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Decreased GFR indicates CKD

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)

Markers of kidney damage or dysfunction (>3 months)
Albuminuria (loss of albumin in urine; 

AER ≥30 mg/24 hours; ACR ≥30 mg/g [≥3 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

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

http://www.kdigo.org/clinical_practice_guidelines/pdf/CKD/KDIGO_2012_CKD_GL.pdf
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The Global Prevalence of CKD is Substantial With Serious Implications for 
Healthcare Costs and Outcomes

6

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.

• CKD impacts 1 in 9 (~850 million) people 
globally1

– ~2.6 million receiving RRT2

– ~1.2 million deaths annually3

• The number receiving RRT is estimated to 
increase to more than 5 million by 20302

– Driven by population aging and an increasing 
prevalence of diabetes and hypertension2

• Many developed nations spend over 2-3% of 
their annual healthcare budget on ESKD 
treatment alone4

– Burden associated with treatment of non-ESKD 
patients is over twice the cost of ESKD treatment

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.
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Παράγοντες που επηρεάζουν την έναρξη και την  εξέλιξη 
της ΧΝΝ

• Η ΧΝΝ είναι μία πολυπαραγοντική διαδικασία.
• Οι παράγοντες κινδύνου για ΧΝΝ σχετίζονται με την 

Ευαισθησία (προδιάθεση για ΧΝΝ)
Έναρξη (πρόκληση απευθείας νεφρικής βλάβης) 
Εξέλιξη (επιδείνωση ήδη εγκατεστημένης νεφρικής 

βλάβης) 

• Οι παράγοντες κινδύνου διακρίνονται σε τροποιήσιμους και μη.  
• Από τη στιγμή που εγκατασταθεί νεφρική βλάβη η εξέλιξη της 

Χρόνιας Νεφρικής Νόσου επηρεάζεται από μία σειρά 
τροποιήσιμους και μη παράγοντες.



Παράγοντες κινδύνου που σχετίζονται  με την έναρξη και την πρόοδο της ΧΝΝ

Παράγοντες Έναρξης

• Υπέρταση

• Σακχαρώδης Διαβήτης

• Καρδιαγγειακή Νόσος

• Σπειραματονεφρίτιδες/Αυτοάνοσα νοσήματα

• Δυσλιπιδαιμία

• Παχυσαρκία/Μεταβολικό Σύνδρομο

• Υπερουριχαιμία

• Κάπνισμα

• Χαμηλή κοινωνικοοικονομική θέση

• Νεφροτοξίνες (μη στεροειδή αντιφλεγμονώδη, 
αναλγητικά, βότανα, βαρέα μέταλλα)

Παράγοντες Προόδου

• Μεγαλύτερη Ηλικία
• Φύλο (άνδρες)
• Φυλή/εθνότητα
• Γενετική Προδιάθεση
• Φτωχός έλεγχος αρτηριακής πίεσης
• Φτωχός έλεγχος γλυκαιμίας
• Πρωτεινουρία
• Καρδιαγγειακή νόσος
• Δυσλιπιδαιμία
• Κάπνισμα
• Παχυσαρκία/Μεταβολικό σύνδρομο
• Υπερουριχαιμία
• Χαμηλή κοινωνικοοικονομική θέση
• Κατανάλωση αλκοόλ 
• Οξεία Νεφρική Βλάβη
• Νεφροτοξίνες

• Feature 2



Diabetes and hypertension are the most common causes of CKD

CKD, chronic kidney disease
McMahon J et al. J Am Soc Nephrol 2014;25:2633–41.

• Diabetes
– 1.6 to 2.9x increased risk of CKD
– ~25% of CKD patients have 

diabetes

• Obesity
– 1.2 to 1.7x increased risk of CKD
– 35% of CKD patients are obese

• Hypertension
– 1.7x increased risk of CKD
– ~70% of CKD patients have hypertension
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Diabetes and hypertension worsen CKD progression

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.
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More information on the 
relationship between 

cardiovascular disease and CKD 
can be found in Sections 3 and 4

The prevalence of hypertension and 
diabetes are higher in patients with 

more severe CKD

0


Chart1

		Stage 1/2		Stage 1/2

		Stage 3a		Stage 3a

		Stage 3b		Stage 3b

		Stage 4		Stage 4



Hypertension

Diabetes

18

6

49

13

76

25

82

36



Sheet1

				Hypertension		Diabetes		Column1		Column2

		Stage 1/2		18		6

		Stage 3a		49		13

		Stage 3b		76		25

		Stage 4		82		36







Prevalence of CKD increases with age

Age (years) Prevalence of CKD (%)

30–39 14

40–49 12

50–59 16

60–69 28

70–79 34

CKD affects 1 in 3 people aged >70 years

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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To συνεχές 
Καρδιο-Νεφρο-Μεταβολικό φάσμα

Adapted from Dzau V. and Braunwald E., Am Heart J 1991;121:1244–1263

Θάνατος από 
καρδιαγγειακή /

αγγειακή
εγκεφαλική νόσο

Παράγοντες κινδύνου:
Yπέρταση, Διαβήτης, 
Παχυσαρκία, Ηλικία

Αθηροσκλήρωση 
και LVH

Ενδοθηλιακή
δυσλειτουργία

Έμφραγμα του 
μυοκαρδίου & 

εγκεφαλικό 
επεισόδιο

Μικρο-
λευκωματινουρία

Αναδιαμόρφωση

Μακρο-
πρωτεϊνουρία

Νεφρωτική
πρωτεϊνουρία

Γνωστική /
καρδιακή ανεπάρκεια,

Δευτεροπαθές 
Α.Ε.Ε.

