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Learning Objectives

* Discuss the definition, diagnosis and
prevalence of CKD

* Discuss strategies to reduce progression of
CKD




Case

* 75yo0 man with a history of hypertension,
T2DM for 8 years presents for evaluation.

* Scr 1.5 mg/dl. eGFR 53 ml/min

* BP 140-150 mmHg range.

* Medications: lisinopril, ASA,
hydrochlorothiazide, metformin

* HbAlc 7.4%




Case

e Lab values:

— UA —trace protein
— UACR 60 mg/g

* Does he have kidney disease?
* Do we need to worry about it?
 What are the next steps we should take?




CKD Definition

Criteria for CKD (present for at least 3 months)

Decreased GFR

GFR <60 ml/min/1.73m?

Kidney Damage

Albuminuria (ACR = 30mg/g)
Structural Abnormalities found on imaging

Electrolyte disorder attributable to abnormal tubular
function

Glomerular hematuria and other urine sediment
abnormalities

History of Kidney Transplantation

Abnormalities detected by histology
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Risk Factors for CKD Initiation

Clinical Factors

Diabetes

Hypertension

Urinary Tract Infections
Urinary Tract Obstruction
Family History of CKD

Low birth Weight

Autoimmune Disease
Systemic Infections
Urinary Stones
Neoplasia

Recovery from AKI

Exposure to nephrotoxins

Sociodemographic
Factors

U8 S

Older Age

Chemical and
Environmental Exposures

Low income/education

Ethnic Minority Status (African
American, American Indian,
Hispanic or Pacific Islander




GFR Measurement and Estimation

Method Description Advantages Potential Limitations
Measured | *Urinary clearance | *Accurate (gold *Inconvenient to patients
GFR of an exogenous or | standard methods) *Expensive
endogenous *Not suitable for population-
filtration marker. based screening

*Plasma clearance
of an exogenous
filtration marker.

Estimated | *Equations based *Suitable for *Non-GFR determinants of
GFR on serum levels of | population screening | marker concentrations
filtration markers *Rapid result (single *Assay variation
(creatinine/cystatin | measurement) *Inaccurate particularly in
C) *Inexpensive non-steady state situations
(AKI)
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Accuracy of Commonly Used Methods for
Estimating GFR
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CKD-Epi Equation

2 7] o
L R
17| o ° + KDIGO recommends
| using the CKD-Epi
I IR i equation in clinical
: § practice and for research.
- « Compared to MDRD
Estimated GFR, mL/min per 1.73 m? *Less Bias
- More accurate
r ] . *Improved risk
RS T £ reclassification
ooy o : « Approximately 84% of
§ TN measurements within 30%
1 ] T AN of the true (measured
;E | moRosugy %‘, GFR)
: N &

Levey et al, Annals Int Med 2009




Cystatin C

O mGFR B eGFR-Cr B eGFR-Cr-CysC @ eGFR-CysC

25%

20%

BMIperSD  24-h Urine Hypertension Diabetes CRP per SD Uric Acid per 24-h Urine Cr
Alb. >30 mg sSD per -SD

Rule et al, Kid Int 2013




Accuracy of eGFR in Individuals

* eGFR was never designed for
individual-level decision-

. | —— p2.5,p97.5 ;
making. S 120
* Mean difference between B N
MGFR and eGFRcr was % ™ . 6
06m|/m|n % 75 - o ; *76
g o <
* Wide range of values for T e e = .
individuals at a given eGFR g 454 ol o
7 938 939 g
. . _ 32
* No improvement with eGFRcys = %23 437 Lo
: R
* Likely should be reported as a e
range rather than a single 7 G W T S T (R N . =
number eGFR g, mL/min/1.73 m?

Figure 1. Distribution of mGFR at selected eGFRcg thresholds in 3223 participants of 4 cohort studies.
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How common is CKD?




