Eluid Shifits and' Renal Eunction

iIn Neonatal Foals




Edema Formation

ONCotIC pressure — hypoproteinemia
BP/precapillany, tone disharmony,
Venous pressure

GER/fluidl intake; balance
Sodiumibalance

Sepsis — direct and indirect factors
Interstitiall tone/compliance




EluidiBalance In the Eetus
.




Determinants oft ECE distribution
Intravascular : Interstitial

=1

Lymph return

Cap filtration

Intravascular

Interstitial

Capillary filtration

Lymph flow rates

Rates of fluid movement

Fetal capillary, endothelialfbarrier
|"ack of precapiliary: tone
Plasma velume neg) related! to BP




Fetal Fluid Balance
Transcapillary: FEluid Shifits

Filtrationr coelificient bedy: capillaries 5X adult
s Filtration off plasmar proteins 15X adult

Interstitiall compliance 10X adult
Eiltration coefificient fietal bedy: 100X placenta
Body: transcapillary; filtid movements

= Dominant onl short=term

Transplacental shifits

s More important long-term




Fetal Fluial Balance
Transcapillary Shifts - Blood Loss

Acute hemorrhage
5-25% - 5 minjer 50% - 2 hrs

50-60% less volume replaced in: 30 min
n 2X to 3X volume replaced by adult
Blood! velume returns te normal

m Eetus - within: 3=4: hrs of the end of the bleed
s Adult reguiresi 24-48 hours

Translocations fitiaiand protein
s From fetal interstitiall space




EFetall Eluid Balance
Lymph Flow
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Fetal Fluid Balance

Lymph Fluidl Shifts

Lymph How
malntains
Interstitial volume

Withi large velume

IRtravVenous

Infusion

a1 Lymph flew: as
muchias 340%

s Limited by CVP

Left Thoracic Lymph Flow Rate
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Perinatal Fluid Shifts
Plasma Loss - Increase BP

Days before delivery: (fetal sheep)
s/ [ncreased arterial pressure
s Results in Increase; capillary’ pressure
= Plasma voelume shift to interstititim

DUring laber

s [ncreased vaseactive hormones
\/asopressin, norepinephring, cortisol

x Plasma volume: shift to interstitium




Perinatal Fluid Shifts
Hypoxial Asseciated Plasmal Less

Mild hypoexia
s [L0ss of plasma velume inte interstitium
Severe nypoxia

s Greater shift in plasma volume

s/ AssOciated with | arterial/Venous
pressure
Causes increased capillary’leak




Perinatal Eluid Shifts
Adaptive; Advantages

Rapidl recovery: from acute hemornage

More bloodi0ssiis reguired before; BPY
= Rapid mobilization’ of interstitial fitia

Blood volume restored
x 1/10 the time off adult

Protect against neenatall hemorrhage
Persist fior the first week of: lifie
Same mechanism proetects against hypovolemia




Effect of
Blood
Pressure
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Implications for Intervention

[Fetal existence depends on lew! systemic BP

INEORAtLE
= Also has a lew. pressure vascular system
s [mportant In maintaining plasmal volume




Implications for Intervention

Neonate is in al transitional’ state: for BP
s Precapillary tone is the key

= Once established
Systemic BP not transmitied to capillary
Increase ini peripheral resistance
Increase in barereceptor set point

Inerease in resting BP
= Maturation off precapillary tone
Occurs regionally
NGt glebally
Attempts ol INcrease pressure
s Before the transition

= May decrease intravascular fluid volume
Cause protein leak




Implications for Intervention

Method used! to) raise BP may: be important
s Fluid loading transmitted to; the; capillaries

= Adrenergics 7
May depend on drug
Neonate’s receptor maturation
Complex physiologic responses

Eymph Elew

s Slowed by Increased cential VeEnous| pressure
May eccur with high fluid infusion rates
Advantage of periodic boluses




Fluid Shifts
Volume,; lLoading

AdUlt
s V/olume lead excreted via kidneys within: heurs

Neonate

s Low! Intravascular retention
Little;chiange in Vasepressing or rennin: levels
Atrial natriuretic factor only: transient INCrease
Urine flow’ only: very: transiently’ increases
Retained fiuid load leng term
INot handle fiuid leads well

Once fluidi overloaded
= Prolonged retention




Edema Formation

BP - precapillan/ tone disnarmony.

