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ABSTRACT
Patients with heart failure with reduced ejection fraction (HFrEF) often
have concurrent chronic kidney disease (CKD), which can make initi-
ating and titrating the 4 standard pharmacologic therapies a chal-
lenge. Drug dosing is often based on a calculation of the patient’s
creatine clearance or estimated glomerular filtration rate (eGFR), but it
should also incorporate the trend in their renal function over time and
the risk of toxicity of the drug. The presence of CKD in a patient should
not preclude the use of a renin-angiotensin system inhibitor, although
patients should be monitored frequently for worsening renal function
and hyperkalemia. Sacubitril/valsartan is not recommended in pa-
tients with an eGFR < 30 mL/min per 1.73 m2. Of the 3 ß-blockers
recommended in the management of HFrEF, only bisoprolol may
accumulate in patients with renal impairment; however, patients
should still be titrated to the target dose (10 mg daily) or the maxi-
mally tolerated dose, depending on their clinical response. The
sodium-glucose cotransporter 2 inhibitors are effective at reducing
adverse cardiovascular and renal outcomes in patients with HFrEF and
CKD (eGFR � 25 mL/min per 1.73 m2 with dapagliflozin or � 20 mL/
min per 1.73 m2 with empagliflozin), although declining kidney func-
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R�ESUM�E
Les patients atteints d’insuffisance cardiaque avec fraction d’�ejection
r�eduite (ICFER) pr�esentent souvent une n�ephropathie chronique (NC)
concomitante, ce qui peut compliquer l’instauration et l’ajustement du
traitement par les quatre types de m�edicaments principaux. La pos-
ologie repose souvent sur le calcul de la clairance de la cr�eatine ou du
d�ebit de filtration glom�erulaire estim�e (DFGe), mais l’�evolution de la
fonction r�enale du patient et le risque de toxicit�e du m�edicament dev-
raient �egalement être pris en compte. Une NC chez un patient ne devrait
pas empêcher l’utilisation d’un inhibiteur du système r�enine-angio-
tensine, mais il convient alors d’effectuer un suivi fr�equent de ces pa-
tients pour d�etecter un �eventuel d�eclin de la fonction r�enale ou une
hyperkali�emie. L’association sacubitril-valsartan n’est pas
recommand�ee chez les patients ayant un DFGe < 30 ml/min/1,73 m2.
Parmi les trois ß-bloqueurs recommand�es pour la prise en charge de
l’ICFER, seul le bisoprolol pourrait se bioaccumuler chez les patients
souffrant d’une dysfonction r�enale; il convient toutefois d’ajuster pro-
gressivement la posologie jusqu’à l’atteinte de la dose cible (10 mg par
jour) ou de la dose maximale tol�er�ee, selon la r�eponse clinique. Les
inhibiteurs du cotransporteur sodium-glucose de type 2 permettent de
The pharmacologic management of heart failure with reduced glucose cotransporter 2 (SGLT2) inhibitor.1 Many patients

ejection fraction (HFrEF) is well established. Contemporary
foundational treatment of HFrEF includes the following 4
standard therapies: (i) a renin-angiotensin system (RAS) in-
hibitor (eg, an angiotensin-converting enzyme inhibitor
[ACEI], angiotensin receptor blocker [ARB], or angiotensin
receptor-neprilysin inhibitor); (ii) a ß-blocker; (iii) a mineral-
ocorticoid receptor antagonist (MRA); and (iv) a sodium-
with HFrEF also have concurrent chronic kidney disease
(CKD) as a consequence of multiple overlapping risk factors
(eg, hypertension, diabetes mellitus, cardiovascular disease).
CKD is defined as abnormal renal structure or function, or an
estimated glomerular filtration rate (eGFR) of < 60 mL/min
per 1.73 m2, for 3 or more months, regardless of the cause.2

Initiation and optimization of guideline-directed medical
therapy is often influenced by the presence of CKD, as many of
the 4 standard therapies can either negatively impact renal
function or serum electrolytes, or require renal dose adjust-
ment. The 2021 Canadian Cardiovascular Society (CCS) heart
failure guidelines do not provide explicit guidance regarding the
use of standard therapy in patients with HFrEF and CKD.1

Thus, the objective of this review is to provide clinicians
with a practical and nuanced overview of the use of guideline-
directed medical therapy, by utilizing an example case of a
patient with both HFrEF and impaired renal function.
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tion is a risk, due to the osmotic diuretic effect. Finally, mineralocor-
ticoid receptor antagonist therapy should be considered in all patients
with HFrEF and an eGFR � 30 mL/min per 1.73 m2. The starting dose
should be low (eg, 6.25-12.5 mg daily or 12.5 mg every other day) and
can be uptitrated based on the patient’s renal function and serum
potassium.

