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agenda

Invecchiamento funzionale renale fisiologico e
patologico

[ 1fErfiltrazione glomerulare

- come definirla e come misurarla

- meccanismi patogenetici
- IF fisiologica
- IF patologica

Considerazioni sulla MRC In alcuni setting clinici

- Obesita
- diabete
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patologico
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Table 2. Age-Group Differences in the Number of Nephrons per Kidney, the Single-Nephron GFR, and Total GFR

among 1388 Living Kidney Donors.

Age Group No. of Donors
18-29 yr 190
30-39yr 339
40-49 yr 417
50-59 yr 300
60-64 yr 73
65-69 yr 56
70-75yr 13

No. of Nephrons

970,000+430,000
930,000+350,000
850,000+360,000
810,000+360,000
750,000+310,000
720,000+260,000
480,000+170,000

Single-Nephron GFR

nl /min
79142
77+36
81+42
80+40
79+36
76+33
110+44

Total GFR

ml/min
127+25
124+24
114+23
106+20
101+18

95+17

96+25

DenicA et al NEIM 2017




Kidney fiunctionzand rigKfactors=ietatert@ {0 ss of neplnron
witlh aging

Fattori di rischio
congeniti

Dieta/fumo materno
Fattori placentari
Peso alla nascita
Statura

Storia famigliare di MRC )I-/

Sclerosis and
{ Non-sclerotic} atrophy { Globally sclerotic

Reabsorbed
glomeruli glomeruli ] [ glomeruli ]
Compensatory «#& ‘ \ )
hypertrophy + |

Fewer nephrons ™\
Lower GFR
Higher uric acid

¢ Larger glomeruli
«__ and tubules



Fattori associati alla progressione del
decadimento «fisiologico» della funzione
renale nel tempo
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primary renal secondary renal
diseases diseases

Genetic Acquired - Diabetes

- HT/ CVvD
- ADPKD _GN - auto-immune D
- NPP - Vasculitides
- Coll-IV/Alport AN - Infectious diseases
- Fabry - Neoplasia
- CAKUT - TMA/HUS - Drugs and toxins
- FSGS - Urological D
- éé. -e é . . - AKI
-eeée.




Definizione della MRC

Sindrome clinica caratterizzata da
un perdita progressiva della
funzione renale, con Il
conseguente accumulo di
sostanze tossiche e alterazioni
del bilancio idreelettrolitico,
metaboliche ed endocrine
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GFR < 60
mL/min

or related to age
20-40y < 70
40-65 y < 60
> 65y <45

Markers of
or

Kidney damage

/

u-Al b/ creat ratio O 3

Urinary sediment abnormalities
Electrolyte changes

Morphological abnormalties (US, TC, etc)



GFR categories (ml/min/1.73 m?)

Persistent albuminuria categories
Description and range

Al A2 A3
Prognosis of CKD by GFR and Normal to mildly Moderately Severely
albuminuria categories: KDIGO 2012 increased increased increased

Description and range

G1

G2

)
W
o

G3b

G4

G5

Normal or high

Mildly decreased

Mildly to
moderately decreased

Moderately to
severely decreased

Severely decreased

Kidney failure

< 30 mg/g 30-300 mg/g > 300 mg/g
<3 mg/mmol  3-30 mg/mmol > 30 mg/mmol

=90

60-89

45-59

3044

15-29

<15




riassunto delle possibile presentazioni cliniche delle
malattie renall

Forme sintomatiche

Macroematuria
Urine schiumose
Ipertensione
Poliuria
Ritenzione idrica

Aumento rapido del
pesocorporeo

Edema
Colica renale
Dolore lombare

Forme asintomatiche

I- Proteinuria

- Microematuria/ cilindri
nel sedimento urinario

- Aumento dei livelli di
creatinina

I~ Alterazioni
morfologiche

I- Alterazioni
elettrolitiche



Break &
guestions
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[ 1fErfiltrazione glomerulare
- come definirla e come misurarla
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Definition of gHF

