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Renin-angiotensin  system (RAS)
angiotensin-converting enzyme (ACE)
angiotensin II receptor blockers (ARBs), are key agents for
the treatment of hypertension in patients with proteinuric
chronic kidney disease (CKD). Based on many clinical
trials demonstrating their effectiveness in decreasing pro-
teinuria and delaying CKD progression, the use of RAS
inhibitors is recommended as the first-line pharmacologic
strategy for patients with CKD and proteinuria in major
clinical practice guidelines [1-3]. In a recent meta-analysis
including 119 randomized trials in patients with CKD with
or without diabetes [4], both ACE inhibitors and ARBs
reduced the risk of kidney failure (a composite of the
doubling of serum creatinine, a 50% decline in the esti-
mated glomerular filtration rate [eGFR], or end-stage kidney
disease [ESKD]) and major cardiovascular events (a com-
posite of myocardial infarction, stroke, heart failure, or
cardiovascular death); in addition, ACE inhibitors reduced
the odds ratio of all-cause death compared to that of the
active control. Thus, RAS inhibitors are now the most
widely used classes of antihypertensive drugs in patients
with CKD with proteinuria, regardless of their clinical
stages. However, most guidelines recommend avoiding any
combination of ACE inhibitors, ARBs, and direct renin
inhibitor therapy in patients with CKD with or without
diabetes because their combination does not lead to long-
term cardiovascular or kidney benefit, whereas it can lead to
an increased risk of hyperkalemia and acute kidney injury
(AKI) [1-3].

The antiproteinuric effect of RAS inhibitors is thought to
contribute to slowing the progression of CKD. However,
the benefits of using RAS inhibitors in advanced stages of
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CKD, i.e., CKD stage 4 or stage 5, are less certain and still
under debate. In fact, a meta-analysis investigating the
combined associations of eGFR and albuminuria with
mortality in a general population showed that the advantage
of less urinary albumin excretion for lower cardiovascular
mortality risk disappeared in patients with eGFR less than
30 mL/min per 1.73 m?> [5]. Furthermore, the continued use
of RAS inhibitors in the setting of severely reduced kidney
function may cause undesirable outcomes, including a
potential risk of hyperkalemia, hemodynamic effects lead-
ing to kidney function decline, and the vulnerable response
to AKI events [6]. Accordingly, in patients with CKD stage
5 (eGFR <15 mL/min per 1.73 m?), the guidelines recom-
mend reducing the dose or discontinuing ACE inhibitors or
ARBs in the setting of either symptomatic hypotension or
uncontrolled hyperkalemia [1-3]. Nevertheless, the dis-
advantages and benefits of RAS inhibitor initiation or
withdrawal in patients with advanced CKD have yet to be
clearly answered in randomized controlled trials.

Although the evidence level is not high enough, there
have been limited observational and randomized studies that
have investigated the risks and benefits of RAS inhibition in
patients with advanced CKD (Table 1). One of the studies
investigating the initiation of ACE inhibitor treatment and
renal outcome in patients with moderate to advanced CKD
was conducted by Hou et al. [7]. In this trial, more patients
with advanced CKD (serum creatinine, 3.1-5.0 mg/dL)
reached the primary end point (the composite renal out-
come: doubling of serum creatinine, ESKD or death) than
those with moderate CKD (serum creatinine, 1.5-3.0 mg/
dL), and the ACE inhibitor benazepril was found to be
superior to placebo in delaying the renal outcome among
those with advanced CKD. Another trial that tested the
effect of RAS inhibitor initiation compared to calcium
channel blocker (CCB) treatment in patients with advanced
CKD was reported by Fu et al. [8]. They found that fewer
patients with RAS inhibitor treatment reached the primary
renal end point than those with CCB treatment (hazard ratio
[HR], 0.79; 95% confidence interval [CI], 0.69-0.89). There
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Fig. 1 Effects of renin-angiotensin system (RAS) blockade on cardiovascular and renal outcomes in patients with advanced chronic kidney

