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was severe and widespread odema, The dic pcture appears in

fact to be almost as characteritic as the histological one: the pa- JrfL
tients are relatively old; hypertension is present, usually of the

, benign type, and the kidneys frequently show signs of decompenss- ‘_Oﬁ
tion; there is & history of diabetes usually of long standing the pre-

senting symptoms may be those of edema of the nephrotic type,
renal decompensation or heart failure; the urine contains large 1§
amounts of albumin and there is usually impairment of concentrat-
ing power with or without nitrogen retention,
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THE KIDNEY*

PavL Enoersmer, M.D., axp Currorn Wiisow, M.B. {
(From the Mallory Institule of Pathology, Bosion Cily Hospital, Bostom, Mass.)
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Decreased GFR indicates CKD

CKD is defined as a GFR <60 mL/min/1.73 m2 for >3 months

* In the absence of a decreased GFR, the presence of one or more markers of kidney
damage indicates CKD

Markers of kidney damage or dysfunction (>3 months)

Albuminuria (loss of aloumin in urine;
AER =30 mg/24 hours; ACR 230 mg/g [23 mg/mmol])

Urine sediment abnormalities (eg red blood cell casts)
Electrolyte and other abnormalities due to tubular disorders
Abnormalities detected by histology
Structural abnormalities detected by imaging
History of kidney transplantation

ACR, albumin-to-creatinine ratio; AER, albumin excretion rate; CKD, chronic kidney disease; GFR, glomerular filtration rate
KDIGO CKD Work Group. Kidney Int 2013;3:S1-S150. Available at: http://www.kdigo.org/clinical practice guidelines/pdf/CKD/KDIGO 2012 CKD_GL.pdf (accessed February 2018)
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The Global Prevalence of CKD is Substantial With Serious Implications for
Healthcare Costs and Outcomes

_ _ . Age-Standardized Global Prevalence Rate of CKD by
* CKD impacts 1 in 9 (~850 million) people Cause in 20165

globally’
— ~2.6 million receiving RRT?
— ~1.2 million deaths annually?

« The number receiving RRT is estimated to

increase to more than 5 million by 20302

) . . . . Diabetes
— Driven by population aging and an increasing 42%

prevalence of diabetes and hypertension?

Glomerulonephriti
18%

* Many developed nations spend over 2-3% of
their annual healthcare budget on ESKD

treatment alone? Hypertension

— Burden associated with treatment of non-ESKD 15

patients is over twice the cost of ESKD treatment

CKD = chronic kidney disease; ESKD = end-stage kidney disease; RRT = renal replacement therapy.

1. Jager KJ et al. Nephrol Dial Transplant. 2019;34:1803-1805; 2. Liyanage T et al. Lancet. 2015;385:1975-1982; 3. GBD Chronic Kidney Disease Collaboration. Lancet.
2020;395:709-733; 4. Couser WG et al. Kidney Int. 2011;80:1258-1270; 5. Xie Y et al. Kidney Int. 2018;94:567-581.


Presenter Notes
Presentation Notes
References:
Jager KJ, Kovesdy C, Langham R, et al. A single number for advocacy and communication-worldwide more than 850 million individuals have kidney diseases. Nephrol Dial Transplant. 2019;34:1803-1805.
Liyanage T, Ninomiya T, Jha V, et al.  Worldwide access to treatment for end-stage kidney disease: a systematic review. Lancet. 2015;385:1975-1982.
GBD Chronic Kidney Disease Collaboration. Global, regional, and national burden of chronic kidney disease, 1990-2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet. 2020;395:709-733. 
Couser WG, Remuzzi G, Mendis S, Tonelli M.  The contribution of chronic kidney disease to the global burden of major noncommunicable diseases. Kidney Int. 2011;80:1258-1270. 
Xie Y, Bowe B, Mokdad AH, et al.  Analysis of the Global Burden of Disease study highlights the global, regional, and national trends of chronic kidney disease epidemiology from 1990 to 2016. Kidney Int. 2018;94:567-581.


Γράφημα1

		Diabetes

		Hypertension

		Glomerulonephritis

		Other



Age-Standardized Global Prevalence Rate of CKD by Cause in 20165
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Diabetes and hypertension are the most common causes of CKD

\- Diabetes
— 1.6 to 2.9x increased risk of CKD

—~25% of CKD patients have
diabetes

* Hypertension
— 1.7x increased risk of CKD
— ~70% of CKD patients have hypertension

* Obesity
— 1.2 to 1.7x increased risk of CKD
— 35% of CKD patients are obese

CKD, chronic kidney disease
McMahon J et al. J Am Soc Nephrol 2014;25:2633-41.
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Diabetes and hypertension worsen CKD progression

80 -
70 - Hypertension
60 -

50 -

30 -

20 Diabetes mellitus

Increasing prevalence (%)

Worsening CKD —

CKD, chronic kidney disease
Hemmelgarn BR et al. JAMA 2010;303:423-9; Go AS et al. N Engl J Med 2004;351:1296-305.

The prevalence of hypertension and

diabetes are higher in patients with
more severe CKD

More information on the
relationship between
cardiovascular disease and CKD
can be found in Sections 3 and 4
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Prevalence of CKD increases with age

* ] , Age (years) Prevalence of CKD (%)
N | 30-39 14
g 40-49 12
iz 50-59 16
2 60-69 28
[®]
. 70-79 34
_3'0 40 50 60 70 80

Age (Y)

Prevalence data are for all CKD stages (1 to 5)
CKD, chronic kidney disease
Hill NR et al. PLoS One 2016;11:e0158765.
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KDIGO executive conclusions

Heart failure in chronic kidney disease: conclusions
from a Kidney Disease: Improving Global Outcomes
(KDIGO) Controversies Conference

KDIGO executive conclusions

AA House et al.: HF in kidney disease: a KDIGO conference report

Pathophysiology of heart failure in CKD progressing to ESKD

Chronic
pressure
overload

Additional risks

¢ Diabetes
* Obesity
* Poor fithess

i —

Progressive
volume
overload

* Anemia and iron deficiency
+ Bone and mineral

disorder

Cardiomyopathy
* Ischemic

* Nonischemic
* Uremic

Concurrent conditions

« Coronary antery disease

+ Myocardial infarction

+ Infiltrative processes

« Atrial fibrillation

« Mitral/aortic valvular
disease

CKD

Symptomatic heart failure

Reduced Preserved
LVEF LVEF

\ eGFR /
A 4

v

Qutcomes:

ESKD

Progression of CKD, HF hospitalization,

sudden arrhythmic death, pump failure death

Figure 2| Pathophysiology of heart failure (HF) in chronic kidney disease (CKD) progressing to end-stage kidney disease (ESKD).
Pressure overload implies systemic hypertension. eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction.




Chronic Kidney Disease as a Risk
Factor for Heart Failure With
Preserved Ejection Fraction: A Focus
on Microcirculatory Factors and
Therapeutic Targets

van de Wouw et al.

Chronic Kidney Disease in HFpEF

FIGURE 2 | A proposed schematic overview of the pathological mechanisms that underlie the progression of CKD to HFpEF. Blue box depicts renal factors; green
box depicts coronary microvascular factors; and red box depicts myocardial changes contributing to HFpEFR. AGEs, advanced glycation products; CKD, chronic
kidney disease; EC, endothelial cell; FGF-23, fibroblast growth factor 23; HFpEF, heart failure with preserved ejection fraction; LV, left ventricle; NO, nitric oxide;
RAAS, renin-angiotensin-aldosterone system; ROS, reactive oxygen species; VSMC, vascular smooth muscle cell.
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FGF23: also an endocrine FGF with several off-target negative effects
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Mendelian Randomization Study

Confounders Age, sex, eGFR, hypertension, phosphorus..

+ unmeasured confoundors
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FGF23, at the crossroads between Pi and Fe metabolism
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KDIGO executive conclusions

Heart failure in chronic kidney disease: conclusions
from a Kidney Disease: Improving Global Outcomes
(KDIGO) Controversies Conference

0.8+

= Hamodialysis
E @ 0.6- Fantonea| dialysis
=3 m— Transplant
o=
ot 0.4+
= o
— o
[ =
25
S pa-
{4
0.04 T T T T T
[H 6 12 18 24 20 36

Manths

CKD: Incident general Medicare CED patients, age 86 & older, 20012003 combined
ESKD: Incident ESKD patients, age 20 & older
Fatients with CHF at baseline excluded. Probabilities unadjusted

Figure 1| Cumulative probability of heart failure in
populations with chronic kidney disease (CKD), dialysis, and a
kidney transplant. CHF, congestive heart failure; ESKD, end-stage
kidney disease. Reproduced with permission from Collins AJ, Foley R,
Herzog C, et al. Excerpts from the United States Renal Data System 2007
annual data report. Am J Kidney Dis. 2008;51(1 suppl 1):51-5320.""



DIAGNOSIS

A complex syndrome that can
result from any structural or
functional cardiac disorder
that impairs the pumping
ability of the heart




CKD is associated with fluid retention

 Altered salt and water handling by the
kidney in CKD can lead to volume overload
 Fluid retention can result in:
— Swelling in arms and legs (oedema)
— Fluid in the lungs (pulmonary oedema)
— Hypertension

Oedema and hypertension are early symptoms of CKD

CKD, chronic kidney disease
Webster A et al. Lancet 2017;389:1238-52.



KDIGO executive conclusions

Heart failure in chronic kidney disease: conclusions
from a Kidney Disease: Improving Global Outcomes
(KDIGO) Controversies Conference

HFpEF in nondialysis CKD

As in the general population without CKD, the diagnosis of
HFpEF in patients with nondialysis CKD is difficult and should
be supported by multiple objective measures including

HFrEF in nondialysis CKD

The diagnosis of HFrEF in the population with nondialysis
CKD parallels that of the population without CKD.
Monitoring of HFrEF in CKD includes the usual standards

impaired cardiac function with rest and exercise. Echocardi-
ography with assessment using the American Society of
Echocardiography grade of diastolic function (grades 1-4)

HFpEF or HFrEF in dialysis-dependent CKD

In patients on dialysis, symptoms typical of HF, such as
paroxysmal nocturnal dyspnea, orthopnea, dyspnea, fa-
tigue, ascites, and dependent edema, may be intermittent.
Tt is important to consider other causes of dyspnea, such as
chronic obstructive pulmonary disease, pulmonary hyper-
tension, anemia, or obstructive sleep apnea. The Acute
Dialysis Quality Initiative has proposed a functional clas-
sification system for HF symptoms in patients with
ESKD.™



KDIGO executive conclusions

Heart failure in chronic kidney disease: conclusions
from a Kidney Disease: Improving Global Outcomes
(KDIGO) Controversies Conference

transplantation (Table 2].|“:‘|“J' "% De novo HF is also associ-

ated with lower patient and graft survival (Supplementary
.I.'cll)lt_' f‘il].lll: 105,109

Diagnosis and screening of HF in recipients of kidney
transplant

There is little or no evidence of whether to obtain a screening
echocardiogram to assess LV function for all transplant can-
didates. However, it is reasonable to obtain an echocardio-
gram if there are symptoms of HE history of cardiovascular
disease, or hemodynamic instability on dialysis. The approach
to de novo HF in transplant recipients is the same as that for
the general population, including evaluation for coronary

: 110
artery disease.

HF treatment in recipients of kidney transplant

Transplant recipients with HF should be treated as they would
be treated in the general population. There have been no
definitive interventional studies of ACEis or ARBs, MRAs, B—
blockers, calcium channel blockers, nitrates, vasodilators, or
angiotensin receptor neprilysin inhibitors in the treatment of
HF in recipients of kidney transplant. In a small RCT of re-
cipients of kidney transplant with LV hypertrophy, lisinopril
reduced LV mass index compared with placebo.''" There are
no reports evaluating interventions that could possibly pre-
vent or delay development of de nove HF in patients with a
kidney transplant, nor are there trials in patients with a
kidney transplant that have included HF as an endpoint. In
some patients with a kidney transplant, management of HF is

Effects of kidney transplantation on cardiac structure and

function

Reports have

documented reversal

of dinical cardiac

dysfunction and improvement in echocardiographic param-
eters after kidney transplantation,'” """ supporting the
notion of a potentially reversible “uremic cardiomyopathy”
(Supplementary Table 52). Reversal is less likely in patients
who have been dialyzed for long periods of time.""* Trans-
plant candidates should thus not be excluded solely on the



Figure 4.4 Heart failure in patients with or without CKD, 2014
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Data Source: Special analyses, Medicare 5 percent sample. Patients aged 66 and older, alive, without end-
stage renal disease, and residing in the United States on 12/31/2014 with fee-for-service coverage for the
entire calendar year. Abbreviations: CKD, chronic kidney disease.
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The Burden of Non-Atherosclerotic Disease, Including Heart Failure,
Predominates as CKD Progresses

Change in Non-ASCVD Risk, Continues to Increase Prevalence of HF in patients at different
During CKD Progression' stages of CKD?
50

| Systolic +/— diastolic

B Diastolic only
Unspecified

m All HF

LVH
Arrhythmias 40
Sudden cardiac
death

Arterial calcification
Valve calcification
Hemorrhagic stroke
Others

Percent of patients

« CAD
* Ischemic stroke
« PAD

Time >
Without Stages Stage 3 Stages

DTS
CKD 1-2 4-5

CKD Stages CKD status

ASCVD = atherosclerotic cardiovascular disease; CAD = coronary artery disease; CKD = chronic kidney disease; HF = heart failure; LVH = left ventricular
hypertrophy; PAD = peripheral artery disease.

1. Wanner C et al. Lancet. 2016;388:276-284; 2. USRDS 2018 ADR: Chapter 4. https://usrds.org/2018/view/v1 04.aspx. Accessed March 2020.
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CKD is associated with cardiovascular disease

Prevalence (%)

Medical history Normal Stage 3a CKD  Stage 3b CKD  Stage 4 CKD
Hypertension 18 49 76 82
Chronic heart failure 1 7 20 33
Myocardial infarction 1 5 12 18
Cerebrovascular disease 2 6 12 15
Peripheral vascular disease 1 4 9 14

Prevalence of cardiovascular disease increases as CKD worsens

CKD, chronic kidney disease
Hemmelgarn BR et al. JAMA 2010;303:423-9; Go AS et al. N Engl J Med 2004;351:1296-305.



Multiple factors in CKD increase the incidence and severity of CVD

CV risk factors in CKD CVD pathology in CKD : CV events and death in CKD

Atherosclerosis Stroke/

Sudden

Cardiomyopathy transient cardiac death

Arteriosclerosis : :
ischaemic attack

Calcification

I

Age Albuminuria Myocardial Heart failure |

_ o infarction _ I
Hypertension Oxidative stress Ischaemic

_ _ Cerebrovascular heart disease |

Diabetes Uraemia disease [

Obesity Inflammation Peripheral vascular I

Dyslipidaemia Calcium / disease l

phosphate changes

Volume overload
Anaemia CKD is associated with increased risks of

atherosclerotic vascular disease and heart failure

CKD, chronic kidney disease; CV, cardiovascular; CVD, cardiovascular disease
Liu M et al. Eur Rev Med Pharmacol Sci 2014;18:2918-26; Sarnak MJ et al. Hypertension 2003;42:1050-65.



