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Chester

D Colt
Birti date: May: 7, 6: PM.
Admission date:: May. 8, 6:55:AM

15 hours old




Chester
History

BorA onpMay. 7:.at 6, PM.
On day; 536 o gestation
Normal gestation
Parturition - normal

Placenta

» Edematous
s Meconium stalnéd.




Chester
History

etal diarea

Assisted to stand arfter 1.5 hours

s Nursed

Farm managertiert the parm

m Foal watcher




Chester
History

During nignt
u o4l Was Hever Vigorous
s GO Up once unassisted
but only for short time and did not nurse
INext: Imoraling
Weak, inavllity, te. stand, enly, AUrsed. once
F0al HEeded. medical attention
Called her veterinarian, requesting rereral

Waited transport
Bottle-fed Chester 8 0z, of colostrum milked. firom) the mare




Chester
Admission: 15 hours old

Arrved rectimbent

» reguired. transport to) tiie NICU.

. A rapid evaltiation
» Vital signs
» [Essential organ, inetion

» As initial therapy:begun




Critical Neonate
Admission Procedure 15t 10 minutes

Team approach o m——
Vital signs and essential organ function

= Rapld phiysical assessimepizolsessential organ function
s ABG/electrolyte sample

m PCV, TP, dextrose (venous and arterial)
» Blood for culture/laboratory analysis
Indirect blood pressures recorded . T L
Initial therapy ﬁﬂ? \'
» Intranasal Xy gen
m Jugular catheter:

m Intravenous fitid admimnistration

Resuscitation strong ion balanced crystalloids
Glucose containing fluids begun




Chester
Vital Parameters

femip, 380G (100:4F)

HR 96 bpI

RR 24 bprmi

BPI88/50/(61) 91

PEV/ 44%

[P6.1

Venous: Dextroser44 mg/dl
Arteral PDextroser 59 mg/al
Wit 54 Kg (119 1D)




Chester
Essential Organ. Function
Injection, Icterts

Oral petechiage
Caraliovascular

s [cercold Hooves
» Cold lower legs
s CO0I' HoSe, ears and Upper 1egs

u |Veak: pulses, poor: arterial iill,
PO drterial tone

s Relative bradycardia (90-96)
s Evidence offrecent urination




Chester
Essential Organ. Function

Fetal diarréa = supsiaing

CNS

s Sominolent

» Meaningtul struggling
s Arotsaple, responsive
a Stbdtied




Chester
Initial Stpportive: Therapy,

Intranasal oxygen insufflation - within 3 min

Fluid therapy begun within 10 min
n  Dextrose 5o inwater:
Rate to deliver 4 mg/kg/min (8 mg/kg/min)
m Balanced replacement crystalloid

Normisol R®
20 ml/kg boluses over 10-20 miinutes
Reevaluation of cardiovascular status
u  Plasma) trarsiusion
Colloid value
Biologically active proteins

Intravenous Timentin®

= Bolus gbéh
= CRI







Resuscitation of the Critical Foal

Critical signs
= Inconsistent or lack offnursing; behavior
» \Weak or develop progressive Weakness
» Recumbent

Immediate intervention

In our practice
m /0-80% neonates admitted < 48 hrs

= [atalloutcomes
70% die within initial 48 hrs

Essential for success

= Rapidirereral

» Assessment of essentiallorganifiinction

s  Immediate directed, stupportive therapys
Coordinated care delivery team™




Resuscitation of the Critical Foal
Cardiovascular Examination

Effective perfusion
= Macroperfusion
= Micreperfusion

Signs ol hypeperitsion

= cold extremities

= pulse guality - pulse pressure
= arterial tone

a arteriali fill

= Blooed Pressure

s Urine output

s Mental status

s GI function




Resuscitation of the Critical Foal
Blood Pressure

Blood pressure
= Vitalisign
a Measure in all critical neonates

Trechnigue
= Direct

= Indirect
Oscillometric technique

Minimize errors
= Cuff size
= Cuff placement
= Measure during a quiet or sleep state
= At least 3 measurements
= Mean value is least likely erroneous




