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ChesterChester

 Tb ColtTb Colt

 Birth date: May 7, 6 PMBirth date: May 7, 6 PM

 Admission date: May 8, 8:53 AMAdmission date: May 8, 8:53 AM

 15 hours old15 hours old



ChesterChester
HistoryHistory

 Born on May 7 at 6 PMBorn on May 7 at 6 PM
 On day 338 of gestationOn day 338 of gestation
 Normal gestationNormal gestation
 ParturitionParturition -- normalnormal
 PlacentaPlacenta

 EdematousEdematous
Meconium stainedMeconium stained



ChesterChester
HistoryHistory

 Fetal diarrheaFetal diarrhea

 Assisted to stand after 1.5 hoursAssisted to stand after 1.5 hours

NursedNursed

 Farm manager left the barnFarm manager left the barn

 Foal watcherFoal watcher



ChesterChester
HistoryHistory

 During nightDuring night
 Foal was never vigorousFoal was never vigorous
 Got up once unassistedGot up once unassisted

 but only for short time and did not nursebut only for short time and did not nurse

 Next morningNext morning
 Weak, inability to stand, only nursed onceWeak, inability to stand, only nursed once
 Foal needed medical attentionFoal needed medical attention
 Called her veterinarian, requesting referralCalled her veterinarian, requesting referral
 Waited transportWaited transport

 BottleBottle--fed Chester 8 oz. of colostrum milked from the marefed Chester 8 oz. of colostrum milked from the mare



ChesterChester
Admission 15 hours oldAdmission 15 hours old

 Arrived recumbentArrived recumbent

 required transport to the NICUrequired transport to the NICU

 . A rapid evaluation. A rapid evaluation

 Vital signsVital signs

 Essential organ functionEssential organ function

 As initial therapy begunAs initial therapy begun



Critical NeonateCritical Neonate
Admission Procedure 1Admission Procedure 1stst 10 minutes10 minutes

 Team approachTeam approach
 Vital signs and essential organ functionVital signs and essential organ function

 Rapid physical assessment of essential organ functionRapid physical assessment of essential organ function

 ABG/electrolyte sampleABG/electrolyte sample

 PCV, TP, dextrose (venous and arterial)PCV, TP, dextrose (venous and arterial)

 Blood for culture/laboratory analysisBlood for culture/laboratory analysis

 Indirect blood pressures recordedIndirect blood pressures recorded

 Initial therapyInitial therapy
 Intranasal oxygenIntranasal oxygen

 Jugular catheterJugular catheter

 Intravenous fluid administrationIntravenous fluid administration
 Resuscitation strong ion balanced crystalloidsResuscitation strong ion balanced crystalloids

 Glucose containing fluids begunGlucose containing fluids begun



ChesterChester
Vital ParametersVital Parameters

 Temp 38.0C (100.4F)Temp 38.0C (100.4F)
 HR 96 bpmHR 96 bpm
 RR 24 bpmRR 24 bpm
 BP 88/50 (61) 91BP 88/50 (61) 91
 PCV 44%PCV 44%
 TP 6.1TP 6.1
 Venous Dextrose 44 mg/dlVenous Dextrose 44 mg/dl
 Arterial Dextrose 59 mg/dlArterial Dextrose 59 mg/dl
 Wt 54 Kg (119 lb)Wt 54 Kg (119 lb)



ChesterChester
Essential Organ FunctionEssential Organ Function

 Injection, IcterusInjection, Icterus
 Oral petechiaeOral petechiae
 CardiovascularCardiovascular

 Ice cold hoovesIce cold hooves
 Cold lower legsCold lower legs
 Cool nose, ears and upper legsCool nose, ears and upper legs
 Weak pulses, poor arterial fill,Weak pulses, poor arterial fill,

poor arterial tonepoor arterial tone
 Relative bradycardia (90Relative bradycardia (90--96)96)
 Evidence of recent urinationEvidence of recent urination



ChesterChester
Essential Organ FunctionEssential Organ Function

 Fetal diarrheaFetal diarrhea -- subsidingsubsiding
 CNSCNS

 SomnolentSomnolent
Meaningful strugglingMeaningful struggling
Arousable, responsiveArousable, responsive
 SubduedSubdued



ChesterChester
Initial Supportive TherapyInitial Supportive Therapy

 Intranasal oxygen insufflationIntranasal oxygen insufflation -- within 3 minwithin 3 min
 Fluid therapy begun within 10 minFluid therapy begun within 10 min

 Dextrose 5% in waterDextrose 5% in water
 Rate to deliver 4 mg/kg/min (8 mg/kg/min)Rate to deliver 4 mg/kg/min (8 mg/kg/min)

 Balanced replacement crystalloidBalanced replacement crystalloid
 NormisolNormisol RR®®

 20 ml/kg boluses over 1020 ml/kg boluses over 10--20 minutes20 minutes
 Reevaluation of cardiovascular statusReevaluation of cardiovascular status

 Plasma transfusionPlasma transfusion
 Colloid valueColloid value
 Biologically active proteinsBiologically active proteins

 Intravenous TimentinIntravenous Timentin®®

 Bolus q6hBolus q6h
 CRICRI





Resuscitation of the Critical FoalResuscitation of the Critical Foal

 Critical signsCritical signs
 Inconsistent or lack of nursing behaviorInconsistent or lack of nursing behavior
 Weak or develop progressive weaknessWeak or develop progressive weakness
 RecumbentRecumbent

