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Renin–angiotensin–aldosterone system inhibitor (RAASi) therapy, 
including angiotensin-converting enzyme inhibitors (ACEi), angiotensin 
receptor blockers (ARBs), angiotensin receptor-neprilysin inhibitors 
(ARNi), and steroidal and non-steroidal mineralocorticoid receptor an
tagonists (MRAs), is essential for treating diabetic and non-diabetic 

chronic kidney disease (CKD), heart failure (HF), and hypertension 
(HTN). However, these medications can lead to adverse events such as 
acute kidney injury and hyperkalemia. When patients experience these 
adverse events, RAASi therapy is often modified or stopped, potentially 
resulting in worse cardiovascular and kidney outcomes.
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To manage patients effectively in this scenario, it is crucial to find a 
balance between the risks and benefits of RAASi therapy. This com
mentary reviews the evidence supporting the benefit/risk profile of 
RAASi in patients at the intersection of kidney and cardiovascular 
medicine, aiming to offer guidance for optimizing RAASi therapy in 
clinical practice. Additionally, a multi-stakeholder initiative is intro
duced to support healthcare professionals in implementing optimal 
RAASi therapy.

1. RAASi: a cornerstone therapy for the treatment of CKD 
(including diabetic), HF, and HTN

Given its strong evidence base, RAASi therapy is embedded in the 
guidelines for management of diabetes, CKD, HF, and HTN (Table 1) 
[1–5]. For patients with CKD, ACEi/ARB and non-steroidal MRA therapy 
decreases albuminuria, and risks of mortality, cardiovascular (CV) 
events, and progression to kidney failure (KF) [6,7]. Because the 
albuminuria-reducing effect is dose-related, guidelines recommend 
titration of ACEi or ARB to maximum approved doses or highest toler
ated doses [1]. In patients with CKD and estimated glomerular filtration 
rate (eGFR) ≥30 ml/min/1.73 m2, steroidal MRAs in combination with 
ACEi or ARB reduce proteinuria and blood pressure, but there are un
certain effects on major CV and KF events due to limited data in trials 
[8]. The addition of the non-steroidal MRA, finerenone, on top of 
ACEi/ARB reduced the rate of both KF and CV events in patients with 
CKD with a satisfactory safety profile. In patients with HF with reduced 
ejection fraction (HFrEF), ACEi/ARB/ARNi, and steroidal MRAs have 
demonstrated benefits for mortality and HF hospitalization outcomes, 
and along with beta-blockers and sodium-glucose co-transporter 2 
(SGLT-2) inhibitors, comprise the four pillars of guideline-directed 
medical therapy for HFrEF [3].

2. Underutilization of RAASi in evidence-based indication: 
pitfalls and need for action

In everyday practice, the dosing and maintenance of RAASi is sub
optimal, with only approximately 25–45 % of patients reaching target 
dosing [9]. Additionally more than 10 % of patients may have their 
RAASi therapy discontinued altogether, particularly those at the lower 
range of eGFR. In the specific setting of HF, 27 %, and 67 % were not 
prescribed ACEi/ARB/ARNi, and MRA therapy, respectively [10]. MRAs 
are notoriously underutilized in patients with HFrEF, with studies 
showing an overall adherence rate of only approximately 50 % due to 
hyperkalemia risk [11,12]. In CKD, though prescription patterns vary by 
country, there is general underuse of RAASi [13]. Among patients with 
both HFrEF and CKD, RAASi prescription was lowest at eGFR <30 
ml/min/1.73 m2, particularly for ACEi/ARB [14]. Furthermore, given 
the common interface between HFrEF and CKD, RAASi therapies are 
often used in patients with at least some degree of kidney dysfunction. In 
randomized controlled trials for HF, approximately 33 % of enrolled 
patients had an eGFR between 60 - 90 ml/min/1.73 m2, and 30–35 % of 
patients had eGFR below 60 ml/min/1.73 m2 [15].

In a real-world study of US patients with albuminuria prescribed 
ACEi or ARB, demographic features associated with lower odds of 
maximal ACEi/ARB dosing included younger age (<40 years), female 
sex, and Hispanic ethnicity [16].