r�eduire l’incidence des manifestations cliniques cardiovasculaires et
r�enales ind�esirables chez les patients atteints d’ICFER et de NC (DFGe
� 25 ml/min/1,73 m2 pour le traitement par la dapagliflozine ou� 20
ml/min/1,73 m2 pour le traitement par l’empagliflozine), mais leur
effet diur�etique osmotique peut entraîner un risque de d�eclin de la
fonction r�enale. Enfin, le traitement par les antagonistes des
r�ecepteurs mi-n�eralocorticoïdes devrait être envisag�e pour tous les
patients atteints d’ICEFR ayant un DFGe � 30 ml/min/1,73 m2. Il
convient d’instaurer le traitement avec une dose faible (p. ex., de 6,25
à 12,5 mg par jour ou 12,5 mg tous les deux jours) et d’ajuster la dose
à la hausse selon la fonction r�enale du patient et son taux de potas-
sium s�erique.
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Case Vignette
An 83-year-oldman of Asian descent (186 cm, 68 kg) is being

discharged today after a 1-week hospitalization for a first episode
of heart failure. His past medical history includes CKD, hyper-
tension, dyslipidemia, type 2 diabetes mellitus (diet-controlled),
coronary artery disease (CAD), and benign prostatic hypertro-
phy. He has no known medication allergies or intolerances. He
initially presented with a 3-day history of progressive dyspnea on
exertion and orthopnea. His high-sensitivity troponin I level was
elevated at 64 ng/L (normal: < 18 ng/L), and his electrocar-
diogramdemonstrated diffuse ST-segment depression.Coronary
angiography demonstrated an 80% lesion in his proximal left
circumflex artery, and he received percutaneous coronary inter-
vention with 1 drug-eluting stent. He also had a chronic total
occlusion of his right coronary artery and diffuse nonobstructive
disease. His left ventriculogram showed diffuse hypokinesis with
a left ventricular ejection fraction (LVEF) estimated at 25%,
which was deemed to be disproportionate to his CAD. An
echocardiogram the next day demonstrated an LVEF of 25%-
30%, with moderate functional mitral regurgitation.

His baseline serum creatinine level prior to admissionwas 187
mmol/L (eGFR of 34 mL/min per 1.73 m2 based on the CKD-
Epidemiology Collaboration [EPI] equation). However, he
experienced an acute kidney injury while in the hospital, and his
eGFRdecreased to a nadir of 18mL/min per 1.73m2 (though he
did not require dialysis). Blood work on the day of discharge
demonstrated a serum sodium level of 136 mmol/L, a serum
potassium level of 4.6 mmol/L, and a serum creatinine level of
223 mmol/L (eGFR: 27 mL/min per 1.73 m2). His creatinine
clearance was calculated to be 23 mL/min normalized to 72 kg.
His urine albumin-to-creatinine ratio was elevated, at 22 mg/
mmol. The etiology of his heart failure was determined to be
mixed ischemic/nonischemic, and he was referred to a heart
function clinic for further assessment and medication optimiza-
tion. His discharge medications were as follows: hydralazine 25
mg 3 times daily, isosorbide dinitrate 10 mg 3 times daily,
furosemide 40 mg daily, bisoprolol 2.5 mg daily, acetylsalicylic
acid 81 mg daily, clopidogrel 75 mg daily, atorvastatin 80 mg
daily, and tamsulosin extended-release 0.4 mg daily. He was
referred to your heart function clinic for follow-up in 2 weeks.
Estimation of Renal Function
Most drug-dosing recommendations in patients with

impaired renal function are based on creatinine clearance
(CrCl), which is calculated using the Cockcroft-Gault
formula, an antiquated equation published in 1976 using data
from 249 white male patients.3 Despite this issue, the
Cockcroft-Gault equation still is utilized often in practice,
based on its ease of use and clinician familiarity. The
Cockcroft-Gault equation incorporates body weight, although
this is often standardized to 72 kg to avoid discrepancies due
to extremes in body weight. However, most laboratories now
report an eGFR based on more-contemporary equations that
are adjusted for body surface area. The American National
Kidney Foundation now recommends using the CKD-EPI or
the Modification of Diet in Renal Disease (MDRD) Study
equations to estimate GFR and modify drug dosing.4 The
CKD-EPI formula can also use serum cystatin C level, as
opposed to serum creatinine level, to estimate eGFR. Cystatin
C is a protein biomarker that is found at elevated levels in
patients with CKD, but it is less variable based on muscle
mass, compared with serum creatinine level. The CKD-EPI
and MDRD equations are considered to be superior to the
Cockcroft-Gault equation for staging of CKD, but drug
dosing is an area of controversy. Many references and drug
monographs continue to use the Cockcroft-Gault formula for
renal dose adjustments, despite its inaccuracy, as the CKD-
EPI and MDRD equations have not been validated for
adjusting drug dosages. One study found a discordance rate of
15%-25% for renal dose adjustments of antimicrobials as
determined by the Cockcroft-Gault vs the CKD-EPI equa-
tion, although the clinical significance of this difference is
unknown.5 One approach is to use the CKD-EPI equation as
an initial screening tool to estimate renal function, and then
confirm the estimate with the weight-standardized Cockcroft-
Gault formula. Many pharmacists are well equipped to
calculate CrCl and provide context as to how it compares to
the eGFR reported by the laboratory. Regardless, drug dosing
in patients with CKD should never be based solely on the
estimated CrCl or eGFR, but rather should take into
consideration the clinical status of the patient and the risk of
toxicity associated with the drug. For most heart failure
medications, a range of renal function is provided for a specific
dose (eg, eGFR 30-50 mL/min per 1.73 m2), and relatively
few have a narrow therapeutic index (with the exception of
digoxin). Additionally, as renal function tends to fluctuate
over time, clinician consideration of the trend, not the latest
value, is imperative. When dosing heart failure medications in
patients with CKD, clinicians should incorporate as much
data as possible when making renal dose adjustments, and not
simply use the eGFR value from the most recent blood work.