The renal and cardiovascular systems are inextricably linked?-3

« The renal and cardiovascular systems
s work together to maintain blood volume
5 and vascular tone

: CARDIORENAL « Cardiorenal syndrome describes
SYNDROME : situations where dysfunction in one organ
B induces dysfunction in the other

o * For example:

............. — Cardiac dysfunction (eg heart
failure)
leads to CKD

— CKD contributes to cardiac
dysfunction

LA
‘.

Dysfunction in one organ
causes dysfunction in the other

CKD, chronic kidney disease

1. Bock JS et al. Circulation 2010;121:2592—-600; 2. Kiernan MS et al. Cardiorenal syndrome: Definition, prevalence, diagnosis, and pathophysiology. 2015. Available at:
https://www.uptodate.com/contents/cardiorenal-syndrome-definition-prevalence-diagnosis-and-pathophysiology?source=related_link (accessed February 2018);
3. Liu M et al. Eur Rev Med Pharmacol Sci 2014;18:2918-26.



https://www.uptodate.com/contents/cardiorenal-syndrome-definition-prevalence-diagnosis-and-pathophysiology?source=related_link

Targeting modifiable risk factors and complications may reduce CVD risk
and prevent or delay progression of CKD

Medical Lifestyle
- Control hypertension - Exercise regularly

— RAAS inhibitors, diuretics, [3- « Control weight

blockers - Stop smoking

» Control blood sugar (in diabetes)  Follow a balanced diet
* Control or avoid hyperkalaemia — Restrict K* and phosphate intake
* Treat bone and mineral disorder, and — Reduce salt intake

anaemia

— Correct deficiencies in vitamin D,
calcium, sodium bicarbonate and

Adiust doses of renally excreted drugs

Regular monitoring of GFR and albumin-to-creatinine ratio is recommended in those at risk of

CKD and in those who already have CKD

CKD, chronic kidney disease; CVD, cardiovascular disease; GFR, glomerular filtration rate; RAAS, renin-angiotensin-aldosterone system

Segall L et al. Biomed Res Int 2014;2014:937398; KDIGO CKD Work Group. Kidney Int 2013;3:S1-S150. Available at:
http://www.kdigo.org/clinical practice guidelines/pdf/CKD/KDIGO 2012 CKD_GL.pdf (accessed February 2018).



http://www.kdigo.org/clinical_practice_guidelines/pdf/CKD/KDIGO_2012_CKD_GL.pdf

Targeting modifiable risk factors and complications may reduce CVD risk

Hypertension * Progression of CKD + Lifestyle modifications
* Increased risk of cardiovascular and « Antihypertensive medications (single or dual therapy
cerebrovascular events with RAAS inhibitors)

Cardiac arrhythmia * Low K+ diet
» Correction of metabolic acidosis
» Potassium-wasting diuretics

+ Cease treatment with ACEi/ARB/spironolactone if
persistent hyperkalaemia occurs

Hyperkalaemia

Bone and * Increased cardiovascular mortality « Phosphate-dietary restriction; phosphate binders
mineral (potentlally mediated by accelerated 3 Suppress Secondary hyperparathyroidism
disorders vascular calcification) (use active form of vitamin D)
- Secondary hyperparathyroidism « Calcimimetic agents
(higher phosphate, lower calcium and « Parathyroidectomy (in people who fail to respond to
lower vitamin D levels stimulate medical/pharmacological therapy)

production of parathyroid hormone)

* |Increased risk of fracture

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CKD, chronic kidney disease; CVD, cardiovascular disease;

K*, potassium; RAAS, renin-angiotensin-aldosterone system

Chronic Kidney Disease (CKD) Management in General Practice. Guidance and clinical tips to help identify, manage and refer patients with CKD in your practice.
Available from: http:/kidney.org.au/cms_uploads/docs/ckd-management-in-gp-handbook-3rd-edition.pdf (Last accessed: February 2018).



http://kidney.org.au/cms_uploads/docs/ckd-management-in-gp-handbook-3rd-edition.pdf

Targeting complications may prevent or delay progression of CKD

Complication Risks' | Managoment

Metabolic acidosis * Demineralization of bone + Sodium bicarbonate supplements
* Increased protein degradation

Albuminuria / proteinuria * Progression to end stages of CKD * ACEi or ARB as first-line therapy
* Reduce oral salt intake

Anaemia * Reduced quality of life? » Correction of iron deficiency
* ESAtherapy
» Correction of B12 and folate levels if required

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CKD, chronic kidney disease; ESA, erythropoietin stimulating agent

1. Chronic Kidney Disease (CKD) Management in General Practice. Guidance and clinical tips to help identify, manage and refer patients with CKD in your practice.
Available from: http://kidney.org.au/cms_uploads/docs/ckd-management-in-gp-handbook-3rd-edition.pdf (Last accessed: March 2018); 2. Webster A et al. Lancet
2017;389:1238-52.



http://kidney.org.au/cms_uploads/docs/ckd-management-in-gp-handbook-3rd-edition.pdf

ACEi therapy is associated with reduced risk of mortality
in patients with HF

A meta-analysis of studies that compared ACEi and ARB therapies with control in patients

Study group

CASSIS 1995

12 weeks follow-up

CONSENSUS 1987
27 weeks follow-up

SAVE 1992

144 weeks follow-up

SOLVD 1991

166 weeks follow-up

TRACE 1995

96—-200 weeks follow-up

Cardiovascular mortality
Risk ratiq (95% CI)

with HFrEF with a median follow-up of 212 months (N=47,662)

All-cause mortality

Risk ratio, (95% CI)

0,5
Favors ACEi

Favors placebo

Ei, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; Cl, confidence interval; HF, heart failure; HFrEF, heart failure with reduced ejection fraction
C, et al. BMC Cardiovasc Disord 2017;17:257

——
-
-
.
05 1 15 >
Favors ACEi Favors placebo
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T

he majority of patients not at target RAASI doses, regardless of

patient subtype

Patients (%)

Distribution of RAASI dose levels by comorbidity group

B Maximum dose B Submaximum dose B Discontinued

CKD 3-4 or HF DM+HF DM+HFa DM DMe CKD 3-4 HF, CKD 3-4,
or DM +CKD 3-4 +CKD 3—4b +HFd no CKD 3—4¢ no HF¢
(N=100,907) (N=4072) (N=7980) (N=18,876) (N=75,349) (N=7839) (N=9653) (N=30,850)

HK among patients on 21 RAAS inhibitor prescription in a retrospective US study over a 5-year period; data include any services provided in hospitals as well as office and outpatient setting
aComorbidity group does not exclude CKD stage 3 to 4; "Comorbidity group does not exclude HF; “Comorbidity group does not exclude CKD stage 3—4 or HF;

9DM was not excluded from these comorbidity groups

CKD, chronic kidney disease; DM, diabetes mellitus; HF, heart failure; RAASI, renin—-angiotensin-aldosterone system inhibitor

Adapted from: Epstein M, et al. Am J Manag Care 2015;21:5212-S220



Patients with HF and CKD receiving less than 50% of ESC
guideline-recommended RAASI dose had an increased risk
of MACE

Data from the UK CPRD and linked HES identified patients on RAASi with new onset of HF (N=21,334)
between January 2006 and December 2015

M >50% of guideline-recommended dose (MACE)

. M <50% of guideline-recommended dose (MACE)
MACE M >50% of guideline-recommended dose (mortality)
. 1.70 (1.61, 1.80) <50% of guideline-recommended dose (mortality)

All-cause mortality 7.79 (6.72, 9.03)
I I I I I 1
0 2 4 6 8 10
Adjusted OR (95% ClI)

ardiovascular ovents; OR, 6dds ratio RAAs o inhibito
QL(IP ented at European Soci (nydIgng 2013/-\9125 29, 201BM ich, Germany; poster 86856
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RALES: Spironolactone decreased mortality in patients with HF

Double-blind study in patients with HF (NYHA functional class Ill or IV)
who were randomly assigned spironolactone (25 mg QD) (n=822) or placebo (n=841)

RR (95% CI):

100 - 0.70 (0.60, 0.82); + Compared with the placebo group,

P<0.001 the spironolactone group showed:
— 30% reduced relative risk of death

RT3 - — 30% reduced relative risk of

2 hospitalization from cardiac cause

®

'§50 _ 46%

- 35%

[

Q@

E 25 A

0 _

Placebo Spironolactone

Cl, confidence interval; HF, heart failure; NYHA, New York Heart Association; QD, once daily; RALES, Randomized Aldactone Evaluation Study; RR, relative risk
Pitt B, et al. N Engl J Med 1999;341:709-717
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ASCVD = atherosclerotic cardiovascular disease
Verma S et al. Lancet. 2018;393:3-5.


Presenter Notes
Presentation Notes
Note to Speaker: Click the Home icon to return to the Table of Contents
Speaker Notes:

Diabetes plays a central role in cardiovascular and renal disease, with significant effects on the pump (heart failure), pipes/plumbing (atherosclerosis), and filter (renal disease).  Much of the focus to date has centered on reducing atherosclerotic complications in heart failure; however, heart failure and renal disease remain difficult problems in diabetes.

Reference(s):

Verma S, Juni P, Mazer C. Pump, pipes, and filter: do SGLT2 inhibitors cover it all? Lancet. 2018;393:3-5.


H avaotoAn tTwv cuppetadopéwyv SGLT2 eumnodilel tnv emavanoppodnon vatpiou kat YAUKOING, LE ATTOTEAECUA
yAukoZoupia ota oupa Kol aAAayeG o€ Stadopoug mapayovteg Kivduvou 4

Awapopdpwon napadooLlakwy opoyovIwy
Glucose KwSUvou pe tnv xprion damayAidpAolivng 10 mg

Reabsorptio HbA1Lc 0.89% decrease from baseline
n1inT2D at 24 weeks!?

Weight ~3 kg weight loss from baseline
at 24 weeks??

5.1 mm Hg reduction from baseline

Proximal at 24 weeks?
tubule
Glucose . , .
Filtration 1 e s Emuntwoelg otnv vedpikn Aettoupyia He tTnv
in T2D - 3 {
n A Glucose xpnon damayAipAolivng 10 mg
& Sodium UACR Improves albuminuria (-33.2%) on top

of ACEi/ARB at 12 weeks*

2Dapagliflozin 5mgand 10mg e
ACE = ace inhibitor; ARB = angiotensin 2 receptor blocker; eGFR = estimated glomerular filtration rate; HbAlc = glycated hemoglobin; SGLT2 = sodium—glucose cotransporter-2; SBP =

systolic blood pressure; T2D = type 2 diabetes; urinary albumin to creatine ratio.

1. Ferrannini E, et al. Diabetes Care. 2010;33:2217-2224. 2. Henry RR, et al. Int J Clin Pract. 2012;66:446-456. 3. Bailey CB, et al. Lancet. 2010;375:2223-2233. 4. Heerspink HJ et al.

Diabetes Obes Metab. 2016;18:590-597; 5. Del Prato S et al. Diabetes Obes Metab. 2015;17:581-590.

H damayAipAolivn 10 mg eveikvutat yia xprion o€ eviiAikeg aoBevei yLa tn Bepameio: ® Tou avenmapkwg EAeyXOUEVOU cakxapwdn StaBritn Tinou 2 wg cuMMANPwHATKY Beparneia otn Slatta KaL TNV AoKNON, ® TNG CUMMTTWHATIKIG XPOVLAG KAPSLAKIG AVETIAPKELNG UE LELWUEVO KAAOHO
g§wOnaong (HFrEF). H AamayAipAolivn Sev evSeikvutal yla tn HEWON TOU CWHATIKOU BAPOUG, TG ApTNPLakrg tieong, i ekdRAwong vedpikig BAGBNG.



H avaotoAn Twv cuppetadopewyv SGLT2 €xeL pLla oA TIOAVWY APECWV KOL LETAYEVECTEPWV ETULOPACEWV
TIOU Urmopel va odnyrioouv o€ BeAtiwpévn Soptkn doun kat Aettoupyia Twv vedbpwv

e Narpioupeon

odnysi o€ Afferent o

augnpévin arteriole .
mTapoxn
Na* oTnv TTUkKvi / -
KnAida / [/_-:“’; .
S () .
R = { ATroKaTdoTaoN TNG
'.0.( B .l avaTpPOQod0TNONG TOU
et ° }/ y [ cwAnvapiou
SGLT 2 eo e of / |EVOWOoTTEIpaMaTIKAG
et :_»// ,& \.\pxl |;| ix N S1Idnong kai
IEN HF."\_J“I lol - | TpwrEivoupiag
0 L) @ @

AvaoTéAAel TRV

emavappoenon ].[ .
YAUKO6InG Kai .
vartpiou I\ .L o
k-_&/ o-

3}0

Na+3¥ o Glucose
sae Tga@
Na = sodium; SGLT2 = sodium—glucose co-transporter 2; TGF = tubuloglomerular feedback.
Adapted from: Heerspink HIL et al. Kidney Int. 2018;94:26-39.

Anokataotacn avatpododotnong Tov cwAnvapiou:

*  AvaoTtéAAeL Tnv amoppodnon tnG YAUKOING oto eyyug

*  MmAokdpel TV emavappodnon Tou vatpiou

* 06&nyel o vatploupeon Kot avénuévn mapoxn
Na* otnv mukvr knAida

* H amnokatdotaon tn¢ avatpododotnong Tou
owAnvapiou €XeEL WG AMOTEAECUA LELWMEVN
OTIELPOLLATLKN UTtEPSLAONON

Emunpoo0eta HeETAyEVECTEPQA AMOTEAEOOTAL:

*  Melwpévn amEKKPLon AeukwHaTivng ota oupa pmopet
Va LELWOEL TNV EVEPYOTIOLNGCN TOU IPODAEYUOVWEOUG
060U KaL TNV apeon ToflkOTNTA TWV CWANVAPLWV

* H BeAtiwpévn kapdlakn Aettoupyla Kal n avénuevn
OUYKEVTPpWON allaTokpitn unopel va odnyrnoouv os
auvénuévn mapoxn ofuyovou otoug vedpolg Kal
BeAtwwoelg otnv vedplkn umoia.

H SamayAupAolivn 10 mg evSeikvutal yia xprion o€ eviAKeG aoBeveis yla tn Bepareia: ® Tou avenapkwg eAeyXopevou oakxapwsdn Stafrtn tunou 2 wg cupminpwpatikn Bepaneia otn Siatta Kat TV GoKNonN, ® TNG CUUMTWHATIKAG XPOVLAG KAPSLOKNAG QVENAPKELAG LE HELWMEVO KAAOUA

e€wBnong (HFrEF). H AartayAupAolivn Sev eveikvutal yla tn Peiwon Tou owpatikol Bapoug, Tng aptnpLakng rieong, f ekdnAwong vedpikig PAABNG.