Καρδιαγγειακή νόσος 
τελικού σταδίου/

Εγκεφαλική βλάβη 
και άνοια

Νεφρική 
νόσος

Τελικού 
σταδίου

Διάταση 
κοιλίας

Γνωστική 
δυσλειτουργία

1. Dzau V. & Braunwald E., Resolved and unresolved issues in the prevention and treatment of coronary artery disease: a workshop consensus statement. Am Heart  J 1991;121:1244–1263
2. Unger T. The role of the renin-angiotensin system in the development of cardiovascular disease. Am J Cardiol 2002;89(suppl):3A–10A
3.Morawietz H. Endothelial Protection, AT1 Blockade and Cholesterol-Dependent Oxidative Stress: The EPAS Trial. Circulation 2006; 114:1S-296S
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DIAGNOSIS
Chronic heart failure

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

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

• 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 CKD0







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. 

Figure 4.4 Heart failure in patients with or without CKD, 2014 

2016 Annual Data Report, Vol 1, CKD, Ch 4 24



The Burden of Non-Atherosclerotic Disease, Including Heart Failure, 
Predominates as CKD Progresses

25

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. 

• CAD 
• Ischemic stroke
• PAD

• LVH
• Arrhythmias
• Sudden cardiac 

death
• Arterial calcification
• Valve calcification
• Hemorrhagic stroke
• Others
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https://usrds.org/2018/view/v1_04.aspx


26



CKD is associated with cardiovascular disease

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.

Medical history

Prevalence (%)

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 worsens0



Multiple factors in CKD increase the incidence and severity of CVD

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.

Traditional factors 
prevalent in CKD

Non-traditional 
factors 

specific to CKD

Atherosclerosis
Arteriosclerosis

Calcification
Cardiomyopathy

Stroke/
transient 

ischaemic attack
Sudden 

cardiac death

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

Age

Hypertension

Diabetes

Obesity

Dyslipidaemia

Albuminuria

Oxidative stress

Uraemia

Inflammation

Calcium / 
phosphate changes

Volume overload

Anaemia

Myocardial 
infarction

Cerebrovascular
disease

Peripheral vascular 
disease

Heart failure

Ischaemic 
heart disease

CKD is associated with increased risks of 
atherosclerotic vascular disease and heart failure

0



The renal and cardiovascular systems are inextricably linked1-3

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. 

• The renal and cardiovascular systems 
work together to maintain blood volume 
and vascular tone

• Cardiorenal syndrome describes 
situations where dysfunction in one organ 
induces dysfunction in the other

• For example:
– Cardiac dysfunction (eg heart 

failure) 
leads to CKD

– CKD contributes to cardiac 
dysfunction

CARDIORENAL
SYNDROME

Dysfunction in one organ 
causes dysfunction in the other

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
• Control hypertension

– RAAS inhibitors, diuretics, β-
blockers

• Control blood sugar (in diabetes)
• Control or avoid hyperkalaemia
• Treat bone and mineral disorder, and 

anaemia
• Adjust doses of renally excreted drugs

Lifestyle
• Exercise regularly
• Control weight
• Stop smoking
• Follow a balanced diet

– Restrict K+ and phosphate intake
– Reduce salt intake
– Correct deficiencies in vitamin D, 

calcium, sodium bicarbonate and 
iron 

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).

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

0

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


Targeting modifiable risk factors and complications may reduce CVD risk

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).

Complication Risks Management 

Hypertension • Progression of CKD 
• Increased risk of cardiovascular and 

cerebrovascular events

• Lifestyle modifications
• Antihypertensive medications (single or dual therapy 

with RAAS inhibitors)

Hyperkalaemia • Cardiac arrhythmia • Low K+ diet 
• Correction of metabolic acidosis
• Potassium-wasting diuretics 
• Cease treatment with ACEi/ARB/spironolactone if 

persistent hyperkalaemia occurs

Bone and 
mineral 
disorders

• Increased cardiovascular mortality 
(potentially mediated by accelerated 
vascular calcification)

• Secondary hyperparathyroidism 
(higher phosphate, lower calcium and 
lower vitamin D levels stimulate 
production of parathyroid hormone)

• Increased risk of fracture 

• Phosphate-dietary restriction; phosphate binders 
• Suppress secondary hyperparathyroidism 

(use active form of vitamin D) 
• Calcimimetic agents 
• Parathyroidectomy (in people who fail to respond to 

medical/pharmacological therapy)

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


Targeting complications may prevent or delay progression of CKD

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.