Table 1. Summary of select landmark randomized controlled trials in heart failure with reduced ejection fraction

Trial Patient population
Intervention and

comparator Duration

Primary outcome

Overall

CKD subgroup (eGFR
< 60 mL/min
per 1.73 m2)

ARNIs
PARADIGM-HF5,6 N ¼ 8442 patients with

HFrEF and NYHA class
IIeIV symptoms

33% had eGFR < 60 mL/
min per 1.73 m2 at
baseline

Excluded eGFR < 30 mL/
min per 1.73 m2

Sacubitril/valsartan 97/103
mg twice daily vs
enalapril 10 mg twice
daily

27 mo CV death and HF
hospitalization: 21.8%
vs 26.5%, HR 0.80,
95% CI 0.73e0.87

CV death and HF
hospitalization: 26.8%
vs 32.9%, HR 0.79,
95% CI 0.69e0.90

PIONEER-HF7 N ¼ 881 patients with
HFrEF admitted with
ADHF

Excluded eGFR < 30 mL/
min per 1.73 m2

Sacubitril/valsartan 97/103
mg twice daily vs
enalapril 10 mg twice
daily

8 wk Proportional change in
NT-proBNP: 0.53 vs
0.75, ratio of change
0.71, 95% CI 0.63
e0.81

Proportional change in
NT-proBNP: 0.55 vs
0.76, ratio of change
0.73, 95% CI 0.61
e0.87

SGLT2 inhibitors
DAPA-HF11,12 N ¼ 4744 patients with

HFrEF and NYHA class
IIeIV symptoms

41% had eGFR < 60 mL/
min per 1.73 m2 at
baseline

Excluded eGFR < 30 mL/
min per 1.73 m2 (or
rapidly declining renal
function)

Dapagliflozin 10 mg daily
vs placebo

18 mo CV death and HF
hospitalization: 16.3%
vs 21.1%, HR 0.74,
95% CI 0.65e0.85

CV death and HF
hospitalization: 19.9%
vs 26.4%, HR 0.72,
95% CI 0.59e0.86

EMPEROR-Reduced14 N ¼ 3730 patients with
HFrEF and NYHA class
IIeIV symptoms

48% had eGFR < 60 mL/
min per 1.73 m2 at
baseline

Excluded eGFR < 20 mL/
min per 1.73 m2

Empagliflozin 10 mg daily
vs placebo

16 mo CV death and HF
hospitalization: 19.4%
vs 24.7%, HR 0.75,
95% CI 0.65e0.86

CV death and HF
hospitalization: 22.6%
vs 26.2%, HR 0.83,
95% CI 0.69e1.00

MRAs
RALES19,20 N ¼ 1663 patients with

HFrEF and NYHA class
IIIeIV symptoms

48% had eGFR < 60 mL/
min per 1.73 m2 at
baseline

Excluded SCr > 221
mmol/L

Spironolactone 25e50 mg
daily vs placebo

24 mo All-cause death: 34.5% vs
45.9%, RR 0.70, 95%
CI 0.60e0.82

All-cause death: HR 0.68,
95% CI 0.56e0.84

EMPHASIS-HF21,22 N ¼ 2737 patients with
HFrEF and NYHA class
II symptoms

33% had eGFR < 60 mL/
min per 1.73 m2 at
baseline

Excluded eGFR < 30 mL/
min per 1.73 m2

Eplerenone up to 50 mg
daily vs placebo

21 mo CV death or HF
hospitalization: 18.3%
vs 25.9%, HR 0.63,
95% CI 0.54e0.74

CV death or HF
hospitalization: 24.4%
vs 34.5%, HR 0.62,
95% CI 0.49e0.79

ADHF, acute decompensated heart failure; ARNI, angiotensin receptor-neprilysin inhibitor; CI, confidence interval, CKD, chronic kidney disease, CV, car-
diovascular disease; DAPA-HF, Dapagliflozin and Prevention of Adverse Outcomes in Heart Failure; eGFR, estimated glomerular filtration rate; EMPEROR-
Reduced, Empagliflozin Outcome Trial in Patients With Chronic Heart Failure With a Reduced Ejection Fraction; EMPHASIS-HF, Eplerenone in Mild Pa-
tients Hospitalization and Survival Study in Heart Failure; HF, heart failure; HFrEF, heart failure with reduced ejection fraction; HR, hazard ratio; MRA,
mineralocorticoid receptor antagonist: NR, not reported; NT-proBNP, N-terminal prohormone B-type natriuretic peptide; NYHA, New York Heart Association;
PARADIGM-HF, Prospective Comparison of ARNi With ACEi to Determine Impact on Global Mortality and Morbidity in Heart Failure trial; PIONEER-HF,
Comparison of Sacubitril/Valsartan Versus Enalapril on Effect on Nt-Pro-Bnp in Patients Stabilized From an Acute Heart Failure Episode; RALES, Randomized
Aldactone Evaluation Study; RR, relative risk; SCr, serum creatinine; SGLT2, sodium-glucose cotransporter 2.
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Standard Therapies for HFrEF
A summary of select landmark randomized controlled trials

for the treatment of HFrEF in the context of patients with
CKD is included in Table 1.
Renin-angiotensin system inhibitors

