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Abstract
Renin–angiotensin–aldosterone system (RAAS) inhibitors are the 
key medications for patients with heart failure and chronic kidney 
disease. Multiple randomized controlled trials have demonstrated 
their benefits in an outpatient setting for the treatment of 
chronic heart failure. Additional advantages in acute heart failure 
treatment during inpatient hospitalization are less clear but a 
small number of non-randomized studies have favored their 
use. Conditions that result in stoppage of RAAS inhibitors during 
inpatient stay are an increase in serum creatinine, hyperkalemia, 
and hemodynamic instability such as hypotension. The role 
of RAAS inhibitors in chronic kidney disease has also been 
documented in multiple randomized controlled trials, with their 

use in hypertension and proteinuria being unambiguous.  
This narrative review summarizes the role of RAAS inhibitors  
in acute and chronic heart failure and chronic kidney  
disease.
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Introduction
The renin–angiotensin–aldosterone system (RAAS) plays a 
significant role in the mediation of cardiovascular (CV) and 
renal physiology and its activation is key in hypertension, 
heart failure (HF), kidney disease, and other pathological 
conditions. Angiotensinogen is cleaved by renin to produce 
an inactive peptide, angiotensin I, which is then converted 
by endothelial angiotensin-converting enzyme (ACE) to 
angiotensin II in lungs. Angiotensin II mediates the release of 
aldosterone from adrenal glands, leading to sodium retention 
and hypertension, followed by vascular remodeling of the heart 
and disease progression.1 The discovery of RAAS inhibitors 
was ground-breaking and has led to significant developments 
in the prevention and treatment of HF, chronic kidney disease 
(CKD), and hypertension. In this narrative review, we provide a 
comprehensive, objective, and critical analysis of the current 
knowledge on RAAS inhibitors in HF with both reduced and 
preserved ejection fraction, acute decompensated HF (ADHF), 
and CKD. 

Methodology
PubMed was searched from 1990 to 2020 using the terms ‘RAAS 
inhibitors,’ ‘heart failure,’ ‘acute heart failure,’ ‘ACE inhibitors,’ 
‘ACEIs,’ ‘angiotensin receptor blockers,’ ‘ARBs,’ ‘ARBs-neprilysin 
inhibitors,’ ‘ARNI,’ ‘chronic kidney disease,’ and ‘CKD’ and 
included all relevant major randomized controlled trials (RCTs) 
on the use of RAAS inhibitors in HF and CKD. The search was 
restricted to English-language publications. Data on rationale, 
design, and study outcomes were extracted and analyzed.

History of ACEIs
The RAAS has been the subject of study for many years. In 
1898, Scandinavian researchers extracted a substance from 
the kidney that had a powerful pressor effect. In the 1950s, 
the substance was subsequently identified as angiotensin and 
found to exist in two forms, angiotensin I and angiotensin II.  
ACE is required for the conversion from angiotensin I to 
angiotensin II. In 1968, studies performed on dog lungs 
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demonstrated that peptides from the Brazilian viper’s venom 
successfully inhibited the activity of ACE. In 1975, the first ACE 
inhibitor (ACEI), named captopril, was discovered, and was 
launched in 1981. In 1982, Chatterjee et al. demonstrated an 
improvement in left ventricle function by increased cardiac 
output and stroke volume along with a decrease in pulmonary 
capillary wedge pressure following captopril administration.2 In 
1985, a new longer-acting ACEI, called enalapril, was developed. 

The perception of ACEIs further changed following the 
CONSENSUS study, which evaluated the prognosis of severe 
congestive heart failure (CHF) in 253 patients following 
administration of enalapril (2.5–40 mg per day).3 Patients were 
divided into two groups in a double-blind, randomized study 
to receive either placebo (n=126) or enalapril (n=127) along with 
basic HF treatment. This study demonstrated a 31% mortality 
reduction at 1 year in patients with severe HF who were treated 
with enalapril compared to placebo. Similarly, the SAVE trial 
concluded that, in patients with asymptomatic HF with reduced 
ejection fraction (HFrEF) after myocardial infarction (MI), the 
long-term administration of captopril was independently 
associated with a reduction in morbidity and mortality from 
major CV events.4 The SOLVD trial showed that, in patients with 
asymptomatic HFrEF, enalapril use significantly decreased the 
incidence of HF and the rate of HF-associated hospital admissions 
when compared to placebo.5 Although the prognosis for CHF 
remains poor, these studies heralded a new era in the treatment 
of HF and hypertension and provided the building blocks needed 
to achieve the new age of medicine for the treatment of CHF.

History of ARBs
After ACEIs were discovered in the late 1970s, the substantial 
role of angiotensin II in the regulation of blood pressure and 
fluid and electrolyte balance was confirmed. However, several 
deficiencies of ACEIs were proposed. First, it was thought 
that competitive blockage of ACE may cause augmentation 
of angiotensin I and renin levels, which can overcome the 
effect of the blockage. Second, blockage of ACE leads to the 
accrual of bradykinin. Third, the synthesis of angiotensin II can 
take place through pathways that are non-ACE dependent 
and are unaffected by ACE inhibition. Therefore, angiotensin 
receptor blockers (ARBs) were developed to overcome these 
deficiencies. ARBs provide enhanced inhibition of angiotensin 
II by selectively interacting at the receptor site. Armed with this 
knowledge and drive, angiotensin II analogues, like saralasin, 
were developed to have potent angiotensin II receptor-
blocking capabilities yet they had poor oral bioavailability.6 
Losartan was subsequently developed and was able to 
specifically block the AT1 subtype of the angiotensin II receptor. 

Several trials were established identifying the role of ARBs as 
an effective HF therapy and compared their efficacy to that of 
ACEIs. Initially, the ELITE trial showed a significant reduction 
in mortality in the losartan group compared to captopril, 
mainly due to a 64% decrease in the relative risk (RR) of sudden 
cardiac death in patients taking losartan; however, this was not 

the primary endpoint of the study and there was a relatively 
small number of events. Later, the ELITE II study did not find 
superiority in the use of losartan (50 mg daily) when compared 
to captopril (50 mg three times daily), although losartan 
tolerance was preferable.7 The dissimilarities in morbidity or 
mortality rates between the two were insignificant and, thus, 
losartan is considered to be an appropriate alternative choice 
for patients who are unable to tolerate ACEIs.

