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» Measured GFR
» Inulin

» Creatinine clearance (24hr urine collection)

» eGFR (estimated glomerular filtration rate)

» Cockcroft-Gault equ ation eGFR,,,(CKD-EPI) =141 x min(S¢,/k, 1) x max(Sc, /K, 1)12% x 0.9934¢ x
1.018 [if female] x 1.159 [if Black]

> MDRD equation S, (standardized serum creatinine) = mg/dL
> CKD_EPI equation k = 0.7 (females) or 0.9 (males)
.. . a =-0.329 (females) or -0.411 (males)
CKD-EPI creatinine equatlon (2009) min = indicates the minimum of S.,/k or 1
CKD-EPI creatinine-cystatin equation (2012) max = indicates the maximum of S¢/k or 1
CKD-EPI cystatin C equation (2012) age T years
KD-EPI ini ion (2021
C creatinine equation (2021) = (P_l% HHXﬂ

CKD-EPI creatinine-cystatin equation (2021)



» Serum creatinine TX| HCI= eGFR= A& I

y T 28K X} 75M) O X}
13 Serum Cr (mg/dL) 1.3 1.3
12 — :
eGFR by CKD-EPI 74 40
s eGFR by MDRD 66 40
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: : . . - Cimetidine, trimethoprim : Cr2| M= &H| S|, Cr &5
0 30 60 90 120 150 180

) - CCp AR
Inulin GFR, ml/min per 1.73 m? Fibrates : Cr <'S R
- Flucytosine, praline: A 20| g, Cr &5
Serum Cr (mg/dl) GFR (ml/min/1.73m?) - Methyldopa: GAMAF3 0 S, Cr g2
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» Cystatin C Z{At7} 7S SHCEHH creatinineltf cystatin CE B AL St eGFRer-cysE ALE

a eGFRcr b . eGFRcr-cys
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eGFRor-cys, mlfmin/1.73 m?

eGFRcr, mlfmind1.73 m?

Heart failure, 674 255 participants; 28 530 avents

Atrial fibrillation, 653 507 participants; 38 224 events

Peripheral artery disease, 660412 participants; 4458 avents

Kidmey failure with replacement therapy, 637 387 participants; 24 342 events
— Acute Kidmey injury, 632 452 participants; 466 201 avents

— All-cause mortality, 721 294 participants; 102 910 events

— (Cardiovascular mortality, 719987 participants; 27051 evants

— A-cause hospitalization, 676 519 participants; 7862 events

— Myocardial infarction, 711 478 participants; 18659 events
Stroke, 711 203 participants; 17 609 avants

JAMA. 2023;330(13):1266-1277
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Prognosis of CKD by GFR and albuminuria category

Prognosis of CKD by GFR
and Albuminuria Categories:
KDIGO 2012

Persistent albuminuria categories

Description and range

G1 Mormal or high

G2 Mildly decreased

Mildly to moderately

s decreased
Moderately to

— seversly decreased

G4 Severely decreased

G5 Kidney failure
-

GFR categories (ml/min/ 1.73 m?)
Description and range

Green: low risk (if no other markers of kidney disease, no CKD); Yellow:

Orange: high risk: Red, very high risk.

Al A2 A3
”‘:{ﬁﬁ;m Moderately Severely
—— increased increased
=30 mg'g 30-300 mg'g =300 mg/g

<3 mg/mmal 3-30 mg'mmol =30 mg/mmal

moderately increased risk;

2012 KDIGO guideline



O]

]

—

A
o

=
&)

I}
=

0%

2| X

f

L

2| &4oIxtel &2l

T | gy, g, EE WS, 654 014, Sty BTE | 71,
EESHYS - E SHETEN Y R2HY, B2
ZM, QRHH, HAS &M, B4 UE, Kp7Ieue,
HYRL £o TWAXNL

|
|
28 7|52 Bk

(eGFR) H|&t, A HAL
(ACR, 2AI87|E HAD

!
lﬂl

oL
—

<o

Lnl

o=
—

1-28 7oz
S8 7Ise gt

=UIEa4 370 Lol
Hi | A AL gHe T
3708 Lol
M A HE{eGFR) AT G50l HE MY gl Yy
At ot Al A2 A3
l HY-HEFN | 28E &7 Iz §7t
<30mofg | 30-00mgg | =300 mglg
Gl EEE R =00
MPHozE | G2 2= g2 £0-89
CIE G3a | A=EE= U: | 45-59
mumin1.73m [ G3b | ESE=-2% H4 30~44
MY ST g4 IE b 1529
G5 AR <15

