HYpoXIc ISChemic Syndrome

Perinatal Asphyxia

HYypOXIC ISchemic Asphyxial Syndrome:
NeonatalMaladjustment Syndrome

Dummy: Feals




Changes In Behavior
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Neonatal Intensive Care




Hypoxic-Ischemic Syndrome

Human Neonates - cerelral palsy
= Prelonged Stage I
x [Lawsuits

a Clinical studies on enset
Intranatal
Prenatal
Postnatal

Experimental Stuaies
= HYypoXIC ISchemic iInsults
= HypoxiIc 1schemic encephalepatny (HIE)




Neonatal Problems
Hypoxic Ischemic Asphyxial
Disease

Selective neuronal pathelogy. i
Renal patholegy.
Gastrointestinal patholegy.
Metabolic failtre
Caraiovascular pathology
Endoecrine abnormalities
Pulmoenary. pathelegy.




Neonatal Problems

Hypoxic iIschemic asphyxial disease?,
a Often noevidence

Inflammatoery placentaliadisease
a Strong correlation

Role of Inflammatonry, mediators?

m CytoeKines, locallvasoactive mediators
s Primary. effect?

x Secondary hypoxic Ischemic Imsult?



HypOX|C ‘ I Infl?rr]r;rlﬂgory

Ischemic

=N,/

Neonatal

Encephalopathy




Role of Placentitis

Many. neenatall diseases
= MUultiple etiolegles

x Disruption of fetal life
Predispose torneonatall disease
Origin’ off the neonatal disease

Placentitis - untreatea

= Neonatal diseases
CNS, Renal, Gl

Placentitis - treatead
s Pretects against neonatal diseases




Precocious
Maturation
Maternal
nflammatio
Intrauterine
nflammatio
Hypoxia
Ischemia
Resist
Infection




Septic Encephalopathy

Fetal
» Neureinflammation

x FIRS (Fetal Inflammatory, Response Syndrome)
Fetal placentitis

Maternal

x Maternal placentitis
x SIRS
» Focal maternal infections



Septic Encephalopathy

Systemic Response BBB
FIRS

Neuroinflammation

BBB leaky

/ \ CNS
Inflammatory inflammatory
mediators response
\ Cytokine /

receptors

Hypoxic Ischemic insult



Neuroinflammation

Important in the pathogenesis of
= SEptic encephalepathy.
= HYPOXIC ISChemIC encephalepathy.

Microglia cells are key

x Up-regulation of promilammatory cytekines
» Up-regulation: el trephic factoers

Can result in

x Morphoelogical alterations

= Biochemical alterations
= Functional alterations



Neuroinflammation

Response depends on mix
= Proinflammatory

= Anti-inflammatory

= Specific mediators

Mild disease — often no morphologic changes
= Motor

= Perceptual, visual

= Behavioral

= Cognition

= EXcitatory responses

Excitotoxicity



Placenta

Neurosteroids

) Substrates ==l

Fetal CNS

Allopregnanolone

» Protect the brain during fetal life
= Responsible for the somnolence
= At birth

= Removal of the placental
= Levels drop rapidly
* Fetus to “awake up”




Neurosteroids

Allopregnanolone

= Brain'levelsiinauced; by,
Inflammatery meaiaters

HYpoeXIC ISChemic nsults
= Protect against neureexcitatory toxICIty,
x Marked anti-seizure actions
x Ralse seizure threshoela

» Induces somnolence



Neurosteroids

Pregnenolone and pregnenolene sulphate
= Placenta also secretes
x EXcitatory action in the brain

» Cress the bloed brain barrier
Noermal'— slow
Abnoermal BBB'— rapia transfer
Inilammation
HYpoXIC ISchemic nsult



Placenta

Neurosteroids

=) Substrates sl

Fetal CNS
Allopregnanolone

Pregnenolone
Sulphate

BBB
\ Pregnenolone / i

Sulphate

FIRS




Neonatal Encephalopathy.