ACEIs versus ARBs
The binding of angiotensin II to its receptors exerts effects on 
various organs, including brain, kidney, heart, adrenal, and the 
vascular wall. Angiotensin II receptors have two subtypes – AT1 
and AT2. Activation of AT1 results in vasoconstrictor effects and 
is associated with left ventricle (LV) and arterial hypertrophy.8 
The role of AT2 is limited but has been associated with a 
stimulation of growth of the arterial wall.9 Angiotensin II can 
activate both the AT1 and AT2 subtypes; thus, the inhibition of 
angiotensin II by ACEIs will inhibit both subtypes. In contrast, 
ARBs will only inhibit the AT1 subtype of angiotensin II. ACE is 
also important in the metabolism of kinins and the inhibition 
of ACE will increase kinin levels. Excess kinin levels are also 
proposed to contribute to the hypotensive effects of ACEIs by 
unleashing nitric oxide from vascular endothelial cells.10 An 
increase in kinins may also improve insulin sensitivity, thus 
helping to lower blood glucose levels in patients with type 2 
diabetes mellitus.11 A lack of increase in kinins by ARB use also 
explains the lack of cough as a symptom in these patients. The 
use of ACEIs does not affect the alternate pathway (involving 
chymase) of angiotensin II production, while ARBs will still 
inhibit angiotensin II from either pathway.12 Although it was 
initially thought that the combined use of ACEIs and ARBs will 
have synergistic effects, studies have shown that it can increase 
the risk of adverse effects, cancer incidence, and mortality; 
thus, combined therapy is not recommended.

Role in HF
Role of ACEIs/ARBs in chronic HFrEF
The goals of treatment of HF are an improvement in symptoms 
and survival along with a promotion of favorable remodeling of 
the LV. Initial therapy with diuretics, ACEIs, ARBs, ARBs–neprilysin 
inhibitors (ARNIs), and beta-blockers has shown benefits in both 
symptoms and survival. ACEIs improve survival in patients with 
LV systolic dysfunction (LVEF ≤40%) as shown in multiple large 
prospective RCTs.3–5 ACEIs demonstrated significant mortality 
reduction as well as an improvement in clinical state and 
symptoms. A meta-analysis of five trials (three started during 
the first 1–3 weeks post-MI) involving 12,763 patients with LVEF 
≤35% or <40% and/or clinical HF compared ACEI use to placebo 
and showed a lower total mortality for ACEI use (23% versus 27% 
for placebo, odds ratio (OR) 0.80, 95% CI 0.74–0.87).13 This benefit 
of treatment was apparent soon after the commencement of 
treatment and continued to increase for >4 years. ACEIs also 
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showed a lower rate of readmission for HF (14% versus 19% for 
placebo, OR 0.67, 95% CI 0.61–0.74) and a lower incidence of MI 
(9% versus 11% for placebo, OR 0.79, 95% CI 0.70–0.89).

The CHARM-Alternative trial assessed ARB use in 2028 patients 
with chronic HF who were intolerant to ACEIs and found 
a significant improvement in CV-related death or hospital 
admissions for CHF in patients on candesartan compared to 
placebo (adjusted HR 0.70, 95% CI 0.60–0.81).14 A systematic 
review of 9 randomized trials with a total of 4643 patients 
compared ARB therapy (without background ACEI therapy) 
to placebo and found a mildly overall reduced mortality (RR 
0.87, 95% CI 0.76–1.00).15 The review noted that ARBs are 
better tolerated than ACEIs but did not recommend the use 
of combination ACEI and ARB therapy due to an increased 
risk of adverse effects. Similarly, another analysis of 7 clinical 
trials found a smaller reduction in mortality (RR 0.91, 95% CI 
0.79–1.04) with no significant variance in rates of hospitalization 
compared to placebo (RR 1.00, 95% CI 0.92–1.08).16 

Role of ACEIs/ARBs in chronic HFpEF
The pathophysiology of HF with preserved ejection fraction 
(HFpEF) is considerably different from HFrEF. Most of the 
medications showing a benefit on morbidity and mortality in 
HFrEF also improve LV dilation and cause favorable remodeling. 
In contrast, there is no or minimal LV dilation in HFpEF; thus, 
the benefits are also minimal. The current therapies for HFpEF 
are tailored toward treating clinical symptoms and other major 
clinical conditions, such as hypertension, lung disease, coronary 
artery disease, atrial fibrillation, and kidney disease. Certainly, 
there is a lack of RCTs showing the benefits of RAAS inhibitors 
in mortality in patients with HFpEF, with most being related 
to their antihypertensive effects. RAAS inhibitors have been 
proposed to prevent LV hypertrophy by controlling blood 
pressure, which in turn can improve diastolic function.17 A 
randomized, double-blind trial, the PEP-CHF study, enrolled 
850 patients with a mean age of 76 years after the exclusion 
of patients with substantial HFrEF and valvular disease, and 
compared placebo with an ACEI (perindopril) for an effect on 
the composite of all-cause mortality.18 Although the results 
were not significant for all-cause mortality, there was a trend 
towards a benefit from treatment with ACEIs at 1 year (HR 0.692, 
95% CI 0.474–1.010; p=0.055).

The CHARM-Preserved trial evaluated 3023 symptomatic 
HFpEF with LVEF >40% and controlled blood pressure 
and assigned them randomly to either daily candesartan 
or placebo;19 of note, 19% of patients were also on ACEIs. 
At a median follow-up of 36.6 months, there was a trend 
toward a decrease in incidence of the primary endpoint of 
CV death or hospitalization for HF (adjusted HR 0.86, 95% CI 
0.74–1.00; p=0.051), with a significant decrease in the number 
of hospital admissions for HF (16% versus 18%; p=0.017). 
Unfortunately, more patients could not continue candesartan 
because of acute kidney injury, high potassium levels, or 
hypotension. Similarly, in the I-PRESERVE trial, 4128 patients 

with symptomatic HF, controlled blood pressure, and an LVEF 
≥45% were randomly assigned to either receive irbesartan 
daily or placebo daily.20 At a follow-up of 49.5 months 
(mean), no significant differences were observed in death 
or hospitalization for HF, mortality from any cause, hospital 
admission from a CV cause, and quality of life. These studies 
suggest that the direct effect of RAAS inhibitors on HFpEF in 
CV mortality is minimal and the focus should be on controlling 
blood pressure and other comorbidities.

Role of ACEIs/ARBs in ADHF
ADHF is a common and key driver of acute respiratory failure. 
It can occur due to systolic and/or diastolic HF. Treatment is 
mainly focused on improvement of symptoms, oxygenation, 
identifying the precipitating factors, and management of 
comorbidities like atrial fibrillation and cardiorenal syndrome. 
In a meta-analysis of 98,496 patients derived from 4 RCTs, 30-
day mortality was significantly better in patients who received 
ACEIs (initiated within 36 hours of MI) compared to placebo 
(7.1% versus 7.6%, RR 0.93, 95% CI 0.89–0.98).21 These results 
support the use of ACEIs early in the treatment of patients post 
MI. As mentioned earlier, the benefits were more significant 
in patient with reduced EF. It is recommended to start therapy 
prior to hospital discharge in stable patients with MI and 
usually within the first 24 hours in hemodynamically stable 
patients with large anterior ST-elevation MI.22,23