Prevalence of CKD in US Adults
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14% prevalence of CKD in adults in
most recent NHANES survey
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Prevalence of albuminuria

100
30 Prevalence of
ACR=30mg/g
(%)
E' 60 m 2001-2004 9.4
8 2005-2008 9.9
= m 2009-2012 8.8
Q
o 40 m 2013-2016 10.1
20
0
<10 10-29 30-300 >300
ACR Category
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Prevalence of albuminuria by CKD category
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Prevalence of CKD

Persistent albuminuria categories
Description and range
Percentage of US Population by Al A2 A3
eGFR and Albuminuria
Category: KDIGO 2012 and Mormal to
- Moderately Severely
NHANES 1999-2006 ~ mildly increased increased
increased
<30 mg'g 230-300 mag'g =300 mg/g
=3 mg/mmol | 3-30 mg/mmeol | =30mg/mmol

G1 Mormal or high =90 1.9 57.9
E-_ 2 G2 Mildly decreased B0-89 22 354
z g
= Mildhy to moderately
E
=E_ E G3a decre | 45-59 3.6 46
gl =
»e Moderately to
"E -3 il severely decreased 30-44 16
g2
'E = G4 Severely decreased 15-29 0.4
1o
™
o G5 Kidney failure <15 0.1

893.2 5.4 1.3 100.0

KDIGO Guidelines, Kid Int 2012




Is early CKD important?




Increasing Prevalence of CKD with Age

d Marmal Man b Mormal Women

e

Inulin dearance, mlmird . 73 me

g 2

20 30 40 50 60 T 8D 20 30 40 50 80 7O 80 @0
Age in years Age in years

Wesson et al, Physiology of the Human Kidney 1969



Long-term Risk Factors for CKD
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Residual Lifetime Risk of CKD
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Distinct pathologic profile in patients with early
CKD

A Frequency of GS% B Frequency of IFTA%
g g |
=]
IFTA%
Z <10%
E ) 10-25% ER- 10-25%
£ c I 26-50% I
[ z6-50%
| B B >sox
| . ) .
e I _ = _ -
n_ssr &0 ;;:9 30 _t:;s 15 ::9 -=l-1s1 ) 601089 301059 15t029 <15
n=| n= n n= :m =628 =293 =28 11
eGFR, ml/min/1.73m? ' ' eGFR, ml'.:'rnln,"l,ﬁm.: "
C Frequency of AS% D Frequency of Grades of Chronicity Score
8 e
E P <0.001 =1
S i
S Mo
° Grades of Chronicity Score
g None/mild g 1
L 2 = (=]
% a Moderate g3 2
. . Severe - . 3
N
p 4|
- 1

601089 30t59 15t029 <15 ) 60083 30159 15to28 <15 Li et al,AJKD 2021

I'I!!BT n=628 n=293 n=28 n=11 n-}l‘l‘ n=628 n=293 n=28 n=11
eGFR, mlfmin/1.73m?* eGFR, mlfmin/1.73m?
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Complications develop early in CKD

Table 27 | Prevalence of CKD complications by GFR category*
derived from CKD cohorts

GFR category (ml/min/1.73 m*)

Complication Reference
=90 60-89 4559 3044 <30
Anemia’ 40% 4.7% 123% 22.7% 51.5% e
Hypertension’ 183% 41.0% 71.8% 78.3% B821% 68
25(0H) Vit D defidency” 14.1%  9.1% 10.7% 27 2% i
Acidosis® 112% 84% 94% 18.1% 31.5% 6
Hyperphosphatemia’ 72% 74% 92% 93% 23.0% -
Hypoalbuminemia® 1.0% 1.3% 28% 90% 7.5% 366
Hyperparathyroidism’ 55% 94% 23.0% 440% 725% —

KDIGO CKD Guidelines 2012




CKD is a risk factor for poor outcomes

Adjusted HR

Summary of
relative risks
from
continuous
meta-analysis

End stage renal disease
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15 30 45 &0 75 B0 105 120
eGFA, mi'min per 1.73 m2

Adjusted HR

Adfusted HR

All-causa mortality

15 30 45 60 75 80105120
eGFA, mi'min per 1.72 m2

Acute kidnay injury

15 30 45 60 73 80105120
aGFR, mimin per 1.73 m2

Adjusted HR

Adjusted OR

Cardiovascular mortality

15 30 45 60 73 80105120
aGFR, mimin per 1.73 m2

Prograssive CKD

Levey et al, Kidney Int 2011

15 30 45 60 7o 80105120
eGFR, mi'min per 1.73 m@



CKD Progression and Risk of All-cause
mortality and ESRD

Definition of All-cause mortality ESRD*®
progression HR** (95% Cl) HR™ (95% CI)
Certain rise 1.51 (1 46-1.56) 0.33 (0.26-042)
Uncertain rise 1.12 (1.08-1.16) 0.39 (0.30-051)
Stable (reference) Ref Ref
Uncertain drop 0.98 (0.95=1.01) 213 (1.84=247)
Certain drop 1.82 (1.83-1.95) 5.11 [4.56-5.71)

~600,000 adults with at
least two outpatient
creatinine measures
spaced 6 months apart.