Resuscitation of the Critical Foal
Blood Pressure

Blood pressure is related to perfusion

= Flow = pressure/resistance
= Objective numbers are obtained
s Used as| a surrogate, fior perfusion

= Dangerous assumption

Changingl peripherall resistance




Blood Pressure
Neonate Transition State

From a low pressure fetal circulation

= [Low systemic bleod! pressure vital for fetal physiology:
Low precapillary tone
Low baroreceptor set point

To a normal pressure pediatric circulation

= Near birth

Increase peripheral resistance - increase in' precapillany/ tone
Increase in blood pressure to maintain tissue perfusion
= Shift in baroreceptor sensitivity
= Progressive increase in BP matching the increase in peripheral resistance
» Begins before birth, slowly progresses durng neonatal perod
Most evident during the first week of life
Transition does not proceed simultaneously in all tissues




Resuscitation of the Critical Foal
Blood Pressure

Normalibleed pressure valles armoving target
Normal neonatal foal with good perfusion
= 59/35(45)
Another may have hypoperfusion (shock)
= 73/55(61)

Low! BP shouldrnot be! treated alone

= Unlessithere are coexistinglsigns off Nypoepertlsion
Cold extremities
Poor arterial pulses, fill and tone
Oliguria
Metabolic acidosis
Organ hypoperfusion




Resuscitation of the Critical Foal
Blood Pressure

BP humbers should not be given

more weight in directing therapeutic

Interventions than any other physical

examination finding




Resuscitation of the Critical Foal
InitialsFherapeutic Interventions

Insuring tissue oxygen delivery
» Maximizing pulmonary’loadingloff REmMoglebin
= GlUaranteeing sufficient blood oxygenicontent
= Returningl perfusion; to:nermal
Intranasal oxygen insufflation
» Immediately, before ABG results
= ABG
Blood oxygen carrying capacity
» Birthrchanges in PEV.
» Anemia
PCV < 20% trigger point, sliding trigger
= Hemoglobin based blood substitttes

Significant chance adverse effects
Microcirculation key to survival




Chester
Eluid TRerapy,

Intravenous line estanlished. < 10 min
= BP.88/50(61) 91

Normisol boluses — 1 /-over 10 i
m  REassess S/gris;
m BP65/45(50)
fotal o5 liters (90 mi/kg) + 1 | or: plasma: - 110 ml/kg
l'emp) gradient periphery to: core. decreased
NOSe, ears and UppPEer Iegs Were waliii
LLower: /egs oo/ and [I0BYVES Cold.
Noiurine
Minimally, resporsive
PUlses moderately, strong, good arterial fill, poor arterial tone
BP was 58/35(45)




Chester
Inopressor Therapy

Pobutamine CRI 10 g/Kkg/min;

s [eqg temperature improvead but still coo)
u Olfer's/gns Aot clangeda.

u BPWas 69/35(46)

Viasopressin CRI 0.5 mU/Kkg/min.

m [JOOVes and Iegs were warii

u Peripheral puises strong

» Excellent arterial il Very: good. arterial tone
n BP75/40(55)

s Sternal recumbency, head up, Vocallzed.

m Began to urinate







Resuscitation of the Critical Foal
Inopressor Therapy

Adrenergiciagonists
» Dopamine
= Debutamine

» Norepinephrine
= Epinephrine

Physiologic deses Vasepressin
Physiologic doses off corticosteroids
Naloxone

NOS blockers (methylene blue)




Resuscitation of the Critical Foal
Inopressor Therapy

PharmacoelogiC doses of adrenerdic agonists
= Increase in perfusion

s Increase in the maldistribution off that perfusion

Clorz]
s Return perfusion torminimally: acceptable levels

= Not achieve normal or stpranermall perfusion




Resuscitation of the Critical Foal
\/asSePressin

Septic shock

= \/asopledia

= \/asepressin deficiency:
= Death

\/asopressin replacement therapy:

= RELUrAS responsIiVENEss toradrenergics
= REVErses vVaspolpedia

\/asepressin receptors
= V1 vascular receptor
s V2'renal receptor
s /3 pituitary’ receptor
u OlR - oXyLOCIN| FECEPLOY:
= P2 purinergic receptors




Resuscitation of the Critical Foal
\/asSePressin

Vasopressin in low, physielegic doses

= Refractory vasodilatory shock states

Restore vascular tone
Potentiation of endogenous and exogenous vasoconstrictors

= Directed perfusion

Selective vasoconstriction
Selective vasodilation

= SUPPOrting INCrease; inl cardiac eutput
Inotropic effect
NO chrenotropic effect — minimizing O, consumption
\/asopressiniin larger doses
= Negative cardiac efifiect




Resuscitation of the Critical Foal
\/asSePressin

Dose used in foals
= 0.25-1.0' mU/kg/min




Chester
PDextrese Therapy.

GlUGOSE |evels 6 admission

a Venous gltucose 44 magjdl
n Arterial glticese 59" mgy/dl

590 dextreseln water:
s 259 ml/aeur - 4 mag/kag/min

Within, anrhour - blood glticese: 74 mg/dl
Within: 2: iours — blood. giticoser 89 mg/dl
10% dextrose - 8 mg/kg/min




Therapeutic Interventions
PDextrese Therapy.

AllFcompromise Neonates

= Will'benefit from exogenousiglucose; support

Blood dextrose Ievels

» NOt argasigauge

» summation effglucese mobilization andiglucose utilization
Placenta transfer rate of glucoese

» Between4rand 8 may/ka/min.

s FEetal blood level 50-60%: ofi maternal




Therapeutic Interventions
PDextrese Therapy.

[Fetal distress
= [Developractive glucegenesIs
» Born with arinighrresting/ glucose

Normal fietus

= Born before glucogenesis begins
= Birth bleod glucese - 25-45 mg/dl
= Continues to drop; for: the first 2-4" hours

Neonate suffering iom! perinatal disease
s Not make the transition to) glIlCogenEsIS
= Hypoglycemic

Chester at 15 hours - hypoglycemic




Chester
Glucose Intolerance

Chester became nyperglyceniia
s 011 8 mg/Kkag/min' giicose

Blood glticose IeVEls

s 6 hr- 176 mgy/adl

s 12 hr-225 mg/al

n 18 hr 526rmgyadl
Glticosuriar S00-1000 mg)/dl

CRI orfregular insulin




Therapeutic Interventions
Glucose: Intelerance

Falltre te adapt to the exegenous glucoese load

Glucose regulation
s Not needed in fietus
= [ransition at birth

EXegenous glticose therapy.

= Spare endogenous reserves — prevent catabolism

» Glucoese intolerance
Neonate may continue glucogenesis despite exogenous glucose

Glucose administration in excess of utilization — insulin problem
Iatrogenic glucose overload — calculation errors or bolus therapy.




Therapeutic Interventions
Glucese Intelerance

[Dangers off moederate nyperglycemia
= Without an Insulinfrespense
Cellular dehydration,
s Glucose diuresis
Fluid and electrolyte wasting
Advantages off mild yperglycemia

= Neonate develop)its ewn innate Insulin rEspoense

[Dangers) ok mild Ryperglycemia
s Glucese and instlinhave, many: modulating Influences
= [Ight glucese control - intensiverinsulin: therapy
= Norstudies in pediatrics or neenatelogy:
= Should we use tight glucese control?




Therapeutic Interventions
Insulin Iherapy.

Continuous infusion of regular insulin

Respond te surprisingly’ low: insulin: levels
= sliggesting insulin: deficit

» Not resistance

Dose

= 0.00125-0.2 u/kg/hr

= Began at 0.0025 u/kg/hr

= Double rate every 4 to 6 hr

m |t > 0.04 u/kag/hr mere slowly

Special carel in preparing and delivering




Resuscitation of the Critical Foal
Lactate

Origin of lactic acid

= [raditionally linked to
Oxygen debt
Magnitude off NYPOPErfusion
Severity of shock