A small observational study [17] showed that RAASi use in patients 
with advanced CKD may accelerate the need for kidney replacement 
therapy (KRT), providing the rationale for discontinuing RAASi below a 
certain (i.e., 20 ml/min/1.73 m2) eGFR threshold. However, recent 
evidence from a small randomized controlled trial demonstrated no 
adverse effects of RAASi on the risk of progression to KRT or hyper
kalemia in patients with eGFR below 30 ml/min/1.73 m2 [18]. There is 
also growing evidence that stopping RAASi may increase risk of CV 
events and mortality, including in patients with advanced CKD [19]. 
Moreover, studies have demonstrated that sub-optimal RAASi therapy is 

Table 1 
Guideline recommendations for RAASi therapy[1–5].

Guideline Recommendations/ 
Practice points for 
treatment

Recommendation/ 
Practice points for 
monitoring

KDIGO 2021 Clinical 
Practice Guideline for 
the Management of 
Blood Pressure in 
Chronic Kidney 
Disease[1] 
KDIGO 2022 Clinical 
Practice Guideline for 
Diabetes 
Management in 
Chronic Kidney 
Disease[2]

Recommend treatment 
with an ACEi or ARB be 
initiated in patients with 
diabetes, hypertension, 
and albuminuria, and that 
these medications be 
titrated to the highest 
approved dose that is 
tolerated (1B). 
Suggest a non-steroidal 
MRA with proven kidney 
or cardiovascular benefit 
for patients with T2D, 
eGFR ≥25 ml/min/1.73 
m2, normal serum 
potassium concentration, 
and albuminuria (≥30 mg/ 
g [≥3 mg/mmol]) despite 
maximum tolerated dose of 
RAASi (2A).

Monitor for changes in 
blood pressure, serum 
creatinine, and serum 
potassium within 2–4 
weeks of initiation or 
increase in the dose of an 
ACEi or ARB. 
Continue ACEi or ARB 
therapy unless serum 
creatinine rises by more 
than 30 % within 4 weeks 
following initiation of 
treatment or an increase 
in dose.

2022 AHA/ACC/HFSA 
Guideline for the 
Management of Heart 
Failure[3]

In patients with HFrEF and 
NYHA class II to III 
symptoms, the use of ARNI 
is recommended to reduce 
morbidity and mortality 
(1A). 
In patients with previous or 
current symptoms of 
chronic HfrEF, the use of 
ACEi (or ARB if intolerant 
to ACEi because of cough 
or angioedema) is 
beneficial to reduce 
morbidity and mortality 
when the use of ARNI is not 
feasible (1A). 
In patients with LVEF ≤40 
%, ACEi should be used to 
prevent symptomatic HF 
and reduce mortality (1A). 
In patients with a recent MI 
and LVEF ≤40 % who are 
intolerant to ACEi, ARB 
should be used to prevent 
symptomatic HF and 
reduce mortality (1B-R). 
In patients with HFrEF and 
NYHA class II to IV 
symptoms, an MRA 
(spironolactone or 
eplerenone) is 
recommended to reduce 
morbidity and mortality, if 
eGFR is >30 ml/mL/min/ 
1.73 m2 and serum 
potassium <5.0 mEq/L 
(1A).

Careful monitoring of 
potassium, kidney 
function, and diuretic 
dosing should be 
performed at initiation 
and closely monitored 
thereafter to minimize 
risk of hyperkalemia and 
acute decline in kidney 
function. 
Regular checks of serum 
potassium and kidney 
function should be 
performed according to 
clinical status, 
approximately 1 week, 
then 4 weeks, then every 6 
months after initiating or 
intensifying MRA, with 
more frequent testing as 
required clinically.

2021 ESC Guidelines 
for the diagnosis and 
treatment of acute 
and chronic heart 
failure[4]

An ACE-I is recommended 
for patients with HFrEF to 
reduce the risk of HF 
hospitalization and death 
(IA). 
An MRA is recommended 
for patients with HFrEF to 
reduce the risk of HF 
hospitalization and death 
(IA). 
RAASi should be uptitrated 
to the doses used in the 
clinical trials (or to 
maximally tolerated doses 
if that is not possible). 

Re-check blood chemistry 
(urea/BUN, creatinine, 
K+) 1–2 weeks after 
initiation and 1–2 weeks 
after final dose titration. 
Monitor blood chemistry 
4-monthly thereafter.

