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The central tenet of CKD

By Mauro561 at English Wikipedia, CC BY-SA 3.0, 

https://commons.wikimedia.org/w/index.php?curid=52494219



Death
before 60 y

40y20y

Fabry disease natural history in males

Ortiz A,  et al. Nephrol Dial Transplant. 2010 Mar;25(3):769-75. Patel MR, et al. J Am Coll Cardiol. 2011 Mar 1;57(9):1093-9

Endothelium full
of glycolipids

The socks off sign

pain

The loo emergency sign:

he red boy sign:
hypohidrosis



Mean age at RRT: 40 years (males and females), but approx. 20-fold less 

females

Ortiz A,  et al. Nephrol Dial Transplant. 2010 Mar;25(3):769-75

Mean age at cardiac event 45 and 54 years, males and females, respectively

Patel MR, et al. J Am Coll Cardiol. 2011 Mar 1;57(9):1093-9
https://upload.wikimedia.org/wikipedia/commons/4/48/201405_kidney.png



Progressive podocyte injury and globotriaosylceramide (GL-3)
accumulation in young patients with Fabry disease
Behzad Najafian Einar Svarstad *, Leif Bostad Marie-Claire Gubler Camilla
Chester Whitley Michael Mauer
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Proteinuria is a major risk factor for CKD progression in Fabry

Wanner et al.  CJASN 2010 Dec;5(12):2220-8
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CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; ERT, enzyme replacement therapy; UP/Cr, urinary protein:creatinine ratio

Natural history data from 

121 men not on ERT 

(Fabry Registry)

>1



What about me?

www-scf.usc.edu/~thecc/ImageStorage/podocyte.jpg

Pathogenesis of Fabry Nephropathy: key 
role of podocytes and therapy



https://upload.wikimedia.org/wikipedia/commons/4/46/Sea_anemone_on_the_Oregon_Coast_%283222020816%29.jpg



Fabry 

podocytes are 

fuuuuull of 

glycolipids

Svarstad E et al. 

Nephron. 

2018;138(1):13-21.



Bye, bye 

podocyte!!!

Podocyte farewell ceremony by cell biology scientist

This is not what it seems!!!!

But they are not always 

immortal

Shplotch!
(podocyte crashing against toilet)



Death
before 60 y

40y20y

Death
before 80 y

40y20y 60y

Fabry disease natural history in males

Ortiz A,  et al. Nephrol Dial Transplant. 2010 Mar;25(3):769-75. Patel MR, et al. J Am Coll Cardiol. 2011 Mar 1;57(9):1093-9

Endothelium full
of glycolipids

https://commons.wikimedia.org/wiki/File:Ischemic_Stroke.svg?uselang=fr

Endotheliumfree
of glycolipids



Ortiz A et al. Mol Genet Metab 2018;123:416–27

Appendix A. Renal involvement in adult patients with Fabry disease: manifestations, assessments, 
and management

Appendix B. Cardiac involvement in adult patients with Fabry disease: manifestations, assessments, 
and management

Appendix C. Peripheral nervous system involvement in adult patients with Fabry disease: 
manifestations, assessments, and management 

Appendix D. Central nervous system involvement in adult patients with Fabry disease: 
manifestations, assessments, and management 

Appendix E. Involvement of other organ systems in adult patients with Fabry disease: 
manifestations, assessments, and management

Appendix F. Enzyme replacement therapy infusion setting for adult patients with Fabry disease

Appendix G. Impact of enzyme replacement therapy dose in the treatment of patients with Fabry 
disease

Appendix H. Pregnancy and lactation in adult patients with Fabry disease

Open access

Treatment decisions: who and when?
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Fabry disease revisited: Management and treatment
recommendations for adult patients
Alberto Dominique P. Germain, Robert J. Desnick, Juan Politei, Michael Mauer, Alessandro
Burlina, RobertJ. Hopkin, Dawn Laney, Linhart, Stephen Waldek, Eric Wallace, Frank
Weidemann, William R. Wilcox



Treatment decisions: who and when?

16

The European Fabry Working Group Consensus Document

Biegstraaten M et al. Orphanet J Rare Dis 2015;10:36

Microalbuminuria

Microalbuminuria is 
sooooo last century!