s Lack precapillary tone
Eluidst rapidly: redistribute; to interstitium

BP increases) before tone develops
= Fluid leading
= Increasedi adrenergic tone

= Pharmacelogic adrenergic effect




Edema Formation

Venoeus pressure
s Impede lymphatic return

s Can be secondary. tor intravenous fluids
Pausing fluids;afiter a bolusi— second bolus

CRI — constant interfierence




Edema Formation

Venous; pressure

s Adrenergic tone — stress/sepsis
Venous system stores 70% blood velume
IMost In splanehnic / skini— side stream of circulation
s Splanchnic 25% of*CO, 20% blood velume
“Stressed” & “unstressed” volume
Increased adrenergic tone
x Will'mobilize the reservevelume

= Respond to low! level of stimulation
s [ncreased simulation — increase SVR

Septic mediators do the opposite
s Increased unstressed volume




Edema Formation

GER/fluid intake balance

= Eluid everload

n Cr = 120 umol/IF (1.4 mg/dl) - low GER
Real haseline Cr = 60 umol/I (0.7 mg/dl)

Sodium balance

a Neonate conserves Na

s [atregenic Na overlead from fluid therapy.
INa containing fitids/plasma
Nursing foalf 1.9 meg/kg/day:
Eluid therapy — 6 — 101 meg/kg/day.




Edema Formation

SEpPSIS
s [ncreased adrenergic tone
Increase venous tone = edenia
Increase BP = edema
Increased! unstressed volume — veneus peoeling

s |Loss off precapillary tene
s Endothelial damage — septic shock

Interstitial tone/compliance
s Neonate compliance 10X adult

s Complex control
Lymphatic motility’— pumping
Contractile fibers — vary compliance
= Adrenergic tone — change characteristics




Edema Formation

ONCotIC pressure — hypoproteinemia
BP/precapiliary tone disharmony.
Veneus pressure

GER/fluidl intake balance
Sodiumibalance

Sepsis — direct and indirect factors
Interstitiall tone/compliance







Renall Elnction

iIn Neonatal Foals




Fetal-Neonatal Transition

Fetal kidneys - 3% CO

= Highi renal vascular resistance
s lLLow GER

Neworn about 15%; (lambs)

s At moment of birthi immediate increase renal blood flow,
86% decrease renal vascular resistance; (piglets)

= Redistribution from: the/ inner cortex torouter superficial cortex

Weeks, after birth

= Rise in arterial blood pressure
|.ess| important

s Further decrease in vascular resistance
Both anatomic and! Vasoactive effect




Fetal-Neonatal Transition
Renall Hemoedymnamies

\/aseconstrictorsiand vasedilatoers
s Balance, produces renal Vascular resistance

s Differ from adults
Diffierent: effiects
Diffierent intrarenall levels
Diffierent: sites, off action

Balance major determinate off GER




Renal Hemodynamics
SUummary.

Increase renal Vascular resistance
» Angiotensin Il

s/ Adrenergic tene
(Circulating/innervation)

Criticalfvasodilators counterbalance
x NO

s PG

Increase in renal bloed: flow

s Decrease vasoeconstrictors




Fetal-Neonatal Transition
Renall Hemoedymnamies

PG

s [ntrnsic PG are involved
COX 2 (and COX 1)

s NSAIDs ini fetus, neonate
DEecrease urine eutput
Significant decrease bleod flow:
Increase; in renal Vascular resistance
[Fetus - oligenydramnios

s \/asodilatery.
Counteract vasoconstricted state




Fetal-Neonatal Transition
Jiubular Eunction

Fractional Nar absorption

s [Less in proximal tubule inineocnate
s More distal tubule

s Overallflower FxNa

Enhanced: distal tubule reabsorb Na

Blunted Na excretion
= [n the face ofi a Na load

InCrease transpert
s Maturation off the Na-K-AlPase
s Increases density




Auteregulation

Auteregulation

s Rangel off auteregulation| set to lower
PEfUSION Pressure
MAR 40-60
Renall pressure-flow: relationship: changes with
ienal maturation
s Mediated by PGl dependent rennin release

Causing vaseconstriction at lower levels of
PErfUSion pressure

INSAID! therapy: may: disrupt




Tubuloglomerular Feedback

Tubuleglomerular fieedback

= Macula densal cells

V' NaCll delivery distall tubules

Inverse relationshipr NaCl absorption, PG production
Stimulate’ angietensin I form juxtaglomerular cells
Constrict effierent arterioles