 Immediate interventionImmediate intervention
 In our practiceIn our practice

 7070--80% neonates admitted < 48 hrs80% neonates admitted < 48 hrs
 Fatal outcomesFatal outcomes

 70% die within initial 48 hrs70% die within initial 48 hrs
 Essential for successEssential for success

 Rapid referralRapid referral
 Assessment of essential organ functionAssessment of essential organ function
 Immediate directed, supportive therapyImmediate directed, supportive therapy

 Coordinated care delivery teamCoordinated care delivery team



Resuscitation of the Critical FoalResuscitation of the Critical Foal
Cardiovascular ExaminationCardiovascular Examination

 Effective perfusionEffective perfusion
 MacroperfusionMacroperfusion
 MicroperfusionMicroperfusion

 Signs of hypoperfusionSigns of hypoperfusion
 cold extremitiescold extremities
 pulse qualitypulse quality -- pulse pressurepulse pressure
 arterial tonearterial tone
 arterial fillarterial fill
 Blood PressureBlood Pressure
 Urine outputUrine output
 Mental statusMental status
 GI functionGI function



Resuscitation of the Critical FoalResuscitation of the Critical Foal
Blood PressureBlood Pressure

 Blood pressureBlood pressure
 Vital signVital sign
 Measure in all critical neonatesMeasure in all critical neonates

 TechniqueTechnique
 DirectDirect
 IndirectIndirect

 Oscillometric techniqueOscillometric technique
 Minimize errorsMinimize errors

 Cuff sizeCuff size
 Cuff placementCuff placement
 Measure during a quiet or sleep stateMeasure during a quiet or sleep state
 At least 3 measurementsAt least 3 measurements
 Mean value is least likely erroneousMean value is least likely erroneous



Resuscitation of the Critical FoalResuscitation of the Critical Foal
Blood PressureBlood Pressure

 Blood pressure is related to perfusionBlood pressure is related to perfusion

 Flow ≈pressure/resistanceFlow ≈pressure/resistance

Objective numbers are obtainedObjective numbers are obtained

Used as a surrogate for perfusionUsed as a surrogate for perfusion

Dangerous assumptionDangerous assumption

Changing peripheral resistanceChanging peripheral resistance



Blood PressureBlood Pressure
NeonateNeonate TransitionTransition StateState

 From a low pressure fetal circulationFrom a low pressure fetal circulation
 Low systemic blood pressure vital for fetal physiologyLow systemic blood pressure vital for fetal physiology

 Low precapillary toneLow precapillary tone

 Low baroreceptor set pointLow baroreceptor set point

 To a normal pressure pediatric circulationTo a normal pressure pediatric circulation
 Near birthNear birth

 Increase peripheral resistanceIncrease peripheral resistance -- increase in precapillary toneincrease in precapillary tone

 Increase in blood pressure to maintain tissue perfusionIncrease in blood pressure to maintain tissue perfusion
 Shift in baroreceptor sensitivityShift in baroreceptor sensitivity

 Progressive increase in BP matching the increase in peripheral rProgressive increase in BP matching the increase in peripheral resistanceesistance

 Begins before birth, slowly progresses during neonatal periodBegins before birth, slowly progresses during neonatal period
 Most evident during the first week of lifeMost evident during the first week of life

 Transition does not proceed simultaneously in all tissuesTransition does not proceed simultaneously in all tissues



Resuscitation of the Critical FoalResuscitation of the Critical Foal
Blood PressureBlood Pressure

 Normal blood pressure values a moving targetNormal blood pressure values a moving target
 Normal neonatal foal with good perfusionNormal neonatal foal with good perfusion

 59/35(45)59/35(45)
 Another may have hypoperfusion (shock)Another may have hypoperfusion (shock)

 73/55(61)73/55(61)

 Low BP should not be treated aloneLow BP should not be treated alone
 Unless there are coexisting signs of hypoperfusionUnless there are coexisting signs of hypoperfusion

 Cold extremitiesCold extremities
 Poor arterial pulses, fill and tonePoor arterial pulses, fill and tone
 OliguriaOliguria
 Metabolic acidosisMetabolic acidosis
 Organ hypoperfusionOrgan hypoperfusion



Resuscitation of the Critical FoalResuscitation of the Critical Foal
Blood PressureBlood Pressure

 BP numbers should not be givenBP numbers should not be given

more weight in directing therapeuticmore weight in directing therapeutic

interventions than any other physicalinterventions than any other physical

examination findingexamination finding



Resuscitation of the Critical FoalResuscitation of the Critical Foal
Initial Therapeutic InterventionsInitial Therapeutic Interventions
 Insuring tissue oxygen deliveryInsuring tissue oxygen delivery

 Maximizing pulmonary loading of hemoglobinMaximizing pulmonary loading of hemoglobin
 Guaranteeing sufficient blood oxygen contentGuaranteeing sufficient blood oxygen content
 Returning perfusion to normalReturning perfusion to normal

 Intranasal oxygen insufflationIntranasal oxygen insufflation
 Immediately, before ABG resultsImmediately, before ABG results
 ABGABG

 Blood oxygen carrying capacityBlood oxygen carrying capacity
 Birth changes in PCVBirth changes in PCV
 AnemiaAnemia