Complication1 Risks1 Management1

Metabolic acidosis • Demineralization of bone
• Increased protein degradation

• Sodium bicarbonate supplements

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

Anaemia • Reduced quality of life2 • Correction of iron deficiency
• ESA therapy 
• Correction of B12 and folate levels if required

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

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

Cardiovascular mortality
Risk ratio (95% CI)

All-cause mortality
Risk ratio (95% CI)Study group

Favors ACEi Favors placebo Favors placeboFavors ACEi

A meta-analysis of studies that compared ACEi and ARB therapies with control in patients 
with HFrEF with a median follow-up of ≥12 months (N=47,662)

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
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The majority of patients not at target RAASi doses, regardless of 
patient subtype

HK among patients on ≥1 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; bComorbidity group does not exclude HF; cComorbidity group does not exclude CKD stage 3–4 or HF; 
dDM 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:S212–S220

Distribution of RAASi dose levels by comorbidity group1

Maximum dose Submaximum dose Discontinued

(N=30,850)(N=9653)(N=18,876)(N=4072)(N=100,907) (N=7980) (N=7839)(N=75,349)
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Patients with HF and CKD receiving less than 50% of ESC 
guideline-recommended RAASi dose had an increased risk 
of MACE

A limitation of this study was the absence of LVEF data, which would have given a more accurate indication of patient specific guideline dose.
CI, confidence interval; CKD, chronic kidney disease; CPRD, Clinical Practice Research Datalink; ESC, European Society of Cardiology; HES, Hospital Episodes Statistics; HF, heart failure; LVEF, left ventricular ejection fraction; MACE, major adverse 
cardiovascular events; OR, odds ratio; RAASi, renin–angiotensin–aldosterone system inhibitor 
Qin L, et al. Presented at European Society of Cardiology Congress 2018; August 25th–29th, 2018; Munich, Germany; poster 86856

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

7.79 (6.72, 9.03)

MACE

All-cause mortality

1.70 (1.61, 1.80)

Adjusted OR (95% CI)

≥50% of guideline-recommended dose (MACE)

≥50% of guideline-recommended dose (mortality)
<50% of guideline-recommended dose (MACE)

<50% of guideline-recommended dose (mortality)


Γράφημα1

				0		0

				0		0

		1		0		0

		1.7		0.1		0.09

		1		0		0

		7.79		1.24		1.07



Y-Values

4

3

2

1



Sheet1

				X-Values		Y-Values		95% min		95% max		95% min for graph		95% max for graph

		FAS										0		0

		PPS										0		0

		FAS		1		4		1		1		0		0

		PPS		1.7		3		1.61		1.8		0.09		0.1

		FAS		1		2		1		1		0		0

		PPS		7.79		1		6.72		9.03		1.07		1.24







RALES: Spironolactone decreased mortality in patients with HF

• Compared with the placebo group, 
the spironolactone group showed: 
– 30% reduced relative risk of death
– 30% reduced relative risk of 

hospitalization from cardiac cause

CI, 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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RR (95% CI):
0.70 (0.60, 0.82);

P<0.001

Double-blind study in patients with HF (NYHA functional class III or IV) 
who were randomly assigned spironolactone (25 mg QD) (n=822) or placebo (n=841)
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ΣΔτ2: Κεντρικό Ρόλο στην Καρδιαγγειακή & 
Νεφρική Νόσο

ASCVD = atherosclerotic cardiovascular disease
Verma S et al. Lancet. 2018;393:3-5.

Διαβήτης επηρεάζει τα 
ΦΙΛΤΡΑ

Διαβήτης επηρεάζει την 
ΑΝΤΛΙΑ

Διαβήτης επηρεάζει τα 
ΥΔΡΑΥΛΙΚΑ

ΑΘΗΡΟ
ΣΚΛΗΡΟ

ΤΙΚΗ
ΝΟΣΟΣ

ΚΑΡΔΙΑΚΗ
ΑΝΕΠΑΡΚΕΙΑ

ΝΕΦΡΙΚΗ
ΝΟΣΟΣ

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.



a Dapagliflozin 5 mg and 10 mg
ACE = ace inhibitor; ARB = angiotensin 2 receptor blocker; eGFR = estimated glomerular filtration rate; HbA1c = 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.

HbA1c

SBP

Weight

Proximal 
tubule

Glucose
Filtration ↑

in T2D
SGLT2

Glucose

Sodium

Glucose 
Reabsorptio
n ↑ in T2D

0.89% decrease from baseline
at 24 weeks1

~3 kg weight loss from baseline
at 24 weeksa,2

5.1 mm Hg reduction from baseline 
at 24 weeks3

Διαμόρφωση παραδοσιακών παραγόντων 
κινδύνου με την χρήση δαπαγλιφλοζίνης 10 mg

Επιπτώσεις στην νεφρική λειτουργία με την 
χρήση δαπαγλιφλοζίνης 10 mg

eGFR

UACR

Remains stable out to 4 years5

Improves albuminuria (-33.2%) on top 
of ACEi/ARB at 12 weeks4

Η αναστολή των συμμεταφορέων SGLT2 εμποδίζει την επαναπορρόφηση νατρίου και γλυκόζης, με αποτέλεσμα 
γλυκοζουρία στα ούρα και αλλαγές σε διάφορους παράγοντες κινδύνου 1-4

Η δαπαγλιφλοζίνη 10 mg ενδείκνυται για χρήση σε ενήλικες ασθενείς για τη θεραπεία: • του ανεπαρκώς ελεγχόμενου σακχαρώδη διαβήτη τύπου 2 ως συμπληρωματική θεραπεία στη δίαιτα και την άσκηση, • της συμπτωματικής χρόνιας καρδιακής ανεπάρκειας με μειωμένο κλάσμα 
εξώθησης (HFrEF). H Δαπαγλιφλοζίνη δεν ενδείκνυται για τη μείωση του σωματικού βάρους, της αρτηριακής πίεσης, ή εκδήλωσης νεφρικής βλάβης.



