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Chronic kidney disease (CKD) is increasingly prevalent in patients with chronic systolic heart failure. Therefore,
evidence-based therapies are more and more being used in patients with some degree of renal dysfunction.
However, most pivotal randomized clinical trials specifically excluded patients with (severe) renal dysfunction. The
benefit of these evidence-based therapies in this high-risk patient group is largely unknown. This paper reviews data
from randomized clinical trials in systolic heart failure and the interactions between baseline renal dysfunction and
the effect of randomized treatment. It highlights that most evidence-based therapies show consistent outcome
benefit in patients with moderate renal insufficiency (stage 3 CKD), whereas there are very scarce data on patients
with severe (stage 4 to 5 CKD) renal insufficiency. If any, the outcome benefit might be even greater in stage 3 CKD
compared with those with relatively preserved renal function. However, prescription of therapies should be
individualized with consideration of possible harm and benefit, especially in those with stage 4 to 5 CKD where

limited data are available.
Foundation
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Most randomized controlled trials in chronic heart failure
(HF) systematically excluded patients with severe renal
dysfunction, often because of concern that the investiga-
tional treatment might cause further deterioration in kidney
function. Yet these patients are at particularly high risk of
adverse cardiovascular (CV) outcomes and might have much
to gain from evidence-based therapies, if tolerated. Inter-
national guidelines also express caution about the use of
angiotensin-converting enzyme inhibitors (ACEi) and
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mineralocorticoid receptor antagonists (MRA) in patients
with renal impairment, advising restriction of the use of
ACEi and MRAs to those with estimated glomerular
filtration rate (eGFR) >30 ml/min/1.73 m? (1,2). Heart
failure patients with renal dysfunction are undertreated with
respect to disease-modifying therapies, probably as a result
of their exclusion from trials and the caution expressed in
guidelines (3). There have been a few small clinical trials in
patients with end-stage renal disease with and without HF,
but most did not investigate major fatal or nonfatal clinical
events (4). In this review, we analyze whether there is evi-
dence (or not) that the key disease-modifying therapies used
in HF are of benefit in patients with renal dysfunction.

Classification of Chronic Kidney Disease and
Prevalence of Renal Dysfunction and
Albuminuria in HF

The distribution of eGFR and prevalence of the different
stages of chronic kidney disease (CKD) in the general
population and in patients with heart failure with reduced
(HFREF) and preserved ejection fraction (HFPEF) is pre-
sented in Table 1 (5,6). In both HFREF and HFPEF,
renal dysfunction determined by reduced GFR is more
prevalent compared with the general population. Patients
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Abbreviations
and Acronyms

ACEi = angiotensin-
converting enzyme inhibitor

with mild CKD (Kidney Dis-
ease Outcomes Quality Initiative
[KDOQI] stage 1 and 2) have,
generally, not been excluded from
clinical trials and represent ap-
proximately one-third of patients
included in randomized con-
trolled trials. Similarly, approxi-
mately 30% to 35% of patients
enrolled in recent clinical trials in
HF had moderately severe (stage 3)
CKD, although patients with
severe renal dysfunction (stage 4
CKD) were usually excluded,
except in studies in truly elderly
patients where a greater propor-
tion of patients (40% to 57%)
had stage 3 to 4 CKD, in keep-
ing with cohort studies and regis-
tries (7-12). Importantly, the
KDOQI stages are not only
dependent on eGFR but also
require evidence of kidney dam-
age (proteinuria or albuminuria)
in stages 1 and 2 where eGFR is
relatively preserved. Although
just over 10% of the general
population have albuminuria,
approximately one-third of pa-
tients with both HFREF and
HFPEF have increased urinary
albumin excretion (Table 1), and
this has been linked to adverse clinical outcome. These data
come from CHARM (Candesartan in Heart Failure:
Assessment of Reduction in Mortality and Morbidity) and
GISSI-HF (Gruppo Italiano per lo Studio della Sopravvi-
venza dell'Insufficienza cardiac Heart Failure) trials (see the
Online Appendix for a list of all trial acronyms), where none
of the randomized treatments (candesartan, rosuvastatin or
n-3 polyunsaturated fatty acids) showed a reduction in the
level of urinary albumin excretion (13,14). On the basis of
KDOQI recommendations, classification of CKD should
take into account both eGFR and extent of albuminuria.
The pathophysiology of concomitant cardiorenal failure has
been reviewed extensively (15). Figure 1 gives a simplified
overview of possible cardiorenal interactions and where each
of the therapies that will be discussed could influence these
associations.

ARB = angiotensin Il
receptor blocker

CKD = chronic kidney
disease

CRT = cardiac
resynchronization therapy

CV = cardiovascular

eGFR = estimated
glomerular filtration rate

ICD = implantable
cardioverter defibrillator

HF = heart failure

H-ISDN = hydralazine and
isosorbide-dinitrate

HFPEF = heart failure with
preserved ejection fraction

HFREF = heart failure with
reduced ejection fraction

KDOQI = Kidney Disease
Outcomes Quality Initiative

LV = left ventricular

MRA = mineralocorticoid
receptor antagonist

MI = myocardial infarction
sCr = serum creatinine

WRF = worsening renal
function

Single Renin Angiotensin Aldosterone System
Blockade: ACE Inhibitors

Moderate renal dysfunction—stage 3 CKD: eGFR 30 to
59 ml/min/1.73 m®. In the first major ACEi trial in pa-
tients with severe HF, the CONSENSUS (Cooperative
North  Scandinavian Enalapril Survival Study) trial
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(enalapril; target dose 20 mg b.i.d., achieved 18.4 mg daily),
most patients probably had a reduced GFR, because the
mean serum creatinine (sCr) was 1.45 £+ 0.05 mg/dl (128 +
4 umol/l), corresponding to an eGFR of approximately 47
ml/min/1.73 m? (on the basis of mean characteristics)
(Table 2). In a subgroup analysis with patients stratified
above and below the median sCr value 1.39 mg/dl (123
pmol/l, eGFR 49 ml/min/1.73 m?), enalapril significantly
improved outcome in patients with worse renal function but
not in those with better renal function, although no formal
interaction analysis was performed (16). By contrast, another
substudy showed that although there was a significant
relative risk reduction of 45% in patients with sCr <140
pumol/l (1.58 mg/dl) (p = 0.01), this effect was smaller
(39%) and not significant in patients with sCr >140 pmol/l,
although again no interaction analysis was performed (17).
In the SOLVD Treatment (Studies of Left Ventricular
Dysfunction Treatment) trial, enalapril (target dose 10 mg
b.i.d., achieved 16.6 mg daily) significantly reduced the
occurrence of CV death and HF hospital stays in the sub-
group of patients with eGFR <60 ml/min/1.73 m?. There
was no interaction between the beneficial effect of enalapril
on mortality and morbidity and baseline eGFR (dichoto-
mized at 60 ml/min/1.73 m?) (18). In the ATLAS
(Assessment of Treatment with Lisinopril and Survival)
trial, which showed better outcomes with high- compared
with low-dose lisinopril, there was no significant interaction
between baseline sCr stratified at 1.5 mg/dl and the effect of
treatment (19). In the SAVE (Survival and Ventricular
Enlargement) study, which included patients with left ven-
tricular (LV) dysfunction after myocardial infarction (MI),
baseline eGFR dichotomized at 60 ml/min/1.73 m? did not
modify the beneficial effect of captopril on mortality and CV
mortality/morbidity (20).
Severe renal dysfunction—stage 4 and 5 CKD: eGFR
<30 ml/min/1.73 m? In the CONSENSUS trial, few
patients (estimated 12%) with severe renal dysfunction (i.e.,
creatinine clearance <30 ml/min) were included (16,21). As
mentioned in the preceding text, the subgroups of patients
with sCr >140 pmol/l (eGFR <43 ml/min/1.73 m?) did
show a reduction in events, but this was not statistically
significant, which was probably due to the low number
(n = 76) of patients. In the absence of an interaction anal-
ysis, it is likely that the overall effect of enalapril in the
CONSENSUS trial also applied to this patient group
(16,17). In the SOLVD Treatment study, the beneficial
effect of enalapril was not affected by adjusting for baseline
eGFR (18). In patients with an eGFR <45 ml/min/1.73 m?
(11% of patients), enalapril reduced both the risk of CV and
HF hospital stays to the same extent as in other patients.
However, an analysis of the effect of treatment in patients
with an eGFR <30 ml/min/1.73 m? was not reported.
There is reasonable and consistent evidence of im-
provement in outcome with ACEi in patients with HF (or
LV systolic dysfunction after MI) and stage 3 CKD (Table 3).
It is possible that ACE;] are also of benefit in patients with
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;-1 -3%Ml Definition, Prevalence, and Distribution of CKD/GFR and Albuminuria in HFREF and HFPEF
Stages of CKD Levels of Kidney Dysfunction
Prevalence Distribution
General GFR General
Stage Description Population HFREF* HFPEF (ml/min/1.73 m?) Population HFREF HFPEF
1 Kidney damage with normal or 1 GFR 33 2.8 NA >90 64.3 8.2 8.2
2 Kidney damage with mild | GFR 3.0 10.6 NA 60-89 31.2 37.2 34.9
3 Moderate | GFR 4.3 455 46.1 30-59 4.3 455 46.1
4 Severe | GFR 0.2 7.8 8.1 15-29 0.2 7.8 8.1
5 Kidney failure 0.2 1.3 2.7 <15 (or dialysis) 0.2 1.3 2.7
Albuminuria UACR (mg/g creatinine)
Normo-albuminuria M <17/F <257 88.3 66.2 60.2
Micro-albuminuria M 17-250/F 25-355} 10.6 254 285
Macro-albuminuria M >250/F >355} 11 8.4 11.3

Values are percentages, unless otherwise indicated. *Prevalences of stages 1 and 2 of chronic kidney disease (CKD) in heart failure with reduced ejection fraction (HFREF) from Masson et al. (14) (the GISSI-
HF trial) (see the Online Appendix for a list of all trial acronyms). Distribution of albuminuria from combined numbers from the CHARM and GISSI-HF trials (13,14). Distribution of estimated glomerular
filtration rate (GFR) in HFREF and heart failure with preserved ejection fraction (HFPEF) from McAlister et al. (6) and represent data on the basis of GFR. {Male (M) <2.5, 2.5-25 and > 25 mg/mmol, female
(F) <3.5, 3.5-25 and >25 mg/mmol. creatinine, respectively. Adapted from Kidney Disease Outcomes Quality Initiative classification.

NA = not available; UACR = urinary albumin to creatinine ratio.

stage 4 to 5 CKD, but there are no conclusive data. Care
should be taken to monitor renal function and electrolytes in
these patients to achieve optimal benefit-risk ratio.

Angiotensin Il Receptor Blockers

Losartan) study, where high (150 mg daily) versus lower
(50 mg daily) doses of losartan were evaluated, eGFR
dichotomized at 75 ml/min/1.73 m? did not modify the
beneficial effects of higher-dose losartan (22). In the
CHARM -alternative trial with candesartan (target dose

32 mg daily, achieved 23 mg daily), there was no signifi-
cant interaction between baseline eGFR and the effect
of candesartan treatment, suggesting that the benefit
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ACEi = angiotensin-converting enzyme inhibitor; ARB = angiotensin Il receptor blocker; CRT = cardiac resynchronization therapy; GFR = glomerular filtration rate;
H-ISDN = hydralazine and isosorbide-dinitrate; ICD = implantable cardioverter-defibrillator; MRA = mineralocorticoid receptor antagonist; RAAS = renin angiotensin aldosterone
system; SNS = sympathetic nervous system.