= [herapy focused
liissue Rypoxia
IHYpodynamic snock
Organi ischemial




Resuscitation of the Critical Foal
Lactate

Other seuKrces

Hypermetabolism without lack of oxygen
= Aerobic glycolysis (from epinephrine)
= Protein catabolism

Increased muscle activity (shivering)

Decreased lactate clearance

= Liver failure

= Liver hypoperfusion
Inhibition of pyruvate dehydrogenase

= Thiamine deficiency

= SIRS (secondary to cytokine enzyme inhibition)
Activation of inflammatory cells

= ARDS

= Liver failure

= NEC

Placenta source




Resuscitation of the Critical Foal
Lactate

Increased lactate
» Signlofi the: critical state of the neonate
= (Cannoet be equated to) poo: PErUSION: and anaerebic metakoelism
One possible cause
Correcting hypoperfusion is vital

Super resuscitation in pursuit of normalizing lactate
= More harm than good

= Multiple reasensifior an elevated lactate
During different disease stages - causes have different importance

| actate clearance

» Importantin predicting sunvival

» Absolute lactate value net asiimportant
Chester’s Lactate Clearance

= 1 hour - 25%

= 10rhrs - > 60%

m 24 hr /5% clearance — to' 1.6 mmol/I




Chester
Initial FHospital. Course

4 [oUrs

» Caralovascular'statis, — good. Perusion

a Responsive o' his envirenment
Sternal recUmbERCY,
[H0/d 1[I head up. and 100k areund




Chester
Neonatal Encephalopatiy.

4.5 hours

» Respiratory. Elfort decreased.
s Apreustic breatiing (bréeatn olding)

8 Progressivernypercapnic aclidos)s
Pco?2 = 82.3 torr, pH = 7.284

s [reated withi carreine (10 mg/kg — oral)

6. hours
m Pco? = 62 torr, pH = 7.354




Chester
Neonatal Encephalopatiy.

10" hours

n ADREIC Iresplratory. patterii

40 second apneic period
Cluster breathing in-between

n Simultaneousiy;
Pco?2 = 85 torr, pH = 7.276

m Second dose or'calteine

12 HoUrs
m Pco?2 = 45.0 torr, pH = 7.451




Neonatal Encephalopathy.

Respiratory centers are a common target
Abnormal respiratory patterns

s Central tachypnea

= Apneusis

Periodic apnea

» Cluster’breathing

s Ataxic breathing

s Cheyne-Stokes breathing
Central hypercapnia

= [ndependent off abnoermal respiratony patienns

m Caffeine
= Mechanical ventilation.




Chester
Neonatal Encephalopatiy.

12 AoUrs

s Perods o1 SORINoIENCE and. IHORESPONSIVENESS
» ApPReic respiratory. pattern witir cltister breathing

s [acial nerve paresis

right ear lower and slower to respond
ears are not synchronized

21 [16UrS

n Sejzure-like activity, A
Opisthotonus /§0
Tonic/Clonic marching activity ':‘;F

s Jreated with, intravenous phenobahﬁta/
7 -

B




Chester
Neonatal Encephalopatiy.

27 hours
m Chester was agaln hypercapnic
Pco2 = 74.7 torr, pH = 7.313
s [reated with: arthird dese: of: Galfelie

29 hours

n PeoZ = 84.6 torr, pH 7269

»  Placed on g volume: cycled positive pressure’ partial: ventilatory: support
SIMV/PS
Easily ventilated
pH = 7.401, Pco2 = 53.8 torr, Po2 = 95.7 torr,
HCO3 = 33meq/I, BE +8.3, SAT 99.0%, O2 Cont = 14.4,
alveolar dead space ventilation of 10.4%,
peak airway pressure 24 cm H20 and plateau pressure of 18 cm H20
Weaned from the ventilator 48 hours later.