Na = sodium; SGLT2 = sodium–glucose co-transporter 2; TGF = tubuloglomerular feedback.
Adapted from: Heerspink HJL et al. Kidney Int. 2018;94:26-39.

Αποκατάσταση ανατροφοδότησης του σωληναρίου:

• Αναστέλλει την απορρόφηση της γλυκόζης στο εγγύς
• Μπλοκάρει την επαναρρόφηση του νατρίου
• Οδηγεί σε νατριούρεση και αυξημένη παροχή

Na+ στην πυκνή κηλίδα
• Η αποκατάσταση της ανατροφοδότησης του 

σωληναρίου έχει ως αποτέλεσμα μειωμένη 
σπειραματική υπερδιήθηση

Επιπρόσθετα μεταγενέστερα αποτελέσματα:

• Μειωμένη απέκκριση λευκωματίνης στα ούρα μπορεί 
να μειώσει την ενεργοποίηση του προφλεγμονώδους
οδού και την άμεση τοξικότητα των σωληνάριών

• Η βελτιωμένη καρδιακή λειτουργία και η αυξημένη 
συγκέντρωση αιματοκρίτη μπορεί να οδηγήσουν σε 
αυξημένη παροχή οξυγόνου στους νεφρούς και 
βελτιώσεις στην νεφρική υποξία.

Αναστέλλει την 
επαναρρόφηση

γλυκόζης και 
νατρίου

Αποκατάσταση της 
ανατροφοδότησης του 

σωληναρίου
↓Ενδωσπειραματικής

διήθησης και
↓ πρωτεϊνουρίας

Νατριούρεση
οδηγεί σε 
αυξημένη 
παροχή
Na+ στην πυκνή 
κηλίδα

1

2

3

Η αναστολή των συμμεταφορέων SGLT2 έχει μια σειρά πιθανών άμεσων και μεταγενέστερων επιδράσεων
που μπορεί να οδηγήσουν σε βελτιωμένη δομική δομή και λειτουργία των νεφρών

Η δαπαγλιφλοζίνη 10 mg ενδείκνυται για χρήση σε ενήλικες ασθενείς για τη θεραπεία: • του ανεπαρκώς ελεγχόμενου σακχαρώδη διαβήτη τύπου 2 ως συμπληρωματική θεραπεία στη δίαιτα και την άσκηση, • της συμπτωματικής χρόνιας καρδιακής ανεπάρκειας με μειωμένο κλάσμα 
εξώθησης (HFrEF). H Δαπαγλιφλοζίνη δεν ενδείκνυται για τη μείωση του σωματικού βάρους, της αρτηριακής πίεσης, ή εκδήλωσης νεφρικής βλάβης.





Κύριο τελικό σημείο: Σύνθετο νοσηλείας για Καρδιακή Ανεπάρκεια ή 
ΚΔ θάνατο
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N σε κίνδυνο
DAPAGLIFLOZIN 10 mg

Placebo

4

2

0

HR 95% CI τιμή p

0.83 (0.73, 0.95) 0.005
DAPAGLIFLOZIN 10 mg (417 Συμβάντα)

Placebo (496 Συμβάντα)

N σε κίνδυνο είναι ο αριθμός των ασθενών υπό κίνδυνο εκδήλωσης συμβάντος κατά την έναρξης της περιόδου παρακολούθησης.
ΚΔ, καρδιαγγειακός, HR, αναλογία κινδύνου, CI, διάστημα εμπιστοσύνης
Wiviott SD et al. Online ahead of print. New Engl J Med. 2018. 
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Η δαπαγλιφλοζίνη 10 mg ενδείκνυται για χρήση σε ενήλικες ασθενείς για τη θεραπεία: • του ανεπαρκώς ελεγχόμενου σακχαρώδη διαβήτη τύπου 2 ως συμπληρωματική θεραπεία στη δίαιτα και την άσκηση, • της συμπτωματικής χρόνιας καρδιακής ανεπάρκειας με μειωμένο κλάσμα εξώθησης (HFrEF). H Δαπαγλιφλοζίνη δεν 
ενδείκνυται για τη μείωση του σωματικού βάρους, της αρτηριακής πίεσης, ή εκδήλωσης νεφρικής βλάβης.



