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Cardiovascular trials exclude renal patients
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β-blocker





Carvedilol Increases Two-Year Survival in 
Dialysis Patients With Dilated Cardiomyopathy

• A total of 114 dialysis patients with dilated 
cardiomyopathy were randomized to receive either 
carvedilol or placebo in addition to standard therapy. 

• At  two  years,  51.7%  of  the  patients  died  in  the  
carvedilol  group, compared with 73.2% in the placebo 
group (p<0.01). Furthermore, there were significantly 
fewer  cardiovascular  deaths  (29.3%)  and  hospital  
admissions  (34.5%)  among  patients receiving 
carvedilol than among those receiving a placebo 
(67.9% and 58.9%, respectively; p<0.00001). 

• Carvedilol reduced morbidity and mortality in dialysis 
patients with dilated cardiomyopathy.

Cice G, et al. J Am Coll Cardiol. 2003;41:1438-1444



Kotecha D, et al. J Am Coll Cardiol. 2019;74(23):2893-2904

Analysis of 16,740

individual patients with left 

ventricular ejection fraction 

<50% from 10 double-blind,

placebo-controlled trials 

was performed.





A and B: Patients with HF with reduced ejection fraction 

(HFrEF) and advanced chronic kidney disease (CKD). 

C and D: Patients with HFrEF and moderate CKD (positive 

control analysis). 

ARD=absolute risk difference at 5 y; and HR=hazard ratio

Composite outcome: cardiovascular mortality or heart 

failure hospitalization.

Fu EL, et al. Circ Heart Fail. 2020;13(11):e007180



Beldhuis IE, et al. Circulation. 2022;145(9):693-712



ACE-inhibitor



Effects of enalapril in systolic heart failure patients 
with and without chronic kidney disease 

(SOLVD Treatment trial)

p for interaction=0.615
Enalapril reduces mortality and hospitalization in Systolic HF patients without 

significant heterogeneity between those with and without CKD.

Bowling CB, et al. Int J Cardiol 2013;167:151–6

2569 ambulatory chronic HF patients (mainly NYHA class I-III) with LVEF ≤ 35% and serum creatinine 

level ≤ 2.5 mg/dl were randomized to receive either placebo (n = 1284) or enalapril (n = 1285)



Effects of enalapril on prognosis in severe
congestive heart failure (CONSENSUS Trial)

• This study enrolled 253 patients 
with severe heart failure (NYHA 
IV) from 35 centers in 
Scandinavia, randomly assigned 
to treatment with placebo or 
enalapril in addition to their 
usual treatment for heart failure

• Patients with high creatinine 
levels had significantly higher 
mortality, and their prognoses 
were significantly improved by 
enalapril

Swedberg K, et al. Am J Cardiol 1990;66:Suppl D:40–5

Ljungman S, et al. Am J Cardiol. 1992;70(4):479-87.

Exclusion: Creatinine > 3.3 mg/dl



Chronic Kidney Disease, 

Cardiovascular Risk, and Response 

to Angiotensin-Converting Enzyme 

Inhibition After Myocardial 

Infarction (SAVE Study)

➢ SAVE randomized post-MI subjects (3 to 16 days after 

MI) with LVEF≤ 40% and serum creatinine 2.5 mg/dL to 

captopril or placebo. 

➢ CKD was associated with a heightened risk for all major 

CV events after MI, particularly among subjects with an 

estimated glomerular filtration rate <45 mL /min /1.73 m2

➢ Randomization to captopril resulted in a reduction of CV 

events irrespective of baseline kidney function 

Tokmakova MP, et al. Circulation. 2004;110:3667-3673

Exclusion: Creatinine > 2.5 mg/dl



Beldhuis IE, et al. Circulation. 2022;145(9):693-712



Angiotensin Receptor 
Blocker



Effects of candesartan in heart failure 
patients with and without renal dysfunction 

• The proportion of patients with eGFR <60 
mL/min per 1.73 m2 was 36.0%; 42.6% for 
CHARM-Alternative, 33.0% for CHARM-
Added, and 34.7% for CHARM-Preserved.

• The risk for cardiovascular death or 
hospitalization for worsening CHF as well as 
the risk for all-cause mortality increased 
significantly below an eGFR of 60 mL/min per 
1.73 m2 (adjusted HR, 1.54 for 45 to 60 
mL/min per 1.73 m2 and 1.86 for <45 mL/min 
per 1.73 m2 for cardiovascular death or 
hospitalization for heart failure, both P<0.001, 
and HR of 1.50, P=0.006, and 1.91, P=0.001, 
respectively, for all-cause mortality). 