ADHF can also lead to worsening of renal function (WRF), 
defined as cardiorenal syndrome type 1 (CRS1), and is an 
independent predictor of increased inpatient mortality. 
Although the data on RAAS inhibitors in chronic HF are strong, 
randomized trials are lacking in the continuation of these 
medications in patients admitted for ADHF or in those who 
develop CRS1. Clinicians often discontinue these medications 
to preserve renal function and avoid hypotension. In a review 
of currently available studies, the most common reason of 
discontinuation of RAAS inhibitors was WRF.24 Many patients 
were discontinued from ACEI therapy during hospitalization, 
and treatment was not resumed at the time of hospital 
discharge. In a post hoc analysis of a multicenter RCT of patients 
with HFrEF and congestion (ESCAPE trial), an increase in serum 
creatinine in patients with adequate decongestion at the time 
of discharge did not increase the risk of 180-day all-cause 
mortality, while suboptimal decongestion and persistently 
elevated creatinine (>30 days) were correlated with an 
increased risk of all-cause mortality.25 Thus, transient WRF alone 
should not be considered as a casual reason for de-escalation 
of diuretic therapy. In patients with CRS, it may be reasonable 
to hold the administration of RAAS inhibitors due to risk of 
hemodynamic instability or severe refractory hyperkalemia.

Role of MRAs in HF
Mineralocorticoid receptor blockers (MRAs), such as 
spironolactone and eplerenone, have been widely studied 
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in patients with chronic severe HFrEF with EF <35%. In 1999, 
a study by Pitt et al. showed that, in addition to standard HF 
therapy, MRAs (spironolactone 25 mg daily) were associated 
with a significant reduction in morbidity and mortality (35% 
versus 46% in placebo, RR 0.70, 95% CI 0.60–0.82; p<0.001) in 
patients with chronic severe HFrEF (EF <35%) compared to 
placebo.26 Similar results were shown in another randomized, 
double-blind trial of 2737 patients with chronic HFrEF (EF 
<35%), where MRAs (eplerenone, up to 50 mg daily) were 
found to lower the composite of mortality from CV causes or 
hospitalization due to HF (HR 0.63, 95% CI 0.54–0.74; p<0.001) 
although the risk of hyperkalemia was higher in patients on 
MRAs.27 Currently, evidence is unsupported for the role of 
MRAs in patients with HFpEF with EF >45% as seen in data from 
the TOPCAT trial, although regional variability was seen in the 
trial and a subgroup of patients from the Americas showed 
benefit.28,29 Multiple trials are being undertaken to study the 
effects of MRAs in HFpEF. The FINEARTS-HF trial is currently 
recruiting patients with HFpEF (EF ≥40%) and studying the 
safety and efficacy of finerenone, an MRA, on morbidity and 
mortality.30 Similarly, the SPIRRIT trial is testing the hypothesis 
that spironolactone plus standard of care compared to 
standard of care alone reduces the composite of CV mortality 
and HF hospitalization.31

The role of MRAs in ADHF is not well defined. There are no RCTs 
demonstrating the effect of MRAs in ADHF. In a post hoc analysis 
of the COACH trial, 534 patients with acute HF (55% were 
discharged on MRAs) showed a 30-day significant reduction in 
mortality and rehospitalization (HR 0.538, 95% CI 0.299–0.968; 
p=0.039).32 Another study of 946 patients showed a significant 
reduction in CV (HR 0.524, 95% CI 0.315–0.873) and all-cause 
mortality (HR 0.619, 95% CI 0.413–0.928) in 46% of the patients 
who were prescribed MRAs at discharge and were followed up 
for 2.2 years.33 Similarly, an analysis of a Medicare registry of 
5887 patients showed a decrease in HF-related hospitalizations 
at 3 years when MRAs were prescribed at discharge (HR 0.87, 
95% CI 0.77–0.98), although this analysis did not show significant 
benefit in CV mortality.34 As congestion is one of the worse 
prognostic factors for patients with ADHF, one study evaluated 
the use of MRAs and congestion and demonstrated that the use 
of MRAs was associated with a significantly higher proportion of 
ADHF patients without congestion.35

There are multiple trials currently ongoing assessing the effects 
of MRAs in heart disease. The CLEAR SYNERGY trial will study 
the long-term effects of treatments (colchicine versus placebo 
and spironolactone versus placebo) following percutaneous 
coronary intervention to treat MI.36 There are multiple reports 
of hyperkalemia and decline in renal function in patients 
on MRAs, but some studies showed that the variability in 
potassium levels or renal function is transient and, in most 
cases, it does not affect the benefit of MRAs in reducing 
mortality and HF-related readmissions in patients with 
ADHF.34,37–39 However, it is still unclear at what level of decline 
in glomerular filtration rate or hyperkalemia MRAs should not 
be initiated or discontinued; further RCTs are needed for this.

Role of ARNIs in HF
Neprilysin is a neutral endopeptidase, the inhibition of which 
results in natriuretic and vasodilatory effects. Neprilysin 
inhibitors along with ARBs have been widely used in the 
treatment of HFrEF following multiple RCTs showing their 
benefit. The beneficial effects of ARNIs were shown in 8442 
patients in the PARADIGM-HF trial, a double-blind RCT.40 
ARNI was significantly superior to enalapril in reducing the 
composite of CV mortality or HF hospitalizations (HR in 
the ARNI group 0.80, 95% CI 0.73–0.87; p<0.001) in stable 
patients with HFrEF. ARNI also significantly reduced the risk 
of HF-related hospital admissions by 21% (p<0.001) and 30-
day readmission from any cause (OR 0.74, 95% CI 0.56–0.97; 
p=0.031).41 In patients with HFpEF, the benefits of ARNI in 
reducing HF-related hospitalizations and mortality from CV 
causes were not significant based on the PARAGON-HF trial.42

The earlier-mentioned study was on patients with stable chronic 
HF. Despite the significant benefit of ARNIs in HFrEF, a GWTG-
HF registry analysis demonstrated that, among 21,078 patients 
hospitalized for HFrEF, only 2.3% were discharged on ARNIs,43 
highlighting provider hesitancy in starting ARNIs in patients 
with ADHF. Later, PIONEER-HF, a double-blind RCT, enrolled 881 
patients hospitalized for HFrEF.44 Although this study did not 
assess mortality benefit, it demonstrated a better reduction 
in the concentration of N-terminal pro-B-type natriuretic 
peptide in patients on ARNI than in those on enalapril alone 
at the 8-week follow-up. The difference in incidence of WRF 
or hyperkalemia between the two groups was not significant. 
Some clinical trials, such as the EntrestoTM (LCZ696) in Advanced 
HF trial (ClinicalTrials.gov Identifier: NCT02816736), are currently 
also registering advanced HFrEF patients who are symptomatic. 
Authors are hopeful that growing evidence on ARNIs will show 
their safety profile and prove their efficaciousness and that 
providers will feel more confident in initiating ARNIs in patients 
with acute or chronic HFrEF as a standard therapy.