Table 3 Consensus
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Microalbuminuria is 
sooooo last century!



By Cmglee - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=91612069
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At age 75 years
he had significant proteinuria (1 g/L), 
mildly decreased renal function
(serum creatinine, 1.8 mg/dL)
presumably secondary to hypertensive 
arteriosclerosis.

eGFR 36 ml/min/1.73 m2

Am J Kidney Dis. 2004 Jan;43(1):164-71.

At age 65, urinary protein 0.3 g/L

Blood pressure 114/72 mmHg

That was then This is now

N215S

????
UACR at least 500 mg/g

Fabry Disease: Renal Involvement Limited to Podocyte Pathology
and Proteinuria in a Septuagenarian Cardiac Variant. Pathologic and

Therapeutic Implications
Shane M. Meehan, MD, Tipsuda Junsanto, MD, James J. Rydel, MD, and

Robert J. Desnick, PhD, MD



Meehan et al. Am J Kidney Dis. 2004 Jan;43(1):164-71.

Fig 4. Electron micros-
copy shows abundant elec-
tron-dense myelin figures
within the podocyte cyto-
plasm. The podocyte foot
processes are largely ef-
faced. These inclusions were
absent from the glomerular
and peritubular capillary en-
dothelium,
smooth muscle. (Original



Figure 1. Translation of chronic kidney disease (CKD) risk classes (as defined by KDIGO in 
2012) into cardiovascular (CVD) risk classes as defined by the European Society of 
Cardiology in the 2021 guideline on CVD prevention. Numbers within cells represent 
prevalence in the general population. 
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Figure 1. Translation of chronic kidney disease (CKD) risk classes (as defined by KDIGO in 
2012) into cardiovascular (CVD) risk classes as defined by the European Society of 
Cardiology in the 2021 guideline on CVD prevention. Numbers within cells represent 
prevalence in the general population. 
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>75 y.o.

eGFR and risk of death in the elderly

Hallan SI, Matsushita K, Sang Y, et al. Age and association of kidney measures with mortality and end-stage renal disease. JAMA. 2012;308(22):2349-2360.

JAMA. 2012 December 308(22):

Age and the Association of Kidney Measures with Mortality and
End-Stage Renal Disease

Stein Hallan, MD, PhD, Kunihiro Matsushita, MD, PhD, Yingying Sang, MS, Bakhtawar K.
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UACR and risk of death in the elderly

JAMA. 2012 December 308(22):

Age and the Association of Kidney Measures with Mortality and
End-Stage Renal Disease

Stein Hallan, MD, PhD, Kunihiro Matsushita, MD, PhD, Yingying Sang, MS, Bakhtawar K.
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Why is the death risk 

already increased at 

GFR category G1?

GFR is normal!



GFR

Who is the killer?

This is an easy

one!

Albuminuria 
(proteinuria)

If the GFR is 

normal…. 

then the 

killer must 

be…

Mr GFR Detective Miss Albuminuria

http://www.google.es/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCPSp3dzl28cCFQK8FAodFyIJFA&url=http://www.theguardian.com/books/2009/jun/05/two-unpublished-poirot-stories-found&bvm=bv.101800829,d.d24&psig=AFQjCNGhG5pX9DoAakhXMNEvtIZH5yOgew&ust=1441401642287322


Klotho -/-

WT mice

Klotho overexpressing 
mice

Kuro-o M. Nature. 1997
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Bone mineral metabolism and CKD progression. Early 

decrease in Klotho and subsequent increase in FGF23

Hu M C et al. Nephrol. Dial. Transplant. 2012;27:2650-2657

Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved. For Permissions, please e-
mail: journals.permissions@oup.com

Decreased in CKD stage 1

Directly deleterious

for the heart
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FGF-23 promotes left ventricular hypertrophy

Faul C, et al. J Clin Invest. 2011;121(11):4393-4408. 

Neonatal rat ventricular cardiomyocytes 

CKD ratControl

CKD rat

+

FGFR blocker

rat



Hu MC, et al. J Am Soc Nephrol. 2015 Jun;26(6):1290-302

CKD and heart hypertrophy and fibrosis

CKD CKD

Klotho deficiency promotes cardiac fibrosis
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Wy does Klotho decrease so 
early in the course of CKD?



