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National Kidney Foundation. Am J Kidney Dis 2002; 39(2 Suppl 1):S1-S266
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GIR Criteria*  Urine Output Criteria
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Intrarenal Effects of ACE Inhibitors
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Acute renal failure

Prerenal
causes

i
Tubular
Necrosis

Ischemia Toxins
(50% of cases) (35% of czses)



Vulnerability to Ischaemia
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Brezis M et al. N Engl J Med. 1995;332.:647-655. Reprinted with permission.




Causes of Toxic Acute Renal Failure Associated
Cardiological or Cardiovascular Interventions.

Antibiotics
Aminoglycosides
Sulfonamide Cotrimoxazole
Quinolones
Amphotericin B
Acyclovir

Anesthetic Agents p)
Methoxylfurane Q
Enflurane

Contrast Media

Heme Piaments
Myoglobin
Hemoglobin

Miscellaneous
Dextrans
IV gamma globulins
Mannitol
Cyclosporine




Acute
glomerulonephritis
(5% of cases)

Prerenal

causes
Tubular
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2)
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4)
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Sjogren’s syndrome
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BaAkavi®v

Chinese Herb Nephritis
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AOCINWCEIC Kal Alauecoc NeEQPITIG

s Legionella

= Leptospirosig*

m Streptococcal infections
m Viruses



Acute renal failure
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Normal renal ultrasound MNormal renal ultrasonogram  yrinary tract obstruction Renal ultrasonogram
showing the renal outline and the normal width of the showing hydronephrosis due to urinary tract obstruction.
renal parenchyma (RP) which is represented by the black The collecting structures (CS) are distended by fluid,
area between the renal capsule and, in white, the rather than being closely bunched together as in the
collecting system {(CS). The collecting system structures normal kidney. This study was performed in a renal

are closely bunched together. transplant.




OcpaTtreuTika peTPa eTTi ONA
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1/3 of diabetics develop CKD
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AlanTikn NeppoTrabeia
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NEPPOTTOBEING
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C Zoccali et al.: Cardiovascular and renal medicine taxonomy
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Figure 1|Relationship between glomerular filtration rate
(GFR) and the risk for cardiovascular events. Data are adjusted

for age, sex, and other Framingham risk factors. HR, hazard rate;
eGFR, estimated GFR.
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ADVANCE = Action in Diabetes and Vascular disease: preterAx and diamicroN-MR
Controlled Evaluation Ninomiya T, et al. J Am Soc Nephrol. 2009;20:1813-21.

Albuminuria predicts renal events
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Treatment Targets for Diabetic
Renal Disease With Hypertension

GLUCOSE

LIFIUS
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Treatment Targets for Diabetic
Renal Disease With Hypertension

GLUCOSE
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ESRD Due to Any Cause
In 332,544 Men Screened for MRFEIT
Adjusted Relative Risks

25,0
\ 22.1%
AL
¢ 20,0
)
2
© 15,0
K ‘
10,0 <}z
5 S
2 50
2 4k
) / * o N §
-<CE’ 1.9
0,0 -
Optimal Normal High Stage 1 Stage 2 Stage 3 Stage 4
— _
Normal ~/
* p<0.001 Hypertension

Blood Pressure Category

§ Men with optimal blood pressure was the reference category.

Klag MJ, et al. NEJM 1996;334:13-18.



Meta Analysis: Lower Mean BP Results in Slower. Rates of
Decline in GER'In Diabetics and Non-Diabetics

MAP (mmHg)
95 98 101 104 107 110 113 116 119

O N L R R R RN R R R

T

r=0.69; P<0.05

Untreated

A\

GFR
(mL/min/year)
4

130/85 140/90

Bakris GL, et al. Am J Kidney Dis. 2000;36(3):646-661.



Office BP treatment target range

Office SBP treatment target ranges (mmHg) Office DBP
treatment
Age group target
Hypertension | + Diabetes + CKD + CAD + Stroke/TIA range
(mmHg)
Target to 130 Target to 130 Target to Target to 130 Target to 130
or lower if or lower if < 140 to 130 or lower if or lower if
18-65 years ) 70-79
tolerated tolerated if tolerated tolerated tolerated
Mot < 120 Mot < 120 Mot < 120 Not < 120
Target to Target to iarcat to Target to Target to
65-79 years <140t0o 130 | <140t0 130 | < L0<0130 | <140to 130 | < 140 to 130 70-79
if tolerated if tolerated if tolerated if tolerated if tolerated
Target to Target to Target to Target to Target to
= 80 years <140to 130 | <140t0130 | <140t0o 130 | < 140to 130 | < 140 to 130 70-79
if tolerated if tolerated if tolerated if tolerated if tolerated
Office DBP
treatment
target 70-79 70-79 70-79 70-79 70-79
range(mmHg)
)ESC o
Eurcpean Soclaty Williams, Mancia et al., 7 Hypertens 2018;36:1953-2041 and Eur Heart J 2018;39:3021-3104 Society
of Card‘ioloqv Hyperte