 PCV < 20% trigger point, sliding triggerPCV < 20% trigger point, sliding trigger
 Hemoglobin based blood substitutesHemoglobin based blood substitutes

 Significant chance adverse effectsSignificant chance adverse effects
 Microcirculation key to survivalMicrocirculation key to survival



ChesterChester
Fluid TherapyFluid Therapy

 Intravenous line established < 10 minIntravenous line established < 10 min
 BP 88/50 (61) 91BP 88/50 (61) 91

 NormisolNormisol bolusesboluses –– 1 l over 10 min1 l over 10 min
 Reassess signsReassess signs
 BP 65/45(50)BP 65/45(50)

 Total of 5 liters (90 ml/kg) + 1 l of plasmaTotal of 5 liters (90 ml/kg) + 1 l of plasma -- 110 ml/kg110 ml/kg
 Temp gradient periphery to core decreasedTemp gradient periphery to core decreased
 Nose, ears and upper legs were warmNose, ears and upper legs were warm
 Lower legs cool and hooves coldLower legs cool and hooves cold
 No urineNo urine
 Minimally responsiveMinimally responsive
 Pulses moderately strong, good arterial fill, poor arterial tonPulses moderately strong, good arterial fill, poor arterial tonee
 BP was 58/35(45)BP was 58/35(45)



ChesterChester
InopressorInopressor TherapyTherapy

 Dobutamine CRI 10Dobutamine CRI 10 μgμg/kg/min./kg/min.
 Leg temperature improved but still coolLeg temperature improved but still cool
 other signs not changedother signs not changed
 BP was 69/35(48)BP was 69/35(48)

 Vasopressin CRI 0.5 mU/kg/min.Vasopressin CRI 0.5 mU/kg/min.
 Hooves and legs were warmHooves and legs were warm
 Peripheral pulses strongPeripheral pulses strong
 Excellent arterial fill, very good arterial toneExcellent arterial fill, very good arterial tone
 BP 75/40(55)BP 75/40(55)
 Sternal recumbency, head up, vocalizedSternal recumbency, head up, vocalized
 Began to urinateBegan to urinate





Resuscitation of the Critical FoalResuscitation of the Critical Foal
InopressorInopressor TherapyTherapy

 Adrenergic agonistsAdrenergic agonists
 DopamineDopamine
 DobutamineDobutamine
 NorepinephrineNorepinephrine
 EpinephrineEpinephrine

 Physiologic doses vasopressinPhysiologic doses vasopressin
 Physiologic doses of corticosteroidsPhysiologic doses of corticosteroids
 NaloxoneNaloxone
 NOS blockers (NOS blockers (methylenemethylene blue)blue)



Resuscitation of the Critical FoalResuscitation of the Critical Foal
InopressorInopressor TherapyTherapy

 Pharmacologic doses of adrenergic agonistsPharmacologic doses of adrenergic agonists

 Increase in perfusionIncrease in perfusion

 Increase in theIncrease in the maldistributionmaldistribution of that perfusionof that perfusion

 GoalGoal

 Return perfusion to minimally acceptable levelsReturn perfusion to minimally acceptable levels

 Not achieve normal orNot achieve normal or supranormalsupranormal perfusionperfusion



Resuscitation of the Critical FoalResuscitation of the Critical Foal
VasopressinVasopressin

 Septic shockSeptic shock
 VasoplegiaVasoplegia
 Vasopressin deficiencyVasopressin deficiency
 DeathDeath

 Vasopressin replacement therapyVasopressin replacement therapy
 Returns responsiveness toReturns responsiveness to adrenergicsadrenergics
 ReversesReverses vaspolpegiavaspolpegia

 Vasopressin receptorsVasopressin receptors
 V1 vascular receptorV1 vascular receptor
 V2 renal receptorV2 renal receptor
 V3 pituitary receptorV3 pituitary receptor
 OTROTR -- oxytocin receptoroxytocin receptor
 P2P2 purinergicpurinergic receptorsreceptors



Resuscitation of the Critical FoalResuscitation of the Critical Foal
VasopressinVasopressin

 Vasopressin in low, physiologic dosesVasopressin in low, physiologic doses
 RefractoryRefractory vasodilatoryvasodilatory shock statesshock states

 Restore vascular toneRestore vascular tone
 Potentiation of endogenous and exogenous vasoconstrictorsPotentiation of endogenous and exogenous vasoconstrictors

 Directed perfusionDirected perfusion
 Selective vasoconstrictionSelective vasoconstriction
 Selective vasodilationSelective vasodilation

 Supporting increase in cardiac outputSupporting increase in cardiac output
 Inotropic effectInotropic effect
 NoNo chronotropicchronotropic effecteffect –– minimizing Ominimizing O22 consumptionconsumption

 Vasopressin in larger dosesVasopressin in larger doses
 Negative cardiac effectNegative cardiac effect



Resuscitation of the Critical FoalResuscitation of the Critical Foal
VasopressinVasopressin

 Dose used in foalsDose used in foals
 0.250.25--1.0 mU/kg/min1.0 mU/kg/min



ChesterChester
Dextrose TherapyDextrose Therapy

 Glucose levels on admissionGlucose levels on admission
Venous glucose 44 mg/dlVenous glucose 44 mg/dl
Arterial glucose 59 mg/dlArterial glucose 59 mg/dl

 5% dextrose in water5% dextrose in water
 259 ml/hour259 ml/hour -- 4 mg/kg/min4 mg/kg/min

