Neonatal Renal

Physielogy: and Pathephysiology



Fetal-Neonatal Transition

Fetal kidneys - 3% CO

x High renal vascular resistance
s Low GER

Newhorn about 15% (lamis)

x At mement of birth Immediate increase renal bleed fow
8620 decrease renal vascular resistance (piglets)

» Redistribution frem the inner cortex: torouter superficial cortex

\Weeks after birth

= RISe In arterial bloed pressure
|.ess important

m Further decrease In vascular resistance
Both anatomic and vasoactive effect



Fetal-Neonatal Transition

Blooed flew to all regions Increases
x Cortical;, medullanry, papillany

Distribution differs.— neenate Vs adult
x Greater % to the Inner cortex and meaullary.
x Greater perfusion of juxtaglomerular nephrons

= As total renal bleod flow reaches adult levels
Greater fraction - outer cortical nephrens

= [ransition time toradult pattern varies With Species
Man 3 months



Fetal-Neonatal Transition
Renal Hemodynamies

Angietensin i

Renal Sympathetic Nerveus System
= Renal sympathetic nerves

» |Rtrinsic adrenergic release

= Circulating adrenergics

PG

NO

Kallikreim-Kinin: System

ANE (@tral natriuretic factor)
Endoethelin



Fetal-Neonatal Transition
Renal Hemodynamies

Angietensin ||

= Growth factor:
Reguired fer nermal Nephregenes|s

x Important in
Tubuleglemerular Feedhack
Auteregulation

s Decreased
Maternal dietary protein restriction

Decreased renal mass
In'man - adult hypertension



Fetal-Neonatal Transition
Renal Hemodynamies

Renal Sympathetic Nervous' System
x Clreulating adrenergics
= Sympathetic tene

s Decrease renal blood flow
Neonates more sensitive than adults

a Sympathetic control of renal bleed fiow.
Part of barereceptor refliex
Changes with barereceptor refiex adaptation



Fetal-Neonatal Transition
Renal Hemodynamies

NO)
s Important in vasedilation and ether functions

Prestaglanadins

x COX 1 - renal vascular, glemerulr, collecting duct
x COX 2 - distribution Species dependent
Activity Increases after birth
Peaks 1-2 wk then declines
Important in nNephregenesis
x Vasoedilate
Renal PG production’ increases pernatal period
» Pathoeloegic conditions - attenuate renal vaseconstriction
x |Important in renal bleod flow: in basal and stress conditions



Fetal-Neonatal Transition
Renal Hemodynamies

PG

s Intrnsic PG are involved

= NSAIDS In fetus, neonate
Decrease urine output
Significant: decrease blood: flow.
Increase n renal vascular resistance
Fetus - eligohydramnies

x \/asodilatory
Counteract vasoconstricted state



Fetal-Neonatal Transition
Renal Hemodynamies

\/asoconstrictors and vasedilators

x Balance preduces;renaltvascular resistance

= Differ from adults

Different effects
Different intrarenal levels
Different sites of action

Balance major determinate off GER



Renal Hemodynamics
summary

Increased renal vaseular resistance
» Increased activity: of Angiotensin |

x Increased sensitivity tor catechoelamines
Critical Vasodilatoers counterbalance
x NO

x PG

Increase in renal bleed flow

= Decrease vasoconstrictors



Fetal-Neonatal Transition
GFR

Oppose/promoete filtration
= Changes In renal vascular resistance
x lncreasing nephren mass

= Modification ultrafiltration
Glomerular membrane dynamics
Glomerular membrane area

x Development of concentration gradients

Lamip
s GER Increases within hours of birth

» Gradual mcrease GER in the first week
Functional’and net merphelegicalichange
Enhanced glomerular perfusion
Recruit more superficial cortical nephrens



Fetal-Neonatal Transition
GFR

Rate of filtration
x Starling factoers
x Rate of flow of plasma inte: glomerular capillaries
x Permeability capillany wall
s [otal surface area of capillanies
GER dependent on
x Renal bleed flow
x Glomerular capillany pressure
Hydrostatic pressure favers filtration

Transcapiliary hydrestatic pressure
x Efferent/afferent capillary resistance



Afferent

Efferent
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Fetal-Neonatal Transition
Tubular Function

Soedium

s Fetal Fxna 5-15%

Llack:of efficient tubular reabserption
More distal tubules than proximate tubules
x Bulk'Na albsoerbed proximal
m Carrier density.
a Cellular polarization
= Birth (Sheep, man) — Just kefore birth foal??
Sedium/hydregen exchanger distal tubule
Sheep - increased activity 1st 24 hr after birth
Birth cortisol surge upregulates

x Normal low FxNa IR neonate



Fetal-Neonatal Transition
Tubular Function

Na administration

n Extracellular velume expansion

a Edema

x Hyperatremia

li*large insensible losses

Fractional Na albserption

m [essiin proximal tubuletin neenate

x More distal tubule

x Overall lower ExNa

Enhanced ability: te: realserb Na'in the distal tubule
Blunted Na excretion in the face of a Na'load