Drug-treatment strategy for
hypertension and CKD

e ACEi or ARB + CCB Beta-blockers

: nitial therapy . " : Consider beta-blockers at any
w Dual combination or ACEi or ARB + diuretic (or I°°p treatment step, when there is a
diuretic)® specific indication for their use,

e.g. heart failure, angina,

post-Ml, atrial fibrillation, or
l younger women with, or
: planning, pregnancy
Step 2 ACEi or ARB + CCB + diuretic (or
Triple combination iOOF,l diuretic)"

=

Step 3
THibie combination & Resistant hypertension
spironolactonec or Add spironolactone (25-50 mg o.d.)
other drug or other diuretic, alpha-blocker or beta-blocker

A reduction in eGFR and rise in serum creatinine is expected in patients with CKD’who receive BP-lowering therapy, especially in those
treated with an ACEi or ARB but a rise in serum creatinine of >30% should prompt evaluation of the patient for possible renovascular disease.

European
Ergeg, Society Williams, Mancia et al., J Hypertens 2018;36:1953-2041 and Eur Heart 1 2018;39:3021-3104 @ ::g:gezfs
of Cardioloqy
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Endothelium of
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1) Increased GFR
2) Amplified proteinuria
3) Enhanced
nephrosclerosis



>neIpapaTikn YnepTaon ano
gvepyornoinon Tou XPAA

Local effects of ARBs and ACEls in the kidney in the patient with type-2 diabetes.
Vasoconstriction in the efferent arteriole is reduced and less protein crosses the
glomerular filter into the tubule of the nephron

Normal

Dilated
afferent /
arteriole

Proximal
tubule

Diabetes ACE inhibitors/angiotensin-
receptor blockers

\Gonstrici\ed efferent
arteriole
(increased pressure)

Decreasec
pressure

y “Secretion of proteins
(leakago)

Proteins stored in
cytoplasm cause
cell activism &
inflammation




ACE-l is More Renoprotective than Conventional
Therapy in Type 1 Diabetes (Total N = 409)

0 :
% with [ ] Captopril
Doubling of 25 .— L1 cConventional therapy
Baseline
Creatinine 50
75
100 Baseline creatinine 2 25 mg/dl
N
=20 0 1 2 S 3
- 0 T
Decrease In
Mean Blood -2 )
(0)
Pressure ) Repluctlon
-4 — In
(mm Hg) Proteinuria
-6— -20 -
-8 -40 —
- 60 v

©2005. American College of Physicians. All Rights Reserved.



Irbesartan in Diabetic Nephropathy Trial:

Time to Doubling of Serum Creatinine, ESRD, or Death
1,715 Type 2 Diabetics with Nephropathy

Irbesartan

|
RRR 23% ‘
— . Amlodipine P=.006 ‘
i BP 141/77 P—lNS
@ 50 Placebo _I |
S BP 144/80 |
n 407
e
(@) Change in Proteinuria
)
3 ,——f
20" S St—
e é 10 1+—F
10 - o ol . .
/ g | /] B Placebo
O T L} L} | | |

0 6 12 18 24 30 36 42

Lewis EJ, et al. N Engl J Med. 2001;345:851-860. Follow-up
(mo)



SGLT — 2
Drugs for hypertension _Inhibitors

100% \
\ Renin-blockers

ARBEs
Angictensin
receptor blockers

@ Start of specific drugs |

E LARGE TRIALS (Statins)

§ q:-\EIﬂckerﬁ

- -

E Ealt:lum blockers, ACE inhibitors

E Sympathectomy

5 \ ﬁ-EInckars. hydralazne

\ Ganglion blockers
Diuretics
Rice diet
+ REE.ErplnE

1830 1840 1850 1960 1970 1580 1920 2000 2005-8




SGLT2 is asodium glucose cotransportert?