Within an hourWithin an hour -- blood glucose 74 mg/dlblood glucose 74 mg/dl
Within 2 hoursWithin 2 hours –– blood glucose 89 mg/dlblood glucose 89 mg/dl
 10% dextrose10% dextrose -- 8 mg/kg/min8 mg/kg/min



Therapeutic InterventionsTherapeutic Interventions
Dextrose TherapyDextrose Therapy

 All compromise neonatesAll compromise neonates

 will benefit from exogenous glucose supportwill benefit from exogenous glucose support

 Blood dextrose levelsBlood dextrose levels

 Not a gas gaugeNot a gas gauge

 summation of glucose mobilization and glucose utilizationsummation of glucose mobilization and glucose utilization

 Placenta transfer rate of glucosePlacenta transfer rate of glucose

 Between 4 and 8 mg/kg/min.Between 4 and 8 mg/kg/min.

 Fetal blood level 50Fetal blood level 50--60% of maternal60% of maternal



Therapeutic InterventionsTherapeutic Interventions
Dextrose TherapyDextrose Therapy

 Fetal distressFetal distress
 Develop active glucogenesisDevelop active glucogenesis
 Born with a high resting glucoseBorn with a high resting glucose

 Normal fetusNormal fetus
 Born before glucogenesis beginsBorn before glucogenesis begins
 Birth blood glucoseBirth blood glucose -- 2525--45 mg/dl45 mg/dl
 Continues to drop for the first 2Continues to drop for the first 2--4 hours4 hours

 Neonate suffering from perinatal diseaseNeonate suffering from perinatal disease
 Not make the transition to glucogenesisNot make the transition to glucogenesis
 HypoglycemicHypoglycemic

 Chester at 15 hoursChester at 15 hours -- hypoglycemichypoglycemic



ChesterChester
Glucose IntoleranceGlucose Intolerance

 Chester became hyperglycemiaChester became hyperglycemia
 on 8 mg/kg/min glucoseon 8 mg/kg/min glucose

 Blood glucose levelsBlood glucose levels
 6 hr6 hr -- 176 mg/dl176 mg/dl
 12 hr12 hr -- 225 mg/dl225 mg/dl
 18 hr 326 mg/dl18 hr 326 mg/dl

Glucosuria 500Glucosuria 500--1000 mg/dl1000 mg/dl

 CRI of regular insulinCRI of regular insulin



Therapeutic InterventionsTherapeutic Interventions
Glucose IntoleranceGlucose Intolerance

 Failure to adapt to the exogenous glucose loadFailure to adapt to the exogenous glucose load

 Glucose regulationGlucose regulation
 Not needed in fetusNot needed in fetus

 Transition at birthTransition at birth

 Exogenous glucose therapyExogenous glucose therapy
 Spare endogenous reservesSpare endogenous reserves –– prevent catabolismprevent catabolism

 Glucose intoleranceGlucose intolerance
 Neonate may continue glucogenesis despite exogenous glucoseNeonate may continue glucogenesis despite exogenous glucose

 Glucose administration in excess of utilizationGlucose administration in excess of utilization –– insulin probleminsulin problem

 Iatrogenic glucose overloadIatrogenic glucose overload –– calculation errors or bolus therapycalculation errors or bolus therapy



Therapeutic InterventionsTherapeutic Interventions
Glucose IntoleranceGlucose Intolerance

 Dangers of moderate hyperglycemiaDangers of moderate hyperglycemia
 Without an insulin responseWithout an insulin response

 Cellular dehydration,Cellular dehydration,
 Glucose diuresisGlucose diuresis

 Fluid and electrolyte wastingFluid and electrolyte wasting

 Advantages of mild hyperglycemiaAdvantages of mild hyperglycemia
 Neonate develop its own innate insulin responseNeonate develop its own innate insulin response

 Dangers of mild hyperglycemiaDangers of mild hyperglycemia
 Glucose and insulin have many modulating influencesGlucose and insulin have many modulating influences
 Tight glucose controlTight glucose control -- intensive insulin therapyintensive insulin therapy
 No studies in pediatrics or neonatologyNo studies in pediatrics or neonatology
 Should we use tight glucose control?Should we use tight glucose control?



Therapeutic InterventionsTherapeutic Interventions
Insulin TherapyInsulin Therapy

 Continuous infusion of regular insulinContinuous infusion of regular insulin
 Respond to surprisingly low insulin levelsRespond to surprisingly low insulin levels

 suggesting insulin deficitsuggesting insulin deficit
 Not resistanceNot resistance

 DoseDose
 0.001250.00125--0.2 u/kg/hr0.2 u/kg/hr
 Began at 0.0025 u/kg/hrBegan at 0.0025 u/kg/hr
 Double rate every 4 to 6 hrDouble rate every 4 to 6 hr
 if > 0.04 u/kg/hr more slowlyif > 0.04 u/kg/hr more slowly

 Special care in preparing and deliveringSpecial care in preparing and delivering



Resuscitation of the Critical FoalResuscitation of the Critical Foal
LactateLactate

 Origin of lactic acidOrigin of lactic acid
 Traditionally linked toTraditionally linked to

Oxygen debtOxygen debt
Magnitude of hypoperfusionMagnitude of hypoperfusion
Severity of shockSeverity of shock

 Therapy focusedTherapy focused
Tissue hypoxiaTissue hypoxia
Hypodynamic shockHypodynamic shock
OrganOrgan ischemialischemial



