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Case Vignette
Mr. Y is a 72 y/o man with an ischemic cardiomyopathy after suffering an 
anterior myocardial infarction at the age of 68 years. He is currently residing 
in New York Heart Association functional class II. His past medical record is 
also notable for poorly controlled diabetes with microvascular complications 
of retinopathy and nephropathy. Serum creatinine levels were normal at the 
time of his myocardial infarction, but have increased gradually up till 2.47 mg/
dL now (estimated glomerular filtration rate 25 mL/min/1.73 m2). Mr. Y is 
taking aspirin, atorvastatin, metformin, insulin in a basal-bolus scheme, lisin-
opril 20 mg daily, carvedilol 25 mg twice daily, and eplerenone 50 mg daily. 
Serum potassium levels are slightly elevated at 5.2  mmol/L without other 
electrolyte disturbances. Blood pressure is well controlled at 132/58 mmHg. 
The electrocardiogram of Mr. Y shows a left bundle branch block with QRS 
width equal to 148 ms. On his latest echocardiography, left ventricular ejec-
tion fraction was 30%.

Chapter Key Points
•	 Incidence and prognostic impact of chronic kidney disease (CKD) in heart 

failure with reduced ejection fraction (HFrEF)
•	 Use of evidence-based medications for HFrEF in patients with CKD
•	 Device therapy in HFrEF and CKD
•	 Reno-protective strategies in HFrEF
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Brief Discussion of the Case

The first thing that should come to mind in any clinician treating patients similar to the 
case presented here, is whether this patient is in stable condition. To do so, a detailed 
anamnesis, followed by physical examination and if necessary follow up diagnostic 
tests are warranted to do so. It is imperative to identify unstable patients before the 
clinical course is detrimental to such an extent only limited treatment options remain. 
If the patient is stable, this gives the clinician time to evaluate the patient closely, pos-
sibly seeing the patient in the outpatient clinic several times, and perhaps discuss this 
patients treatment with other physicians, consulting specialists and of course the patient 
and his caregivers. Fortunately, the gentleman in this case seems to be in reasonable 
shape, as he is in NYHA functional class II heart failure (HF). This means there is time 
to evaluate the current status, get a detailed picture of the medical situation, and decide 
on a treatment plan based on patients condition, laboratory and other diagnostic and 
functional test, as well as taking into consideration current HF guidelines [1–3].

This patient is suffering from HF with reduced ejection fraction (HFREF), 
probably caused by the (large) myocardial infarction 4 years ago. Immediately, a 
clinician familiar with the syndrome of HF will recognize that there is no available 
cure, which means all treatment options available are focused on improving quality 
of life, including extending length of life, as well as keeping the patient out of hospital 
[2]. When assessing such a patient with HFREF, it is important to evaluate whether 
any comorbidities exist that might further impair long term outcomes or increase the 
risk of decompensation, hospitalization or dying [4]. Furthermore, some comorbidities 
may interfere with treatment options. Certainly, the presence of comorbidities that by 
itself confer a substantial mortality risk (which could surpass the mortality risk of 
HF), could mean certain HF treatments should not be embarked on.

In general comorbidities that should interest a HF physician include among 
others: Diabetes Mellitus, Pulmonary Disease (including chronic obstructive 
pulmonary disease (COPD)), Coronary Artery Disease, Atrial Fibrillation, 
Cerebrovascular disease, Depression and perhaps most importantly for the current 
case: renal insufficiency [4–7].

�Renal Function in HFREF

Why is renal function so important in HF? First, it is the organ that is in the end 
responsible for the maladaptive salt and water retention in response to neurohor-
monal activation when cardiac dysfunction (whatever is the cause) develops [8]. 
Second, because it is exactly there where evidence based treatments in HFREF exert 
their action (among other places). Thirdly, whatever the cause of renal dysfunction 
in HF, it is one of the strongest predictors of clinical outcome (and therefore risk 
marker) in HF [6, 9]. At the end of the twentieth century, this detrimental associa-
tion between lower creatinine clearance and mortality was formally recognized in 
retrospective analyses from both SOLVD and PRIME II studies, sparking up more 
research in the field on why renal dysfunction was so important in HF [10, 11]. 
Ultimately, this culminated in a large study based meta-analysis, including over one 
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million cases, where having chronic kidney disease (CKD) at baseline was associ-
ated with a more than two-fold mortality risk [6]. This risk was, surprisingly, similar 
in acute and chronic HF.  These findings by itself should be sufficient reason to 
evaluate renal function closely in patients with HFREF.