(continued on next page)
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associated with greater risk of mortality and CV adverse events in CKD 
and HF populations [20,21]. The current CKD and HF guidelines 
recommend that discontinuation of RAASi in evidence-based indications 
should be the last resort after failing to manage and prevent hyper
kalemia adverse-effects of these life-saving therapies [22]. Dissemina
tion of these concepts and recommendations are crucial for improving 
clinical outcomes in these conditions.

3. Reasons for suboptimal utilization of RAASi in evidence- 
based indications: hyperkalemia and acute declines in kidney 
function

Non-adherence to RAASi therapy has been largely attributed to 
hyperkalemia and acute worsening in kidney function. In both inpatient 
and outpatient settings, studies have shown that 10–38 % of hospitalized 
patients on RAASi therapy developed hyperkalemia during hospitali
zation and 10 % of patients developed severe hyperkalemia (serum 
potassium >6.0 mmol/L) within 1 year of follow-up [23,24]. The 
prevalence of hyperkalemia in advanced CKD is up to 73 % [25]. In the 
setting of chronic HF, hyperkalemia occurs in up to 40 % of patients 
[26]. It’s estimated that 5–25 % of patients with CKD develop hyper
kalemia after starting RAASi [27]. In patients with resistant hyperten
sion, combination therapy with multiple agents that can raise serum 
potassium increases the risk of hyperkalemia, and some etiologies of 
resistant hypertension, such as renovascular hypertension, may increase 
the risk of hyperkalemia and cause acute decline in kidney function 
shortly after initiation of RAASi therapy. In addition to renal vascular 
disease, other causes of acute declines in kidney function following 
RAASi initiation are low mean arterial pressure, commonly observed 
with HF or hypotension, and volume depletion [28].

Hyperkalemia occurred more frequently in patients treated with 
steroidal and non-steroidal MRAs vs. placebo in clinical trial settings, a 
comparative analysis suggests finenerone at 5–10 mg daily is associated 
with a lower incidence of hyperkalemia compared with spironolactone 
25–50 mg daily [29]. However, prospective head-to-head RCTs or 
real-world studies are needed to clarify the safety profiles of steroidal vs. 
non-steroidal MRAs.

3.1. Monitoring hyperkalemia and acute declines in kidney function in the 
context of RAASi optimization

Hyperkalemia and transient renal declines are known concerns with 
RAASi therapy especially among people with advanced age and greater 
number of comorbidities, but evidence shows these risks are usually 
mild, transient, and manageable. . The change in serum potassium with 
initiation of ACEi or ARB is typically within +0.5 mmol/L in patients 
with CKD and HTN [30]. In CKD, guidelines recommend that RAASi 
(including non-steroidal-MRAs) should not be initiated when serum 
potassium is >5.0 mmol/L, and to monitor serum creatinine and po
tassium after starting or changing dose (Table 1) [1,26]. Rather than 
limiting therapy, proactive strategies—routine monitoring, diuretics, 
dietary guidance, and potassium binders—enable safe continuation. 
Since real-world practice often deviates from guidelines due to safety 
concerns, emphasizing structured monitoring and mitigation is key to 
overcoming therapeutic inertia and maximizing RAASi benefits.

3.2. Managing hyperkalemia and acute declines in kidney function in the 
context of RAASi optimization

Given the potential risks of hyperkalemia and acute declines in 
kidney function with RAASi, there is a growing discrepancy between 
current guidelines and real-world practice, and an increasing need to 
prevent or improve management of these adverse events once 

Table 1 (continued )

Guideline Recommendations/ 
Practice points for 
treatment 

Recommendation/ 
Practice points for 
monitoring

Sacubitril/valsartan is 
recommended as a 
replacement for an ACEI in 
patients with HFrEF to 
reduce risk of HF 
hospitalization and death 
(IB). 
An ACE-I or ARB may be 
considered for patients 
with HFmrEF to reduce the 
risk of HF hospitalization 
and death (IIb C). 
An MRA may be 
considered for patients 
with HFmrEF to reduce the 
risk of HF hospitalization 
and death (IIb C).

