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Jen 3 % osob s CKD vstupuji do RRT...... ALE co Ti ostatni?

STAGES CAUSES STATS THE EQUATION INTERPRETATION ¥ CALCULATORS BENEFITS OF EARLY INTERVENTION
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North Americans have CKD and
more than 26 million have some North Americans over the age of
form of the disease. 65 have some form of CKD.

North Americans with kidney
failure are currently awaiting
kidney transplants.
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50% paCientﬁ S HFpEF trpl, CKD (Ter Maaten et al., 2016)




@

\ /Vascular changes\ / Neurohumoral A / Systemic \ /Mineral metabolism\

Shared
comorbidities Hypertension changes inflammation Hyperphosphatemia
Diabetes Mellitus Arterial stiffening RAAS activation Proteinuria Vitamin D deficiency
Obesity Sympathetic- Uremic toxins FGF-23
Hypertension hyperactivity Anemia
AGE
\ A R 4 N 7 | N P ,/

Microvascular
disease

| HFpEF |

50% paCientﬁ S HFpEF trpl, CKD (Ter Maaten et al., 2016)




@

/ Shared \ /Vascular changa\ / Neurohumoral N / Systemic \ /Minelal metabolism\

comorbidities Hypertension changes inflammation Hyperphosphatemia
Diabetes Mellitus Arterial stiffening RAAS activation Proteinuria Vitamin D deficiency
Obesity Sympathetic- Uremic toxins FGF-23
Hypertension hyperactivity Anemia
AGE
e A B o N 2 || N K 54

Microvascular
disease

| HFpEF |

CKD =) HFpPEF vétsina pacientii na HD trpi diastol. dysfunkci a HLK, ALE
vyznamnada systolicka dysfce LK a HFrEF pouze u mensiny pacientu icson et at, 2016, antianger et at, 2017)
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Potencionalni drahy, kterymi maze CKD indukovat/zhorsovat koronarni mikrovaskularni dysfunkci:
v' mechanické ucinky

v neurohumuradlni aktivace

v’ systémovy zdnét

v’ anemie

v’ zmény v metabolismu mineradlii pri CKD




Arterial stiffness

v’ vede ke zvyseni pulzniho tlaku a
zvyseni rychlosti pulzni viny
= prenos do mikrocirkulace

renalni a koronarni mirkocirkulace je velmi citliva
na pulzatilni tlak
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Hypertension
v’ vede ke zvyseni pulzniho tlaku a
zvyseni rychlosti pulzni viny
= prenos do mikrocirkulace v u CKD je ddna mj.
zvysenou reabsorbci Na a
renalni a koronarni mirkocirkulace je velmi citliva objemovym pfetiZzenim

na pulzatilni tlak




Vasoconstriction

S $ v' CKD spojeno s hyperaktivaci systému RAAS
Salt a:Jrsetit;a T ©
* v" hladina testosteronu zvysuje koncentraci
reninu, estrogen naopak hladinu snizuje
| | g P J
[ Angiotensin il 1 | ——
‘ AKTIVACE RAAS
("angiotensin 1 1 ) [ Aldosterone 1 |
N8O - objemoveé pretizeni
reabsarption T
‘--* Angiotensiogen | v , , , s ’
/ A N - zvyseni systémového cévniho odporu
T mechanisms
e 1 R - indukce mikrovaskularni endotelialni dysfce
renal perfusion v . , . ,
oralsaltintake 4 Pressure ! prostrednictvim NAPDH - oxidazy a

nasledné tvorba ROS

Triebel, H., Castrop, H. The renin angiotensin aldosterone
system. Pflugers Arch - Eur J Physiol 476, 705-713 (2024).
https://doi.org/10.1007/s00424-024-02908-1.




mj. primo podporuje
myokardialni
fibrozu, hypertrofii LK a
koronarni mikrovaskularni
dysfunkci prostrednictvim
endotelialnich a
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Integration b Growth
Contributing factors: Vasoconstriction
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Leptin High blood t Arterial compliance
Smoking ‘pfessure'
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fammation of hypertension Proteinuria '
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Endothelial factors

De Bhailis AM, Kalra PA. Hypertension and the kidneys. Br J Hosp Med (Lond). 2022 May 2;83(5):1-11. doi:
10.12968/hmed.2021.0440. Epub 2022 May 27. PMID: 35653320.
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Systemic Inflammatory Response Index (SIRI) is associated with all-cause
mortality and cardiovascular mortality in population with chronic kidney
disease: evidence from NHANES (2001-2018)

Linguo Gu %, Zhenkun Xia !, Bei Qing 1, Wei Wang !, Hongzuo Chen !, Juan Wang !, Ying Chen !, Zhengling Gai %,

Rui Hu !, Yunchang Yuan &'

B Restricted cubic spline of CVD mortality

....... IL-1a, identified as a pivotal regulatory factor in the
inflammatory processes associated with myocardial infarction

and CKD, demonstrates a significant correlation with the § Nonlinear p=0.0389
: Overall  p<0.0001

incidence of cardiovascular events

In summary, our study indicates that in patients with chronic
kidney disease, increased SIRI level is an independent risk factor
for  cardiovascular  mortality(SIRI>1.20) and all-cause
mortality(SIRI>1.39), with potentially heightened significance in
the early stages (Stage | to Stage Ill) of chronic kidney disease.