Resuscitation of the Critical FoalResuscitation of the Critical Foal
LactateLactate

 Other sourcesOther sources
 Hypermetabolism without lack of oxygenHypermetabolism without lack of oxygen

 Aerobic glycolysis (from epinephrine)Aerobic glycolysis (from epinephrine)
 Protein catabolismProtein catabolism

 Increased muscle activity (shivering)Increased muscle activity (shivering)
 Decreased lactate clearanceDecreased lactate clearance

 Liver failureLiver failure
 Liver hypoperfusionLiver hypoperfusion

 Inhibition ofInhibition of pyruvatepyruvate dehydrogenasedehydrogenase
 Thiamine deficiencyThiamine deficiency
 SIRS (secondary to cytokine enzyme inhibition)SIRS (secondary to cytokine enzyme inhibition)

 Activation of inflammatory cellsActivation of inflammatory cells
 ARDSARDS
 Liver failureLiver failure
 NECNEC

 Placenta sourcePlacenta source



Resuscitation of the Critical FoalResuscitation of the Critical Foal
LactateLactate

 Increased lactateIncreased lactate
 Sign of the critical state of the neonateSign of the critical state of the neonate
 Cannot be equated to poor perfusion and anaerobic metabolismCannot be equated to poor perfusion and anaerobic metabolism

 One possible causeOne possible cause
 Correcting hypoperfusion is vitalCorrecting hypoperfusion is vital
 Super resuscitation in pursuit of normalizing lactateSuper resuscitation in pursuit of normalizing lactate

 More harm than goodMore harm than good

 Multiple reasons for an elevated lactateMultiple reasons for an elevated lactate
 During different disease stagesDuring different disease stages -- causes have different importancecauses have different importance

 Lactate clearanceLactate clearance
 Important in predicting survivalImportant in predicting survival
 Absolute lactate value not as importantAbsolute lactate value not as important

 Chester’s Lactate ClearanceChester’s Lactate Clearance
 1 hour1 hour -- 25%25%
 10 hrs10 hrs -- > 60%> 60%
 24 hr 75% clearance24 hr 75% clearance –– to 1.6to 1.6 mmol/lmmol/l



ChesterChester
Initial Hospital CourseInitial Hospital Course

 4 hours4 hours
Cardiovascular statusCardiovascular status –– good perfusiongood perfusion
Responsive to his environmentResponsive to his environment

Sternal recumbencySternal recumbency
Hold his head up and look aroundHold his head up and look around



ChesterChester
Neonatal EncephalopathyNeonatal Encephalopathy

 4.5 hours4.5 hours
 Respiratory effort decreasedRespiratory effort decreased
 Apneustic breathing (breath holding)Apneustic breathing (breath holding)

 Progressive hypercapnic acidosisProgressive hypercapnic acidosis
 Pco2 = 82.3 torr, pH = 7.284Pco2 = 82.3 torr, pH = 7.284

 Treated with caffeine (10 mg/kgTreated with caffeine (10 mg/kg –– oral)oral)

 6 hours6 hours
 Pco2 = 62 torr, pH = 7.354Pco2 = 62 torr, pH = 7.354



ChesterChester
Neonatal EncephalopathyNeonatal Encephalopathy

 10 hours10 hours
 Apneic respiratory patternApneic respiratory pattern

 40 second apneic period40 second apneic period
 Cluster breathing inCluster breathing in--betweenbetween

 SimultaneouslySimultaneously
 Pco2 = 85 torr, pH = 7.276Pco2 = 85 torr, pH = 7.276

 Second dose of caffeineSecond dose of caffeine

 12 hours12 hours
 Pco2 = 45.0 torr, pH = 7.451Pco2 = 45.0 torr, pH = 7.451



Neonatal EncephalopathyNeonatal Encephalopathy

 Respiratory centers are a common targetRespiratory centers are a common target
 Abnormal respiratory patternsAbnormal respiratory patterns

 Central tachypneaCentral tachypnea
 ApneusisApneusis
 Periodic apneaPeriodic apnea
 Cluster breathingCluster breathing
 Ataxic breathingAtaxic breathing
 CheyneCheyne--Stokes breathingStokes breathing

 Central hypercapniaCentral hypercapnia
 Independent of abnormal respiratory patternsIndependent of abnormal respiratory patterns
 CaffeineCaffeine
 Mechanical ventilation.Mechanical ventilation.



ChesterChester
Neonatal EncephalopathyNeonatal Encephalopathy

 12 hours12 hours
 Periods of somnolence andPeriods of somnolence and nonresponsivenessnonresponsiveness
 Apneic respiratory pattern with cluster breathingApneic respiratory pattern with cluster breathing
 Facial nerve paresisFacial nerve paresis

 right ear lower and slower to respondright ear lower and slower to respond
 ears are not synchronizedears are not synchronized

 21 hours21 hours
 SeizureSeizure--like activitylike activity

 OpisthotonusOpisthotonus
 Tonic/Clonic marching activityTonic/Clonic marching activity

 Treated with intravenous phenobarbitalTreated with intravenous phenobarbital



ChesterChester
Neonatal EncephalopathyNeonatal Encephalopathy

 27 hours27 hours
 Chester was again hypercapnicChester was again hypercapnic

 Pco2 = 74.7 torr, pH = 7.313Pco2 = 74.7 torr, pH = 7.313
 Treated with a third dose of caffeineTreated with a third dose of caffeine

