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CKD

9-15%
adults

IS E (E £

HF

CRS
Prevalence
1% adults unknown

40-50% HF > 2% adults
patients
30% of ckp,/ ©0% HFpEF

patients
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One-year result of TSOC HF registry

All-Cause Mortality Cardiovascular Death

Survival

Survival

\\

200

200
Follow-up Period {Days) Follow-up Period {Days)
No. at Risk 1401 1156 1085 1062 No. at Risk 1401 1156 1095

1-yr Re-hospitalization rates for HF: 38.5%
At 1-yr, only 46.4% free from death, hospitalization for HF, LVAD or Tx

HY Chang et al. Acta Cardiol Sin 2017;33:127-138



Type 1 CRS
Acute HF
AMI with CS

Venous Congestion
Renal Hypoperfusion
SNS/RAAS Activation
Oxidative Stress

Type 2 CRS
Chronic HF

SNS/RAAS Activation
Fibrosis

Oxidative Stress
Inflammation

Type 5 CRS
Sepsis
COVID-19
Cirrhosis
Amyloidosis
SLE

Type 3 CRS Type 4 CRS
AKI CKD
Glomerular disease

ATN

CIN
IC}EidativetlStress SNS/RAAS Activation
nflammation Uremic CM

SNS/RAAS Activation
Electrolyte Disturbance
Volume Overload

Fibrosis

Cardiovascular Diabetology (2023) 22:316




\MCare Nephrology 3 edition

Decreased CO
Decreased Effective circulating volume
Decreased RBF, RPF
Activating of RAAS SNS
Inflammatory pathways

Decreased GFR
Na and H,O retention
Increased edema, preload

Increased Afterload

Venous congestion, HTN, Raised IAP
Decreased AV perfusion gradient
Kidney interstitial edema
Activation of RAAS, SNS
Inflammatory pathways




Cardiac Output M— Neurohormonal Activation

Renal Blood Flow _

Renal Dysfunction au
cicaet g {RIEBP
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Total Body Water

Renal Blood Sodium

Extracellular Volume

Plasma Volume

RA Pressure

LA Pressure

Blood Pressure I
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Percent Change From Normal
%EQ%!& Care Nephrology 3" edition g



Renal assessment

Renal function:

» Serum creatinine and eGFR

» Consider cystatin C

* Urine sample: urinary sodium,
proteinuria, hematuria

* Blood gas assessment

Structural:
* Renal Doppler ultrasound

Classify:
* RIFLE (acute)/KDIGO (chronic)
Seek nephrology advice:

» Systemic disease, significant
proteinuria, need for RRT

Diagnosis of CRS in HFpEF

Common risk factors:
hypertension, diabetes, obesity, tobacco,
dyslipidemia, atherosclerosis

'

Start/reinforce
preventative measures

=

Renal dysfunction 47

Cardiac dysfunction
4‘7
y
Look for contributing systemic conditions:
sepsis, inflammatory disorders, toxics...

Cardiac assessment

Echocardiogram (LVEF 2 50%):

« LA size > 34 ml/m? (SR)
> 40 ml/m? (AF)

* TR velocity >2.8m/s

* E/e’ >9

Peptides:
* NTproBNP > 220 pg/ml (SR)
> 660 pg/ml (AF)

» Consider CA-125

Scores:
« HFA-PEFF and H2F-PEEF

Seek cardiology advice:
» Revascularization, valvulopathies,
arrhythmias, pericardial effusion...

Clinical Kidney Journal, 2022, vol. 15, no. 10, 1807-1815
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Improve Reduce
symptoms mortality

®

Prevent
hospitalization
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Tiredness
Shortness of breath

Pumping action Cough
of the heart
grows weaker ( A / Fluid retention

A

Pleural effusion

ILREIG

—

o

SAEAR

Swelling of feet,

100

ankles, abdomen
and lower back

Clin Cardiol 2010:33:e73-80
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1987: The CONSENSUS trial 1999: The RALES trial shows a 30% 2019-2022: The SGLT2Is dapagliflozin and
shows for the first time a reduction in the risk of death, mainly empagliflozin show a striking reduction in
significant benefit on mortality  attributed to death from progression major outcomes in patients with HFrEF.
with the addition of enalapril to of HF with the use of spironolactone Both also became the first drugs to show
HFrEF therapy in HFrEF benefit for patients with HFpEF

. , MRA
ACEi SGLT2i

Vasodilator ’k

. . ARNI
Diuretics

Treatment of heart failure with 1996: The USCP study shows a 65% 2014: The PARADIGM-HF trial shows
diuretics and vasodilators with reduction in mortality and 27% reduction that the addition of ARNIs to standard
some symptomatic improvement, in the risk of hospitalisation for heart failure therapy further reduced the
but little effect on major cardiovascular causes with the use of risk of death from cardiovascular causes
outcomes carvedilol in patients with HFrEF or first hospitalisation for HF in HFrEF

Foundational therapy with the combination of four medications is established
as the standard of care for heart failure, with major improvements in outcomes

. and quality of life
QSG}// Cardiac Failure Review 2024,10:e03




Baseline SGLT2i trial in HF

characteristics? Treatment group

LVEF, %

LVEF category,
N (%)

é-.

eGFR,
mL/min/1.73 m?

eGFR < 60 mL/min/1.73 m?,
N/total (%)

0 3 SGLT2i trial in HF
utcomes

Primary endpoint

(composite including HHF)

Kidney endpoint
(eGFR rate of decline)

e-..

