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The case for early identification and intervention of chronic kidney disease:
conclusions from a Kidney Disease: Improving Global Outcomes (KDIGO)
Controversies Conference

Michael G. Shlipak X ** & - Sri Lekha Tummalapalli** - L. Ebony Boulware 3 ... - Wolfgang C. Winkelmayer -

(Q\ 21,22 [

Sophia Zoungas for Conference Participants ... Show more

Affiliations & Notes v Article Info v Linked Articles (1) v

Education of patient, family, and provider

CKD dia'gnosis‘ | Risk stratification for
{ confirmed staging and prognosis
Determln_e |ndIV|du_aI or [ CKD screeningw
population-level risk )
T 4 No CKD
L diagnosis

Individual patient
rescreening




Original model: Expanded model:
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Health literacy
skills
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Population-Wide Screening for Chronic Kidney
Disease : A Cost—-Effectiveness Analysis

Marika M Cusick ', Rebecca L Tisdale 2, Glenn M Chertow 3, Douglas K Owens ',
Jeremy D Goldhaber-Fiebert 7

Affiliations + expand
PMID: 37216661 PMCID: PMC11091494 DOI: 10.7326/M22-3228

Reduction in cumulative incidence of KF on KRT Increases in life expectancy
compared to status quo* compared to status quo*
0.3
0.25
0.2
&

$ 0.15
0.1

I 0.05 I I

= = - I I
i o 1
3 s % 65 B 35 45 55 65 75
Age Age

m Status quo case detection and treatment with ACE inhibitor/ARB therapy + SGLT2 inhibitor

# One-time screening and treatment with ACE inhibitor/ARB therapy + SGLT2 inhibitor

 Screen every ten years until age 75 and treatment with ACE inhibitor/ ARB therapy + SGLT2 inhibitor
m Screen every five years until age 75 and treatment with ACE inhibitor/ARB therapy + SGLT2 inhibitor
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Table 5| Risk factors for CKD

Domains

Example conditions

Common risk factors

People who live in geographical areas with

high prevalence of CKD

Genitourinary disorders

Multisystem diseases/chronic inflammatory
conditions

latrogenic (related to drug treatments and procedures)
Family history or known genetic variant

associated with CKD

Gestational conditions

Occupational exposures that promote CKD risk

Hypertension

Diabetes

Cardiovascular disease (including heart failure)
Prior AKI/AKD

Areas with endemic CKDu
Areas with the high prevalence of APOL1 genetic variants

Environmental exposures

Structural urinary tract disease
Recurrent kidney calculi

Systemic lupus erythematosus
Vasculitis
HIV

Drug-induced nephrotoxicity and radiation nephritis

Kidney failure, regardless of identified cause

Kidney disease recognized to be associated with genetic abnormality (e.g., PKD,

APOLT-mediated kidney disease, and Alport syndrome)

Preterm birth
Small gestational size
Pre-eclampsia/eclampsia

Cadmium, lead, and mercury exposure
Polycyclic hydrocarbons
Pesticides



Drug
toxicity Urinary tract

infections

Hypertension ALLEEL Autoimmune Oxidative

Diseases stress

Hyperuricemia
I UNMODIFIABLE RISK FACTOR Dyslipidemia
! MODIFIABLE RISK FACTOR




3Msd&nzmeo MBgzs 1.1.1.2: dofmeedn semdydnbolo s 3MJo@nbnbal dmBs@Joymo msboxsmmdab (ACR), 3g8sGaMmonls
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Risk of CKD Following Detection of Microscopic Hematuria

Design Analysis Results
= = R et W Multivariable-adjusted HR (95% CI)
Retrospective Cohort - for incident CKD
Study 'Ir
Measurement at 2 consecutive No Hematuria | | Regressed Developed Persistent
:"g visits:
‘ - No hematuria at both visits @ @ g, ;
N = 232,220 - Hematuria followed by no
healthy adults who hematuria Women Ref 1.38 2.52 3.92
received regular health - No hematuria followed by (0.89-2.13)  (1.86-3.41)  (2.88-5.34)
exams in South Korea hematuria
. : . 2.80 4.44 8.34
o Farsistent hemalura Men Ref (1.78-4.40)  (3.18-6.18)  (5.92-11.74)
CKD: GFR <60 mL/min/1.73 m?