BB Characteristics of ACEi Studies

Renal Function

Concomitant Therapy

Exclusion; Baseline Renal Relative Risk
Primary Creatinine, Renal Subgroup (Primary Outcome Study)
Study* n Design Outcome LVEF NYHA mg/dl (umol/l)  Function (sCr) CKD ACEi/ARB BBL MRA Digoxin  Analysis (95% CI)
CONSENSUS 253 Enalapril vs. ACM NA 100% IV >3.4 (300) 1.4 mg/dl NA 50 3 42 93 Yes HR: 0.73 (long-term
Placebo HR: 0.70 (0.54-0.89)
SOLVD 2,569 Enalapril vs. ACM 25 30% il >2.0 (175) 1.2 mg/dl 36 50 8 9t 67 Yes ACM: HR: 0.84 (0.74-0.95)
Treatment Placebo CKD: HR: 0.88 (0.73-1.06)
HF hosp CKD: HR: 0.59 (0.48-0.73)
No significant interaction between
CKD and treatment
SOLVD 4,228 Enalapril vs. ACM 28 67% | >2.0 (175) 1.2 mg/dl 21 50 24 4+ 12 No HR: 0.92 (0.79-1.08)
Prevention Placebo
SAVE 2,231 Captopril vs. ACM 31 60% >2.5 (221) 1.3 mg/dl 33 50 35 NA 26 Yes HR: 0.81 (0.68-0.97)
Placebo Killip 1 CKD: HR: 0.72 (0.55-0.94)
AIRE 2,006 Ramipril vs. ACM NA NA NA NA NA 50 22 NA 12 No HR: 0.73 (0.60-0.89)
Placebo
TRACE 1,749 Trandolapril ACM NA 59% >2.3 (200) NA 401 50 16 NA 28 No HR: 0.78 (0.67-0.91)
vs. Placebo Killip >l
NETWORK 1,532 Enalapril 2.5 ACM, HF NA 64% Il >2.3 (200) NA NA 100 11 NA 24 No HR: 1.20 (0.86-1.68) for
vs. 5.0 vs. hosp or 2.5 vs. 10 mg b.i.d.
10 mg WHF
b.i.d.
ATLAS 3,164 High- vs. ACM 23 77% 1l >2.5 (221) 1.3 mg/dl NA 100 11 NA 67 Yes HR: 0.92 (0.82-1.03)
low-dose sCr >1.5 mg/dl:
Lisinopril HR: 1.02 (0.86-1.21)

No significant interaction between
sCr and high- vs. low-dose

Values are percentages, unless otherwise indicated. Studies that included >250 patients and small but important studies are presented. *Please see the Online Appendix for a list of all trial acronyms. fIn the SOLVD studies, type of potassium sparing diuretics were
not recorded. This figure represents all types, which is thought to predominantly include spironolactone. {Figure from screened TRACE population (77).
ACEi = angiotensin-converting enzyme inhibitor; ACM = all-cause mortality; AP = angina pectoris; ARB = angiotensin Il receptor blocker; b.i.d. = ; BBL = beta blocker; Cl = confidence interval; CKD = chronic kidney disease; HF = heart failure; hosp = hospital stay; HR =

hazard ratio; LVEF = left ventricular ejection fraction; Ml = myocardial infarction; MRA = mir

ist; NA = not ilabl

p

NYHA = New York Heart Association functional class; OR = odds ratio; sCr = serum creatinine; WHF = worsening heart failure.
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LELICIN Pharmacological Treatments Indicated in Patients With HF and Stage 3-5 CKD

Stage 3 CKD Stage 4-5 CKD
(eGFR 30-59 ml/min/1.73 m?) (eGFR <30 ml/min/1.73 m?)
Practical Considerations Evidence* Ref. # Evidence* Ref. #
ACEi
An ACEi is recommended in all patients with EF <40% and stage 3 CKD and might be considered in Strong (18-21) Weak (18,21)
stage 4-5 CKD with careful monitoring of renal function and electrolytes.
BBL
A BBL is recommended in all patients with EF <40% and stage 3 CKD and should be considered in Strong (34-37) Moderate (34-36,38)
stage 4-5 CKD.
MRA
An MRA is recommended in all patients with EF <35%, persisting symptoms despite ACEi and BBL Strong (7,31,33) Absent —
therapy, and stage 3 CKD. In stage 4-5 CKD, MRA should not be given.
ARB
An ARB is recommended in patients with EF <40% and intolerance to ACEi or having symptoms Moderate (27,78) Weak (30)

despite ACEi and BBL and intolerant of a MRA and stage 3 CKD. Add-on ARB might be considered
in stage 4-5 CKD with careful monitoring of renal function and electrolytes.
Digoxin
Might be considered in patients with sinus rhythm, EF <35%, who do not tolerate BBL, or on top Weak (40) Weak (40)
of BBL, ACEi, and/or ARB/MRA and stage 3-5 CKD with careful monitoring of electrolytes and
digoxin levels (stage 4-5 CKD).
Ivabradine
Should be considered in patients in sinus rhythm with an EF <35%, a heart rate >70 beats/min, Moderate (41,42) Absent =
and persisting symptoms despite treatment with BBL (or intolerance), ACEi and an MRA (or ARB),
and stage 3 CKD.
H-ISDN
Might be considered as an alternative to an ACEi or ARB, if neither is tolerated, on top of BBL Weak (43,44) Absent —
and MRA, in patients with an EF <45%, and dilated LV (or EF <35%) and stage 3 CKD.
Diuretics
Diuretics should be considered in any patient with signs and symptoms of congestion and volume Absent — Absent =
overload and stage 3-5 CKD with careful monitoring of renal function and electrolytes.
ICD
Secondary prevention Strong (53,55,56) Absent =
An ICD is indicated in a patient with a history of ventricular arrhythmia and hemodynamic instability
or survivors of cardiac arrest, and stage 3 CKD, and might be considered in stage 4-5 CKD.
Primary prevention Strong (49,52) Weak (57)
An ICD is indicated in ischemic and nonischemic etiology of patients with EF <35%, symptomatic HF,
and stage 3 CKD, and might be considered in stage 4-5 CKD.
CRT
CRT is indicated in symptomatic patients (NYHA lI-IV), on optimal medical therapy, in SR, with QRS Strong (58,59,79,80) Absent =
duration >120 ms, LBBB QRS morphology and EF <35% (or QRS >130 ms and EF <30%) and
stage 3 CKD, and might be considered in stage 4-5 CKD.
CRT should be considered in symptomatic patients (NYHA 1I-IV), on optimal medical therapy, in SR, Moderate (59,80) Absent =
with QRS duration >150 ms, irrespective of QRS morphology and EF <35% and stage 3 CKD,
and might be considered in stage 4-5 CKD.

*Evidence on the basis of number and type of trials and outcomes.
CRT = cardiac resynchronization therapy; EF = ejection fraction; eGFR = estimated glomerular filtration rate; H-ISDN = hydralazin and isosorbide-dinitrate; ICD = implantable cardioverter-defibrillator;
LBBB = left bundle branch block; LV = left ventricle; MRA = mineralocorticoid receptor antagonist; Ref = references; SR = sinus rhythm; other abbreviations as in Table 2.

observed with angiotensin II receptor blocker (ARB) Dual RAAS Blockade: Add-On ARB Therapy
treatment in this population was similar across CKD

subgroups (unpublished data). Studies on ARB versus ~ Stage 3 CKD. In Val-HeFT (Valsartan Heart Failure
ACE:i therapy in patients with HF or LV dysfunction Trial), valsartan (target dose 160 mg b.i.d., achieved dose

after MI have not reported renal subgroup analyses 254 mg daily) reduced the composite mortality-morbidity
(23-26). endpoint but not the co-primary all-cause mortality

Stage 4 and 5 CKD, There e s dw e on ARBs {2050 T bl oF et v st vy
o e o e (RAASI (b 4y 27). Similarly, in the CHARM-Added i, the

There is limited evidence for the use of single ARB beneficial effect of candesartan on the primary composite

therapy in patients with stage 3 CKD, whereas there is an outcome of CV' death or HI hospital stay was evident in

. patients with both preserved and reduced kidney function as
32:;3:1;551 data on the effect of ARB in severe renal determined by sCr </>2.0 mg/dl (28). There was no



ir: W3 Characteristics of ARB Studies

Renal Function Baseline Concomitant Therapy
Exclusion; Renal Renal Relative Risk
Primary Creatinine, Function Subgroup (Primary Outcome Study)
Study* n Design Outcome LVEF NYHA mg/dl (pmol/1) (eGFR or sCr) CKD ACEi/ARB BBL MRA Digoxin Analysis (95% ClI)
Val-HeFT 5,010 Valsartan vs. ACM 27 36% Il >2.5 (221) 58 ml/min/ 58 93 35 NA 67 Yes HR: 1.02 (0.88-1.18)1
Placebo 1.73 m? CKD: HR: 1.01 (0.85-1.20)f
CHARM-Added 2,548 Candesartan CV mortality 28 73% Il >3.0 (265) NA 337 100 55 17 58 Yes HR: 0.85 (0.75-0.96)
vs. Placebo or HF hosp No significant interaction
between creatinine and
treatment?
CHARM-Alternative 2,028 Candesartan CV mortality 30 49% Il >3.0 (265) NA 437 50 55 24 45 Yes HR: 0.77 (0.67-0.89)
vs. Placebo or HF hosp No significant interaction between
creatinine and treatment?
HEAAL 3,846 High- vs. ACM or HF 33 30% Il >2.5 (221) 1.10 mg/dl NA 100 72 38 42 Yes HR: 0.90 (0.82-0.99)
Low-dose hosp CKD: HR: 0.98 (0.85-1.13)
Losartan No significant interaction between
CKD and treatment effect
ACEi vs. ARBs
ELITE 722 Captopril vs. WRF 31 65% Il >2.5 (221) 1.20 mg/dl NA 100 59 NA 57 Yes RR for WRF 2% (—51%--+36%)
Losartan ACM: RR 0.46 (0.05-0.69) for
losartan
ELITE Il 3,152 Captopril vs. ACM 31 52% Il >2.5 (221) NA NA 100 22 22 50 No HR: 1.13 (0.95-1.35)
Losartan
OPTIMAAL 5,477 Captopril vs. ACM NA 32% | NA 1.13 mg/dl NA 100 79 NA 11 NO HR: 1.13 (0.99-1.28)
Losartan
VALIANT 14,703 Valsartan vs. ACM 35 48% Il >2.5 (221) 1.1 mg/dl NA 39 70 9 NA Yes Valsartan: HR 0.98 (0.87-1.09)
Valsartan + Valsartan-Captopril
Captopril vs. HR: 1.00 (0.89-1.11)
Captopril No interaction between creatinine

and treatment effect

Values are percentages, unless otherwise indicated. Studies that included >250 patients and small but important studies are presented. *Please see the Online Appendix for a list of the trial acronyms. fIn the Val-HeFT study, time to first morbid event was significantly reduced

in overall population: HR: 0.87 (95% Cl: 0.77-0.97), including patients with CKD: HR: 0.86 (95% CI: 0.74-0.99). {On the basis of entire CHARM cohort (28).

CV = cardiovascular; other abbreviations as in Tables 2 and 3.
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significant interaction between baseline eGFR and this
beneficial effect of candesartan (unpublished data). In
contrast, in patients post-MI or at high CV risk, addition of
an ARB to an ACEi does not improve outcome and might
cause deterioration of renal function (29).