• There was no interaction between creatinine
and the effect of candesartan (Wald test for 
interaction term, P=0.84).

Pfeffer MA, et al. Lancet 2003;362:759–66

7601 patients were randomly assigned candesartan (n=3803, titrated 

to 32 mg once daily) or matching placebo (n=3796), and followed up 

for at least 2 years. A key exclusion criterion was a serum creatinine ≥

3 mg/dL).



Beldhuis IE, et al. Circulation. 2022;145(9):693-712



Sacubitril-Valsartan



Renal Effects and Associated Outcomes 

(PARADIGM-HF)

Damman K, et al. JACC Heart Fail. 2018;6(6):489-498

Varrdeny O, et al. Eur J Heart Fail. 2019;21:337–341

Desai AS, et al. JAMA Cardiol. 2017;2(1):79-85

UACR: Urinary albumin to creatinine ratio

Reduced loop diuretic use in patients taking sac/valsartan 

compared with enalapril (PARADIGM-HF)

Reduced Risk of Hyperkalemia During Treatment of 

Heart Failure With MRAs by Use of Sac/Valsartan 

Compared With Enalapril (PARADIGM-HF)



Renal effects of sacubitril-valsartan in patients 
with heart failure and preserved ejection fraction

Jering KS, et al. JACC Heart Fail. 2020;S2213-

1779(20)30556-4

Causland FR Mc, et al. Circulation. 

2020;142(13):1236-1245



Niu et al.  J Am Heart Assoc. 2022;11:e026407



Lin W-Y, et al. Clin Pharmacol Ther. 2024 June 16. 

Online ahead of print.



Yang X, et al. Renal Failure. 2024; 46(1): 2349135



Beldhuis IE, et al. Circulation. 2022;145(9):693-712



Mineralocorticoid 
Antagonist



Influence of Baseline and Worsening Renal Function on Efficacy 
of Spironolactone in Patients With Severe Heart Failure (RALES)

Individuals with reduced baseline eGFR (NYHA class III or IV, LVEF≤ 35%) exhibited similar 

relative risk reductions in all-cause death and the combined endpoint of death or hospital 

stays for HF as those with a baseline eGFR>60 ml/min/1.73 m2 and greater absolute risk 

reduction compared with those with a higher baseline eGFR (10.3% vs. 6.4%). 

Vardeny O, et al. J Am Coll Cardiol. 2012;60(20):2082-9Patients with serum creatinine level ≥ 2.5 mg/dl or 

serum potassium level > 5.0 mEq/l were excluded.



Eplerenone in Patients with Systolic Heart 
Failure and Mild Symptoms (EPHASIS-HF)

Zannad F, et al. N Engl J Med. 2011;364(1):11-21



Matsumoto S, et al. J Am Coll Cardiol 2024;83:2426-2436





Outcomes with Finerenone in Participants with Stage 4 CKD 
and Type 2 Diabetes: A FIDELITY Subgroup Analysis

Sarafidis P, et al. Clin J Am Soc 

Nephrol. 2023;18(5):602-612

➢ In this subgroup analysis, 13,023 

participants with baseline eGFR 

data were included; of these, 890 

(7%) participants had stage 4 CKD 

at baseline.

➢ Cardiovascular composite: 

cardiovascular death, nonfatal 

myocardial infarction, nonfatal 

stroke, or hospitalization for heart 

failure

➢ Kidney composite: kidney failure, 

sustained ≥57% decrease in eGFR 

from baseline, or kidney disease 

death 



Vaduganathan M, et al. Eur J Heart Fail. 2024 May 14. 

Online ahead of print.



Beldhuis IE, et al. Circulation. 2022;145(9):693-712



SGLT-2 inhibitor



Sodium-Glucose Cotransporter 2 Inhibitor



In this double-blind trial, we randomly assigned 3730 

patients with class II, III, or IV heart failure and an ejection 

fraction of 40% or less to receive empagliflozin (10 mg 

once daily) or placebo, in addition to recommended 

therapy. The primary outcome was a composite of 

cardiovascular death or hospitalization for worsening 

heart failure. 

EMPEROR Reduced

Packer M, et al. N Engl J Med. 2020;383(15):1413-1424

Exclusion: Impaired renal function, defined as 

eGFR < 20 mL/min/1.73 m2 or requiring dialysis



In this double-blind trial, we randomly assigned 5988 

patients with class II–IV heart failure and an ejection 

fraction of more than 40% to receive empagliflozin

(10 mg once daily) or placebo, in addition to usual 

therapy. The primary outcome was a composite of 

cardiovascular death or hospitalization for heart failure.