Μελέτη DECLARE - Συμπεράσματα

aΤεκμαιρόμενη ως σίγουρη ή πιθανή. bΠου οδήγησαν σε διακοπή θεραπείας ή θεωρήθηκαν ως ΣΑE.  
ΚΔ, καρδιαγγειακός, MACE, μείζονα καρδιαγγειακά συμβάντα RRR, μείωση σχετικού κινδύνου.
Wiviott SD et al. Article and supplementary appendix online ahead of print. New Engl J Med. 2018

 Το κύριο τελικό σημείο νοσηλείας για καρδιακή ανεπάρκεια ή καρδιαγγειακό θάνατο 
μειώθηκε σημαντικά με τη δαπαγλιφλοζίνη, σε σύγκριση με το εικονικό φάρμακο

- Μείωση σχετικού κινδύνου ~17% σε ασθενείς με ή χωρίς εγκατεστημένη καρδιαγγειακή 
νόσο στην αρχική κατάσταση 

- Το όφελος φάνηκε επιπρόσθετα της βέλτιστης καρδιοπροστατευτικής αγωγής, 
- Ήταν σταθερό ανεξάρτητα από το ιστορικό ΚΔ νόσου ή καρδιακής ανεπάρκειας
- Η ανωτερότητα προήλθε κυρίως από μείωση κατά ~27% του σχετικού κινδύνου στη 

νοσηλεία για καρδιακή ανεπάρκεια σε πληθυσμό όπου στην πλειοψηφία του δεν είχε ιστορικό 
καρδιακής ανεπάρκειας

 Λιγότερα συμβάντα MACE καταγράφηκαν στους ασθενείς υπό δαπαγλιφλοζίνη σε σχέση με 
τους ασθενείς υπό placebo∙ στατιστική σημαντικότητα δεν επιτεύχθηκε

Η δαπαγλιφλοζίνη 10 mg ενδείκνυται για χρήση σε ενήλικες ασθενείς για τη θεραπεία: • του ανεπαρκώς ελεγχόμενου σακχαρώδη διαβήτη τύπου 2 ως συμπληρωματική θεραπεία στη δίαιτα και την άσκηση, • της συμπτωματικής χρόνιας καρδιακής ανεπάρκειας με 
μειωμένο κλάσμα εξώθησης (HFrEF). H Δαπαγλιφλοζίνη δεν ενδείκνυται για τη μείωση του σωματικού βάρους, της αρτηριακής πίεσης, ή εκδήλωσης νεφρικής βλάβης.



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:

43

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.
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. 

• 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 DECLARE2 and reduction in the risk of worsening HF and CV death in DAPA-HF3

39% RRR 
for the primary composite 
endpoint (≥50% sustained 
decline in eGFR, ESKD, 
renal or CV death)

44% RRR 
for the renal composite 
(≥50% sustained decline 
in eGFR, ESKD, or    
renal death)

29% RRR 
for the composite of 
CV death or 
hospitalization 
for heart failure

31% RRR 
all-cause 
mortality

Presenter Notes
Presentation Notes
Present slide
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.
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

Impaired bioavailability
Congestive heart failure 
Idiopalhic edema 

Impaired diuretic secretion by proximal tubule
Renal failure 
Old age 
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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Does anyone have any questions?

giannisgriv@hotmail.com
www.athens-nephrology.gr

THANKS!

mailto:giannisgriv@hotmail.com
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* There is no consensus concerning the cut-off for preserved EF2

Definition of Heart Failure

TERMINOLOGY used to describe HF2

Related to EF*: HFrEF (reduced ejection fraction: EF<40%)
HFmEF (mildly impaired EF: EF 40-49%
HFpEF (preserved ejection fraction: EF ≥50%)*

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

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

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

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












Injury to myocytes due 
to myocardial infarction 

or other cause

NEUROHUMORAL 
IMBALANCE

ELECTRICAL INSTABILITY

REDUCTION of EF

VENTRICULAR
REMODELING

1. McMurray JJ. N Engl J Med 2010;362:228–238
2. Shah AM. Lancet 2011;378:704–712

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.

Pathophysiology of HF

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




ACC/AHA stages of HF
(based on structure and damage to heart)

NYHA functional classification
(based on symptoms or physical activity)

Stage A At high risk for HF, but without structural or 
functional abnormality
No signs or symptoms

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

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

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

Stage C Symptomatic HF associated with underlying 
structural heart disease

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

Stage D Advanced structural heart disease and 
marked symptoms of HF at rest, despite 
maximal medical therapy

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

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

Classification of Heart Failure

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







The cardiovascular continuum

physical
activity ↓

CVD risk factors
& biomarkers

environmental 
determinants

genetic determinants

Diastolic Heart Failure

Systolic
Heart Failure

Vascular Remodeling

LVH

CAD / Infarktion

Disturbed
Microcirculation

Myocardial Remodeling

Diastolic
Dysfunction

Systolic
Dysfunction

Stage   A B C/D

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

HF is a silently progressing disease
We begin to look at the disorder at the end of its natural history - that is too late!

Natural history of HF

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




The diagnosis of HFrEF requires three conditions to be satisfied

1. Symptoms typical of HF

2. Signs typical of HF

3. Reduced LVEF

The diagnosis of HFpEF requires four conditions to be satisfied

1. Symptoms typical of HF

2. Signs typical of HF

3. Normal or only mildly reduced LVEF and LV not dilated

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

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

The diagnosis of HFpEF is more difficult than the diagnosis of HFrEF

Diagnosing HF

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

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)

International Society of Nephrology defines CKD as:

“Abnormalities of kidney structure or function, 

present for >3 months, 

with implications for health”

‘CKD’ is not itself a diagnosis: 
the underlying cause of CKD should be identified

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


CKD is reduced kidney function 
and/or kidney damage 

Slide 7 of 
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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 

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

Damage >3 months Dysfunction >3 months

 







 

CKD

Kidney function can appear normal 
in the presence of kidney damage

Kidney function can be impaired 
in the absence of kidney damage 



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

Slide 8 of 
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Reference: USRDS 2016 Annual Data Report

ACR = albumin creatinine ratio
SR CVD = self-reported cardiovascular disease 
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CKD affects approximately 1 out of 8 people worldwide

Country/region Prevalence 
of CKD (%)1

Europe 18
Iran 18
North America 15
Australia 15
Japan, S Korea, Oceania 14
China, Taiwan, Mongolia 13
India, Bangladesh 13
S Africa, Senegal, Congo 9
Overall 13

CKD is:
• Highly prevalent, particularly in 

developed economies1

• Ninth leading cause of death in the 
USA in 2015 (~50,000 deaths/year)2

• A major healthcare burden1

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:e0158765, 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


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

Global Age-standardized Mortality Rate (per 100,000)
Percent Change, 2007-20171

73

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.
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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.