HR (95%C1)




* prozanetlivy stav je jiz v ranych stadiich CKD (Stenvinkel et al., 2002)

*u HFpEF je to kriticky kauzalni faktor koronarni mikrovaskularni
dysfunkce

e prozanetlivé cytokiny primo indukuji dysfunkci bunék endotelu a
snizuji biologickou dostupnost NO

Rosner MH, Ronco C, Okusa M, D, he role of inflammation in the cardlo renal syndrome: a focus on cytokines and inflammatory mediators..Se
10. 1016/] semnephrol 20 1.18 ' 0. PMID 22365165 |
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Normal Blood Anemia

* anémie je nezavisly rizikovy faktor pro HPpEF (Foley et al., 2010)

e anemie u CKD: nedostatecna syntéza EPO, nedostatek Fe, hemolyza,
hyperparathyredza, hemodiluce, nedostatek vitaminu B 12..... (Westenbrink et al.,
2007)

* a navic! prozanétlivy IL-6 mUze narusit vyvoj erytroidnich bb. produkci hepcidinu
— ten je zodpovédny za degradaci ferroportinu (dodavatel Fe do erytrocytarnich
bb.) ( Fraenkel et al., 2015)

ANEMIE - l transportu 02 -] MSV = udrieni systémového pfisunu kysliku
* ajesté! erytrocyty uvolnuji NO, tj. l NO a I ROS =
MIKROVASKULARNI KORONARNI DYSFUNKCE a PROGRESE HFpEF
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Albuminurie — odrazi endotelialni mikrovaskularni
dysfunkci (Deckert et al., 1989)

Albuminuria categories
(mg /24 h or mg/g of urinary creatinine)

Al A2 A3
(<30) (30-300) (>300)

G1(290) ‘ Risk of cardiovascular mortality
GFR G2 {60-90) () Baseline
categories ' ' .
olmin1.73 ) G3 (30_59} () 1.5-2.4-fold over baseline
Y

(] 2.5-4.0-fold over baseline
@ >4.0-fold over baseline

G4 (15-29)

G5 (<15)

s (KDIGO) CKD Work Group. Kidney Int. 2024-Apr;105(45):S
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CKD je spojena se zvysenym rizikem celkové i KV mortality

Urine albumin-creatinine ratio, mg/g Urine albumin-creatinine ratio, mg/g
eGFRcr-cys <10 10-29 30-299 300+ <10 10-29 30-299 300+
All-cause mortality: 11 cohorts Myocardial infarction: 10 cohorts
692 802 participants; 97 006 events 649 365 participants; 17 926 events
105+
S90-104
60-89
45-59
30-44
<30
Cardiovascular mortality: 11 cohorts Stroke: 9 cohorts
692 322 participants, 25 322 events 662 605 participants; 16 909 events
105+
S90-104
60-89
45-59
3044
<30

Figure 6| Associations of chronic kidney disease (CKD) staging by estimated glomerular filtration rate by creatinine and cystatin C /
(eGFRcr-cys) and albumin-to-creatinine ratio categories and risks for 10 common complications in multivariable-adjusted analyses.

Prevzato a upraveno dle Kie ease Improving Global Outcom?zé (KDIGO) CKD Work Group. Kidney Int. 2024-Apr;105(4S):S1
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CKD je dale spojena se zvysenym rizikem HF i AF

Urine albumin-creatinine ratio, mg/g Urine albumin-creatinine ratio, mg/g

eGFRcr-cys <10 10-29 30-299 300+ <10 10-29 30-299 300+
Kidney failure with replacement therapy: 5 cohorts Heart failure: 9 cohorts
630 370 participants; 4306 events 641 298 participants; 27 406 gxer
105+ 10 1.7
90-104 | ref | E n ref 1.4
&60-89 el 1.9
30-44
<30
s
630 370 participants; 24 062 events 607 102 participants; 37 278 events

105+

35
28

50104 vof ref 12 | 14
60-89 1.6 13
45-59

3044

<30

Figure 6| Associations of chronic kidney disease (CKD) staging by estimated glomerular filtration rate by creatinine d cystatin C
(eGFRcr-cys) and albumin-to-creatinine ratio cateaories and risks for 10 common compblications in multivariable-adiusted analvses.
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Uremické toxiny — zvysuji kardiovaskularni mortalitu i
morbiditu (Moradi et al., 2013)




