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Cardio-renal-metabolisches Syndrom NEPHRGTOGIE
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CKD Guidelines - 2024 NEPHRGTOGIE

KDIGO 2012 Clinical Practice Guideline KDIGO 2024 CLINICAL PRACTICE GUIDELINE
for the Evaluation and Management of FOR THE EVALUATION AND MANAGEMENT
Chronic Kidney Disease OF CHRONIC KIDNEY DISEASE
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KDIGO 2024 Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease
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CKD Epidemiologie NEPHRGTOGIE

2017 850 Millionen Pat. 2017 war CKD...

2x Diabetes 20x Krebs 20x HIV/AIDS

422 Mio. 42 Mio. 38 Mio.
Zunehmend
fuhrende

D 4
D ¥

Todesursache

KDIGO 2024; Jager K, Kidney Int 2019
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CKD Préavalenz in Osterreich NEPHRCYOGIE

.. . . . .. . . MEDIZINISCHE UNIVERSITAT GRAZ LKH UNIV KLINIKUM GRAZ
Ca. 10% der Bevolkerung haben eine chronisch eingeschrankte Nierenfunktion

Das entspricht in etwa
den Einwohnern von
Salzburg und Vorarlberg.

CKD = Chronic Kidney Disease.
GBD Chronic Kidney Disease Collaboration, Lancet, 2020;395(10225);709-733.
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ESRD vs. Cancer Outcome

NEPHRCTOGIE

MEDIZINISCHE UNIVERSITAT GRAZ LKH UNIV KLINIKUM GRAZ
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Definition der CKD NEPHRG{DGIE

MEDIZINISCHE UNIVERSITAT GRAZ LKH UNIV KLINIKUM GRAZ

KDIGO 2024 Clinical Practice Guideline for the Evaluation and Management of CKD

CKD ist definiert als Abnormalitaten der Nierenstruktur oder -funktion,

die langer als 3 Monate andauern und Auswirkungen auf die Gesundheit hat

eGFR <60 mL/min/1,73 m?

Fur >3 Monate

KDIGO Guidelines 2024 Medical
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Grams ME, JAMA 2023; KDIGO Guidelines 2024

66 Jahre alt
82kg, BMI 25.9
RR 147/89
HbA1c 5,9%
Kreatinin 1.05

eGFR 83ml/min
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Risikofaktoren fuir CKD
Mehr als die ,,Klassiker*
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CKD Management (KDIGO 2024) NEPHRG\I:DGE

Ernahrung Bewegung Rauchstop Gewicht

Monate
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CKD Management (KDIGO 2024) NEPHR{DGIE

Ernahrung Bewegung Rauchstop Gewicht

SGLT2i
Bis zur Dialyse

cagg

Alle 3-6
Monate

Erstlinie

We recommend treating patients with type 2 diabetes (T2D), CKD, and an eGFR ¥20 ml/
min per 1.73 m2 with an SGLT2i.

We recommend treating adults with CKD with an SGLT2i for the following (1A):
- eGFR >20 ml/min per 1.73 m 2 with urine ACR >200 mg/g (>20 mg/mmol), or
- heart failure, irrespective of level of albuminuria.
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Der Kompensationsmechanismus - NEPHRG@GIE
Was passiert vor dem eGFR Abfall?

Hyperfiltration

a Haemodynamic hypothesis SNGFR
— v Ak
Imbalance of vasoactive mediators =
* RAAS activation Q | N !
* Activation of the endothelin-1 4 A AP
pathway | S P
» COX2-derived prostanoids ' AN S +
* Nitric oxide e

Vasodilation Vasoconstriction

'Absolute’ glomerular hyperfiltration
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b Tubular hypothesis

Normale Nephronzahl Nephronverlust

Normale Nephrongrole

Restnephron- Erhohte

N T ———— hypertrophie SN-GFR | |
ormalter -wer : 1 S
‘ ‘ \ ; 3 Vasodilation
Normale eGFR Erhohte N h i 'Absolute’ glomerular hyperfiltration

eGFR ! Na delivery to JGA
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SN-GFR = glomerulare Filtrationsrate eines einzelnen Nephrons
CKD = chronische Nierenerkrankung; eGFR = geschatzte glomerulare Filtrationsrate;

Anders HJ et al. Nat Rev Nephrol 2018; Szczech LA et al. PLoS One. 2014; Cortinovis M, Nature Rev Nephrol 2022
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Klassischer Verlauf der DN NEPHRG\@GE
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Cortinovis M, Nature Rev Nephrol 2022
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Der Kompensationsmechanismus - Was NEPHRG\@GIE
passiert vor dem eGFR Abfall?