ﬁp i : The association was stronger in men than in women
4.8 years of follow-up or proteinuria

' CONCLUSION: Men and women with microscopic hematuria, especially
persistent hematuria, may be at increased risk of CKD.

Yoo Jin Um, Yoosoo Chang, Yejin Kim, et al

@AJKDonline | DOI: 10.1053/j.ajkd.2022.09.012
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ONJSOG.

Kidney Disease Categories: AKD, AKI, and CKD kidney ¥ \IS N

INTERNATIONAL

a

AKD incorporates AKI

and fills the void between
AKl and CKD
Impact on patient outcomes:
developing or worsening comorbid

conditions, hospitalization, death

managen'mlo!AKD

AKD is more
e common than AKI
tient outcomes | -
= ) AKD m. CKD

[ AKD is underrecognized Diagnosis of AKD
| and is associated with incorporates markers
| poor patient outcomes . of kidney damage

Source: Lameire NH et al. Harmonizing acute and chronic kidney
disease definition and classification: report of a KDIGO Consensus

Conference. Kidney Intl 2021; https://doi.org/10.1016/j.kint.2021.06.028
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Conditions amenable
to specific disease-
modifying therapies

Examples:

* GLA (Fabry)

¢ AGXT (primary
hyperoxaluria (PH))

* CoQ10 genes (SRNS)

* CTNS (cystinosis)

* Tubulopathies
(Nar, K+ etc.)

\

Conditions amenable
to nonspecific
renoprotective

strategies

Example:
* COL4A3/4/5 (Alport)
and RAAS blockade

Avoidance of
prolonged
immunosuppressive
therapies

Example:

* Glomerular disease
due to mutations in
Alport genes
(COL4A3/4/5)

Conditions at risk for
recurrence after
kidney transplantation

Examples:

* (CFHICFI/C3...): aHUS
* (AGXT GRHPR,
HOGA): primary
hyperoxaluria (PH)

* Adenine phosphoribo-
syltransferase deficiency

(APRT)

J

A
PP W
)
Conditions amenable
to specific screening

for extrarenal
manifestations

Examples:

» HNF1B: diabetes

* PKD1/PKD2
(ADPKD): intracranial
aneurysms

* FLCN: renal cell
carcinoma, efc.

Conditions for which
genetic testing is
relevant for reproductive
counseling

Example:
* Prenatal/preimplantation
diagnosis
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Ultrasound
transducer

Cross section showing
biopsy needle entering kidney
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Inulin, iohexol,
iothalamate,
technetium 99m
diethylenetriamine
pentaacetic acid
(°*™Tc-DTPA) and
chromium 51-
ethylenediamine
tetraacetic acid (°1Cr-
EDTA).

=

()

. -STEP 1
"a:mng 8
lohexol i v
|
= HPLC System
| Solvent -
- 1]
HPLC Column Data ¥hatman g03e =l ostoairr
Injector , .
- I@_I- STEP 4A = ‘
|- = \ N
Pump Detector  \yaste I3 i | ek cove e |
. o PR
12 -
. < LC-mMs/mS STEP 4B
It:l:;xol ézncer:tl:'eaﬁor‘\o " — E g <+—
STEP 5 v
‘L Step 1: Peripheral intravenous (PIV) access is established, and iohexol is injected via PIV.
-

Step 2: Patient is instructed to prick finger with lancet and collect dried blood spots (DBS) on
filter paper at certain time intervals.

Step 3: Filter paper with DBS is sent to ARDL.

Step 4: Punch out discs from DBS cards using punch biopsy. HPLC (4A) or LC-MS/MS (4B)
are employed to measure iohexol clearance.