GFR > 95 percentile npbrmal
population matchedfor age,
gender, BSA, BW

GFR > 25D of timeeannormal GFR



Hyperfiltration cutoff

Distribution @fthresholdvalueswith expressionof:GFER in mi/minpe
1.73m2reportedin 151tstudiagith a singlehreshold
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Difficulties in definition

1. variety of GFR methods used, differently with the gold
standard

(.e., inulin clearance);
2. difference due to gender
3. differences due tdistinctethnicpopulations

4. the naturally decline in GFR that accompanies advancing
age



Definition of gHF

GHthreshold

Singlethreshold 88.4 %
Numerousor continuous 11.6 %

(correctedfor BSA or BW, for age and/or for gender,
with/ without a control group



Table 2. Age-Group Differences in the Number of Nephrons per Kidney, the Single-Nephron GFR, and Total GFR

among 1388 Living Kidney Donors.

Age Group No. of Donors
18-29 yr 190
30-39yr 339
40-49 yr 417
50-59 yr 300
60-64 yr 73
65-69 yr 56
70-75yr 13

No. of Nephrons

970,000+430,000
930,000+350,000
850,000+360,000
810,000+360,000
750,000+310,000
720,000+260,000
480,000+170,000

Single-Nephron GFR

nl /min
79142
77+36
81+42
80+40
79+36
76+33
110+44

DenicA et al NEIM 2017

Total GFR

ml/min
127+25
124+24
114+23
106+20
101+18

95+17

96+25




W 0az2fdziSQ KeéLJ

an increase value of the SNGFR In &
kidney with a normal number of
functioning nephron®\ increased
total GFR



WNBf I ADJSQ Keé L.

an increase value of the SNGFR In :
kidney with a reduced number of
functioning nephrongy normal or
reduced total GFR



METHODOLOGY ISSUES

absolute gHF

GFR evaluation method
Inulin clearance 28.6 %
Isotopes, iohexol 36.8 %
Creatinine clearance 19.0 %
Formulasl6.0 %



METHODOLOGY ISSUES

relative gHF

Evaluation of Single Nephron GFR

Functional reserve of GFR



a method to determine the
single-nephron GFR

1 Living:Kidney donors rom 2000 through!2011
at the Mayo Clinic

1 Measurement of iotihalamate clearance for the

assessmentofithettotal(GFRand at the time of
donatiom, a needle-core biopsy of the donated
kidney

DenicA et al NEIJM 2017



a method to determine the
single-nephron GFR

The total number of nephrons; was calculated
as the density of nonsclerotic glomeruliiimthe
biopsy sample

DenicA et al NEIJM 2017



The volume anddensityoohonsclerotic glomeruli were calculated
with the use ofstereologicassessments-fromitheareal ofi theincross
sections((redoautline :and the: area iofitheccortex: (greenm autline)

DenicA et al NEIM 2017



a method to determine the
single-nephron GFR

The total number of nephrons; was calculated
as the density of nonsclerotic glomeruliiinithe

biopsy sample times the cortical volume: of
both kidheys

DenicA et al NEIJM 2017



The volume of thelkidneycortex\wasl determined bynmeans of ICT
scanswwith itheuse) of contrastimatersial and was multiplied byithe
nonscleroticglomerular density to calculatetthemnumberof
nephrons

DenicA et al NEIM2017




a method to determine the
single-nephron GFR

The single-nep
the total GFR ¢
number of nep

nron GFR was then calculated as
ivided! by, the calculated total

NFoMNS

DenicA et al NEIJM 2017



Bvdluationdffunctional reserveof GFR

Glucagon
Liver (urea synthesis)
Arginine vasopressin
Insulin
Insulin-like growth factor |
Growth hormone

Oral proteins

(not vegetable proteins)

Protein load | —»

—_—

+  Angiotensin

. Prostaglandins
. Kinins

i Urinary urea

+ NKCC2 activity

T Renal blood flow

Increased—>» T Glomerular filtration rate

ITGF NOS

Glomerular arteriolar
(afferent and efferent)
Vasodilatation

JRenal vascular resistance

Thesiigher the basalgHF, the lower theiinorease
in GFR observed:dfterprotein lload