disease (CKD)

was no significant difference between the therapies in
mortality (HR, 0.97; 95% CI, 0.88—1.07) or major adverse
cardiovascular events (MACEs; HR, 1.00; 95% (I,
0.88-1.15). They concluded that the study provides evi-
dence that the initiation of RAS inhibitor therapy compared
with CCBs may confer kidney benefits among patients with
advanced CKD, with similar cardiovascular protection.
There have also been limited observational studies that
investigated the role of RAS inhibitor treatment continua-
tion versus withdrawal in patients with advanced CKD
already receiving RAS inhibition. One small observational
study by Ahmed et al. [9] showed that the negative eGFR
slope before stopping RAS inhibitors was reversed
12 months after their withdrawal among patients with
advanced CKD, and this effect persisted for up to
24 months. The authors concluded that the discontinuation
of RAS inhibition could delay the onset of renal replace-
ment therapy (RRT) in the majority of those patients.
Thereafter, relatively large-scale retrospective cohort stu-
dies have been planned and performed, focusing on not only
renal but also cardiovascular outcomes. Among them, Qiao
et al. [10] reported that ACE inhibitor or ARB therapy
discontinuation in patients with advanced CKD was asso-
ciated with a higher risk of mortality (HR, 1.39; 95% CI,
1.20-1.60) and MACEs (HR 1.37; 95% CI, 1.20-1.56),
with no statistically significant difference in ESKD risk
(HR, 1.19; 95% CI, 0.86—1.65). Walther et al. [11] showed
that the discontinuation of RAS inhibitors in patients with
CKD stages 3 and 4 was associated with a higher risk of
death (HR, 1.74; 95% CI, 1.70-1.78) and ESKD (HR, 1.59;
95% CI, 1.48-1.71). The authors concluded that physicians
should assess eligible patients who are not on ACE inhibitor
or ARB therapy and identify the reasons why these agents
are not being used. In contrast, Fu et al. [12] demonstrated
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that stopping RAS inhibitor therapy in patients with CKD
stages 4 and 5 was associated with a higher absolute 5-year
risk of death (40.9% vs. 54.5%) and MACEs (47.6% vs.
59.5%) but with a lower risk of RRT (36.1% vs. 27.9%).
The authors further showed that the results were consistent
whether patients stopped RAS inhibition at higher or lower
eGFR, across prespecified subgroups, and after adjustment
and stratification for albuminuria and potassium. In sum-
mary, although the observed risks of stopping RAS inhi-
bition obtained from those studies could not eliminate the
possible influence of reverse causality, it is conceivable that
continuing RAS inhibitor therapy in patients with advanced
CKD may exert cardiovascular protection, with an equi-
vocal or somewhat detrimental effect on renal protection
(Fig. 1).

In the most recent issue of Hypertension Research,
Nakayama et al. [13] reported a retrospective study inves-
tigating the comparison between continued use of RAS
inhibitors and stopping or nonuse of them in patients with
advanced CKD on the incidence of unplanned dialysis.
They showed that continuing RAS inhibitor therapy was
significantly and independently associated with a lower
incidence of unplanned dialysis initiation (continuing,
32.4%, stopping, 58.8%, nonuse, 50.7%; HR, 0.36; 95% ClI,
0.20-0.66). Currently, the advancement of potassium
binding therapy has brought about better tolerability of RAS
inhibition in the setting of advanced CKD. The authors
propose that until the negative effects of RAS inhibitors on
renal outcome are confirmed by randomized trials, it is
reasonable to use these agents in patients with advanced
CKD. An ongoing randomized controlled trial (STOP-ACEi
trial) [14] investigated the renal and cardiovascular out-
comes of stopping versus continuing RAS blockade in
patients with advanced CKD. We should wait to decide on
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the treatment strategy consensus until this trial has provided
additional data on the risks and benefits of RAS inhibition
in this patient population.
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