Hyperfiltration Funktionsverlust

o606 ) 6
ﬁ\Y/

Nephronverlust Weiterer Nephronverlust Massiver Nephronverlust

Normale Nephronzahl

Normale Nephrongréf3e Restnephron- Erhohte Restnephron- | Erhohte Nephro- Massiv erhéhte
hypertrophie SN-GFR hypertrophie SN-GFR megalie SN-GFR
Normaler SNGFR-Wert
L P X P - P
Normale eGFR Erhohte Reduzierte eGFR Stark reduzierte
eGFR eGFR

SN-GFR = glomerulare Filtrationsrate eines einzelnen Nephrons
CKD = chronische Nierenerkrankung; eGFR = geschatzte glomerulare Filtrationsrate;

Anders HJ et al. Nat Rev Nephrol 2018;14:361-377; Szczech LA et al. PLoS One. 2014;9:e110535
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Empa-Kidney:

Effekt unabhangig von Grunderkrankung

NEPHRCTOGIE

MEDIZINISCHE UNIVERSITAT GRAZ LKH UNIV KLINIKUM GRAZ

Empagliflozin group (n=3304) Placebo group (n=3305) Hazard ratio (95% Cl)  Py.cogencity
n (%) Events per n (%) Events per
100 person-years 100 person-years
Primary outcome and its components
Primary outcome: progression of 0-56
kidney disease or death from
cardiovascular causes
Diabetic kidney disease 161 (15-6%) 810 223 (21-8%) 1141 0-65 (0-53-0-80)
Hypertensive or renovascular 82 (11-6%) 595 96 (13:0%) 6-92 0-82 (0-61-1-11)
disease
Glomerular disease 117 (13-7%) 748 142 (17-4%) 9.66 0-77 (0-60-0-98)
Other or unknown 72 (10-1%) 5.24 97 (13-4%) 6-84 0-73 (0-54-1-00)
Overall 432 (13-1%) 6-85 558 (16:9%) 8.96 072 (0-64-0-82)

EMPA-KIDNEY, Lancet 2024
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Dapagliflozin:
Effekt unabhangig von Grunderkrankung