Hypoxic M
Ischemic Neonatal
Encephalopathy

FIRS
/ Excitatory

Placentitis e G

SIRS



Neonatal Encephalopathy.

Hypoxic s )
Is%?lemic Neonatal
\ Encephalopathy

FIRS /y Exoikatéoog

Placentitis S ——— BBB A||opregnan0|0ne

SIRS /
Pregnenolone 1

Sulphate

> Neurosteroid
Aldremia Substrates




Typical Clinical Course

Born near normal benavior

Initial signs — excitatory.

x Constantactivity,’— wandering, not lie:down

= HYPEr-responsivVeness

= Hypertonus

s Culminating In tenic-clenic seizure-like kehavior:

Onset of semnolent phase
» Stressinduced adrenal stereidegenesis
= Neuremnflammation IndUces NeUreStereIas
= Healing perod

RECOVENLY.



Typical Clinical Course

Born seizure-like benavior:

= |_ess placental stereidegenesis
LeWeEr: Ievels protective neuresterelds

x Inflammatery mediatoers
Induced bleod brain' karrker deficits
Allow; sulfated neurestereids ntoe CNS

With neonatal stress onset ofi somnolent phase
x Stress/induced adrenal stereidegenesis

x Neuremflammationiinduced CNS neuresteneids

= Healing period






Changes In responsiveness
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Changes In muscle tone




Changes In muscle tone










Seizure-like behavior




Terms
Generic Description of Signs

Neonatal Encephalopathy (NE)
Neonatal' Gastreenterepatny: (NG)
Neonatal Nepharepatny: (NN)
Neonatal Metalboelic Maladaptation

Neonatal Cardievascular Maladaptation



Insult
Acute vs Chronic
Mild vs Severe
Single vs Repeated

Organs affected Fetal response

CNS Gestational age
Renal Preexisting state
Gl Compensation

CV




Intrauterine Challenge

¥ Indications-at birth-of
Intravterine challenge

m Crlevel
= Hypechloremic alkalosis
. High PCV
= High'birth blood glucose .
= Persistently low: blood gllgc'_'ése
= Calevels |
x Ribrinegen Iev?/ =
x \WBC .y 1, 4
= Low cortisol .‘9&‘_ D
B
m Lactate level S S T e

. k :

L P -~
| 0 e
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Fetal foal fleating
IN a sea of creatinine
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Thoreughbred foal
Borm: May 7 at 6 PM
Admitted: May 8'at 8:53 AM
15 hrs old



“POng”
[HIStoery

T'erm birth te’ a multiparas mare
Normal gestation

Stage 1 - not elbserved

Stage 2 - 10 minutes; or less
Stage 3 - 1 hour

Assisted to stand after 1.5 hours
= Nursed from the mare



££P0n977
[HIStoery

INEeVer Vigorous

GOt up ence durng night
= Only for shoert time
= Did net nurse

Bottle-fed 8 0z. of colostrum

Referred for Intensive care
= \Weak
= [nability to stana



' uPOng”
Admission Physical

Marked oral, nasal, scleral, aural icterus
Oral; nasal, scleral, aural’ injection
Multiple eral petechia

Marked lingual erythema

Abdemen

x Meconium In the right dorsal celon
x Few borberygmi

» Fetal/neonatal diarrhea



P “Pgmﬁ
Admission mySJCcﬂ




e “Pong’”
Admission Laboeratory Data
AdmIssion Noermal

FIRFINGYEN 4641 mg/al 150 mg/al
WEBC 300 cells/ul™ {5-10;000
NeUttrephil 4960cells/uls [50-80%
Lymphocytest = 13B46cells/uls 120-50%
Creatinine 6:46 mg/dll |12.5-4.0
Gllicese 424°"mg/adl 60— 120
PCV. 5496 30— 45%
TPP 6.1 gm/dl 4.0— 5.5




' uPOng”

Admission Problems

\\/eakness, somnolence
Notnursing
lingual’erythema
Injection

Petechia

ICterus

POOoK perfusion

Diarrhea
VAWBE,
AfIbrinNGgen
A PCVE AN PP
A Creatinine
Hypexemia

A lactate



. “Pong*
Major Problems




4 Periods - bright and active

2 Stidden enset of somnoelence

m SOmnholence/perods of areusal:
J '\r)r)r\rsn lacial paresis
RIGNE ear moves;siowly

2 Generalized weakness



44 Pong71
Neonatal Encephalopathy.

Periedic apnea
x Up e 60 sec
= With' clustered breathing

Inappropriate central tachypnea
APREUSIS (apneustic respiration)
Hyjpercapnia

= Without apnea




' ‘(P0n971
Neonatal Encephalopathy.