2017 ACC/AHA/ 
AAPA/ABC/ACPM/ 
AGS/APhA/ASH/ 
ASPC/NMA/ PCNA 
Guideline for the 
prevention, 
detection, evaluation 
and management of 
high blood pressure 
in adults[5]

Adults with HFpEF and 
persistent hypertension 
after management of 
volume overload should be 
prescribed ACE inhibitors 
or ARBs and beta blockers 
titrated to attain SBP of less 
than 130 mm Hg (1 C-LD). 
In adults with 
hypertension and CKD 
(stage 3 or higher or stage 
1 or 2 with albuminuria 
[≥300 mg/d, or ≥300 mg/ 
g albumin-to-creatinine 
ratio or the equivalent in 
the first morning void]), 
treatment with an ACE 
inhibitor is reasonable to 
slow kidney disease 
progression (IIa B-R). 
In adults with 
hypertension and CKD 
(stage 3 or higher or stage 
1 or 2 with albuminuria 
[≥300 mg/d, or ≥300 mg/ 
g albumin-to-creatinine 
ratio in the first morning 
void]), treatment with an 
ARB may be reasonable if 
an ACE inhibitor is not 
tolerated (IIb C-EO). 
In adults with DM and 
hypertension, ACE 
inhibitors or ARBs may be 
considered in the presence 
of albuminuria (IIb B-NR).

​

Abbreviations: ACEi, ACE-I, and ACEI, angiotensin-converting enzyme in
hibitors; ARB, angiotensin receptor blockers; ARNI, angiotensin receptor- 
neprilysin inhibitors; AHA/ACC/HFSA, American Heart Association/American 
College of Cardiology/Heart Failure Society of America; AAPA/ABC/ACPM/ 
AGS/APhA/ASH/ASPC/NMA/ PCNA, American Academy of Physician Assis
tants/ Association of Black Cardiologists/American College of Preventive Med
icine/American Geriatrics Society/American Pharmacists Association/American 
Society of Hypertension/American Society for Preventive Cardiology/National 
Medical Association/Preventive Cardiovascular Nurses Association; BUN, blood 
urea nitrogen; CKD, chronic kidney disease; DM, diabetes mellitus; eGFR, esti
mated glomerular filtration rate; ESC, European Society of Cardiology; HF, heart 
failure; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, 
heart failure with preserved ejection fraction; HFrEF, heart failure with reduced 
ejection fraction; HTN, hypertension; K+, potassium; KDIGO, Kidney Disease: 
Improving Global Outcomes; LVEF, left ventricular ejection fraction; MI, 
myocardial infarction; MRA, mineralocorticoid receptor antagonists; NYHA, 
New York Heart Association; RAASi, renin–angiotensin–aldosterone system in
hibitor; SBP, systolic blood pressure; T2D, type 2 diabetes.

If applicable, class of recommendation and level of evidence are listed in 
parentheses.
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developed.
The European Society of Cardiology (ESC) recommended multiple 

strategies for managing hyperkalemia, including diuretics, eliminating 
non-essential hyperkalemia-inducing drugs (i.e., NSAIDs), dietary 
modifications [26] and the use of potassium binders if available. A 
Kidney Disease: Improving Global Outcomes (KDIGO) consensus 
meeting emphasized these preferred measures to RAASi dis
continuation/dose reduction, a concept that has impacted the recent 
revision of guidelines for blood pressure and diabetes management in 
CKD, in which a “stop/reduce dose of RAASi as a last resort” approach is 
recommended [1,2]. Additionally, the utilization of potassium binders 
in combination with RAASi therapy can help to optimize treatment and 
improve patient outcomes by reducing the risk of hyperkalemia while 
maintaining the benefits of RAASi therapy. Currently, the use of 
sodium/calcium polystyrene sulphonate (SPS/CPS) for management of 
hyperkalemia is low and chronic use is not recommended due to 
gastrointestinal adverse effects ranging from nausea and constipation to 
intestinal obstruction and colonic ischemia/necrosis [31,32]. Novel 
potassium binders, including patiromer and sodium zirconium cyclo
silicate, are better tolerated and can facilitate optimization of RAASi 
among patients with persistent hyperkalemia[33]; the overall evidence 
that this strategy can improve outcomes is still uncertain but evolving 
(currently a class 2b, level B-R recommendation in 2022 
AHA/ACC/HFSA Heart Failure Guideline) [3].