NEPHRCTOGIE

MEDIZINISCHE UNIVERSITAT GRAZ LKH UNIV KLINIKUM GRAZ

Events* Events per 100 patient-years Hazard ratio Pinteraction Absolute change Pinteraction
(95% Cl) in risk (95% CI)
Dapagliflozin ~ Placebo Dapagliflozin  Placebo
Primary outcome
Diabetic nephropathy 139/1271 207/1239 54 85 - 0-63 (0-51-0-78) 053 -5-8(-8-5t0-31) 037
Ischaemic or hypertensive 24/324 35/363 3-8 4.9 -l 0-75 (0-44-1-26) N -22(-6-4101-9)
Glomerulonephritis 22/343 49/352 34 7:5 - 0-43 (0-26-071) T 75(-12.0t0-31)
Other or unknown 12/214 21/198 2.9 55 - | 0-58 (0-29-1-19) - 7 -5:0(-10-3t0 0-3)
Kidney-specific composite outcome
Diabetic nephropathy 93/1271 157/1239 36 6-4 —— 0-55 (0-43-0-71) 0-67 —— -5-4 (-7-7 to-3-0) 016
Ischaemic or hypertensive 18/324 26/363 2-8 37 S 0-74 (0-4-1-36) s — -1-6 (-5-2t0-2-0)
Glomerulonephritis 21/343 46/352 33 7:0 - 0-43(0-26-0-72) - e -6-9 (-11-3t0-2-6)
Other or unknown 10/214 14/198 2.5 3.7 S — 0-81(0-35-1-83) - a -2:4(-7-0to-2-2)
Cardiovascular death or hospital admission for heart failure
Diabetic nephropathy 76/1271 107/1239 2.7 4.0 —— 0-67 (0-50-0-90) 024 —- 2.7 (-4-7 to-0-6) 019
Ischaemic or hypertensive 17/324 15/363 2.5 2.0 —+=—— 1.29(0-64-2-60) — s 11(-21to43)
Glomerulonephritis 3/343 7/352 0-4 1.0 - 0-48(0-12-1-84) el -11(-2-9 t0 0-6)
Other or unknown 4/214 9/198 0-9 22 = 0-39 (0-12-1-28) i -27(-61t0 07)
All-cause mortality
Diabetic nephropathy 78/1271 104/1239 2.7 3-8 —a— 0-72 (0-54-0-97) 0-55 —a— -23(-43t0-0-2) 0-99
Ischaemic or hypertensive 14/324 22/363 20 2.8 — = 0-70 (0-36-1-37) — . -1.7 (-5-0 to 1.6)
Glomerulonephritis 3/343 11/352 0-4 15 = 0-31(0-09-1-13) — -23(-43t0-02)
Other or unknown 6/214 9/198 13 2.2 _ = 0-57 (0-20-1-61) —l -1.7 (-5-4 to 1-9)
01 05 10 2030 12108 642 02 4 6

Wheeler DC, Lancet Diabetes Endocrinol 2021

Favours dapagliflozin  Favours placebo

Favours dapagliflozin

Favours placebo
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SGLT2-Inhibitoren bei CKD NEPHRGTOGIE

Endpunkt: Nierenversagen

Mean Events/participants Rate per 1000 Relative risk Trend across
baseline patient-years (95% CI) trials sorted
eGFR (ml/min/ by eGFR
1.73m?) SGLT2i Placebo SGLT2i Placebo

Diabetes

CREDENCE 56 116/2202 165/2199 20 29 —D— 0.68 (0.54, 0.86)

SCORED 44 NA/NA NA/NA 26 37

DAPA-CKD 44 77/1455 109/1451 24 39 —'D— 0.69 (0.51,0.92) P=0.48

EMPA-KIDNEY 36 74/1525 116/1515 I~ 0.59 (0.44, 0.79)

Subtotal: DIABETES 47 267/5182 390/5165 _— 0.66 (0.56, 0.77)

No diabetes

DAPA-CKD 42 32/697 52/701 24 39 <-|:|— 0.56 (0.36, 0.87)

EMPA-KIDNEY 39 83/1779 105/1790 25 31 —E—D—— 0.80 (0.60, 1.07) P=0.19

Subtotal: NO DIABETES 40 115/2476 157/2491 _ 0.72 (0.56,0.91)

TOTAL: OVERALL 45 382/7658 547/7656 —— 0.67 (0.59,0.77)

|

T |
0.5 0.75 1.001.251.50
— —
SGLT2i better Placebo better

Heterogeneity by diabetes status: P=0.54

KDIGO Guidelines 2024
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SGLT2-Inhibitoren bei CKD NEPHRGTOGIE

Empa: Endpunkt Long Term Slope

Long-term slope

Diabetes .

Present -1.05(0.12) -2.73(0.12) —1—> 1.68 (1.36, 2.00)
Absent -1.66(0.11)  -2.75(0.11) —g— 1.09 (0.79, 1.39)
Estimated GFR (ml/min per 1.73 m?)