Many landmark trials of RAS inhibitors, specifically ACEIs
and ARBs, in patients with HFrEF excluded patients with
CKD; however, post hoc subgroup analyses and observational
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studies have shown a benefit of using ACEIs/ARBs in patients
with both HFrEF and CKD, although data are lacking for
patients with advanced CKD.6 Some clinicians consider
ACEIs/ARBs to be contraindicated in patients with CKD,
owing to the risk of worsening renal function. Rather, RAS
inhibitors are indicated in most patients with CKD to delay
the progression and severity of renal dysfunction and pro-
teinuria. For this reason, some patients with CKD are inap-
propriately precluded from using an ACEI/ARB, due to a
perceived risk of nephrotoxicity. The exception is patients
with bilateral renal artery stenosis, as ACEIs/ARBs are con-
traindicated in these patients. In many cases, even patients
with stage 4-5 CKD (eGFR � 29 mL/min per 1.73 m2) can
be safely initiated on an ACEI/ARB, although they should be
started on the lowest recommended dose, with frequent
monitoring after initiation and dose titration. This approach
may facilitate prompt identification of adverse effects, lower
the risk of acute kidney injury, and improve overall tolerance.
The general recommendation is to monitor a patient’s serum
creatinine and serum electrolytes levels approximately 1-2
weeks after either starting an ACEI/ARB or increasing the
dose. Ideally, a patient’s fluid status should be evaluated before
every medication initiation or titration, and their loop diuretic
dose should be reassessed at each visit to ensure they are on
the minimum effective dose to minimize the risk of worsening
renal function. Furthermore, an increase in serum creatinine
of up to 30% after initiating an RAS inhibitor is generally
considered to be acceptable in patients with CKD. Dose
titration can often be done every 4 weeks in patients with
CKD. The target doses of ACEIs/ARBs are the same in pa-
tients with vs without CKD, but achievement of target doses
may be limited due to the risk of worsening renal function,
hyperkalemia, and hypotension in patients with CKD.

Sacubitril/valsartan is not recommended in patients with an
eGFR< 30mL/minper 1.73m2, as these patients were excluded
from the landmark Prospective Comparison of ARNi With
ACEi toDetermine Impact onGlobalMortality and Morbidity
in Heart Failure (PARADIGM-HF) trial.7 This trial demon-
strated that use of sacubitril/valsartan (target dose: 97/103 mg
twice daily) reduced the rate of cardiovascular death and heart
failure hospitalizations, compared to use of enalapril (target dose:
10 mg twice daily), in patients with symptomatic HFrEF. At
baseline, the mean eGFRwas 70mL/min per 1.73m2 (based on
the CKD-EPI equation), and 33% had an eGFR< 60 mL/min
per 1.73 m2.8 The active metabolite of sacubitril (sacubitrilat)
increases in patients with an eGFR of 30-60 mL/min per 1.73
m2, but no dose adjustment was recommended in the
PARADIGM-HF trial.7 In the prespecified subgroup analysis of
patients with vs without CKD (eGFR< 60 or� 60mL/min per
1.73 m2, respectively), the primary composite outcome of heart
failure hospitalization and cardiovascular death was lower with
use of sacubitril-valsartan, in both groups (interaction P¼ 0.91).
A point to note is that the results of a subgroup analysis have
inherent limitations, even if they are prespecified, due to the loss
of randomization between groups that accounts for known and
unknown confounders. In addition, the composite rate of heart
failure hospitalization and cardiovascular death was significantly
lower with use of sacubitril/valsartan vs enalapril in patients with
an eGFR < 60 mL/min per 1.73 m2 (26.8% vs 32.9%, hazard
ratio [HR] 0.79, 95% confidence interval [CI] 0.69-0.90).8 In
the overall analysis, the risk of an elevated serum creatinine level
or hyperkalemia was significantly lower with use of sacubitril/
valsartan, compared to enalapril.7 Additionally, the post hoc
composite renal outcome (development of end-stage renal disease
or � 50% decrease in eGFR from baseline) was significantly
lower with use of sacubitril/valsartan vs enalapril (0.9% vs 1.4%,
HR 0.63, 95% CI 0.42-0.95) in the entire study population.8

The point estimate was similar in the subgroup of patients
with CKD, although the difference did not reach statistical sig-
nificance (HR 0.64, 95% CI 0.34-1.19). Although only one-
third of patients in the PARADIGM-HF trial had CKD, these
data indicate that sacubitril/valsartan ismore effective at reducing
heart failure hospitalizations and cardiovascular death in patients
with stage 3 CKD (eGFR 30-59 mL/min per 1.73 m2), with a
lower risk of adverse renal events, compared to an ACEI.