* AvtigToixa, yia dtopa pefkapdiakn avemrapkeial eidikd av To kAdopa e€WOn-
ong <45%) Rxpovia veppikn vooo [eidikd av 60 = GFR = 30 mL/min/1,73 m2,
A AGyoC hau KWHATIiVNG Dﬂpmw szuTwTvn oupwv =30 mgfg Kall KU piw¢ }SDD

GFR 1\ ﬂpOUBI]P{n aTn pET(poppwn uvumohsmu SGLT2 HE unoﬁa-ﬁawpsvn
HEiwon Kapdiakhc aveTTdpkeldg fi/kal amodedeydévn HeEiwon Tou KIvOUvou
£CEAIGNC TNG VEQPRIKNG VOOOU. L& OUCAVESIA I AVTEVOEIEN XOPnynaong ava-
oToAéa SGLT 2, ytropei va XpnoidoTroinBei aywvioThnE Twy UTTODOX WV TOoU
GLP-1 pe amodederyuévo kapdiayyelako 0QeAog. loyupoTtepd OedopEva e

KapdIlakn aveTTAPKEId Kal XauNAS KAdoua eEwbnong utrdpxouv yia Tnv oa-
mmayAipAodivn (DAPA-HF).




KuUpio TeAIKO onpeio: Z0vBeTo voonAcgiag yia Kapdiaki AVETTAPKEIA 1y
KA @davarto

6 - HR 95% ClI TIUA p Placebo (496 Zupfdavra)
0.83 (0.73, 0.95) 0.005

DAPAGLIFLOZIN 10 mg (417 ZuuBdvra)

ABpoioTiki emiTrTwon (%)

T T T T T T T T T
0 180 360 540 720 900 1080 1260 1440

N o€ Kivduvo Hugpeg
DAPAGLIFLOZIN10 mg 8582 8517 8415 8322 8224 8110 7970 7497 5445
Placebo 8578 8485 8387 8259 8127 8003 7880 7367 5362

N o¢ kivouvo gival 0 apIBudg TwWV aoBeVWY UTTO KivOUVOo ekdNAWONG CUPBAVTOG KaTA TNV évapgng Tng TrepIGdouU TTapakoAouBnong.
KA, kapdiayyeiakég, HR, avaloyia kivduvou, Cl, didoTnua eptmiotoouvng
Wiviott SD et al. Online ahead of print. New Engl J Med. 2018.

H damayAigAogivn 10 mg evdeikvutal yia xpAon o€ evijAikeg aoBeveig yia m Bepareia: « Tou aveTapkwg eAeyxopEvoU oakxapwdn Siapim TuTou 2 wg oupTTAnpwHaTIKr Bepameia aTn Siaita Kai TNV GOKNOT, * TG CUPTITWHATIKAG XPOVIag Kapdiakiig aveTrapkelag pe peiwpévo khaopa egwbnong (HFTEF). H AamrayMigAogivn dev
vOeikvuTal yia T peiwaon Tou cwpaTikou Bapoug, TG apmplakig Trieang, f ekdRAwang veppikig PAGRNG.



MeAétn DECLARE - Zuptrepdoparta

To KUpI10 TEAIKO onuEio voonAcgiag yia KapdIakr aveTrdpKela | Kapdlayyeioko Bdavaro
MEIWONKE onUavTIKA e TN datrayAipAodivr, 0€ OUYKPION ME TO EIKOVIKO QAPUOAKO

- Meiwon oXeTIKOU KIVOUVoUu ~17% o€ aoBeveic Je | XWPIC EYKATESTNUEVN KAPDIAYYEIOKN
vOOO OTNV apxIKr Katdotaon

- To 6@eAog @AavnKe eMITTPOCOETA TNG BEATIOTNG KAPOIOTTPOCTATEUTIKNG AYWYNG,

- 'Hrav o1a8epd avegdapTnTa a1rd TO 1I0TOPIKO KA vOoOU ] KAPBIOKN G AVETTAPKEIAG

- H avwTepdTnTa TTPOAABE KUPIWG aTTd pEiwon KATd ~27% TOU OXETIKOU KIVOUVOU OTN
voonAeia yia Kapdlakn aveTtdpkela o€ TTANBUCUSG OTToU OTNV TTAEIOPN@Ia Tou O€V €iXe I0TOPIKO

KapPOIAKAG AVETTAPKEIOG

NAiyoTepa ouppBavria MACE kartaypdenkav otoug acBeveic uttd datrayAipAolivn o€ oxéon Je
TOuG aoBeveic uttd placebo- OTATIOTIKA CNPAVTIKOTATA OEV ETTITEUXONKE

aTekpaIpOpEVn wg aiyoupn fi lavr. PMou odrynoav oe dlakoTrh Bepatreiag ) Bewpnonkav wg AE.
KA, kapdiayyeiakdg, MACE, peifova kapdiayyeiakd oupBdavra RRR, peiwon oxeTikou Kivduvou.
Wiviott SD et al. Article and supplementary appendix online ahead of print. New Engl J Med. 2018

H SatmayAipAodivn 10 mg evdeikvuTal yia xprion o€ eviAikeg acBeveig yia Tn Bgpartreia: « TOU AvETTAPKWS EAeyXOHEVOU oakxapwdn diaBATn TUTTOU 2 wg CUPTTANPWUATIKA Bepartreia oTn dicuta Kai TNV 4oknaon, * TNG CUUTITWHATIKAG XPOVIAG KapdIakAg avETTAPKEIAg Ue
Heiwpévo kAdopa e§wlnang (HFTEF). H AamrayAhipAodivn dev evdeikvuTal yia Tn HEiWaN TOu owpaTikol BAPOUG, TNG apTNPIAKAG TTHEaNG, 1) ekdNAWONG VEPPIKAG BAARNG.



Summary

- DAPA-CKD1, the first dedicated renal outcomes trial to assess the efficacy and safety of an
SGLT-2 inhibitor in patients with CKD with and without T2D, demonstrated:

390/0 RRR 44(70 RRR 29% RRR 31(y0 RRR

for the primary composite for the renal composite for the composite of all-cause
endpoint (250% sustained (250% sustained decline CV death or mortality
decline in eGFR, ESKD, in eGFR, ESKD, or hospitalization

renal or CV death) renal death) for heart failure

+ Consistent clinical benefits in patients with CKD across major subgroups including in patients
with and without T2D, and by baseline eGFR and UACR categories

» Dapagliflozin was well-tolerated for the treatment of CKD (in patients with and without T2D)
and data confirm the known safety profile

* DAPA-CKD builds upon the evidence for dapagliflozin in the prevention of hHF and worsening of
renal disease in DECLARE? and reduction in the risk of worsening HF and CV death in DAPA-HF3

CKD = chronic kidney disease; CV = cardiovascular; eGFR = estimated glomerular filtration rate; ESKD = end-stage kidney disease; HF = heart failure; hHF = hospitalization
for heart failure; RRR = relative risk reduction; SGLT-2 = sodium glucose co-transporter 2; T2D = type 2 diabetes; UACR = urinary albumin-to-creatinine ratio.

43 1. Heerspink HJL et al. N Engl J Med. 2020; 383:1436-1446. 2. Wiviott SD. et al. N Engl J Med. 2019;380:347-357. 3. McMurray JJV et al. N Engl J Med. 2019;381:1995-2008.
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Presentation Notes
Present slide
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Heerspink HJL, Stefánsson BV, Correa-Rotter R, et al, for the DAPA-CKD Trial Committees and Investigators.  Dapagliflozin in patients with chronic kidney disease. N Engl J Med. 2020; 383:1436-1446.
Wiviott SD, Raz I, Bonaca MP, et al, for the DECLARE-TIMI 58 Investigators.  Dapagliflozin and cardiovascular outcomes in type 2 diabetes. N Engl J Med. 2019;347-357.
McMurray JJV, Solomon SD, Inzucchi SE, et al, for the DAPA-HF Committees and Investigators. Dapagliflozin in patients with heart failure and reduced ejection fraction. N Engl J Med. 2019; 381:1995-2008.



Causes o f Diuretic Resistance

Patient noincompliance
Not taking drug
High NaCl intake

Y

“—' - v - - =
~ ™ Impaired bioavailability -
. Congestive heart failure = - —y

Idiopalhic edema

Impaired diuretic secretion by proximal tubule
Renal failure

Old age e
Renal Tx
Congestive heart failure
Drugs
NSAID s (loop and DCT diuretics)
Captopril (furosemide)
Cimetidine (amiloride and triamterene)

Protein binding in tubule lumen
Nephrotic syndrome

Hemodynamic ( GFR)

Drugs

Antihypertensives

NSAIDs

Hypoxemia

Reduced "fullness" of arterial vascular system

Enhanced NaCl reabsorption

Primary

Congestive heart failure

The nephrotic syndrome

Cirrhosis

Secondary to drugs

NSAIDs

Adaptation 10 chronic diuretic therapy
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Table 3 Oral bopdisetic dysage
in chronic heart faihue

Lowder  Mleriedme  High dose Veryhighdese Max dse*

Fussemie  <d0mpdy  =40-100 mgidsy = 100200 mpiday  >200 moiday -1 500 myday
Torsemide < 10mgday = 1025 maday  >25-S0mgidey =50 mpday 200 mpiday
Bumewnide <1mgdy »1-25mydy >25-Smpdy  »Smeldy 10 mgidy

*hbeiimel doses of loop diumties o ol well smdies: thus, higher doses might be wed in different centers
wirkdwide

1D boap diuretc

Table4 Possiblecamses of divretic resistance and pee udoresistance

Usage-/compliance - or diagnosis-relaed causes
= Unmesiricted water intake
= Mot taking the dmg
= Excessive sodium intake
= Mo monitoring of body weight
= Imadequate divretic therapy (oo low or too infrequent)
= Incormect diagnosis {eg., rmphatic edema)
Renal cases
= Tubular uptake of divretic impaired by uremic oxins
= Dhoc reased kidney blood flow
= Dhocreased functional kidney mass
= Low GFR
= RAAS activation-related non-responding
= Mephron adaptation
= Prodeimiria
Cardiovase ular cases
= Severe HF
= Arrhythmias
= Hyperensiom and hypoension
= Iachemia
= Valvular disesse
» Endocarditis
Plamscological causes
*NSAIDS e
= Megative inotropes
* Probenecid
= Lithium
= Some anthyperensive dugs
Acute and chronic comorbidities
= Poewmonia
= Pulmonary embol ism
= COPD
= Thyroid disease
= Anemia
= Surgery-relaied aness
= Electrolyie imbalance
= Gut edema impaied sbsoption
= Intestinal hypoperfusion
= Hypoprode inemia
= STADH

COFD chrondc olstructive pulmonarny disesse, GFR ghomenlar fliration
raie, HF congestive heart failre, WS4y non- terodd anti-inflammatony
drugs, RAAS renin-angioensin-aldeiemme sysiem, SIADH syndrome of
inappropriate antidiuretic homone secretion




KDIGO executive conclusions

Heart failure in chronic kidney disease: conclusions
from a Kidney Disease: Improving Global Outcomes
(KDIGO) Controversies Conference

Other considerations

Avoid AKI (e.g., radiocontrast, NSAIDs, aminoglycosides, vancomycin, lithium)
Treat iron-deficiency anemia
Treat vitamin B and thiamine deficiencies
Optimize CKD-MBD measures
ICD/CAT=as feasible and appropriate

Kidney
transplantation ACUTE CRRT
Digoxin B aaike
i.v. thiazides
Nocturnal home: pF contiy
hemodialysis H-ISDN iv. loop diuretics
— If RAASI/ARNI
intolerant
Peritoneal — African American Oral metolazone
dialysis Ivabradine
— On maximum tolerated p-blocker Oral loop
Normal sinus rhythm heart rate = 70 diuretics
In-center Mineralocorticoid antagonist
3x/week —If potassium is acceptable or Oral
dialysis manageable thiazides
fi-Adrenergic blocker
Carvedilol/metoprolol tartrate/bisoprolel
ACEi ARB if ACEi-intolerant ARNI

Figure 3 | Pharmacotherapy for the prevention and treatment of heart failure with reduced ejection fraction in chronic kidney
disease (CKD) progressing to end-stage kidney disease (ESKD). ACEi, angictensin-converting enzyme inhibitor; AF, atrial fibrillation; AK, acute
kidney injury; ARB, angiotensin Il receptor blocker; ARNI, angiotensin receptor neprilysin inhibitor; CKD-MBD, chronic kidney disease-mineral

bone disorder; CRT, cardiac resynchronization therapy: CRRT, continuous renal replacement therapy; H-ISDN, hydralazine-isosorbide dinitrate; 1CD,
implantable cardioverter-defibrillator; NSAID, nonsteroidal anti-inflammatory drug; RAASI, renin-angiotensin-aldosterone system inhibitor.



KDIGO executive conclusions

Heart failure in chronic kidney disease: conclusions
from a Kidney Disease: Improving Global Outcomes
(KDIGO) Controversies Conference

Weekly total water cleared of urea based on continuous weekly
Kt/V according to chosen method of dialysis

9 o

G1 | gp
._/' Irénsplant

G2 | —
E - - 605 liwk
S G3a/ HD x 6
c G3b nocturnal
s el e 342 wk
< I
o HDx3 PDx7 HD*5 128 I'wk

. if&ﬁ """""""""""""""

STD l/wk urea

eGFR (ml/min per 1.73 m2) Total water cleared of urea based on
continuous standard weekly Kt/\/

Figure 4| Total water cleared of urea according to various dialysis modalities and in normal and kidney transplant recipient
populations. CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; GFR, glomerular filtration rate; HD, hemodialysis; Kt/V,
clearance of urea multiplied by dialysis duration and normalized for urea distribution volume; PD, peritoneal dialysis; STD, standardized.




Patient case #1: Heart failure with reduced
ejection fraction and chronic kidney disease

48



Consic_ierations when downtitrating or discontinuing RAASI therapy
following an HK event

Several landmark clinical studies have demonstrated the benefit
of RAASI therapy in patients with HF'-2

: RAASI benefits'-3 RAASI discontinuation®-#
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What is the way forward for our patient?

| ASSESSMENT TREATMENT
FRTIENT NFORMATION AND MEDICATIONS CONSIDERATIONS
Options: ik

o Increase furosem

Diuretics:

= Efficacy depends on residual renal
function

* Increased risk of gout and diabetes

+ May result in:
— Volume contraction




Treatment of HF in Patients with
CKD

What is the same?
What is different?



Treatment of HFrEF

Medication Indicated No CKD CKD
B-Blockers Yes Yes
ACEl or ARB Yes Yes
Aldosterone antagonists Yes Yes
Diuretics Yes Yes
Digoxin Yes? Yes?




Treatment of HFpEF

About 50% of patients with CKD and HF have preserved EF

Medication Indicated No CKD CKD
B-Blockers No No
ACEl or ARB No No* but...
MRA No No
Diuretics Yes Yes
Digoxin No No

*KDIGO CPGs recommend (suggest) ACEl or ARB in patients
with CKD with HTN and severely (moderately) increased

albuminuria to reduce risk of progression of CKD.