�Pathophysiology of Renal Insufficiency in Heart Failure

Even though we largely think we understand the importance of renal dysfunction in 
HFREF patients, the pathophysiology is still under debate (Fig.  6.1 shows most 
common concepts) [8, 12, 13]. However, we now know from small mechanistic 
studies that a reduction in cardiac output and increase in central venous pressure 
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Fig. 6.1  Overview of the pathophysiology of renal insufficiency in HFREF. (a) Organ-specific 
factors: Reduction in RBF and increased (renal) venous pressure, resulting in increased renal inter-
stitial pressure (directly opposing filtration in Bowmans capsule (b)). Glomerular factors: Renal 
autoregulation preserves GFR, a process inhibited by RAAS inhibitors causing (pseudo) worsen-
ing renal function. Non-steroidal anti-inflammatory drugs inhibit prostaglandin synthesis, thereby 
impairing prostaglandin associated increase/dependent renal blood flow. Concomitant diseases 
have direct, but differential effect on glomerular filtration, glomerular integrity and podocyte func-
tion, as well as autoregulation. (c) Nephronic factors: the combination of increased interstitial 
pressure, reduced arterial perfusion, concomitant disease and therapies can cause tubular and glo-
merular injury. Increased renal interstitial pressure causes collapsing of renal tubules, thereby low-
ering GFR, and eventually leading to decreased urine output, sodium retention, and congestion. 
Abbreviations: ACEi, angiotensin-converting enzyme inhibitor: ARB, angiotensin II receptor 
blocker: FF, filtration fraction: GFR, glomerular filtration rate: MRA, mineralocorticoid receptor 
antagonist: NSAIDs, non-steroidal anti-inflammatory drugs: RAAS, renin–angiotensin–aldoste-
rone system: RBF, renal blood flow. (From Damman et al. [21])
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directly transmit to the kidney [14–17]. This means that in HFREF patients, with 
and without renin angiotensin aldosterone system (RAAS) blockade, there is a 
direct and strong relationship between renal blood flow and glomerular filtration 
rate (GFR) [14, 16]. When HF advances, and besides left sided filling pressures, 
also right sided pressures, especially central venous pressure start to rise and overt 
congestion develops, this also has it effects on renal function [18]. Importantly, high 
central venous pressure (directly transmits to renal venous pressure) contributes to 
a reduced GFR in two important ways. First it decreases the pressure gradient over 
de kidney (and glomerulus), thereby decreasing renal blood flow (this is an indirect 
way). Second, increased central and renal venous pressure leads to renal interstitial 
hypertension (high intracapsular pressure) [19–21]. On the long term this acceler-
ates fibrosis and intrarenal damage, but on the short term it means pressure in the 
renal parenchymal tissues are high, resulting in collapsing of tubules, reducing the 
flow of ultrafiltrate from Bowman’s capsule to the collecting duct, which means 
lower filtration [22]. There are also signs that by itself, high renal venous pressure 
further promotes salt and water retention. It is therefore essential to get a feeling of 
congestive status of the HFREF patient with renal dysfunction to understand the 
cause of CKD in the individual patient (Tables 6.1, 6.2, and 6.3).

In the current case, this patient does have a strikingly reduced estimated GFR 
(25  mL/min/1.73  m2), more than might be expected from his age, creatinine and 
severity of HF. In such a situation, it is important to re-evaluate findings and medical 
history to understand the disproportional low eGFR. It could be that the hemody-
namic status of the patient is more compromised than can be seen with minimal 

Table 6.1  Important considerations when approaching a HFREF patient with renal dysfunction

Current situation: Hemodynamics
 � Is the patient stable? If not, this should be the first treatment goal.
 � Excessive congestion? Evidence of edema?
 � Hypo or hypertensive?
Predisposing conditions that can cause (more than expected) renal impairment
 � Diabetes mellitus
 � Atherosclerosis
 � Hypertension
Background therapy
 � Any medical therapy that can compromise renal function?
 � Any medical therapy that is renally cleared?
 � What about HF therapy: what is the current type and dose of evidence based HF therapy, 

especially RAAS inhibitors?
 � Use of (loop) diuretics?
Dynamics in renal function
 � What was the course of eGFR/serum creatinine in the past weeks/months?
 � What was the most likely reason for the change?
 � Any indication of organ damage? What about albuminuria (especially in hypertensives, diabetics)
Any indication of adverse events linked to renal dysfunction?
 � Hyperkaleamia
 � Gout like symptoms
 � Muscle cramps