~ .I.- 1
1
N

Kidney endpoint
(composite including worsening
kidney function)

DAPA-HF

Placebo
(N =2371)

Dapaglifiozin
(N =2373)

31.2£6.7 30.9+6.9

Not stated Not stated

66.0£19.6 65.5+£19.3

962/2372
(40.6)

964/2371
(40.7)

26%

HR: 0.74
95% Cl 0.65-0.85; p < 0.001

(Days 14-720) +1.76 difference
[mL/min/1.73 m® per year)

Dapagliflozin —1.09 (95% Ci-1.40
to —-0.77) vs placebo-2.85 (95% Cl
-3.17 to =2.53) mL/min/1.73 m’

per year; p < 0.001

No effect

EMPEROR-Reduced

Placebo
(N = 1867)

27.2+6.1

Empaglifiozin
(N =1863)

27.7+6.0

<30,1337(71.8)  =30,1392(74.6)

61.8+21.7 62.2 £21.5

893/1862
(48.0)

906/1866
(48.6)

EMPEROR-Reduced

25%

HR: 0.75
95% Cl 0.65-0.86; p < 0.001

+1.73 difference
(mL/min/1.73 m*per year)

95% C11.10-2.37; p < 0.001

HR: 0.50
95% C1 0.32-0.77

DELIVER

Placebo
(N=3132)

Dapaglifiozin
(N=3131)

54.0+8.6 54389
< 49%,

1067 (34.1)
50-59%,

1133 (36.2)

> 60%, 931 (29.7)

< 49%,
1049 (33.5)
50-59%,
1123 (35.9)

61+19

1516/3131
(48.4)

1554/3132
(49.6)

DELIVER

HR: 0.82
95% C10.73-0.52; p< 0.001

(Months 1-36) +1.4 difference
(mL/min/1.73 m? per year)

95% Cl 1.0-1.8; p< 0.001

No prespecified composite
kidney endpoint

EMPEROR-Preserved

Placebo
(N = 2991)

Empagliflozin
(N = 2997)

54.3+8.8 54.3 8.8
> 40% to < 50%,
955 (33.2)

= 50% to < 60%,
1028 (34.3)

= 60%, 974 (32.5)

> 40% to < 50%
988 (33.0)

2 50% to < 60%
1030 (34.4)

= 60%, 973 (32
60.6+19.8 60.6 £19.9

1504/2997
(50.2)

1484/2989
(49.6)

EMPEROR-Preserved

HR: 0.79
95% Cl 0.69-0.90; p < 0.001
(Attenuated effect on HHF
at EF > 60%)

+1.36 difference
(mL/min/1.73 m? per year)

95% C1 1.06-1.66; p < 0.001

22%

CHR: 0.78
95% C10.54-1.13; p= 0.02
(Attenuated effect at
higher EFs)
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Diuretic Resistance

SGLT2i ?




Decompensated HF
Congestion + HypoperfusionT8#& /B IEE=

TLVEDP Diuretic use
JCardiac Output
e TRA pressure
tNatriuretic Peptides | Tissue Perfusion
Volume : Volume
Venous Congestion
Overload . gest Overload
Diuretic Resistance Systemic

Vaso-contriction
TRenal venous pressure

|Water Clearance

Secondary
TNa Reabsorption Hyper-aldosteronism

Deterioration in Renal
\\ Hemodynamic and Function




Relative
natriuretic
potency (%)

Site of Mechanism
action (inhibition)

. Dose
Qsmqtlc Mannitol PT and Water and solute dependent
diuretics LOH (>10)

Carbonic

anhydrase Acetazolamide PT Carbonic anhydrase 1-3
inhibitor

Furosemide Na/K/2Cl

Bumetanide RS co-transporter

Hydrochloroth|a2|de Early DCT Na/Cl
Indapamide co-transporter
Amiloride ENaC

A EREWITE apirololactone e MR receptor

D= E A

European Society of Cardiology#s 4 & 22 I 15 {5 A3 F T 055 5% PR 45
1. {ERFIKEI2/\E, spot urine Na < 50 mmol/L
2. {EAFIKREIZ6/NFAKE <100 mli/hr

Loop

Distal tubule




Mechanism of Diuretic Resistance in Heart Failure at nephron level
- Compensatory Post-Diuretic Sodium Reabsorption (CPDSR)

- Braking phenomenon

Proximal Tubule

———

Loop diuretics inhibit NKCC2 at the macula
densa, which leads to increased renin
secretion and increase in intraglomerular
pressures by preventing tubuloglomerular
feedback having potentially detrimental

P ——

effects on cardiac and renal function.

Diuretic braking phenomenon

Peak
Natriuresis

long-term administration of a
defined dose of diuretic

&
>

Diuretics doses

Sistal L
- Tubule Fluid loss

(caused by diuresis)

l

RAAS? and SNS®
activation

Remodeling : l .
hypertrophy and hyperplasia { Sodium retention ‘

l

Loop Diuretics ]

\0

Obstruction of sodium
absorption

Loop of Henle

Int. J. Mol. Sci. 2024, 25, 3122
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Mechanism of mitigation of Diuretic Resistance by SGLT-2i¢

SGLT-2i

Fluid loss
™ - (caused by diuresis)

;>°Q
QS"
&
| I

RAAS? and SNSP
activation

Proximal Tubule Distal Tubule

\

Action at
Proximal Tubule

Diuretic braking phenomenon Remodeling x

hypertrophy and hyperplasia msp | Sodium retention J ‘

peak | l A Glucose (and
Natriuresis

H,0) excretion

Loop Diuretics — synergistic action

J Sodium
S .
\/ y@uod reabsorption
\0

Obstruction of sodium
Mitigation of
Diuretic Resistance

Diuretics dose;; absorption
Int. J. Mol. Sci. 2024, 25, 3122

long-term administration of a Loop O‘f Hewle

defined dose of diuretic




FFNa (94)

Day 1 Type 2 DM & HF

. . A Change in Blood Volume B Change in Plasma Volume
Monotherapy Post-Loop Diuretic at 14 Days at 14 Days

N
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A Blood Volume (mL)
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— Empagliflozin . . T T
— Placebo Empa  Placebo Empa Placebo

B
Change in Weight Change in Total Body Water
after 14 days after 14 days

Hou} 1.5 'HOur 3:0 Hou.r 4.5 Hou.r 6.0

N
]

