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Abstract

Chronic kidney disease (CKD) is a global health problem and is strongly associated with hypertension (HTN) and impaired
quality of life. Managing HTN with agents that block the renin angiotensin aldosterone system (RAAS) remains the gold
standard, however there is a misleading impression that patients with impaired renal function or those receiving hemodialysis
should not be treated with RAAS inhibitors. To date, only a few data in this field are available, given that this population
subset is systematically excluded from many major clinical trials. The purpose of this review was to solve the difficult equa-
tion regarding the optimal use of RAAS blockade in patients with CKD.

Renin angiotensin aldosterone system (RAAS) inhibi-
tors are undoubtedly considered an effective therapeutic
strategy in patients with chronic kidney disease (CKD).

RAAS inhibitors need to be avoided in very few patients
with CKD.

Close monitoring in all cases is strongly recommended,
whereas discontinuing treatment should be considered
only after severe renal function impairment.

1 Introduction

Chronic kidney disease (CKD), defined as kidney damage
or an estimated glomerular filtration rate (GFR) < 60 mL/
min/1.73 m? present for > 3 months, is a global public health
problem associated with a high prevalence of cardiovascular
disease and impaired quality of life. In 2017, the CKD popu-
lation was estimated at 700 million worldwide, and renal
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disease resulted in 1.2 million deaths, which is expected
to rise to 2.2—4.0 million by 2040 [1]. Approximately 30%
of CKD patients have hypertension (HTN). HTN has been
recognized as both a cause and a consequence of CKD, with
this vicious cycle being an evolving matter of concern given
the high prevalence of both conditions [2, 3].

Renin angiotensin aldosterone system (RAAS) inhibitors
are generally accepted as first-line antihypertensive medi-
cations, regardless of race or diabetes mellitus status, in
patients with renal disease. Long-term renal benefits have
been identified, such as the slowing of further kidney func-
tion decline and proteinuria and the delay in progression
to end-stage renal disease (ESRD) independent of blood
pressure (BP) reduction. However, the initiation of these
agents might result in an acute fall in GFR within the first
weeks. Additionally, starting or continuing these agents
in patients undergoing hemodialysis, those with advanced
CKD (GFR < 30 mL/min/1.73 m?), or those whose kidney
function has worsened on RAAS blockade remains debat-
able [4-8].

The aim of this review was to present recent data for the
role of RAAS inhibitors in CKD, unraveling their optimal
use in everyday clinical practice based on key studies with
angiotensin-converting enzyme inhibitors (ACEIs) and angi-
otensin II receptor blockers (ARBs).
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2 Renin Angiotensin Aldosterone System
(RAAS) Overactivity in Chronic Kidney
Disease

Overactivity of the RAAS has been identified as a risk
factor for the onset and progression of CKD. Angiotensin
11, the main effector of RAAS, enhances the vascular tone
of both afferent and efferent glomerular arterioles, increas-
ing the glomerular hydraulic pressure and ultrafiltration
of plasma proteins causing damage to glomerular epithe-
lial, endothelial, and mesangial cells. Today, proteinuria
is considered an indicator of glomerular disease severity
that increases the degree of glomerulosclerosis, tubular/
interstitial inflammation and fibrosis, and leads to progres-
sive renal function loss [9, 10].

The non-hemodynamic effects of angiotensin II, includ-
ing activation of the pathways associated with inflamma-
tion, fibrosis, extracellular matrix accumulation, reactive
oxygen species, and endothelial dysfunction, might also
promote renal disease progression [9, 11].

In addition, angiotensin IT augments the adrenal produc-
tion of aldosterone, the principal mineralocorticoid pro-
duced in the zona glomerulosa layer of the adrenal cortex.
Aldosterone is also produced in endothelial and vascular
smooth muscle cells in the heart, blood vessels, and brain.
Acting through epithelial mineralocorticoid receptors,
aldosterone plays a central role in salt and water homeo-
stasis and potassium excretion, and mediates renal and
vascular remodeling. Aldosterone strengthens some of the
effects of angiotensin II and therefore might also directly
contribute to endothelial dysfunction [9].

Aside from traditional circulating RAAS, a locally
expressed RAAS in kidneys is involved in the pathogenesis
of CKD. Intrarenal formation of angiotensin II not only
controls glomerular hemodynamics and tubule sodium
transport but also activates a number of inflammatory and
fibrotic pathways [10, 11].

3 RAAS Inhibitors and Long-Term
Renoprotective Benefits

Pharmacological inhibition of RAAS attenuates the
decline in renal function associated with CKD. Table 1
summarizes several studies that investigated the long-term
renoprotective effects of these agents. In the majority of
these studies, patients had hypertension, one of the most
common causes of renal disease.

Almost 3 decades ago, a randomized trial was the first
to clearly demonstrate the protective effect of captopril
against the deterioration of renal function among patients
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with insulin-dependent diabetic nephropathy compared
with placebo. In the captopril group, a decreased risk of
death, dialysis, and transplantation was recorded, while
a higher baseline creatinine value was associated with a
lower risk of creatinine doubling. The renoprotective effect
of ACEIs was independent of the drug’s antihypertensive
action [12].