KDIGO Clinical Practice Guideline for the Management of Blood Pressure in CKD.
www.kdigo.org/clinical_practice_guidelines/pdf/KDIGO_BP_GL.pdf.




Evidence for improvement in outcome in patients with HF

Management of Heart Failure Patient with CKD

Debasish Banerjee (5)," Giuseppe Rosano,” and Charles A. Herzog’

CJASN 16: 1131-1139, 2021. doi: https://doi.org,/10.2215/ CJN.14180920

Strong

Lessen symptoms

Moderate

Reduce
hospitalization/death

Weak

Digoxin

Risk:benefit ratio likely to

Potential harm with be similar lor eGFR = 60 —»

digexin in CKD G5D
1

Absent £ | | | I
0 10 20 30 40 50 60

eGFR (ml/min/1.73 m?)

CKD G5 CKD G4 CKD G3a-G3b
Dialysis indicated
CRT (i) = QRS = 120 ms, LBEB QRS morphology, EF< 38%; Loop diuretics (POVIV) {furosemide, bumetanide, torsemide)
or QRS > 130 ms, EF = 30% and thiazide diuretics (metolazone (PO), chlorothiazide (V)

CRT (i) = QRS = 150 ms = benefit unceriain
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Table 1.  Heart failure studies in general population with clinical characteristics including creatinine- or e GFR-based inclusion criterion

Trial, yr Age and Diabetes <. Creatinine (mean) or = GFR

Angiotensin-converting enzyme inhibitors

SAVE 1992 (53) 59 yr, 29% <2.5 mg/dl

SOLVD 1991 (54) 61 yr, 26% =2.5 mg/dl (1.2 mg/dl)

SOLVD prevent 1992 (55) 59 yr, 15% =<2.5 mg/dl (1.2 mg/dl)
Angiotensin receptor blockers

CHARM 2003 (56) 66 yr, 28% <3 mg/dl
B-Blockers

CIBIS 11 1999 (30) 61 yr, 12% <3.4 mg/dl

COPERNICUS 2001 (31) 63 yr, 26% =2.8 mg/dl (1.4 mg/dl)

MERIT HF 1999 (29) 63 yr, 25% —

SENIORS (32) 76 yr, 27% <2.8 mg/dl (1.15 mg/dl)
Mineralocorticoid receptor antagonists

RALES 1999 (57) 65 yr, NA <2.5 mg/dl

EMPHASIS-HF 2011 (58) 69 yr, 34% =30 ml/min (1.1 mg/dl)

EPHESUS 2003 (59) 64 yr, 32% =2.5 mg/dl (1.1 mg/dl)
Angiotensin receptor neprilysin inhibitors

PARADIGM HF 2014 (26). 64 yr, 35% =30 ml/min (1.1 mg/dl)
Ivabradine

SHIFT 2010 (60) 61 yr, 30% (74 ml/min per 1.73 m?)
Cardiac resynchronization therapy

RAFT 2010 (45) 66 vr, 30% 51% patients <60 ml/min per 1.73 m>*
SGLT2 inhibitor

DAPA-HF 2019 (36) 66 yr, 41% =30 ml/min per 1.73 m>

EMPEROR-reduced 2020 67 yr, 50% =20 ml/min per 1.73 m®

The table includes pivotal studies that have helped us to draw our conclusions on therapy of patients with HFrEF and CKD
(particularly stage 3). Ithighlights that patients included in these studies had relatively high creatinine and low eGFR, owing to the fact
that CKD is common in patients with heart failure. Hence, significant numbers of patients with CKD were included. Studies included a
significant proportion of patients with diabetes. SAVE, Survival and Ventricular Enlargement; SOLVD, Studies of Left Ventricular
Dwstunction; CHARM, Candesartan in Heart Failure Assessment of Reduction in Mortality and Morbidity; CIBIS 11, Cardiac
Insufficiency Bisoprolol Study IT; COPERNICUS, Carvedilol Prospective Randomized Cumulative Survival; MERIT HF, Metoprolol
CR/XL Randomized Intervention Trial in Congestive Heart Failure; SENIORS, Study of the Effects of Nebivolol Intervention on
Outcomes and Rehospitalisation in Seniors with Heart Failure; RALES, Randomized Aldactone Evaluation Study; NA, not available;
EMPHASIS-HF, Eplerenone in Mild Patients Hospitalization and Survival Study in Heart Failure; EPHESUS, Eplerenone Post—Acute
Myocardial Infarction Heart Failure Efficacy and Survival Study; PARADIGM HF, Prospective Comparison of ARNI With ACEI to
Determine Impact on Global Mortality and Morbidity in Heart Failure; SHIFT, Systolic Heart Failure Treatment with the IF inhibitor
ivabradine trial; RAFT, Resynchronization—Defibrillation for Ambulatory Heart Failure Trial; DAPA-HF, Dapagliflozin on the
Incidence of Worsening Heart Failure or Cardiovascular Death in Patients With Chronic Heart Failure; EMPEROR reduced,
EMPagliflozin outcomE tRial in Patients With chrOnic heaRt Failure With Reduced Ejection Fraction.

251% of the included patients had eGFR<60 ml/min per 1.73 m?.
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Table 2. Pharmacotherapy of heart failure in patients with CKD

Agents CKD Stages 1- 3 CKD Stages 4 and 5
ACEis Should be used in all patients with HFrEF, with May be used in HFrEF, with monitoring
monitoring of creatinine and potassium of creatinine and potassium. Dose
modification may be necessary
B-Blockers Should be used in all patients with HFrEF May be used in HFrEF
Mineralocorticoid Should be used in HFrEF, with careful monitoring May be used in HFrEF, with caution and

receptor antagonists
ARBs

Ivabradine

Angiotensin receptor
and neprilysin
inhibitor

Sodium-glucose
cotransporter 2
inhibitor

Hydralazine and
isosorbide dinitrate

of potassium

Should be used in all patients with HFrEF with
caution

May be used in patients with HFrEF with sinus
rhythm and who are stable on B-blockers

May be used in patients with HFrEF instead of
ACEis/ARBs

Can be used in patients with HFrEF with or
without diabetes

Should be considered in patients with HFrEF who
are intolerant to ACEis/ARBs

monitoring of potassium
May be used in HFrEF, with monitoring
of creatinine and potassium
Unknown effects

Unknown effects

Unknown effects

May be considered in patients with
HFrEF who are intolerant to ACEis/
ARBs

ACE,, angiotensin-converting enzyme inhibitor; HFrEF, heart failure with reduced ejection fraction; ARB, angiotensin receptor

blocker.
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Multidisciplinary Care

Patients with CKD and heart failure need multidiscipli-
nary care to minimize the number of health care wvisits. A
close working relationship between nephrologists and cardi-
ologists is the key to controlling symptoms and prolonging
life where possible; treating with diuretics, ACEis, and min-
eralocorticoid receptor antagonists, while avoiding electro-
Ivte abnormalities and AKI and advising appropriately for
dialysis and device therapy (Figure 2) (1). In a recent studw
mn 5t George’s Hospital, multidisciplinary care was associ-
ated with improvement in iron stores and RAASI use in
124 patients with CK D and heart failure (50). A multidiscipli-
nary cardiology-nephrology service with doctors and spe-
cialist nurses in the United Kingdom has demonstrated bet-
ter utilization of evidence-based therapy and health care
resources (51). A similar multidisciplinary meeting for pre-
Kidney transplant patients, with cardiologists, nephrologists,
transplant surgeons, and specialist nurses, showed that high-
cardiac-risk patients can be safely transplanted (52).



Table 3 | Future research recommendations

= Acguire a better understanding of the pathophysiology of HF in CKD. Physiological and imaging tests are needed for kidmey disease. Reliamce on the
plasma serum creatinine, blood urea nitrogen, and limited urine tests is inadequate to advance the field. Methods to assess the kidney furnctio nal
resense, or the ability of the kidneys to increase filtmtion, are needed. An understanding of when reduced renal fltration is adaptive or maladaptive is
needed. Conmversely, methods of assessing inflammation, ireversible fibrosis, and loss of functioning nephrons would assist in understanding the
recoverability of AKl superimposed on CKD. The clinical examination can be improved by objective measurements of volume status including plasma
volume and red blood cell vwolume, degree of pulmonary congestion, and venous capacitance. Studies to umeeil the determinants of plasma refill after
treatrment with Ly, loop divretics or ultafitration are needed. Vadation in plasma refill likely explains why some patients respond favorably after the
first few doses while others do not. Investigating possible systemic mechanisms of both heart and kidney disease and gaining a better understanding
of the processes by which the Kidneys retain salt and water and how this relates o myocardial dysfunction in systole and diastole would be
wo rthiwhiile.

= Reevaluate the pathophysiology of the progression of HF. This includes examining the role of serial imaging of dghtleft ventricular function amnd
biomarkers (e.g. neurchomonal activation, bone metabolism, inflammaton, iibrosis, and kidrey injury) in prognosis and treatment in asym ptomatic
and symptomatic patients.

= Identify appropriate kidney outcomes for HF trials and position them as prespecified endpoints (i.e., progression of CKD and eGFR slopes). Futune
trials of HF interventions should focus on prespecified subgroups with @GFR < 30 ml'min per 1.73 e

= Refine detection of AKI using measures of kidney filtration and markers of kidney damage.

=+ Examine and include patient-oriented outcomes, especially for symptom control, and design shared decision-making aids

= Dewvelop and test better markers of initiation, persistence, and recovery of AKI. AK| biomarkers have not been adequately studied in acute HF.
Understanding the role of AKl in the prediction and management of diuretic resistance will be important for acute HF.

= Study novel divretic strategies in patients with HFrEF with more acurate methods to detect volume overfoad in order to avoid both hypotension
and continwed congestion.

= Identify the best means for adjusting loop diuretics, whether by blood biomarker measurement or hemodynamic assessment. This will help guide
use of diuretics in HF with CKD in the hope of reducing hospitalizations for HF and perhaps cardiovascular death.

« Examine new potassium-binding drugs in patients with eGFRE < 30 mFmin per 1.73 m”. It would also be useful to know whether the potassium-
binding drugs allow higher wuse or doses of RAAS blockers and whether this leads to improved outcomes. It would also be important to examine
whether and how potassium-lowerng agents can reduce potassium swings when patients are undergoing hemodialysis.

= Compare various dialysis modalities and their frequency for optimizing witrafiltration and maintaining euvolemia.

=« Address and overcome the dificulty in randomizing patients to peritoneal dialysis or witrafiltration trials

= Determine the optimal timing for inidating dialysis in the setting of HFrEF and HFpEF. There is reason to hypothesize that the subgroup that will
develop diuretic resistamnce could bemnefit from starting dialysis earhy.

= Find methods of achieving volume control during dialyss while still ensuring patients receive optimal cardiop rotective medications.

= Evaluate wearable devices that monitor Awid status, heart rhythm, etc.

« Design and conduct an adequately powered observational study of dinical and echocardiographic deterrminants of HF in patients referred for
tran splan ta o .

= Determine which patients should undergo a simultaneous heart-kidney transplant versus a heart transplant alone with watchful waiting for
renal recovery posttransplant

= Investigate the degree to which the following comorbid conditions contribute to HF physiology in patients with ESKD: hypertension, coromnary
artery disease, valvular disease, diabetes, atrial fi brillation, sleep apnea, cachexiasarcopenia, anemia, iron deficiency, mineral metabolism,
chronic lung disease, and hypertension.

= Investigate technologies to better phenotype patients and target them for specific interventional strategies. Such domains of phenotypic
assessment could include genomics, metabolomics, cardiovascular hemodynamics, myocardial energetics, neurchomonal miliew, salt and water
metabolism including plasma refill, and heart-kidney signaling and regulation.

= Ewvaluate the effects of exercise, weight loss, diet, and possibly treatment of sleep apnea in the prevention of HF in patients with CKD.

= Ascertain approadhes to reduce protein energy wasting, sarcopenia, and cachexia. Research is needed to better understand the role of mutrition in
the preventon of HF and the attenuation of bothh HF and CED.

= Obtain a better understanding of best practices for ligating AV fistulas for high output cardiac failure: location, Tow, determining when to ligate.

AL, aoute Hdney injuny: AV, arteriovenous; CKD, chronic Mdney disease; eGFR, estinnated glomernular filtration rate; ESED, end-stage kdney disease; HF, heart failure: HFpEF,
heart failure with presmed ejection fraction; HFrEF, heart failure with reduced gection fraction: RAAS, renin-angiotensin-aldosterone system.




THANKS!

Does anyone have any questions?

giannisgriv@hotmail.com
www.athens-nephrology.gr
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increased filling pressures).’ ==

TERMINOLOGY used to describe HF?

Related to EF™: HFrEF (reduced ejection fraction: EF<40%)
HFmEF (mildly impaired EF: EF 40-49%
HFpEF (preserved ejection fraction: EF 250%)*

Related to time-course: New onset, transient, chronic
Related to progression: Acute, stable, worsening
Related to location: Left heart, right heart, combined

* There is no consensus concerning the cut-off for preserved EF?2


Presenter Notes
Presentation Notes
Definition of Heart Failure
Heart failure can be defined as an abnormality of cardiac structure or function leading to failure of the heart to deliver oxygen at a rate commensurate with the requirements of the metabolizing tissues, despite normal filling pressures (or only at the expense of increased filling pressures).1

The most important terminology used to describe heart failure is based on the measurement of the left ventricular ejection fraction (EF). This terminology is important because of its prognostic importance: the lower the ejection fraction the poorer the survival. Based on EF, heart failure can be distinguished into:
HFpEF: Heart Failure with preserved Ejection Fraction (EF>50%) 
HFrEF: Heart Failure with reduced Ejection Fraction (EF<40%)
There is no consensus concerning the cut-off for preserved EF. An EF below or above 40%, distinguishes between large or normal left end-diastolic ventricular volumes. The distinction has arisen largely because in the past most patients admitted to hospitals for investigation or entered into clinical trials have had dilated hearts with a reduced EF <35 or 40%.2 
Patients with an EF in the range 35 – 50% represent a ‘grey area’ and most probably have primarily mild systolic dysfunction.1

Other HF terminology is related to the time-course or the progression of heart failure. Patients who have had HF for some time are often said to have ‘chronic HF’. A treated patient with symptoms and signs, which have remained generally unchanged for at least a month, is said to be ‘stable’. If chronic stable HF deteriorates, the patient may be described as ‘decompensated’ and this may happen suddenly, i.e. ‘acutely’, usually leading to hospital admission, an event of considerable prognostic importance. New (‘de novo’) HF may present acutely, for example as a consequence of acute myocardial infarction or in a subacute (gradual) fashion, for example in a patient who has had asymptomatic cardiac dysfunction, often for an indeterminate period, and may persist or resolve (patients may become ‘compensated’). Many or all of these terms may be accurately applied to the same patient at different times, depending upon their stage of illness.1 

McMurray et al. Eur Heart J 2012;33:1787–847
Dickstein K et al. Eur Heart J 2008;29:2388–442

Abbreviations
HF=heart failure, EF=ejection fraction, HFrEF=heart failure with reduced ejection fraction, HFpEF=heart failure with preserved ejection fraction











Pathophysiology of

| Injury to myocytes .