Γράφημα1

		Category 1		Category 1		Category 1		Category 1



Series 1

Series 2

Series 3

Series 4

1.5

-9.7

-13.6

-13.6



Sheet1

				Series 1		Series 2		Series 3		Series 4

		Category 1		1.5		-9.7		-13.6		-13.6







The Risk of Morbidity and Mortality Rises Sharply as CKD Progresses

74

*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.
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0
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21.80

11.29

3.652.11

20

Age-Standardized Rate of 
Death from any Cause

N=1,120,295

Age-Standardized Rate of 
Cardiovascular Events*

N=1,120,295

Age-Standardized Rate of 
Hospitalization

N=1,120,295

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

*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.

Stage 1
• Usually asymptomatic

Stage 2

• Frequently asymptomatic
• Polyuria, haematuria or oedema may occur in some 

patients*

Stage 3

• Sometimes asymptomatic
• Peripheral oedema, pulmonary oedema and 

hypertension may occur 

Stage 4
• Clinical symptoms of kidney dysfunction typically 

manifest

Stage 5
• Malnutrition, loss of lean body mass and muscle weakness
• Accumulation of multiple toxins leading to secondary symptoms
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Questions?





DIAGNOSIS
Chronic heart failure

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





Renal Sodium Retention 

Pressure 
Natriuresis 

Ischemic 
nephron-Reduced 
Nephron number 

Quabain
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CKD is associated with increased risk of cardiovascular events and death

CKD, chronic kidney disease; CVD, cardiovascular disease; GFR, glomerular filtration rate
Liu M et al. Eur Rev Med Pharmacol Sci 2014;18:2918–26.

CKD 
+ CVD

>60% of CKD patients 
have CVD1 2 A 30% decrease in GFR 

increases risk of vascular 
events and death by 20–30%

3 >50% of deaths in 
non-dialysis CKD 
patients are due to CVD

CKD 
no CVD

DEATH

GFR

A patient with Stage 3 CKD is more likely to die of CVD than to develop kidney failure0
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The risks of cardiovascular events and death increase as GFR decreases

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.

As GFR decreases, the probability of developing CVD or of dying from any cause increases0
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This retrospective analysis suggests that patients are not 
prescribed maximal doses of RAASi therapy

Hyperkalemia defined as K+ >5.0 mEq/L
CKD, chronic kidney disease; DM, diabetes mellitus; HF, heart failure; RAASi, renin–angiotensin–aldosterone system inhibitor
1. Ponikowski P, et al. Eur J Heart Fail 2016;18:891–975; 2. Epstein M, et al. Am J Manag Care 2015;21:S212–S220

Maximum dose Submaximum
dose Discontinued

Retrospective analysis of a US database of electronic health records (N>200,000) 
of patients with various comorbidities and at least two serum K+ readings2

RAASi dosing
with CKD or HF or DM (N=100,907)

RAASi dosing
in HF (N=9653)

RAASi dosing
in CKD stage 3–4 (N=30,850)


Γράφημα1

		Maximum

		Submaximum

		Discontinued



Sales

[]

0.25

0.58

0.16



Sheet1

				Sales

		Maximum		25%

		Submaximum		58%

		Discontinued		16%

				To resize chart data range, drag lower right corner of range.






Γράφημα1

		Maximum

		Submaximum

		Discontinued



Sales

[]

0.19

0.65

0.15



Sheet1

				Sales

		Maximum		19%

		Submaximum		65%

		Discontinued		15%

				To resize chart data range, drag lower right corner of range.






Γράφημα1

		Maximum

		Submaximum

		Discontinued



Sales

15%

0.22

0.62

0.16



Sheet1

				Sales

		Maximum		22%

		Submaximum		62%

		Discontinued		16%

				To resize chart data range, drag lower right corner of range.







Therapeutic Innovation to Prevent New Onset or Worsening Renal Function 
Has Been Limited1

91

See notes for abbreviations and references. 