Step 5: By measuring iohexol clearance, gold standard GFR are determined.
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| N, Colorimetric, 2 Point Kinetic,
Creatinine Test Procedure, Mewod  |"hpd ke laoeasing
reactio
Serum/Plasma:
Creatinine (mg/dL) = —P—ﬁ gfdr?c;? x Conc. Std/Cal (mg/dL) Wavelength | Hg 492 nm (490 nm - 510 nm)
Urine: . . R
Creatinine (mg/dL) =—22S8MPIE oo Std/Cal (ma/d) x 50 Temperature | 20°C-25°C / 37°C
AA Std/Cal
Creatinine Clearance : :
_ __mg Creatinine/100 ml Urine x ml Urine/24 h Sample Serum, heparin plasma, urine
Il Bs ] = mg Creatinine/100 ml Serum x 1440
=
Linearity up to 15 mg/dL (1330 pmol/L)
Add - : ;
Reagents anm Sensitivity The lower limit of detection is
Label the Tub i Mi d Read
cafe ; u 2 /4 Ségp!eﬁﬁ_ Incubation hIX an e§: 0.2 mg/dL

Bl |s] [T} ' Tl Bl [s f\

B = Blank Reagent 1 = 250 pl
S = Standard Reagent 2 = 250 z 0 min
T = Test Sample = 50 pl
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Inside a healthy kidney Inside a damaged kidney

Blood Blood

Filter Filter

Urine Urine

Albumin



3Mhod&n3nmoa boznombo 1.3.1.1:

39dmnygbgon dgdgan Loabmadn sendN3nbymoal bohyoLbn dgazsbgdabocznls
(Loo dgeaggbomans y3nmo@gbmoanl 3amgdscomdal dnbgy3znm). yzgmo
d70:b3735900 P30Ma&abmds 9bnggds ool dofmgol 37 bazoab
3mMEnsl hmgmig dmbmoomgodo s sbg37 063d37000.

(i) dofmgonl semodnbobs s 3M19&nbobal ;msbsxzsmomos (ACR), sb
(i) dofmeanb E7LE-hbomo seModnbaby s ACR-bLon3nb v3EMAsE Mo
Doznobznm.

dofmdo 30mab gobmadzobsb godmoygbgo dgdcegan bobmado:

(i) dofhdo s0mabs s 3Mm3&nbnbals Msbosxzsfhomods (PCR),

(i) dofmob EabE-AboMmo gomaobozal 93EMTsE Mo Hoz3nnbznm, 5b
(iii) dofab EgLG-hAbomo gomobozol 3obyomyMmo nbEym3mg-
Gonom



3Msd&onsymao bd3nmbnl.3.1.2:

39050N0 Na3mm By dgonmEgobH], 00 seMdN3nbyMmny godm3zmgbomaos
bozomads BbEn dgomeyonl godmygbgono.

® 53 LEYMy domeab &aLbE-hboMmoom godm3zamabomao sendN3nbyMny
©5/356 3tm@&70b61Mos MamEabmdMmn3zn msdmmmsEmmmaonman 330nmEgdnom
o 35b7ba HoMmoanbyom domenb 3M70ENb0bnsb Mebosamomodom,
bogosE gb dgbodaadgamos

(067 MhomegbmdMan3ac ACR sb PCR, 00y Lohynbin bobgsmaco
thomegbmomnizn &aLbEgd0 sE]d0MNY).

33ILEYM]0 MObmAmam smgoym domenl L3MBEIbYM 3mMEnadn
scndmhgbomao ACR F 30 dg/3 (£3 93/80mm0n) slgdmods cagals
3n0M3gmocn damnb dyo bozoenl bodydolb gobdgmmgdomo sbagmaboo.
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Consider...