Basolateral membr

Glucose

Glucose
Na*

44

l_ Na*/K* ATPase

Lateral intercellular space _I

SGLTs transfer glucose and sodium (Na*:glucose coupling ratio for
SGLT1 = 2:1
and for SGLT2 = 1:1) from the lumen into the cytoplasm of tubular
cells through
a secondary active transport mechanism
GLUT, ghucose transporter; SGLT, sodium glucose cotransporter.

1. Wright EM, et al. Physiology. 2004;19:370-376. 2. Bakris GI, et al. Kidney Int. 2009;75:1272-1277.
3. Mather A, Pollock C. Kidney Int Suppl/. 2011;120:S1-S6.



Urinary glucose excretion via

Piered glucose SGLT2 inhibitiont

SGLT2
inhibitor

SGLT, sodium glucose cotransporter.
*Loss of ~ 80 g of glucose per day = 320 cal/day.
1. Bakris GL, et al. Kidney Int. 2009;75;1272-1277.

SGLT?2 inhibitors
reduce glucose
re-absorption
in the proximal
tubule, leading to
urinary glucose
excretion* and
osmotic diuresis



Glomerulus

SGLT2i

Efferent
arteriole

Loop of Henle

Na*

t Tubuloglomerular
feedback leads to
afferent constriction




eGFR — change from baseline over 24 week

in eGFR, mL/min/1.73m?2 (95% CI)
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12
Time (weeks)
Dapagliflozin 155 150

Placebo 157 151

1. Fioretto P et al. Presented at: The Endocrine Society Annual Meeting and Expo; March 17-20, 2018; Chicago, lllinois

Data analyzed in the safety analysis set.
Cl, confidence interval; eGFR, estimated glomerular filtration rate




UACR — change from baseline over
24 weeks*!

- Dapagliflozin 10 mg (N=67)
Mean baseline UACR, mg/g (SD): 507.9 (870.1)

Adjusted mean percent change from baseline
at Week 24 (95% Cl): -43.7% (-63.2, -14.0)

cl)

Placebo (N=75)

Mean baseline UACR, mg/g (SD): 555.1 (1186.2)
Adjusted mean percent change from baseline

at Week 24 (95% Cl): -34.6% (-56.2, -2.1)

baseline in UACR (95%

Difference vs placebo (95% ClI):
-14.0% (-42.3, 28.0)
p-value: 0.454
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Dapagliflozin 67
Placebo
Data are based on the full analysis set.

*Patients with baseline UACR =30 mg/g.
Cl, confidence interval; SD, standard deviation; UACR, urine albumin:creatinine ratio




eGFR (CKD-EPI) over 192 weeks

—t—Placebo —o— Empagliflozin 10 mg —o— Empagliflozin 25 mg
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No. analyzed

Pre-specified mixed model repeated measures analysis in all patients treated with =1 dose of study
drug who had a baseline and post-baseline measurement.

eGFR, estimated glomerular filtration rate; CKD-EPI, Chronic Kidney Disease Epidemiology
Collaboration.



META-ANALYSIS OF CVOTs:

RENAL END-POINTS BY PRESENCE

_i

Patients Events Events per 1000 Weight HR HR (95% CI)
patient-years (%)

Treatment (n/N) Placebo (n/N) Treatment Placebo
Patients with atherosclerotic cardiovascular disease
EMPA-REG OUTCOME 4645/6968 2323/6968 152 63 115 310 —— 0-54 (0-40-0-75)
CANVAS Program 3756/6656 2900/6656 179 6-4 105 35-6 —a— 0-59 (0-44-0-79)
DECLARE-TIMI 58 3474/6974 3500/6974 183 47 8& 334 —— Y (0-41-0-75)
Fixed effects model for atherosclerotic cardiovascular disease (p<0-0001) i (0-47-0-67)

N
Patients with multiple risk factors
CANVAS Program 2039/3486 1447/3486 70 41 6:6 295 i
DECLARE-TIMI 58 5108/10186  5078/10186 182 30 59 705 —B—
Fixed effects model for multiple risk factors (p<0-0001) ———
035 050 1.00
.‘_
Favours treatment Favours placebo

Figure4: Meta-analysis of SGLT2i trials on the composite of renal worsening, end-stage renal disease, or renal death stratified by the presence of established

atherosclerotic cardiovascular disease

BRIGHAM HEALTH
BRIGHAM AMND HARVARD MEDICAL SCHOOL
@ WOMENS HOSPITAL TEACHING HOSPITAL

Zelniker TA, Wiviott 5D...S5abatine MA, Lancet 2018
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Diagnosis of anemia

s Diaghose anemia in adults and
children >15 years with CKD when
the Hb concentration is