4. A multi-stakeholder initiative: development of a toolkit to 
improve implementation of RAASi therapy

Many barriers to implementing guideline-based cardio-renal-meta
bolic care exist in real-word settings. Clinical inertia is related to system, 
patient, and physician factors [34]. Patient non-adherence to treatment 
may stem from cost, cultural/personal attitudes regarding treatments, 
and poor health literacy [35]. In a HF study, physician non-adherence to 
guidelines was greater among patients with more comorbidities, greater 
severity of HF, and ethnic minority patients. Underlying causes include 
provider bias/prejudice, time pressure, and clinical uncertainty, and 
lack of training focused on therapeutic goals [16,35,36]. To address 
physician factors in GDMT in chronic HF, previous implementation 
studies have assessed the effectiveness of electronic-health-record alerts 
to providers in pragmatic randomized controlled trials. Providing alerts 

with individualized guidance on GDMT during office visits demon
strated a significant increase in the number of GDMT classes prescribed 
[37].

The International Society of Nephrology (ISN) convened experts 
from the American Society for Preventive Cardiology (ASPC), the Heart 
Failure Association of the ESC (ESC–HFA), Kidney Disease: Improving 
Global Outcomes (KDIGO), and the Renal Physicians Association (RPA), 
to enhance evidence-based therapies at the intersection of CV and kid
ney medicine. The development of this toolkit was the first activity of 
this group, who aims to address other unmet needs in the area.

Five educational and clinical tools were created to improve adher
ence to guidelines and elevate patient care quality, covering important 
aspects of RAASi therapy. “The nuts-and-bolts of RAASi therapy” tool 
describes therapy basics (Fig. 1). The "monitor and manage hyper
kalemia related to RAASi" tool addresses multifactorial causes of 
hyperkalemia. The "dietary approaches to hyperkalemia" tool promotes 
a balanced diet over extreme restrictions and dispels potassium-related 
myths. The "monitor and manage acute changes in kidney function 
related to RAASi" tool outlines creatinine monitoring recommendations 
and action thresholds. The "talking to your patients about RAASi ther
apy" tool supports clinicians in counseling patients starting RAASi, 
emphasizing a patient-centered approach. These tools are available 
online at: https://www.theisn.org/initiatives/toolkits/raasi-toolkit/. 
While a toolkit is integral to an educational intervention, it is just one 
component of an implementation study, and other factors, including the 
context of a particular setting and the method of delivery of the inter
vention, must be considered. The ‘Optimization of RAASi’ toolkit can be 
implemented into clinical settings using electronic or paper copies as 
handouts/posters, or embedding the toolkit link within the EMR or 
placing macros in clinical documentation to facilitate communication 
between health care providers. To optimize comprehensive medication 
management. multidisciplinary care teams, including clinical pharma
cists, can utilize the toolkit during clinic visits. A multifaceted approach 
combining the toolkit with active strategies such as educational work
shops, webinars, and audit/feedback on prescribing practices can 
maximize impact [38]. A series of ISN-led webinars is currently ongoing. 
Future implementation studies can evaluate both implementation- and 
effectiveness outcomes of multipronged strategies that include the 
toolkit.

In summary, the endorsed tools developed through this cross- 

Fig. 1. Optimization of RAASi Therapy Toolkit 
ACEs = angiotensin-converting enzyme inhibitor/s 
ARBs = angiotensin receptor blocker/s 
ARNis= angiotensin receptor-neprilysin inhibitor/s 
CKD = chronic kidney disease 
MRA = non-steroidal mineralocorticoid receptor antagonist/s 
RAASi = renin–angiotensin–aldosterone system inhibitor.
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specialty collaboration with scientific societies prioritize a patient- 
centered approach. The project’s uniqueness lies in the diverse compo
sition of the team, including experts from various geographies and 
backgrounds, and the incorporation of patients’ voices. By aligning with 
operational workflows and adopting a pragmatic approach, global 
implementation of these valuable resources is facilitated. Healthcare 
professionals can access them at: www.theisn.org/initiatives/toolki 
ts/raasi-toolkit/. Embracing these evidence-based strategies will un
doubtedly advance patient care in CV and kidney medicine.
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