4



Control Albuminuria

Nephrol Dial Transplant (2018) 1-11

Dialysis

Albumin downregulates Klotho in tubular cells

Beatriz M. Concepcion Lara
Dimitra Ana B. Alberto and Maria D.



Considerar la evaluación oportunista o sistemática 
del riesgo cardiovascular 
en varones de más de 40 años
o mujeres de más de 50 años o post menopaúsicas 

ESC GUIDELINES© S European Heart Journal (2021) 42,
European Society doi:10.1093/eurheartj/ehab484
of Cardiology

2021 ESC Guidelines on cardiovascular disease
prevention in clinical practice
Developed by the Task Force for cardiovascular disease prevention
in clinical practice with representatives of the European Society of
Cardiology and 12 medical societies
With the special contribution of the European Association of
Preventive Cardiology (EAPC)



Figure 2. Examples of a stepwise approach to risk stratification 
and treatment options. ASCVD=atherosclerotic cardiovascular 
disease; CKD=chronic kidney disease; DM=diabetes mellitus; 
FH=familial hypercholesterolaemia; TOD=target organ damage

Categorize individuals 
considered for prevention

Apparently healthy
persons

(See Figure 6)

STEP |

Preventiongoals for all

Prevention goals

Intensified prevention and
treatment goals based on:

10-year CVD risk
Lifetime CVD risk
and treatment benefit
Comorbidities
Patient preferences

Ultimate prevention goals

Categories of individualsconsidered for pr

Patients with Patients with
established ASCVD type 2 diabetes mellitus(See Figure 7) (See Figure 8)

Prevention goals for all Preventiongoals for all

Preventiongoals basedon whether patients are
withoutor with

established ASCVDand/or severe TOD

Intensified prevention and
treatment goals based on:

10-year CVD risk
Lifetime CVD risk
and treatment benefit
Comorbidities
Patient preferences

Ultimate prevention goals

Intensified prevention and
treatment goals based on:

10-year CVD risk
Lifetime CVD risk
and treatment benefit
Comorbidities
Patient preferences

Ultimate prevention goals

Patientswith specific risk
factors suchas CKD
and FH (See Table 4)
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CKD

© Magda



Figure 2. Examples of a stepwise approach to risk stratification 
and treatment options. ASCVD=atherosclerotic cardiovascular 
disease; CKD=chronic kidney disease; DM=diabetes mellitus; 
FH=familial hypercholesterolaemia; TOD=target organ damage

Categorize individuals considered for prevention



Categorize individuals 
considered for prevention

Past medical history:
ASCVD
DM*
FH*

CKD*

* Implies that serum glucose, cholesterol and creatinine, and 
urinary albumin:creatinine ratio have already been assessed

Labs:

Serum glucose
Serum cholesterol

Serum creatinine: eGFR
Urinary albumin:creatinine ratio

Intensified prevention and
treatment goals based on:

+ +
Intensified prevention and prevention and
treatment goals based on: treatment goals based on:

10-yearCVD risk + 10-year CVD risk 10-yearCVD risk
Lifetime CVD risk Lifetime CVD risk Lifetime CVD risk
and treatment benefit and treatment benefit and treatment benefit
Comorbidities Comorbidities Comorbidities
Patient preferences Patient preferences Patient preferences

pr prevention goals Ultimate prevention goals
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Considerar la evaluación oportunista o sistemática 
del riesgo cardiovascular 
en varones de más de 40 años
o mujeres de más de 50 años o post menopaúsicas 

ESC GUIDELINES© European Heart Journal (2021) 42,
European Society doi:10.1093/eurheartj/ehab484
of Cardiology

2021 ESC Guidelines on cardiovascular disease
prevention in clinical practice
Developed by the Task Force for cardiovascular disease prevention
in clinical practice with representatives of the European Society of
Cardiology and 12 medical societies
With the special contribution of the European Association of
Preventive Cardiology (EAPC)

Blood pressure
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We have diagnosed CKD….

What now?