Seizure like activity.

x Opisthotenus; tonic/clonic marching activity
= Minimal nystagmus

Lingual erythema

Moederate nasal septlm hyperemia
Hyperresponsive te stimull

NG suckie or searching



Neonatal Encephalopathy
CNS Signs

Most common and noticeable

® SIgNS eceur predictanly - 90%

Mild central Insult

= Multifecal lesions

= Selective neurenal dysfunction - &

= Slow maturation of coordination



Neonatal Encephalopathy
Signs of CNS disease

Changes In respoensiVeness
Changes In muscle tene

Changes In benavier

SIgns of brain stem damage
Selzure-like hehavior

Coma, death



Neonatal Encephalopathy
Signs of CNS disease |

= Changes in responsiveness

Hyperesthesia

. AYPEITES QONSIVENEsSS

Hyperexcitability

HYPOrespPonsIiVENess

»

PS PEeriods of somnoelence

Unresponsiveness




Neonatal Encephalopathy
Signs of CNS disease

= Changes In muscle tene
EXtensor tonus
® & Hypotonia

Neurogenic myotonia

Inability’ to protract 1egs



Neonatal Encephalopathy.
Signs of CNS disease

® = Changes in behavioer
|.eSS of suickle response
|Less of tongue cur
LeSSs of tongue copradination
Diserientation especially relative te the udder;
Almiess wandering
Blindness
LLess of affinity, for the dam
Abnoermal vecalization (“barker)
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Neonat aJ gr aJopazhy
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Neonatal Encephalopathy.
Signs of CNS disease

Changes Ini respiratory patterns

x Central tachypnea (midibrain)

x ApnReusis (pontine)

= Apnea (> 20 seconds midbrain)

a Cluster breathing (high meaullary)

s Ataxic breathing (meaulla)

x Cheyne-Stekes breathing - very rare

Central hypercapnia

920190




Central Respiratory. Patterns

Cheyne-Stokes

Central
Hyperventilation

ApPREUsIS

Cluster breathing

Ataxic breathing

Onea minute
From: Bradley: Neurelogy in Clinicall Practice, Sth ed



Neonatal Encephalopathy

Signs of CNS disease

SIgns of brain stem damage
LLeSS Of thermoregulatery contno!

® = \\Veakness

LI

Anisicona (Srd nerve; ene side) f;ﬁi"

Rupillany dilation: (midlkrain) e B
L e i

Pinpoint puplls' (pentine)
Hypotension Z
Loss| of consciousness (reticular formation):
\V/estibular signs - circling, head tilt

Facial nerve paresis




Neonatal Encephalopathy
Signs of CNS disease

@ = Selzure-like kehavior (tenic/clonic generalized)

x Marching tyjpe behavior (clenic, partial or gen)
= Abnermal extensor tene (tonic, partiali or gen)

= Selzures

Coma, death




(44 Pong17
Neonatal Encephalopathy.
Treatment

Nutrition

= Not nursing

s [rophic feeding

m Parenteral Nutrition
Respiratory

x Intranasal oxygen

x Caffeine

m Positive Pressure \Ventilation

Selzures
= Phenobarbital



“P0n977

® Neonatal Encephalopathy.