 29 hours29 hours
 Pco2 = 84.6 torr, pH 7.269Pco2 = 84.6 torr, pH 7.269
 Placed on a volume cycled positive pressure partial ventilatoryPlaced on a volume cycled positive pressure partial ventilatory supportsupport

 SIMV/PSSIMV/PS
 Easily ventilatedEasily ventilated
 pH = 7.401, Pco2 = 53.8 torr, Po2 = 95.7 torr,pH = 7.401, Pco2 = 53.8 torr, Po2 = 95.7 torr,
 HCO3 = 33meq/l, BE +8.3, SAT 99.0%, O2 Cont = 14.4,HCO3 = 33meq/l, BE +8.3, SAT 99.0%, O2 Cont = 14.4,
 alveolar dead space ventilation of 10.4%,alveolar dead space ventilation of 10.4%,
 peak airway pressure 24 cm H2O and plateau pressure of 18 cm H2Opeak airway pressure 24 cm H2O and plateau pressure of 18 cm H2O
 Weaned from the ventilator 48 hours later.Weaned from the ventilator 48 hours later.



ChesterChester
Summary of ProblemsSummary of Problems

 Bacteremia/SepsisBacteremia/Sepsis
 Admission blood cultureAdmission blood culture -- PantoeaPantoea agglomeransagglomerans

 Neonatal EncephalopathyNeonatal Encephalopathy
 HD 9HD 9 -- nursing marenursing mare
 HD 18HD 18 -- resolved.resolved.

 Neonatal EnteropathyNeonatal Enteropathy
 HD 10HD 10 –– dysmotility, not passingdysmotility, not passing fecefece
 HD 19HD 19 –– complete resolutioncomplete resolution

 Neonatal NephropathyNeonatal Nephropathy
 GlucosuriaGlucosuria
 Slow drop in plasma creatinine, rising creatinineSlow drop in plasma creatinine, rising creatinine
 HighHigh FFxNaxNa

 HD 18HD 18 -- resolved.resolved.
 Other problemsOther problems

 Urachitis, hepatomegalyUrachitis, hepatomegaly
 Linear dermal necrosis, patent urachusLinear dermal necrosis, patent urachus
 Angular limb deformity.Angular limb deformity.





Sick Cell SyndromeSick Cell Syndrome

 Foal: WishfulFoal: Wishful

Warm Blood fillyWarm Blood filly

 DOB: March 25 1 AMDOB: March 25 1 AM

 Admission Date:Admission Date: March 25 11:25 AMMarch 25 11:25 AM

 10 hours old10 hours old



WishfulWishful
HistoryHistory

 Born at 1 AM on March 25Born at 1 AM on March 25
 Foal began to breathe with nostril flaringFoal began to breathe with nostril flaring

 As soon as the nostrils cleared the canalAs soon as the nostrils cleared the canal
 Stage II 10 minutesStage II 10 minutes

 Foal was pulledFoal was pulled
 Stage IIIStage III

 Placenta came with the foalPlacenta came with the foal
 Placental horn retainedPlacental horn retained

 Foal “appeared slow”Foal “appeared slow”
 From the beginning...but normalFrom the beginning...but normal
 Able to stand with helpAble to stand with help
 Not searching the mareNot searching the mare
 Became weakerBecame weaker
 Developed periods of somnolenceDeveloped periods of somnolence



WishfulWishful
AdmissionAdmission

 Recumbent on arrivalRecumbent on arrival
 Transported to the NICUTransported to the NICU

 Rapid assessment of essential organ functionRapid assessment of essential organ function
 Severe sepsisSevere sepsis

 Poor pulse qualityPoor pulse quality
 Cold legs and ice cold hoovesCold legs and ice cold hooves
 Temperature 99.6Temperature 99.6

 dropped during initial hospitalization 97dropped during initial hospitalization 97
 HR 104 bpmHR 104 bpm
 RR 18 bpm,RR 18 bpm,
 BP 73/30(37)BP 73/30(37)



WishfulWishful
AdmissionAdmission

 Rapid, directedRapid, directed
interventionsinterventions

 Treatment of shockTreatment of shock
 INOINO22

 Crystalloid bolusesCrystalloid boluses
 Responded after 3 X 1Responded after 3 X 1

liter bolusesliter boluses

 BP after fluidsBP after fluids
90/58(65)90/58(65)

 PEPE –– good perfusiongood perfusion



WishfulWishful
AdmissionAdmission

 Further examination after initial resuscitationFurther examination after initial resuscitation
 Bilateral entropionBilateral entropion
 Extreme scleral injectionExtreme scleral injection
 Oral drying injuriesOral drying injuries
 IcterusIcterus
 PseudopetechiaPseudopetechia
 Moderate coronitisModerate coronitis
 Normal body conditionNormal body condition
 Neonatal skin wrinklingNeonatal skin wrinkling
 Normally responsiveNormally responsive
 Searches, inducible suckleSearches, inducible suckle
 Can stand with support with good balanceCan stand with support with good balance
 Somnolent periodsSomnolent periods



WishfulWishful
Initial Laboratory AnalysisInitial Laboratory Analysis

 PCV = 50PCV = 50
 TP = 7.4TP = 7.4
 Fibrinogen = 370 mg/dlFibrinogen = 370 mg/dl
 WBC = 7000WBC = 7000
 SegsSegs = 5110= 5110
 Bands = 210Bands = 210
 LymphsLymphs = 1680= 1680