Stage 4 and 5 CKD. One study in hemodialysis patients
with HF assessed the effect of addition of an ARB to
standard therapy (100% ACEi, 60% beta-blocker, 50%
digoxin) on outcome (30). In that small trial (332 patients),
telmisartan (target dose 80 mg daily, achieved dose 75 mg
daily) significantly improved the primary endpoint of all-
cause mortality as well as the secondary endpoints of HF
hospital stay or CV mortality.

Add-on ARB therapy should be considered in patients
with chronic HF who do not tolerate an MRA, even if they
have stage 3 CKD. Data in stage 4 to 5 CKD are limited to 1
study in hemodialysis patients but, in that study, did
demonstrate benefit. Care should be taken to monitor renal
function and electrolytes in a similar fashion as ACEi therapy.

Mineralocorticoid Receptor Antagonists

Stage 3 CKD. In RALES (Randomized Aldactone Eval-
uation Study) (target dose 50 mg daily, achieved 26 mg daily),
a total of 48% of patients had eGFR <60 ml/min/1.73 m?
(Table 5) (31). In an interaction analysis, spironolactone
improved outcome irrespective of renal function (32). The
EPHESUS (Eplerenone Post-Acute Hospitalization and
Survival Study in Heart Failure) trial enrolled patients with a
reduced ejection fraction and evidence of HF (or diabetes
mellitus) after recent MI (33). There was an interaction
between baseline sCr and the effect of treatment on all-cause
mortality, whereby eplerenone was not associated with
improved outcome in patients with sCr above 1.10 mg/dl
However, there was no such interaction for the co-primary
endpoint of CV death or hospital stay. The most
convincing and latest evidence comes from the recent
EMPHASIS-HF (Eplerenone in Mild Patients Hospitali-
zation and Survival Study in Heart Failure) trial, where 33%
of patients had eGFR <60 ml/min/1.73 m? (7). The effect
of eplerenone (target dose 50 mg daily, achieved 39 mg daily)
on the primary composite endpoint of HF hospital stay or
CV death was consistent in patients dichotomized at an
eGFR <60 ml/min/1.73 m?.

Stage 4 and 5 CKD. There are no data available on MRA
therapy in patients with HF and stage 4 and 5 CKD, and
eplerenone is contraindicated in patients with stage 4 and
5 CKD.

There is convincing evidence for a significant treatment
benefit with the use of MRA in the setting of HF with
moderate renal dysfunction (stage 3 CKD), but no data are
available in stage 4 and 5 CKD.

Beta-Blockers

Stage 3 CKD. Despite the absence of robust evidence
that beta-blockers worsen renal function, trials in HF have

Characteristics of MRA Studies

Concomitant Therapy

Renal Function

Relative Risk
(Primary Outcome Study)

Renal

Baseline Renal

Exclusion;

Subgroup

CKD ACEi/ARB BBL MRA Digoxin Analysis
48

Function
(eGFR or sCr)

1.2 mg/dl

Creatinine,
mg/dl (pmol/1)

Primary

(95% ClI)

HR: 0.70 (0.60-0.82)

NYHA
69% Il

LVEF

Outcome

Design
ACM

n
1,663

Study*
RALES

10 50 73 Yes

94

25 >2.5(221)

Spironolactone

CKD: HR: 0.68 (0.56-0.84)

vs. Placebo

No significant interaction between

CKD and treatment
HR: 0.85 (0.75-0.96)

Yes

NA

75 50

79 mi/min/1.73 m? 86

ACM 33 NA >2.5 (221)

Eplerenone

6,632

EPHESUS

sCr >1.1 mg/dl upper CI crosses 1,

vs. Placebo
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p for interaction = 0.03
HR: 0.66 (0.56-0.78)

87 50 27 Yes

93

71 mi/min/1.73 m?

eGFR <30 ml/min/1.73 m?

26 100% 11

CV mortality

Eplerenone

EMPHASIS 2,737

No significant interaction between

or HF hosp

vs. Placebo

CKD and treatment

Values are percentages, unless otherwise indicated. Studies that included >250 patients and small but important studies are presented. *Please see the Online Appendix for a list of the trial acronyms.

Abbreviations as in Tables 2, 3, and 4.
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excluded patients with severe kidney dysfunction, possibly
because of concerns about reduced renal excretion of cer-
tain drugs (T'able 6). In the MERIT-HF (Metoprolol CR/XL
Randomised Intervention Trial in Congestive Heart Failure)
study, the beneficial effect of metoprolol (target dose 200 mg
daily, achieved 159 mg daily) on clinical outcome was con-
sistent across the eGFR categories examined (eGFR <45,
45 to 60, and >60 ml/min/1.73 m?) (34). Significant in-
teractions were found between metoprolol therapy and base-
line eGFR: the effect of metoprolol was more pronounced in
patients with eGFR <45 ml/min/1.73 m® The CIBIS-II
(Cardiac Insufficiency Bisoprolol Study II) trial showed that
the beneficial effect of bisoprolol (target dose 10 mg daily,
achieved 8.6 mg daily) was present across all categories of
eGFR. Numerically, all-cause mortality did not improve in
patients with eGFR <60 ml/min/1.73 m?, but there was
no significant treatment interaction (35). In the SENIORS
(Study of the Effects of Nebivolol Intervention on Outcomes
and Rehospitalisation in Seniors with Heart Failure) trial the
effect of nebivolol (target dose 10 mg daily, achieved dose
7.7 mg daily) in patients with reduced eGFR was not different
from the effect in patients with eGFR above 60 ml/min/
1.73 m? (36). Finally, a meta-analysis of the effect of carvedilol
in the COPERNICUS (Carvedilol Prospective Randomized
Cumulative Survival) and CAPRICORN (Carvedilol Post
Infarct Survival Control in LV Dysfunction) trials showed that
this beta-blocker significantly improved outcome in patients
with eGFR between 45 and 60 ml/min/1.73 m?. There was
no interaction between the effect of carvedilol treatment and
eGFR categories (<45 vs. 45 to 60 ml/min/1.73 m?) (37).
Stage 4 and 5 CKD. Data from both the MERIT-HF and
CIBIS-II trials suggest that beta-blockers are clearly effec-
tive in patients with eGFR <45 ml/min/1.73 m? (34,35).
Especially in the MERIT-HF study, the metoprolol/pla-
cebo hazard ratio was 0.41 (95% confidence interval: 0.25 to
0.68) in the 493 patients with eGFR <45 ml/min/1.73 m?
(12% of the whole study population). This subgroup had a
mean eGFR of 36.6 + 6.8 ml/min/1.73 m?, which included
patients with eGFR <30 ml/min/1.73 m?. In the SE-
NIORS study, only 3.1% of patients had stage 4 CKD, but
no subgroup analysis has been performed on these patients.
As described earlier, in a meta-analysis of the CAPRI-
CORN and COPERNICUS studies, there was no signifi-
cant interaction between baseline eGFR and the effect of
carvedilol, suggesting that carvedilol might improve out-
come irrespective of renal function (37). However, only 8%
of all patients in these studies had stage 4 CKD. In 1 small
trial in hemodialysis patients with HF, carvedilol signifi-
cantly improved the secondary combined endpoint of all-
cause mortality and CV death (38).

Large subgroup analyses from landmark trials have shown
clear mortality and morbidity benefit for beta-blocker
therapy in the general HF population with stage 3 CKD,
and it seems likely that beta-blockers improve outcome

in HF patients with severe renal dysfunction (stage 4 and
5 CKD).

JACC Vol. 63, No. 9, 2014
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Digoxin
Stage 3 CKD. Only 1 landmark placebo-controlled ran-
domized trial, the DIG (Digitalis Investigation Group)
study, examined the effects of adding digoxin (target dose
individually determined, median achieved dose 0.25 mg
daily, with 1% taking 0.5 mg daily) to treatment with a
diuretic and ACE; in patients with HFREF (Table 7) (39).
Shlipak et al. (40) examined whether baseline renal function
modified the effect of digoxin and showed that the effect of
this treatment was consistent across 3 eGFR categories
studied (ie., <30, 30 to 60, and >60 ml/min/1.73 m?).
Stage 4 and 5 CKD. There was no interaction between
baseline renal function and the effect of digoxin in 218 pa-
tients with stage 4 CKD in the DIG study. Moreover,
in another analysis of the DIG study, digoxin reduced mor-
tality in 289 patients with sCr >2.0 mg/dl, with a significant
interaction between the effect of digoxin and baseline sCr,
with a stronger effect of digoxin in patients with higher
baseline sCr (40). Given the renal excretion of digoxin and the
risk of digoxin intoxication especially in renal insufficiency,
careful monitoring or renal function and especially potassium,
in addition to digoxin concentration monitoring, is indicated
with the use of digoxin. This is supported by findings in the
DIG study, where patients with eGFR <30 ml/min/1.73 m?
were treated with the lowest doses of digoxin but still had the
highest serum digoxin levels.

Digoxin might be considered in patients with stage 3 to 5
CKD, with careful monitoring of digoxin concentrations
and electrolytes.

Ivabradine

The effect of ivabradine on mortality and morbidity in
patients with LV systolic dysfunction was studied in 2
studies (SHIFT [Systolic Heart failure treatment with
the IF inhibitor ivabradine Trial] and BEAUTIFUL
[Morbidity-mortality Evaluation of the If inhibitor ivab-
radine in patients with coronary disease and left-ventricular
dysfunction] trials), but a renal subgroup analysis has not
been published in either (Table 7) (41,42). Considering
the pharmacological effect of ivabradine, it is unlikely to
cause deterioration in renal function, and because renal
clearance accounts for 20% of ivabradine clearance, there
is no need for dose adjustment in patients with renal
impairment, although there are no data in patients with
creatinine clearance <15 ml/min.

Hydralazine and Isosorbide-Dinitrate

No renal subgroup analyses are available from the V-HeFT
(Vasodilator Heart Failure Trial) studies (43,44). A-HeFT
(African-American Heart Failure Trial), in African-
American HF patients, did not show significant interac-
tion between a history of “renal insufficiency” and the effect
of hydralazine and isosorbide-dinitrate (H-ISDN) therapy