Abbreviations: eGFR: estimated Glomerular Filtration Rate, HF: Heart Failure, HFREF: Heart 
failure with reduced ejection fraction, RAAS: Renin Angiotensin Aldosterone System
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examination and anamnesis. If this is suspected, care should be taken to get objective 
evidence of to support this. More importantly, not only HF induces a decline in renal 
function, also many comorbidities exert detrimental effects, some of which contrib-
ute to the development of HF as well. Particularly, atherosclerosis, hypertension and 
diabetes mellitus are associated with worse renal function and more renal function 
decline in non HF populations, and all are associated with the development of HF by 
themselves [23, 24]. What this actually means is that in some patients, before the 
development of (overt) HF, renal function is often already compromised [25]. In the 
current case, this patient was already suffering from poorly controlled diabetes with 
end organ damage (retinopathy and nephropathy) probably long before HF occurred 
after the myocardial infarction. Although this did not translate in to an elevated serum 
creatinine level when the infarction occurred, diabetes can cause accelerated decline 
in renal function, cause glomerulosclerosis and tubular injury, as well as causing 
nephron loss [26]. Diabetic patients are also known to have renal hyperfiltration 

Table 6.2  Hyperkalaemia

Hyperkalaemia is a frequent condition that occurs in patients with heart failure and 
concomitant renal dysfunction. Normally, hyperkaleamia is defined as a potassium above 
5.0 mmol/L. Up to 25–30% of chronic HFREF patients may develop at some stage 
hyperkaleamia, which may be due to underlying conditions, such as renal dysfunction, or can 
occur after initiation and/or uptitration of evidence based heart failure therapies. It is therefore 
a very important disorder that prohibits sometimes the uptitration of RAAS-inhibitor therapy, 
and in specific mineralocorticoid receptor antagonists (MRA’s) that are known to elevate 
potassium levels. Some obvious causes of hyperkaleamia such as inadequate blood draw, use 
of potassium supplements or metabolic disorders should always be considered and excluded. 
Then, as with the current patient is the case, if no other causes can be identified, care should be 
taken to re-evaluate potassium levels regularly. If any further increase is observed, either MRA 
(or other RAAS inhibitor) should be downtitrated, or if the patient is congested, loop diuretics 
can be initiated, which are known to reduce serum potassium levels.
Novel treatments to specifically lower potassium levels to allow further uptitration of evidence 
based therapies are now being evaluated but have not found their way to clinical practice yet.

Table 6.3  Worsening renal function

Changes in filtration rate occur all the time in patients with HFREF, and even with daily 
determination of serum creatinine it is difficult to establish true alterations in GFR. Improvements 
in serum creatinine and GFR will hardly alert any clinician, while certain increases in creatinine 
will quickly alarm many HF specialists. From epidemiological data, any increase in serum 
creatinine, whatever the cause, was associated with worse clinical outcomes. However, the 
magnitude of this excess risk (which can be minimal to substantial) depends entirely on the 
circumstances during which this increase developed. If the clinical status of a patient improves, 
but serum creatinine increases, this normally is not associated with worse outcomes. It should 
prompt re-evaluation after some time, but would not necessarily need any action to be taken. 
Similarly any modest increase in serum creatinine after RAAS-inhibitor initiation or uptitration 
should be expected and accepted, even in patients with already compromised kidney function. 
Only very large (and unexpectedly large) increases in serum creatinine should alarm the HF 
specialist to reduce or even stop these life saving drugs. Always check whether other factors could 
have been responsible for the deterioration in renal function, such as over the counter NSAIDs, 
antibiotics, loop diuretics, or clinical deterioration. If the patient remained stable, re-challenge 
with a RAAS inhibitor should be considered, possibly in lower dosages and a slower uptitration 
regime. In difficult cases, a consultation by nephrologist should be considered.
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where filtration fraction (GFR divided by renal blood flow) actually increases; which 
is thought to be a sign of renal compensation, but also a sign of renal end organ dam-
age [27]. This might have been the case with the current patient when serum creati-
nine was still normal at the time of the coronary event. Although hyperfiltration 
normally doesn’t occur in hypertension, this condition is also associated with accel-
erated decline in renal function and loss of nephrons [28]. It is also a major risk factor 
for HF, either directly or through promoting cardiovascular events [29]. Controlling 
blood pressure and optimizing diabetic regulation are therefore important treatment 
targets in patients at risk of HF, but also in HF patients themselves, since this might 
be associated with favourable renal outcomes. Although this has not been shown in 
an evidence based manner, it is unlikely that pathophysiological processes associated 
with early renal function decline in patients without (or before) HF are either halted, 
attenuated or even reversed when overt HF develops. Therefore, from a renal per-
spective, taking care of blood pressure and especially diabetic control, should be part 
of the treatment of HFREF patients with renal insufficiency.