K
s Diaghose anemia in children with
CKD if Hb

concentration is <11.0 g/dl in
children 0.5-5 years, <11.5 g/dl in
children 5-12 years, and <12.0 g/dl
in children 12-15 years.
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Renal Hypoperfusion (Hypoxia)
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Hematocrit lowering effect +/- anemia after RAS blockade

Marathias et al. AJN, 2020

Reference No of Hct pre | Hct post | P value Clinical Setting Drug Duration
patients % % months
/year
Kamper+4 27 32.4 0.01 Adults with_ CKD | Enalapril
1990
Vlahakos®019 10 Renal transplant Enalapril
91 .
Gaston®1 12 57 47 0.001 Posttransplant Enalapril 9
1991 ervthrocvtosis
Herrlin®2 8 42.6 39 0.01 Stable Moderate Enalapril 3
1991 Heart Failure
Barro3 41 41.4 37.7 ¢.01 Early Heart Failure | Enalapril 12
1997 l IR
Mazzali®* 27 56 46 0.05 Posttransplant Enalapril 3
1998 erythrocytosis
Vlahakos4120 9 56 46 0.001 COPD with Losartan 1
01 polycythemia
Plata3® 13 63.5 Altitude Enalapril 12
2002 ,
Iodice®> Nonnephrotic 4
2003 ° proteinuria;
normal renal
function
Wihle® Children with CKD 6

2004




% Decrease in Mortality
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Angiotensin Mineralocorticoid
receptor ACE Beta receptor
blocker inhibitor blocker antagonist
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Drugs that inhibit the

| renin-angiotensin system
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have modest effects on
survival

Based on results of SOLVD-Treatment, CHARM-Alternative,

COPERNICUS, MERIT-HF, CIBIS Il, RALES and EMPHASIS-HF

Aging/Hypertension
Obesity/Diabetes




., 2013 ESH/ESC Hypertension Guidelines

Possible Combinations Of Antihypertensive Drug Classes

Thiazide diuretics

blockers

-~ .
Ve /
B-blockers (: —— e -\L _— Anglotensm receptor
‘ /
D V

Other - Calcium
Antihypertensives ~ antagonists

ACE inhibitors %
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Increased Hematocrit values
with SGLT-2 inhibitors

—e—Empaglifiozin
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Hematocrit increases after administration of SGLT2 inhibitors
Marathias et al. AIJN, 2020

Table 2. A modest increase in hematocrit values by 2—4% points is consistently observed following administration of all 6 gliflozins (em-
pagliflozin, canagliflozin, dapagliflozin, ipragliflozin, ertugliflozin and sotagliflozin)

Reference, year

Zinman et al. [69], 2015
Januzzi et al. [70], 2017
Kimuraetal. [52] 2018
Maruyama et al. [56], 2019
van Raalte et al. [71], 2019
Gallo et al. [72], 2019

van Bommel et al. [73], 2020

Number of
patients
7,020
450
31
9

1,049

41.00
39.10
37.10
42.00

Hct post,
%

46.00

43.00

4170

40.40
44,00

Clinical condition

T2DM at high CV risk
Older subjects with T2DM
2DM and hypertension
T2DM with anemia

T1DM
T2DM
T2DM

Dwuration,
months

Drug

Empagliflozin
Canagliflozin
Ipragliflozin
Canagliflozin
Sotagliflozin
Ertugliflozin
Dapagliflozin




Glomerular filtration rate (GFR) in diabetes

Normoglycemia +
4 normotension
Hyperfiltration
andfor
N0 = microalbuminuria

GFR
mL/min

&0

Proteinuria

Azotemia

ESRD
I T SR R R T

5 10 16 20
Years of hyperglycemia




Goal Achievement in Diabetes

NHANES 2007-2010
(N=1444)

TS
51.3
I 14.3

<7 V<8 >9 | <70 <100 <130/80
A1C LDL-C BP Nonsmoker All goals met
(%) (mg/dL) (mm/Hg)
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9 BP, blood pressure; LDL-C, low-density lipoprotein cholesterol; NHANES, National Health and Nutntion Examination Survey.
AACE Diabetes Resource Center AliMK, etal. N Engl J Med. 2013;368:1613-1624.
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Dose response of EPO-induced correction of uremic anemia
Slope of the rate of increase in the hematocrit in patients an
maintenance dialysis given various doses (15 to 500 units/kg) of
erythropaoietin (EPO) three times per week. The response is fastest at
the highest dose, but 3 gradual and adequate rise in hematocrit is
achieved in maost patients with 30 units/kqg. (Data from Eschbach, Jw,