WishfulWishful
Initial Laboratory AnalysisInitial Laboratory Analysis

 Venous Dextrose = 20 mg/dlVenous Dextrose = 20 mg/dl
 BUN = 24 mg/dlBUN = 24 mg/dl
 Total Ca = 16.38 mg/mlTotal Ca = 16.38 mg/ml
 Ca++ = 6.84 mg/dlCa++ = 6.84 mg/dl
Mg++ = 2.79 mg/dlMg++ = 2.79 mg/dl
 IgG = 776 mg/dlIgG = 776 mg/dl
 TotalTotal BiliBili = 4.5 mg/dl= 4.5 mg/dl



WishfulWishful
Initial Laboratory AnalysisInitial Laboratory Analysis

10 lpm10 lpmRARA
10.010.014.914.9LactateLactate
15.915.917.917.9ContCont
10010094.594.5SATSAT
--0.90.9-- 5.85.8BEBE
25.125.120.920.9HCO3HCO3
28528564.064.0Po2Po2
50.250.247.347.3Pco2Pco2
7.3057.3057.2517.251pHpH
1 hour1 hourAdmAdmValueValue



WishfulWishful
Initial Laboratory AnalysisInitial Laboratory Analysis

30123012CPKCPK

657657ASTAST

2828CrCr

7272ClCl

7.337.33KK

115115NaNa

AdmAdmValueValue



WishfulWishful
 Major findingMajor finding

 HyponatremiaHyponatremia
 HypochloremiaHypochloremia
 HyperkalemiaHyperkalemia

 Magnitude of changesMagnitude of changes
 May require urgent interventionMay require urgent intervention
 Vital to understand the origin of the abnormalitiesVital to understand the origin of the abnormalities

 Direct rational therapyDirect rational therapy
 Wrong choicesWrong choices –– severe consequencessevere consequences
 Many clinicians assume ruptured bladderMany clinicians assume ruptured bladder

 easily rule outeasily rule out
 ageage
 lack of fluid intakelack of fluid intake



HyponatremiaHyponatremia
 Spurious HyponatremiaSpurious Hyponatremia
 Dilutional HyponatremiaDilutional Hyponatremia

 Ruptured bladderRuptured bladder
 FenestratedFenestrated uretersureters
 Renal failureRenal failure
 Delayed renal transition from fetal to neonatal physiologyDelayed renal transition from fetal to neonatal physiology
 Water overloadWater overload

 DepletionalDepletional Hyponatremia:Hyponatremia:
 DiarrheaDiarrhea
 Sodium wasting nephropathySodium wasting nephropathy
 DiureticsDiuretics

 Redistribution HyponatremiaRedistribution Hyponatremia
 Other osmoles in the bloodOther osmoles in the blood

 HyperglycemiaHyperglycemia
 Iatrogenic addition of osmoles (e.g. mannitol)Iatrogenic addition of osmoles (e.g. mannitol)
 Sick Cell SyndromeSick Cell Syndrome



WishfulWishful
HyponatremiaHyponatremia

 Spurious hyponatremiaSpurious hyponatremia
 Dilutional hyponatremiaDilutional hyponatremia

 No intake since birthNo intake since birth
 DepletionalDepletional hyponatremiahyponatremia

 Not begun to urinateNot begun to urinate
 Has not past meconium yetHas not past meconium yet

 Redistribution hyponatremiaRedistribution hyponatremia
 Water diluting Na come from cellsWater diluting Na come from cells
 Some osmolyte other than sodiumSome osmolyte other than sodium

 Drawing water from cellsDrawing water from cells
 Source of osmoles?Source of osmoles?

 HypoglycemicHypoglycemic
 Not received exogenousNot received exogenous

substancessubstances
 Presence of endogenous osmolytesPresence of endogenous osmolytes

 Leaked from cellsLeaked from cells



WishfulWishful
HyponatremiaHyponatremia

 Significant therapeutic implicationsSignificant therapeutic implications
 No sodium deficiencyNo sodium deficiency
 Not water overloadedNot water overloaded
 Not hyposmoticNot hyposmotic

 May be hyperosmoticMay be hyperosmotic

 Don’t give sodiumDon’t give sodium
 Don’t induce an unsupported diuresisDon’t induce an unsupported diuresis



HyperkalemiaHyperkalemia

 MechanismsMechanisms
 High intakeHigh intake

 DietaryDietary
 ParenteralParenteral

 Blocked excretionBlocked excretion
 Must have continued intakeMust have continued intake

 Leak from cellLeak from cell

 WishfulWishful
 No intakeNo intake
 Must be cell leakMust be cell leak



Sick Cell SyndromeSick Cell Syndrome

 Global loss of integrity of cell membranesGlobal loss of integrity of cell membranes
 Acute, severe hypoxic ischemic insultAcute, severe hypoxic ischemic insult

 Globally affect cellsGlobally affect cells
 Loss of cell wall integrityLoss of cell wall integrity

 Transient or permanentTransient or permanent
 Allowing solutes to leakAllowing solutes to leak
 Drawing fluid with themDrawing fluid with them
 Dilution of extracellular sodiumDilution of extracellular sodium

 Redistribution hyponatremiaRedistribution hyponatremia
 Osmolar Gap (OG)Osmolar Gap (OG)