<30 ~1.84(0.14)  -2.85(0.14) — 1.01(0.63, 1.39)
>30<45 -1.18(0.12)  -2.50(0.12) —— 1.32(0.99, 1.65)
>45 -1.58 (0.17) -3.60 (0.17) —  2.01(1.53,2.49)

Urinary albumin-to-creatinine ratio (mg/g)

<30 -0.11(0.17)  -0.89(0.16) —0— 0.78 (0.32, 1.23)
>30 <300 -0.49 (0.14)  -1.69(0.14) —O— 1.20(0.81, 1.59)
>300 -235(0.11)  -4.11(0.11) ' —»  1.76(1.46, 2.05)
All participants -1.37(0.08)  -2.75(0.08) S 1.37(1.16, 1.59)

[ I I I I 1
-1-05 0 05 1 15 2
— ——
Placebo better Empagliflozin better

KDIGO Guidelines 2024
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SGLT2-Inibitoren

bei Frailty

KLINISCHE ABTEILUNG FUR

NEPHRCGYOGIE

MEDIZINISCHE UNIVERSITAT GRAZ

LKH UNIV KLINIKUM GRAZ

Hospitalisierungsrisiko (2 Jahre)

Predicted risk of Em::i‘:f::i:om F::::';Zr 1000 Estimated absolute events avoided
hospitalization  n/N pationt-years patlent-years Hazard Ratio (95% CI) per 1000 patient-years (95% CI)
<20% 68/983 367  93/1005  50.0 = 0.77 (0.56-1.06) 1 14 (9-18)
>20% <35% 159/1245  67.1  218/1259  90.9 — 0.65 (0.53-0.80) e 25 (17-33)
>35% <45%  73/487 77.3 102/481 111.3 0.66 (0.49-0.90) r  —— 31 (21-41)
>45% 182/589 1164  145/560  137.4 DR — 0.79 (0.62-1.00) ———F——  38(25-50)
OVERALL  432/3304  68.5  558/3305  89.6 <> 0.72 (0.64-0.82)
I T T 1 T T T 1
0.4 06 08 10 1.2 0 20 30 40 50
Heterogeneity p value = 0.60 Trend p value <0.001
No. of concomitant Empaglifiozin Placebo Estimated absolute events avoided
medications n/N Rate per 1000 Rate per 1000 Hazard Ratio (95% CI) per 1000 patient-years (95% ClI)
patient-years patient-years
<5 133/1128 621 144/1121  68.0 : — 0.88 (0.69-1.11) [ 19 (13-25)
>6 <9 1341010 9.4 19241004 1021 — 0.67 (0.54-0.83) - —— 28 (19-37)
=9 165/1166 740  222/1180  99.5 — 0.67 (0.55-0.82) - —— 27 (18-37)
OVERALL  432/3304 685  558/3305  89.6 <> 0.72 (0.64-0.82)
T T T 1 T T T 1
0.4 06 08 10 12 0 10 20 30 40 50

Mayne KJ, Clin J Am Soc Nephrol 2024

Heterogeneity p value = 0.16

Trend p value = 0.08
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Euglykame Ketoazidose kommt bei Nicht- NEPHRG\IZDG”E
Diabetikern nicht vor

Ketoacidosis

Mean Events/ RR

baseline eGFR, participants (95% Cl)

mL/min per 1.73m’

SGLT2i Placebo

Diabetes
High atherosclerotic '
cardiovascular risk trials 80 63/24549  20/17994 — 2:44 (1-44-4-12)
Stable heart failure trials* 61 9/5043 5/5032 ——-—:— 131 (0-43-4-02)
Chronic kidney disease trials 45 46/10469  18/10448 - 2:40 (1:36-4-25)
Subtotal: diabetes 67 120/40666 47/34085 = 212 (1-49-3-04)
No diabetes
Stable heart failure trials 64 0/5313 0/5318
Chronic kidney disease trials 40 12475 0/2489
Subtotal: no diabetes 56 1/7788 0/7807
Total: overall 65 " .
Total: overall (excluding CANVAS)T 64

| I 1 |
025 05 1 2 345
4+ —»
SGLT2i better Placebo better

Baigent C, Lancet 2022
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Akutes Nierenversagen & SGLT-2i NEPHRCH:DG'E