Egr'iei JEi DDWﬂiﬂEi HHi et E|Ii M Engl Jd Med I'EIB?-i Z16:7ZE)



Kaplan-Meier Plot of the Time to the Primary Composite Event
between Randomization and Termination: ITT Population

125
30% Randomized Treatment
Hemoglobin Target 13.5 g/dL
—=—=—= Hemoglobin Target 11.3 g/dL
. 25% 1 r————————-
S . -
P Hazard ratio 1.337 (1.025, 1.743) i 97
© _
% 20% P=0.0312 ;”
w r
o lJ—
3 _l
E o 15% A
ks
[}
=
8 %
= 10%
©
VZ
5%
0% -l 1 1 1 1 1 1 1 1 1 1 1 1 1
0 6 12 18 24 30 36
Months from Randomization
_ 715 587 457 270 101 55 0
Atrisk 717 594 499 293 107 44 3

Primary Composite Endpoint:
Death, MI, CHF hosp (no RRT) and/or stroke



NKE KDOQI Guidelines

= 2.1.2 In the opinion of the Work Group, in
dialysis and nondialysis patients with CKD
receiving ESA therapy, the selected Hb
target should generally be in the range of

: (Q@ical Practice

RECOMMENDATION) °

2.1.3 In dialysis and nondialysis patients
with CKD receiving ESA therapy, the Hb
target should not be greater than 13.0 g/dL.
(Clinical Practice GUIDELINE - MODERATELY
STRONG EVIDENCE)



XNA
KAI
OXTMKOX
METABOAIZMOX2



— — 5" parcentile — Median
95" percentile +  Individual data point

—
-
=
o
£
S
o
=
e
o
L
=%
o
o
N
o
E
ps. |
o
o
(4}

L] 1
60 a0
Estimated GFR (mL/min/1.73 m?)

NFK KDOQI Guidelines 2000







O1 BaBpoAoyieg AoBEoTwong ZTe@aviaiwyv ApTnpiwyv ATToTEAOUV
Avecaptnroug lNMpoyvwoTikoug lNapayovreg TG OVNOINOTNTAG CE
AocBeveig Trou YmroaAAovral o€ Aipokabapon

AvaAuon Tov BaBuoAoyi®v aoBECTOONG TWV OTEPAVIAI®WV APTNPIOV WG

Q NPOYVMWOTIKOU napdayovTta ThnG OvnoipoTnTag o€ 166 acOeveic nou

) unoBaAAovTav o€ aiyokadapon ano Tov OkTwRpPIo Tou 2001 €W TOV
fg 100 - ZenTEPBpIo TOou 2007

2 CAC 0 11,1% (2/18)

= 80 7

5 1-100 18,7% (9/48)
3 60 - N

\% N CAC 101-400 32,1% (9/28)
% 40 L

S 20- CAC 2 400 41,7% (30/72)
g

= 0 | | | | | |

ﬁ 0] 12 24 36 48 60 72

NMapakoAouBnon (MAveg)

ApI1OHOG a00eVV O€ KiviUuvo

CACO 18 16 15 10 9 5 3
CAC 1-100 48 42 35 26 18 6 1
CAC 101-

400 28 21 17 10 8 p 0
CAC 400+ 72 59 44 16 9 p 0

Mpooapuoyn amd: Shantouf RS, et al. Am J Nephrol. 2010;31:419-425.



*Ergocalciferol
ecalcitriol or a synthetic analog

cinacalcet

[imit phosphate intake to 900 mg/day
ecalcium- and non-calcium-based phosphate binders
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Process of Hemodialysis

Impure blood

enters ¢

Dialysa
with (——-
impurities

Impure
blood from
body

Purified /

blood exits

fistula

Pun fied biood
returns

Cuffed Dialvsis Cathe\&@r

Double-lumen,
cuffed hemodialysis
catheter

Catheter
Catheter cuff

Adapters







EXC HANGE Dialysis |\

Solution

DIAGRAM i

Nighttime period Daytime period

Fluid Management in PD: Icodextrin l

Comparison with 2.27% and 3.86% \

- 2.27% Dextrose —&— 3.86% Dextrose 7.5%lIcodextrin /
1000 - =

800
600 ’ . _Peritoneal
d | Cavity

400
200

0
Waste

-200 el 4
CAPD (night) . Products
' - Bag

-400 -
600 > PD (day) \
- A——
N
10 12 14 16 W\
: R

Net UF (mL)
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