
Editorial
Renin-Angiotensin System Blockade in Advanced

Kidney Disease: Stop or Continue?
Michel Burnier
Angiotensin-converting enzyme (ACE) inhibitors1 and
angiotensin receptor blockers (ARBs)2 were major

therapeutic advances, with strong evidence from large
randomized controlled trials supporting the use of
Related Article, p 248
renin–angiotensin system (RAS) blockade to lower blood
pressure (BP) and prevent-target organ damage in hyper-
tension, reduce mortality in heart failure, and lower pro-
teinuria and slow the progressive loss of kidney function in
patients with kidney disease.3 Given that ACE inhibitors
and ARBs are well tolerated, these agents are recom-
mended as first-line antihypertensive therapies by inter-
national hypertension, heart failure, diabetes, and kidney
disease guidelines.4-6

Both ACE inhibitors and ARBs induce what could be
considered “functional” side effects linked to RAS inhibi-
tion, specifically hyperkalemia due to inhibition of aldo-
sterone secretion and an acute reversible decline in
glomerular filtration rate (GFR) at initiation of therapy,
generally around 10% to 20% depending on the baseline
GFR.7,8 This GFR reduction is due to the ability of ACE
inhibitors and ARBs both to lower systemic BP and vaso-
dilate the renal efferent arterioles, thereby lowering
intraglomerular pressure.9,10 Although these events occur
at any level of GFR, the risk for meaningful reductions in
GFRs is clearly highest in individuals with advanced
chronic kidney disease (CKD). Thus, the incidence of
hyperkalemia (serum potassium ≥ 5.5 mmol/L) associated
with RAS blockade is w30% in patients with CKD stages 4
to 5.10 Concerns regarding GFR decline are clearly greater
in patients with advanced CKD. However, GFR decline is a
frequent cause of RAS blocker treatment withdrawal in
patients with earlier CKD stages.7,8 In the general popu-
lation, an increase in serum creatinine level of 10% to 30%
occurs in 14% of patients and an increase >30% affects
1.7% of patients following RAS blockade.8

The risks for hyperkalemia and GFR decline have
generated several concerns and questions regarding
maintaining RAS blocker therapy in patients with
advanced CKD. Should RAS blockers be stopped below
certain levels of GFR? Are RAS blockers still useful to
prevent cardiovascular mortality and kidney disease
progression in advanced CKD? Is mortality increased if
RAS blockade is stopped? Although the answers to these
questions are uncertain, reflecting the absence of clinical
trials specifically addressing these issues, several studies
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have provided insights on how to answer these questions
and help guide clinical practice. In this issue of Kidney
Medicine, Arora et al11 add important insight to these
questions by assessing the impact of patterns of use of
RAS blockers on all-cause mortality and progression to
end-stage kidney disease in a subset of patients with
advanced CKD participating in the Chronic Renal Insuf-
ficiency Cohort (CRIC) Study.

Arora et al11 performed a retrospective investigation of
678 patients of the CRIC cohort with an estimated GFR
(eGFR) < 30 mL/min/1.73 m2 at baseline. In contrast to
previous studies, these investigators defined 4 treatment
strategy patterns of RAS blocker use during the first year of
inclusion in CRIC; specifically “always users,” “never
users,” “dynamic users” (on and off users of RAS in-
hibitors), and “new users.” Propensity scores were used to
match participants by treatment strategy, with always users
serving as the reference group. Cox regression models
were used to investigate associations between treatment
strategies and kidney and mortality outcomes.

The most frequent treatment strategy was always users
(57%), followed by never users (23%), dynamic users
(13%), and new users (7%). Participants were matched for
several parameters, including age, sex, race, diabetes, hy-
pertension, serum potassium level, and systolic BP. Over-
all, no difference in the risk for kidney failure or mortality
was observed between the patterns even after further
adjustment for proteinuria, heart failure, and atheroscle-
rotic cardiovascular diseases and although always users had
the lowest BPs and proteinuria. However, there were some
nonsignificant trends in these analyses, such as an
increased rate of progression to kidney failure in dynamic
users and lower mortality in new users compared with
always users.