KIDNEY DISEASE PROGRESSION ACUTE KIDNEY INJURY
Median Number of Rate per 1000 Number of  Rate per 1000
baseline uACR events/ patient years Relative risk events/  patient years Relative risk
(mglg) participants SGLT2i Placebo (95% CI) participants gGLT2i Placebo (95% CI)
Diabetes )
CANVAS Program 12 80/5795 81/4347 36 58 —— 0.61(0.45, 0.83) 30/5790 28/4344 16 25 — W+ 0.66 (0.39, 1.11)
DECLARE-TIMI 58 13 56/8582  102/8578 16 3.0 —— 0.55(0.39,0.76) 125/8574 175/8569 3.5 4.9 —.-'— 0.69 (0.55, 0.87)
EMPA-REG OUTCOME 18 51/4645 47/2323 40 76 ——— 0.51 (0.35, 0.76) 45/4687 37/2333 25 62— 0.41 (0.27, 0.63)
VERTIS CV 19 49/5499 32/2747 26 34 ——8—— 0.76 (049, 1.19) 42/5493 22/2745 25 27 ——H 0.95 (0.57, 1.59)
EMPEROR-PRESERVED 30 38/1466 44/1472 15 18 ———m—— 0.82(0.53,1.27) 60/1466 84/1472 20 28 + 0.69 (0.50, 0.97)
EMPEROR-REDUCED 35 13/927 23/929 13 24 —a—— 0.52 (0.26, 1.03) 26/927 33/929 21 27 —l—— 0.77 (0.46, 1.28)
SCORED 74 37/5292 52/5292 50 7.0 — 0.71(0.46,1.08) 116/5291  111/5286 16 16 + 1.04 (0.81, 1.35)
EMPA-KIDNEY 263 108/1525 175/1515 36 59 —.-— 0.55 (0.44,0.71) 73/1525 81/1515 24 27 — - 0.88 (0.64, 1.20)
CREDENCE 927 153/2202  230/2199 27 41 —.— 0.64 (0.52, 0.79) 86/2200 98/2197 17 20 _..—_ 0.85 (0.64, 1.13)
DAPA-CKD 1017 103/1455  173/1451 35 60 —— 0.57 (0.45, 0.73) 48/1455 69/1451 15 22 —I—-— 0.66 (0.46, 0.96)
DAPA-HF 18/1075 24/1064 12 16 —a——— 0.73(0.39, 1.34) 31/1073 39/1063 19 24 —l—— 0.79 (0.50, 1.25)
SOLOIST-WHF NA/NA NA/NA 25/605 27/611 55 59 > 0.94 (0.55, 1.59)
DELIVER 33/1578 37/1572 9.5 1 ——m—— 0.87(0.54, 1.39) 59/1578 52/1572 17 15 ‘—H 1.13 (0.78, 1.63)
Subtotal: DIABETES 739/40041 1020/33489 < 0.62 (0.56, 0.68) 766/40664 856/34087 < 0.79 (0.72, 0.88)
No diabetes ‘
EMPEROR-REDUCED 15 5/936 10/938 5.2 10 0.50 (0.17, 1.48) 20/936 34/938 16 28— 0.56 (0.32, 0.98)
EMPEROR-PRESERVED 16 12/1531 18/1519 45 6.9 —a—— 0.68(0.33, 1.40) 37/1531 47/1519 12 15 —l—— 0.80 (0.52, 1.23)
EMPA-KIDNEY 380 119/1779 157/1790 35 47 —— 0.74 (0.59, 0.95) 34/1779 54/1790 10 16 —— 0.63 (0.41, 0.97)
DAPA-CKD 861 39/697 70/701 29 53 —a— 0.51 (0.34, 0.75) 16/697 21/701 1 15 ————T— 0.75 (0.39, 1.43)
DAPA-HF 10/1298 15/1307 50 8.0 = 0.67 (0.30, 1.49) 18/1295 30/1305 9.9 16——m—1 0.60 (0.34, 1.08)
DELIVER 17/1551 17/1557 50 49 ——H 1.01(0.51,1.97) 30/1551 47/1558 8.8 14 —l— 0.64 (0.41, 1.02)
Subtotal: NO DIABETES 202/7792  287/7812 <= 0.69 (0.57,0.82) 155/7789  233/7811 = 0.66 (0.54, 0.81)
TOTAL: OVERALL 941/47833 1307/41301 <> 0.63 (0.58, 0.69) 921/48453 1089/41898 <> 0.77 (0.70, 0.84)
0.25 05 075 1 15 0.25 05 075 1 1.5
SGLT2i better Placebo better SGLT2i better Placebo better
Trend across trials sorted by uACR: Trend across trials sorted by uACR:
Diabetes p=1.00; Diabetes p=0.05;
Baigent C, Lancet 2022 [\fo dlabe-tes p=0.47; l\fo dlabe-tes p=0.75;
Heterogeneity by diabetes status: p=0.31 Heterogeneity by diabetes status: p=0.12
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SGLT2-Inhibitoren und HyperK