Uremickeé toxiny — zvysuji kardiovaskularni mortalitu i
morbiditu (Moradi et al., 2013)

Urea
dusik z mocoviny je
nezavisly prediktor klinické
o 0 progrese diastolické

dysfunkce k HFpEF
HAN) :

Comparison of Predictors 0f Heal Fa/lure With Preserved Versus Reduced Ejection Fraction in a Multiracial Cohort of Preclm' a




NG TOXINS
v’ zvySuji apoptdzu endotelovych bunék | : -
v’ zvysuji hladinu von Willebrandova faktoru Mﬁ TﬁX!M@

v snizuji biologickou dostupnost NO

v’ indukuji zmény fibroblastl na myofibroblasty — proliferace hladkého
svalstva cév (Paulus et Tschope 2013)

v’ toxiny odvozené od tryptofanu aktivuji profibrotické procesy v myokardu
(Sallee et al., 2014)

v’ ovliviiuji relaxaci LK (zhorseni zpétného vychytavani Ca a opozdénad
relaxace LK) (Periyasamy et al., 2001)

v’ zhorseni clearance produktl pokrocilé glykace (AGEs) — zvyseni jejich
hladiny — coz vede k progresi HFpEF i HFrEF (Hartog et al., 2006)
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v’ s poklesem eGFR se snizuje hydroxylace vitaminu D

v u pacientl v predialyze byla prokdzana souvislost
mezi snizenymi hodnotami vitaminu D a
endotelidlni dysfunkci ( Chitalia et al., 2012)

v'snizend koncentrace vitaminu D ovliviiuje |
koronarni mikrocirkulaci (Capitanio et al., 2013)

v 787 pacientl s diastolickou dysfunkci nebo HFpEF s
nizsi hladinou vitaminu D — prokazano zvyseni poctu
hospitalizaci s kardiovaskularnich duvodu, nicm. 5ti
letd mortalita zvySena nebyla (Nolte et al., 2019)




v’ pusobi prozanétlivé na monocyty a intersticialni

Parathyroid hormone fibroblasty — pusobi intersticidlni fibrozu LK a
koronarni mikrovaskularni dysfunkci (Amann et

Parathy[rg?Hr\)onnone a l-/ 200 3)

Pavamymd

“ v’ pacienti s primdarni hyperparatheredzou, kterd
vedla ke koronarni mikrovaskularni
. 4 . dysfunkci, = po parathyreidectomii doslo k
g e ,,4] normalizaci funkce = tj. potvrzuje vliv PTH na
R Jf mikrovaskularni  koronarni funkci (Osto et

X ' al., 2012)

Ca' release Ca'* absorb

Activation




v'u pacientd s CKD maji zvysené hladiny fosforu vliv na
koncentrickou remodelaci LK a diastolickou dysfunkci (Zou et
al., 2016)

v’ hyperfosfatémie také primo indukuje koronarni endotelidlni
dysfunkci (Di Marco et al., 2013)

v hyperfosfatémie plsobi na bb. hladkého svalstva cév coz
vede ke kalcifikaci (Jono et al., 2000)

v’ hyperfosfatémie snizuje syntézu prostaglandint (Ter Maaten
etal., 2016)
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Proximal Tubulus

Phosphate reabsorption Regulation of 1,25(0H)2D production
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FGF23-Klotho signaling axis in the
kidney

Reinhold G. Erben 2 , Olena Andrukhova

FGF23

hormon produkovany
osteoblasty a
osteocyty, inhibuje
reapsorbci P v
ledvinach, tj. za
fyziologickych podminek
snizuje hladinu P v plazmé




FGF23

e u CKD jiz neni FGF23 schopen snizovat plazmaticky P, a to kvuli ztraté
renalniho komplexu Klotho-FGF receptoru 1 === | Pa [ FGF23

« | hladiny FGF23 zvy3uji kardiovaskularni riziko u pacient(i s CKD (Negri
2014) a souvisi s hypertrofii LK (Tanaka et al., 2016)
* indukuje chronicky zaneéet

* inhibuje ACE2 —tj. snizuje se degradace angiotenzinu | a Il na jejich
vasodilatacni metabolity

* zvysSuje tvorbu superoxidu a snizuje biologickou dostupnost NO

* hladiny FG23 koreluji s intersticialni fibrézou u HFpEF (Roy et al.