ACEi / ARB +/- SGLT2i in diabetes

ACEi / ARB +/- SGLT2i in all CKD
* ACEi /ARB if uACR > 30 and hypertensive
* ACEi /ARB if uACR > 70
* add on SLGT2i if uACR > 25

target ABP 130/80
* NICE: if uACR > 70

* ...but remember CVS risk is continuous



1.3.2 gbo 333tm330 3am0bn3yio ecnsdomMmo@mmngdobozols

3Mmod@o3nmon 3nb694&nl.3.2.1:
©sbghgyonl7-gabhnendo dmEgdnmao gnsdomMmoGmmonma sbagmabols

3obbyonl o V37Ydy37300L LEGSbIMEJdN, Mams domenl bodydgdal
d7335L700bsL YBMYDB373mMymazomn nymb LobBYLET s Lubmmody

phad@&ognmo boznobnl.3.2.2:

LobyMm3zgaMos MdodmMmMaEmmaoymm bogdgdo dommol seNdNInbaby Y
3M75&0babal goblsbmzmolboam3znl gofg bamabbal 3mbEMmmanals
356M0ngnl/3Mmmagmsdol sbgmass, ACR-ab goozemaol hsorzemaoon.



1.1.4 3530306& 0L LM 6 5671 dgNnMDBg BgLENMgdY

M33m336053300 1.4.1: H336 30ManMOm, MM dcegnmbg GaboMxdd
(POCT) d30dam305 3odmygbgomnam 0jbsb 3mxaBnbabalis o domals
om0 dabal goblLobBm3zmobocm3al ng, Loogs

mMOOMMIEGMMN3LNVD6 §3coMmao aBMYEYMAL 36 GLE AL
NHMN637mMmymazs 59 M 3dE03HB gooe3nmxdl 393076E N6
3amnboinm doegmdsb (2C).



01530 2: Mobzolb dyxzsbyds MJE-000 8350 SN0
2.1 ogdco-0b 3hmamabnmadol dmbo@mmnbgn g3l os ACR 359¢&383MmMN7d0Bg coymbmdom

3Mmod&nsnmao by3ombo 2.1.1:
d70x35L70 33 s SEMONT0bYMNs AMBMENMaddn, 56 SENdNTNbMns/3MmEJnbyMany
05303700d0 by 3gnMy ym3zgamHenoyma , mj-ob dJmby 5sF0s67030



3Mhod@oinman bo3ombo 2.1.2:

>3O 3nbymns s ga3b ya3tnm bdoMmog dgoxzsligo onj 3hmamgbnmgdals
domoao Mabznlb ddmbg 30Maonbm3al, gobLo3nohgdom oy sbogmabo
393am9bsls Amobgbl omgMmadonam gosHy3zga&omgdsby.



3Mod&nznmon bozombon 2.1.3:
0j-0b dJmbg 3s80565000, v 3MB)36m 3MbEMmmbB g-a3L-0bs

330M00MJ05 >20%, o gL 3MJFoEJdS AMbOMMMEBbyM goabMmols Y
Lagdommgdl degmdmmgmonl dyazsbgosb.

3Mod@ninmon bozombo 2.1.4:

0Je-0b 3Jmbg 905805690L dmals, mMmAmgong 0Hygogb
370m©0nbsdniymac oG oyf ;gmadnsl,my dmdwy3bm 3mb&Mmmmbg gx3b
doh37b6705mm0 gonbBamy >30%-00, gL 3M7dsEg0s dmbagnmebym
8oabMmol o bagnmmgdl dogmdamgmonl dgazobgdsl

Renin-angiotensin system inhibitors (RASi), mineralocorticoid receptor
antagonists (MRA), or SGLT2i 6mdsce o ybgos dghgmeogl !



3Mmod@ninamn Lbyznombo 2.1.5:

0 J©E-001 EI535JOYMN 35(3076700L SeMOYT0blyMonls
dmbo@mmobgnbo3znl, oy dmadg3bm 3mbEMmmmbg ACR gomMmdsgy,
7L 3735705 AMbdaMmMEbym MadmMyE Mmooy goabsl s
bognfmgol dgazaligodsb.