Role of RAAS inhibitors in CKD
CKD is the progressive loss of kidney function due to nephron 
loss from a multitude of systemic and non-systemic renal 
insults that sets in motion a self-perpetuating vicious cycle of 
glomerular hyperfiltration, proteinuria, and glomerular and 
tubulointerstitial fibrosis.45 The loss of microvasculature due 
to inflammation, extracellular matrix accumulation, tubular 
atrophy, and rarefaction of peritubular capillaries is associated 
with a hypoxic milieu and production of superoxide, leading to 
mitochondrial and cytosolic oxidative stress, structural damage, 
and fibrotic response.46 Angiotensin II has a central role in 
CKD progression through the activation of signaling cascades, 
gene expression, inflammation, oxidative stress, apoptosis, and 
fibrosis. Angiotensin II has preferential vasoconstrictor effects 
in the efferent arterioles, resulting in increased intraglomerular 
pressure and proteinuria that can cause tubular injury and 
activate pro-inflammatory and fibrotic chemokines and 
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cytokines. Angiotensin II causes endothelial dysfunction 
via a complex interplay of pathways that includes increased 
NADPH oxidase activity and superoxide production, altered 
endothelial nitric oxide synthase function, and inactivation of 
kinases regulated by extracellular signals. Angiotensin II induces 
vascular smooth muscle cell proliferation and migration. 
Therefore, the blocking of angiotensin II, that is, RAAS inhibition, 
has become the main target of renal protection in CKD. 

It is uncertain whether RAAS inhibition induces regression 
of glomerulosclerosis; nevertheless, it has consistently 
demonstrated a reduction or prevention of progressive decline 
in renal function. Table 1 exhibits some of the pivotal trials that 
have shaped the use of RAAS inhibitors in clinical practice. The 
renoprotective effects of RAAS inhibitors are additive to their 
blood pressure-lowering effects. The FIDELIO-DKD trial, which 
studied the effects of finerenone in patients with CKD and 
type 2 diabetes (finerenone 10 or 20 mg orally once daily, or 
placebo when added to standard of care, including a maximum 
tolerated dose of ACEIs/ARBs), reported a delayed progression 
of CKD by reducing the combined risk of time to first 
occurrence of renal failure, a sustained decrease of estimated 
glomerular filtration rate ≥40% from baseline over at least 4 

weeks, or renal death.47 It also reduced the composite of time 
to first occurrence of CV death, non-fatal MI, non-fatal stroke, 
or HF-related hospitalization. Although this study used both 
MRA and ACEIs/ARBs in the treatment arm, previous studies 
showed that dual blockade with ACEIs and ARBs is usually not 
recommended due to hyperkalemia-related adverse events 
and a lack of significant benefits. Data are limited on the role of 
RAAS inhibition in advanced CKD. It is also important to note 
that many patients with HF have concomitant CKD and the use 
of RAAS inhibitors has consistently shown benefits in lowering 
the number of CV events in these patients.48

Conclusion
RAAS inhibitors have undoubtedly established themselves 
as key medications in standard and guideline-directed 
treatment of chronic HF. Their role is well defined in patients 
with HFrEF based on multiple RCTs, but their benefits are 
lacking in patients with HFpEF. Similarly, in ADHF, multiple 
non-randomized trials have consistently shown benefits 
of these medications, although well-structured RCTs are 
lacking. We recommend to clinicians not to de-escalate RAAS 
inhibitors or diuretic therapy routinely for transient WRF of 

Table 1. Pivotal trials that shaped the use of RAAS inhibitors in clinical practice.

Study name Year Condition Drug Participants Outcome RR Follow-up, 
years

Captopril Study49 1993 DKD Captopril 409 2xSCR 0.52 (0.16–0.69) 3

IDNT50 2000 DKD Irbesartan 1715 2xSCR, ESRD 0.81 (0.67–0.99) 2.6

MICRO-HOPE51 2000 DKD Ramipril 3577 CV 0.75 4.5

RENAAL52 2001 DKD Losartan 1513 Nephropathy 0.84 (0/72–0.98) 4.5

AASK53 2001 HRD Ramipril 1094 0.5% change in 
eGFR, ESRD

0.62 (0.42–0.90) 3

IRMA54 2001 HRD/DKD Irbesartan 590 Microalbuminuria 0.30 (0.14–0.61) 2

ALLHAT55 2002 HRD Lisinopril 4146 CV event 1.03 (0.78–1.37) 6

BENEDICT56 2004 DKD Trandolapril 1204 Microalbuminuria 0.39 (0.19–0.80) 3

DIABHYCAR57 2004 DKD Ramipril 4912 CV, ESRD 1.03 (0.89–1.20) 4

ADVANCE58 2006 DKD Perindopril 11,140 Major vascular 
events, death

0.91 (0.83–1.00) 4.3

CASE J59 2009 HRD Candesartan 2720 CV event 0.95 (0.72–1.25) 3.2

NAVIGATOR60 2010 IGT, CVD Valsartan 9306 Incidence of 
diabetes

0.86 (0.80–0.92) 5.0

ADVANCE61 2010 DKD Perindopril 2033 Incident 
nephropathy

0.82 (0.68–1.01 4.3

HIJ-CREATE62 2010 HRD Candesartan 1022 MACE 0.79 (0.63–0.99) 4.3

ROADMAP63 2011 DKD Olmesartan 4447 Onset of MA 0.77 (0.63–0.94) 3.2

NEPHRON-D64 2013 Diabetes ACEI+ARB 1448 AE 1.7 (1.3–2.2) 2.2

ACEI, angiotensin converting enzyme inhibitor; AE, adverse events; ARB, angiotensin II receptor blocker; CV, cardiovascular; 
CVD, cardiovascular disease; DKD, diabetic kidney disease; eGFR, estimated glomerular filtration rate; ESRD, end stage renal 
disease; HRD, hypertensive renal disease; IGT, impaired glucose tolerance; MA, microalbuminuria; MACE, major adverse cardiac 
event; RAAS, renin-angiotensin-aldosterone system; RR, relative risk; SCR, serum creatinine.
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<30 days. Persistent WRF (>30 days) and persistent congestion 
portend poor prognosis. Although based on provider’s clinical 
judgment, in cases where WRF is significant, such as a decrease 
in estimated glomerular filtration rate of >30% from baseline, 
transient withholding of RAAS inhibitors may be reasonable 
but there should be a plan to restart these before discharge. 
Refractory hyperkalemia and hypotension could be a justifiable 
reason to temporarily withhold ACEIs in patients with ADHF 
but there should be a dedicated plan to restart them before 

discharge as suggested by their long-term clinical benefits. 
ARNIs have recently been established as an effective treatment 
in patients with HFrEF; more studies are currently enrolling 
patients to establish their role in ADHF. The benefits of RAAS 
inhibition in the treatment of CKD are unambiguous, with the 
effects on decreasing proteinuria and blood pressure being 
unquestionable. All patients with early CKD and proteinuria 
should be administered RAAS inhibitors unless there is an 
obvious contraindication. Data on advanced CKD are limited.