EMPEROR Preserved

Anker SD, et al. N Engl J Med. 2021;385(16):1451-1461

Exclusion: Impaired renal function, defined as 

eGFR < 20 mL/min/1.73 m2 or requiring dialysis

Primary Outcome



Butler J, et al. J Am Coll Cardiol. 2023;81(19):1902–1914



In this phase 3, placebo-controlled trial, we randomly 

assigned 4744 patients with New York Heart 

Association class II, III, or IV heart failure and an 

ejection fraction of 40% or less to receive either 

dapagliflozin (at a dose of 10 mg once daily) or placebo, 

in addition to recommended therapy. The primary 

outcome was a composite of worsening heart failure 

(hospitalization or an urgent visit resulting in intravenous 

therapy for heart failure) or cardiovascular death.

DAPA-HF

McMurray J, et al. N Engl J Med. 2019;381(21):1995-2008 

Exclusion: Severe (eGFR <30 mL/min/1.73 m2), unstable or rapidly progressing renal 

disease at the time of randomization



We randomly assigned 6263 patients with heart failure 

and a left ventricular ejection fraction of more than 40% 

to receive dapagliflozin (at a dose of 10 mg once daily) 

or matching placebo, in addition to usual therapy. The 

primary outcome was a composite of worsening heart 

failure (which was defined as either an unplanned

hospitalization for heart failure or an urgent visit for 

heart failure) or cardiovascular death, as assessed in a 

time-to-event analysis.

DELIVER

McMurray J, et al. N Engl J Med. 2019;381(21):1995-2008 

Exclusion: eGFR <25 mL/min/1.73 m2 at Visit 1.



Chatur S, et al. J Am Coll Cardiol. 2023;82(19):1854–1863



Theodorakopoulou M…Sarafidis P. 

Eur Heart J-CV Pharm. 2024; 0: 1-13 



Theodorakopoulou M…Sarafidis P. 

Eur Heart J-CV Pharm. 2024; 0: 1-13 





Beldhuis IE, et al. Circulation. 2022;145(9):693-712



50Kosiborod MN, et al.  N Engl J Med. 2023;389(12):1069-1084

We randomly assigned 529 patients who had HFpEF 

and a BMI of 30 or higher to receive once-weekly 

semaglutide (2.4 mg) or placebo for 52 weeks. 

The dual primary end points were the change from 

baseline in the Kansas City Cardiomyopathy 

Questionnaire clinical summary score (KCCQ-CSS; 

scores range from 0 to 100, with higher scores 

indicating fewer symptoms and physical limitations) 

and the change in body weight.



Kosiborod MN, et al.  N Engl J Med. 2023;389(12):1069-1084



Other HF treatments



Systolic Heart Failure Treatment With the 
IF Inhibitor Ivabradine Trial (SHIFT)

• 6,558 patients were randomly 
assigned to treatment groups (3,268 
ivabradine, 3,290 placebo)

• Median follow-up 22.9 (IQR 18–28) 
months

• NYHA II-III

• LVEF ≤35%

• SR, HR ≥70 bmp

Swedberg K, et al. Lancet. 2010;376(9744):875-85



Outcomes
Kaplan-Meier cumulative event curves for (A) the

primary composite endpoint of cardiovascular death 

or hospital admission for worsening heart failure, (B) 

hospital admission for worsening heart failure, and (C) 

cardiovascular death.

Swedberg K, et al. Lancet. 2010;376(9744):875-85

There was no formal renal function cutoff as exclusion

criteria besides “severe renal disease.” The beneficial

effect of ivabradine on the combined end point

was similar in patients with eGFR higher and lower than

60 mL/min/1.73 m2. As expected from the

mechanism of action, ivabradine had no effect on eGFR

or serum creatinine over time.