�Treatment of HFREF Patients with Renal Insufficiency

Besides diagnosing, controlling and treating comorbidities in HFREF, the primary 
focus of the treatment of HFREF patients – also in those with important renal insuf-
ficiency- should be initiation, uptitration and continuation of evidence based thera-
pies as much as possible according to most recent HF guidelines [1–3]. As is the 
case for any HFREF patient, a patient with mild to moderate renal insufficiency 
(CKD stage 1–3, eGFR >30 mL/min/1.73 m2) should be treated with guideline rec-
ommended HF treatment (Fig. 6.2) [30]. The classes of drugs to consider in these 
patients include Angiotensin converting enzyme inhibitors (ACEi), angiotensin II 
receptor blockers (ARB), Angiotensin receptor blocker neprilysin inhibitors 
(ARNI), beta-blockers and mineralocorticoid receptor antagonists (MRA), which 
all have a class I recommendation in clinical HF guidelines [2, 3]. ACEi and ARBs 
are often withheld in patients with modest to moderate (and severe) renal insuffi-
ciency in HF because of the perceived risk of worsening of renal function and 
hyperkaleamia [30]. In randomized clinical trials, where only patients were included 
with eGFR >30 ml/min/1.73m2 (so CKD stage 1 to 3b, but not stage 4 or 5 (dialy-
sis)), there was no significant interaction between baseline CKD and the treatment 
effect of either ACEi or ARB. This means that the beneficial effects were main-
tained when baseline eGFR was lower. Since the absolute risk in these high risk 
patients was higher, this also meant that with similar relative risk reduction, the 
absolute risk reduction in these patients was actually greater [30]. However, this was 
offset by more frequent occurrence of hyperkaleamia and other adverse events, indi-
cating that close monitoring of renal function and electrolytes is warranted, espe-
cially when renal function at baseline is already compromised. Similar results were 
found in post hoc analyses of both RALES and EMPHASIS-HF, showing that MRA 
therapy was beneficial also in patients with moderate renal insufficiency [31, 32]. 
The perceived risk of worsening renal function with RAAS inhibitors is actually 
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true but should be seen in a different context [21]. As a response to a reduction in 
renal perfusion pressure, efferent vasoconstriction occurs in the kidney, which 
results in a stable GFR (at the cost of neurohormonal activation). With RAAS inhi-
bition by ACEi, ARB and MRA’s, this efferent vasoconstriction is (partly) attenu-
ated, which directly results in improvement of renal perfusion, but decline in GFR 
(and therefore lower FF) [14]. This decline in GFR called worsening renal function 
is seen in all studies with RAASi in HF [33]. However, when worsening renal func-
tion occurs in the setting of starting or uptitration of RAAS inhibitors, there is no 
associated detrimental effect on clinical outcome. Some increase in serum creati-
nine (or decrease in eGFR) should therefore be accepted, which could be up to 
3 mg/dL or more than 50% increase in eGFR. Very large or steep increases in serum 
creatinine should always prompt more investigating and temporary halting the 
RAAS inhibitor, and in any circumstance, renal function and electrolytes should be 
checked regularly. The one exception within the group of RAAS inhibitors with 
regards to change in renal function is sacubitril/valsartan (ARNI). Compared with 
enalapril, sacubitril/valsartan resulted in a less pronounced decline in eGFR over 
time, while improving prognosis, even in patients with moderate CKD [34].