The Comparison of Sacubitril/Valsartan Versus Enalapril
on Effect on Nt-Pro-Bnp in Patients Stabilized From an Acute
Heart Failure Episode (PIONEER-HF) trial enrolled patients
with HFrEF who were admitted to the hospital for acute
decompensated heart failure and compared use of sacubitril/
valsartan (target dose: 97/103 mg twice daily) to use of enalapril
(target dose: 10 mg twice daily).9 The median eGFR was 59
mL/min per 1.73 m2 at baseline, and patients with an eGFR <
30 mL/min per 1.73 m2 were excluded. Use of sacubitril/val-
sartan showed a significantly greater reduction in the primary
outcome of N-terminal pro-B-type natriuretic peptide over 8
weeks (ratio of change 0.71, 95% confidence interval 0.63-
0.81). The primary outcome was also significantly lower in the
subgroup of patients with an eGFR< 60 mL/min per 1.73 m2,
with a similar point estimate (ratio of change 0.73, 95% con-
fidence interval 0.61-0.87, interaction P ¼ 0.81). These results
show that use of an angiotensin receptor-neprilysin inhibitor
may also be effective in patients with HFrEF and CKD who are
admitted with acute decompensated heart failure, although the
trial excluded patients with more severe renal dysfunction.

Case vignette (continued)

He presents to your heart function clinic today 2 weeks
after being discharged from the hospital. He currently has
New York Heart Association (NYHA) class III symptoms. In
the clinic, he is euvolemic on examination. His blood pressure
is 115/72 mm Hg with a heart rate of 60 beats per minute. He
has not had any medication changes since his discharge from
the hospital. Blood work from 2 days ago revealed that his
serum electrolyte level was within normal limits, and his
serum creatinine level was 213 mmol/L (eGFR 29 mL/min per
1.73 m2 based on the CKD-EPI equation; CrCl 24 mL/min
normalized to 72 kg based on the Cockcroft-Gault equation).

This patient’s acute kidney injury has now resolved, but his
renal function appears to have decreased to a new baseline of
approximately 29 mL/min per 1.73 m2. However, this decrease
should not preclude the use of an RAS inhibitor, because he has
several other indications for therapy, including hypertension,
CAD, and proteinuria. The combination of hydralazine and
isosorbide dinitrate was a reasonable choice on discharge, as his
renal function was low and still recovering from his acute
kidney injury. However, he is now more stable from a renal
perspective, is euvolemic on examination, and is not taking any
other nephrotoxic medications (eg, nonsteroidal anti-
inflammatory drugs). In this case, a reasonable approach is to
discontinue hydralazine and isosorbide dinitrate, and initiate an
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ACEI at the lowest possible starting dose (eg, ramipril 1.25 mg
twice daily) and repeat measurement of his serum creatinine
and electrolyte levels in approximately 2 weeks.

b-Blockers

The use of standard ß-blockers for the treatment of HFrEF
is relatively straightforward in patients with CKD. Neither
carvedilol nor metoprolol requires renal dose adjustment in
patients with impaired renal function, as these are predomi-
nantly metabolized by cytochrome P450 enzymes. However,
approximately 50% of the dose of bisoprolol is excreted as
unchanged drug in the urine, and thus is at risk of accumu-
lating in patients with CKD.10 Although this risk does not
often necessitate a reduction in bisoprolol dose in patients
with CKD, clinicians should be aware that the clearance of
bisoprolol may be reduced in patients with renal dysfunction.
Therefore, the recommended approach is that patients with
HFrEF and CKD be initiated on the lowest possible dose of
bisoprolol (eg, 1.25 mg daily), with a gradual titration based
on patient tolerance and clinical response. The 2021 CCS
heart failure guidelines do not recommend a different target
dose of bisoprolol in patients with CKD (ie, it is still 10 mg
daily), but achievement of this dose may be impacted by
actual or potential adverse effects, such as bradycardia or hy-
potension. As a result, patients with CKD may be able to
achieve only a maximally tolerated dose of bisoprolol.

Case vignette (continued)

You perform an in-person follow-up with him 2 weeks
after his initial heart function clinic visit. His current heart
failure medications include ramipril 1.25 mg twice daily,
furosemide 40 mg daily, and bisoprolol 2.5 mg daily. He had
his serum creatinine and electrolyte levels measured yesterday.
His serum creatine level has increased to 223 mmol/L (eGFR
27 mL/min per 1.73 m2 based on the CKD-EPI equation;
CrCl 23 mL/min normalized to 72 kg based on the
Cockcroft-Gault equation). His serum sodium level is 143
mmol/L, and his serum potassium level is 5.1 mmol/L. His
home weight has been stable at 68 kg, and his home blood
pressure over the past week has been an average of 114/71
mm Hg, with a pulse of 52 beats per minute. He still has
symptoms consistent with NYHA class III. On examination,
his blood pressure was 121/74 mm Hg, with a pulse of 51
beats per minute. His jugular venous pressure was 1 cm above
the sternal angle, and his lungs were clear to auscultation with
no adventitious sounds. He had normal S1 and S2 heart
sounds, with no S3. His weight was 69 kg in the clinic. He
did not have any peripheral edema.