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

ACEi
Ramipril REIN2 Non-DM Nephropathy 

(eGFR 20-70 mL/min/1.73 m2 ; UPE >1g/24h)
1997

ARBs
Irbesartan
Losartan
Olmesartan

IDNT3

RENAAL4

ROADMAP5

T2D; CKD (UPE ≥900mg/24h; SCr 1-3 mg/dL)
T2D; CKD (UACR ≥300; SCr 1.3-3 mg/dL)
T2D; normoalbuminuria

2001
2001
2011

ACEi/ARB Combo
Telmisartan/ramipril
Losartan/lisinopril

ONTARGET6

VA NEPHRON-D7
ASCVD or diabetes with end-organ damage
T2D; CKD (eGFR ≥30 to <90mL/min/1.73 m2; UACR ≥300)  

2008
2013

DRI
Aliskiren ALTITUDE8 T2D; CKD (eGFR ≥30 and <60mL/min/1.73 m2) or CVD 2012

Glycosaminoglycan
Sulodexide Sun MACRO9,10 T2D; CKD (UPE >900mg/24h) 2012

Anti-inflammatory
Bardoxolone methyl BEACON11 T2D; CKD (eGFR 15 to <30 mL/min/1.73 m2) 2013

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.



Κύριο τελικό σημείο: Σύνθετο νοσηλείας για Καρδιακή Ανεπάρκεια ή 
ΚΔ θάνατο και επιμέρους στοιχεία

1.21.11.00.80.70.6

Σύνθετο νΚΑ / ΚΔ θάνατο 417 496 0.83 (0.73, 0.95) 0.005

Νοσηλεία για ΚΑ 212 286 0.73 (0.61, 0.88)

ΚΔ Θάνατος 245 249 0.98 (0.82, 1.17)

0.9

Αριθμός Συμβάντων

DAPAGLIFLOZIN 10 mg
(N=8.582)

Placebo
(N=8.578) HR (95%CI) τιμή p

Υπέρ
DAPAGLIZLOZIN 

Υπέρ
Placebo

H τιμή-p αμφίπλευρου ελέγχου παρουσιάζεται για το πρωτεύον καταληκτικό σημείο αποτελεσματικότητας του ΚΔ θανάτου ή νοσηλείας για ΚΑ.
ΚΔ, καρδιαγγειακός, νΚΑ, νοσηλεία για καρδιακή ανεπάρκεια; ΚΑ, καρδιακή ανεπάρκεια; HR, αναλογία κινδύνου, CI, διάστημα εμπιστοσύνης
Wiviott SD et al. Online ahead of print. New Engl J Med. 2018.

27
%

Η δαπαγλιφλοζίνη 10 mg ενδείκνυται για χρήση σε ενήλικες ασθενείς για τη θεραπεία: • του ανεπαρκώς ελεγχόμενου σακχαρώδη διαβήτη τύπου 2 ως συμπληρωματική θεραπεία στη δίαιτα και την άσκηση, • της συμπτωματικής χρόνιας καρδιακής ανεπάρκειας με μειωμένο κλάσμα εξώθησης (HFrEF). H Δαπαγλιφλοζίνη δεν 
ενδείκνυται για τη μείωση του σωματικού βάρους, της αρτηριακής πίεσης, ή εκδήλωσης νεφρικής βλάβης.



Νεφρικό τελικό σημείο

N σε κίνδυνο είναι ο αριθμός των ασθενών υπό κίνδυνο εκδήλωσης συμβάντος κατά την έναρξης της περιόδου παρακολούθησης.
Σύνθετο νεφρικό καταληκτικό σημείο οριζόμενο ως επιβεβαιωμένη παρατεταμένη μείωση του eGFR ≥40% έως τιμής eGFR <60 mL/min/1.73 m2 με τη χρήση του τύπου CKD-EPI και/ή ESRD (αιμοδιύλιση ≥90 ημερών ή μεταμόσχευση νεφρού, επιβεβαιωμένη 
σταθερή τιμή eGFR <15 mL/min/1.73 m2) και/ή θάνατος νεφρικής ή ΚΔ αιτιολογίας.
ΚΔ, καρδιαγγειακός, ESRD, νεφρική νόσος τελικού σταδίου.
Wiviott SD et al. Online ahead of print. New Engl J Med. 2018. 
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DAPAGLIFLOZIN 10 mg
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0

HR 95% CI

0.76 (0.67, 0.87)

DAPAGLIFLOZIN 10 mg ( 370 Συμβάντα)

Placebo (480 Συμβάντα)
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Η δαπαγλιφλοζίνη 10 mg ενδείκνυται για χρήση σε ενήλικες ασθενείς για τη θεραπεία: • του ανεπαρκώς ελεγχόμενου σακχαρώδη διαβήτη τύπου 2 ως συμπληρωματική θεραπεία στη δίαιτα και την άσκηση, • της συμπτωματικής χρόνιας καρδιακής ανεπάρκειας με μειωμένο κλάσμα εξώθησης (HFrEF). H Δαπαγλιφλοζίνη δεν 
ενδείκνυται για τη μείωση του σωματικού βάρους, της αρτηριακής πίεσης, ή εκδήλωσης νεφρικής βλάβης.
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DAPA-CKD:
Dapagliflozin in Patients With Chronic Kidney Disease1,2

aESKD defined as the need for maintenance dialysis (peritoneal or hemodialysis) for more than 28 days, renal transplantation or sustained eGFR <15mL/min/1.73m2 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.