Contributions: NS reviewed the literature, collected the data, and wrote the manuscript. SB, SM, DPN, AAE, and GS helped with data 
collection and critically reviewed the manuscript. All authors have reviewed the final version and approved the manuscript for publication. All 
named authors meet the International Committee of Medical Journal Editors (ICMJE) criteria for authorship for this article and take responsibility 
for the integrity of the work as a whole. 

Disclosure and potential conflicts of interest: The authors declare that they have no conflicts of interest relevant to this manuscript. 
The International Committee of Medical Journal Editors (ICMJE) Potential Conflicts of Interests form for the authors is available for download at: 
https://www.drugsincontext.com/wp-content/uploads/2020/09/dic.2020-7-3-COI.pdf

Acknowledgements: None. 

Funding declaration: There was no funding associated with the preparation of this article.

Copyright: Copyright © 2020 Singhania N, Bansal S, Mohandas S, Nimmatoori DP, Ejaz AA, Singhania G. Published by Drugs in Context under 
Creative Commons License Deed CC BY NC ND 4.0 which allows anyone to copy, distribute, and transmit the article provided it is properly 
attributed in the manner specified below. No commercial use without permission.

Correct attribution: Copyright © 2020 Singhania N, Bansal S, Mohandas S, Nimmatoori DP, Ejaz AA, Singhania G.  
https://doi.org/10.7573/dic.2020-7-3. Published by Drugs in Context under Creative Commons License Deed CC BY NC ND 4.0.

Article URL: https://www.drugsincontext.com/role-of-renin–angiotensin–aldosterone-system-inhibitors-in-heart-failure-and-chronic-kidney-
disease

Correspondence: Namrata Singhania, Mount Carmel East Hospital, 6001, E Broad St., Columbus, OH, 43213, USA. namrat09@gmail.com

Provenance: Invited; externally peer reviewed.

Submitted: 13 July 2020; Peer review comments to author: 17 August 2020; Revised manuscript received: 22 September 2020;  
Accepted: 23 September 2020; Publication date: 11 November 2020.

Drugs in Context is published by BioExcel Publishing Ltd. Registered office: Plaza Building, Lee High Road, London, England, SE13 5PT.

BioExcel Publishing Limited is registered in England Number 10038393. VAT GB 252 7720 07.

For all manuscript and submissions enquiries, contact the Editorial office editorial@drugsincontext.com

For all permissions, rights and reprints, contact David Hughes david.hughes@bioexcelpublishing.com

References
1.  Weber KT. Aldosterone in congestive heart failure. N Engl J Med. 2001;345(23):1689–1697. https://doi.org/10.1056/NEJMra000050
2.  Chatterjee K, Rouleau JL, Parmley WW. Haemodynamic and myocardial metabolic effects of captopril in chronic heart failure.  

Br Heart J. 1982;47(3):233–238. https://doi.org/10.1136/hrt.47.3.233
3.  The Consensus Trial Study Group. Effects of enalapril on mortality in severe congestive heart failure. Results of the  

Cooperative North Scandinavian Enalapril Survival Study (CONSENSUS). N Engl J Med. 1987;316(23):1429–1435.  
https://doi.org/10.1056/NEJM198706043162301

4.  Pfeffer MA, Braunwald E, Moyé LA, et al. Effect of captopril on mortality and morbidity in patients with left ventricular 
dysfunction after myocardial infarction: results of the survival and ventricular enlargement trial. N Engl J Med. 1992;327(10): 
669–677. https://doi.org/10.1056/NEJM199209033271001

5.  The SOLVD Investigators. Effect of enalapril on survival in patients with reduced left ventricular ejection fractions and  
congestive heart failure. N Engl J Med. 1991;325(5):293–302. https://doi.org/10.1056/NEJM199108013250501

6.  Griendling KK, Lassègue B, Murphy TJ, Alexander RW. Angiotensin II receptor pharmacology. In: Advances in Pharmacology. Vol 28. 
Academic Press; 1994:269–306. https://doi.org/10.1016/S1054-3589(08)60498-6

7.  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(9215):1582–1587.  
https://doi.org/10.1016/S0140-6736(00)02213-3

https://doi.org/10.7573/dic.2020-7-3
http://drugsincontext.com
https://www.drugsincontext.com/wp-content/uploads/2020/09/dic.2020-7-3-COI.pdf
https://doi.org/10.7573/dic.2020-7-3
https://www.drugsincontext.com/role-of-renin-angiotensin-aldosterone-system-inhibitors-in-heart-failure-and-chronic-kidney-disease
https://www.drugsincontext.com/role-of-renin-angiotensin-aldosterone-system-inhibitors-in-heart-failure-and-chronic-kidney-disease
mailto:namrat09@gmail.com
mailto:editorial@drugsincontext.com
mailto:david.hughes@bioexcelpublishing.com
https://doi.org/10.1056/NEJMra000050
https://doi.org/10.1136/hrt.47.3.233
https://doi.org/10.1056/NEJM198706043162301
https://doi.org/10.1056/NEJM199209033271001
https://doi.org/10.1056/NEJM199108013250501
https://doi.org/10.1016/S1054-3589(08)60498-6
https://doi.org/10.1016/S0140-6736(00)02213-3


Singhania N, Bansal S, Mohandas S, Nimmatoori DP, et al. Drugs in Context 2020; 9: 2020-7-3. DOI: 10.7573/dic.2020-7-3 7 of 9
ISSN: 1740-4398

REVIEW – RAAS inhibitors in HF and CKD drugsincontext.com

8.  Goodfriend TL, Elliott ME, Catt KJ. Angiotensin receptors and their antagonists. N Engl J Med. 1996;334(25):1649–1654.  
https://doi.org/10.1056/nejm199606203342507

9.  Stoll M, Steckelings UM, Paul M, Bottari SP, Metzger R, Unger T. The angiotensin AT2-receptor mediates inhibition of cell 
proliferation in coronary endothelial cells. J Clin Invest. 1995;95(2):651–657. https://doi.org/10.1172/jci117710

10.  Hornig B, Kohler C, Drexler H. Role of bradykinin in mediating vascular effects of angiotensin- converting enzyme inhibitors in 
humans. Circulation. 1997;95(5):1115–1118. https://doi.org/10.1161/01.CIR.95.5.1115

11.  Tomiyama H, Kushiro T, Abeta H, et al. Kinins contribute to the improvement of insulin sensitivity during treatment with 
angiotensin converting enzyme inhibitor. Hypertension. 1994;23(4):450–455. https://doi.org/10.1161/01.HYP.23.4.450

12.  Chandrasekharan UM, Sanker S, Glynias MJ, Karnik SS, Husain A. Angiotensin II-forming activity in a reconstructed ancestral 
chymase. Science (80- ). 1996;271(5248):502–505. https://doi.org/10.1126/science.271.5248.502