X Characteristics of BBL Studies

Renal Function

Concomitant Therapy

Exclusion; Baseline Renal Renal Relative Risk
Primary Creatinine, Function Subgroup (Primary Outcome Study)
Study* n Design Outcome LVEF NYHA mg/dl (pmol/I) (eGFR or sCr) CKD ACEi/ARB BBL MRA Digoxin Analysis (95% ClI)
MDC 383 Metoprolol vs. ACM 22 49% 1Nl NA 1.14 mg/dl NA 80 50 NA 79 No HR: 0.68 (0.38-1.06)
Placebo
CIBIS 641 Bisoprolol vs. ACM 25 95% Il >3.4 (300) NA NA 90 50 NA 56 No HR: 0.80 (0.56-1.15)
Placebo
US-Carvedilol 1,094 Carvedilol vs. ACM 22 44% 11l Clinically important NA NA 95 64 NA 91 No HR: 0.35 (0.20-0.61)
Placebo renal disease
MERIT-HF 3,991 Metoprolol vs. ACM 28 56% Il NA 67 ml/min/1.73 m? 37 95 50 NA 63 Yes HR: 0.66 (0.53-0.81)
Placebo GFR <45: HR: 0.41 (0.25-0.68)
GFR 45-60: HR: 0.68 (0.45-1.02)
p value for interaction = 0.095
CIBIS-II 2,647 Bisoprolol vs. ACM 28 83% Il >3.4 (300) 65 ml/min/1.73 m? 43 96 50 10 52 Yes HR: 0.66 (0.54-0.81)
Placebo GFR <45: HR: 0.71 (0.48-1.05)
GFR 45-60: HR 0.69 (0.46-1.04)
No significant interaction between
GFR and treatment
COPERNICUS 2,289 Carvedilol vs. ACM 20 100% llI/IV >2.8 (247.5) 1.53 mg/dl 617 97 50 20 66 Yes HR: 0.65 (0.52-0.81)
Placebo CKD: HR: 0.76 (0.63-0.93)f
No significant interaction between
GFR and treatment
CAPRICORN 1,959 Carvedilol vs. ACM 33 NA Renal impairment NA 61} 98 50 NA NA Yes HR: 0.77 (0.60-0.98)%
Placebo CKD: HR: 0.76 (0.63-0.93):
No significant interaction between
GFR and treatment
BEST 2,708 Bucindolol vs. ACM 23 92% Il >3.0 (265) NA NA 91| 50 4 92 No HR: 0.90 (0.78-1.02)
Placebo
COMET 3,029 Metoprolol vs. ACM 26 49% Il NA NA NA 92 100 11 60 No HR: 0.83 (0.74-0.93)
Carvedilol
SENIORS 2,128 Nebivolol vs. ACM or 36 39% Il Significant renal 65 ml/min/1.73 m? 42 82| 50 28 39 Yes HR: 0.86 (0.74-0.99)9
Placebo CV hosp dysfunction GFR <55: HR: 0.81 (0.64-1.03)¢
ACEi vs. BBL
therapy
CIBISHII 1,010 Bisoprolol vs. ACM or 29 49% Il >2.5 (220) 1.13 mg/dl NA 100 100 13 NA UYes HR: 0.94 (0.77-1.16)
enalapril, ACH No significant interaction
either first between GFR and treatment
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Values are percentages, unless otherwise indicated. Studies that included >250 patients and small but important studies are presented. *Please see the Online Appendix for a list of the trial acronyms. {CKD rate in combined CAPRICORN and COPERNICUS population. {From
cumulative HR from meta-analysis of COPERNICUS and CAPRICORN studies. ACM data. Primary endpoint of the CAPRICORN study was time to ACM or cardiovascular hospital stay: HR: 0.92 (95% CI: 0.80-1.07). ||ACEi only, because ACEi and ARB were not reported as
combined treatment. §ACM data, overall: HR: 0.88 (95% CI: 0.71-1.08); CKD, HR: 0.76 (95% Cl: 0.56-1.03).

ACH = all-cause h ital stays; other abbreviations as in Tables 2, 3, and 4.

fouaroyynsuj jeuay pue ainjie4 Heay YHM Sjudijed jJo Juswyeal)

e 39 ueweq

198



862 Damman et al.

Treatment of Patients With Heart Failure and Renal Insufficiency

(target dose 225 mg hydralazine/120 ISDN, achieved dose
in 68%) (44).

Diuretics

Diuretics are indicated in patients with symptoms and/or
signs of congestion (1,2). Current guidelines advocate using
the minimum dose necessary to achieve “dry weight” and to
reduce the dose, if possible, so as to prevent dehydration
and deterioration in renal function. Paradoxically, it has
recently been recognized that diuretics might improve renal
function if there is renal venous congestion, emphasizing
that diuretic needs might change according to the clinical
status of patients and that dose should be fine-tuned on an
individual basis (45). No specific data are available that show
improvement in outcome in patients with HF and
renal impairment, and only 1 small meta-analysis showed a
possible prognostic benefit of loop diuretics in the general
HF population. There is also a call for a shift toward novel
loop diuretics such as torsemide, because small randomized
trials might suggest improvement in clinical outcome, but
to date the pooling of studies does not suggest improved
outcome in the entire HF population (46—48). Therefore,
start and titration of diuretic therapy is dependent on
individual patient characteristics, including vital signs,
symptoms, and signs of congestion and baseline renal
function.

Implantable-Cardioverter Defibrillator Therapy

Approximately 8 trials examined the role of implantable-
cardioverter defibrillator (ICD) therapy for primary (49-52)
and secondary (53-56) prevention of fatal ventricular
arthythmia in ischemic and nonischemic populations
(Table 8). Although renal dysfunction was not an exclusion
criterion in these trials, baseline renal function was reported
only in the MADIT (Multicenter Automatic Defibrillator
Implantation Trial), MADIT II (Multicenter Automatic
Defibrillator Implantation Trial II), and SCD-HeFT
(Sudden Cardiac Death in Heart Failure Trial) (Table 8)
(49,50,52). Only 1 subgroup analysis has been published
looking at patients with stage 3 CKD. This subgroup
analysis from the MADIT II study showed beneficial
effects of ICD therapy in all patients, including those with
eGFR between 35 and 60 ml/min/1.73 m?, without evi-
dence of significant interaction between ICD therapy and
renal function (57). Numerically, the beneficial effect of
ICD therapy was not observed in 80 patients with eGFR
<35 ml/min/1.73 m?. However, the interaction between
baseline eGFR and the effect of ICD therapy was not sta-
tistically different, suggesting that the overall effect of the
study also applied to this specific patient cohort (57).

Patients with stage 3 to 5 CKD were not excluded from
ICD trials, and the treatment effect seems independent of
renal function. Therefore these patients should be consid-
ered for ICD therapy.

JACC Vol. 63, No. 9, 2014
March 11, 2014:853-71

Cardiac Resynchronization Therapy

Stage 3 CKD. The landmark CARE-HF (Cardiac
Resynchronization Heart Failure) trial provides the best
data on the effects of cardiac resynchronization therapy
(CRT) in patients with stage 3 CKD (Table 9) (58). Over-
all, CRT led to a 37% relative risk reduction in all-cause
mortality in the CARE-HF trial. There was no interaction
between baseline GFR and the effect of treatment (ie.,
CRT led to a relative risk reduction in mortality of 33% in
patients with CKD). In patients with milder symptoms and
stage 3 CKD in the MADIT-CRT (Multicenter Automatic
Defibrillator Implantation Trial-Cardiac Resynchroniza-
tion) trial, the benefit of CRT-D, compared with an ICD,
was similar to that in the entire population, with no inter-
action between renal function and effect of treatment
(59,60). In the RAFT (Resynchronization Defibrillation for
Ambulatory Heart Failure Trial), CRT improved outcome
in patients with and without CKD, without a significant
interaction between baseline renal function and the effect of
treatment (61). Importantly, almost 50% of patients had
eGFR <60 ml/min/1.73 m® in the RAFT and MADIT-
CRT studies, suggesting that the overall findings are
generalizable. From a pathophysiological perspective, CRT
improves cardiac output and thereby probably improves
renal perfusion and function (62). This was confirmed in a
systematic review of CRT in CKD, where CRT not only
improved eGFR but also clinical outcome (63).

Stage 4 and 5 CKD. Although patients with a sCr
>3.0 mg/dl were excluded from the MADIT-CRT and
MIRACLE (Multicenter InSync Randomized Clinical
Evaluation) trials, a large proportion had CKD, defined as
an eGFR <60 ml/min/1.73 m* (as did many in the CARE-
HF (Cardiac Resynchronization Heart Failure) and RAFT
studies), meaning that some patients with stage 4 and 5
CKD were included in these trials (59,64). However, the
effect of therapy in these patients has not been reported
(58,59,61,64).

There is convincing evidence for the use of CRT therapy
in patients with mild to severe HF and stage 3 CKD,
whereas there are no specific data on the effect of CRT in
stage 4 to 5 CKD.

Absolute and Relative Risk Reduction in Patients
With Stage 3 to 5 CKD

Because patients with stage 3 to 5 CKD have much higher
rates of death and hospital stay than patients with little or
no renal dysfunction, the absolute risk reduction with the
treatments discussed earlier is potentially much greater in the
former patients. For instance, in the MERIT-HF study, the
absolute risk reductions with metoprolol in patients with
an eGFR >60, 45 to 60, and <45 ml/min/1.73 m? for all-
cause mortality were 2.5%, 3.95%, and 12.6%, respectively.
This resulted in a number needed to treat for 18 months of
40, 26, and 8 to prevent 1 death for each eGFR category.



IFELICW Al Characteristics of Studies of Other Pharmacological Therapies

Renal Function Baseline Concomitant Therapy
Exclusion; Renal Renal Relative Risk
Primary Creatinine, Function Subgroup (Primary Outcome Study)
Study* n Design Outcome LVEF NYHA mg/dl (pmol/I) (eGFR) CKD ACEi/ARB BBL MRA Digoxin Analysis (95% CI)
Digoxin
DIG 6,800 Digoxin vs. ACM 28 31% Il >3.0 (265) NA 46 94 NA NA 50 Yes HR: 0.99 (0.91-1.07)f
Placebo GFR <30: HR: 0.93 (0.65-1.35)}
GFR 30-60: HR: 0.95 (0.85-1.07)f
No significant interaction between
GFR and treatment
Ivabradine
BEAUTIFUL 10,917 Ivabradine vs. CV mortality or 32 61% Il Severe renal NA NA 920 87 27 NA No HR: 1.00 (0.91-1.10)
Placebo HF/MI hosp disease
SHIFT 6,558 Ivabradine vs. CV mortality or 29 50% Il Severe renal 75 ml/min/1.73 m? NA 781 90 60 22 No HR: 0.82 (0.75-0.90)
Placebo HF hosp disease
H-ISDN
V-HeFT | 642 H-ISDN vs. ACM 30 NA Severe intrinsic NA NA NA NA NA 100 No H-ISDN: HR: 0.78 (0.58-1.04)
Prazosin renal disease Prazosin: HR: 1.11 (0.85-1.46)
Vs. (both vs. placebo)
Placebo
V-HeFT 1l 804 H-ISDN vs. ACM 29 50% Il Severe intrinsic NA NA 50 NA NA 100 No HR: 1.23 (0.97-1.55)
Enalapril renal disease
A-HEFT 1,050 H-ISDN vs. ACM or HF 24 96% Il Severe renal NA 17 701 74 39 60 Yes ACM: HR: 0.57 (0.37-0.89)
Placebo hosp and QoL disease No significant interaction between

CKD and treatment

Values are percentages, unless otherwise indicated. Studies that included >250 patients and small but important studies are presented. *Please see the Online Appendix for a list of trial acronyms. {The overall effect of digoxin on the combined endpoint of heart failure hospital
stays and mortality was: HR: 0.75 (95% Cl: 0.69-0.82), in GFR <30: HR: 0.77 (95% Cl: 0.55-1.08), and in GFR 30-60 HR: 0.84 (95% Cl: 0.76-0.93). {ACEi only, because ACEi and ARB were not reported as combined treatment.
MI = myocardial infarction; QoL = quality of life; other abbreviations as in Tables 2, 3, and 4.
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I CX:J Characteristics of ICD Studies

Renal Function Concomitant Therapy Renal Relative Risk
Primary Exclusion; Creatinine, Baseline Renal Subgroup (Primary Outcome Study)
Study* n Design Outcome LVEF NYHA mg/dl (pmol/I) Function{ CKD ACEi/ARB BBL MRA Digoxin Analysis (95% Cl)
MADIT 196 ICD vs. CMT ACM 26 61% i/l NA 20% BUN >25 mg/dl NA 57 21 NA 48 No HR: 0.46 (0.26-0.82)
AVID 1,013 ICD vs. CMT ACM 32 9% Il NA 8% NA 69 29 NA 43 No HR: 0.62, p < 0.02
CASH 288 ICD vs. BBL ACM 46 73% lI/11 NA NA NA 41 33 NA 21 No HR: 0.77, 1-sided p = 0.08
vs. Amio
CIDS 659 ICD vs. Amio ACM 34 11% li/IV NA NA NA NA 27 NA 26 No RRR: 19.7% (—7.7% to 40.0%)
p=0414
CAT 104 ICD vs. CMT ACM 24 35% Il NA NA NA 96 4 NA 81 No OR: 0.82 (0.59-1.12)5
MADIT Il 1,232 ICD vs. CMT ACM 23 25% il End-stage 69 ml/min/1.73 m? 38 69 70 NA 57 Yes HR: 0.69 (0.51-0.93)
renal disease GFR 35-60: HR: 0.74
(0.48-1.15)

GFR <35: HR: 1.09
(0.49-2.43)

No significant interaction
between GFR and
treatment

DEFINITE 458 ICD vs. CMT ACM 21 21% Il NA NA NA 86 85 NA 42 No HR: 0.65 (0.40-1.06)
SCD-HeFT 2,521 ICD vs. CMT ACM 25 30% Il NA 1.12 (0.9-1.3) mg/dl NA 85 69 NA 70 No Amio vs. CMT
vs. Amio HR: 1.06 (0.86-1.30)
ICD vs. CMT

HR: 0.77 (0.62-0.96)

Values are percentages, unless otherwise indicated. Studies that included >250 patients and small but important studies are presented. *Please see the Online Appendix for a list of the trial acronyms. {sCr (mg/dl [utmol/1]), eGFR (ml/min/1.73 mz), or percentage CKD. iRenal
disease in the AVID study was defined as glomerulonephritis, acute tubular necrosis, renal insufficiency, chronic renal infections, or chronic renal failure. The eGFR was not available. §From Youn et al. (81).