Increase transport
x  Maturation of the Na-K-ATPase
m Increases density



Fetal-Neonatal Transition
Tubular Function

Glucese
= Higher renal‘threshold in fetus than adult

Phesphate

x Fetal'level high
Placental transpoert against concentration gradient
Na-phoesphoerus cotranspoerter
x Unigue - growing animals
x Not moedulated by dietary phosphorus intake
x High rate renal PO4: reabsoerption: in fetus/neonate
x Fetal Kidney respends; to’ parathyreld hermoene
Increased urinary. excretion of Ca
Blunted' effect on urinary PO, excretion during fetal'life
Hyperphoesphatemia - relative parathyreid isufficiency.
s Compound an already low fetal renal clearance of phosphorus



Fetal-Neonatal Transition
Cortisol and Stress

Fetal stress
m Accelerate renal transition

Cortisol

x lncrease GER

= Decrease PO, reahsorption By 50%

x Na realbsoerption
[Decreases proximal
Increases distal
NoeIchange Fxna

x Accelerate development tubular realbsoerption capacity.
Na
K
H,0
Distal Na carrier mediated absoerption



Auteregulation

Auteregulation

» Range of auteregulation set to: lower
Perfusion pressure
MAP40:60

Renal pressure-flow: relationship changes with
renal maturation

= Mediated by PG dependent rennini release

Causing vaseconstriction at lower levels of
perfusion pressure

NSAID: therapy may disrupt



Tubuleglomerular Feedback

Tubulegiomertlar feedhack

x Macula densa cells

¥ NaCl delivery distal tubules

Stimulate angietensin litform juxtagleomerular cells
Constrict efferent arterioles

Increase GER

x Matures with growth
Maximally:sensitive at nermall tubular flow range

AS GER'Increases, maximum response and flow range
also Increases

Relative sensitivity unaltered during growth



Measuring Renal Function

Cr levels
= Rate of drop

Cler

x Measure Cr in plasma and urne, urne velume
x lnulin Clearance (PAH)
x Plasma Disappearance Curnve method

Multiple values over 4-5 hours

Confounders
m Distribution phase
= Edema
= Gl loss

FXNa
m Normal < 0.3%

U/A



Measuring Renal Function
Urinalysis

Urine specific gravity

m  Refractive imdex
Urine pH

m Systemic acid base
Bloed

x \Without protein
Proteimn

= After colestrum
Glucese

x Not spilling with: high bleod values
Ketenes

a Ceftiofur
Bili
Sediment



Pathogenesis
Abnormal GER

\/aSemMOoLer nNepnrepatny.
s Decrease renal bleed flow

= Hypovelemia

Release vaseconstrictors
» Angietensin I, vasopressin, catecholamines

= Sepsis
Inflammatery, mediators
Hypoevelemia
Release of vasoactive mediators
x Hypoxia/asphyxia
Overactivation ofi the rennin-angiotensini system, intrarenal
adenosine; Vasepressin, catecholamines

Prerenal
= Hypoetension, hypovelemia, hypoexemia, asphyxia
Extrarenal and intrarenal — difficult to separate



Pathogenesis
Abnormal GER

Other causes - NSAIDsS

= High PG levels
Needed te maintain perfusion neenatal kidney.

= Hypotension/nypoeyvelemia
HIgh' PG levels

NISTALDS;

Reduce GER

Reduce renal bloed flow

Effect transient

Nonselective and COX-2 selective mhibitors
m Same effect

Alsermay. affect
= Auteregulation
» Jubuloglomerular feedback



Clinical Acute Renal Failure

Azotemia - acute decrease in GER

Classic classification
s Prerenall— disorder of systemic circulation

x Intrnsic Renal Failure
ATN = clinical’synadreme
\/ascular
Glemerular
Interstitial

= Postrenal



Clinical Acute Renal Failure

Decrease GER

x |_ess of numiber of filtering NEPRKeNS; UNItS

Jrrauma

Renal vessel thrombhosis

x Decrease in rate of filtratien Infindiviadual nephrens

ISchemia and nepnhrotoxic Injury.
s Deeper nephrens are at more risk

x Outer medulla: nephren segments



Clinical Acute Renal Failure

.0SS of GER— reduced SNGFR

x Rate of glomerular plasma fow.

Prerenal erintrnsicrenal bloed flew.
x Glomerular transcapiliary hydraulic pressure
s Plasma coelleid esmotic pressure

x Permeabllity preperties glemerular capillary.