Treatment of hyperglycaemia and risks
Metformin is recommended as first-line therapy,
following evaluation of renal function, in the
majority of patients without previous ASCVD,
CKD, or
In persons with type 2 DM with ASCVD, metfor-
min should be considered, unless contraindica-
tions are
Avoidance of hypoglycaemia and excessive
weight gain should be
In persons with type 2 DM and ASCVD, the use
of a GLP-1RA or SGLT2 inhibitor with proven
outcome benefits is recommended to reduce

Recommendations in patients with chronic kidney disease: ESC

In patients with type 2 DM and the use of best medical therapy

Recommendationsan SGLT2 inhibitor or GLP-1RA with proven
outcome benefits may be considered to reduce
future CV and total mortality.

tients
An SGLT2 inhibitor with proven outcome benefits should be considered

SGLT2 inhibitor i ded to i

Afor the prevention of renal deterioration and mortality in patients with
ASCVD and/or cardiorenal

In patients with type 2 DM and use of an
SGLT2 inhibitor with proven outcome benefits recommended.
is recommended to lessen HF hospitalizations
and CV
In patients with type 2 DM but without ASCVD,
HF, or CKD, use of an SGLT2 inhibitor or GLP-
1RA should be considered based on estimated
future risks (e.g. with the ADVANCE risk score
or DIAL model) for adverse CVD or cardiorenal 2021 ESC Guidelines on cardiovascular disease prevention in clinical practice

(European Heart Journal 2021 — doi:10.1093/eurheartj/ehab484)
outcomes from risk factor



www.escardio.org/guidelines

©
E

SC

2021 ESC Guidelines on cardiovascular disease prevention in clinical practice
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab484)

Treatment goals for different patient categories (1)



Diabetes tipo 2

KDIGO 2022 CLINICAL PRACTICE GUIDELINE FOR DIABETES

MANAGEMENT IN CHRONIC KIDNEY DISEASE (Public review version) 

Figure 1. Kidney-heart riskfactor management

Diabeteswith CKD
Glycemic control is based on insulin for type 1 diabetes and a combination of and

type 2 diabetes. Metformin may be given when eGFR >30 ml/min per 1.73per 1.73 SGLT2i are recommended for patients with type 2 diabetes kidney
angiotensin system (RAS) inhibition isrecommendedfor patients
be used lifelong for secondary prevention among those with established cardiovascular disease and may be considered for
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4304 participants, diabetic (67%) and non-diabetic

• eGFR 25-75 mL/min/1.73m2
• UACR 200-5000 mg/g
• randomized to dapagliflozin 10mg or placebo,

All the participants were required to be receiving a stable dose of an ACE inhibitor or ARB for 
at least 4 weeks before screening. However, participants who were documented  to be 
unable to take ACE inhibitors or ARBs were allowed to participate.

Am J Kidney Dis. 2004 Jan;43(1):164-71.

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Dapagliflozin in Patients
with Chronic Kidney Disease

Hiddo J.L. Heerspink, Ph.D., Bergur V. Stefansson, M.D.,
Ricardo Correa-Rotter, M.D., Glenn M. Chertow, M.D., Tom Greene, Ph.D.,
Fan-Fan Hou, M.D., Johannes F.E. Mann, M.D., McMurray, M.D.,
Magnus Lindberg, M.Sc., Peter Rossing, M.D., C. David Sjéstrém,

Roberto D. Toto, M.D., Anna-Maria Langkilde, M.D., and David C. Wheeler,
for the DAPA-CKD Trial Committees and Investigators*

Fabry Disease: Renal Involvement Limited to Podocyte Pathology
and Proteinuria in a Septuagenarian Cardiac Variant. Pathologic and

Therapeutic Implications
Shane M. Meehan, MD, Tipsuda Junsanto, MD, James J. Rydel, MD, and

Robert J. Desnick, PhD, MD
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sustained decline in
the eGFR >=50%, 
end-stage kidney 
disease, or death
from renal
or cardiovascular 
causes.

Heerspink HJL, Stefánsson BV, Correa-Rotter R, et al. Dapagliflozin in Patients with Chronic Kidney Disease. N Engl J Med. 2020;383(15):1436-1446.