SAHE LR U Of 2R S 38 CKDE

=R BESHE 571 SR B2 HEL BN 0P EE R



SR e B LR Examples of primary kidney diseases

(SE XiA2] Zgh

affecting the kidney

o= Ok AR HAIR (SES &Yst= T 28
10 ; S
13 Glomerular Diabetes, systemic autoimmune D|ffuseéf$?l orlcrezcentlc pr?lllferatlve
diseases diseases, systemic infections, drugs, | ,I oc? anc segmeg a
(AFtA[ R neoplasia (including amyloidosis) gloMETUIoSclerosis, memoranous
nephropathy, minimal change disease
SR e e Systemic infections, autoimmune,
oo sar_coidosis, dr_ugs, ura\_te, e_nvironmental Urinary-tract infections, stones,
(M= 27N Tigt toxins (lead, aristolochic acid), neoplasia obstruction
(myeloma)
Ve Atherosclerosis, hypertension, ischemia,
e cholesterol emboli, systemic vasculitis, ANCA-associated renal limited
(3 s thrombotic microangiopathy, systemic vasculitis, fiboromuscular dysplasia
sclerosis
Cystic & congenital
diseases Polycystic kidney disease, Renal dysplasia, medullary cystic
(439 4 7|er ME Y Alport syndrome, Fabry disease disease, podocytopathies
2
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Physical
exam
: Symptoms and signs

:Ee?:l?cr:tﬁ%):]l: of urinary tract
abnormalities

Viedical Social and
history environmental

history

Obtain careful family history
for possible genetic causes,
including family pedigree for CKD

Symptoms and signs
of systemic diseases

Laboratory tests, imaging, and tissue sample, such as:
- Urinalysis and urine sediment
« Urine albumin-to-creatinine ratio
- Serologic tests
« Ultrasound
- Kidney biopsy
« Genetic testing
KDIGO guideline. 2024
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KIDNEY FAILURE RISK EQUATION
Using the patient's Urine, Sex, Age and GER, the kidney failure risk equation H | SK GA I.G U I.ATI 0 N

provides the 2 and 5 year probability of treated kidney failure for a
potential patient with CKD stage 3 to 5.

| T 9T
7 =+ @ F @ o G F R = }]’.II:EKTE’?E’YEGFIAE|[:_U?‘IESK If you don't have the information required below talk to your doctor.

UUUUUUUUUUUUUUU

RRRRRRRRRRRRRR Age (YI—S) Sex ReglOI’\
Select = Select
GFR (MI/Min/1.73M2) Urine Albumin: Creatinine Ratio Units
0 o Select

The equatmn has.been va.llda.ted in more than 30 R RIES PARIICIPRT NG
countries worldwide, making it the most accurate and IN VALIDATION

efficient way of finding out the patient’s risk.

https://kidneyfailurerisk.com/
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YOUR RESULTS

= 200 mg/q o F (D) 10

= F S
~ URINE ALBUMIN SEX AGE

mL/min/1.73 m2

STAGE 3

MODERATE DECREASE IN FUNCTION

CKD STAGES GLOMERULAR FILTRATION RATE Patient risk of progression to kidney failure requiring dialysis or

Risk thresholds used in health systems include:

« 3-5 % over 5 years for referral to a kidney doctor
« 10 % over 2 years for team based care (Kidney Doctor, Nurse,
Dietician, Pharmacist)

« J0-40 % over Z years for planning a transplant or fistula
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Impact on CKD pathophysiology

CKD manifestations

« Prevention and treatment of clinical
symptoms and signs (including blood pressurg)

» Maximize health-related quality of life, physical function,
capacity to work, and ability to socialize

- Appropriate monitoring and treatment of laboratory
abnormalities of CKD associated with implications for
health {e.g. anemia, CKD-MBD, potassium disorders, acidosis)

.'---. i ) .HH'.
e I Y,

Modification of the natural coursa
of CKD and its symptoms

CKD outcomes

+ Minimize risk of progression to kidney failure
«» Manage risk and appropriate treatment of

complications, induding cardiovascular diseases,
hospitalization, gout, infections, etc.