Aminoacid

Infusion
(not brancheechain AA)

Armenta A et alCJASN2022
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[ 1fErfiltrazione glomerulare

- meccanismi patogenetici
- IF fisiologica



W 0a2f dz1SQ K& LISNFA-

an increase value of the SNGFR In a kidney with a normal
number of functioning nephrond increased total GFR

Physiological hyperfiltration

- High protein meal
- Pregnancy




gHF and high animal meat intake




gHF and high animal meat intake

a Intermittent high-protein feeding
SNGFR
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vV
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Between meals ———— - - Low basal GFR

Cortinovis MiNat Rev Nephrat022



b Ad libitum high-protein feeding
SNGFR
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Cortinovis MiNat Rev Nephrat022



Chveriicprotein-induced hyperfiltration

Glucagon
Liver (urea synthesis)
Arginine vasopressin
Insulin
Insulin-like growth factor |
Growth hormone

Oral proteins

(not vegetable proteins)

Protein load | —»

0,31,2 g/kg
80A 300g

Aminoacid

Infusion
(not brancheechain AA)

Angiotensin
Prostaglandins
Kinins
Urinary urea
NKCC2 activity

.................

T Renal blood flow

Increased—>» T Glomerular filtration rate

NOS

Glomerular arteriolar
(afferent and efferent)
Vasodilatation

Armenta A et alCJASN2022

JRenal vascular resistance
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WNBf I 0ADOSQ KeéLISNFA

an increase value of the SNGFR in a kidney with a reduced num
of functioning nephrongy, normal or reduced total GFR

f Classification [
‘S" According to Severity : gl
‘ \1/Very Low Birth Wt Baby - <1.5 kg
Paraphysiological relative iy & iy
. . \3. Low Birth Wt Baby
hyperfiltration >

ﬁwr’," ﬁ:‘; E
'xux&

Solitary Kidney

- Preterm birth/low intrauterine
growth
- Congenital Solitary Kidney 1
- Kidney donation

Bladder



Effects of > 80 % reduction of renal massiinrats
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cumulative proportion te remaintfree from renalinjurydforichildren
witih a congetiital SEKb(bltadknkkne) wiitin an acquired SSEKsz(grayhkne)

Developiment of rrenal injury in the KIMONO-cohort
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Projections of the IncidenceofihineStage IRenallDisease (BESRD)
in the United States/ecordingttorAge RRace,ranteSexifoidhe Base
Case Scenafio.

A 15-Year Projected Incidence of ESRD
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GramsME etal NEIM 2015
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[ 1fErfiltrazione glomerulare

- meccanismi patogenetici

- IF patologica



W 0a2f dz1SQ K& LISNFA-

an increase value of the SNGFR In a kidney with a normal
number of functioning nephrond increased total GFR

Pathological hyperfiltration

Physiological hyperfiltration - Obesity/MS
- Diabetes

- High protein meal - Hypertension
- Pregnancy - ADPKD

- Hyperaldosteronism
- SCD
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4 COX-2 derived 4 RAAS
prostanoid Activityy
™ NO SNGFR 5 ET-1
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WNBf I 0ADOSQ KeéLISNFA

an increase value of the SNGFR in a kidney with a reduced numl
of functioning nephron#, normal or reduced total GFR

Paraphysiological relative
hyperfiltration Pathological
renal hyperfiltration

- Preterm birth/low intrauterine
growth - Nephrectomy for/with
- Congenital Solitary Kidney kidney diseases
- Kidney donation - Any Kidney diseases




Entity of the renal massreduction

Time of esposureto the reducedrenal
mass

Additional risk factors

High protein diet, high saltintake, smoking,obesity
Geneticfactors (to be consideredin LDKTX )

Concomitant or superimposed
remnant kidney damage

CAKUT, diabetes GN, hypertension