Lf?\iﬂ?ﬂ*dﬂl lan. PE—
L-—m_—.: ——-—m: E VENTRICULAR
REMODELING

NEUROHUMORAL
IMBALANCE

An imbalance occurs in three key neurohumoral systems:
* The renin—angiotensin—aldosterone system

* The sympathetic nervous system

 The natriuretic peptide system

The systemic responses in the renin—angiotensin—aldosterone and sympathetic nervous systems cause further
myocardial injury, and have detrimental effects on the blood vessels, and various organs, thereby creating a
pathophysiological ‘vicious cycle’. The natriuretic peptide system has a protective function, which can
counterbalance these detrimental effects.


Presenter Notes
Presentation Notes
Pathophysiology of HF
After myocardial injury (e.g. myocardial infarction) the necrotic myocytes do not function, therefore the contraction of the whole myocardium is impaired. Not only the function of the myocardium is affected, but also the size and shape of it. First it becomes hypertrophic and subsequently it dilates. Thus,‘remodelling’ of the ventricle is observed, which leads to further worsening of its contractility. Since the heart can not eject enough blood, the ejection fraction is reduced. What characterizes untreated systolic dysfunction is progressive worsening of these changes over time, with increasing enlargement of the left ventricle and decline in EF, even though the patient may be symptomless initially. Two mechanisms are thought to account for this progression. The first is occurrence of further events leading to additional myocyte death (e.g. recurrent myocardial infarction). The other is the systemic responses induced by the decline in systolic function, particularly neurohumoral activation. 

Three key neurohumoral systems activated in HF are 
the renin–angiotensin–aldosterone system and 
the sympathetic nervous system.
the natriuretic peptide system

In addition to causing further myocardial injury, systemic responses in the renin–angiotensin–aldosterone and sympathetic nervous systems have detrimental effects on the blood vessels, kidneys, muscles, bone marrow, lungs, and liver, and create a pathophysiological ‘vicious cycle’, accounting for many of the clinical features of the HF syndrome, including myocardial electrical instability. The natriuretic peptide system has a protective function, which can counterbalance these detrimental effects

McMurray JJ, Clinical practice. Systolic heart failure. N Engl J Med 2010;362:228–238.
Shah AM, Mann DL. In search of new therapeutic targets and strategies for heart failure: recent advances in basic science. Lancet 2011;378:704–712.

Abbreviations
HF=heart failure, EF=ejection fraction



Classification of Heart F

AT

ACC/AHA stages of HF

(based on structure and damage to heart)

(based on symptoms or physical activity)

o el

ure

Stage A At high risk for HF, but without structural or
functional abnormality

No signs or symptoms

Stage B Developed structural heart disease strongly
associated with development of HF, but
without signs or symptoms

Stage C Symptomatic HF associated with underlying
structural heart disease

Stage D Advanced structural heart disease and

marked symptoms of HF at rest, despite
maximal medical therapy

Class |

Class

Class Il

Class IV

No limitation of physical activity. Ordinary
physical activity does not cause undue fatigue,
palpitation or dyspnoea

Slight limitation of physical activity. Comfortable
at rest, but ordinary physical activity results in
HF symptoms

Marked limitation of physical activity.
Comfortable at rest, but less than ordinary
activity results in HF symptoms

Symptoms of HF present at rest. If any physical
activity is undertaken, discomfort is increased


Presenter Notes
Presentation Notes
Classification of Heart Failure
Patients’ symptom severity in heart failure (HF), including limitations in activity, can be quantified with the use of the NYHA functional classification or the more recent ACC/AHA classification. The NYHA functional classification is based on symptoms and exercise capacity. It ranges from Class I, with no limitations of physical activity, to Class IV, where symptoms of HF are present at rest. The ACC/AHA classification of HF is based on structural changes and symptoms. All patients with overt HF are in stages C and D. Stage A is patients at high risk for HF, while Stage B describes patients with no signs or symptoms of HF, but with structural changes associated with the development of the disease.

Abbreviations
ACC/AHA=American College of Cardiology/American Heart Association; HF=Heart Failure; NYHA=New York Heart Association

Dickstein et al. Eur Heart J 2008;29:2388–442
Hunt et al. J Am Coll Cardiol 2009;53:e1–90






Natural history of HHA

HF is a sﬂe_gtly progressing disease__
Y’ in to look at the disorder at thg_end_of lts natur

— —————

The cardiovascular continuuin

Vascular Remodeling \

environmental
determinants

LVH

Diastolic
Dysfunction

physical CVD risk factors Disturbed
activity 4 & biomarkers Microcirculation
A Systolic

A 4 Dysfunction

9[ CAD / Infarktion

genetic determinants

Myocardial Remodeling )

Stage A B Cc/D


Presenter Notes
Presentation Notes
Natural history of HF
A progressive chain of pathophysiological events links cardiovascular risk factors to clinical manifestations of disease and life-threatening cardiovascular events. This chain – the cardiovascular continuum – underlies cardiovascular disease and holds the key to its prevention and treatment. 
HF is a silently progressing disease. We begin to look at the disorder at the end of its natural history - that is too late!

Krum, Gilbert. Lancet 2003;362:147–58 
McMurray et al. Eur Heart J 2012;33:1787–847



Diagnosing HF

The diagnosis of HFpEF is more difficult than t

R .- - . : =
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dlagn05|s of HFrEF

1. Symptoms typical of HF
2. Signs typical of HF
3. Reduced LVEF

. Symptoms typical of HF
. Signs typical of HF
. Normal or only mildly reduced LVEF and LV not dilated

. Relevant structural heart disease (LV hypertrophy/LA enlargement) and/or
iastolic dysfunction

o W N P



Presenter Notes
Presentation Notes
Diagnosing HF
The diagnosis of HFpEF is more difficult than the diagnosis of HFrEF because it is largely one of exclusion, i.e. potential non-cardiac causes of the patient’s symptoms (such as anaemia or chronic lung disease) must first be discounted. Usually these patients do not have a dilated heart and many have an increase in LV wall thickness and increased left atrial (LA) size. Most have evidence of diastolic dysfunction, which is generally accepted as the likely cause of HF in these patients. 

McMurray et al. Eur Heart J 2012;33:1787–847

Abbreviations:
HF = heart failure, HFrEF = heart failure with reduced ejection fraction, HFpEF = heart failure with preserved ejection fraction, LVEF = left ventricular ejection fraction, LV = left ventricle, LA = left atrium 



‘Chronic Kidney Disease’ (CKD) is a general term that
describes ongoing renal damage or dysfunction

http://www.kdigo.org/clinical practice guidelines/pdf/CKD/KDIGO 2012 CKD GL.pdf



http://www.kdigo.org/clinical_practice_guidelines/pdf/CKD/KDIGO_2012_CKD_GL.pdf

CKD is reduced kidney function
and/or kidney damage

Chronic Kidney Disease

Kidney function

Glomerular filtration rate (GFR) < 60 mL/min/1.73 m2 for > 3 months with or without kidney damage

AND/OR

Kidney damage

> 3 months, with or without decreased GFR, manifested by

either

*Pathological abnormalities
*Markers of kidney damage, i.e., proteinuria (albuminuria)

= Urine albumin-to-creatinine ratio (UACR) > 30 mg/g
Reference: Kidney International Supplements, 2013, 3(1): 5-14



CKD can be due to kidney damage and/or dysfunction

Damage >3 months Dysfunction >3 months

X X

v x
— 71
v v

— CKD

—

Kidney function can appear normal [ Kidney function can be impaired I

in the presence of kidney damage in the absence of kidney damage

CKD, chronic kidney disease
Sarnak MJ et al. Hypertension 2003;42:1050-65.



Distribution of markers of CKD in NHANES participants with
DM, HTN, self-reported CVD and obesity, 2011-2014

Percent

40

30
m ACR 30+
Both
20 m eGFR<60
ACR = albumin creatinine ratio
SR CVD = self-reported cardiovascular disease
10

0
Age 60+ DM HTN SR CVD BMI 30+ Reference: USRDS 2016 Annual Data Report



2711 opadeg uPnAov Kwvduvou
niepthapfavovtal Ta ATOHA JLE LOTOPLKO
SaBntn, UEPTAONC KoL OLKOYEVELAKO
LOTOPLKO VEDPLKIG VOGOU.

Tpelg am\eg e€eTA0EL PmopoUV va
aviyvevoouv tnv XNN:

* MeéeTpnon aptnpPLAKNG TILECNC

* AsUKwpa ota oupa

* Kpeatwvivn opou
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TPOMOLNOLUOL TTOLPAYOVTEC KIVOUVOU

Ynéptaon, 6eUtepn KUpLa atiot XNN petd To Stapntn, amoteAel onpavTLKO
napayovta otnv eEEALEN TNc XNN cupBaiAovtac otnv MPoodeUTIKN EYKATAOTACH TNC
OTIELPAPATOCGKAN pUVONC.

Npwtewoupia, cuvdeetal Pe TaxUTEPO pUBNO eEEALENG TN XNN, evw n eAatTwon o
TEPLOPLOPOC TNG KE TN Slawta 1) papuakeuTKA TTPoSIKATEL Eva KAAUTEPO BEPATIEUTIKO
QIOTEAETHA.

AABoupwvoupia, Xpovia Nedpikil Nooog kal Kapdiayysiakn Nocog, o puBpuog
anofoAn¢ Aeukwpativng ota oupa akopa Kat xapunAoU BaBuou kal oe dtopa 1N
SLafnTka, pn-umepTacKa PEanC NAiag oxetiletal pe avénuévo Kivéuvo
KapdlayyeLaknc vooou.

H Suayutn SuoAeltoupyla Touv evéoBnAiou gival o KOWOC TABOYEVETIKOC UNXAVIOUOC
Tou cuvEEeL T Asukwpatoupia pe T ekSNAwoeLg kat thv poyvwaon T XNN kat g
KapSLayyeLlaknc vooou.

Kapdiayyetakn voooc kat XNN £xouv KOvouUC tapayovieg Kwwduvou (dapntn,
UTEPTAON, TTaXUoapKia, HeTaBOALKO cUVEpOpO, SuCAUTLSaLpLa, KATIVIOHO) KOt N
oxéon toug Aettoupyel apdidpopa adou n XNN npodlabetel oe KapSLayyeLaKa
cupBapata Kot n Kepdlayyelakn voooc (kapdlakn avenapkela, abnpookAnpuvon)
Mropel va tpokaA€oeL tnv eykatactaon XNN kot tnv ypriyopn €€€ALEN Tnc.
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CKD affects approximately 1 out of 8 people worldwide

_ Prevalence CKD is:
Country/region of CKD (%)’

* Highly prevalent, particularly in

Europe 18 developed economies'’

Iran 18 * Ninth leading cause of death in the
North America 15 USA in 2015 (~50,000 deaths/year)?
Australia 15 « A major healthcare burden'’

Japan, S Korea, Oceania 14

China, Taiwan, Mongolia 13

India, Bangladesh 13

S Africa, Senegal, Congo 9

Overall 13

Prevalence data are for all CKD stages (1 to 5); mortality data are for ‘Nephritis, nephrotic syndrome, and nephrosis’
CKD, chronic kidney disease

1. Hill NR et al. PLoS One 2016;11:€0158765, Health United States Report 2016; 2. Centers for Disease Control and Prevention. National Center for Health Statistics.
Available from: https://www.cdc.gov/nchs/fastats/kidney-disease.htm (last accessed: March 2017).



https://www.cdc.gov/nchs/fastats/kidney-disease.htm

73

Improvement in CKD Mortality Has Been Limited, While the RRT Burden
Has Continued to Rise

Global Age-standardized Mortality Rate (per 100,000) Number of Patients Receiving RRT, 2010-20202
Percent Change, 2007-20171
- 3.0+

5 - —e— Asia (0.968-2.162)

15 —¥— North America (0.637-1.260)
1,5 - —e— Europe (0.532-0.825)

-~ —— Latin America, Caribbean (0.373-0.903)

0 1 & —a— Africa (0.083-0.236)
'; 20  _s— Oceania (0.025-0.053)
s
[]

5 :
(]
E /
= 1.0
o ’/'/'

-10 1 5 ]
- 4;_/11
= —
: _—
4 e -
15 -13,6 -13,6 0
2010 2015 2020
Kidney Ischemic Stroke COPD
. Year
Disease Heart
Disease

CKD = chronic kidney disease; COPD = chronic obstructive pulmonary disorder; RRT = renal replacement therapy.
1. GBD 2017 Causes of Death Collaborators. Lancet. 2018;392:1736-1788; 2. Liyanage T, et al. Lancet. 2015;385:1975-1982.


Presenter Notes
Presentation Notes
Reference:
GBD 2017 Causes of Death Collaborators.  Global, regional, and national age-sex-specific mortality for 282 causes of death in 195 countries and territories, 1980-2017: a systematic analysis for the Global Burden of Disease Study 2017 [published correction appears in Lancet. 2019;393:e44] [published correction appears in Lancet. 2018;392:2170]. Lancet. 2018;392:1736-1788. 
Liyanage T, Ninomiya T, Jha V, et al.  Worldwide access to treatment for end-stage kidney disease: a systematic review. Lancet. 2015;385:1975-1982.
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The Risk of Morbidity and Mortality Rises Sharply as CKD Progresses

Age-Standardized Rate of Age-Standardized Rate of
Hospitalization Cardiovascular Events*
N=1,120,295 N=1,120,295
150 — 144.61 40 -

36.60

100

50

Event rate per 100 person-yr
Event rate per 100 person-yr

Event rate per 100 person-yr

260 45-59  30-44 15-29 <15 260 45-59 3044 15-29 <15
eGFR (mL/min/1.73 m?) eGFR (mL/min/1.73:m?)

*Cardiovascular event was defined as hospitalization for coronary heart disease, heart failure, ischemic stroke, and peripheral arterial disease.

CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate.
Go A, et al. N Engl J Med. 2004;351:1296-1305.

15

Age-Standardized Rate of
Death from any Cause
N=1,120,295
14.14

260 45-59  30-44 15-29 <15
eGFR (mL/min/1.73 m?)


Presenter Notes
Presentation Notes
Speaker notes
Age-standardized rates of death, cardiovascular events, and hospitalization increased substantially as eGFR declined. 

Reference 
Go A, Chertow GM, Fan D, et al.  Chronic kidney disease and the risks of death, cardiovascular events, and hospitalization. N Engl J Med. 2004;351:1296-1305.



CKD may not be identified until it reaches advanced stages

» Usually asymptomatic

» Frequently asymptomatic
* Polyuria, haematuria or oedema may occur in some
. Bl tnes asymptomatic

* Peripheral oedema, pulmonary oedema and
hypertension may occur

*Patients with tubulointerstitial disease, cystic diseases or nephrotic syndrome are more likely to develop signs of disease at earlier stages
CKD, chronic kidney disease
Webster A et al. Lancet 2017;389:1238-52.