• Composite of sustained       
≥50% eGFR decline, ESKD, or renal death 

• Composite of CV death or hHF
• All-cause mortality

Secondary Outcomes

Dapagliflozin 10 mg 
+ standard of care

Placebo 
+ standard of care

1:
1

D
ou

bl
e-

bl
in

d

En
d 

Po
in

ts

Composite of sustained ≥50% eGFR decline, 
ESKDa, renal or CV death

Primary Outcome

4304 Randomized
Median follow-up 2.4 years

To assess whether treatment with dapagliflozin, compared with placebo, reduced the risk of renal and CV events in patients with 
CKD with or without T2D, and who were receiving standard of care including a maximum tolerated dose of an ACEi or ARBObjective 

Key Inclusion Criteria
• ≥18 years of age
• eGFR ≥25 to ≤75 mL/min/1.73m2

• UACR ≥200 to ≤5000 mg/g
• Stable max tolerated dose of 

ACEi/ARB for ≥4 weeks
• With and without T2D

Key Exclusion Criteria
• T1D
• Polycystic kidney disease, 

lupus nephritis, ANCA-
associated vasculitis

• Immunosuppressive therapy ≤6 
months prior to enrollment

Presenter Notes
Presentation Notes
Speaker Notes:

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.




Primary Composite Outcome: 
Sustained ≥50% eGFR Decline, ESKD, Renal or CV Deatha,1

aESKD defined as the need for maintenance dialysis (peritoneal or hemodialysis) for at least 28 days and renal transplantation or sustained eGFR <15mL/min/1.73m2 for at least 28 days. Renal death was defined as 
death due to ESKD when dialysis treatment was deliberately withheld for any reason.3; b95% CI, 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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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.





Primary Composite Outcome: 
Sustained ≥50% eGFR Decline, ESKD, Renal or CV Deatha,1

aESKD defined as the need for maintenance dialysis (peritoneal or hemodialysis) for at least 28 days and renal transplantation or sustained eGFR <15mL/min/1.73m2 for at least 28 days. Renal death was defined as 
death due to ESKD when dialysis treatment was deliberately withheld for any reason.3; b95% CI, 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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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.





Secondary Composite Outcome: 
CV Death or Hospitalization for Heart Failure1

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.
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Presenter Notes
Presentation Notes
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.





Secondary Outcome: 
All-cause Mortality1

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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Presenter Notes
Presentation Notes
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 
Heart Failure According to Underlying Cause of Kidney Disease

a Event 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. 

CV Death or 
hHF
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Dapagliflozin 
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Hazard Ratio 
(95% CI)

p-value for 
Interaction

No. of patients/total no. Eventsa/100 patient-
years

Overall 100/2152 138/2152 2.2 3.0 0.71 (0.55, 
0.92)

Diabetic nephropathy 76/1271 107/1239 2.7 4.0  0.67 (0.50, 
0.90) 0.24

Ischemic/hypertensiv
e nephropathy 17/324 15/363 2.5 2.0  1.29 (0.64, 

2.60)

Glomerulonephritis 3/343 7/352 0.4  1.0  0.48 (0.12, 
1.84)

Other/unknown 4/214 9/198 0.9  2.2 0.39 (0.12, 
1.28)
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Presenter Notes
Presentation Notes
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

Am Heart J 2015;169:323-33

Presenter Notes
Presentation Notes
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.



Potential Effects of Tor(a)semide on RAAS

Buggey, et al. Am Heart J 2015 ; 169: 323–333 

Presenter Notes
Presentation Notes
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

aOr ARB if ACEi is not toleratedor or contraindicated; bPatient should have elevated natriuretic peptides (plasma BNP ≥150 pg/mL or plasma NT-proBNP ≥600 pg/mL, or if HF hospitalization within the last 12 months, plasma BNP ≥100 pg/mL or plasma 
NT-proBNP ≥400 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 natriuretic peptide; ESC, European Society of Cardiology; HF, heart failure; HFrEF, heart failure with reduced ejection fraction; HFSA, Heart Failure Society of America; 
MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; RAAS(i), renin–angiotensin–aldosterone system (inhibitor)
1. Ponikowski P, et al. Eur J Heart Fail 2016;18:891–975; 2. Yancy CW, et al. Circulation 2017;136:e1372–e161 

Class
Level of 
evidence

Recommendation to reduce morbidity 
and mortality in patients with HFrEF

I

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

ARB: 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

ARNi: 
B–R

In patients with chronic symptomatic 
HFrEF NYHA class II or III 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 β blockers, 

and MRAs in selected patients, is recommended 
for patients with chronic HFrEF

Clas
s

Level of 
evidenc

e

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

HFrEF

I

ACEi: A An ACEia is recommended, in addition 
to a β blocker, for symptomatic patients

MRA: A
An MRA is recommended for patients, 
who remain symptomatic despite treatment 
with an ACEia and a β blocker

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

ARNi: B

Sacubitril/valsartan is recommended as 
a replacement for an ACEi in ambulatory 
patients who remain symptomatic despite 
optimal treatment with an ACEi, a β blocker 
and an MRAb

ESC guidelines 20161 ACC/AHA/HFSA guidelines – updated 20172
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CKD: summary

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

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

2
Classification

• GFR is the best measure 
of kidney function 

• Decreased GFR for 
>3 months indicates CKD

• CKD is classified 
according to GFR

• Other markers of kidney 
damage can also be used 
to identify CKD

3
Clinical presentation

• Early clinical symptoms of 
CKD are non-specific

• Late-stage CKD is 
associated with many 
complications

• CKD increases the risks of 
CV events and death

• CKD, its causes and 
potential complications 
should be identified and 
managed early
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