Increase GER

s [Matures withl growth
Maximally: sensitive at normal tubular filow: range

As GFR increases, maximum response and flow range
also increases

Relative sensitivity unaltered during growth




Consequences of Renal Failure

Falltre to
s Regulaterfitid balance — water everioad

5 Regulate electrolyte balance
NG
K
Ca, PO4, Mg

s Regulate acid-base; balance
Cl
SID




Pathogenesis
Abnormal GER

\/asomotor neEphrepathy:
Decrease renal bloed flow:

= Hypovolemia
Release Vasoconstrictors

= Angiotensin II, vasopressin, catecholamines
= Sepsis
Infilammatory. mediators
IHypoyvolemia
Release off vasoactive mediators

= Hypoxia/asphyxia
Overactivation' off the; rennin-angietensin: system, intrarenal
adenosine, vasopressin, catecholamines

Extrarenall and! intrarenal — difificult to separate




Pathogenesis
Abnormal GER

Other causes - NSAIDs
= [High PG leyvels

Needed tormaintain perfusion neonatall kidney:
s [Hypotension/hypoeyvoelemia

High' PG levels

s NSAIDs
Reduce GFR
Reduce renall blood! flow:
Effect transient

Nonselective, and COX-2 selective inhibitors
m Same effect

Also may: affect
s Auteregulation
= Jubuloglomerular feedback




Acute Renal Failure
Auteregulation

Auteregulation impaired in Acuter Renal Failure
s Decreasingl renal blood! fiew

s Decrease GEFR

s Cause additional renall Ischemia

INEGRAtES
s Autoregulate with low: BP
s LOW set point

s Butwithi velume depletion

Higher renal vascular resistance
lower GEFR
Potentially: more; injury.




ARF

TuBUIarFIRJury,

s [nterrupts structural integrity.
s Loss of tight junctions

= Backleak of Cr
= High plasma Cr

IHow! much IS decrease GER

How muchi is back leak




NORMAL ACUTE RENAL FAILURE
(intact tubule epithelia) (damaged tubule epithelia)

i

l|||

[

CREATININE

o

e

CREATININE

g

CREATININE =

i

L TR T S —

.||aumul||IIIIII!lll””||"|”””“””""

OO0 €<<
—

CREATININE CREATININE




Causes Acute Renal Fallure

Decrease GER

s Prerenal azotemia

s Neonatal Vasegenic Nephropatny
s Glomerulonephnritis

Tubular dystunction

x Acute Tubu
s Osmotic Ne
= Renal Tubu

ar Necrosis
DAroSIS

ar Acidosis




Causes Acute Renal Fallure

Interstitial Nephritis

s [diosyncratic; Drug Reactions

s Sepsis

a Immune Mediated Interstitiall Disease
Infections

s Systemic sepsis

s [nterstitial

s Abscesses Pyelonephritis




Causes Acute Renal Failure

Tioxic Nephropathies
R NSTAVED,
Flunixin, Phenylbutazone, COX 2 Inhibiters

s Antimicrebials
Aminoglycosides

Beta-lactams: cephalosperins, penicillins, carbapenems
Trimethoprim-sulfa drugs

Macrolides

Fluoroguinelones

Tietracyclines

s Other drugs

Furosemide




Neonatal \VVasemotor
Nephropatay.




Neonatal VVasomotor
Nephropathy.

GER and RBE

s Balance afferent/efferent tone

= \/aSOCONSLIICtOrs
Angiotensin Il

Adrenergics
s Circulating— epi/norepi
= Renal derived
= Renal sympathetic tone

\/asodilaters

= PG
= NO




Neonatal VVasomotor
Nephropathy.

Risk
Hypovelemia/hypoperfusion
Stress
IHYpPertension
Autenomic dysfiunction
Pressor therapy.

INSAID! therapy
Failtre birth transition
SIgns
= Oliguria
s Concentrated urine
= Normal/high/low Fxna
= Slow Cr decrease or increase




Neonatal VVasomotor
Nephropathy.

Therapy

s Volume trial

s Inotrope/pressor trial
Dopamine?

s Furosemide trial

Increase PG — vasodilate
1-4 mg/kg trial doses

= [ime
Consequences

s Usually' no parenchymalldamagde
Can Occur rare cases
Increase/failure to decrease Cr
Sodium, waisting

s Eluid/water overload
= Na overload
s Impaired acid/base correction?
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