Although his eGFR has decreased slightly, his serum
creatinine level increased by only 5% from baseline, which is
within the generally accepted range of < 30%. Although he
has mild hyperkalemia, it should not necessitate a change to
his ramipril dose, and he is referred to the dietician to discuss
reducing his dietary intake of potassium. His bradycardia is of
concern, as it may be indicative of renal accumulation of
bisoprolol. Thus, you recommend he discontinue bisoprolol
and initiate metoprolol at a therapeutically equivalent dose
(eg, 25 mg twice daily). The addition of an MRA would not
be appropriate at this time, based on his hyperkalemia.
However, initiation of an SGLT2 inhibitor is a reasonable
consideration. Hence, you recommend empagliflozin 10 mg
daily. Given that he appears euvolemic on examination, and
to minimize the risk of worsening renal function due to
hypovolemia, you recommend that he decrease his furosemide
to 20 mg daily. Finally, you ask that he repeat measurement of
his serum creatinine and electrolyte levels in another 2 weeks.

SGLT2 inhibitors

SGLT2 inhibitors are recommended in most patients with
HFrEF and CKD, although initiating an SGLT2 inhibitor may
increase the risk of worsening renal function secondary to
volume depletion. Prior to initiation, all patients should un-
dergo a fluid assessment, as hypovolemia may increase the risk
of an acute kidney injury. However, chronic use of SGLT2
inhibitors has been shown to reduce the risk of adverse renal
outcomes in patients with CKD.11 As with other standard
HFrEF therapies, patients with an eGFR < 60 mL/min per
1.73 m2 on an SGLT2 inhibitor should have their renal
function assessed frequently. Dapagliflozin is not recom-
mended in patients with an eGFR < 25 mL/min per 1.73 m2,
whereas empagliflozin is not recommended in patients with an
eGFR < 20 mL/min per 1.73 m2.12,13 Both dapagliflozin and
empagliflozin are contraindicated in patients on dialysis. As
with non-CKD patients, the target dose for both dapagliflozin
and empagliflozin is 10 mg daily. As SGLT2 inhibitors have a
mild osmotic diuretic effect, a pragmatic approach is to
empirically reduce the dose of a loop diuretic by 50% in pa-
tients who are euvolemic.

In the Dapagliflozin and Prevention of Adverse Outcomes
in Heart Failure (DAPA-HF) trial, 41% of patients had CKD
(eGFR < 60 mL/min per 1.73 m2 based on the CKD-EPI
equation), and patients with an eGFR < 30 mL/min per
1.73 m2, or rapidly declining renal function, were excluded.14

The dose of dapagliflozin could be temporarily reduced to 5 mg
daily (from 10 mg daily) in patients with an acute, unexpected
decline in renal function. In a prespecified subgroup analysis,
the primary composite endpoint of worsening heart failure or
cardiovascular death was significantly reduced with dapagli-
flozin vs placebo (19.9% vs 26.4%, HR 0.72, 95% CI 0.59-
0.86) in patients with an eGFR < 60 mL/min per 1.73 m2.15

The primary outcome of cardiovascular death or worsening
heart failure did not differ significantly between subgroups of
patients with vs without CKD (interaction P ¼ 0.54).14

Furthermore, the reduction of cardiovascular and all-cause
death did not differ significantly between groups (interaction
P ¼ 0.44 and P ¼ 0.80, respectively).

The Dapagliflozin and Prevention of Adverse Outcomes in
CKD (DAPA-CKD) trial evaluated dapagliflozin 10 mg daily
vs placebo in patients with CKD (eGFR 25-75 mL/min per
1.73 m2; mean eGFR 43 mL/min per 1.73 m2 at baseline) and
albuminuria.11 The trial was not specifically evaluating heart
failuredonly 11% had a history of heart failure (unknown
type) at baseline, and patients with NYHA class IV symptoms
were excluded. Overall, use of dapagliflozin reduced the
primary composite renal outcome (50% decline in eGFR, end-
stage renal disease, or death from renal or cardiovascular causes)
vs placebo (9.2% vs 14.5%, HR 0.61, 95% CI 0.51-0.72). Use
of dapagliflozin also reduced the secondary outcome of death
from cardiovascular causes or hospitalization for heart failure
(HR 0.71, 95% CI 0.55-0.92). However, the authors did not
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report outcomes for the subgroup of patients with heart failure
at baseline.

In the Empagliflozin Outcome Trial in Patients With
Chronic Heart Failure With a Reduced Ejection Fraction
(EMPEROR-Reduced) trial, 48% of patients had an eGFR <
60 mL/min per 1.73 m2 (based on the CKD-EPI equation) at
baseline.16 Patients with an eGFR < 20 mL/min per 1.73 m2

were excluded, although the authors did not report how many
patients with severe CKD (ie, eGFR 20-29 mL/min per 1.73
m2) were included. The overall mean eGFR was 62 mL/min
per 1.73 m2. Use of empagliflozin 10 mg daily reduced the
primary outcome of cardiovascular death or heart failure hos-
pitalization, compared to placebo. However, in a subgroup of
patients with an eGFR < 60 mL/min per 1.73 m2, the point
estimate favoured empagliflozin, but it did not reach statistical
significance (22.6% vs 26.2%, HR 0.83, 95% CI 0.69-1.00).
The secondary renal composite outcome (dialysis, trans-
plantation, or sustained decline in eGFR based on baseline
eGFR) for the overall population was significantly lower with
empagliflozin (HR 0.50, 95% CI 0.32-0.77), although the rate
was not reported for the subgroup of patients with CKD.