Certain change = change
in GFR category + 25%
change in eGFR.

Increased risk of
mortality and ESRD with
progression

Turin et al, Am J Nephrol 2012 AND Turin et al, NDT 2012



How do we prevent CKD
progression?




Dietary Protein Restriction in CKD

12 -
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o
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Cumulative fall in GFR
Sl

o N
MR PR BEEPEE B |

0 12 Monthé24 3
MDRD study
585 patients with nondiabetic CKD
Mean GFR =39

Randomized to 1.3 or 0.58 g/kg (achieved 0.6-0.8)
protein per day
Little or no overall benefit

Conclusions:

* Dietary protein restriction may
protect against the progression
of CKD in humans by reducing
intra-glomerular pressure

* Benefits of dietary protein
restriction to 0.6-0.8 g/kg per
day on CKD progression is
controversial

e At best, a small reduction in
the rate of GFR decline can be
observed with low protein diet



Blood pressure and CKD progression

ACCORD — no CV benefit
for intense BP control
(<120 vs <140) in T2DM

Reduction in albuminuria
but no reduction in ESRD
(underpowered)

!!J ED 8

55

A Primary Outcome
1.0

0.8+
0.6+

0.4

Proportion with Event

0.2+

0.0

0.2 Standard

No. at Risk
Intensive
Standard

Years

2362 2273 2182 2117 1770 1080 298 175 80
2371 2274 2196 2120 1793 1127 358 195 108

B Nonfatal Stroke

Proportion with Event

No. at Risk
Intensive
Standard

1.0+
0.8+
0.6 lntensnve Standard
0.0+ T —
9 34 78
047 p_g.03
0.24
%0 : ) ' T T — T
0 1 2 3 4 5 6 7 3
Years

2362 2291 2223 2174 1841 1128 313 186 88
2371 2287 2235 2186 1879 1196 382 215 114

C Nonfatal Myocardial Infarction
1.0+

0.8
0.6

049 pooa2s

Proportion with Event

0.2

0.0 f T

Standard

Intensive

TR T
123 456738

0 1 2

No. at Risk
Intensive
Standard

Years

2362 2278 2190 2133 1787 1087 299 177 82
2371 2278 2208 2141 1818 1145 365 201 112

D Death from Cardiovascular Disease

Proportion with Event

No. at Risk
Intensive
Standard

o 02
0.8+
4 Standard
M
oc T T T T T T (n elnswe
0123 45¢6738
047 o074
0.24
00 T T T T T T T T
0 1 2 3 4 6 7 8
Years

2362 2304 2252 2201 1870 1143 317 188 91
2371 2313 2268 2218 1922 1220 393 221 118

ACCORD Study Group, NEJM 2008




A Primary Outcome

Blood pressure and e
0.8+ o Standard treatment —
. = 0.06
C K D p rog re S S I O n % %7 0.8 ,;J‘-»"“’FJ[;tensive treatment
."_E 0.4 0.02+4
= 000 : : é : ;
. R 1 2 4 5
* Previous guidelines suggested e
0.0 T T T T
higher BP targets in non- oo
p rOte i n u ri C C K D glt;:::iii:(eatment 4683 4437 4228 2829 721
Intensive treatment 4678 4436 4256 2900 779

* SPRINT has changed this —

B Death from Any Cause

now all high-risk patients B [l
0.08
should have a lower BP target N T R
B | Standard treatment I
to reduce CV risk I
= 04 024 Z~" |ntensive treatment
* No effect on CKD progression S ] 000 = ————————
* Increased risk of AKl in 00 —_—
0 1 2 3 4
patients with CKD | vears
?tz;jzr?i:(eatment 4683 4528 4383 2998 789
Intensive treatment 4678 4516 4390 3016 807
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SPRINT NEJM 2015