— p = 0.001
—

[y
L

A Body Weight (kg)

A Total Body Water (L)

Empa Placebo Empa Placebo

* Empa functions as a loop diuretic
Placebo Empa _ Placebo Empa adjuvant with a clinically

l l [ ] LY XJ o (]
Without Loop Diuretic With Loop Diuretic SIgnlﬁcant effeC'l' oA nai'rlureSIS

Circulation. 2020:142:1028-1039



Tubuloglomerular
feedback

\V Y%

|

?I Sodium

I Potassium
I Magnesium
C

Empagliflozin
Bumetanide

Tubuloglomerular
feedback

R

ﬁ Sodium

— POtassium
= Magnesium
e Uric acid

Tubuloglomerular
feedback

%%

? I Sodium

e POtassium
l Magnesium
l Uric Acid

CHFE & &= F2REiBnloop
diureticB9FI R El Sthiazide
g thiazide-typehdF R &l
A FRELEYEEIEM
K/MgRyifik, miEsk EE S H#
fiE(MNEINEER(EEEE)

Cell Metabolism 32, July 7, 2020




Table 1. Key studies investigating the impact of SGLT-2 inhibitors on the attenuation of diuretic resistance in patients with HE.

Study ID Type of Study

Prespecified secondary
Biegus et al., 2023 analysis of the multicenter,
[52] double-blind RCT
(EMPULSE trial)

Multicenter, double-blind,
RCT (EMPEROR-Reduced
trial)

Packer et al., 2021
b [50]

Population (Main
Characteristics)

530 patients hospitalized due to

symptoms and signs of ADHF

requiring iv loop diuretics after
initial stabilization

3730 patients with HFrEF (39.6%
in “volume overload” and 57%
“euvolemic”).

SGLT2 Inhibitor vs.

Comparator Eellow-Lp

Empagliflozin 10 mg/day vs.
placebo as add-on therapy for
3 months.
Randomization 1:1.

90 days

Empagliflozin 10 mg/day vs.
placebo as an add-on to
conventional therapy.
Randomization 1:1.

720 days

SGLT2i reduce the risk of severe

hyperkalemia in patients with T2D through
a variety of risk factors without increasing
the risk of hypokalemia.

Packer et al., 2021 Multicenter, double-blind,

a[57] trial)

RCT (EMPEROR-Preserved

5988 patients with HF and EF >
40%

Empagliflozin 10 mg/day vs.
placebo as an add-on to
conventional therapy.
Randomization 1:1.

26 months

Main Outcomes

Empagliflozin was associated with significantly greater
reductions in body weight compared to the control group at
day 15 (adjusted MD = —1.97 kg, 95% CI: [-2.86 to —1.08],

p <0.0001), at day 30 (MD = —1.74 kg, 95% CI: [-2.73 to
—0.74], p = 0.0007), and after 3 months (MD = —1.53 kg, 95%
CL: [~2.75 to —0.31], p = 0.0137).

Empagliflozin was not associated with the administration of
greater doses of loop diuretics compared to the control group
at day 15 (adjusted MD = 6.7 mg of iv furosemide (or
equivalent), 95% CI: [-1.0 to 14.4], p = 0.0862), at day 30

(MD = 5.3 mg of iv furosemide (or equivalent), 95% CI: [-1.6
to 12.3], p = 0.1295), and after 3 months. (MD = 3.1 mg of iv
furosemide (or equivalent), 95% CI: [ =3.4 to 9.6], p = 0.3488)
Treatment with empagliflozin was associated with greater
congestion score reductions compared to controls at day 15
(adjusted MD = —0.34, 95% CI: [-0.60 to —0.09], p < 0.01) and
after 3 months (MD = —0.23, 95% CI: [-0.47 to 0.02], p = 0.067).

Patients with “volume overload” were at a higher risk of
increase in the sustained dose of loop diuretics when treated
with a placebo vs. empagliflozin (HR: 1.22; 95% CI: [1.00-1.48];
p = 0.047).

Empagliflozin administration was associated with a lower
probability of the up-titration of loop diuretics (HR = 0.68, 95%
CI: [0.55-0.85] in patients with recent volume overload and
HR = 0.67, 95% CI: [0.55-0.82] in euvolemic patients.

Patients in the empagliflozin arm experienced a moderate
decrease in NT-proBNP levels after 4 weeks and a more
significant one at week 52, regardless of volume status
(p=0.38 and p = 0.67, respectively).

Patients receiving empagliflozin had a higher probability of
improvement in the NYHA functional class after 4 weeks and
experienced an amelioration in the KCCQ score after 12 weeks
of treatment irrespective of their volume status.

A statistically significant decline in body weight (mean 1 kg)
and an increase in hematocrit were observed in the group
receiving empagliflozin regardless of volume status.

The eGFR decreased at a slower rate in patients receiving
empagliflozin regardless of “volume overload”.

The outpatient up-titration of furosemide was observed less
frequently in the SGLT2 inhibitor arm compared to the control
group (HR = 0.76, 95% CI: [0.67-0.86]; p < 0.0001).
Treatment with empagliflozin was associated with a 2
50% greater likelihood of experiencing a better NYHA
functional class after a period of 3 months.