Despite intensive investigation... -

FGF23 = heart failure association: is it causal? " EEEs

Some limitations of observational studies: o
Confounding “ mms
Reverse causation NITT

Gold-standard: randomized controlled-tnal “E EE
E EEE

Genetic analyses offer complementary approach .=
Investigate causality
Identify drug targets
Provide insight into mechanisms

6/11/2022




BACKGROUND

= Many observational studies: FGF23 - heart failure

= Could be direct effect of FGF23 promoting cardiomyocyte hypertrophy

= However, observational studies suffer from many potential biases

= Limits their ability to robustly identify causal associations

6/11/2022
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CKD-Related CV Mortality
Global Burden of Disease Study 2017

Deaths
due to
CKD
4.6% Interventions to slow
progression of kidney disease
All-cause and reduce CV events related

to CKD are importantto
improve patient outcomes(®!

mortality?

a. Carney EF. Nat Rev Nephrol. 2020;16:251; b. Neuen BL, et al. Lancet Diabetes Endocrinol. 2019;7:845-854,



Working Definition (2004)

At its extreme, cardio-renal dysregulation leads to what is

termed “cardio-renal syndrome” in which therapy tO
relieve congestive symptoms of

heart failure is limited by further
deC“ne |n renal funCtlon It is clear that

our current understanding of cardio-renal connections is
iInadequate to explain many of the clinical observations in
heart failure or to direct its therapy.

NHLBI Working Group. http://www.nhlbi.nih.gov/meetings/workshops/cardiorenal-hf-hd.htm







DIAGNOSIS

A complex syndrome that can
result from any structural or
functional cardiac disorder
that impairs the pumping
ability of the heart




Glomerular hypertension, Nephrosclerosis,
and progressive loss of kidney function

MNormally, the glomerular capillary loops are
shielded from elevated systemic arterial
pressures by a process called autoregulation.

Howewver, in hypertensive patients,
chronically elevated systemic arterial pressures
cause remodeling of the afferent arteriole and

reduce its ability to constrict and dilate.
[ LT

IMErannS M tranamearsl presEurs

&R
ATP oonversion 1o Kyogenic mechanksm
e d adancaine TEF machanism
P ——— Astvatlon &, Third mechanism ?
P b FEDSOIDTS

BTG ranl SMETHE 7 YA 00RO O

Birtnngiala sy congrnl of renal
Lt Bate PIABTE T ALY

Afferent arteriole caliber changes in response to systemic pressure
(myogenic reflex) and sodium chloride delivery to the macula
densa (tubuloglomerular feedback) are part of the autoregulatory
process that helps maintain  intraglomerular pressure and
therefore GFR.
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Nephron number

Pressure
Natriuresis




Edinpo] Negooloria 2014 26 (4): 303 - 309

Tpwistonn epyasia

Xpéwia ve@pikr) véoog:

ané v npwtobdBpia oty SeutepoBabpia gpovtida

L Fgipeag

Neqeoioyz Thsjua 401
Tt 3

Tegiinym
‘Eom: H ot Neppuct N, COVN) expeds nspinco

Exondg.
perpape o garvnos tar aobev e XAN.

i i e
s XNN cnextlon 2, xat . Zui)éxipeay Gefopséva axeeixd e
10 1topeRs, T UGAEN f het AeTRLR(E, U ROV O

o > xaw oy
naporola avayuac | ool vaos,

Amorelsopana: Keevd 1 Gipxsia piag nspuioo 46 e 63
‘anfevel napanépay e oo dpo eGFR 31,78 mi/min/1,73 m?
et 15600 8256 i v w65 v To s ot 1o veppr

o vw

i napoioa a1 42.55%. 95,91
avenepuasus) aywyh, $0,81% elay wipus kapayrae

1y elx2 10 69,38 0w nbew. MW G 10 3265
perioine ayuy, O] wioo sypdvise w 38,775,

& : B0 npériet v tovioned 611 Lneptaou, Sit-
oot ] aobeveis du ov 65 ety o avdpoy ehépeos o ve-
ot destopyias. Aefoubvon 61 1 Napany HERT elvat 1 ap-
ot . o >

81 T EvRaLia va BIEVPIVIION 16 OTREIA 100 EVEIARLPEVIOs
o XNN e oo e wezhsvepn Siaxelpar o

1¢ wlewbid: avayia. xapiayyexd oopfdpata, oo
Jatovpin, xpouia veppua] vioos,

Ewayor

H Xgdwar Negguaj Noog (XNN) agopt 10 10-16% 1ou 2k
ool soyaoulos, el uo agdyvaa, ierega oF andevels
o ey mg Buckrveaons Exovy dopaga ot empeamn
veipgeci] hevougyin < onpurvroof Jevsopesovgia. H xhewmpt
e coBeviy e XNN 2svouy aguy qoouy ato kit auisio

duarpyeiasec ¥60on, 0 0xolog CLETTETa e T CofpdTEe T
XNN! .

by
Thusmins Neqgohapics urtgeio
Athens-nephrology

¢ Egouy enBefatobil and e

Avngrmpér wo v o0 1o BANTAQ CONGRESS, Timisoara 629
Septzmaner 2013

Hivaxzag 2. Aobeveic vad aviwmeotaoury aywy).

YIIEPTAZH YIT1O AI'QI'H (% tov acbevaov)

ZYNOAO 95,91%
a MEA 26,53%
ATII 30,61%

85



CKD is associated with increased risk of cardiovascular events and death

o . A 30% decrease in GFR >50% of deaths in
;gs e/OCO\];g KD patients increases risk of vascular non-dialysis CKD
events and death by 20-30% patients are due to CVD

A patient with Stage 3 CKD is more likely to die of CVD than to develop kidney failure

CKD, chronic kidney disease; CVD, cardiovascular disease; GFR, glomerular filtration rate
Liu M et al. Eur Rev Med Pharmacol Sci 2014;18:2918-26.
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The risks of cardiovascular events and death increase as GFR decreases

40 - 15 - 14.14
36.6
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2.11 1 o 1.08 I
ol mm | oo

=60 45-59 30-44 15-29 <15 =60 45-59 30-44 15-29 <15
Estimated GFR (ml/min/1.73 m?) Estimated GFR (ml/min/1.73 m2)

Age-standardized rate of cardiovascularevents
(per 100 person-yr)
Age-standardized rate of death from any cause

O = N WA OO~ 0O O

As GFR decreases, the probability of developing CVD or of dying from any cause increases

Cardiovascular event defined as hospitalisation for CHD, heart failure, ischaemic stroke or peripheral arterial disease
CHD, coronary heart disease; CVD, cardiovascular disease, GFR, glomerular filtration rate
Go AS et al. N Engl J Med 2004;351:1296-305.
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Practical difficulties in applying the HF algorithm

Algorithm for HF diagnostics to patients with CKD

'8 "\ r B 2 G
Suspected HF CKD 2nd HF have common signs and symptoms Differentiation of
1 Riskfactors 1 Common nisk factors overhydlatinn
2. Symptoms and/or signs 2. Common symptoms and signs of overhydration 5
3. Abnormal ECG 3. Common abnormal ECG [L0-12] phenowpes.
e o - o
' A (’ N

eGFR-dependent

NT-proBNP =125 pg/mL or CKD isone of the norecardmc-r elated causes of

A

BNP =35 pg/mL “ elevated natriuretic peptide concentrations [13] cut-off pomts?
‘e 7 \ S
s 3 s 9 Do abnormalities
LV mass, nght- and left-sided filling pressures, lain the
Echocardiography 0 and estimated nght ventricular/ pulmonary artery explaint
systolic pressure are all significantly affected in symptoms and
CKD [14-17] x
] ) L ) signs?
r "\ ~ ~\
If NT-pr oBNP/BNF is elavated
andthere are abnormal How do we rule out HF in patients with
findings in echocardiography, advanced CKD?

HF is confirmed
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This retrospective analysis suggests that patients are not
prescribed maximal doses of RAASI therapy

Retrospective analysis of a US database of electronic health records (N>200,000)
of patients with various comorbidities and at least two serum K* readings?

RAAS:I dosing RAASi dosing RAAS:I dosing
with CKD or HF or DM (N=100,907) in HF (N=9653) in CKD stage 3—-4 (N=30,850)

15%  22%

. Submaximum
Maximum dose
dose

I Discontinued

Hyp erkalemia defined a: K >5.0 mEq/L
KD, chronic kidney disease; DM, diabetes mellitus; HF, heart failure; RAASI, ngiots —aldos m inhibitor
1 Ponikowski P, et al. Eur JH art Fail 2016;18:891-975; 2. Epstein M et IAmJM gC r52015218212 8220
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Therapeutic Innovation to Prevent New Onset or Worsening Renal Function
Has Been Limited’

Drug/Class Study Name Patient Population Year Effect on CKD
progression

ACEi

Ramipril REIN2 Non-DM Nephropathy 1997

(eGFR 20-70 mL/min/1.73 m2 ; UPE >1g/24h)

ARBs

Irbesartan IDNT? T2D; CKD (UPE 2900mg/24h; SCr 1-3 mg/dL) 2001

Losartan RENAAL* T2D; CKD (UACR =300; SCr 1.3-3 mg/dL) 2001

Olmesartan ROADMAPS T2D; normoalbuminuria 2011
ACEi/ARB Combo

Telmisartan/ramiprii  ONTARGET?® ASCVD or diabetes with end-organ damage 2008

Losartan/lisinopril VA NEPHRON-D?”  T2D; CKD (eGFR 230 to <90mL/min/1.73 m?; UACR 2300) 2013
DRI

Aliskiren ALTITUDE® T2D; CKD (eGFR 230 and <60mL/min/1.73 m2) or CVD 2012

Glycosaminoglycan
Sulodexide Sun MACRO®1° T2D; CKD (UPE >900mg/24h) 2012

Anti-inflammatory
Bardoxolone methyl BEACON"" T2D; CKD (eGFR 15 to <30 mL/min/1.73 m2) 2013

See notes for abbreviations and references.


Presenter Notes
Presentation Notes
Abbreviations:
ACEi = angiotensin-converting enzyme inhibitor; ALTITUDE = Aliskiren Trial in Type 2 Diabetes Using Cardio-Renal Endpoints; ARB = angiotensin receptor blocker; ASCVD = atherosclerotic cardiovascular disease; BEACON = Bardoxolone Methyl Evaluation in Patients with Chronic Kidney Disease and Type 2 Diabetes Mellitus; CKD = chronic kidney disease; CVD = cardiovascular disease; DM = diabetes mellitus; DRI = direct renin inhibitor; eGFR = estimated glomerular filtration rate; IDNT = Irbesartan Diabetic Nephropathy Trial; ONTARGET = Ongoing Telmisartan Along and in Combination with Ramipril Global Endpoint Trial; REIN = Ramipril Efficacy in Nephropathy; RENAAL = Reduction of Endpoints in NIDDM with the Angiotensin II Antagonist Losartan; ROADMAP = Randomized Olmesartan and Diabetes Microalbuminuria Prevention trial; SCr = serum creatinine; SGLT2i = sodium-glucose cotransporter 2 inhibitor; Sun-MACRO = Sulodexide macro-albuminuria; T1D = type 1 diabetes; T2D = type 2 diabetes; UACR = urine albumin to creatinine ratio; UPE = urinary protein excretion; VA NEPHRON-D = Veterans Affairs Nephropathy in Diabetes.

References:
Chan GC, Tang SC.  Diabetic nephropathy: landmark clinical trials and tribulations. Nephrol Dial Transplant. 2016;31:359-368. 
The GISEN Group (Gruppo Italiano di Studi Epidemiologici in Nefrologia).  Randomised placebo-controlled trial of effect of ramipril on decline in glomerular filtration rate and risk of terminal renal failure in proteinuric, non-diabetic nephropathy. Lancet. 1997;349:1857–1863.
Lewis EJ, Hunsicker LG, Clarke WR, et al.  Renoprotective effect of the angiotensin-receptor antagonist irbesartan in patients with nephropathy due to type 2 diabetes. N Engl J Med. 2001;345:851–860. 
Brenner BM, Cooper ME, de Zeeuw D, et al.  Effects of losartan on renal and cardiovascular outcomes in patients with type 2 diabetes and nephropathy. N Engl J Med. 2001;345:861–869.
Haller H, Ito S, Izzo JL Jr, et al.  Olmesartan for the delay or prevention of microalbuminuria in type 2 diabetes. N Engl J Med. 2011;364:907–917.
Mann JF, Schmieder RE, McQueen M, et al.  Renal outcomes with telmisartan, ramipril, or both, in people at high vascular risk (the ONTARGET study): a multicentre, randomised, double-blind, controlled trial. Lancet. 2008;372:547–553. 
Fried LF, Emanuele N, Zhang JH, et al.  Combined angiotensin inhibition for the treatment of diabetic nephropathy. N Engl J Med. 2013; 369:1892–1903.
Parving HH, Brenner BM, McMurray JJ, et al.  Cardiorenal end points in a trial of aliskiren for type 2 diabetes. N Engl J Med. 2012;367:2204–2213.
Packham DK, Wolfe R, Reutens AT, et al.  Sulodexide fails to demonstrate renoprotection in overt type 2 diabetic nephropathy. J Am Soc Nephrol. 2012;23:123–130.
Lambers Heerspink HJ, Fowler MJ, Volgi J, et al.  Rationale for and study design of the sulodexide trials in Type 2 diabetic, hypertensive patients with microalbuminuria or overt nephropathy. Diabet Med. 2007;24:1290–1295
de Zeeuw D, Akizawa T, Audhya P, et al.  Bardoxolone methyl in type 2 diabetes and stage 4 chronic kidney disease. N Engl J Med. 2013;369:2492–2503.


KuUpio TeAIKO onpeio: Z0vBeTo voonAcgiag yia Kapdiaki AVETTAPKEIA 1y
KA 0dvaTto Kal eTTINEPOUG OTOIXEIN

Ap10u6g Tuppdaviwy
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DAPAGLIZLOZIN Placebo
H Tipf-p ap@ittAsupou eA€yxou TTapouaiddeTal yia To TIPWTEUOV KATAANKTIKG onueio ammoteAeopaTikoTnTag Tou KA Bavdtou i voonAeiag yia KA.

KA, kapdiayyeiaksdg, VKA, voonAeia yia kapdiakn averrapkeia; KA, kapdiakr avetrdpkela; HR, avaloyia kivduvou, Cl, SidoTnya eutmiotoouvng
Wiviott SD et al. Online ahead of print. New Engl J Med. 2018.