Amio = amiodarone; BUN = blood urea nitrogen; CMT = conventional medical therapy; LVESV = left ventricular end systolic volume; BMWT = 6-min walk test; OMT = optimal medical therapy; OR = odds ratio; RRR = relative risk reduction; RV = right ventricular; other
abbreviations as in Tables 2, 3, 4, and 7.
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Table 9

Characteristics of Studies on CRT

Renal Function

Concomitant Therapy

Excl Baseli Renal Relative Risk
Primary Creatinine, Renal Subgroup (Primary Outcome Study)
Study* n Design Outcome LVEF NYHA mg/dl (umol/I) Function{ CKD ACEi/ARB BBL MRA Digoxin Analysis (95% Cl)
MUSTIC-SR 67 Cross over CRT 6MWT 23 100% Il NA NA NA 96 28 22 48 No 399 vs. 326 m
on/off p < 0.001
MUSTIC-AF 43 Cross over CRT 6MWT 26 95% Il NA NA NA 100 23 16 58 No 341 vs. 359 m
on/off p > 0.05
MIRACLE 453 ICD+CRT (on) vs. NYHA, 6MWT, 22 90% il >3.0 (265) NA 38 92 59 NA 78 Yes A QoL —18.0 vs. —9.0,
ICD+CRT (off) QoL p = 0.001
CRT effective in all GFR
categories
CONTAK-CD 490 ICD+-CRT (on) vs. Composite 21 68% lll/IV NA NA NA 88 47 NA 69 No RRR 15%
ICD+CRT (off) endpoint p =0.35
MIRACLE-ICD 369 ICD+CRT (on) vs. NYHA, 6MWT, QoL 24 89% IIl >3.0 (265) NA NA 91 60 NA NA No A QoL —17.5 vs. —11.0
ICD+CRT (off) p = 0.02
COMPANION 1,520 ICD (on) +CRT vs. ACM or ACH 21 85% Il NA 23% renal NA 90 68 54 NA No CRT vs. OMT: HR: 0.81
ICD (off) +CRT dysfunction (0.69-0.96)
vs. OMT ICD vs. CRT: HR: 0.80
(0.68-0.95)
CARE-HF 813 CRT vs. CMT ACM 25 6% IV NA 60 (46-73) 50 95 72 56 43 Yes HR: 0.63 (0.51-0.77)
CKD HR: 0.67 (0.50-0.89)
No significant interaction
between CKD and
treatment
REVERSE 610 CRT (on) vs. HF clinical 26 82% Il >3.0 (265) 86 + 33 29 96 95 NA NA Yes 21% vs. 16% worsened
CRT (off) change No interaction between
CKD and treatment
effect
MADIT-CRT 1,820 CRT-+ICD vs. ICD ACM or 24 85% Il >3.0 (265) 12 + 04 NA 771t 93 32 25 Yes HR: 0.66 (0.52-0.84)
HF events BUN >70 mg/dl 24% BUN CKD: HR: 0.67 (0.50-0.89)
>26 mg/dl No significant interaction
between CKD and
treatment
RAFT 1,798 CRT-+ICD vs. ICD ACM or 23 20% Il None 60 + 20 50 97 920 42 34 YES HR: 0.75 (0.64-0.87)
HF hosp No significant interaction

between CKD and
treatment

Values are percentages, unless otherwise indicated. Studies that included >250 patients and small but important studies are presented. *Please see the Online Appendix for a list of the trial acronyms. {sCr (mg/dl [imol/1]), eGFR (ml/min/1.73 m?), or percentage CKD. {ACEi

only; ARB use was 20%.

Abbreviations as in Tables 2, 3, 4, 7, and 8.
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Incidence of WRF and Hyperkalemia in HF Trials
Incid Di: tinuation Incid Di: tinuation
Study* n Treatment Definition WRF WRF for WRF Hyperkalemi: for Hyperl
ACEi
CONSENSUS 127 Enalapril >30% increase in sCr 35 5 7 NA
126 Placebo 18 3 4
SOLVD Treatment 1,285 Enalapril Increase in sCr above 10.7 NA 6.4 NA
1,284 Placebo 2 mg/dl 7.7 NA 25
SOLVD Prevention 2,111 Enalapril NA NA NA 11 NA
2,117 Placebo 04
SAVE 1,115 Captopril >0.3 mg/dl increase 6.4 NA NA NA
1,116 Placebo in sCr 5.7
TRACE 876 Trandolapril ‘Renal dysfunction’ 13.7 2 4.9 NA
873 Placebo 10.8 1 2.6
NETWORK 506 Enalapril 2.5 mg Increase in sCr above 3.0 NA 1.6 NA
510 Enalapril 5.0 mg 2.3 mg/dl 5.3 2.2
516 Enalapril 10 mg 58 33
AIRE 1,004 Ramipril NA 1.5 NA NA NA
982 Placebo 1.2
ATLAS 1,596 Lisinopril low NA 7 0.4 4 0.1
1,568 Lisinopril high 10 0.3 6 0.4
BBL
US-Carvedilol 696 Carvedilol NA 7 0.3 NA NA
398 Placebo 5 0.3
SENIORS 1,060 Nebivolol ‘Renal failure’ 10.1 0.1 NA NA
1,052 Placebo 74 0.1
MRA
RALES 822 Spironolactone >30% decrease in eGFR 17 9.3 2 NA
841 Placebo during titration 7 8.3 1
EPHESUS 3,319 Eplerenone >20% decrease in eGFR 16.9 NA 5.5 NA
3,313 Placebo in 1 month 14.7 3.9
EMPHASIS 1,360 Eplerenone ‘Renal failure’ 1.9 0.3 8.0 11
1,369 Placebo 23 0.4 3.7 0.9
ARBs
SPICE 179 Candesartan ‘Renal Insufficiency’ NA 3.9 22 NA
91 Placebo 3.3 2.2
Val-HeFT 2,511 Valsartan ‘Renal impairment’ NA 11 NA NA
2,499 Placebo 0.2
CHARM-Added 1,276 Candesartan Doubling of sCr 7 87 3 34
1,272 Placebo 6 4t 1 0.7
CHARM-Alternative 1,013 Candesartan Doubling of sCr 55 6.1 3 19
1,015 Placebo 1.6 2.71 13 0.3
CHARM-Preserved 1,514 Candesartan Doubling of sCr 6 4.871 2 1.5
1,509 Placebo 3 247 1 0.6
HEAAL 1,921 Losartan low ‘Renal impairment’ 17 1.9 7 0.2
1,913 Losartan High 24 3 10 0.5
ARBs vs. ACEi
ELITE 722 Captopril Persisting >0.3 mg/dI 10.5 0.8 23% 1.6
Losartan increase in sCr 10.5 1.4 191 0.9
OPTIMAAL 2,733 Captopril NA NA <0.5 NA <0.5
2,744 Losartan <0.5 <0.5
VALIANT 4,909 Captopril ‘Renal dysfunction’ 3.0% 0.8 0.9% 0.1
4,909 Valsartan 4.9 11 1.3§ 0.1
4,885 Captopril + Valsartan 4.85 1.3 1.27 0.2
Other
A-HEFT 517 H-ISDN ‘Acute kidney failure’ 1.5 0.4 29 NA
527 Placebo 28 0.2 19

Values are percentages, unless otherwise indicated. Only studies with published data are shown. *Please see the Online Appendix for a list of trial acronyms. fIncrease in sCr. {Persisting increase >0.5 mg/dl
from baseline. §Requiring dose reduction, but not discontinuation.
Abbreviations as in Tables 2, 3, 4, 7, and 8.

Finally, in a subgroup analysis of the RALES trial, the ab- 6.4% in those with an eGFR of >60 ml/min/1.73 m?>
solute risk reduction with spironolactone in patients with an ~ (number needed to treat 10 vs. 16 for 3 years to prevent
eGFR 30 to 60 ml/min/1.73 m? was 10.3% compared with 1 death) (32).
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Safety of Evidence-Based Therapies in HF Patients
With Renal Dysfunction

RAAS-inhibitors: worsening renal function. Physicians
are often concerned that initiation of an ACEi, ARB, or
MRA will lead to deterioration in renal function, and indeed
an increase in sCr often occurs, although it is usually small
(32,65-68). This concern might be amplified by the per-
ception that worsening renal function (WRF) is associated
with increased mortality in patients with HF, although this
is not entirely correct, as explained in the following (69).

During initiation of an ACEi or ARB, between 10% and
35% of patients experience some increase in sCr (Table 10).
In the CONSENSUS trial, the incidence of a substantial
increase in sCr (30% to 100%) was 24%, whereas 11% even
had more than doubling of sCr (70). Early WRF occurred
in as much as 10% of patients in the SOLVD studies (66).
In the CHARM program, the incidence of doubling of
sCr was higher in the candesartan (5.5% to 7%) than in
the placebo groups (1.6% to 6%) (71,72). In head-to-head
comparisons, the risk of WREF is similar with ARBs as
with ACE], and the frequency of WREF is higher on higher-
dosage regimens of ARB or ACEi (19,24,26,73). The effect
of MRAs on change in eGFR in clinical trials showed
similarities with that observed in trials with ACEi and
ARBs. After an initial fall in eGFR, the gradual decline in
renal function over time with an MRA runs parallel to
that in the placebo group (67). In clinical trials at least, the
incidence of clinically important renal dysfunction seems to
have been similar in the placebo and MRA group (e.g.,
approximately 2% in the EMPHASIS-HF trial) (7).

Recently, it has become clear that deterioration in renal
function induced by inhibition of the RAAS does not have
the same adverse prognostic implications as other types of
WREF in HF. For example, WREF after initiation of enalapril
in the SOLVD trial did not confer increased risk of death,
compared with an increase in creatinine in the placebo group
(66). Even in the CONSENSUS trial, where most patients
experienced an increase in creatinine with enalapril, ACE
inhibition led to a striking improvement in survival (68).
Similarly, in the RALES trial, spironolactone caused more
WREF than placebo, but WREF was not associated with worse
outcome in the spironolactone group, in contrast to WRF
occurring in the placebo group (32).