The AIPRI study investigated the effect of benazepril
in 583 patients with renal insufficiency and showed a 53%
reduction in the risk of doubling of serum creatinine or
requiring dialysis in those receiving an ACEI. The risk
reduction was higher among males and those with base-
line proteinuria >1 g/24 h, glomerular disease, diabetic
nephropathy, nephrosclerosis, or interstitial nephritis, but
not among those with polycystic kidney disease. After only
2 months of treatment, the serum creatinine concentration
and urinary protein excretion decreased to a greater extent in
the benazepril group compared with the placebo group. The
protective effect of benazepril was partially due to the better
control and substantial decrease in BP [13].

The REIN study examined the efficacy of the ACEI
ramipril among non-diabetic CKD patients. Patients were
stratified before randomization by level of 24 h proteinu-
ria (stratum 1: > 1 and < 3 g/day; stratum 2: > 3 g/day).
Treatment with ramipril or placebo plus conventional anti-
hypertensive therapy was targeted at the same BP control.
In both stratums, ramipril halved the risk of progression to
ESRD, indicating that the changes in GFR were irrespective
of BP control in both groups, but dependent on the changes
in proteinuria. As expected, the rate of decline in GFR and
the frequency of ESRD were much lower in stratum 1 than
in stratum 2 [14, 15].

In the RENAAL study, treatment with losartan offered
renal benefits in patients with type 2 diabetes and nephropa-
thy (proteinuria >0.5 g/day or serum creatinine 1.3—3 mg/
dL). In the losartan group, a 16% reduction in the risk of the
primary composite endpoint (defined as the composite of a
doubling of the baseline serum creatinine value, ESRD, or
death) was noted compared with placebo. The risk of ESRD
and twofold increase in the creatinine concentration was 28%
and 25% lower, respectively, in the losartan group than in the
placebo group. The ARB also caused an average reduction
in proteinuria by 35%, decreased the rate of decline in renal
function by 18%, and slowed the decline in GFR by 15%.
There was no difference in cardiovascular morbidity and
mortality between the two groups, although the rate of first
hospitalization for heart failure was significantly decreased
with losartan (risk reduction 32%) [16].

The IRMA-2 study tested the effectiveness of the ARB
irbesartan in delaying or preventing the development of
diabetic nephropathy among 590 hypertensive patients
with persistent microalbuminuria and serum creatinine
level < 1.5 mg/dL in males and < 1.1 mg/dL in females.
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Table 1 Studies that investigated the long-term effects of RAAS inhibitors on renal function

Study Year Follow-  Sample Age, years Cr (mg/dL) HTN (%) Drug Comparator Findings
up group
(months)
Lewis et al. 1993 36 409 357 1.3+04 75 Captopril ~ Placebo | Cr doubling
| Death, dialysis,
transplantation
AIPRI 1996 36 583 51+13 2.1+0.6 81 Benazepril Placebo | Progressive renal
insufficiency
| Proteinuria pro-
gression
REIN 1997 31 352 18-70 2.1 85 Ramipril Placebo | Proteinuria pro-
gression
} ESRD
| Cr doubling
ABCD 2000 64 470 58 +8.4 <3 100 Enalapril ~ Nisoldipine Similar effect on
renal function
RENAAL 2001 41 1513 60 +7 1.9+0.5 93 Losartan Placebo | Cr doubling
| ESRD
| Proteinuria pro-
gression
IRMA-2 2001 24 590 58.4+8 1.1 £ 0.2 (males) 100 Irbesartan ~ Placebo | Proteinuria pro-
09+0.1 gression
(females) 1 Normoalbuminu-
ria restoration
| Nephropathy
IDNT 2001 31 1719 591+79 1.6+06 100 Irbesartan ~ Amlodipine, | Cr doubling
placebo | ESRD
| Proteinuria pro-
gression
AASK 2001 44 213 498 +11.2 2.7+ 0.9 (males) 100 Ramipril Amlodipine | GFR decline
1.9+0.6 | ESRD
(females) | Proteinuria pro-
gression
MARVAL 2002 6 332 35-75 1.07 65 Valsartan ~ Amlodipine | Proteinuria pro-
gression
1 Normoalbuminu-
ria restoration
BENEDICT-A 2004 43 1204 625+82 09+02 100 Trandopril ~ Trandopril + | Microalbuminu-
verapamil ria progression
verapamil, pla-
cebo
INNOVATION 2007 10-22 527 61.7 < 1.5 (males) 68 Telmisartan Placebo | Nephropathy
< 1.3 (females) 1 Normoalbuminu-
ria restoration
DREAM 3008 36 5269 >30 <22 43.4 Ramipril Placebo No effect on renal
outcomes
BENEDICT-B 2011 54 281 624+82 09x02 100 Trandopril  Trandopril + | Macroalbumi-
verapamil nuria
1 Normoalbuminu-
ria restoration
ALLHAT 2012 106 20,584 67 NA 100 Lisinopril ~ Amlodipine, Similar effect on
post hoc analysis chlorothalidone  renal function
ALTITUDE 2016 31 8561 64.6+9.6 NA NA Aliskiren Placebo | Microalbuminu-
secondary ria progression
analysis 1 Normoalbuminu-