Case vignette (continued)

He has another in-person follow-up clinic visit 2 weeks
after initiating metoprolol and empagliflozin. His average
home blood pressure has stayed consistent at about 118/75
mm Hg, and his average home pulse has improved to 65 beats
per minute. His symptoms have improved since his previous
clinic visit. He reports less dyspnea and more stamina,
consistent with NYHA class II. He had his repeat blood work
done 2 days ago, which showed a serum sodium level of 138
mmol/L, a serum potassium level of 4.8 mmol/L, and a serum
creatinine level of 243 mmol/L (eGFR 24 mL/min per 1.73
m2 based on the CKD-EPI equation; CrCl 21 mL/min
normalized to 72 kg based on the Cockcroft-Gault equation),
which represents a 10% increase from his previous measure-
ment (14% increase from baseline). On examination, his ju-
gular venous pressure was below the sternal angle, and he did
not have any peripheral edema. His weight is down 2 kg (to
67 kg) from that at his previous clinic visit.

You determine on examination that he is likely hypo-
volemic. Thus, you recommend changing his furosemide to 20
mg daily as needed, and educate him to monitor his home
weight and symptoms. Although his eGFR has decreased to <
25 mL/min per 1.73 m2, continuation of his empagliflozin is
acceptable, whereas dapagliflozin would technically be contra-
indicated if his eGFR is consistently < 25 mL/min per 1.73
m2. One week later, repeat blood work demonstrates his serum
creatinine level has decreased to 219 mmol/L (eGFR 29 mL/
min per 1.73 m2 based on the CKD-EPI equation; CrCl 24
mL/min normalized to 72 kg based on the Cockcroft-Gault
equation) and his serum electrolyte levels are within normal
limits. At this point, you recommend initiating spironolactone
6.25 mg daily to complete his 4 standard heart failure therapies,
and you recommend blood work again in about 1-2 weeks.

Mineralocorticoid receptor antagonists

MRAs are recommended to be used cautiously in patients
with HFrEF and CKD secondary to the risk of worsening renal
function and hyperkalemia. All patients with HFrEF and CKD
should have baseline serum creatinine and serum potassium
levels measured prior to MRA initiation, and patients should be
educated to limit their dietary intake of potassium. For epler-
enone and spironolactone, no dose adjustment is required in
patients with an eGFR > 50 mL/min per 1.73 m2. In patients
with an eGFR 30-50 mL/min per 1.73 m2, the recommended
approach is to use a low starting dose (eg, 6.25-12.5 mg daily or
12.5 mg every other day) and titrate up every 4 weeks if the
patient’s renal function is stable and serum potassium level is<
5 mmol/L.17,18 The CCS heart failure guidelines advocate that
mild hyperkalemia is acceptable (serum potassium leve 5.1-5.5
mmol/L) and should not necessitate a dose reduction.19 In
most cases, the target dose should not exceed 25 mg daily.
Avoiding MRA therapy is recommended in patients with an
eGFR < 30 mL/min per 1.73 m2.17,18

Post hoc analyses of landmark trials have demonstrated a
benefit with MRA therapy in patients with HFrEF and
CKD.20 In the Randomized Aldactone Evaluation Study
(RALES) trial, patients with a serum creatinine level > 221
mmol/L were excluded.21 In the subgroups of patients with a
serum creatinine level < 106 mmol/L or � 106 mmol/L, all-
cause death was significantly lower in both groups, with a
higher relative risk reduction in patients with worse renal
function. A subsequent post hoc analysis of the RALES trial
demonstrated that patients with an eGFR < 60 mL/min per
1.73 m2 (based on the MDRD equation) had a similar relative
risk reduction in all-cause death (32%), compared to that of
patients with an eGFR > 60 mL/min per 1.73 m2 (29%).22 A
similar relative risk reduction occurred in the composite of
death or heart failure hospitalization in both groups, but
hyperkalemia was more common with spironolactone in pa-
tients with an eGFR < 60 mL/min per 1.73 m2. Worsening
renal function (defined as a 30% decrease in eGFR from
baseline to 12 weeks) with spironolactone was not associated
with an increased adjusted risk of death. In the Eplerenone in
Mild Patients Hospitalization and Survival Study in Heart
Failure (EMPHASIS-HF) trial, patients with an eGFR < 30
mL/min per 1.73 m2 (based on the MDRD equation) were
excluded, and roughly one-third (33%) had an eGFR < 60
mL/min per 1.73 m2.23 The prespecified subgroup of patients
with an eGFR of 30-59 mL/min per 1.73 m2 demonstrated
that eplerenone, as compared to placebo, significantly reduced
the incidence of the composite of heart failure hospitalization
and cardiovascular death (24.4% vs 34.5%, HR 0.62, 95% CI
0.49-0.79), which was similar to that in the overall trial pop-
ulation.23,24 However, the risk of hyperkalemia was higher with
eplerenone vs placebo in patients with an eGFR 30-59 mL/min
per 1.73 m2 (16.6% vs 9.3%, P ¼ 0.002). Hence, patients
with HFrEF and CKD may derive a similar or increased benefit
with eplerenone or spironolactone than patients with higher
renal function, though the risk of hyperkalemia appears to also
be increased.