KLINISCHE ABTEILUNG FUR

NEPHIR

MEDIZINISCHE UNIVERSITAT GRAZ

DGIE

LKH UNIV KLINIKUM GRAZ

> N=50.000 Typ 2 Diabetiker aus CREDENCE, CANVAS, EMPA-REG, DECLARE-
TIMI, DAPA-CKD, VERTIS-CV)

SGLT2 inhibitors

Events per 1000

Placebo

Events per 1000

Hazard Ratio

n/N patient-years n/N patient-years (95% ClI)

CANVAS Program 137/5795 8.2 85/4347 9.2 —a— 0.89 (0.67,1.17)
CREDENCE 121/2202 21.6 154/2199 27.9 —— 0.77 (0.61, 0.98)
DAPA-CKD 159/1455 56.9 179/1451 65.3 —i— 0.88 (0.71, 1.09)
DECLARE-TIMI 58 53/8582 1.6 78/8578 2.3 —_— 0.67 (0.47, 0.95)
EMPA-REG OUTCOME 216/4687 17.2 124/2333 20.5 —— 0.83 (0.67, 1.04)
VERTIS CV 291/5493 18.7 157/2745 21.2 —— 0.90 (0.74, 1.09)
Overall ‘ 0.84 (0.76, 0.93)
(12=0.0%; Preterogeneity=0-71) P<0.001

0.4

06 08 10 1.2 1.6 2.0

Favors SGLT2 inhibitors Favors placebo

Figure 1. Effects of SGLT2 inhibitors on serious hyperkalemia (central laboratory-determined serum potassium >6.0 mmol/L).

Neuen BL, Circulation 2022
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SGLT2-Inhibitoren und neurodegenerative NEPHRG\@GIE
E r k ran k un ge N MEDIZINISCHE UNIVERSITAT GrAZ T UNIV KLINIKUM GRAZ

A. Alzheimer disease B. vascular dementia
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Follow-up duration (years) . . Follow-up duration (years)
Patients at risk: Patients at risk:
179,431 163,105 143,840 123,659 101,185 64,891 179,431 163,164 144,303 124,601 102,568 66,410
—— 179431 129,346 86,740 46,804 18712 2846  —— 179431 129336 86,772 46926 18837 2,890

Kim HK, Neurology 2024
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CKD Management (KDIGO 2024)

NEPHRCTOGIE

MEDIZINISCHE UNIVERSITAT GRAZ LKH UNIV KLINIKUM GRAZ

Bewegung Rauchstop

@ ©

Gewicht
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SGLT2i nephrologisch NEPHRCH:DG'E

» Fokus auf fruhe Erkennung: Albuminurie

— CKD: GFR <60 oder GFR > 60 und pathologische Albuminurie

— Albuminurie: Albumin-Kreatinin Ratio im Spontanharn

» SGLT2-Hemmer: Grundpfeiler der modernen CKD Therapie
— CKD mit GFR 90-20/75-25 zusatzlich zu ACEi/ARB

— Bei abnehmender GFR bis zur Dialyse
~ bei wem nicht (routinemaBig)? ADPKD, Typ 1 DM (NTx Patient, Immunsuppression)
> Fruhe Erkennung - Fruhe Therapie - mehr Benefit
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