% to

Int. J. Mol. Sci. 2024, 25, 3122




Cardiovascular and Renal Effects of SGLT2 Initiation in Acute Heart Failure
A meta-analysis of Randomized Controlled Trials

Results

Addition of SGLT2i to conventional diuretic therapy:
Population: Acute Heart Failure

Intervention: SGLT2i + All-cause death (OR 0.75; 95% ClI 0.56-0.99)
Readmissions for HF (OR 0.54; 95% CI 0.44-0.66)

J Conventional diuretic therapy R
; CV death or readmissions for HF (HR 0.71; 95% CI 0.60-0.84)

. Control: Conventional diuretic
) therapy alone

Increased diuresis (MD 0.45 liters; 95% CI 0.03-0.87)

Reduced doses of loop diuretics (MD -34.90 mg furosemide equivalent;
95% ClI [-52.58,-17.21]))

2,824 patients from
9 RCTs were included

A) Mean daily dose of loop diuretics in mg furosemide equivalent

Mean Difference
Author SGLT2i Control ~ MD IC 95% Weight IV, Random, 95% ClI
Charaya 2022 50 52 -24.360 [-38.099;-10.621) 40.3% -

Ibrahim 2020 50 50 -44.710 [-47.651;-41.769) 52.5% - Moan
Thiele 2022 10 9 -22400 [-83.548; 38.748) 7.2% —_— B} dally urinary output in Rters

Mean Difference
Total (95% Cl) 110 111 -34.896 [-52.583; -17.210] 100.0% - Author SGLT2i Control MD IC 95% Weight IV, Random, 95% Cl
Heterogeneity: Tau® = 152.9368; Chi® = 8.53, df = 2 (P = 0.01); I* = 77% T EMPAG-HF 2022 30 29 0.278 [-0.111;0.667) 53.7% T
Test for overall effect: Z = -3.87 (P = 0.0001) -50 0 EMPA-RESPONSE-AHF 2020§ 30 28 1.042 [0.262; 1.822) 22.5%

Favors SGLT2i Faw Thiele 2022* 10 9 0.286 [-0.466; 1.038] 23.8%

Total (95% Cl) 70 66 0.452 [0.031; 0.874] 100.0%
Heterogeneity: Tau’ = 0.0469; Chi’ = 3.07, df = 2 (P = 0.22); I = 35% e
Test for overall effect: Z = 2.10 (P = 0.0355) 451050 05115

Clinical Research in Cardiology, 2023







SCREEN OR NOT

« High prevalence (14%) but LOW awareness (9%)
« CKD indicates higher mortality and morbidity

- 2 HEFEAYTIEEE? Annually ! Cost-effectiveness !

« CKDLEZ: DM 40%; > 65 y/0 33%; HTN 22%

« eGFR; albuminuria (CGA)
- Echo, U/A, renal biopsy

- i3 chronicity (AKI or CKD needed to be confirmed)
« Once confirmed, CGA should be done

BMC Nephrology (2024) 25:34



Screen high risk populations with eGFR and uACR

Diabetes
HTN
Age>50 years

+ CVD
*  Obesity
+ AKI

+ Family History

* Social deprivation

* Recurrent stones

[ === ===

Classify by eGFR

G1

>90

G2

60-90

G3a

45-60

30-45

G4

15-30

G5

<15

Classify by Albuminuria

<30 mg/g

30-300 mg/g

4

Al
A2
A3

>300 mg/g

\ 4

Patient Safety
eGFR <60-All patients
* Dose medications per calculated eGFR

eGFR 45 to 60 (G3a)
* Avoid prolonged NSAID exposure

eGFR 30 to 45 (G3b)
Avoid prolonged NSAID exposure
Metformin use with caution at 50% dose
Consider DOAC dose adjustment

Consider PICC line alternatives as able to preserve vessels for

potential access
Consider iodinated contrast precautions
* Minimize administered dose
* Consider pre- and post- IV saline administration

¢GFR <30 (G4/GS)
Avoid NSAIDs, Metformin, and bisphosphonates
Avoid PICC lines, utilize central vessel catheters to preserve
peripheral vasculature
Consider DOAC dose adjustment
Consider iodinated contrast precautions
* Minimize administered dose
¢+ Consider pre- and post- IV saline administration

Blood Pressure
Goal

CKD Management

<130/80 Management with option of <120/80 for motivated
patients with high-risk

Management

Dietary sodum <2000 mg/day
ACEi or ARB as 1*! line if uACR>30 or DM
ACEV/ARB, thiazide, or CCB if non-diabetic and uACR <30

Diabetes Mellitus
Glycemic goals

Individualized HbAlc targets <6.5% to <8.0% depending on
severity of kidney disease, macrovascular complications,

Nephrology Referral
¢GFR <30 or uACR >300
>25% decrease in eGFR
Hematuria
Hyperkalemia
Nephrolithiasis
Hereditary disease
Unknown cause of disease

comorbidities, and life expectancy

Pharmacotherapy

* ACEior ARBif HIN or uACR >30

* SGLT2iif T2DM, eGFR >20, prioritize maximizing ACEVARB
prior if indicated
Finerenone if T2DM, eGFR >25, normal K, and uACR >30

Cardiovascular disease: CKD=CVD risk

* Statin therapy for primary prevention if >50 years of age. or
age 18-49 if ASCVD risk >10%

* SGLT2iif eGFR>20 with T2DM or uACR >30

BMC Nephrology (2024) 25:34
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Patient Safety

eGFR <60-All patients
* Dose medications per calculated eGFR

eGER 45 to 60 (G3a)
* Avoid prolonged NSAID exposure

eGFR 30 to 45 (G3b)
Avoid prolonged NSAID exposure
Metformin use with caution at 50% dose
Consider DOAC dose adjustment

Consider PICC line alternatives as able to preserve vessels for

potential access
Consider iodinated contrast precautions
* Minimize administered dose
¢ Consider pre- and post- IV saline administration

eGFR <30 (G4/G3)
* Avoid NSAIDs, Metformin, and bisphosphonates
Avoid PICC lines, utilize central vessel catheters to preserve
peripheral vasculature
Consider DOAC dose adjustment
Consider iodinated contrast precautions
* Minimize administered dose
* Consider pre- and post- IV saline administration

1

73
(==
\

e
A
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R and uACR

amily History
ocial deprivation
tecurrent stones

Classify by Albuminuria
<30 mg/g
30-300 mg/g
>300 mg/g

Al
A2
A3

Nephrology Referral
* eGFR <30 or uACR >300
* >25% decrease in eGFR
* Hematuria
* Hyperkalemia
* Nephrolithiasis
* Hereditary disease
*  Unknown cause of disease

r motivated

kd UACR <30

depending on
plications,

lizing ACEVARB

H uACR >30

pars of age. or

BMC Nephrology (2024) 25:34
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CKD Management