Risk of AKI with intensive BP control

Post-hoc analysis of
SPRINT

Increased risk of AKI with
intensive BP control

Most cases were mild and
returned to baseline

Subsequent analysis
suggests higher CV risk in
this group

Unclear if proteinuria

modifies this effect
B1VE [ §1[R [@ITs

Hazard ratio with intensive treatment,
1.64 (95% CI- 1.30-2.10), p<0.0001

0.09
0.08
0.07
0.06
0.05
0.04

0.03

Cumulative Incidence

0.02
0.01

0.00
0 1 2 3 4 5

Years Post-Randomization

Group: Standard (N=4683) Intensive (N=4878)

Figure 2.
Cumulative Hazard Plot for Acute Kidney Injury (CI denotes confidence interval).

Rocco et al, AJKD 2018



A Primary Outcome

Lo~
g 081 TS = Intensive therapy
. E T or £33
Intensive Glucose Control :
Z
= 0.4+
g
2
©
& 0.2
P=0.14
0.0 T T ! :
0 2 4 6 8
Years

No. at Risk
Standard therapy 899 770 693 637 570 471 240 55 0

® Intensive glucose Control ea r‘Iy in Intensive therapy 892 774 707 639 582 510 252 62 0
T1DM reduces the risk for e e

microvascular complications 1
* Less clear for T2DM likely reflecting %‘
delay in diagnosis in many cases : Moo | | |
e Strict glucose control in patients with e
established complications is not Somiends S B M oo B0
beneficial P s
* Increased risk of hypoglycemia . S -
* No change in mortality in non-CKD :E
population N | | |
Savdird iy 99 436 801 772 Ym & w0
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Duckworth, NEJM 2009




Intensive
Glucose Control
increases CV and

All-cause

mortality in
patients with
established CKD

a Cardiovascular mortality
1.0 S —
° 0.9+
2
5o
38 08
TG
==
28
g2 o074
o
o
0 | Lot P={i3604|
N 3244 308 2n44 483 148
Inmrc:w; : atg 2598 s w3
standar 2 4 & g
Follow-up time
Glyirssnshe Intensive — — — - Standnd
| |
1.0+
@ 0.9
£
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a
35 0s.
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28
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o
0.6 4
: =TT k] 2547 464 48
Intensive | qom 2127 2T 527 11Fa
standard T ! ! : :
0 4 8 a
Follow-up time
| Glyintznsie Imterstes — — — Standard |

All-cause mortality

1.0

0.9

L=
=
1

Proporton of event-free
participants
=
B

0.6 4

Intensive
standard

Logrank P -0 0165

e
S T

18385 722 138 10 10s
1800 717 1380 ) 82z
T T T T T
0 2 - 6 8
Follow-up time
| Giyiriensivs Irdsnsive — — — - Standard |

1.0

Proporton of event-fres
participants
=}
BN ]

0.6

Intensive
standard

1836 7 12496 om 108
1800 1725 1401 &85
T T T T T
0 2 4 & a8
Follow-up time
| Glyintensies Intensive —— — - Standard |

Figure 5| Cardiovascular and all-cause mortality stratified by intensive or standard treatment group and by chronic kidney disease
(CKD) status. Cardiovascular and all-cause mortality with intensive versus standard glycemic control in patients without CKD (a, ¢ and

with CKD (b, d).

Papademetriou, Kid Int 2015
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RAAS Blockade -
S E 40
g% s
£ 5 30 - Placebo -;--?'
=2 2 §
. - . o §§ .;gg P = 0.007 dﬁ"g fffff L ?__???
* ACEi, ARB, Direct Renin Inhibitors £ o Gt
and mineralocorticoid °| ete
. DfD 0‘.5 1|.0 1?5 210 2I.5 3i0 3|.5 4j0
d nta gO N IStS . Years of Follow-up
* Single most effective therapy for Copoi 207 1% 1% 10 16 1% & s o
slowing down the progression of B
. . o 50«
diabetic nephropathy. L
22 40
* Seminal Captopril Trial 35
. . . g % 22 Placeboa _____
— Reduction in doubling of €% - 5
creatinine ge e ) 7 G
. . 3a ; &
— 50% reduction in death/ESRD §° ] e vy

