias com acometimento do processamento auditivo
dos recém-nascidos.

Qual motivo explica ele nao ter abordado esse tema??
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Auditory cortex ———»

Medial geniculate nucleus —=

Inferior colliculus

Nucleus of lateral lemniscus—— =

Superior olivary complex
Dorsal acoustic stria

Intermediate acoustic stria
Ventral acoustic stria

CN VIl
(Cochlear nerve)

COCHLEA
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Cochlear nuclei

 — MIDBRAIN

BRAIN

AR
———MIDBRAIN — g

.

MEDULLA

https://pressbooks.umn.edu/sen
sationandperception/chapter/au
ditory-pathways-to-the-brain-

draft/
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