KDIGO guideline. 2024
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Improving Patient Outcomes in the Primary Care Setting, NKDEP, 2008
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Primary care for cardiovascular disease

Phase 1 = Exercise
(CKD = Healthy eating
Stig%f‘; = Smoking cessation

= Blood pressure, glycaemic, and lipid control

Phase 2 Secondary care for CKD complications

(CKD = Treatment and management of anaemia
stages and mineral and bone disorder
4/5) = Nutrition management
Multidisciplinary care for RRT
Shared decision making betwee
physicians and patients
» Dialysis and/or kidney
transplantation
Pha(séig = Surgical creation
stage 5/ of AVF
ESRD) = Psychological
support

Nat. Rev. Nephrol. 11, 491-502 (2015)
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[HO

» m HF OFF 5~6g (&F 2~2.39)

KDIGO guideline. 2024
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<14
30mg/d YEY
U.Alb 2

<130/80
30mg/d /

If U.AIb 230mg/d,
ARB or ACE inhibitor

<130/80

If U.Alb 2300mg/d,
ACE inhibitor
(ifintolerant, ARB)

SBP 130-139

RAS blocker
+ CCB/diuretics
as initial tx.

ACE inhibitor
or ARB

KDIGO guideline. 2021
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<6.5%

CKD G1

Absent/minor

Few

KDIGO guideline. 2022



Lifestyle therapy

First-line therapy

- Guided by patient preferences, comorbidities,
eGFR, and cost

« Includes patients with eGFR < 30 ml/min per
1.73 m? or treated with dialysis

« See Figure 25

Additional drug therapy as
©  needed for glycemic control

KDIGO guideline. 2022
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» RAS inhibitor

» DM (+) : G1-4, A2 O| 4 0|™ RASi AHE (recommend) — CHip B © 02 0of ooy
» DM (-) : G1-4, A3 O|TH RASi A& (recommend) ‘ a'bt{rrlm;na >30mg O|H
» DM (-) : G1-4, A2 O|™H RASi A[-Z (suggest) _ RAsi AHS

» ACEi, ARB, direct renin inhibitor 28 A2 ZX|
» CKD A10|AME 0, AEMES X[ =0 RASI AHE 11

» Jtsot O 83 AL
» eGFR < 30 ml/min/1.73m2 2 A A& S X|

KDIGO guideline. 2024



» RAS inhibitor

KDIGO guideline. 2022
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» SGLT2 inhibitor
» DM (+) : eGFR > 20 ml/min/1.73m?2 O|™H A2 (recommend)
» DM (-) : eGFR = 20 ml/min/1.73m2 & urine ACR = 200 mg/g O| ¥ A2 (recommend)
heart failure (albuminuria £2t) O|H Al (recommend)
» DM (-) : 20 < eGFR < 45 ml/min/1.73m? & urine ACR > 200 mg/g O|H A2 (suggest)

‘ T B or urine ACR 2 200mg/g or 2 S 0|H sGLT2i AL

» eGFR < 20 ml/min/1.73m2 O 2 ZtASE ACHM| QY 8FX| o™ S X|

KDIGO guideline. 2024
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» SGLTZ2 inhibitor

Assessment Intervention Follow-up

* Assess adverse effects

* Review knowledge

* Anticipate an acute
drop in eGFR, which is
generally not a reason
to stop the SGLT2
inhibitor

Patient
selection

* Ask about
hypoglycemia

* Reduce sulfonylurea
or insulin if needed

Glycemia

* He-assess volume
* Reduce concomitant

Volume
diuretic if needed

KDIGO guideline. 2022
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» Nonsteroidal Mineralocorticoid receptor antagonist (ns-MRA)

» DM (+), eGFR = 25 ml/min/1.73m?, normal potassium, albuminuria > 30 mg/g O| ™

A& (suggest)

» EFEAE0E SR X|EE0 PPISEE LA A SHS e =2 =8
2HAHO A A 3

» RASIQ} SGLT2i0| =7t 7t=
r IZEHT 20 CHeiAM H7 |5 s BLEZ 2R

KDIGO guideline. 2024



» Nonsteroidal Mineralocorticoid receptor antagonist (ns-MRA)

K* =4.8 mmol/l K*4.9-5.5 mmol/l K* >5.5 mmol/I
« Initiate finerenone = Continue finerenone 10 mg or 20 mg « Hold finerenone
- 10 mg daily if eGFR 25-59 ml/min/1.73 m? - Monitor K* every 4 months « Consider adjustments to diet or concomitant
- 20 mg daily if eGFR =60 ml/min/1.73 m? medications to mitigate hyperkalemia
» Monitor K* at 1 month after initiation and then every 4 - Recheck K*

months
» Increase dose to 20 mg daily, if on 10 mg daily

= Restart 10 mg daily if previously held for hyperkalemia and
K* now 5.0 mmol/I

» Consider reinitiation if/fwhen K+ 5.0 mmol/1

KDIGO guideline. 2024
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» GLP-1 RA
» DM(+), metformin2} SGLT2i X| 20| S SHX| & HSIX| 2S}HL O|F A A
=7t 42, long-acting GLP-1 RA A& (recommend)

KDIGO guideline. 2024
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» GLP-1 RA

GLP-1RA

Dulaglutide

Exenatide
Exenatide extended-release

Liraglutide

Lixisenatide

Semaglutide (injection)

Semaglutide (oral)

Dose

0.75 mg and 1.5 mg once weekly

10 pg twice daily
2 mg once weekly

1.2 mg and 1.8 mg once daily

10 pg and 20 pg once daily

0.5 mg and 1 mg once weekly

3 mg, 7 mg, or 14 mg daily

CKD adjustment

No dosage adjustment
Use with eGFR >15 ml/min per 1.73 m?