00 05 10 15 20 25 30 35 40
Years of Follow-up

Placebo 202 198 192 186 171 121 100 59 26
Captopril 207 207 204 201 195 140 103 64 37
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ARBs as effective as ACEi

1E0:ES

IDNT and RENAAL trial
studied the effect of
irbesartan and losartan
on DN progression in
patients with T2DM

Both reduced the risk for
doubling sCR, death and
ESRD

Effect driven in part by a
reduction in proteinuria

40

Change in the Level of Proteinuria (%)

Mo, a1 Risk
Placebo
Losarian

204

204

A0

762
751

Flaceho .-
P<0.001
IO s
T Losartan
T T T T T T 1
12 24 36 48
Months of Study
632 529 390 130
BE1 1t 438 167

Brenner, NEJM 2001



Non-Steroidal MRA

A Urinary Albumin-to-Creatinine Ratio

1.4
% 1.24
@ Placebo
S 104
e Steroidal MRAs have been used to treat L -
DKD but the use iS Iimited by §_ 0.4+ Geqmetricmean albumin-to-crgatinineratioatbaseline:
. % ol Pleers Rim geoeticibzeg |
hyperkalemia § | |
Oc T T T T T T T T 1
. . 0 4 8 12 16 20 24 28 32 36
e Non-steroidal MRAs are an alternative — Hoviimslh RadosiEation
no estrogen effects and less hyperkalemia Frenone. 2831 2725 22 130 ass
Placebo 2840 2726 2598 1825 834
° Fi nerenone: B Mean Serum::iassium
— Patients with DKD and 300-5000 mg 551 Finergnone
albuminuria -

— Reduction in renal outcome 21.1% to
17.8%

— Marked reduction in albuminuria

Placebo

Mean serum potassium at baseline:
3.0 Finerenone, 4.37+0.46
Placebo, 4.38+0.46

Mean Serum Potassium (mmol/liter)

T T T T T T T T T 1
01 4 8 12 16 20 24 28 32 36 40 44

— Prevalence hyperkalemia 2.3% (compared Months since Randomization
With 9 . 2% in AC E/AR B Stu d ies) ::é:ﬁi?sents 2827 2708 2600 1872 882 344
Placebo 2831 2709 2596 1865 862 348

Bakris et al, NEJM 2020




SGLT2 Inhibitors

* Glucose freely filtered in the

kidney Gl \4
. : ucose
* Reabsorbed in the proximal tubule
SGLT-2
by S1/52 segments of
— SGLT? (90%) proximal tubule
— o X
SGLT1 (10%) Reabsorption 90% SGLT-1 _gggﬁctlng
* |n the absence of hyperglycemia, —
all glucose is reabsorbed in the proximal tubule
10%
tubules

* SGLT2 inhibitors block glucose
reabsorption leading to glycosuria
with low serum glucose levels

No glucose
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CREDENCE — Study Design

 Randomized trial of canagliflozin 100 mg daily versus placebo
e 4401 patients randomized
* Inclusion criteria:
— Albumin/creatinine > 300 to 5000
— eGFR30to <90
— Treatment with RAS blockade
* Primary outcomes:
— Composite of ESRD and
— Doubling of the serum creatinine
— Death from renal or cardiovascular causes

1E0:ES




Credence

* Trial stopped early due to

a 30% reduction in the

primary outcome (ESRD or

doubling of creatinine)
after only 2.5 years

Most important discovery
in nephrology in the past

10 years!

1E0:ES

A Urinary Albumin-to-Creatinine Ratio

Geometric Mean

Mo. of Patients
Placebo
Canagliflozin

12000

1000

-
a{u}—k\ L

w1 3 5 3 F 9

Meadian Baseline
Canagliflozin Placebo

91315 9180
Placebo
- e kN T
a1 4 4 T 1 T
L 1

Canagliflozin

400+
200+
y T T T T T T 1
1] b 12 18 24 30 k{3 42
Months since Randomization
7113 2061 1986 1865 1714 1158 BES 251
2114 2070 2019 1917 1819 1245 730 271

B Change from Baseline in Estimated GFR

(mlfminf1.73 m?)