Composite Outcome

Hazard ratio, 0.61 (95% Cl, 0.51-0.72)
P<0.001
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45Wheeler DC, Toto RD, Stefánsson BV, et al. A pre-specified analysis of the DAPA-CKD trial demonstrates the effects of dapagliflozin on major adverse kidney events in patients with IgA nephropathy. Kidney Int. 2021;100(1):215-224

• N=270
• eGFR 25-75 mL/min/1.73m2
• UACR 200-5000 mg/g
• randomized to dapagliflozin 10mg or placebo,

www.kidney-international.org clinical trial

A pre-specified analysis of the DAPA-CKD trial or
demonstrates the effects of dapagliflozin commentary on page 24
on major adverse kidney events in patients OPEN

with IgA nephropathy
David C. Robert D. Bergur V. Niels Glenn M.
Tom Fan Fan Hou”, John J.V. Roberto Ricardo
Peter C. David Kausik Anna Maria Langkilde* and
Hiddo J.L. for the DAPA-CKD Trial Committees and Investigators



46Waijer SW, Vart P, Cherney DZI, et al. Effect of dapagliflozin on kidney and cardiovascular outcomes by baseline KDIGO risk categories: a post hoc analysis of the DAPA-CKD trial [published online ahead of 

print, 2022 Apr 21]. Diabetologia. 2022;10.1007/s00125-022-05694-6. doi:10.1007/s00125-022-05694-6

Primary endpoint (IgA FAS)
ratio, 0.29 (95% Cl,
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No. at Risk
Dapagliflozin 137 107 106 105 104 93 61 43 17
Placebo 133 113 108 101 96 92 51 32 19



Appendix A. Renal involvement

• Assessment: eGFR + albuminuria (UACR) ± renal biopsy

• Therapy
– Initiate therapy for Fabry disease as early as possible

• All classical males

• Others with eGFR, UACR (>30 mg/g) or kidney biopsy evidence of kidney injury

– Adjunctive therapies
• Aggressive management of albuminuria: RAS blockade: initiated with the lowest possible 

dose administered at nighttime with subsequent titration according to therapeutic response

• It is reasonable to monitor 25OH-vitamin D levels and to correct any observed nutritional 
vitamin D deficiency

• Specific management recommendations for CKD patients regarding blood pressure targets 
and statin therapy apply

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; RAS, renin–angiotensin system; UACR, urinary albumin:creatinine ratio; 
EOW every other week. Ortiz A et al. Mol Genet Metab 2018;123:416–27

Consider SGLT2 inhibition



Events: (renal replacement therapy, doubling 
of serum creatinine, proteinuria > 3.5 g/day) 
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p = 0.006

More renal events in males receiving agalsidase alfa than
in males receiving agalsidase beta 

(1.1 vs 0.31 events/100 patient months IRR 0.24 p = 0.006)

Agalsidase beta 
1mg/kg EOW

Agalsidase alfa 
0.2mg/kg EOW

Statistical test, Safety outcomes were not reported in this abstract

CFDI: the Canadian Fabry Disease Initiative

IRR, incidence rate ratio.

Sirrs SM, et al. Differential effects of agalsidase alfa and beta in Faby outcomes: 10 year outcomes from the Canadian Fabry disease 
initiative. J Inherit Metab Dis. 2018;41(Suppl 1):abstract P-373.
Image available from:
https://upload.wikimedia.org/wikipedia/commons/4/48/201405_kidney.png.

10-year outcomes of an RCT of ERT1
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Estimated sample size: 600
Enrolled: 132 patients
n = 56 agalsidase beta 1mg/kg/EOW 

n = 76 agalsidase alfa 0.2mg/kg/EOW 

Median follow-up: 99 mos
(range 5–123)

• Rates of cardiac or 
neurological events or death 
did not differ

• No difference in renal events, 
or in the rate of decline in 
eGFR in females



Observational: Long-term dose-dependent agalsidase effects 
on kidney histology in Fabry disease

• Reduction of 
podocyte Gb3 
correlated with 
cumulative dose

• Residual plasma 
lyso-Gb3 correlated 
with cumulative dose 
in men

Gb3, globotriaosylceramide. Skrunes R, et al. Clin J Am Soc Nephrol. 2017;12:1470-9.
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Take home message

Are you 
requesting 
UACR to 
all your 
patients?