H damayAigAogivn 10 mg evdeikvutal yia xpAan o€ evijikeg aoBeveig yia T Bepareia: « Tou aveTTapkwg eAEyxopEVoU oakxapwdn Siapim TuTou 2 wg oupTTANpwHaTIKr Bepameia aTn Siaita Kai TNV AOKNOT, * TG CUPTITWHATIKAG XPOVIag Kapdiakiig aveTrapkelag pe peiwpévo khaopa egwbnong (HFTEF). H AamrayMigAogivn dev

vOeikvuTal yia T peiwaon Tou cwpaTikou Bapoug, TG apmplakig Trieang, f ekdRAwang veppikig PAGRNG.
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N o€ Kivduvo Hpépeg

DAPAGLIFLOZIN 10 mg 8582 8533 8436 8347 8248 8136 8009 7534 5472
Placebo 8578 8508 8422 8326 8200 8056 7932 7409 5389

N o€ kivduvo gival o apiBudg Twv acbeviv uTd Kivduvo ekdAwang cuppavog kard v évapgng g Tepiddou TapakoAolBnang.

ZUVOETO VEPPIKO KATAANKTIKG ONuEio 0pIfOHEVO WG eTIRERaIWMEVN TTapATETapEVN Peiwaon Tou eGFR 240% £wg Tipng eGFR <60 mL/min/1.73 m2 pe Tn Xprion Tou Tutrou CKD-EPI kai/ff ESRD (aupodiuAion 290 NUEPWY 1) HETAUOOXEUON VEQEOU, ETIRERIWMEVN
oTabepn) Tipry eGFR <15 mL/min/1.73 m?2) kai/fi 6avarog veppikng 1 KA aitiohoyiag.

KA, kapdiayyeiakog, ESRD, veppikri vooog TeAIkou oTadiou.

Wiviott SD et al. Online ahead of print. New Engl J Med. 2018.

H damayAigAogivn 10 mg evdeikvutal yia xpAan o€ evijikeg aoBeveig yia T Bepareia: « Tou aveTTapkwg eAEyxopEVoU oakxapwdn Siapim TuTou 2 wg oupTTANpwHaTIKr Bepameia aTn Siaita Kai TNV AOKNOT, * TG CUPTITWHATIKAG XPOVIag Kapdiakiig aveTrapkelag pe peiwpévo khaopa egwbnong (HFTEF). H AamrayMigAogivn dev
vOeikvuTal yia T peiwaon Tou cwpaTikou Bapoug, TG apmplakig Trieang, f ekdRAwang veppikig PAGRNG.
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DAPA-CKD:
Dapagliflozin in Patients With Chronic Kidney Disease-2

( j DAPACKD

To assess whether treatment with dapagliflozin, compared with placebo, reduced the risk of renal and CV events in patients with

BLEES CKD with or without T2D, and who were receiving standard of care including a maximum tolerated dose of an ACEi or ARB

Key Inclusion Criteria
+ 218 years of age
* eGFR 225 to <75 mL/min/1.73m?
* UACR 2200 to <5000 mg/g

Primary Outcome

Composite of sustained 250% eGFR decline,

Dapagliflozin 10 mg ESKD?, renal or CV death

Secondary Outcomes

- Stable max tolerated dose of + standard of care @
ACEI/ARB for 24 weeks - .g

* With and without T2D 1 - %
c

w

Double-blind

Key Exclusion Criteria

Placebo
- T1D + standard of care

» Composite of sustained
250% eGFR decline, ESKD, or renal death

* Polycystic kidney disease,
lupus nephritis, ANCA-

» Composite of CV death or hHF

associated vasculitis + All-cause mortality

4304 Randomized

* Immunosuppressive therapy <6
PP Py Median follow-up 2.4 years

months prior to enroliment

aESKD defined as the need for maintenance dialysis (peritoneal or hemodialysis) for more than 28 days, renal transplantation or sustained eGFR <15mL/min/1.73m? for at least 28 days.

ACEi = angiotensin-converting enzyme inhibitor; ANCA = anti-neutrophil cytoplasmic antibody; ARB = angiotensin-receptor blocker; CKD = chronic kidney disease; CV = cardiovascular; eGFR = estimated glomerular filtration rate; ESKD = end-
stage kidney disease; hHF = hospitalization for heart failure; T1D = type 1 diabetes; T2D = type 2 diabetes; UACR = urinary albumin-to-creatinine ratio.

1. Heerspink HJL et al. Nephrol Dial Transplant. 2020;35:274-282; 2. Heerspink HJL et al. N Engl J Med. 2020; 383:1436-1446.
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The DAPA-CKD trial was designed to evaluate the effect of dapagliflozin on renal and cardiovascular events in a broad range of patients with CKD stages 2-4, with and without T2D.1
DAPA-CKD was a multinational, multicenter, event-driven, randomized, double-blind, parallel-group, placebo-controlled study.1
Patients (N = 4304) with CKD (eGFR ≥25 but ≤75 mL/min/1.73m2 and a UACR ≥200 mg/g but ≤5000 mg/g) with or without T2D were randomized to dapagliflozin 10 mg once daily or placebo in addition to stable maximum tolerated doses of ACEis or ARBs.1,2
The primary outcome was the composite of sustained ≥50% eGFR decline (confirmed by a second serum creatinine measurement after at least 28 days), ESKD, renal or CV death.  ESKD was defined as the need for maintenance dialysis (peritoneal or hemodialysis) for more than 28 days, renal transplantation, or eGFR <15mL/min/1.73m2 confirmed by a second measurement after at least 28 days. Renal death was defined as death due to ESKD when dialysis treatment was deliberately withheld for any reason.1,2
Secondary outcomes (in hierarchical order) included the composite renal outcome of sustained ≥50% eGFR decline, ESKD, or renal death; composite of  CV death or hHF; or all-cause mortality.1,2
Exploratory outcomes included the composite of chronic dialysis, kidney transplantation or renal death.1
Safety outcomes included serious adverse events and adverse events of interest or leading to premature study drug discontinuation, study drug interruption or dose reduction.
Adverse events of interest included volume depletion, renal events, major hypoglycemia, bone fractures, potential diabetic ketoacidosis (DKA), and amputations.  All events suggestive of Fournier’s gangrene were evaluated by an internal safety group blinded to treatment allocation.2
The trial was planned to conclude when 681 primary renal events had occurred, with a total study duration of ~45 months.1  The trial stopped early based on the data monitoring committee (DMC) recommendation due to overwhelming efficacy based on 408 primary endpoint events. The median follow-up was 2.4 years.2

References:
Heerspink HJL, Stefansson BV, Chertow GM, et al, for the DAPA-CKD Investigators.  Rationale and protocol of the dapagliflozin and prevention of adverse outcomes in chronic kidney disease (DAPA-CKD) randomized controlled trial. Nephrol Dial Transplant. 2020;35:274–282.
Heerspink HJL, Stefánsson BV, Correa-Rotter R, et al, for the DAPA-CKD Trial Committees and Investigators.  Dapagliflozin in patients with chronic kidney disease. N Engl J Med. 2020; 383:1436-1446.
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Primary Composite Outcome:

Sustained 250% eGFR Decline, ESKD, Renal or CV Death?’

24
DAPA Placebo HR (95% Cl) p-value? Placebo
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39%
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5.3% ARR
NNT=19P

aESKD defined as the need for maintenance dialysis (peritoneal or hemodialysis) for at least 28 days and renal transplantation or sustained eGFR <15mL/min/1.73m? for at least 28 days. Renal death was defined as

death due to ESKD when dialysis treatment was deliberately withheld for any reason.3; ®95% Cl, 15 to 27.

ARR = absolute risk reduction; CV = cardiovascular; DAPA = dapagliflozin; eGFR = estimated glomerular filtration rate; ESKD = end-stage kidney disease; HR = hazard ratio; ; NNT = number needed to treat; RRR =

relative risk reduction.

1. Heerspink HJL et al. N Engl J Med. 2020; 383:1436-1446; 2. Heerspink HJL. Presented at: ESC Congress — The Digital Experience; August 29 — September 1, 2020;

3. Heerspink HJL et al. Nephrol Dial Transplant. 2020;35:274—282.
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Speaker Notes:
A significant reduction in the risk of the primary composite outcome (sustained ≥50% eGFR decline, ESKD, renal or CV death) was observed with dapagliflozin compared to placebo (197 vs. 312 events; HR 0.61; 95% CI 0.51-0.72; p=0.000000028).1,2
Additional Information3
ESKD was defined as the need for maintenance dialysis (peritoneal or hemodialysis) for at least 28 days and renal transplantation or sustained eGFR <15mL/min/1.73m2 for at least 28 days. 
Renal death was defined as death due to ESKD when dialysis treatment was deliberately withheld for any reason.
References:
Heerspink HJL, Stefánsson BV, Correa-Rotter R, et al, for the DAPA-CKD Trial Committees and Investigators.  Dapagliflozin in patients with chronic kidney disease. N Engl J Med. 2020; 383:1436-1446.
Heerspink HJL. Dapagliflozin in patients with chronic kidney disease [presentation]. Presented at: European Society of Cardiology Congress – The Digital Experience; August 29 - September 1, 2020.
Heerspink HJL, Stefansson BV, Chertow GM, et al for the DAPA-CKD Investigators.  Rationale and protocol of the dapagliflozin and prevention of adverse outcomes in chronic kidney disease (DAPA-CKD) randomized controlled trial. Nephrol Dial Transplant. 2020;35:274–282.
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Presenter Notes
Presentation Notes
Speaker Notes:
A significant reduction in the risk of the primary composite outcome (sustained ≥50% eGFR decline, ESKD, renal or CV death) was observed with dapagliflozin compared to placebo (197 vs. 312 events; HR 0.61; 95% CI 0.51-0.72; p=0.000000028).1,2
Additional Information3
ESKD was defined as the need for maintenance dialysis (peritoneal or hemodialysis) for at least 28 days and renal transplantation or sustained eGFR <15mL/min/1.73m2 for at least 28 days. 
Renal death was defined as death due to ESKD when dialysis treatment was deliberately withheld for any reason.
References:
Heerspink HJL, Stefánsson BV, Correa-Rotter R, et al, for the DAPA-CKD Trial Committees and Investigators.  Dapagliflozin in patients with chronic kidney disease. N Engl J Med. 2020; 383:1436-1446.
Heerspink HJL. Dapagliflozin in patients with chronic kidney disease [presentation]. Presented at: European Society of Cardiology Congress – The Digital Experience; August 29 - September 1, 2020.
Heerspink HJL, Stefansson BV, Chertow GM, et al for the DAPA-CKD Investigators.  Rationale and protocol of the dapagliflozin and prevention of adverse outcomes in chronic kidney disease (DAPA-CKD) randomized controlled trial. Nephrol Dial Transplant. 2020;35:274–282.
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Secondary Composite Outcome:
CV Death or Hospitalization for Heart Failure’
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ARR = absolute risk reduction; CV = cardiovascular; DAPA = dapagliflozin; HR = hazard ratio; RRR = relative risk reduction.

1. Heerspink HJL et al. N Engl J Med. 2020; 383:1436-1446; 2. Heerspink HJL. Presented at: ESC Congress — The Digital Experience; August 29 — September 1, 2020.

1.8% ARR
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Speaker Notes:
A significant reduction in the risk of the composite of CV death or hospitalization for heart failure was observed with dapagliflozin compared to placebo (100 vs. 138 events; HR 0.71; 95% CI 0.55-0.92; p=0.0089).1,2
Reference(s):
Heerspink HJL, Stefánsson BV, Correa-Rotter R, et al, for the DAPA-CKD Trial Committees and Investigators.  Dapagliflozin in patients with chronic kidney disease. N Engl J Med. 2020; 383:1436-1446.
Heerspink HJL. Dapagliflozin in patients with chronic kidney disease [presentation]. Presented at: European Society of Cardiology Congress – The Digital Experience; August 29 - September 1, 2020.
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Secondary Outcome:
All-cause Mortality?
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ARR = absolute risk reduction; DAPA = dapagliflozin; HR = hazard ratio; RRR = relative risk reduction.
1. Heerspink HJL et al. N Engl J Med. 2020; 383:1436-1446; 2. Heerspink HJL. Presented at: ESC Congress — The Digital Experience; August 29 — September 1, 2020.
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Speaker Notes:
A significant reduction in the risk of all-cause mortality was observed with dapagliflozin compared to placebo (101 vs. 146 events; HR 0.69; 95% CI 0.53-0.88; p=0.0035).1,2
Reference(s):
Heerspink HJL, Stefánsson BV, Correa-Rotter R, et al, for the DAPA-CKD Trial Committees and Investigators.  Dapagliflozin in patients with chronic kidney disease. N Engl J Med. 2020; 383:1436-1446.
Heerspink HJL. Dapagliflozin in patients with chronic kidney disease [presentation]. Presented at: European Society of Cardiology Congress – The Digital Experience; August 29 - September 1, 2020.




Secondary Outcome: Cardiovascular Death or Hospitalization for
ording to Underlying Cause of Kidney Disease

Subrou — CKD Etiolog

CV Death or Dapagliflozin Dapagliflozin Hazard Ratio  p-value for
hHF 10 mg Placebo 10 mg Placebo (95% Cl) Interaction
No. of patients/total no. Events?/100 patient- '
years !
Overall 100/2152 138/2152 2.2 3.0 I 0'73 é(;.)SS,
1 .
|—d—|
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Dapagliflozin Better Placebo Better

aEvent data are numbers of patients with an outcome event/total patients.
CKD = chronic kidney disease; CV = cardiovascular; hHF = hospitalization for heart failure.
Wheeler DC et al. Lancet Diabetes Endocrinol. 2021;9:22-31.
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Note to Speaker: Click on the “Arrow” icon to return to the DAPA-CKD Primary and Secondary Outcomes by Underlying Cause of Kidney Disease.
Reference(s):
Wheeler DC, Stefánsson BV, Jongs N, et al, for the for the DAPA-CKD Trial Committees and Investigators.  Effects of dapagliflozin on major adverse kidney and cardiovascular events in patients with diabetic and non-diabetic chronic kidney disease: a prespecified analysis from the DAPA-CKD. Lancet Diabetes Endocrinol. 2021;9:22–31. 



Potential effects of torsemide on myocardial fibrosis
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Potential effects of torsemide on myocardial fibrosis. Aldosterone, as well as other cytokines, growth factors, and hormones, stimulates
myofibroblasts to synthesize and secrete 2 main collagen precursors within the heart, procollagen type I, and procollagen type III. Procollagen
proteinases are enzymes that process the procollagen into collagen molecules by cleaving the terminal propeptides. The cleaved propeptides of
procollagen type I (PINP and PICP) and procollagen type III (PIIINP and PIIICP) are released into circulation and can be quantified as an indirect
measurement of collagen production. The mature collagen molecules are further processed and eventually form the collagen network responsible
for myocardial fibrosis, subsequently leading to pathologic remodeling, LV dysfunction, and HF. Torsemide is thought to mainly inhibit downstream
collagen synthesis through its inhibition at the level of the aldosterone receptor (A), but torsemide may also decrease the activity of the PCP enzyme,
the procollagen proteinase responsible for cleavage of PICP (B). Abbreviations: PINP, procollagen type I amino-terminal propeptide; PIIICP,
procollagen type III carboxy-terminal propeptide.
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Heart failure leads to an up regulation of the RAAS. Renin converts angiotensinogen to Ang I, which is converted to Ang II by ACE. Ang II acts on AT1R leading to downstream effects including increasing aldosterone production and secretion, stimulating atherogenesis, VSMC growth, inhibition of apoptosis, increased oxidative stress, and promoting vasoconstriction. Circulating aldosterone acts on local myocardium receptors leading to myocardial inflammation, cell death, fibrosis, hypertrophy, and LV dysfunction leading to heart failure. Aldosterone stimulates sodium retention, potassium excretion, an increase in ROS, endothelial dysfunction, apoptosis, and increased cytokine activation. Torsemide may inhibit the downstream effects of Ang II (A), the secretion of aldosterone from adrenal cells (B), and aldosterone receptor binding (C).
Abbreviations: ACE: Angiotensin converting enzyme; Ang I: Angiotensin; Ang II: Angiotensin II; AT1R: Angiotensin II type 1 receptor; LV: left ventricular; RAAS: renin-angiotensin-aldosterone system; ROS: reactive oxygen species; VSMC: vascular smooth muscle cell .