Fyziologie a patofyziologie FGF23 s relevanci pro CKD a CKD -
asociované KV onemocnéni

Pro-fibrotic cytokines/

growth hormones

Hypertrophic
molecules




» J Am Heart Assoc. 2018 Sep 11;7(18):e008334. doi: 10.1161/JAHA.117.008334 7

Fibroblast Growth Factor-23 and Heart Failure With Reduced Versus
Preserved Ejection Fraction: MESA

Mohamed Faher Almahmoud »®, Elsayed Z Soliman !, Alain G Bertoni %, Bryan Kestenbaum 3, Ronit Katz 3, Jodo

AC Lima *®°, Pamela Ouyang >, P Elliott Miller ®, Erin D Michos °, David M Herrington *

Preserved EF Heart Failure

v' 6542 pacientu, ktefi na poc¢atku netrpéli kardiovaskuldrnim
onemocnénim

v’ vstupné eGFR 1,35 ml/s

v" median follow-up 12,1 let

v’ prokazana souvislost mezi hodnotami FGF23 a nové vzniklym HFpEF

v’ nebyla zvy$ena mortalita — FGF23 souvisi spiSe s ndstupem onemocnéni
nez s progresi ....... ?

5.0

Hazard Ratio (95% Cl)
05 1.0 20

01 02

FGF-23 (pg/ml)
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© FGF23 Role of Chronic Kidney Disease (CKD)-Mineral and Bone Disorder
£ © PTH (MBD) in the Pathogenesis of Cardiovascular Disease in CKD
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5 | Fig.3. Chronological changes in serum CKD-MBD

‘ mediators during CKD progression -
G1 G2 G3 G4 G5 CKD, chronic kidney disease; CKD-MBD, chronic kidney

disease—mineral and bone disorder; FGF23, fibroblast growth

CKD stages factor 23; PTH, parathyroid hormone.
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f Phosphate overload/Hyperphosphatemia —\ ( Calcium ¥

i Q-, The official journal of the Japan Atherosclerosis Society and
) \ Jo the Asian Pacific Society of Atherosclerosis and Vascular Diseases @@@@
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Revi ew J Atheroscler Thromb, 2023; 30: 835-850. http://doi.org/10.5551/jat. RV22006

Role of Chronic Kidney Disease (CKD)-Mineral and Bone Disorder
(MBD) in the Pathogenesis of Cardiovascular Disease in CKD

Shunsuke Yamada'® and Toshiaki Nakano 2
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Traditional risk factors Uremia-related factors CKD-MBD-related factors

Advanced age, male sex, Inflammation, oxidative stress, Hypercalcemia, hyperphosphatemia
hypertension, diabetes mellitus, PEW, vitamin K deficiency, a-Klotho deficiency, Mg deficiency,
dyslipidemia, smoking, homocysteine uremic toxins calcitriol deficiency, CPPs overload

4 4 4

Imbalance between calcification inducers and inhibitors

4 4 4

Acceleration of Cell-Mediated Processes in CVC

Arterial Intimal Calcification Arterial Medial Calcification Heart Valvular Calcification

@ "y

L 4
W/

(. Ostechondrogenic differentiation of VSMCs/VICs
- Apoptosis, necrosis, or ferroptosis of VSMCs/VICs
- Degradation of extracellular matrix (e.g., elastin)
- Extracellular vesicle formation/release

\ - Disorders of autophagy

- Mitochondrial dysfunction

* Increased endoplasmic reticulum stress

- Abnormal microRNA pattern/profile

- CPPs formation, maturation, and phase transition

J




CKD a poskozeni myokardu a cév
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Fraction: A Focus on Microcireulatory
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Poskozeni myokardu pri CKD:

* objemové pretizeni = hyperhydratace
( cast)

e CKD - asociované kardiovaskularni
onemocnéni (KDIGO 2025)

* vysledné morfologické poskozeni
(hypertrofie LK a fibr6za myokardu)




CKD jako pricina umrti je stale castéjsi

Leading causes 19901

Neonatal disorders

Leading causes 2007"

Neonatal disorders

Leading causes 2017

Ischaemic heart disease

Lower respiratory infections

Neonatal disorders

Stroke

Lower respiratory infections
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SCREENING CKD JE SNADNY

3 zakladni parametry

v’ stanoveni albuminurie UACr 15,46 K¢ + 16,34 K¢
v’ stanoveni sérového kreatininu a eGFR 20,9 K¢ + 20,9 K¢

v’ strukturdlni zmény (ultrasonografie)




Dekuji za pozornost.

3 i Fil B ™ I . Aoedl - wwwas W, 0. - r
" v, i d Y f | T Y —— R g
& g N— B - I 4 0N f

> ™ - J = ¥ 3 Bt f e L i 4 :
O e ¥ 10T T ARSI ! Wrinines st L N B T
AN e R g 5

‘ o' 3 : i Setgtgtgtgtet
b : - R LA R