13.  Flather MD, Yusuf S, Køber L, et al. Long-term ACE-inhibitor therapy in patients with heart failure or left-ventricular  
dysfunction: a systematic overview of data from individual patients. Lancet. 2000;355(9215):1575–1581.  
https://doi.org/10.1016/S0140-6736(00)02212-1

14.  Granger CB, McMurray JJV, 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(9386):772–776. https://doi.org/10.1016/S0140-6736(03)14284-5

15.  Moukarbel GV. Angiotensin receptor blockers for heart failure. In: Heart Failure, Second Edition. CRC Press; 2012:341–352.  
https://doi.org/10.1002/14651858.cd003040.pub2

16.  Konstam MA, Neaton JD, Dickstein K, et al. HEAAL. Lancet. 2009;374(9704):1840–1848.  
https://doi.org/10.1016/S0140-6736(09)61913-9

17.  Klingbeil AU, Schneider M, Martus P, Messerli FH, Schmieder RE. A meta-analysis of the effects of treatment on left ventricular 
mass in essential hypertension. Am J Med. 2003;115(1):41–46. https://doi.org/10.1016/S0002-9343(03)00158-X

18.  Cleland JGF, Tendera M, Adamus J, Freemantle N, Polonski L, Taylor J. The perindopril in elderly people with chronic heart failure 
(PEP-CHF) study. Eur Heart J. 2006;27(19):2338–2345. https://doi.org/10.1093/eurheartj/ehl250

19.  Yusuf S, Pfeffer MA, Swedberg K, et al. Effects of candesartan in patients with chronic heart failure and preserved left-ventricular 
ejection fraction: the CHARM-preserved trial. Lancet. 2003;362(9386):777–781. https://doi.org/10.1016/S0140-6736(03)14285-7

20.  Massie BM, Carson PE, McMurray JJ, et al. Irbesartan in patients with heart failure and preserved ejection fraction. N Engl J Med. 
2008;359(23):2456–2467. https://doi.org/10.1056/NEJMoa0805450

21.  Franzosi MG. Indications for ACE inhibitors in the early treatment of acute myocardial infarction: systematic overview of 
individual data from 100 000 patients in randomized trials. Circulation. 1998;97(22):2202–2212.  
https://doi.org/10.1161/01.CIR.97.22.2202

22.  ISIS-4: a randomised factorial trial assessing early oral captopril, oral mononitrate, and intravenous magnesium sulphate  
in 58 050 patients with suspected acute myocardial infarction. Lancet. 1995;345(8951):669–685.  
https://doi.org/10.1016/S0140-6736(95)90865-X

23.  GISSI-3: effects of lisinopril and transdermal glyceryl trinitrate singly and together on 6-week mortality and ventricular function 
after acute myocardial infarction. Gruppo Italiano per lo Studio della Sopravvivenza nell’infarto Miocardico. Lancet (London, 
England). 1994;343(8906):1115–1122. http://www.ncbi.nlm.nih.gov/pubmed/7910229. Accessed May 18, 2020.

24.  Singhania G, Ejaz AA, McCullough PA, et al. Continuation of chronic heart failure therapies during heart failure hospitalization – a 
review. Rev Cardiovasc Med. 2019;20(3):111–120. https://doi.org/10.31083/j.rcm.2019.03.562

25.  Fudim M, Loungani R, Doerfler SM, et al. Worsening renal function during decongestion among patients hospitalized for heart 
failure: findings from the Evaluation Study of Congestive Heart Failure and Pulmonary Artery Catheterization Effectiveness 
(ESCAPE) trial. Am Heart J. 2018;204:163–173. https://doi.org/10.1016/j.ahj.2018.07.019

26.  Pitt B, Zannad F, Remme WJ, et al. The effect of spironolactone on morbidity and mortality in patients with severe heart failure.  
N Engl J Med. 1999;341(10):709–717. https://doi.org/10.1056/NEJM199909023411001

27.  Zannad F, McMurray JJV, Krum H, et al. Eplerenone in patients with systolic heart failure and mild symptoms. N Engl J Med. 
2011;364(1):11–21. https://doi.org/10.1056/NEJMoa1009492

28.  Pitt B, Pfeffer MA, Assmann SF, et al. Spironolactone for heart failure with preserved ejection fraction. N Engl J Med. 
2014;370(15):1383–1392. https://doi.org/10.1056/NEJMoa1313731

29.  Pfeffer MA, Claggett B, Assmann SF. Regional variation in patients and outcomes in the Treatment of Preserved  
Cardiac Function Heart Failure with an Aldosterone Antagonist (TOPCAT) trial. Circulation. 2015;131(1):34–42.  
https://doi.org/10.1161/CIRCULATIONAHA.114.013255

30.  Study to evaluate the efficacy (effect on disease) and safety of finerenone on morbidity (events indicating disease worsening) 
and mortality (death rate) in participants with heart failure and left ventricular ejection fraction (proportion of blood expelled 
per heart stroke) greater or equal to 40% – Full Text View – ClinicalTrials.gov. https://clinicaltrials.gov/ct2/show/NCT04435626. 
Accessed September 22, 2020.

https://doi.org/10.7573/dic.2020-7-3
http://drugsincontext.com
https://doi.org/10.1056/nejm199606203342507
https://doi.org/10.1172/jci117710
https://doi.org/10.1161/01.CIR.95.5.1115
https://doi.org/10.1161/01.HYP.23.4.450
https://doi.org/10.1126/science.271.5248.502
https://doi.org/10.1016/S0140-6736(00)02212-1
https://doi.org/10.1016/S0140-6736(03)14284-5
https://doi.org/10.1002/14651858.cd003040.pub2
https://doi.org/10.1016/S0140-6736(09)61913-9
https://doi.org/10.1016/S0002-9343(03)00158-X
https://doi.org/10.1093/eurheartj/ehl250
https://doi.org/10.1016/S0140-6736(03)14285-7
https://doi.org/10.1056/NEJMoa0805450
https://doi.org/10.1161/01.CIR.97.22.2202
https://doi.org/10.1016/S0140-6736(95)90865-X
http://www.ncbi.nlm.nih.gov/pubmed/7910229
https://doi.org/10.31083/j.rcm.2019.03.562
https://doi.org/10.1016/j.ahj.2018.07.019
https://doi.org/10.1056/NEJM199909023411001
https://doi.org/10.1056/NEJMoa1009492
https://doi.org/10.1056/NEJMoa1313731
https://doi.org/10.1161/CIRCULATIONAHA.114.013255
https://clinicaltrials.gov/ct2/show/NCT04435626


Singhania N, Bansal S, Mohandas S, Nimmatoori DP, et al. Drugs in Context 2020; 9: 2020-7-3. DOI: 10.7573/dic.2020-7-3 8 of 9
ISSN: 1740-4398

REVIEW – RAAS inhibitors in HF and CKD drugsincontext.com

31.  Spironolactone initiation registry randomized interventional trial in heart failure with preserved ejection fraction – Full Text  
View – ClinicalTrials.gov. https://clinicaltrials.gov/ct2/show/NCT02901184. Accessed September 22, 2020.