 Unmeasured osmolytesUnmeasured osmolytes
 OG =OG = OsmOsmmm –– OsmOsmcc
 OsmOsmmm = (2X [Na]) + (glucose/18) + (BUN/2.8)= (2X [Na]) + (glucose/18) + (BUN/2.8)
 BUNBUN -- not part of effective plasmanot part of effective plasma osmolaritosmolarit



Sick Cell SyndromeSick Cell Syndrome

 OG > 10OG > 10 mOsmmOsm
 osmoles other than Na or glucoseosmoles other than Na or glucose
 Associated withAssociated with

 MODSMODS
 High fatality rateHigh fatality rate

 What are the osmoles?What are the osmoles?
 Organic phosphateOrganic phosphate
 PyruvatePyruvate
 LactateLactate
 Amino acids,Amino acids,
 Unidentified middle molecular weight substancesUnidentified middle molecular weight substances



WishfulWishful
Initial Laboratory AnalysisInitial Laboratory Analysis

7272OsmOsm GapGap
240240OsmOsmcc

312312OsmOsmmm

30123012CPKCPK
657657ASTAST
2828CrCr
7272ClCl
7.337.33KK
115115NaNa
AdmAdmValueValue



Regulatory Volume DecreaseRegulatory Volume Decrease

 Another explanationAnother explanation
 Regulatory Volume Decrease (RVD)Regulatory Volume Decrease (RVD)

 Fluid overloaded cellsFluid overloaded cells
 All mammalian cellsAll mammalian cells
 Protective mechanismProtective mechanism

 Limits cell swellingLimits cell swelling

 Reasons cells swellReasons cells swell
 HyponatremiaHyponatremia

 Hyposmotic interstitiumHyposmotic interstitium

 Initial stages of hypoxic ischemic insultsInitial stages of hypoxic ischemic insults
 Hyperosmotic cell interiorHyperosmotic cell interior



Regulatory Volume DecreaseRegulatory Volume Decrease
MechanismMechanism

VoltageVoltage--independent,independent,
volumevolume--sensitivesensitive
channelschannels
 Activated by cell swellingActivated by cell swelling
 Allow outflow ofAllow outflow of

 K+K+
 ClCl--
 Amino acidsAmino acids
 Other organic moleculesOther organic molecules

 Water followsWater follows
 restoring cell volume.restoring cell volume.



Redistribution HyponatremiaRedistribution Hyponatremia
Neonatal FoalsNeonatal Foals

 Both SCS and RVD are involvedBoth SCS and RVD are involved
Mild insultsMild insults

Compromise cellular functionCompromise cellular function
Allow fluid to leakAllow fluid to leak
RVDRVD -- protective mechanismprotective mechanism

More severe damageMore severe damage
 Initially result in RVDInitially result in RVD
 Evolve into SCSEvolve into SCS



Sick Cell SyndromeSick Cell Syndrome

 Other cell constituents also leakOther cell constituents also leak
 K+ leakK+ leak

 Both RVD and SCSBoth RVD and SCS
 High intracellular levels of KHigh intracellular levels of K
 Mild increase in efflux globallyMild increase in efflux globally

 Increase plasma K levels significantlyIncrease plasma K levels significantly

 CPKCPK
 ASTAST

 utcomeutcome
 About 60% of SCS cases do not surviveAbout 60% of SCS cases do not survive
 Identification of SCSIdentification of SCS -- guarded to poor prognosis.guarded to poor prognosis.



Sick Cell SyndromeSick Cell Syndrome
TherapyTherapy

 Don’t treatDon’t treat hyponatemiahyponatemia
 Not sodium deficitNot sodium deficit

 Osmolarity high normalOsmolarity high normal
 Not water overloadNot water overload

 HyperkalemiaHyperkalemia
 If ECG changesIf ECG changes

 MgMg
 Enhance cellEnhance cell enteryentery

 Insulin/dextroseInsulin/dextrose
 BB22 adrenergicadrenergic

 AlbuterolAlbuterol
 Na HCONa HCO33 –– not recommendednot recommended

 Enhance excretionEnhance excretion
 Osmotic diuresisOsmotic diuresis

 SupportSupport
 FurosemideFurosemide
 GI tGI t



WishfulWishful
OutcomeOutcome

7272
240240
312312
30123012
657657
2828
7272
7.337.33
115115
AdmAdm

4343
270270
312312
625625
781781
9.249.24
8787
4.264.26
126126
HD 2HD 2

2020OsmOsm GapGap
275275OsmOsmcc

295295OsmOsmmm

7474CPKCPK
534534ASTAST
1.741.74CrCr
9696ClCl
4.764.76KK
132132NaNa
HD 3HD 3ValueValue



WishfulWishful
OutcomeOutcome

 Intrauterine InsultIntrauterine Insult –– catabolsimcatabolsim, SIRS, SIRS
 SepsisSepsis

 High fibrinogen, left shiftHigh fibrinogen, left shift
 Inject, icterusInject, icterus
 Shock, increased lactate, acidosisShock, increased lactate, acidosis
 Admission blood cultureAdmission blood culture

 FlavobaceriumFlavobacerium

 Neonatal EncephalopathyNeonatal Encephalopathy
 Inconsistent nursing behaviorInconsistent nursing behavior
 HD 6HD 6 -- nursing from marenursing from mare