The results of this study suggest that RAS inhibition in
patients with advanced CKD is rather safe. However,
because RAS blockade appears neither beneficial nor detri-
mental in terms of hard end points, one could also question
the pertinence of maintaining RAS blocker therapy in
advanced CKD. The answer is not so simple. The retro-
spective design used by Arora et al11 cannot fully inform
this question. To answer this question, always users of RAS
blockers would need to be randomly assigned to continue
or stop RAS blocker therapy and be followed up for suffi-
cient time to allow for progression to kidney failure.

Today, it is well accepted that RAS blockers are most
effective in slowing CKD progression when prescribed in
the early stages of kidney disease, but whether RAS
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Figure 1. Kidney, cardiac, and mortality risks associated with creatinine level increase after blockade of the renin-angiotensin system
in UK primary care (n = 122,363 patients; from reference 8, CC BY 4.0 license). Abbreviation: CI, confidence interval.
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blockers are as effective in advanced CKD is now increas-
ingly challenged.12 In post hoc analyses of the REIN
(Ramipril Efficacy in Nephropathy) and RENAAL (Reduc-
tion in End Points in Non-Insulin-Dependent Diabetes
With the Angiotensin II Antagonist Losartan) trials, Rug-
genenti et al13 and Remuzzi et al14 reported that the
reduction of kidney failure events with ACE inhibitors and
ARBs was not a function of the baseline GFR. In these
analyses, the reduction in the absolute number of patients
reaching kidney failure was higher in patients among the
lowest tertile of GFR as compared with those with higher
GFRs at baseline.13,14 A similar finding was seen in patients
with CKD stage 4 treated with benazepril,15 in which
carefully selected patients derived a benefit from ACE in-
hibitor therapy, even at very low eGFRs. In another post
hoc analysis of RENAAL,16 the magnitude of the acute
decrease in eGFRs observed when losartan therapy was
started was predictive of the long-term GFR decline.
Viewed in sum, these trials suggest that RAS blockade is
effective in reducing the risk for kidney failure in both
earlier and advanced CKD.

This position was reinforced in a 2012 KDIGO (Kidney
Disease: Improving Global Outcomes) clinical practice
guideline for the management of BP in CKD, in which, in
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the absence of severe hyperkalemia (potassium > 6 mmol/
L), acute kidney injury, or a decrease in eGFR > 30%,17

continuing RAS blockade was suggested.
Since 2012, new data have become available that may

modulate these recommendations. New data from general
population studies suggest that the acute decline in GFR
observed on starting treatment with an RAS inhibitor is
associated with kidney and cardiac risks in a “dose-
response” relation, with no distinct cutoff at a 30% increase
in serum creatinine level8 (Fig 1). The risk for adverse
cardiac and kidney outcomes associated with a change in
kidney function was highest during the first year after
initiation but persisted up to 10 years for end-stage kidney
disease and all-cause mortality. Patients with the greatest
GFR decline were those with multiple comorbid conditions,
such as heart failure and diabetes. This meta-analysis sug-
gests that one should consider the risk of RAS blockade
among all individuals with an acute decline in kidney
function rather than only in those with a 30% change.

A post hoc analysis of the ADVANCE (Action in Diabetes
and Vascular Disease: Preterax and Diamicron Modified
Release Controlled Evaluation) trial provides interesting
additional insights on the risk associatedwith an acute decline
in kidney function following RAS blockade initiation.18 As
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observed in the general population,8 any increase in serum
creatinine level > 10%was associated with significant greater
risks for subsequent major clinical outcomes. Nevertheless,
when viewing the entire group of participants randomly
assigned to receive an ACE inhibitor, ACE inhibitor use was
associated with lower long-term risk for major clinical out-
comes when compared with placebo, irrespective of the
severity of the acute increase in serum creatinine level.18 This
suggests that even if drug-induced increases in serum creat-
inine levels are associated with higher cardiorenal risk, pa-
tients should be maintained on the RAS blocker therapy
because their long-term outcome is better.