Blood Pressure
Goal
* <130/80 Management with option of <120/80 for motivated
patients with high-risk
Management
* Dietary sodum <2000 mg/day
BN © ACEiorARBas 15 line if uACR>30 or DM
‘ * ACEV/ARB, thiazide, or CCB if non-diabetic and uACR <30 -l

Patient Safety Diabetes Mellitus logy Referral
eGFR <60-All patients =
* Dose medications per calculated eGFR Glycemic goals
¢GFR 45 to 60 (G3a) * Individualized HbAlc targets <6.5% to <8.0% depending on
R I PIC RS G A LRI Fornre severity of kidney disease, macrovascular complications,

GFR 30 to 45 (G3b) comorbidities, and life expectancy
Avoid prolonged NSAID exposure Ph e 1 N
*  Metformin use with caution at 50% dose armacother ap )

Consider DOAC dose adjustment ° :X(\El or m if H]N or IIAC'R >30

Consider PICC line alternatives as able to preserve ves

potential access * SGLT2iif T2DM, eGFR =20, prioritize maximizing ACEVARB
Consider iodinated contrast precautions 5 S ae .
* Minimize administered dose Pl"101’ lf lndlcated

* Consider pre- and post- IV saline administrati Finerenone if T2DM, ¢GFR >25, normal K, and uACR >30

¢GFR <30 (G4/GS)

* Avoid NSAIDs, Metformin, and bisphosphonates : 2 = == S 3

*  Avoid PICC lines, utilize central vessel catheters to pr¢ Cardiovascular disease: CKD=CVD risk
peripheral vasculature

1 Cocsidor DOAG dose adjustment * Statin therapy for primary prevention if >350 years of age, or
* Consider iodinated contrast precautions age 18-49 if ASCVD risk >10%

* Minimize administered dose

* Consider pre and post 1V saline aaministeati * SGLT2i if eGFR>20 with T2DM or uACR >30

BMC Nephrology (2024) 25:34




Screen high risk populations with eGFR and uACR

+ Diabetes + CVD + Family History
* HTN +  Obesity * Social deprivation

*  Age>50 years + AKI * Recurrent stones

1

¢ Consider DOAC dose adjustment
* Consider iodinated contrast precautions

Nephrology Referral

eGFR <30 or nACR =300

>28% decrease in eGFR

Hematuria

Hyperkalemia
Nephrolithiasis
Hereditary disease
Unknown cause of disease

Cardiovascular disease: CKD=CVD risk

* Statin therapy for primary prevention if >50 years of age. or
* Minimize administered dose age 18-49 if ASCVD risk >10%

* Consider pre- and post- IV saline administration * SGLT2iif eGFR>20 with T2DM or uACR >30

BMC Nephrology (2024) 25:34
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Lipid management

o f
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Glycemic Blood
control pressure control

3

-
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GLP-1 RA Antiplatelet therapies

(T2D) (ASCVD)

Metformin SGLT2 inhibitor
(T2D) (T2D)

% &
&%‘b u’/ .ff) @

Smoking cessation Weight

Diet Exercise

Diabetes with CKD

Regular
risk factor
reassessment
(every 3-6
months)

Additional
risk factor
control
Additional
drugs with
heart and
kidney
protection
First-line
drug
therapy
ns-MRA
L Lifestyle
and self-
management

RAS blockade Statin




2.SGLT2 inhibitors

® Hyperglycemia control

® Improved tubulo-glomerular|
feedback

® Decreased renal filtration

@ Efferent arteriole dilation

® Decreased albuminuria

® Suppress inflammation
and fibrosis

1.RAS blockers

® Decreased renal filtration
® Decreased hypertension
® Efferent arteriole dilation
® Suppress inflammation
® Decreased proteinuria

‘ L‘i-féstyle modification

| ® Healthy diets

® Physical activity
| ® Smoking cessation

Metabolic
Dysregulation

Inflammation

3.Ns-MRAs

® Decreased Na reabsorption
and potassium secretion

® Decreased hypertension

® Suppress inflammation
and fibrosis

® Decreased albuminuria

Hemodynamic
Perturbations

4.GLP-1RAs

® Hyperglycemia control

@ Decreased body weight

® Decreased hypertension

® Suppress oxidative stress,
inflammation and fibrosis

® Decreased albuminunia

\Other potential agents

® Pentoxifylline (PTF)

(phosphodiesterase inhibitor)
® Selonsertib (ASK1 inhibitor)
@ Baricitinib (JAK inhibitor)

Int. J. Mol. Sci. 2024, 25, 3086




Table 1: Key inclusion and exclusion criteria, baseline characteristics and outcomes in the placebo arm in DAPA-CKD and EMPA-KIDNEY (data

are from references [7] and [9], unless otherwise specified). Colored cells indicate major differences between the two trials

DAPA-CKD

EMPA-KIDNEY

Key trial characteristics
Trial metrics

Median follow-up

Inclusion criteria
eGFR (mL/min/1.73 m¥)

RAS blockade

Lupus nephritis, vasculitis
Kidney transplantation
T1DM

Baseline data
Clinical characteristics

Age (years)
Women (%)
Non-DM (%

CVD (%)

Glomerular, n (%)

Hypertensive
Tubulointerstitial, n (%)

Unknown/other, n (%)
CKD status

Baseline

KDIGO risk category very high, n (%)

e(
eGF

R (mL/min/1.73 m?)
gory G4, n (%)

UACR (mg/g)

UACR category Al, n (%)

UACR category A2, n (%)

UACR > 1000 mg/g (%)

RAS blockade, n (%)

/renovascular, n

25t0 75

200 to 5000

Atherosclerotic CVD within 12 weeks
prior to enrolment

Yes, if not contraindicated

Excluded

62

33

325

37

11

(16)

2510 (58.3)
695 (16.1)
687 (16.0)
53(1.2)
214 (5.0)

2336 (54) [15)
43 (£12)
624(14.5)
934-965
0(0)

444 (10) [15]
48

4174 (97)

254 A eGFR 15-20

6609
20

20 to <90
200 if eCFR 45 to <90
No limit for eGFR <45
Prior atherosclerotic CVD in T2DM
participants with an eGFR
60 mL/min/1.73 m?