2.2 obzob 3hmagbmbomyos onje djmbg

My3mdgbozns 2.2.1:

0j G3-G5-ab AJmbg 0330567030 M 3demal H3domabmodaly
S0LMmaMEMMo MobLiol dxboazdbgdmoc gnmhgzo godmaygbmo
mobLzob 3MyajEnal ab 3mmdnmgda, MmAaaoboE gozamama o>J3b
3>M335b0 30mao3ns (1A).Mab3ol 3MmgbmbBomgds ov-nm
(039390710 >33dn3b70d0



Table 19| Externally validated risk equations for predicting kidney failure in the general (CKD G3-G5) population

Outcome Discrimination
Equation Variable Population (time horizon) and calibration Usability
KFRE®:10407,408 Age, sex, eGFR, ACR (4 variable) + >1 million patients, >100,000 Treated kidney 0.88-0.91/+ .
www.kidneyfailureriskcom  calcium, phosphate, bicarbonate,  events from more than failure (2-5 yr)
www.ckdpc.org/risk- and albumin (8 variables) 30 countries
models.html
KPNW*'° Age, sex, eGFR, albuminuria, 39,013 patients, 1097 events Kidney failure 0.95/+ +
systolic BP, antihypertensive use,  from the Kaiser Permanente (5yr)
diabetes, and diabetes Health System (United States)
complications
Landray et al.*"’ Sex, SCr, albuminuria, and 595 patients, >190 events from Kidney failure 091/+ -
phosphate the CRIB and East Kent cohorts
in the United Kingdom
Z6 score” SCr, albumin, cystatin C, urea, 7978 patients, 870 events—developed Kidney failure 0.89-0.92/+ -
hemoglobin, and ACR in the German CKD study, validated (5yr)

in 3 additional European cohorts



3Mad&nsnmon bo3nombo 2.2.1

5-0amnsba ovnfzdemab p38smobmonl 3%-5%-00b0 Molzolb dgxzobgds

dgyodmm g0y godmygbgonm ngbsl bgazmmmmagmsb Myxzgmamanl obogqgbaco,
goMmy nd 3MmoBghnydgdanby, Mmadjmog gyhbmods g- ga3l ob domoals ACR-b
89dmm3mMmab s bb3s 3cmnbognm AmbsbMmgdyoL.

3hod@olznmo by3nmba 2.2.1

0039l 2-Hmnsbo y3dsmobmodnl >10% Molznb dge3sbgds dgndmaody
89dmygbgdnm 0g4bsl dnamEnabigndmonbymo dogmdol cohmals
sbya]bo, games nd 3MnGgmoydgdnbs, Mmdgmoi gy bmoy 3- 3x3L b
dofmcnl ACR-b godmm3mal s B3y 30mnbognm dmbabigdgol.



000Mm3danol 1m3dsmalbmool 2-Gamasbo Molizob Bm3zamo >40%
dyndmgoo go- Amygb30mm 0460L Logabdsbooxemgdenm
mmbobdngdgdal, mom3idamab ho- bog3zmgdoon ogma3nobonznls (KRT)
dm3dbox0al ommob Eaboag]ybac, Lolbemdoamm3zoms dngmdol
dmadBo300l 36 BMIbL3MIbEIE0B] 3obo3- boal hoonzmoom,
39Mv 00 3MoBgMmoNndgdaby, MmIgmmoE Jymbmods g- go3Lb ob
domealb ACR-b godmon3mmab o bLB3o 30m0bn3nm AmLoBMmgogobL.



PROPKD Calculator

Variable Points
being male 1 Sample PROPKD Score
hypertension befare 35 years of age 2 Calculation
5 z m ADPKD patient info: 29 year old male with
first urologic event”before 35 years of age a hypertension and a truncating PKDI mutation
mutation
PKD2 mutation 0 lpoint for being male_

- - 2 points for hypertension before 35 years of age
nontruncating PKD1 mutation 2 +4 points for a truncating PKDI mutation
Struncating PKDI mutation 4 7 points PROPKD Score

PROPKD Score = SUM HIGH Risk of Progression to ESKD
Total Paints
PROPKD |
INTERMEDIATE HIGH
Risk of | 56.9 median age for ESRD onset | 49 median age for ESRD onset
Progression (T Tos POy Bafo

to ESRD Risk of rapid progression and a 92%

chance of reaching kidney failure
before age 60.
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