Clearly, however, an extreme deterioration in renal
function is not acceptable and is dangerous. However, the
exact degree of WREF that should mandate dose-reduction or
discontinuation of RAAS blockade is uncertain. From the
large clinical trials, a decrease in eGFR of even 20% to 30%
with ACEi, ARB, or MRA therapy with these treatments
does not seem to attenuate the reduction in CV event rates.
Therefore it seems that, although WREF (in these magni-
tudes) is unwanted, it should not be a reason to withhold or
discontinue therapy. The latest guidelines suggest that an
increase in creatinine of up to 50% above baseline or to an

absolute 266 pimol/1 (3 mg/dl)/eGFR <25 ml/min/1.73 m?,
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whichever is the smaller, is acceptable (1,2). If sCr increases
with a RAAS blocker, nephrotoxic drugs should be stopped
if possible and/or the dose of the diuretic reduced. If these
interventions are not relevant, not possible, or have no effect
and renal function deteriorates to the extent described in
the preceding text, the dose of the RAAS-inhibitor should
be halved and sCr checked within 2 weeks. If the sCr
increases by >100% or to >310 pmol/l (3.5 mg/dl)/eGFR
<20 ml/min/1.73 m?, RAAS blockade should be stopped.
Other therapies. Beta-blockers have little if any effect on
renal function in patients with HF. An analysis from the
SOLVD trial indicated that beta-blocker treatment at base-
line was associated with a reduced risk of deterioration in renal
function during follow-up, although this was an observational
analysis, and patients had not been randomized to a beta-
blocker or placebo (74). As discussed earlier, diuretics can
cause hypotension, dehydration, and renal dysfunction (75).
Therefore, diuretic dose should be altered on the basis of in-
dividual symptoms, signs, and electrolytes, including renal
function. Other therapies, including ivabradine, digoxin,
and H-ISDN, are not known to cause renal dysfunction.

RAAS-Inhibitors: Hyperkalemia

Patients with CKD are at increased risk for the development
of hyperkalemia, and this risk is further increased by the
introduction of RAAS inhibitors. Table 10 reviews the inci-
dence of hyperkalemia in different clinical trials. Hyper-
kalemia is most frequently observed with the initiation of
MRA therapy, but 6.4% of patients in the SOLVD Treat-
ment trial were reported to have developed hyperkalemia with
enalapril therapy. In the large MRA studies, the incidence of
hyperkalemia ranged from 2% to 11.8%, depending on the
definition (7,31,33). Importantly, no deaths attributable to
hyperkalemia were reported in any of the MRA studies.
Hyperkalemia occurred mostly in patients with low baseline
eGFR, in those with WRF during therapy, and most
importantly in those receiving spironolactone or eplerenone in
the RALES and EMPHASIS-HF trials, respectively
(32,76). A stringent monitoring of potassium levels in pa-
tients started on an MRA regimen seems warranted. For
instance, in the EMPHASIS-HF trial, eplerenone was star-
ted only if the serum potassium level was no more than 5.0
mmol/l. Thereafter, the dose of eplerenone was decreased if
the serum potassium level was 5.5 to 5.9 mmol/l during
follow-up and withheld if the serum potassium rose above 6.0
mmol/l. Reassessment of potassium was done 72 h after dose
reduction, and patients were re-challenged with eplerenone,
only if potassium levels were below 5.0 mmol/l. This regimen
was found to be highly effective, because the incidence of
hyperkalemia leading to study drug withdrawal was not
different from placebo (7). The new American College of
Cardiology Foundation/American Heart Association guide-
lines support these recommendations (2). These findings

highlight the importance of both hyperkalemia and rigorous
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Pharmacokinetic Properties and Advised Dose Adjustment in Patients With

Table 11
Reduced eGFR
Drug Class Elimination Dose Adjustments
ACEi
Captopril Predominantly renal eGFR >40: no adjustment
Ty22h eGFR 20-40: one-half dosage
eGFR 10-20: one-fourth dosage
Dialysis: one-eighth dosage
Enalapril 100% renal eGFR 30-80: no adjustment
Ty211h eGFR 10-30: one-half dosage
Dialysis: only dose on dialysis days
Lisinopril Predominantly renal eGFR 30-80: no adjustment
Ti213 h eGFR 10-30: one-half dosage
Dialysis: only dose on dialysis days
Ramipril Predominantly renal eGFR 30-60: no adjustment
T1213-17 h eGFR 10-30: one-half dosage
Dialysis: only dose on dialysis days
Trandolapril 33% renal eGFR 10-70: no adjustment
67% fecal eGFR <10: maximum dose 2 mg daily
Ty2 47-98 h
ARBs
Candesartan 33% renal Starting dose 4 mg
67% fecal (bile)
Ty29h
Valsartan 13% renal eGFR >10: no adjustment
83% fecal no experience in eGFR <10 or dialysis
Ty26h
Losartan 35% renal No adjustment
58% fecal (bile)
Ty22h
MRA
Eplerenone 67% renal eGFR >60: no adjustment
32% fecal eGFR 30-60: dose every other day
Ty23-5h eGFR <30: contraindicated
Spironolactone Predominantly renal Contraindicated in ‘severe renal failure’
Also fecal
T,215h
BBL
Bisoprolol 95% renal No information of pharmacokinetics in patients
(50% inactive metabolite) with reduced renal function
Ti210-12 h
Carvedilol Metabolization in liver No adjustment if systolic blood pressure is

Elimination fecal
Ty26h

Metoprolol (CR/XL) Metabolization in liver

100% renal of inactive metabolites

T1/2 3.5-9 h (XL/CR)
38% renal

48% fecal

T2 10-50 h

Nebivolol

above 100 mm Hg

Lower dosages in patients with reduced GFR.
No formal advice

Mild-moderate eGFR: no adjustment
Reduced eGFR: start at one-half dosage

monitoring, especially during up-titration and in patients
with impaired renal function.

Renal Excretion of Pharmacological Therapies

Finally, the dose of several evidence-based treatments should
be adjusted according to GFR, because their clearance from
the circulation depends on renal function (Table 11). The
dose of ACE1 should be halved in patients in stage 4 and 5
CKD or given every other day in patients on dialysis. The
same advice applies to MRAs, although eplerenone is not
indicated in patients with eGFR <30 ml/min/1.73 m?.

Continued on the next page

Although most beta-blockers are cleared from the circula-
tion to some extent by the kidneys, dose reduction is only
required in patients with a severely reduced eGFR to achieve
similar heart rate reductions compared with patients with
normal renal function.

Conclusions: Recommendations for
Clinical Practice

In general, the recommendations for medical therapy in
HF patients with concomitant renal dysfunction are not
qualitatively different from those in patients with preserved
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Drug Class Elimination Dose Adjustments
Other

Digoxin Predominantly renal Loading and maintenance dose reduced on the
T1230-40 h basis of baseline eGFR

Hydralazine 100% metabolization Prolong dose interval in severe renal impairment

ISDN 100% metabolization Reduce dosages in severe renal impairment

Ivabradine 20% renal No adjustment
Tiy211h

Loop diuretics

Furosemide Predominantly renal

T4,205-1h
Bumetanide Metabolization in liver (50%)
50% renal
Ty21h
Metabolization in liver (80%)
20% renal
T1235h

Torsemide

Unknown/dependent of urine output
Consider higher dosages

to achieve similar decongestion
Unknown/dependent of urine output
Consider higher dosages

to achieve similar decongestion
Unknown/dependent of urine output
Consider higher dosages

to achieve similar decongestion

T1/2 = half-life; other abbreviations as in Tables 2, 3, 4, 7, and 8.

renal function (Fig. 2) (1,2). Although there is less robust
evidence of benefit in HF patients with a reduced GFR,
subgroup analyses of the trials testing the major classes of
drugs (ACE], beta-blockers, MRAs, and ARBs) and de-
vices (ICD/CRT) suggest that the relative risk reductions
are similar (and absolute risk reductions greater), although
these therapies might cause unwanted effects. Especially in
patients with stage 4 and 5 CKD, care should be taken to
assess whether possible beneficial effects might outweigh
the potential risks associated with the initiation of this
therapy. In all patients, frequent assessment of renal func-
tion and electrolytes (potassium) is essential to guide dose
adjustment and (dis)continuation of therapy. Treatment
discontinuation might be temporary and should follow the

algorithms successfully implemented in clinical trials (e.g.,
the CHARM/EMPHASIS-HF trials), and this close
monitoring is often best facilitated within disease manage-
ment programs. Importantly, attempts should be made to
reinstate the evidence-based therapy, once either renal
function has improved or stabilized. For any HF patient
with renal dysfunction (ie., a patient with a greatly
increased risk of death or HF hospital stay in the immediate
future), the focus should be not only on survival but also on
quality of life and time spent out of hospital. Considering
that most evidence-based therapies are even more effective
in reducing hospital stay than they are at decreasing mor-
tality, each should at least be considered in patients with
stage 3 to 5 CKD but their use must also be individualized.

dysfunction. Other abbreviations as in Figure 1.

Evidence
2
Strong IS
o
2
H ) 8
| | £
Moderate Ivabradine . Ivabradine /ARB | Beta-BIocl;eF %
| ' .
_______________________________ e
i : i -
S (A . _ACEi/ARB/ T
Weak Digoxin / H-ISDN . Digoxin / H-ISDN )/ Digoxin / 1CD E
e et T e e e =
; - ; MRA / CRT k-]
Absent Diuretics JUPE Lot Diuretics /Ivabradine / H-ISDN /| &
___________ Diuretics [
CKD stage Stage 2 Stage 3 Stage 4 Stage 5
>120 90 60 30 15 ESRD

Glomerular Filtration Rate (mL/min/1.732)

m Strength of Evidence of Improvement in Clinical Outcome for Each Treatment Group According to CKD Stages

Strength of evidence according to American Heart Association/European Society of Cardiology heart failure guidelines for stage 1 and 2 CKD and according to Table 3 for stage 3
to 5 CKD. Right y-axis and line show hypothetical exponential increase in risk of worsening renal function (WRF)/hyperkalemia and mortality associated with more severe renal




870

Damman et al.

Treatment of Patients With Heart Failure and Renal Insufficiency

Acknowledgment
The authors thank Craig S. Skaggs for the preparation of the

figures in the review.

Reprint requests and correspondence: Dr. Kevin Damman,
Department of Cardiology, University Medical Center Groningen,
Hanzeplein 1, Groningen, the Netherlands 9700RB. E-mail:
k.damman@umcg.nl.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

McMurray JJ, Adamopoulos S, Anker SD, et al. ESC guidelines for the
diagnosis and treatment of acute and chronic heart failure 2012: The
Task Force for the Diagnosis and Treatment of Acute and Chronic
Heart Failure 2012 of the European Society of Cardiology. Developed
in collaboration with the Heart Failure Association (HFA) of the ESC.
Eur ] Heart Fail 2012;14:803-69.

. Yancy CW, Jessup M, Bozkurt B, et al. 2013 ACCF/AHA guideline

for the management of heart failure: a report of the American College
of Cardiology Foundation/American Heart Association Task Force on
Practice Guidelines. ] Am Coll Cardiol 2013;62:¢147-239.

. Heywood JT, Fonarow GC, Yancy CW, et al. Influence of renal

function on the use of guideline-recommended therapies for patients

with heart failure. Am J Cardiol 2010;105:1140-6.