Chester

) I Problems.
ummary. or i el

Bacteremia/Sepsis . .
= Admission blood' culture - Pantoea agglomerans '
Neonatal Encephalopathy
»  HD9 - nursingimare
= HD/18/- resolved.
Neonatal Enteropathy
s HDII0— dysmotility, netpassing fece
»  HDIS — complete resolution
Neonatal Nephropathy
s Glucostria
= Slow drop:in’plasmalcreatining; hising| creatinine
= High F,
= HD 18- resolved.
Other problems
= Urachitis; hepatemegaly;
= Linear'dermalnecrosis, patent-urachus
= Angularlimbrdeformitya







Sick Cell Syndreme

Foal: Wishirul
Warm: Blood. 1illy
DOB: March 25 1 AM

Admission Date: March' 25 11:25 AM
= 10 hours old




\Wishfiul
IHIStoKRY,

Born at 1 AM onr March, 25

s [odl began, torbreathe With nostil iaring
As soon as the nostrils cleared the canal
n Stagerllf 10" minutes
Foal was pulled
= Stage III

Placenta came with the foal
Placental horn retained
=04l "appeared. SIow::
s [0m) el DegIning:.. DUt [Homial.
s Able to stand with help
Not searching the mare
Became. weaker
Developed. periods; o seminolence




Wishful
Admission

Rectmpent on arrival
s [ransported to)thierNICU

Rapid: assess/ment ol essential organ. iUnction

m Severe sepsis
Poor pulse quality
Cold legs and ice cold hooves

Temperature 99.6

m dropped during initial hospitalization 97
HR 104 bpm
RR 18 bpm,

BP 73/30(37)




Wishful
Admission

Rapid, directed.
IAterventions
fireatment: ol Shock

n INOZ

s Crystallord boluses
Responded after 3 X 1
liter boluses

m BP after fluids
90/58(65)

= PE— good periusion




Wishful
Admission

FUrther examination) arter initial resuscitation
Bilateral entropion
Extrenie sceleral Injection
Oral drying. Injuries

Icterts

Pseldoeperecha

Moderate) Coronitis

Normal body conaition

INeonatal sKir Wiinkiing

Normially, resporisive

Searches, Inducible. SUckie

Can’ stand with' support with good balance
Sominolent periods




Wishful -
Initiall Laboratory, Analysiﬁi@m

PCV = 50

TP = /.4

Fibrinogen = 570 mg/dl
WBC = 7000

Segs = 5110

pands = 210

Lympns; = 1680.




Wishful
Initial Laboeratery, Analysis

Venous Pextrose = 20/ mg/dl
BUN =24 mg/dl

Jotal Ca = 16.58 mg/ml
Ca++ = 6,84 mig/al
Mg+ = 2.79'mg/al
IgG = 776 mg/dl

lotal Bilir = 4.5 mag/dl




o \Wishfiul _
Initial Laboratory: Analysis

\Value Adm |1 hour
oly /.251 |7.305
200 47.3 |50.2
o) 64.0 |285
HCO3 20.9 [25.1
BE - 5.8 [-0.9
SAT 94.5 |100
Cont 17.9 |15.9
LLactate 14.9 |10.0
RA 10 Ipm




Wishful

Initial Laboeratery, Analysis

\/alue

‘Nalng

Na

115

l_

K

/.33

|

Cl

72

@

28

")
£




Wishfiul

Major finding
= [Hyponatiemia
» Hypoechloremia
a Hyperkalemia

Magnittide of changes
s May regquire urgent intervention

= Vital'torunderstand! the origin ofi the; abnormalities

Direct rational therapy
Wrong choices — severe conseguences
Many clinicians assume ruptured bladder
= easily rule out
= age
= lack of fluid intake




Hyponatremia

Spurious Hyponatremia
Dilutional Hyponatremia
Ruptured bladder
Fenestrated ureters
Renal failure
Delayed renal transition from fetal to neonatal physiology

Water overload

Depletional Hyponatremia:
o Diarrhea
= Sodium wasting nephropathy
o Diuretics

Redistribution Hyponatremia
= Other osmoles in the blood
Hyperglycemia
Iatrogenic addition of osmoles (e.g. mannitol)
Sick Cell Syndrome




Wishiul
rHyponatremnia

Spurious hyponatremia
Dilutional hyponatremia
o No intake since birth
Depletional hyponatremia
o Not begun to urinate