Use with CrCl >30 ml/min
Use with eGFR >45 ml/min per 1.73 m?

No dosage adjustment
Limited data for severe CKD

No dosage adjustment

Limited data for severe CKD

Not recommended with eGFR <15
ml/min per 1.73 m?

No dosage adjustment
Limited data for severe CKD

No dosage adjustment
Limited data for severe CKD

KDIGO guideline. 2024
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XS

Age <18
eGFR = 60
eGFR < 60

Statins or

statin/ezetimibe

On dialysis not b‘?z'g')t'atEd
After

transplantation

18-49 | > 50

Statins (2A) if Statins (1B)
patients with CAD,
DM, prior ischemic

stroke, or 10-y
risk > 10% (1A)

Statins or
statin/ezetimibe

Statins or statin/ezetimibe not be
initiated (2A), but be continued (2C)

Statins (2B)

KDIGO 2013 clinical Practice Guideline for Lipid Management in CKD
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@ B SYoE Fot @RS x| alkylating agents, cisplatin, methotrexate, mitomycin,

B 4, Ok @ SEXiol A =0] A - ol T =M Ot stety interferon-alpha, proteasome inhibitors, vascular

i 4. HESEE BN M 0 Al FOI8 2ai= HAHY S =<4 %A endothelial growth factor (VEGF) inhibitors, checkpoint
2= ‘ el 3 [ inhibitors

HEsEA H|AE|20|=4 AHIEHA(NSAIDs), 2222 aspirin CT3 S8 Al

NBEl= gocs xay ! ZYHliodine contrast agent)

aminoglycosides, amphotericin B, cephalosporins,

- o .
gan penicillins, beta-lactamase inhibitors, quinolones, = loop diuretic, thiazides, triamterene

rifampin, sulfonamides, vancormycin

Proton pump dexlansoprazole, esomeprazole, lansoprazole,

acyclovir, adefovir, ganciclovir, atazanavir, indinavir, inhibitors omeprazole, pantoprazole, rabeprazole
LR RS .

tenofovir

| o JE} SIS allzpurmcl:r!l, guLd sodium thiomalate, lithium, quinine,

Bisphosphonates pamidronate, zoledronic acid sodium phosphate
Calcineurin®x 3 cyclosporine, tacrolimus et aristolochic acid, cats claw, licorice root

X o|2 & 2AH7|E BHY 3 EE AT =X[E. 2022
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Age < 65 Age 65+

Age <65 ACR, mgig AR, Mg ADE 65+ ACF, mgiy AR, mgig

BGFRO-CYS | <10 | T0-25 | 30-299 | 300+ <10 | 10-29 | 30-21599 | 300+ BGFRO-CYS | <10 | 10-25 | 30-29% | 300+ <10 | 10-29 | 30-259 | 300+
All-cause mortality Myoandlal Infarcion All-Cause mortallty Myocardial infarction

105+
0104
G085
4550
3044
=30

1105+
0104
G085
4550

Cardlovascular mortall | Stroke ]

14
1.6
1.7

1.7
1.8
23

15

2044
<30

1.1

Eldney fallure replacement therap

23

15

| 37 | B3 |

70| 16 |

12
11

105+

B0-35

1.6

044
=30

Cardiovasoular mortality

[ 15 | 20 |

17

2.4

Kikdney fallure replacement therapy

13

15

1.7

2.1

1

4.7

[ Acutekidneyinjury | Atrial fibrillation _____|
[ 34 |
[ 18 | 25 | [ 12 |
(27 | 29 |

4.3

18 |

Peripheral artery disease

a

1.8 15
1.8 1
2.1 2

1E
[ 12 ] 13 |
(12 | 13 |

[ Acute kidneyinjury | Mrial fibrillation

15 |
[ 12 [ 15 |
[ 12 | 14 ]

|14 |
[ 15 | 21 ]| 27 |

[ 16 | 20 |

JAMA. 2023;330(13):1266-1277
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