. Hawwa N, Schreiber M] Jr., Tang WH. Pharmacologic management

of chronic reno-cardiac syndrome. Curr Heart Fail Rep 2013;10:54-62.

. K/DOQI clinical practice guidelines for chronic kidney disease: evalua-

tion, classification, and stratification. Am ] Kidney Dis 2002;39:51-266.

. McAlister FA, Ezekowitz J, Tarantini L, et al. Renal dysfunction in

patients with heart failure with preserved versus reduced ejection
fraction: impact of the new Chronic Kidney Disease-Epidemiology
Collaboration Group formula. Circ Heart Fail 2012;5:309-14.

. Zannad F, McMurray JJ, Krum H, et al. Eplerenone in patients with

systolic heart failure and mild symptoms. N Engl ] Med 2011;364:11-21.

. Tavazzi L, Maggioni AP, Marchioli R, et al. Effect of rosuvastatin in

patients with chronic heart failure (the GISSI-HF trial): a randomised,
double-blind, placebo-controlled trial. Lancet 2008;372:1231-9.

. Kjekshus J, Apetrei E, Barrios V, et al. Rosuvastatin in older patients

with systolic heart failure. N Engl ] Med 2007;357:2248-61.

Flather MD, Shibata MC, Coats AJ, et al. Randomized trial to
determine the effect of nebivolol on mortality and cardiovascular hos-
pital admission in elderly patients with heart failure (SENIORS). Eur
Heart ] 2005;26:215-25.

Waldum B, Westheim AS, Sandvik L, et al. Renal function in out-
patients with chronic heart failure. ] Card Fail 2010;16:374-80.

Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic
kidney disease and the risks of death, cardiovascular events, and hos-
pitalization. N Engl ] Med 2004;351:1296-305.

Jackson CE, Solomon SD, Gerstein HC, et al. Albuminuria in chronic heart
failure: prevalence and prognostic importance. Lancet 2009;374:543-50.
Masson S, Latini R, Milani V, et al. Prevalence and prognostic value of
elevated urinary albumin excretion in patients with chronic heart failure:
data from the GISSI-Heart Failure trial. Circ Heart Fail 2010;3:65-72.
Ronco C, Haapio M, House AA, Anavekar N, Bellomo R. Cardiorenal
syndrome. ] Am Coll Cardiol 2008;52:1527-39.

Swedberg K, Eneroth P, Kjekshus ], Snapinn S. Effects of enalapril and
neuroendocrine activation on prognosis in severe congestive heart
failure (follow-up of the CONSENSUS trial). CONSENSUS Trial
Study Group. Am ] Cardiol 1990;66:40D—4D.

Kjekshus J, Swedberg K. Enalapril for congestive heart failure. Am J
Cardiol 1989;63:26D-32D.

Bowling CB, Sanders PW, Allman RM, et al. Effects of enalapril in
systolic heart failure patients with and without chronic kidney disease:
insights from the SOLVD Treatment trial. Int ] Cardiol 2012;167:151-6.
Massie BM, Armstrong PW, Cleland ]G, etal. Toleration of high doses of
angiotensin-converting enzyme inhibitors in patients with chronic heart
failure: results from the ATLAS trial. The Assessment of Treatment with
Lisinopril and Survival. Arch Intern Med 2001;161:165-71.
Tokmakova MP, Skali H, Kenchaiah S, et al. Chronic kidney disease,

cardiovascular risk, and response to angiotensin-converting enzyme

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

JACC Vol. 63, No. 9, 2014
March 11, 2014:853-71

inhibition after myocardial infarction: the Survival And Ventricular
Enlargement (SAVE) study. Circulation 2004;110:3667-73.

The CONSENSUS Trial Study Group. Effects of enalapril on mor-
tality in severe congestive heart failure. Results of the Cooperative
North Scandinavian Enalapril Survival Study (CONSENSUS). N Engl
J Med 1987;316:1429-35.

Konstam MA, Neaton JD, Dickstein K, et al. Effects of high-dose versus
low-dose losartan on clinical outcomes in patients with heart failure (HEAAL
study): a randomised, double-blind trial. Lancet 2009;374:1840-8.

Pitt B, Segal R, Martinez FA, et al. Randomised trial of losartan versus
captopril in patients over 65 with heart failure (Evaluation of Losartan
in the Elderly Study, ELITE). Lancet 1997;349:747-52.

Pitt B, Poole-Wilson PA, Segal R, et al. Effect of losartan compared
with captopril on mortality in patients with symptomatic heart failure:
randomised trial—the Losartan Heart Failure Survival Study ELITE
II. Lancet 2000;355:1582—7.

Dickstein K, Kjekshus J. Effects of losartan and captopril on mortality
and morbidity in high-risk patients after acute myocardial infarction: the
OPTIMAAL randomised trial. Optimal Trial in Myocardial Infarction
with Angiotensin IT Antagonist Losartan. Lancet 2002;360:752-60.
Pfeffer MA, McMurray JJ, Velazquez EJ, et al. Valsartan, captopril, or
both in myocardial infarction complicated by heart failure, left ven-
tricular dysfunction, or both. N Engl ] Med 2003;349:1893-906.
Anand IS, Bishu K, Rector TS, Ishani A, Kuskowski MA, Cohn JN.
Proteinuria, chronic kidney disease, and the effect of an angiotensin
receptor blocker in addition to an angiotensin-converting enzyme in-
hibitor in patients with moderate to severe heart failure. Circulation
2009;120:1577-84.

Desai AS, Swedberg K, McMurray J], et al. Incidence and predictors of
hyperkalemia in patients with heart failure: an analysis of the CHARM
Program. ] Am Coll Cardiol 2007;50:1959-66.

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;372:547-53.

Cice G, Di Benedetto A, D’Isa S, et al. Effects of telmisartan added to
angiotensin-converting enzyme inhibitors on mortality and morbidity
in hemodialysis patients with chronic heart failure a double-blind,
placebo-controlled trial. ] Am Coll Cardiol 2010;56:1701-8.

Pitt B, Zannad F, Remme W], et al., for the Randomized Aldactone
Evaluation Study Investigators. The effect of spironolactone on
morbidity and mortality in patients with severe heart failure. N Engl ]
Med 1999;341:709-17.

Vardeny O, Wu DH, Desai A, et al. Influence of baseline and wors-
ening renal function on efficacy of spironolactone in patients with se-
vere heart failure: insights from RALES (Randomized Aldactone
Evaluation Study). ] Am Coll Cardiol 2012;60:2082-9.

Pitt B, Remme W, Zannad F, et al. Eplerenone, a selective aldosterone
blocker, in patients with left ventricular dysfunction after myocardial
infarction. N Engl | Med 2003;348:1309-21.

Ghali JK, Wikstrand J, van Veldhuisen DJ, et al. The influence of renal
function on clinical outcome and response to beta-blockade in systolic
heart failure: insights from Metoprolol CR/XL Randomized Interven-
tion Trial in Chronic HF (MERIT-HF). J Card Fail 2009;15:310-8.
Castagno D, Jhund PS, McMurray JJ, et al. Improved survival with
bisoprolol in patients with heart failure and renal impairment: an
analysis of the cardiac insufficiency bisoprolol study II (CIBIS-II) trial.
Eur J Heart Fail 2010;12:607-16.

Cohen-Solal A, Kotecha D, van Veldhuisen DJ, et al. Efficacy and safety
of nebivolol in elderly heart failure patients with impaired renal function:
insights from the SENIORS trial. Eur ] Heart Fail 2009;11:872-80.
Wali RK, Iyengar M, Beck GJ, et al. Efficacy and safety of carvedilol in
treatment of heart failure with chronic kidney disease: a meta-analysis
of randomized trials. Circ Heart Fail 2011;4:18-26.

Cice G, Ferrara L, D’Andrea A, et al. Carvedilol increases two-year
survivalin dialysis patients with dilated cardiomyopathy: a prospective,
placebo-controlled trial. ] Am Coll Cardiol 2003;41:1438-44.

DIG investigators. The effect of digoxin on mortality and morbidity in
patients with heart failure. The Digitalis Investigation Group. N Engl |
Med 1997;336:525-33.

Shlipak MG, Smith GL, Rathore SS, Massie BM, Krumholz HM.
Renal function, digoxin therapy, and heart failure outcomes: evidence
from the digoxin intervention group trial. ] Am Soc Nephrol 2004;15:
2195-203.


mailto:k.damman@umcg.nl
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref1
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref1
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref1
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref1
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref1
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref1
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref2
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref2
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref2
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref2
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref3
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref3
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref3
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref4
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref4
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref5
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref5
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref6
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref6
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref6
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref6
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref7
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref7
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref8
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref8
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref8
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref9
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref9
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref10
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref10
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref10
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref10
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref11
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref11
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref12
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref12
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref12
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref13
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref13
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref14
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref14
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref14
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref15
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref15
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref16
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref16
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref16
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref16
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref17
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref17
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref18
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref18
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref18
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref19
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref19
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref19
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref19
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref20
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref20
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref20
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref20
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref21
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref21
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref21
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref21
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref22
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref22
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref22
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref23
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref23
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref23
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref24
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref24
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref24
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref24
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref24
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref25
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref25
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref25
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref25
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref26
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref26
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref26
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref27
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref27
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref27
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref27
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref27
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref28
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref28
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref28
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref29
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref29
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref29
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref29
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref30
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref30
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref30
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref30
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref31
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref31
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref31
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref31
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref32
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref32
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref32
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref32
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref33
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref33
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref33
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref34
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref34
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref34
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref34
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref35
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref35
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref35
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref35
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref36
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref36
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref36
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref37
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref37
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref37
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref38
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref38
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref38
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref39
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref39
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref39
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref40
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref40
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref40
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref40

JACC Vol. 63, No. 9, 2014
March 11, 2014:853-71

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Swedberg K, Komajda M, Bohm M, et al. Ivabradine and outcomes in
chronic heart failure (SHIFT): a randomised placebo-controlled study.
Lancet 2010;376:875-85.

Fox K, Ford I, Steg PG, Tendera M, Ferrari R. Ivabradine for patients
with stable coronary artery disease and left-ventricular systolic
dysfunction (BEAUTIFUL): a randomised, double-blind, placebo-
controlled trial. Lancet 2008;372:807-16.

Cohn JN, Archibald DG, Ziesche S, et al. Effect of vasodilator therapy
on mortality in chronic congestive heart failure. Results of a Veterans
Administration cooperative study. N Engl ] Med 1986;314:1547-52.

. Taylor AL, Ziesche S, Yancy CW, et al. Early and sustained benefit on

event-free survival and heart failure hospitalization from fixed-dose
combination of isosorbide dinitrate/hydralazine: consistency across
subgroups in the African-American Heart Failure Trial. Circulation
2007;115:1747-53.

Damman K, Ng Kam Chuen MJ, MacFadyen R], et al. Volume status
and diuretic therapy in systolic heart failure and the detection of early
abnormalities in renal and tubular function. ] Am Coll Cardiol 2011,
57:2233-41.

Murray MD, Deer MM, Ferguson JA, et al. Open-label randomized
trial of torsemide compared with furosemide therapy for patients with
heart failure. Am J Med 2001;111:513-20.

Bikdeli B, Strait KM, Dharmarajan K, et al. Dominance of furosemide
for loop diuretic therapy in heart failure: time to revisit the alternatives?
J Am Coll Cardiol 2013;61:1549-50.