IHoespital aay: 2

m Selzuresi— resolved with pheneharbital therapy

= Beganiventilation

0S

0S

0S

0S

plta
ita
ita

ita

0

O

0

0

ay 3 — Stanading
ay. 5 — nursing from: bottle, more aware
ay 6 — off Intranasal exygen

ay 9 — nursing from mare



“Pong™
® Neonatal Nephropathy:

Creatinine level slew te drop

= Aboeve nermal untilthespital day; 11

HIgh firactional’ excretion off Na

x As high'as 2.18% - noermal for neonatal foal <0.3%
x Still'= 1% at aischarge: (aay 20)

Develepment of significant edema
x Persisted until day 6



Neonatal Nephropathy

TR N R
Second most common target - 45967 # . 1= /=S

Common' disease; states My,
x Mila decrease GER & : \ /";
= Mildl acute tubular necrosis ’ |
= Mild tubular dysfunction N
x Maldistribution of renal bloed flow S,

|.ess common; disease states
® SEVere acute tubular NEcresis
= lrreversible acute damage

x Chronic renal disease




Neonatal Nephropathy

Oliguria V \
Anuria .
Edemal formation Iy | 4

FlUid everiead ? .
\Weight gain +8
Persistently elevated Cr

Birthr Cr slow, to drep

Abnoermal fraction excretions

High amikacin treugh' levels

Slow. response to fluid challenges






(44 P0n977
Neonatal Gastreenteropathy.

Fetal/neonatal diarrhea
Retained meconium
oo much abdominal fill for not being fea

Abnermal abdeminal palpatien
= One leop off howel thickened wall

Day 7 hegan passing feces
s Freguency. > 24 hours
s Enema dependent

Day 17 reselved



Neonatal Gastroenteropathy.

Third moest common target - 40%

x ESpecially; when metaholic demands (digestion) are

superimpoesead en cardiepulmoenary instability

Predisposition toersepsis and SIRS

» [ranslecation’ofi bactera threugh the Gl tract



Neonatal Gastroenteropathy.

Dysphagia

Colic

Abdominal distension
Gastric reflux
Diarrhea
Constipation

Dietary intolerance
x Milk replacer

s Other specie’s milk: =
= Frozen mare’'s milk

m Fresh mare’'s milk §




Neonatal Gastroenteropathy.

= Mila'indigestion

s Dysmotility

x lleus

s Diapedesis of bloed Inte the lumen
x Mucoesalledema

= Epithelial necresis

Develepment of Intussusceptions: or structlres
Hemorrhagic gastritisi or enteritis/colitis

PReumatosis intestinalis









Neonatal Syndrome
Cardiovascular tract

x Less commonly: affected — 10 %

x Poorly responsive peripheral vasculatlre

16 hypovoelemic challenges
1[0/ eNd0gEeNoUS/EXEUENGUS adrenergic agents

s Cardiac disease
Inapprepriate bradycardia
Premature ventricular contractions
Supraventrcular tachycarndia
Ventricular tachycardia

s Persistent fetal circulation/PPH

x Caradiovascular collapse
Refractory hypotension
Cardiovascular shock
Septic shock



4 4 P0n977
® Metabolic Maladaptation

Hypoeglycemia at admission — 44 mg/dl

Hyperglycemic onrglucese infusion — 243 mag/dl
x Glucese diuresis

x Hyponatremia; Rypochloremia; nypokalemia
Diures|s; plasma 6smotic effects

Insulin therapy.
x Constant mifusien regularinsulm: V.
= Begun hospital day 2, weaned day 4



Neonatal Metabolic Maladaptation
Signs of Metabolic Disease

poglycemia

Perglycemia

pocalcemia

SR

Percalcemia

Hyperipemia/nyperlipiaemia
SIoW, response
= [0 changing metabolic demands



Neonatal Syndrome

NE =" Neonatal Encephalopariy
ININ=SNeonatal-INeprropaiiy
NG - Neonatal: Gastioenteropatiy

e
e
.
.

NMM - Neonatal \Metapolic Malaaaptanon
NCM - Neonatal:Carajeyvascuiar Malaaaptanon

NAM --Neonatal Autonomic Malaaaptaton

NEM: = Neonatal Enaocrine Malaaaptation



' “POng”
Problems

SEpsIs
s Bacteremia - Panioea agglomerarns
Septic shock

Neonatal Encephalepathy
s Central Respiratery failure — ventilation therapy.