Yes; also included participants not on
RAS blockade when RAS blockade not
indicated or not tolerated

Excluded

Included

Excluded

Initially included (69 randomized), later
excluded?®

64

33

54

27 (36 in DM, 19 in non-DM)
10 (14 in DM, 6 in non-DM)
(17)

2057 (31)

1669 (25)

1445 (22)

468 (7)

630 (10)

4911(74)
37 (+14)
2280 (34.5)
330

1332 (20)
1862 (28)
ND

3399 (85)

A Baseline clinical characteristics

70
53
35
[
18 I
0 |
oM DKD oo

B Baseline severity of kidney disease and treatment

. 50 1000
= )
=38 2 750
£ 25 &
E < s00
P =
& 13 s
3 7 250
Z o0 =
- eGFR
0
® K
= D m 8 Number without RAS blockers
L.} X 0
C Outcomes

9
8

5
i i Am

Primary outcome CKD progression CVD death All-cause death

Clinical Kidney Journal, 2023, 8, 1187-1198




Chronic eGFR slope
(ml/min/1.73 m?/year)

Chronic eGFR slope
(ml/min/1.73 m?/year)

N

1.5

—

0.5

0.0

-0.5

-1.0

-1.5

-2.0

-2.5

A) Absolute difference in chronic GFR

slopes
F N
I é
I I :
L
30-300 >300  UACR (mg/g)

C) Residual chronic eGFR slope
<30 30-300 >300 UACR (mg/g)

é, B |

Better outcome

Fold difference

B) Fold-difference in chronic eGFR slopes

O = N W & U O N 0 O

BEAR
RIBEIREE

RAE

L4

Favors empagliflozin .

30-300 >300  UACR (mg/g)

4=

xEE BRE
= LhAE

Cadlodte
A J

kEE, R

LII

Chronic eGFR slope according to baseline UACR category in EMPA-KIDNEY

Clinical Kidney Journal, 2023, 8, 1187-1198




A) Time to kidney failure in years, according to baseline eGFR C) Potential impact on time to kidney replacement therapy of the different

50 @ Placebo - eGFR slopes on placebo and on empagliflozin
45 85
| ey 80
7 4 T
«© 70
S 35 ~
2 2 e e *F
= s .
& 25 £ S
3 £ e
c 20 =40 b
E E 36 Placebo \\\ e
o 15 [T] Y
b v \7\\,
Q -
g oy
s 5 -« e
lI I 208 ye :
0 0 yea
20 25 30 35 40 45 50 55 60 65 70 75 85 0 5 10 15 20 25 30 35 40 a5
Baseline eGFR (ml/min/1.73 m?) Time to kidney replacement therapy (years)
B) Delay in time to kidney failure in years D) Number of hemodialysis sessions potentially avoided by delaying the
on empagliflozin vs placebo, according to baseline eGFR need for kidney replacement therapy
30 4500

4166

3611

N
W

N
o

[y
o

W
s
per patient on empagliflozin vs placebo

Delay in time to kidney failure (years)
S
Number of hemodialysis sessions avoided

o

26.6
231 -
213 3500 3333
19.5 3055
17.8 3000 2778
16.0 2450 2500
i 4 2500 2222
134 142 2100 =
11.2 ; 2000 1750
8.9 1500 1400
1000
n i | EMPA-
nl

30 35 40 45 50 55 60 65 70 75 85 20 25 30 35 40 S0

S5 60 65 70 75 85 ‘ M
Clinical Kidney Journal, 2023, 8, 1187-1198
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Primary prevention of CKD
Delay the Progression of CKD

It's empagliflozin for
diabetic and non-diabetic
CKD even with low UACR
to improve CKD outcomes
and CVD mortality

It's canagliflozin

: ~ R for T2DM with CKD and

high UACR to improve CKD

It's dapaglifiozin for / m d‘pha“t “ v outcomes anz CVD

diabetic and non-diabetic\ /3 of primary B mortality
CKD with high UACR to B preventlon

improve CKD outcomes . .
and CVD mortality

It's empagliflozin
for T2DM with
high CVD risk to
decrease CVD

In T2DM with high
CVD but without CKD,
dapagliflozin and
empaglifiozin may
prevent CKD

It's dapagliflozin
for T2DM with
high CVD risk to
decrease CVD

Clinical Kidney Journal, 2023, 8, 1187-1198




serious adverse events

hypoglycemia
hyperK
AKI

2022, Cureus 14(11): e31898.




Association of SGLT2 inhibitors on reduction of HbA1C

SGLT2 Inhibitors Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bamettetal 2014 (a)[13] -0.57 0.7981 98 006 07854 95 242% -063[-0.85,-041] T
Bamettetal 2014 (b)[13] -0.32 08318 187 0.12 08318 187 29.2% -0.44[061,-0.27) ——
Fioretto et al, 2018 [16] -037 1.2169 160 -0.03 12207 161 207% -0.34}-0.61,-0.07) —
Haneda etal, 2016 [17) -0.11 04418 95 009 06686 50 258% -0.20[-0.41,0.01] -

Total (95% CI) 540 493 100.0% -0.40[-0.58,-0.23) ‘
Heterogeneity. Tau*= 0.02; Chi*=8.11,df=3 (P=0.04); F=63%
Test for overall effect Z= 4.52 (P < 0.00001)