32.  Maisel A, Xue Y, van Veldhuisen DJ, et al. Effect of spironolactone on 30-day death and heart failure rehospitalization  
(from the COACH Study).[Erratum appears in Am J Cardiol. 2014 Nov 15;114(10):1628]. Am J Cardiol. 2014.  
https://doi.org/https://dx.doi.org/10.1016/j.amjcard.2014.05.062

33.  Hamaguchi S, Kinugawa S, Tsuchihashi-Makaya M, et al. Spironolactone use at discharge was associated with improved survival 
in hospitalized patients with systolic heart failure. Am Heart J. 2010;160(6):1156–1162. https://doi.org/10.1016/j.ahj.2010.08.036

34.  Hernandez AF, Mi X, Hammill BG, et al. Associations between aldosterone antagonist therapy and risks of mortality and 
readmission among patients with heart failure and reduced ejection fraction. JAMA – J Am Med Assoc. 2012.  
https://doi.org/10.1001/jama.2012.14795

35.  Ferreira JP, Santos M, Almeida S, Marques I, Bettencourt P, Carvalho H. Mineralocorticoid receptor antagonism in acutely 
decompensated chronic heart failure. Eur J Intern Med. 2014;25(1):67–72. https://doi.org/10.1016/j.ejim.2013.08.711

36.  Colchicine and spironolactone in patients with MI/SYNERGY stent registry – Full Text View – ClinicalTrials.gov.  
https://clinicaltrials.gov/ct2/show/NCT03048825. Accessed September 22, 2020.

37.  Rossignol P, Cleland JGF, Bhandari S, et al. Determinants and consequences 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. https://doi.org/10.1161/CIRCULATIONAHA.111.028282

38.  Rossignol P, Dobre D, McMurray JJV, et al. Incidence, determinants, and prognostic significance of hyperkalemia and worsening 
renal function in patients with heart failure receiving the mineralocorticoid receptor antagonist eplerenone or placebo in 
addition to optimal medical therapy: results from the Eplerenone in Mild Patients Hospitalization and Survival Study in Heart 
Failure (EMPHASIS-HF). Circ Heart Fail. 2014;7(1):51–58. https://doi.org/10.1161/CIRCHEARTFAILURE.113.000792

39.  Tromp J, ter Maaten JM, Damman K, et al. Serum potassium levels and outcome in acute heart failure (Data from the PROTECT 
and COACH Trials). Am J Cardiol. 2017. https://doi.org/10.1016/j.amjcard.2016.09.038

40.  McMurray JJV, Packer M, Desai AS, et al. Angiotensin–Neprilysin inhibition versus enalapril in heart failure. New J Med. 
2014;11:993–1004. https://doi.org/10.1056/NEJMoa1409077

41.  Desai AS, Claggett BL, Packer M, et al. Influence of sacubitril/valsartan (LCZ696) on 30-day readmission after heart failure 
hospitalization. J Am Coll Cardiol. 2016;68(3):241–248. https://doi.org/10.1016/j.jacc.2016.04.047

42.  Solomon SD, McMurray JJV, Anand IS, et al. Angiotensin–Neprilysin inhibition in heart failure with preserved ejection fraction.  
N Engl J Med. 2019;381(17):1609–1620. https://doi.org/10.1056/NEJMoa1908655

43.  Luo N, Fonarow GC, Lippmann SJ, et al. Early adoption of sacubitril/valsartan for patients with heart failure with reduced ejection 
fraction: insights from Get With the Guidelines-Heart Failure (GWTG-HF). JACC Heart Fail. 2017;5(4):305–309.  
https://doi.org/10.1016/j.jchf.2016.12.018

44.  Velazquez EJ, Morrow DA, DeVore AD, et al. Angiotensin-Neprilysin inhibition in acute decompensated heart failure. N Engl J Med. 
2019;380(6):539–548. https://doi.org/10.1056/NEJMoa1812851

45.  Humphreys BD. Mechanisms of renal fibrosis. Annu Rev Physiol. 2018;80(1):309–326.  
https://doi.org/10.1146/annurev-physiol-022516-034227

46.  Liu M, Ning X, Li R, et al. Signalling pathways involved in hypoxia-induced renal fibrosis. J Cell Mol Med. 2017;21(7):1248–1259. 
https://doi.org/10.1111/jcmm.13060

47.  Bayer’s finerenone meets primary endpoint in phase III FIDELIO-DKD renal outcomes study in patients with chronic kidney 
disease and type 2 diabetes | Business Wire. https://www.businesswire.com/news/home/20200709005224/en/Bayer’s-
Finerenone-Meets-Primary-Endpoint-in-Phase-III-FIDELIO-DKD-Renal-Outcomes-Study-in-Patients-With-Chronic-Kidney-
Disease-and-Type-2-Diabetes. Accessed September 22, 2020.

48.  Martínez-Milla J, García MC, Urquía MT, et al. Blockade of Renin–Angiotensin–Aldosterone system in elderly patients with heart 
failure and chronic kidney disease: results of a single-center, observational cohort study. Drugs and Aging. 2019;36(12):1123–1131. 
https://doi.org/10.1007/s40266-019-00709-1

49.  Lewis EJ, Hunsicker LG, Bain RP, Rohde RD. The effect of angiotensin-converting-enzyme inhibition on diabetic nephropathy.  
N Engl J Med. 1993;329(20):1456–1462. https://doi.org/10.1056/NEJM199311113292004

50.  Lewis EJ, Hunsicker LG, Clarke WR, et al. Renoprotective effect of the angiotensin-receptor antagonist irbesartan in patients with 
nephropathy due to type 2 diabetes. N Engl J Med. 2001;345(12):851–860. https://doi.org/10.1056/NEJMoa011303

51.  Heart Outcomes Prevention Evaluation (HOPE) Study Investigators. Effects of ramipril on cardiovascular and microvascular 
outcomes in people with diabetes mellitus: results of the HOPE study and MICRO-HOPE substudy. Lancet. 2000;355(9200): 
253–259. https://doi.org/10.1016/S0140-6736(99)12323-7