RAASI therapy is recommended by clinical guidelines

for the management of HF

ESC guidelines 20161

Recommendation to reduce the risk of HF
evidenc hospitalization and death in patients with
e HFrEF

An ACEi? is recommended, in addition
to a B blocker, for symptomatic patients

Level of

ACEi: A

An MRA is recommended for patients,
who remain symptomatic despite treatment
with an ACEi? and a 3 blocker

MRA: A

An ARB is recommended in symptomatic
patients unable to tolerate an ACEi (patients
should also receive a 3 blocker and an MRA)

Sacubitril/valsartan is recommended as

a replacement for an ACEi in ambulatory
patients who remain symptomatic despite
optimal treatment with an ACEi, a 3 blocker
and an MRAP

ACC/AHA/HFSA guidelines — updated 20172

Level of
Class evidence

Recommendation to reduce morbidity
and mortality in patients with HFrEF

The use of ACEi therapies is beneficial
for patients with prior or current
symptoms of chronic HFrEF

ACEi: A

The use of ARBs is recommended in
patients with prior or current symptoms of
chronic HFrEF who are intolerant to ACEi
therapies because of cough or
angioedema

In patients with chronic symptomatic
HFrEF NYHA class Il or lll who tolerate
an ACEi or ARB, replacement by an
ARNi is recommended

Inhibition of RAAS with ACEi, ARB, or ARNi therapies
in conjunction with evidence-based 3 blockers,
and MRAs in selected patients, is recommended
for patients with chronic HFrEF

20r ARB if ACEi is not toleratedor or contraindicated; °Patient should have elevated natriuretic peptides (plasma BNP 2150 pg/mL or plasma NT-proBNP 2600 pg/mL, or if HF hospitalization within the last 12 months, plasma BNP 2100 pg/mL or plasma

NT-proBNP 2400 pg/mL) and able to tolerate enalapril 10 mg BID

ACC, American College of Cardiology; ACEi, angiotensin-converting enzyme inhibitor; AHA, American Heart Association; ARB, angiotensin receptor blocker; ARNi, angiotensin receptor-neprilysin inhibitor;
BID, twice daily; BNP, B-type nalrlurellc pepllde ESC, European Suclely cf Cardlclogy HF heart failure; HFrEF, heart failure with rgduced ejection fraction; HFSA, Heart Failure Society of America;

MRA, mineralocorticoid receptol NT-proBNP, N pep!
1. Ponikowski P, et al. Eur J Hean Fail 2016;18:891-975; 2. Yancy CW et al Clrculatlon 2017;136:¢1372-e161

eptide; NYHA, New York Heart

; RAAS(i), reni one system (inhibitor)



S Recording

2018 ESC expert
consensus on the
management of
hyperkalaemia in
patients with CV
disease treated with

RAAS inhibitors

Rosano GMC, et al. Eur Heart J
Cardiovasc Pharmacother
2018;4:180-188

Management of hyperkalaemia
in patients with indication for RAASi therapy

On RAASI®
target dose® Recommendation

+ An approved K*-lowering agent may be initiated as soon as K* levels
Chronic or recurrent are confirmed as >5.0 mEqJL
hyperkalaemia on RAASI therapy  * Closely monitor K+ levels
- Maintain treatment unless alternative treatable aetiology is identified
« RAASI should be optimised and an approved K*-lowering agent may

be initiated as soon as confirmed K+ levels are >5.0 mEq/L

» Closely monitor K+ levels
+ Maintain treatment unless alternative treatable aetiology is identified

K* levels of » Initiate/uptitrate RAASI therapy and closely monitor K* levels
4.5-5.0 mEg/L - If K* levels rise >5.0 mEqg/L, initiate an approved K+-lowering agent
¥

Chronic or recurrent
hyperkalaesmia

* Initiate an approved K*-lowering agent
« If K+ levels <5.0 mEq/L are detected, uptitrate RAASI and closely
monitor K+ levels
» Maintain K+lowering agent unless an alternative treatable aetiology
K* levels of for hyperkalaemia is identified
>5.0~-56.5 mEg/L e : -
= May initiate treatment with a K+-lowering agent
» Closely monitor K* levels
- Maintain K+lowering agent unless an alternative treatable aetiology
for hyperkalaemia is identified
» Discontinue/reduce RAASI therapy
K+ levels of = May initiate treatment with a K*-lowering agent as soon as K+ levels
>6.5 mEg/L >5.0 mEq/L



Expert consensus

documents on heart
failure management

1. Seferovic PM, et al. Eur J Heart
Fail 2019;21:1169-1186

2. Maddox TM, et al. JAm Coll
Cardiol 2021:16:77:772-810

Selected recommendations on hyperkalaemia
treatment in patients with heart failure

<5 R

2019 ESC-HF expert consensus report'?

« “[Novel oral K* binders] may be considered in patients with HF
with or without CKD to manage hyperkalaemia. In selected
patients these therapies may enable use of MRAs and other
RAASI in more patients and at higher doses, but it is not known
whether this will improve patient outcomes”

2021 update to the 2017 ACC Expert Consensus
Decision Pathway?®

+ “Abnormal renal function and/or hyperkalaemia are common
barriers to initiation and titration of GDMT [in HF]. In patients
with hyperkalaemia, education regarding a low potassium diet
should be provided. In addition, newer potassium binders...may
be considered”




Patient with symptematic® HFrEF®

Therapy with ACE-* and beta-blocker
{Up-titrate to maximum tolerated evidence-based doses)

2016 ESC
Guidelines
for the diagnosis
and treatment of

Still symplomatic
and LVEF 535%

Add MR antagonist®®
(up-titrate fo maximum lolerated evidence-based dose)

Still symptomalic
and LVEF 535%

Yes -l»
! v '

Able to lclarale Sinus rhythm, QRS Sinus rhythm,"
ACEI (or ARB)'# duration 2 130 msec HR 270 bpm

i e W “

These above treatments may be combined if indicated

v
PO”ikOWSkI P1 et al- EU!' Heart J Resistant symploms

2016;37:2129-2200 ml l nd

acute and chronic
heart failure

If LVEF 535% despite OMT

Diuretics to relieve symptoms and signs of congestion
or a history of symptomatic VT/VF, implant iCD

Consider digoxin or H-ISDN or Mo further action requirad
LVAD, or hean transplantation Consider reducing diuretic dose




2017 ACC/AHA/HFSA
Focused Update

of the 2013
ACCF/AHA Guideline

for the Management
of Heart Failure’

1. Yancy CW, et al. Circulation
2017:136:e137—e161; 2. Yancy
CW, et al. Circulation
2013;128:€240-327

Treatment of HFrEF Stage C and D!

step 1
Establish Dx of HFrEF;
assess volume:; initiale

GDMT

HFEF
NYHA class I-IV
(Stage G)

Step 2
Consider the following
patient scenarios

MNYHA class -1V
provided esL.
CrCl = 30 mL/min &
K+<5.0 mEg/L

E

NYHA class II-1Il HF
Adequate BF on ACEI
or ARB?; No G/l 1o ARB

or sacubitnl

'

NYHA class -1V,
in black patients

'

NYHA class |11l LVEF
£35%; (caveal. >1y
survival, =40 d post MI)

NYHA class [I-IV, LVEF
<35% NSRAQRS 2
150 ms with LBEB
patiem

L]

NYHA class II-1ll, NSR,
l__’ heart rate 270 bpm on
maximally tolerated
dose beta blocker

Step 3
Implement indicated
GDMT. Choices are not
mutually exclusive, and
no order is inferred

s

Step 4
Reassess symptoms

Refractory HYHA class _|

1iI-IV (Stage D}

Symptoms
improved

Gonlinue GOMT with serial reassessment & optimized dosing/adherence
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Selected recommendations on hyperkalaemia treatment from expert
consensus documents on heart failure management

Consider the use
of novei K* binders

L

wdy be considered in patients with HF with
ge hyperkalaemia. In selected patients

these therapies may enable use of MRAs and other RAASI in

more patients and at higher doses, but it is not known whether

this will improve patient outcomes

. Abnormal renal function and/or hyperkalaemia are;common

barriers to initiation and titration of GDMT [in HE]. In
patients with hyperkalaemia, education recaraina a low K*
diet should be provided. In addition ‘novel K* binders nay

be considered in patients with hyperkalaem



What is the way forward for our patient?

PATIENT INFORMATION

ASSESSMENT
AND MEDICATIONS

TREATMENT
CONSIDERATIONS

i Dose reduction or discontinuation
of RAASI therapy:

» Stopping or suboptimal utilisation
of guide 1mended
renal-/cardioprotective RAASI
therapy




What is the way forward for our patient?

ASSESSMENT TREATMENT

PATIENT INFORMATION AND MEDICATIONS CONSIDERATIONS

Options:

ini.aﬁ“iﬁ'l!ﬂ.y‘.l I

MLllz' fi : _ _ ;
111[35[,1 1\ il gz We will explore the rationale
B il i HALGHEEE for this being a preferred option

e A novel K* binder




Differential Effects of Carvedilol and
Metoprolol on Kidney Function in HF

40 patients with NYHA class II-lll HF with various
degrees of kidney dysfunction

Initiation of carvedilol (h=23) or metoprolol (n=17)
Divided into two groups (high, low eGFR)
Results

— In high eGFR but not low eGFR group, eGFR was significantly
reduced.

— eGFR was significantly reduced in metoprolol group, but not
in carvedilol group.

Limitations: Small, retrospective, Japanese-only study

Ito H. Circ J 2010,;74:1578-83.



Carvedilol in Dialysis Patients

e 114 patients with dilated cardiomyopathy randomized
to carvedilol or placebo (in addition to standard
therapies)

* Patients followed for 2 years
* Results: Carvedilol vs. placebo
— Deaths: 51.7% vs. 73.2% (p<0.01)
— CV Deaths: 29.3% vs. 67.9% (p<0.0001)
— Hospitalizations: 34.5% vs. 58.9% (p<0.005)

Limitations: Small, open-label, unblinded, end points
above were secondary outcomes

Cice G. JACC 2003;41:1438-44




B-Blocker Dialyzability and Implications

* Highly dialyzable: Acebutolol, atenolol, metoprolol, nadolol
* Low dialyzability: Bisoprolol, propranolol, carvedilol
e Study (n=6599)
— HD patients initiated on highly dialyzable vs. low dialyzable
B-blockers (studied drugs in red above)
— Retrospective, propensity score matched

— Results

« High-dialyzability B-blockers associated with higher risk of death in
180 days after initiation

— Limitation: Retrospective, patients not matched for
indication for B-blocker, carvedilol not studied

Weir MA. J Am Soc Nephrol 2015;987-96.



B-Blocker Dialyzability and Implications

* Highly dialyzable: Acebutolol, atenolol, metoprolol, nadolol
* Low dialyzability: Bisoprolol, propranolol, carvedilol
e Study (n=6599)
— HD patients initiated on highly dialyzable vs. low dialyzable
B-blockers (studied drugs in red above)
— Retrospective, propensity score matched

— Results

* High-dialyzability B-blockers associated with higher risk of death in
180 days after initiation

— Limitation: Retrospective, patients not matched for
indication for B-blocker, carvedilol not studied

Weir MA. J Am Soc Nephrol 2015;987-96.



Clinical Tidbits for CKD patients with
HFrEF (ACEl and Beta-blockers)

e ACEI first, start with low dose, titrate to low
target dose (e.g. lisinopril 20 mg) if tolerated

— Indications: HF and reduced CKD progression
(particularly in patients with albuminuria)

 Add Beta-blocker at LOW dose; titrate to
target or maximum-tolerated dose

* Go back and continue to titrate ACEl to target
dose (e.g. lisinopril 40 mg) as tolerated




Mineralocorticoid Receptor Antagonist (MRA)
in Patients with CKD and HF

General population: MRAs recommended in
patients with NYHA class II-1V with LVEF < 35%,
unless Cl’ed (A recommendation)

RALES and EPHESUS trials excluded patients
with sCr > 2.5 mg/dL.

Blocking aldosterone with MRAs in CKD
considered dangerous

— Risk of hyperkalemia

Several small studies have evaluated MRA use
in CKD and dialysis patients.




Spironolactone in Patients with HF and CKD

* DB, randomized study of spironolactone 25 mg once daily
vs. placebo in CKD stage 2 and 3 (eGFR >30) with HF and
mean ambulatory daytime BP: < 130/85 mm Hg on ACE|
or ARBs (n=112)

* Dose reduced if hyperkalemia developed

* Results
— J LVM, PWYV, & aortic distensibility in Spiro group (SS)
— K*4.3+0.3vs.4.4+0.8 mEqg/L placebo vs. Spiro

* Limitations
— No patients with eGFR < 30 mL/min/1.73m?

— ACEI/ARBs were not maximized in all patients

Edwards NC. JACC 2009;54:505-12



Using MRAs in Patients with HF and CKD

* Optimize ACEIl or ARB and B-blockers first

* Consider in CKD stage 2 and 3 (eGFR> 30
mL/min/1.73m?) or stage 5 on HD.

* Not recommended if K+ > 5.0 mg/dL

* Monitor K™ closely, check K+ within 1-2 weeks
of initiation and after each dose titration




Diuretic Resistance in CKD

* Common

e Reasons

— Diuretic dose too low for kidney function
— Not taking diuretics
— Too much salt in diet
— Albuminuria
* albumin binds loop diuretics= inactive

— Braking phenomenon

* distal tubule cells hypertrophy over time and become
sodium avid

e Can use combination of loop plus thiazide




Diuretic Resistance in CKD

e Common

e Reasons

— Diuretic dose too low for kidney function
— Not taking diuretics
— Too much salt in diet
— Albuminuria
* albumin binds loop diuretics=> inactive

— Braking phenomenon

* distal tubule cells hypertrophy over time and become
sodium avid

* Can use combination of loop plus thiazide




CKD: summary

1

Epidemiology

« CKD is a general term that
describes ongoing renal
damage or dysfunction

CKD affects 1 out of 8
people globally

Increasing age, diabetes
and hypertension all
increase the risk of CKD

CKD, chronic kidney disease; CV, cardiovascular; GFR, glomerular filtration rate
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