In some situations, as is the case with the present patient, renal function could 
decline below the threshold of eGFR <30 ml/min/1.73 m2, either because of or 
despite starting treatment with RAAS inhibitors. It is imperative to try to keep 
patients on these life saving drugs, even though renal function is poor. Although 
we do not know whether discontinuation of these drug in these situation do any 

Fig. 6.2  Evidence of guideline recommended treatments in HFREF according to CKD stages. 
Angiotensin blocker neprilysin inhibitor (ARNI) shows the same evidence as for ACEi, although 
only in one study. Abbreviations: ACEi: angiotensin-converting enzyme inhibitor, ARB: angioten-
sin II receptor blocker, CKD: Chronic kidney disease, CRT: cardiac resynchronization therapy, 
ESRD: End stage renal disease, GFR: glomerular filtration rate, H-ISDN: hydralazine and 
isosorbide-dinitrate, ICD: implantable cardioverter-defibrillator, MRA: mineralocorticoid receptor 
antagonist, RAAS: renin angiotensin aldosterone system. (From Damman et al. [30])
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harm (or good), it is also very unlikely that the benefit of these therapies suddenly 
stops in patients with baseline eGFR <30 mL/min/1.73m2 [30]. However, what we 
do know is that more side effects such as hypotension occur, and the risk of hyper-
kaleamia rises [32]. With close monitoring and a case by case treatment plan, it is 
often possible to keep these patients on their evidence based therapies. Whether to 
pursue further uptitration (i.e. the present patient is treated with lisinopril 20 mg 
OD which could be uptitrated further) should also be decided on an individual 
basis. For instance, if a drop in eGFR was caused by the introduction of the ACEi, 
further uptitration might not be reasonable. On the other hand, if eGFR has 
remained stable over some period of time, and blood pressure permits, under close 
monitoring of vital signs and potassium, uptitration could be considered. In the 
circumstance this particular patient was RAAS inhibitor naïve and had the same 
laboratory results, a similar approach can be followed; use small dose steps, adjust 
according to changes in renal function and electrolytes and monitor vitals. For 
Beta-blocker therapy, although also in these trials patients with eGFR <30 ml/
min/1.73 m2 were mostly excluded, there is even more consensus to treat HFREF 
patients with moderate/severe renal insufficiency according to general guidelines 
[30]. The reason is that there is no (detrimental) effect of beta-blocker therapy on 
renal function in HFREF patients, and the effect of the drugs were at least as 
strong (possibly stronger) in patients with more severe CKD stages. Whether or 
not other medical therapies such as digoxin, ivabradine, hydralazine or nitrates 
may be used in patients with moderate renal insufficiency has been extensively 
reviewed [30].

�Device Therapy in HFREF Patients with Renal Insufficiency

After a HFREF patient with renal insufficiency has been treated with optimal 
medical therapy (highest tolerated dose), the question arises whether there is also an 
indication for device therapy [1, 3]. As is the case for medical treatment, large trials 
on implantable cardioverter defibrillator (ICD) treatment have excluded patients 
with severe renal dysfunction. But it is probable that the beneficial effect ICD ther-
apy as observed in the entire HFREF population persists when renal dysfunction 
worsens. These patients might also be at increased risk of sudden death, especially 
given electrolyte abnormalities such as hyperkaleamia, and lower dosage of pre-
scribed evidence based therapies [30]. Of course, whether or not an ICD should be 
implanted is not only dependent of cardiac status, but also of age, frailty, non car-
diac life expectancy, comorbidities and patients preference.

Whereas all above mentioned treatment option should only be considered 
because of mortality or morbidity benefit (and not particularly for their benefit on 
renal function), this might not be the case for cardiac resynchronization therapy 
(CRT). The patient in the current case has a widened QRS complex (148 ms), with 
left bundle branch block morphology, which makes CRT a good option when on 
stable, high dose evidence based treatment (IIa B recommendation) [1]. This ther-
apy is associated with improved long term outcomes in this patient category, 
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including those with CKD stage 3 a/b, and it is plausible that it also improves out-
come in patients with more severe stages of CKD (i.e. stage 4), although these were 
not included in the large trials. More importantly there is some evidence that CRT 
therapy may improve cardiac output and thereby improve renal perfusion, increas-
ing GFR [35]. This might not be a direct reason to implant such a device, given also 
the risk of peri and post procedural complications, one of which could be contrast-
induced nephropathy, but it at least suggests that renal impairment by itself should 
not be a reason not to implant a CRT in these patients.

