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DenicA et al  JASN 2016

Nephron number and GFR progressively decrease even
with healthy aging



Age -specific thresholds in relation to age -specific GFR percentiles

Delanaye P et al JASN2019

40  - 65

20  - 40

>  65



DenicA et al  NEJM2017



Denic A et al  JASN2016

Kidney function and risk factors relate to loss of nephrons 
with aging 

Fattori di rischio 

congeniti

Dieta/fumo materno

Fattori placentari

Peso alla nascita

Statura

Storia famigliare di MRC



Fattori associati alla progressione del 

decadimento «fisiologico» della funzione 

renale nel tempo

ÅGrado della 
funzione di 
partenza

ÅEtà 

ÅPeso corporeo

ÅDieta

ÅFumo 

ÅAttività fisica

ÅClima

ÅInquinamento

ÅBackground 
GENETICO
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Malattie
tumorali

Patologie 
genetiche

Patologie 
immuno-
mediate

Malattie
infettive Patologie 

gastroenteriche

Patologie 
cardio-

vascolari

Malattie
ematologiche

diabete

Malattie
metaboliche Tossici 

ŘΩŀƳōƛŜƴǘŜκ 
farmaci

La maggior parte delle patologie che possono 
complicarsi con patologia renale

Ƙŀƴƴƻ ƳŀƎƎƛƻǊŜ ƛƴŎƛŘŜƴȊŀ  ƴŜƭƭΩŜǘŁ ŀǾŀƴȊŀǘŀ
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AGE-RELATED

COMORBIDITIES



primary renal

diseases

Genetic Acquired

- ADPKD - GN

- NPP

- Coll-IV/Alport - TIN

- Fabry

- CAKUT - TMA/HUS   

- FSGS

- éé. - éé..

secondary renal

diseases

- Diabetes

- HT/ CVD

- auto-immune D

- Vasculitides

- Infectious diseases

- Neoplasia

- Drugs and toxins

- Urological D

- AKI 

-ééé.



Sindrome clinica caratterizzata da 
un perdita progressiva della 
funzione renale, con il 
conseguente accumulo di 
sostanze tossiche e  alterazioni 
del bilancio idro-elettrolitico, 
metaboliche ed endocrine
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SPECIFIC RENAL 

DISEASES



GFR < 60 

mL/min 
or related to age

20-40 y < 70

40-65 y < 60

> 65 y < 45

or
Markers of 

kidney damage

- u-Alb/creat ratio Ó 30 mg/g

- Urinary sediment abnormalities

- Electrolyte changes

- Morphological abnormalties (US, TC, etc)





riassunto delle possibile presentazioni cliniche delle 

malattie renali 

Forme sintomatiche

ïMacroematuria

ïUrine schiumose

ïIpertensione

ïPoliuria

ïRitenzione idrica

ïAumento rapido del 
pesocorporeo

ïEdema

ïColica renale

ïDolore lombare

Forme asintomatiche

ïProteinuria

ïMicroematuria/ cilindri 
nel sedimento urinario

ïAumento dei livelli di 
creatinina

ïAlterazioni 
morfologiche

ïAlterazioni 
elettrolitiche



Break &

questions
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SNGFR 
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ÈGFR > 95 percentile of normal
population, matchedfor age, 
gender, BSA, BW

ÈGFR > 2SD of the meannormalGFR



Hyperfiltration cutoff

Distribution of thresholdvalueswith expression of GFR in ml/min per 
1.73m2 reported in 151 studies with a single threshold

Testo

Cachat F et al CJASN2015

135



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

È (i.e., inulin clearance); 

È 2.  difference due to gender 

È 3.  differences  due to distinctethnicpopulations

È 4. the naturally decline in GFR that accompanies advancing 
age



È GH threshold

È Single threshold 88.4 %

È Numerousor continuous 11.6 %

È (correctedfor BSA or BW, for  age and/or for gender, 

with/without a control group)



DenicA et al  NEJM2017



ΨŀōǎƻƭǳǘŜΩ ƘȅǇŜǊŦƛƭǘǊŀǘƛƻƴ 

an increase value of the SNGFR in a 
kidney with a normal number of 

functioning nephrons Ą increased 
total GFR



ΨǊŜƭŀǘƛǾŜΩ ƘȅǇŜǊŦƛƭǘǊŀǘƛƻƴ 

an increase value of the SNGFR in a 
kidney with a reduced number of 

functioning nephrons Ą normal or 
reduced total GFR



È absolute gHF

È GFR evaluation method

È Inulin clearance 28.6 %

È Isotopes, iohexol 36.8 %

È Creatinine clearance 19.0 %

È Formulas16.0 %



È relative gHF

È Evaluation of Single Nephron GFR

È Functional reserve of GFR



È Living kidney donors from 2000 through 2011 
at the Mayo Clinic

È Measurement of iothalamate clearance for the 
assessment of the total GFR, and at the time of 
donation, a needle-core biopsy of the donated 
kidney

DenicA et al  NEJM2017



È The total number of nephrons was calculated 
as the density of nonsclerotic glomeruli in the 
biopsy sample