Acute Renal Failure
Auteregulation

Control afferent and efferent vascular tone
m Consistent GER
= Decrease renal perfusion
Afferent dilation
Efferent constriction — angiotensin |
Auteregulation impaired in Acute Renal Failure
m Decreasing renal bloed flow
m Decrease GER
m Cause additional renal 1schemia

Neonates
x Auteregulate with lew BP
a [Low set point

x  But with velume depletion
Higher renal vascular resistance
Lower GER
Potentially: more injury.



Acute Renal Failure

Tubular epithelial cell function
x Defined apical and haselateral membranes

x Integnrns - tupular epithelial cell adhesion

x AP depletion
Integrns relecate te apical'memborane

Change actin cytoskeleton

Cellular rounding and detachment frem
pasement memoprane



Acute Renal Failure

lupular epithelial cell ftinection

LLess cell tubular lumen
= Obstruction - cell’adhere in clumps
» Back pressuredecrease GER

Cells mrlumen may. be viable

x Reorientation off Na-KrAliPase
From baselateral pesition

Reverses Na ahsorption
x Na wasting

= Na in distal tubule stimulate vasoeactive decrease
renal blood: flow

Tubuloglemerular feedback mechanism



ARFE

Tubular imjury
x Interrupts structural Integrity.

m oSS of tight JUnctions
[DESMOSOMES
Gap |UnNCtIeNRSs

s Backleak of Cr

= High' plasma CR
How much IS decrease GER
How much IS hack leak



NORMAL ACUTE RENAL FAILURE
(intact tubule epithelia) (damaged tubule epithelia)
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Causes Acute Renal Failure

Nenoeliguric renal failure
Prerenal
Renal artery or vein thremibesis

Intrnsic vasegenic renal failtre
= Neonatal \Vasemotoer Nephrepathy.
Acute Tubular Necroesis
Interstitial nephritis
Pyelonephritis
NEPRreLeXICILY.
= Aminoglyceside
m NSAIDs

\/asegenic
Interstitial



Renal/Prerenal Concept

Prerenal completely benign?
Renal always mean damage?
IS separating the 2 useful?
Oliguria

x Approepriate with hypoevelemia

= More profound — tubular function Intact
Lew. flow: help’ concentration mechanisms

x [ubules injured
Concentration impaired
More normal amt of urine
High Usg and lew UNa
= Normal tubular function
= Not necessary normal renal



ATN Concept

Clinical’'syndrome

a Usually net tubular necresis — rare

True tubular necresis - experimental
a Ischemia = 1 Ar then reperfusion

= Necroesis of outer medulla/proximeal
convoluted tubules

= Distal nephren usually: OK



ATN Concept

Clinical ATIN

= Not morphelegic change — mMost Cases

= Clinical situation — hypoperfusion/nypoxia/ischemia
Adeguate renal perfusion te:maintain: tubular mtegnty.
Not sustain GER
Minimal parenchymal compremise
Severe organ dysfunction
LLess cellular polanty.

Loss of cells to lumen



ATN Concept

Clinical ATN

x Clinicall ATN'— not hypoperiusion/hypoxia/
ISchemia
SepsIs/SIRS

» Endothelial dysfunction
Coagulation’apvnoermalities
ToXICItY,

= Amineglycoside

= NSAIDs



RIFLE

Clinical definition — like SIRS

x Consensus definition
x Distinguish between the severity/degree dysfunction

RIFLE

R - risk
I"=Injury.
F - failure

.- loss of renal function
E - end stage Kidney. disease

Acute Renal lnjury
= SPectrum - sk te Injury te failure

= Not ATN or ARE - dysfunction noet failure
Evidence of dysfunction including boeth and more

= |eads to fluid, electrolyte and acid-base problems



Screat criteria®  Urine output criteria

Increased creatinine X1.5  TUO <0.5 ml/’kg/h
Risk (or increase creatine of X6 h
) >0.3 mg/dl)

Increased creatinine x2 YO <0.5 mlVkg/h
Injury %12 h

Increase creatinine X3 UO <0.3 ml/kg/h

_ or creatinine =24 mg/dl %24 h or
Fﬂlhl]'e (acute rise of 20.5 mg/dl) Anuria x12 h

Persistent AKI = Complete loss of

L.oss .
renal function >4 weeks

ESKD End-stage kidney disease




Neonatal /asomotor
Nephrepatay



Neonatal Vasomotor
Nephropathy

GFR and RBF

s Balance afferent/efferent tone

m \/asoconstrictors
Angietensin i

Adrenergics
s Circulating — epi/noerepi
= Renaliderved
= Renal sympathetic tone

\/asodilatoers

x PG
= NO



Neonatal Vasomotor
Nephropathy

RISk
Hypovelemia/hypeperiusion
Stress

Hypertension
Autenomic dystunction
Pressor therapy

NSAID; therapy

x Fallure birth transition
Signs

x Oliguria

s Concentrated urine

= Noermal/high/lew: Fxna

= Slow Cr decrease or Increase



Neonatal Vasomotor
Nephropathy

Therapy.