Finally, HF patients who have severe renal dysfunction often have advanced 
HF. In selected patients, left ventricular assist devices (LVAD) implantation may be 
an option, either as bridge to transplant or as destination therapy. Conceptually, 
LVAD implantation will result in improvement of hemodynamics and most often 
result in improved renal function [36, 37]. However, there is increased risk of peri 
and direct posteroperative worsening of renal function on top of a compromised 
renal function already. The risk of dialysis is therefore real, but difficult to establish 
individually. Probably, renal impairment by itself (to some extent), should not be a 
reason not to implant a LVAD.

�Renoprotective Strategies in Chronic HFREF

Certainly, no trial has been designed with the specific intent of improving renal 
function, although the Evaluation of Losartan in the Elderly Study (ELITE) specifi-
cally aimed to reduce the risk of worsening renal function [38]. However, losartan 
was similar to captopril with respect to renal function, but showed lower mortality 
risk, which was then not confirmed in ELITE II [39]. Renal dysfunction or worsen-
ing renal function has been part of most randomized clinical trials as adverse events. 
However the interpretation of these adverse events, especially in RAAS-inhibitor 
placebo controlled trials is difficult. In most if not all RAAS-inhibitor trials, the 
active compound was associated with more frequent renal adverse events [30]. 
However, we also know that despite this, mortality benefit was maintained suggest-
ing that striving for improved or stable renal function when RAAS-inhibitor therapy 
is started or uptitrated really doesn’t necessarily translate into better outcomes [33]. 
Diuretics (mainly loop diuretics) have not been studied in a randomized, placebo 
controlled manner, but their use is advocated when congestion is present in any HF 
patient. From a renal perspective, diuretics probably have beneficial but also 
unwanted effects in HF.  They improve and reduce (renal) venous congestion, 
thereby improving renal perfusion and reducing renal interstitial pressure. This may 
lead to improved renal function opening up the possibility for uptitration of evi-
dence based treatments. On the other hand, reports suggest that long term use of 
(high dose loop) diuretics may be associated with worse (renal) outcomes, and even 
alterations on a nephron level [40–42]. However, it is extremely difficult to establish 
whether these associations are causative, considering confounding by indication 
where sicker patients are prescribed more (often) diuretics. The general consensus 
is however to prescribe a HFREF patients with as much diuretics as possible to 
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achieve and maintain euvolemia, and as little diuretics as possible to preserve renal 
function and prevent common side effects such as gout like symptoms, cramps and 
intravascular depletion. By using a standardized approach, clinicians may be able to 
improve renal function (by altering dosing of ACEi, Diuretics, switching to clopido-
grel), which might be especially useful in the frail, elderly population where also 
orthostatic hypotension and frequent multiple comorbidities are present [43]. 
Finally, it is important to prevent the use of certain (combination of) drugs to pre-
vent (or treat) renal function decline. For instance, the use non-steroidal anti-inflam-
matory drugs (NSAIDs) should be minimized as their combination with 
RAAS-inhibitors can cause significant renal dysfunction. Combination therapy of 
ACEi and ARBs (or ARNI/Direct Renin inhibitors) is not advised, given the higher 
incidence of worsening renal function and hyperkaleamia, without robust evidence 
of improved outcomes. In any circumstance, frequent determination of renal func-
tion (serum creatinine, estimated GFR) and associated electrolytes (sodium, potas-
sium, blood urea nitrogen) is indicated in any patients with HFREF, especially those 
who have changes in renal function, are unstable and/or are uptitrated with 
RAAS-inhibitors.

�Conclusion

As the pivotal organ that induces the maladaptive salt and water retention in HF and 
is the target for therapy for most of our evidence based treatments, the kidney can 
never receive too much attention from HF clinicians. Although (severe) renal dys-
function in chronic HFREF should prompt concerns, it should not be a reason to 
withhold evidence based treatments. In any patient with chronic HFREF with renal 
dysfunction it is important to regularly monitor renal function and electrolytes, and 
to put effort into keeping or starting patients on these life saving therapies.
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