DenicA et al  NEJM2017



The volume and density of nonscleroticglomeruli were calculated 

with the use of stereologicassessments from the area of their cross 

sections (red outline) and the area of the cortex (green outline)

DenicA et al  NEJM2017



È The total number of nephrons was calculated 
as the density of nonsclerotic glomeruli in the 
biopsy sample times the cortical volume of 
both kidneys

DenicA et al  NEJM2017



The volume of the kidney cortex was determined by means of CT 

scans with the use of contrast material and was multiplied by the 

nonscleroticglomerular density to calculate the number of 

nephrons

DenicA et al  NEJM2017



È The single-nephron GFR was then calculated as 
the total GFR divided by the calculated total 
number of nephrons

DenicA et al  NEJM2017



Evaluation of functional reserveof GFR

Armenta A et al  CJASN2022

Oral proteins
(not vegetable proteins)

0,3-1,2 g/kg

80 Ą 300 g

Aminoacid 

Infusion
(not branched-chain AA)

Increased

NOS

The higher the basal gHF, the lower the increase

in GFR observed after protein load
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ΨŀōǎƻƭǳǘŜΩ ƘȅǇŜǊŦƛƭǘǊŀǘƛƻƴ 

an increase value of the SNGFR in a kidney with a normal 
number of functioning nephrons Ą increased total GFR

Physiological hyperfiltration 

- High protein meal
- Pregnancy



gHF and high animal meat intake



Cortinovis Mi Nat Rev Nephrol 2022

gHF and high animal meat intake



Cortinovis Mi Nat Rev Nephrol 2022



Chronicprotein-inducedhyperfiltration

Armenta A et al  CJASN2022

Oral proteins
(not vegetable proteins)

0,3-1,2 g/kg

80 Ą 300 g

Aminoacid 

Infusion
(not branched-chain AA)

Increased

NOS



gHF in 

pregnancy



Cheung KL et al Adv Chron Kidney Dis 2013

Percentage change from baseline of GFR and RPF throughout 

pregnancy and postpartum

¬relaxin
(corpus luteum, decidua, placenta)

¬AT II

Ҩ
®sensitivity of AT-II Rec

¬progesterone

prostacyclins

¬Monomeric R/

Heterodimeric R



ΨǊŜƭŀǘƛǾŜΩ ƘȅǇŜǊŦƛƭǘǊŀǘƛƻƴ 

an increase value of the SNGFR in a kidney with a reduced number 
of functioning nephrons Ą normal or reduced total GFR

Para-physiological relative 
hyperfiltration 

- Preterm birth/low intrauterine 
growth 

- Congenital Solitary Kidney
- Kidney donation



Effectsof > 80 % reduction of renal mass in rats

Anderson S et al JCI 1985

Enalapril treated rats



Westland R et al Pediatrics  2013

cumulative proportion to remain free from renal injury for children 
with a congenital SFK (black line) or with an acquired SFK (gray line)



Projections of the Incidence of End-Stage Renal Disease (ESRD)

in the United States According to Age, Race, and Sex for the Base-

Case  Scenario.

GramsME etal NEJM2015
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ΨŀōǎƻƭǳǘŜΩ ƘȅǇŜǊŦƛƭǘǊŀǘƛƻƴ 

an increase value of the SNGFR in a kidney with a normal 
number of functioning nephrons Ą increased total GFR

Physiological hyperfiltration 

- High protein meal
- Pregnancy

Pathological hyperfiltration 

- Obesity/MS
- Diabetes

- Hypertension
- ADPKD

- Hyperaldosteronism
- SCD



OBESITY



¬RAAS Activity

¬ET-1

¬COX-2 derived

prostanoid

¬NO

¬BP

¬Kidney compression

by fat;

¬Leptin Ą

¬Sympatheticdrive

Ҩ
¬Prox Na reabs

Ҩ
®Na delivery 

to MD 





Cortinovis Mi Nat Rev Nephrol 2022

Ψ!ōǎƻƭǳǘŜΩ glomerularhyperfiltration in diabetesmellitus



¬RAAS 

Activity

¬ET-1

¬COX-2 derived

prostanoid

¬NO

¬BP

®Na delivery 
to MD 

¬s-Glucose

¬Kf



ΨǊŜƭŀǘƛǾŜΩ ƘȅǇŜǊŦƛƭǘǊŀǘƛƻƴ 

an increase value of the SNGFR in a kidney with a reduced number 
of functioning nephrons Ą normal or reduced total GFR

Para-physiological relative 
hyperfiltration 

- Preterm birth/low intrauterine 
growth 

- Congenital Solitary Kidney
- Kidney donation

Pathological 
renal hyperfiltration 

- Nephrectomy for/with 
kidney diseases

- Any Kidney diseases



- Entity of the renal mass reduction

- Time of esposureto the reducedrenal

mass

- Additional risk factors
- High protein diet, high salt intake, smoking, obesity

- Geneticfactors (to be consideredin LDKTx )

- Concomitant or superimposed

remnant kidney damage
- CAKUT, diabetes, GN, hypertension



Endothelialcell

Podocyte

Endothelialgaps

Endothelialglycocalix
Basalmembrane

Foot
processes

Slitdiaphragm

Podocyteglycocalix