Similar observations were made in a post hoc analysis of
the ONTARGET (Ongoing Telmisartan Alone and in Com-
bination With Ramipril Global Endpoint Trial) and TRAN-
SCEND (Telmisartan Randomised Assessment Study in ACE
Intolerant Subjects With Cardiovascular Disease) trials per-
formed in patients with high cardiovascular risk.19 The data
from Arora et al11 also suggest that being on and off RAS
blockade treatment, for example, because of fluctuating GFRs
or hyperkalemia, is associatedwithhigher risk forprogressing
to kidney failure. This observation may be explained by the
higher percentage of patients with CKD with severe heart
failure in the group of dynamic users. In heart failure, a
decline in GFR may reflect worsening of cardiac function
rather than an intrinsic kidney process.

In the Arora et al11 study, 23% of patients with
advanced CKD never used an RAS blocker, although in this
group, 92% of patients had hypertension and w50% had
diabetes. Unfortunately, the analysis does not provide
insight on the reasons why these patients did not receive
RAS blockers despite guideline recommendations.

Interestingly, this percentage is lower than recent figures
reported by Murphy et al.20 Among 7,085 adults with CKD
participating in theNationalHealth andNutrition Examination
Survey in 2011 to 2014, a total of 40.1% of patients were
receiving an ACE inhibitor or an ARB. In the subset of partic-
ipantswithCKD stage4, a total of 45%ofpatients discontinued
their RAS blocker therapy within 1 year and the rate of
discontinuation at 5 years was 83%; similar findingswere seen
in a study from theUnited Kingdom.21,22 The primary reasons
for discontinuation were hyperkalemia, CKD progression,
hospitalization for acute kidney injury, and the presence of
multiple comorbid conditions. Very few individuals who
discontinued subsequently resumed RAS blockade.

These relatively disappointing utilization data in advanced
CKD confirm the global underuse of RAS blockers, whichmay
reflect the lack of confidence of physicians, including ne-
phrologists, on the real benefits of inhibiting the RAS in
advanced CKD. Reflecting that no trials have specifically
assessed the clinical benefits of RAS blockade in CKD stage 4,
physicians may feel uncomfortable when clinical issues arise,
such as a sudden worsening of kidney function leading to
hospitalization or significant hyperkalemia. In these situations,
physicians may prefer withdrawing any drug that may cause
problems for the patients, minimizing perceived acute risk but
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potentially at the cost of increasing their long-term kidney
failure and mortality risk. In that respect, the data presented in
the study by Arora et al11 should reassure clinicians.

Some studies have demonstrated that stopping RAS
blockade treatment in advanced CKD may be beneficial in
some patients, increasing the time to dialysis initiation.
Ahmed et al23 showed in a cohort of 52 patients with CKD
grade 4 that RAS blockade withdrawal was associated with
a 10-mL/min/1.73 m2 increase in eGFR and an increase in
BP. Given the tremendous burden of dialysis, this finding
requires additional investigation.

Given the existing uncertainty and the absence of clear
guideline recommendations, the most prudent approach
should be evaluating the benefit-risk ratio of maintaining RAS
blockadeon an individual basis. ConsiderationofRASblockade
discontinuation should occur only when serious clinical
problems arise, such as a substantial GFR decline, severe hy-
pokalemia that cannot be readily modified, symptomatic hy-
potension, severe acidosis in the setting of very low GFR, and,
potentially, in the very elderly.We desperately needmore data
from prospective randomized controlled trials assessing the
risks of withdrawing RAS blocker treatment in advanced CKD.
The results of the ongoing STOP-ACEi (Multi-centre Rando-
mised Controlled Trial of Angiotensin Converting Enzyme
Inhibitor [ACEi]/Angiotensin Receptor Blocker [ARB] With-
drawal inAdvancedRenalDisease) trial,24 amulticenter, open-
label, randomized, controlled, clinical trial, may answer some
of our questions and are eagerly expected.

In the meantime, new opportunities exist for the
management of patients with CKD. Hyperkalemia can
be effectively controlled with the newer orally active po-
tassium binders, potentially enabling ongoing RAS
blockade.25,26 New agents, including sodium-glucose co-
transporter 2 inhibitors, appear to slow CKD progression
and heart failure when used in conjunction with RAS
blockade.27,28 These therapeutic developments, along with
other anticipated breakthroughs, offer broader therapeutic
options to treat CKD, emphasizing the critical need for
kidney providers to optimize the safe and effective use of
RAS blockade as one aspect rather than our only current
option for slowing progression in advanced CKD.
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