05 0 ;
SGLT2 Inhibitors Placebo

Comparison of serious adverse events between SGLT2i and placebo

SGLT2 Inhibitors Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M.H, Random, 95% CI M-H, Random, 95% CI
Bamnettetal, 2014 (a) [13) 8 97 15 95 03% 052(0.23,1.17)
Bamnettetal, 2014 (b) [13] 18 187 15 187 05% 1.20[0.62, 2.31)
Cannon etal, 2020 [15] 474 1199 250 608 156% 0.96 [0.85, 1.08] S
Heerspink et al, 2020 [18] 633 2149 729 2143 27.6% 0.87 [0.80, 0.95] -
Perkovic et al, 2019 [19) 737 2200 806 2197 32.8% 0.91 (0.84, 0.99) el
Wanner et al, 2016 [20] 552 1212 321 607 228% 0.86 [0.78, 0.95] -
Yale et al, 2013 (22 10 90 16 90 04% 0.63(0.30,1.30)

Total (95% Cl) 7134 5933 100.0% 0.89 [0.85, 0.94]
Total events 2432 2152
Heterogeneity. Tau*= 0.00; Chi*=6.09, df=6 (P=0.41), F=2% t

g t
Testfor overall effect Z= 4.67 (P < 0.00001) LR T .

n
Q
—
2
50
O
X
O
o
O
s

Events Number of studies 95% ClI
Acute kidney injury® . 0.67-0.98
Hypeglycemia . 0.82-1.02

Hyperkalemia® . 0.63-0.93




Patient
selection

Glycemia

Practical provider guide to initiating SGLT2 inhibitors

in patients with type 2 diabetes and CKD

Assessment

Eligible patients:
* eGFR 220 ml/min per 1.73 m?

High priority features:
* ACR =200 mg/g [220 mg/mmol]
* Heart failure

Potential contraindications:
* Genital infection risk

* Diabetic ketoacidosis

* Foot ulcers

* Immunosuppression

Hypoglycemia risk?
* Insulin or sulfonylurea
: If
* History of severe
c high
hypoglycemia

* HbA1c at or below goal

Volume depletion risk?

» Concurrent diuretic use If
* Tenuous volume status high
* History of AKI

Intervention

SGLT2 inhibitor

with proven benefits:
* Canagliflozin 100 mg
* Dapagliflozin 10 mg
* Empagliflozin 10 mg

Education:

» Sick day protocol*
* Perioperative caref
* Foot care

Education:

* Hypoglycemia symptoms

* Glycemia monitoring
Consider insulin/sulfonylurea
dose reduction

Education:
* Volume depletion symptoms

Consider diuretic dose
reduction

Follow-up

*» Assess adverse effects

* Review knowledge

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

» Ask about
hypoglycemia

* Reduce sulfonylurea
or insulin if needed

* Re-assess volume
* Reduce concomitant
diuretic if needed







Initiate ACEi or ARB

Monitor serum creatinine and potassium

(within 2-4 weeks after starting or changing dose)

Normokalemia

< 30% increase
in creatinine

Increase dose of ACEi or ARB
or continue on maximally
tolerated dose

Hyperkalemia > 30% increase

in creatinine
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« Review concurrent drugs
« Moderate potassium intake
« Consider:

- diuretics
- sodium bicarbonate
- Gl cation exchangers

« Review for causes of AKI
« Correct volume depletion
- Reassess concomitant medications
(e.g., diuretics, NSAIDs)
- Consider renal artery stenosis

Reduce dose or stop ACEi or ARB as last resort
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Angiotensin-converting
enzyme inhibitors

[

Angiotensin |

[ Direct renin inhibitor J L

- -, Renin
Impaired release A
of renin
NSAIDs
Beta blockers ==

Cyclosporine, tacrolimus
Diabetes
Elderly

» Angiotensin |l

00
v@"

Juxtaglomerular cells

Afferent arteriole

Angiotensin
receptor blockers
T Adrenal
I >@ gland
faip it

Sodium channel
blockers

Amiloride
Triamterene
Trimethoprim
Pentamidine

T

OOO

» Aldosterone

Impaired
aldosterone
mechanism

Adrenal disease
Heparin
Ketoconazole

>

Na'—I—%—» Na*
K‘<—§— K*
t

Lumen [/

=) ’ Collecting duct
| (principal cell)

A

w,

©

Aldosterone
receptor blockers
Spironolactone
Eplerenone
Drospirenone
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Occurrence of hyperkalaemia varies widely

50

in HF clinical practice

45 -

40 A

35 1

30 A

25 1

20 1

15 4

11.8% of pts on MRA
in EMPHASIS-HF
(sK* >5.5 mEg/L)'%1

0.6% of pts on ARB in
ELITE (HK AE primary
reason for discont.)'??

!
==

39% of pts with mean
FU of 2.2 years
(sK*>5.0 mEq/L)*

26% of pts with mean
FU of 6.9 years
(sK* >5.5 mEq/L)%

0.9% of pts with newly
diagnosed HF
(sK* >5.5 mEq/L)
[7% sK*>5.0 mEq/L]*

Clinical trial data

Observational data*

Risk factors for hyperkalaemiain

Previous HK

patients with HF

@ More severe HF
Use of RAASIs E
[@p)

Kidney disease & rD
G Diabetes

There is a need for international prospectively designed observational studies with complete and
systematic data collection to better understand hyperkalaemia occurrence, persistence, progression and
monitoring, and the impact of GDMT using the four pillars of HF therapy*in HF clinical practice

ESC Heart Failure (2024)




{EFASGLT2i12 &k RV 21

9 RCTs of DM patients; SGLT2i : Placebo = 13328 : 9462
Mean age 58.6 years; Duration : 8 days to 3.1 years

SGLT2i Placebo

Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI

Odds Ratio
M-H, Fixed, 95% ClI

Kohan 2014 18 168 13 84
Neal 2017 26 5795 30 4347
Perkovic 2019 151 2200 181 2197
Wanner 2016 93 4685 78 2333