M Has not past meconium yet
Redistribution hyponatremia
m Water diluting Na come from cells
= Some osmolyte other than sodium
Drawing water from cells
Source of osmoles?
= Hypoglycemic

o Not received exogenous
substances

o Presence of endogenous osmolytes
Leaked from cells




Wishiul
rHyponatréemia

Sigrificant: therapeutic iaplications
s No soditim: dericiency;
s Not water overioaded.

s Not hyposmotic
May: De Ry PErosmotic

Ponrt give sodium
Don't Induce. an unsupported aiuresis




Hyperkalemia

Mechanisms

= High intake
Dietary
EIEEE]

» Blocked! excretion
Must have continued intake

= LLeak firom cell

Wishful

= No intake
s Must be celllleak




Sick Cell Syndreme

Globallloss of integrity: o celll membranes

AcUte; severe hypoexic ischemic mnsult
= Globally: affiect cells
= [oss of cellfwall integrity:
Transient or permanent
Allowing solutes to leak
Drawing fluid with them
Dilution of extracellular sodium

Redistribution’ hypenatremia
= Osmolar Gap (0G)
Unmeasured osmolytes
OG = Osm,_, — Osm,
Osm_ = (2X'[Nal)' + (glucose/18) + (BUN/2.8)
BUN - not part of effective plasma osmolarit




Sick Cell Syndreme

OG > 10imOsm

= 0smoles other than Na or glucose

m Associated with
MODS
High fatality rate

Wihat are the osmoles?

s Organic pnospnate

a Pyruvate

= |.gctate

= AmMinNo acids,

= Unidentified middle molecular weight substances




Wishful
Initial Laboeratery, Analysis

\Value Adm
Na 115
K /.33
Cl 72

@ 28




Regulatory Volume Decrease

Anoether explanation

Regulatory: Velume Decrease (RVID)
= Eluidieverloaded cells
s Alllmammalian cells
= Protective; meechanism
Limits cell swelling
Reasons cells swell

= [Hypenatremia
Hyposmotic interstitium

s Initial stages of hypoxic ischemic insults
Hyperosmotic cell interior




Regulatery Velume: Decrease
Mechanism

Voltage-independent,
volume-sensitive
channels

= Activated by cell'swelling
= Allow outfiow of |

K+ I § H,0

Cl-
Amino acids osmotic pressure ¢ :
1' T ions

Other organic molecules formation of OSMolyte . aming acids

macromolecules export SUGars

Water follows , , g =
= restoring cell volume. cell swelling =

REGULATORY VOLUME DECREASE




Redistribution Hyponatiemia
Neonatal Foals

Both SCS and RVD: are invelved

Mild Insults

= Compromise cellular fiunction
= Allow filbial te' leak
s RVD - protective mechanism

More, severe damage

= [nitially result in RVD
= Evolve into SCS




Sick Cell Syndreme

Other cell constituents also leak

= K4 leak
Both RVD and SCS
High intracellular levels of K

Mild increase in efflux globally
= Increase plasma K levels significantly

= CPK
= AST
Utcome

= About 60% of SCS, cases do not: survive
» Identification’ off SCS - guarded to poor progmnesis.




Sick Cell Syndrome
Therapy,

Don't treat hyponatemia

= Not'sodium: deficit
Osmolarity high normal

= Not water overload
Hyperkalemia
s [FECGE changes

Mg
= Enhance cell entery
Insulin/dextrose
B> adrenergic
= Albuterol
Na HCO; — not recommended
= Enhance excretion

Osmotic diuresis
= Support

Furosemide

GI t




Wishful
Outcome

Adm

HD 2

115

126

/.33

4.26

72

8/

28

0124

/61

625

512

270

43




Wishful
Outcome

Intrauterne Iasult — catavolsim, SIRS
Seps|s
s gl brinogen, Iert shift
» [hject, Icterts
a SH0CK; Increased lactate), aciaos/s
s Aamiission bIeed. culture
Flavobacerium
INeonatal Encephalopatily.

» [consistent nursing benavior:
s HD'6' - nursing from mare
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