Least-Squares Mean Change

Mo. of Patients
Placebo
Canagliflozin

Baseline (ml/min/1.73 m?)
Canaglifiezin Placebo

6.4 56.0
0w
-1 =
-4
_5_*'1 = -
—5] Mg . Canagliflozin
—~104 —%__
-124 e
14 y
—164 Placebo _
~1E- .
—20 T T T T | | T 1
0 3 6 12 18 24 30 36 42
Maonths since Randomization
2178 1985 1882 1720 1536 1006 583 210
2179 2005 1919 1782 1648 1116 B52 241

Perkovic et al, NEJM 201



SGLT2i also reduces renal and CV outcomes in non-
diabetic patients — DAPA CKD

A Primary Composite Outcome

249 Hazard ratio, 0.61 (95% Cl, 0.51-0.72)

1004 59 P<0.001
90+ 16 Placebo
g 5,
g 704
c
3 60 8 .
2 ol 4 Dapagliflozin
g
= 4049 o+ T T T T T T T 1
S 5 0 4 8 12 16 20 24 28 32
[
] Jﬁz/’-_/
c T T T T T T T 1
0 4 8 12 16 20 24 28 32
Months since Randomization
No. at Risk
Placebo 2152 1993 1936 1858 1791 1664 1232 774 270

Dapagliflozin 2152 2001 1955 1898 1841 1701 1283 831 309

B Renal-Specific Composite Outcome
207 Hazard ratio, 0.56 (95% Cl, 0.45-0.68)

q P<0.001
100 16 <0.0(
_ 90 Placebo
R 80 12
o
g 701 3
S 604
2 god 4 Dapagliflozin
o
'% 404 0+ T T T T T T T 1
S 3] 0 4 8 12 16 20 24 28 32
i
104 ,_f_/_/_J
0 1 T T T T T T 1
0 4 8 12 16 20 24 28 32
M +h. siHCen
No. at Risk
Placebo 2152 1993 1936 1858 1791 1664 1232 774 270

Dapagliflozin 2152 2001 1955 1898 1841 1701 1288 831 309

C Composite of Death from Cardiovascular Causes or Hospitalization
for Heart Failure

109 Hazard ratio, 0.71 (95% Cl, 0.55-0.92)

100+ 3 P=0.009
90 Placebo
K s 6
o
§ 70 4
2 €01 2 Dapagliflozin
£ 504
g
g 404 o+ T T T T T T T 1
_E 304 0 4 8 12 16 20 24 28 32
3 20
10+
C T T T T T T T 1
0 4 8 12 16 20 24 28 32
Months since Randomization
No. at Risk
Placebo 2152 2023 1989 1957 1927 1853 1451 976 360

Dapagliflozin 2152 2035 2021 2003 1975 1895 1502 1003 384

D Death from Any Cause

129 Hazard ratio, 0.69 (95% CI, 0.53-0.88)

1004 10 P=0.004
904
— 8
£ 304 Placebo
g o °
g 4
T 60
2 s 2 Dapagliflozin
[
8 404 0+ T T T T T T T 1
S 30l 0 4 8 12 16 20 24 28 3R
£
S 204
10+
0 T X T T T T T 1
0 4 8 12 16 20 24 28 32
Months since R
No. at Risk
Placebo 2152 2035 2018 1993 1972 1902 1502 1009 379

Dapagliflozin 2152 2039 2029 2017 1998 1925 1531 1028 398

4200 patients with CKD stage
2-4 with albuminuria
Mix of patients with and
without T2DM
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Case

e 74yo with CKD, mild albuminuria, hypertension and
DM.
— Is at increased risk of CV disease and CKD progression
— Target Alc <8%
— Target BP <130/80 to reduce CV risk
— Add SGLT2i for renoprotection
— Continue ACEi
— No current indication for MRA
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Take Home Points

Early CKD is important and is associated with adverse
outcomes including cardiovascular disease

Delaying progression of CKD is hard as it is likely that
significant structural changes have already occurred
by the time the GFR has fallen

Early intervention is likely more effective.

We have more options for CKD delay now than ever
before:
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