Contrary to these subgroup analyses, a prospective obser-
vational study conducted in Alabama using Medicare data (the
Alabama Heart Failure Project) investigated spironolactone use
and the risk of hospital readmission.25 A total of 1140 patients
hospitalized for heart failure with an LVEF < 45% and an
eGFR< 45 mL/min per 1.73 m2 were included in the analysis.
Themean LVEFwas 28%, and themean eGFRwas 31mL/min
per 1.73m2. A propensity-score-adjusted hazard ratio indicated
that no significant difference occurred in 30-day all-cause or
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heart failure-related readmission, or in all-cause mortality,
among patients discharged on spironolactone vs not on spi-
ronolactone. At 1 year, an increase occurred in all-causedbut
not heart failure-relateddhospital readmission among spi-
ronolactone users vs nonusers. The authors concluded that
patients discharged on spironolactone after a heart failure hos-
pitalization had a higher risk of 1-year hospital readmission.
Despite the propensity score-matched design, this study was at
risk of bias and confounding due to the observational design and
the small, highly selective population. As well, the authors
utilized data from 1998-2001, prior to the advent of use of
eplerenone, sacubitril-valsartan, and SGLT2 inhibitors.

Case vignette (continued)

You conduct a telephone follow-up 2 weeks after initiating
spironolactone. His symptoms continue to be consistent with
NYHA class II. His repeat blood work demonstrates a serum
sodium level of 140 mmol/L, a serum potassium level of 5.2
mmol/L, and a serum creatinine level of 214 mmol/L (eGFR
29 mL/min per 1.73 m2 based on the CKD-EPI equation;
CrCl 24 mL/min normalized to 72 kg based on the
Cockcroft-Gault equation). He has been adhering to a low-
potassium diet. His blood pressure at home has been an
average of 110/68 mm Hg, with a pulse of 62 beats per
minute. His current heart failure therapies are as follows:
ramipril 1.25 mg twice daily, metoprolol 25 mg twice daily,
spironolactone 6.25 mg daily, empagliflozin 10 mg daily, and
furosemide 20 mg daily as needed (no recent use).

His renal function has improved back to his baseline on
discharge from the hospital. However, his mild hyperkalemia
should rule out titration of his ramipril and spironolactone.
Based on his stage 4 CKD, his ACEI and MRA are unlikely to
be titrated to the target doses. If his eGFR improves to be
consistently > 30 mL/min per 1.73 m2, a reasonable
approach may be to discontinue his ramipril and initiate
sacubitril/valsartan 24/26 mg twice daily, although he will
need to monitor his home blood pressure frequently and
monitor for symptoms of lightheadedness. His empagliflozin
is at the target dose. At this time, the most reasonable option
would be to cautiously uptitrate his metoprolol (eg, 37.5 mg
twice daily), which should have a minimal impact on his
blood pressure and does not require renal dose adjustment.

Potassium binders

Ongoing trials are evaluating the use of novel, non-
absorbed potassium binders (patiromer and sodium zirco-
nium cyclosilicate) to facilitate the initiation and uptitration of
MRAs and RAS inhibitors in patients with HFrEF.26,27 Pre-
liminary trials have demonstrated that patiromer and sodium
zirconium cyclosilicate lower serum potassium levels and
maintain normokalemia among patients with heart failure,
with a history of hyperkalemia, who are receiving RAS in-
hibitor therapy.28-30 However, cost, polypharmacy, and
adverse effects (eg, hypokalemia, edema with sodium zirco-
nium cyclosilicate, gastrointestinal disorders with patiromer)
may be barriers to uptake in practice.
Conclusion
Many patients with HFrEF also have concurrent CKD

(eGFR < 60 mL/min per 1.73 m2), which presents a
challenge when initiating and titrating the 4 standard thera-
pies for treatment. Drug dosing based on renal function is
controversial, depending on the equation utilized. Clinicians
should be aware of the limitations of each formula and should
incorporate the clinical status of the patient, the trend in their
renal function over time, and the risk of toxicity of the drug
when making renal dose adjustments. The presence of CKD
in a patient should not preclude the use of an RAS inhibitor,
though patients should be monitored frequently for worsening
renal function and hyperkalemia. However, sacubitril/valsar-
tan is not recommended in patients with an eGFR < 30 mL/
min per 1.73 m2. Of the 3 ß-blockers recommended in the
management of HFrEF, only bisoprolol may accumulate in
patients with renal impairment; however, patients should be
titrated to either the target dose (10 mg daily) or their
maximally tolerated dose, depending on their clinical
response. The SGLT2 inhibitors appear to be effective at
reducing adverse cardiovascular and renal outcomes in pa-
tients with CKD (eGFR � 25 mL/min per 1.73 m2 with
dapagliflozin or � 20 mL/min per 1.73 m2 with empagli-
flozin), although declining kidney function is a risk, due to the
osmotic diuretic effect. Finally, MRA therapy should be
considered in all patients with HFrEF and an eGFR � 30
mL/min per 1.73 m2. The starting dose should be low (eg,
6.25-12.5 mg daily or 12.5 mg every other day), and can be
uptitrated every 4 weeks, based on the patient’s renal function,
in the absence of hyperkalemia.
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