52.  Brenner BM, Cooper ME, De Zeeuw D, et al. Effects of losartan on renal and cardiovascular outcomes in patients with type 2 
diabetes and nephropathy. N Engl J Med. 2001;345(12):861–869. https://doi.org/10.1056/NEJMoa011161

https://doi.org/10.7573/dic.2020-7-3
http://drugsincontext.com
https://clinicaltrials.gov/ct2/show/NCT02901184
https://doi.org/https://dx.doi.org/10.1016/j.amjcard.2014.05.062
https://doi.org/10.1016/j.ahj.2010.08.036
https://doi.org/10.1001/jama.2012.14795
https://doi.org/10.1016/j.ejim.2013.08.711
https://clinicaltrials.gov/ct2/show/NCT03048825
https://doi.org/10.1161/CIRCULATIONAHA.111.028282
https://doi.org/10.1161/CIRCHEARTFAILURE.113.000792
https://doi.org/10.1016/j.amjcard.2016.09.038
https://doi.org/10.1056/NEJMoa1409077
https://doi.org/10.1016/j.jacc.2016.04.047
https://doi.org/10.1056/NEJMoa1908655
https://doi.org/10.1016/j.jchf.2016.12.018
https://doi.org/10.1056/NEJMoa1812851
https://doi.org/10.1146/annurev-physiol-022516-034227
https://doi.org/10.1111/jcmm.13060
https://www.businesswire.com/news/home/20200709005224/en/Bayer's-Finerenone-Meets-Primary-Endpoint-in-Phase-III-FIDELIO-DKD-Renal-Outcomes-Study-in-Patients-With-Chronic-Kidney-Disease-and-Type-2-Diabetes
https://www.businesswire.com/news/home/20200709005224/en/Bayer's-Finerenone-Meets-Primary-Endpoint-in-Phase-III-FIDELIO-DKD-Renal-Outcomes-Study-in-Patients-With-Chronic-Kidney-Disease-and-Type-2-Diabetes
https://www.businesswire.com/news/home/20200709005224/en/Bayer's-Finerenone-Meets-Primary-Endpoint-in-Phase-III-FIDELIO-DKD-Renal-Outcomes-Study-in-Patients-With-Chronic-Kidney-Disease-and-Type-2-Diabetes
https://doi.org/10.1007/s40266-019-00709-1
https://doi.org/10.1056/NEJM199311113292004
https://doi.org/10.1056/NEJMoa011303
https://doi.org/10.1016/S0140-6736(99)12323-7
https://doi.org/10.1056/NEJMoa011161


Singhania N, Bansal S, Mohandas S, Nimmatoori DP, et al. Drugs in Context 2020; 9: 2020-7-3. DOI: 10.7573/dic.2020-7-3 9 of 9
ISSN: 1740-4398

REVIEW – RAAS inhibitors in HF and CKD drugsincontext.com

53.  Agodoa LY, Appel L, Bakris GL, et al. Effect of ramipril vs amlodipine on renal outcomes in hypertensive nephrosclerosis: a 
Randomized Controlled Trial. J Am Med Assoc. 2001;285(21):2719–2728. https://doi.org/10.1001/jama.285.21.2719

54.  Parving HH, Lehnert H, Brochner-Mortensen J, Gomis R, Andersen S, Arner P. The effect of irbesartan on the development of 
diabetic nephropathy in patients with type 2 diabetes. N Engl J Med. 2001;345(12):870–878. https://doi.org/10.1056/NEJMoa011489

55.  The ALLHAT Collaborative Research Group. Major outcomes in high-risk hypertensive patients randomized to angiotensin-
converting enzyme inhibitor or calcium channel blocker vs diuretic: the antihypertensive and lipid-lowering treatment to 
prevent heart attack trial (ALLHAT). J Am Med Assoc. 2002;288(23):2981–2997. https://doi.org/10.1001/jama.288.23.2981

56.  Ruggenenti P, Fassi A, Ilieva AP, et al. Preventing microalbuminuria in type 2 diabetes. N Engl J Med. 2004;351(19):1941–1951. 
https://doi.org/10.1056/NEJMoa042167

57.  Marre M, Lievre M, Chatellier G, Mann JFE, Passa P, Ménard J. Effects of low dose ramipril on cardiovascular and renal outcomes 
in patients with type 2 diabetes and raised excretion of urinary albumin: randomised, double blind, placebo controlled trial (the 
DIABHYCAR study). Br Med J. 2004;328(7438):495–499. https://doi.org/10.1136/bmj.37970.629537.0d

58.  Patel A. Effects of a fixed combination of perindopril and indapamide on macrovascular and microvascular outcomes in  
patients with type 2 diabetes mellitus (the ADVANCE trial): a randomised controlled trial. Lancet. 2007;370(9590):829–840.  
https://doi.org/10.1016/S0140-6736(07)61303-8

59.  Ogihara T, Saruta T, Rakugi H, et al. Relationship between the achieved blood pressure and the incidence of cardiovascular events 
in Japanese hypertensive patients with complications: a sub-analysis of the CASE-J trial. Hypertens Res. 2009;32(4):248–254. 
https://doi.org/10.1038/hr.2008.34

60.  The NAVIGATOR Study Group. Effect of valsartan on the incidence of diabetes and cardiovascular events. N Engl J Med. 
2010;362(16):1477–1490. https://doi.org/10.1056/NEJMoa1001121

61.  Lambers Heerspink HJ, Ninomiya T, Perkovic V, et al. Effects of a fixed combination of perindopril and indapamide in patients 
with type 2 diabetes and chronic kidney disease. Eur Heart J. 2010;31(23):2888–2896. https://doi.org/10.1093/eurheartj/ehq139

62.  Yamaguchi J, Hagiwara N, Ogawa H, et al. Effect of amlodipine + candesartan on cardiovascular events in hypertensive patients 
with coronary artery disease (from the Heart Institute of Japan Candesartan Randomized Trial for Evaluation in Coronary Artery 
Disease [HIJ-CREATE] study). Am J Cardiol. 2010;106(6):819–824. https://doi.org/10.1016/j.amjcard.2010.05.007

63.  Haller H, Ito S, Izzo JL, et al. Olmesartan for the delay or prevention of microalbuminuria in type 2 diabetes. N Engl J Med. 
2011;364(10):907–917. https://doi.org/10.1056/NEJMoa1007994

64.  Fried LF, Emanuele N, Zhang JH, et al. Combined angiotensin inhibition for the treatment of diabetic nephropathy. N Engl J Med. 
2013;369(20):1892–1903. https://doi.org/10.1056/NEJMoa1303154

https://doi.org/10.7573/dic.2020-7-3
http://drugsincontext.com
https://doi.org/10.1001/jama.285.21.2719
https://doi.org/10.1056/NEJMoa011489
https://doi.org/10.1001/jama.288.23.2981
https://doi.org/10.1056/NEJMoa042167
https://doi.org/10.1136/bmj.37970.629537.0d
https://doi.org/10.1016/S0140-6736(07)61303-8
https://doi.org/10.1038/hr.2008.34
https://doi.org/10.1056/NEJMoa1001121
https://doi.org/10.1093/eurheartj/ehq139
https://doi.org/10.1016/j.amjcard.2010.05.007
https://doi.org/10.1056/NEJMoa1007994
https://doi.org/10.1056/NEJMoa1303154