Neonatal Nephropathy
Neonatal Gastroenteropathy.



££P0n977
Problems

Neonatal Metaholic Maladaptation
Edema

Jrrachitis

Hepatomegaly

LDN

Patent Urachus

Over at knees







Neonatal Syndrome
Clinical Course/Therapeutic Intervention

AS|severe organ dysfunction develoeps
x Oxygen delivery te the tissues interrupted
» Progression of more severe disease

Therapeutic intervention
= Prevent hypoexic Ischemic episodes

» SUpport organ system function
Allew: recovery/

= Prevent seconadary Sepsis
= Prevent other complications



Neonatal Syndrome
Maintain Tissue: Perfusion/Oxygen Delivery.

Adequate cardiac il

output/perfusion debalEe
. i

= No magic bloed pressure value /

s Adeguate perfusion: reflected by, /

Maintaming urne eutput
Perfusion of the lImies

Perfusion of the brain - mental status e
Perfusion of bowel - Gl function |

» Inotrope and pressor therapy.




Neonatal Syndrome

0
A\V/o][e! / *'
a Catabolic state ‘ W L‘_.‘
= Hypoglycemia b

Hypermetahnolism

All compromised neonates
= Will-benefit firom glticese therapy,

Hyperglycemia
= Insulin therapy.
Enteral Nutrition

Parenteral Nutrition

™
l..-- ’




N=
Therapy

Support cerebral perfusion

= |lRsure velemia
Careful fitid replacement

s Defend perfusion
Inepressor therapy.

Insure oxygen delivery
x Achieve pulmenary O loading
x Aveldanemia

NUtritional support
= Permissive underfeeding




Therapy

DMSO
Mannite!
Thiamine
MgSO4
Others




Seizure Control

L

Phenobarbital? Midazolam? Others?

¥ ¥ __
*




Neonatal Nephropathy.
Therapy for Renal Dystunction

= Avold fluid everioaa

\Ventral edema
s Between front legs: (jelly belly*)
s Proximal limis
= Back
= Generalized

Moeniter bedy Weight at least SID
= Avold NSAIDs



Neonatal Nephropathy
Therapy for Renal Dystunction

Fluid restriction L
Most Important management tool YR WL {0
Deliver maintenance filidstor Iess A e
= “Run them dry” /

s Balance nutrtional needs/fluid overload !f\

\Watch for onset of diuresis A o s
x [ransition tohighreutput renal failtre |

= Initiation of normal renal function




Neonatal Gastroenteropathy.
Treatment of Gl Dysfunction

x SIgns of damage lag hehind other tissues

x Continuied feeding With episedes of hypoxemia
May: result in further damage
Oral feeding unadertaken with great care
Full nutrtional reguirements cannot ke met enterally,

Partial parenteral nutrition



Neonatal Gastroenteropathy.
Treatment of Gl Dystunction

x Important trephic sulbstances in colostrum
Only’small amounts needed for effiect

x LUminal nuthtion Impoertant te enterocyte health
NOt feeding Increases likeliheoad offtransiocation

x Small feedings 1-2 oz QID

Freshi colestrim) - net refrigerated: - est
Fresh mare's milk

Frozen celestrum or mare’'s milk

Don't use milk replacer.



Neonatal Syndrome
Recognition/Early: Treatment ofi Secondary. Infections

m V/enry susceptible te infections

= Monitor

For lecalizing signs of Infection

Repeated bloed cultures

x Repeat measurements of IgG

Repeated plasmal transfusions



' “.PO.n?” |
Therapeutic Interventions

IN@)~ Calieine

Fluia beluses Positive pressure ventilation
Dobutamine Parenteral Nutrtion
Ticarcilling clavulanic acia Trephic feedings

Plasmal transiusion Sucralfate

CRI glucese fiuids Domperidone -- mare
Insulin TMS , Cephalexin

Phenobarpital Bandaging
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