4.8% 0.66 [0.30, 1.41]
10.7%  0.65 [0.38, 1.10]
52.7% 0.82 [0.66, 1.03]
31.9% 0.59[0.43, 0.79]

Total (95% CI) 12848 8961 100.0% 0.72 [0.61, 0.85]

Total events 288 302
Heterogeneity: Chi’ = 3.28, df = 3 (P = 0.35); ¥ = 9%
Test for overall effect: Z = 3.85 (P = 0.0001)

SGLT2i Placebo

Study or Subgroup Mean [mmol/L] SD [mmol/L] Total Mean [mmol/L]

+
—

>

0's | 2
SGLT2i reduces odds SGLT2i increases odds

Mean Difference Mean Difference

SD [mmol/L] Total Weight IV, Random, 95% CI IV, Random, 95% CI

Forst 2014 0.1511 0.2517 227 0.1
Heise 2013 0.075 0.2989 36 0.1
Rosenstock 2012 -0.0351 0.419 281 0.05
Wanner 2016 0 0.4 4685 0.074
Wilding 2012 -0.0867 0.5401 607 0.02
Wilding 2013 0.0418 0.0161 313 0.0748

Total (95% CI) 6149

Heterogeneity: Tau® = 0.00; Chi® = 46.18, df = 5 (P < 0.00001); I* = 89%
Test for overall effect: Z = 2.02 (P = 0.04)

0.0067 22.2% 0.05 [0.02, 0.08] —

0.4 2.2% -0.03[-0.27, 0.22]
0.3537 12.9% -0.09 [-0.16, -0.01]
0.4023 24.7% -0.07 [-0.09, -0.05]

0.52 11.5% -0.11 [-0.19, -0.02]
0.0074 26.5% -0.03 [-0.04, -0.03]

100.0% -0.04 [-0.08, -0.00] <

-0.2 -0.1 0 0.1 0.2
SGLT2i favours lower K+ SGLT2I favours higher K+

28% lower odds of experiencing a Hyperkalaemia-event with SGTL2i
over placebo; but no effect in reducing serum potassium

Diabetes Research and Clinical Practice 196 (2023) 110239
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2028 2028
3201 3201
300 300

Group 1
Group 2

Group 3

an abrupt initial decline
of eGFR >30% following
SGLT2i therapy may be
a sign of a higher risk
for increased serum
potassium variability

\_

SGLT2i#&HInitial eGFR declinef2E

= REE TR

—— No initial eGFR decline
—— Initial eGFR decline 0%-30%
- Initial eGFR decline > 30%

108

48 60 72 84 96 120

Weeks
1047

1724
116

1114
1835
124

897 823 693 583 423
1513 1338 1132 867 598
103 920 66 55 39

4.90

4.80 SD
~ No initial eGFR decline
4.70

— Initial eGFR decline 0%-30% 0.31+0.21
4.60 - Initial eGFR decline > 30%
4.50

4.40
4.30
4.20
4.10
4.00

Mean (SE) serum potassium
(mmol/L)

2028
3201
300

1129
1871
224

837
1411
150

800 668
1265 1070
123 93

Group 1

Group 2

Group 3

0.31+0.20

0.44+0.35*" 0.10+0.08*"

« Taiwan(REREEE)

« DM Patient: 5529

« Time:2016/01 to 2018/12

 eGFR data available after 4
to 12 weeks of SGLT2i
treatment

« an initial mean (SEM) eGFR
decline of -3.5 (0.2)
mL/min per 1.73m2(Z &)

Serum potassium

Serum [K*] variability

v #P<.001 vs Initial eGFR decline 0%-30%
0.0740.05  «p o1 vs Initial eGFR decline 0%-30%
0.07+0.05 *P<.001 vs No initial eGFR decline
' P<.001 vs No initial eGFR decline

J Am Heart Assoc.
2024:13:e033236.



Hyperkalemia ([K*] > 5.5 mmol/L) Hyperkalemia (use of potassium binder)
~ No initial eGFR decline -0| —— No initial eGFR decline

-~ |nitial eGFR decline 0%-30% - Initial eGFR decline 0%-30%
5| = Initial eGFR decline > 30% 5| = Initial eGFR decline > 30%

Log-rank P<0.0001

Log-rank P<0.0001

0 20 40 60 80 40 60 80

Following-up period (weeks) Following-up period (weeks)

Cumulative incidence risk
Cumulative incidence risk

Event-Rate
(per 100 PYs) aHR*  95% CI

Hyperkalemia ([K'] 2 5.5 mmol/L) P value
No initial eGFR decline 0.88 1.00 Ref.

Initial eGFR decline 0%-30% 0.86 116  (0.65-2.09) <0.001
Initial eGFR decline > 30% 5.76 4.59 (2.28-9.26)
Hyperkalemia (use of potassium binder)
No initial eGFR decline 3.31 1.00 Ref.

Initial eGFR decline 0%~-30% 3.38 - — 118  (0.88-1.59) <0.001
Initial eGFR declipe >30% 16.01 — 2.65 (1.78-3.95)

0.50 2.00 8.00
Lower risk Higher risk

J Am Heart Assoc. 2024:13:e033236.







Type 2 diabetes

Lifestyle Classical New
modifications treatments treatments
-Glycemic control. -SGLT2i.
-Smoking
cessation. -Blood pressure -GLP-1 RAs.
reduction.
-Physical activity. -ns-MRAs.
-RAS blockade. : :
-Weight loss. -Tirzepatide (GIP

-Lipid management. and GLP-1 RA).

Diabetic cardiorenal syndrome

—

Chronic kidney disease . Heart failure
4RI INBERE
WOSHE
4R B INEEIRIE |
B GHE -

Front. Cardiovasc. Med. 10:1185707
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A-SK I (kremezin/Ketosteril/Rerendia) in CKD care

IR IH B & diuretic resistancedl S MEH —
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