Armstrong PW, et al. N Engl J Med. 2020;382(20):1883-1893



PARADIGM-HF DAPA-HF VICTORIA

NYHA III-IV 25% 32% 41%

Median NT-proBNP 1608 1437 2816

Symptomatic hypotension occurred in 9.1% of the patients in the vericiguat

group and in 7.9% of the patients in the placebo

group (P=0.12), and syncope occurred in 4.0% of the patients in the 

vericiguat group and in 3.5% of the patients in the placebo group (P=0.30)

Armstrong PW, et al. N Engl J Med. 2020;382(20):1883-1893

Voors AL, et al. Eur J Heart Fail. 2021;23(8):1313-1321

In this study, the lower limit of eGFR allowed by protocol was 15 

mL/min/1.73 m2, and it was intended that 15%

of patients should have an eGFR between 15 and 30

mL/min/1.73 m2

During 48 weeks of treatment, the trajectories in eGFR and creatinine with 

vericiguat were similar to placebo (P = 0.50 and 0.18). The beneficial 

effects of vericiguat on the primary outcome were not influenced by 

baseline eGFR (interaction P = 0.48)



NEUi: neurohormonal inhibition

ΟΜ: Omecamtiv Mecarbil 



In the main trial, patients with left ventricular ejection fractions of 

0.45 or less were randomly assigned to digoxin (3397 patients) or 

placebo (3403 patients) in addition to diuretics and angiotensin-

converting–enzyme inhibitors (median dose of digoxin, 0.25 mg 

per day; average follow-up, 37 months). In an ancillary trial of 

patients with ejection fractions greater than 0.45, 492 patients were 

randomly assigned to digoxin and 496 to placebo.

Digitalis Investigation Group. N Engl J Med. 1997;336(8):525-33.

In the DIG study (Digitalis Investigation Group) with digoxin, patients were 

included up to a serum creatinine level of 3.0 mg/dL, which roughly 

corresponds to an eGFR of around 20 mL/min/1.73 m2.

The effect of digoxin on HF-related death and HF rehospitalization was 

similar in all CKD stages



Bavendiek U, et al. Eur J Heart Fail. 2019;21(5):676-684

• Patients with chronic HF, NYHA functional class III–

IV and LVEF ≤40%, or patients in NYHA functional 

class II and LVEF ≤30% are randomized 1:1 in a 

double-blind fashion to treatment with digitoxin

(target serum concentration 8–18 ng/mL) or 

matching placebo. 

• A total of 2190 eligible patients will be included in 

this clinical trial (1095 per group). 

• The primary outcome is a composite of all-cause 

mortality or hospital admission for worsening HF 

(whatever occurs first). 

• Key secondary endpoints are all-cause mortality, 

hospital admission for worsening HF, and recurrent 

hospital admission for worsening HF.



Butler J, et al. Eur Heart J. 2022; 43:4362–4373
Patients with eGFR <30 ml/min/1.73 m2 were excluded!!!



•Diuretic 
Resistance



Ellison DH, Felker GM. 

N Engl J Med 2017; 377:1964-75



Practical Approach to Diuretic Resistance

❑ Assessment of compliance with salt restriction and medicine intake (if 

necessary measure salt and diuretic in the urine).

❑ Discontinue NSAIDs.

❑ Adjust the dose of the diuretic in patients with renal impairment.

❑ Switch from furosemide to tor(a)semide or bumetanide

❑ Switch to IV administration to overcome problems associated with oral 

absorption.

❑ Combine loop diuretics with other diuretics, preferably a thiazide diuretic.

❑ Consider tolvaptan, dopamine (HFrEF) or hypertonic saline when other options 

have failed (?).

De Bruyne LK. Postgrad Med J 2003; 79:268-71

Bowman BN, et al. Cardiology in Review 2016; 24: 256–260

Wan SH, et al. Circ Heart Fail. 2016;9:e002593



Mullens W, et al. Eur J Heart Fail. 2022;24(4):603-619



Conceptual overview of evidence-based treatments 
in HFrEF according to baseline CKD status

• With more severe CKD stages, prognosis 
worsens, and scientific evidence becomes scarce. 

• There is more evidence for CKD stage 1 to 4 for 
preventing cardiovascular death/HF 
hospitalization with evidence-based treatments 
compared with preventing all-cause mortality. 

• Among treatments, there is some evidence for 
efficacy of SGLT2i, omecamtiv-mecarbil, ACEi, 
Sac/Valsartan, digoxin, and vericiguat in CKD 
stage 4. 

• Overall, the renal safety profile in all classes of 
CKD with essentially all treatments is good if the 
clinical status is considered and renal function 
and potassium are checked regularly. 

• Loop diuretics are not depicted in the absence of 
large randomized, placebo-controlled trials

Beldhuis IE, et al. Circulation. 2022;145(9):693-712



Management of heart failure according to the 

stage of chronic kidney disease

J Clin Med. 2023 Sep; 12(18): 6105
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