Cosin J, Diez ]. Torasemide in chronic heart failure: results of the
TORIC study. Eur ] Heart Fail 2002;4:507-13.

Bardy GH, Lee KL, Mark DB, et al. Amiodarone or an implantable
cardioverter-defibrillator for congestive heart failure. N Engl ] Med
2005;352:225-37.

Moss AJ, Hall W], Cannom DS, et al., for the Multicenter Automatic
Defibrillator Implantation Trial Investigators. Improved survival with
an implanted defibrillator in patients with coronary disease at high risk
for ventricular arrhythmia. N Engl ] Med 1996;335:1933-40.

Kadish A, Dyer A, Daubert JP, et al. Prophylactic defibrillator im-
plantation in patients with nonischemic dilated cardiomyopathy.
N Engl ] Med 2004;350:2151-8.

Moss AJ, Zareba W, Hall W], et al. Prophylactic implantation of a
defibrillator in patients with myocardial infarction and reduced ejection
fraction. N Engl ] Med 2002;346:877-83.

The Antiarrhythmics versus Implantable Defibrillators (AVID) In-
vestigators. A comparison of antiarrhythmic-drug therapy with
implantable defibrillators in patients resuscitated from near-fatal ven-
tricular arrhythmias. N Engl ] Med 1997;337:1576-83.

Bansch D, Antz M, Boczor S, et al. Primary prevention of sudden
cardiac death in idiopathic dilated cardiomyopathy: the Cardiomyop-
athy Trial (CAT). Circulation 2002;105:1453-8.

Connolly SJ, Gent M, Roberts RS, et al. Canadian implantable defi-
brillator study (CIDS): a randomized trial of the implantable cardioverter
defibrillator against amiodarone. Circulation 2000;101:1297-302.
Kuck KH, Cappato R, Siebels J, Ruppel R. Randomized comparison of
antiarrhythmic drug therapy with implantable defibrillators in patients
resuscitated from cardiac arrest: the Cardiac Arrest Study Hamburg
(CASH). Circulation 2000;102:748-54.

Goldenberg I, Moss AJ, McNitt S, et al. Relations among renal
function, risk of sudden cardiac death, and benefit of the implanted
cardiac defibrillator in patients with ischemic left ventricular dysfunc-
tion. Am ] Cardiol 2006;98:485-90.

Cleland JG, Daubert JC, Erdmann E, et al. The effect of cardiac
resynchronization on morbidity and mortality in heart failure. N Engl |
Med 2005;352:1539-49.

Moss AJ, Hall W], Cannom DS, et al. Cardiac-resynchronization
therapy for the prevention of heart-failure events. N Engl ] Med 2009;
361:1329-38.

Goldenberg I, Moss AJ, McNitt S, et al. Relation between renal
function and response to cardiac resynchronization therapy in Multi-
center Automatic Defibrillator Implantation Trial—Cardiac Resynch-
ronization Therapy (MADIT-CRT). Heart Rhythm 2010;7:1777-82.
Tang AS, Wells GA, Talajic M, et al. Cardiac-resynchronization
therapy for mild-to-moderate heart failure. N Engl ] Med 2010;363:
2385-95.

Boerrigter G, Costello-Boerrigter LC, Abraham WT, et al. Cardiac
resynchronization therapy improves renal function in human heart failure
with reduced glomerular filtration rate. ] Card Fail 2008;14:539-46.

63

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Damman et al. 871

Treatment of Patients With Heart Failure and Renal Insufficiency

. Garg N, Thomas G, Jackson G, et al. Cardiac resynchronization therapy
in CKD: a systematic review. Clin ] Am Soc Nephrol 2013;8:1293-303.
Abraham WT, Fisher WG, Smith AL, et al. Cardiac resynchronization
in chronic heart failure. N Engl ] Med 2002;346:1845-53.

Hillege HL, van Gilst WH, van Veldhuisen DJ, et al. Accelerated
decline and prognostic impact of renal function after myocardial
infarction and the benefits of ACE inhibition: the CATS randomized
trial. Eur Heart ] 2003;24:412-20.

Testani JM, Kimmel SE, Dries DL, Coca SG. Prognostic importance
of early worsening renal function after initiation of angiotensin-
converting enzyme inhibitor therapy in patients with cardiac dysfunc-
tion. Circ Heart Fail 2011;4:685-91.

Rossignol P, Cleland JG, Bhandari S, et al. Determinants and conse-
quences of renal function variations with aldosterone blocker therapy in
heart failure patients after myocardial infarction: insights from the
Eplerenone Post-Acute Myocardial Infarction Heart Failure Efficacy
and Survival Study. Circulation 2012;125:271-9.

Ljungman S, Kjekshus J, Swedberg K. Renal function in severe
congestive heart failure during treatment with enalapril (the Coopera-
tive North Scandinavian Enalapril Survival Study [CONSENSUS]
Trial). Am J Cardiol 1992;70:479-87.

Damman K, Navis G, Voors AA, et al. Worsening renal function and
prognosis in heart failure: systematic review and meta-analysis. ] Card
Fail 2007;13:599-608.

Shlipak MG. Pharmacotherapy for heart failure in patients with renal
insufficiency. Ann Intern Med 2003;138:917-24.

Granger CB, McMurray J]J, Yusuf S, et al. Effects of candesartan in
patients with chronic heart failure and reduced left-ventricular systolic
function intolerant to angiotensin-converting-enzyme inhibitors: the
CHARM-Alternative trial. Lancet 2003;362:772—6.

Yusuf S, Pfeffer MA, Swedberg K, et al. Effects of candesartan in
patients with chronic heart failure and preserved left-ventricular ejec-
tion fraction: the CHARM-Preserved Trial. Lancet 2003;362:777-81.
The NETWORK Investigators. Clinical outcome with enalapril in
symptomatic chronic heart failure; a dose comparison. Eur Heart |
1998;19:481-9.

Knight EL, Glynn R], McIntyre KM, Mogun H, Avorn J. Predictors of
decreased renal function in patients with heart failure during angiotensin-
converting enzyme inhibitor therapy: results from the studies of left
ventricular dysfunction (SOLVD). Am Heart ] 1999;138:849-55.
Metra M, Nodari S, Parrinello G, et al. Worsening renal function in
patients hospitalised for acute heart failure: clinical implications and
prognostic significance. Eur ] Heart Fail 2008;10:188-95.

Eschalier R, McMurray JJ, Swedberg K, et al. Safety and efficacy of
eplerenone in patients at high-risk for hyperkalemia and/or worsening
renal function: analyses of EMPHASIS-HF study subgroups (Epler-
enone in Mild Patients Hospitalization And Survlval Study in Heart
Failure). J] Am Coll Cardiol 2013;62:1585-93.

Kumler T, Gislason GH, Kober L, Gustafsson F, Schou M, Torp-
Pedersen C. Renal function at the time of a myocardial infarction
maintains prognostic value for more than 10 years. BMC Cardiovasc
Disord 2011;11:37.

Hillege HL, Nitsch D, Pfeffer MA, et al. Renal function as a predictor
of outcome in a broad spectrum of patients with heart failure. Circu-
lation 2006;113:671-8.

Leclereq C, Walker S, Linde C, et al. Comparative effects of perma-
nent biventricular and right-univentricular pacing in heart failure pa-
tients with chronic atrial fibrillation. Eur Heart J 2002;23:1780~7.
Young JB, Abraham WT, Smith AL, et al. Combined cardiac
resynchronization and implantable cardioversion defibrillation in
advanced chronic heart failure: the MIRACLE ICD Trial. JAMA
2003;289:2685-94.

Youn JH, Lord ], Hemming K, Girling A, Buxton M. Bayesian meta-
analysis on medical devices: application to implantable cardioverter
defibrillators. Int J Technol Assess Health Care 2012;28:115-24.

Key Words: evidence-based treatment m heart failure ® pharmacological
treatment ® renal insufficiency.

I APPENDIX

For a complete list of trial acronyms, please see the online version of this
article.


http://refhub.elsevier.com/S0735-1097(13)06425-5/sref41
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref41
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref41
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref42
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref42
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref42
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref42
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref43
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref43
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref43
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref44
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref44
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref44
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref44
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref44
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref45
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref45
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref45
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref45
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref46
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref46
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref46
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref47
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref47
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref47
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref48
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref48
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref49
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref49
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref49
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref50
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref50
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref50
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref50
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref51
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref51
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref51
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref52
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref52
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref52
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref53
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref53
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref53
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref53
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref54
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref54
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref54
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref55
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref55
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref55
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref56
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref56
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref56
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref56
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref57
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref57
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref57
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref57
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref58
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref58
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref58
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref59
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref59
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref59
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref60
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref60
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref60
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref60
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref60
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref61
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref61
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref61
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref62
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref62
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref62
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref63
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref63
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref64
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref64
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref65
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref65
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref65
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref65
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref66
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref66
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref66
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref66
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref67
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref67
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref67
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref67
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref67
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref68
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref68
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref68
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref68
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref69
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref69
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref69
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref70
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref70
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref71
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref71
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref71
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref71
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref72
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref72
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref72
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref73
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref73
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref73
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref74
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref74
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref74
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref74
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref75
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref75
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref75
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref76
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref76
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref76
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref76
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref76
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref77
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref77
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref77
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref77
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref78
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref78
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref78
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref79
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref79
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref79
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref80
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref80
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref80
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref80
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref81
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref81
http://refhub.elsevier.com/S0735-1097(13)06425-5/sref81

	Current Evidence on Treatment of Patients With Chronic Systolic Heart Failure and Renal Insufficiency
	Classification of Chronic Kidney Disease and Prevalence of Renal Dysfunction and Albuminuria in HF
	Single Renin Angiotensin Aldosterone System Blockade: ACE Inhibitors
	Moderate renal dysfunction—stage 3 CKD: eGFR 30 to 59 ml/min/1.73 m2
	Severe renal dysfunction—stage 4 and 5 CKD: eGFR <30 ml/min/1.73 m2

	Angiotensin II Receptor Blockers
	Stage 3 CKD
	Stage 4 and 5 CKD

	Dual RAAS Blockade: Add-On ARB Therapy
	Stage 3 CKD
	Stage 4 and 5 CKD

	Mineralocorticoid Receptor Antagonists
	Stage 3 CKD
	Stage 4 and 5 CKD

	Beta-Blockers
	Stage 3 CKD
	Stage 4 and 5 CKD

	Digoxin
	Stage 3 CKD
	Stage 4 and 5 CKD

	Ivabradine
	Hydralazine and Isosorbide-Dinitrate
	Diuretics
	Implantable-Cardioverter Defibrillator Therapy
	Cardiac Resynchronization Therapy
	Stage 3 CKD
	Stage 4 and 5 CKD

	Absolute and Relative Risk Reduction in Patients With Stage 3 to 5 CKD
	Safety of Evidence-Based Therapies in HF Patients With Renal Dysfunction
	RAAS-inhibitors: worsening renal function
	Other therapies

	RAAS-Inhibitors: Hyperkalemia
	Renal Excretion of Pharmacological Therapies
	Conclusions: Recommendations for Clinical Practice
	Acknowledgment
	References
	Appendix