. Voelume tral

» Inotrepe/pressor trial
Doepamine?

m  Furesemide trial

Increase PG — vasodilate
1-4"mg@/kg trial deses

m [Ime
Consequences

a Usually ne parenchymal damage
Can OCCUr rare cases
Increase/failure to decrease Cr;
Sedium waisting

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



Renal Tubular Acidosis

Group of renal tubular diserders
» Hyperchloremic acidesis
Noen-anien gap acidesis
x No'decrease 1n GER
Genetic and acquired defects
s H* and HCO5 transporters
x Cl'and Na transporters



Types of RTA

Distall RTA

= Fallure to secrete acid

m [ype 1

= Classic

Proximal'RTA

= Failure to reahserh HCOS:
x [ype 2
Heteregeneous RTA

x Type 3

= Not real

Hyperkalemic distall RTA
x ype 4

s Aldesterone problem??



Proximal RTA

Impaired recoyvery of: bicarhonate
Fancoeni's syndreme - defective realhsorption

m Glucose

" AmIne acids

= Electrolytes — POy, K

a Organic acids
Urine pH < 5.5

m Systemic acidoesis — HCO3 < 15

m Little. HCO3 filtered — most absorbed
Bicaronatura

s Fe > 15%

on bicarboenate replacement - plasma HCO3 = 22

ACIAOSIS

= Fallure to absorb HCO3

= Failure to secrete Cl



Distal RTA

Inability’ te acidify. the urine distal tunpules
= NH,* not excreted < acid preduction

Urine pH = 5.5

= Despite metabelic acidesis

Low urine PCO2

x After bicarboenate leading
» Lack distal H*secretion

IR man

= Hypercalciuria.
Nephrocalcinesis
Nephrolithiasis



Type 3 and 4 RTA

Type 3 renal tubular acidesis

x Carbonic anhydrase dysfunction?

x Mixed RTA

Impaired proximal HCO3- realhserption
Impaired distal acidification

= Most authers — not really distinct type

Hyperkalaemic RTA (type 4)
Heterogeneous group

Fallure to excrete acid
Hyperkalaemia

Associated with
Aldesterone deficiency.
Defective aldesterone signaling



RTA

Primany
= Persistent
Genetic defects In transporters
= Transient

Secondary.
= Number of other diseases
= Drugs or toxins
x Genetic defects of carrier systems
Fanceni's syndreme
» Structural disruptions of renal tubules

Trauma
Other primary renal diseases



RTA

Drugs

= Amphotericin B
Distal RTA

x [Ametheprm potentiated sulfa drugs
Type 4

= [etracyclines
Proximal RTA
Outdated or degraded tetracycline proeducts

= AMINGglycesides
x Carbonic anhydrase Inhikiters
= NSAIDS



RTA - TMS

Develeped RTA Within 6 days of treatment

x Varanility’enset and recevery.

Reversipility In mest Instances

= Recoverng withini3— 4 days of discontinuation



Tetracycline - RTA

Outdated or degraded tetracycline
s EXpoesure te nigh temperatures/numidity.

Both tetracyclines and degradation pPreducts
x Accumulaterwithin: mitechenarna
= InhibIt oxidative phesphoerylation

Proximal tubular dystunction (type 2)
= Alene
x More commonly Fanceni ‘Sisyndreme

Reversible after withdrawal



RTA
Clinicall Signs

LLethargy.
Fallure to thrive
Growth retardation

Generalized Wweakness
= Ataxia

Gl

= Anorexia
= Colic
x Constipation

lrachycardia, tachypnea
Polyuria and poelydipsia
SIgns may. be guite vague



RTA
DIagnesis

Hyperchloremic acidesis

x Decreased strong Ion difference

= Normal anien gap
Possibilities

x Gl - diarrhea

= [reatment with large velumes of'saline
= RTA

Bloed creatinine usually: nermal

Urine strong ion difference
x Unne Na + Urine K'= Urine C
= Normal about 80
= \With acidesis — expect negative value
s With RTA it will stay poesitive



RTA
DIagnosIs

IT RTA present
Urine pH

= Fresh urine

= pPH meter

Dipstick not reliakble

x Not RX
Plasma HCO5 <15 mEQ/L)
pPH < 5.5 = Proximal RTA
pPH= 6.0 = distal RTA

Fx HCO3
m RX
plasma HCOZ =22 mEQ/L
s Fe'HCO; = 15% = proximal RTA



RTA - RX

Symptematic treatment
» Correcting the acidesis

Distal RTA

x Usually-easily accomplished
x 2-4 mEQ/kg/day bicarhonate

Proximal RTA

x More refractory.
= Up to 20 mEg/kg/day of bicarbonate
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