ria restoration

Cr creatinine, ESRD end-stage renal disease, HTN hypertension, RAAS renin angiotensin aldosterone system, NA not available, GFR glomerular

filtration rate, | decrease, 1 increase
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Approximately 5% of patients in the irbesartan 300 mg
group, 9.7% of patients in the irbesartan 150 mg group, and
14.9% of patients in the placebo group developed nephrop-
athy. Irbesartan reduced albuminuria by 24% and 38%
among those receiving 150 mg and 300 mg, respectively,
and restored normoalbuminuria in 24% and 34% of patients,
respectively. These benefits seemed to be independent of
systemic BP since the average BP value during the study
was only slightly lower in the irbesartan groups compared
with the placebo group [17].

The renoprotective effects of irbesartan were also dem-
onstrated in the IDNT trial. This study assessed whether the
addition of irbesartan, amlodipine, or placebo to standard
antihypertensive regimens protected against the progres-
sion to nephropathy among patients with type 2 diabetes
and HTN. The achieved BP in the irbesartan, amlodipine,
and placebo groups was 140/77, 141/77, and 144/80 mmHg,
respectively. Creatinine increased 24% more slowly with
irbesartan compared with placebo, and 21% more slowly
compared with amlodipine. A lower risk of doubling of
baseline creatinine or developing ESRD was noted in the
irbesartan group than in the other groups. There was no sig-
nificant difference among the three treatment groups regard-
ing the risk of death from any cause, whereas irbesartan was
associated with a rate of congestive heart failure necessitat-
ing hospitalization approximately 23% lower than placebo.
The differences in BP lowering could explain the better renal
outcomes in the irbesartan group [18].

The AASK study, which included African American
patients with hypertensive renal disease, found that lowering
BP with the ACEI ramipril was more effective in slowing the
deterioration of renal function compared with amlodipine.
Patients with a urinary protein to creatinine ratio > 0.22
had a 48% risk reduction in clinical endpoints (composite
of decline in GFR, ESRD, and death), and a 36% slower
decline in GFR [19, 20].

The antiproteinuric effect of valsartan was demonstrated
in the MARVAL study among 332 patients with type 2 dia-
betes and persistent microalbuminuria. This multicenter,
randomized, double-blind trial showed a 44% reduction
in albuminuria in ARB users, compared with only an 8%
reduction in amlodipine users. A similar pattern was found
in subgroup analyses for hypertensive and normotensive
patients at baseline. Valsartan also induced regression to
normoalbuminuria in a greater proportion of patients than
amlodipine by week 24 (30% vs. 15%). Mean reductions in
BP were close for both treatments (systolic BP: valsartan
— 11.2 mmHg, amlodipine — 11.6 mmHg; diastolic BP: val-
sartan — 6.6 mmHg, amlodipine — 6.5 mmHg). The changes
in urine albumin excretion were independent of BP-lowering
differences [21].

The BENEDICT trial indicated that diabetic nephropathy
can be prevented by the early administration of an ACEL
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Among hypertensive patients with type 2 diabetes and nor-
mal renal function, the progression to microalbuminuria was
significantly lower in those treated with the ACEI trandola-
pril or the combination of trandolapril and verapamil (6%
and 5.7%, respectively) compared with those treated with
either verapamil or placebo (11.9% and 10%, respectively).
Thereafter, the study aimed to assess the efficacy of tran-
dolapril alone compared with the combination of trandola-
pril and verapamil in preventing the development of mac-
roalbuminuria in hypertensive patients with type 2 diabetes
and persistent microalbuminuria. Fifteen patients (10.5%)
in the trandolapril group and 18 (13.0%) in the trandola-
pril and verapamil group progressed to macroalbuminuria,
while 71 (49.7%) and 62 (44.9%) participants regressed to
normoalbuminuria, respectively. Patients who regressed to
normoalbuminuria were mainly heavier and with greater BP
values, shorter duration of diabetes, and lower albuminuria
at inclusion compared with those with persistent microalbu-
minuria or progressing to macroalbuminuria [22, 23].

The INNOVATION study revealed that the ARB tel-
misartan conferred superior renoprotection compared with
placebo among Japanese patients with type 2 diabetes and
microalbuminuria. The transition rates to nephropathy were
16.7% in the telmisartan 80 mg group, 22.6% in the tel-
misartan 40 mg group, and much higher, almost 50%, in
the placebo group. Remission to microalbuminuria occurred
in 21.2% among those patients treated with telmisartan
80 mg, 12.8% among those patients treated with telmisartan
40 mg, and 1.2% among those patients treated with placebo.
Regarding the decrease in BP, systolic and diastolic BP fell
from 138/78 to 128/72 mmHg with telmisartan 80 mg, from
137/78 to 128/72 mmHg with telmisartan 40 mg, and from
137/77 to 132/74 mmHg with placebo [24].

A prespecified secondary analysis of the ALTITUDE
trial investigated the efficacy and safety of the direct renin
inhibitor aliskiren. When added to an ACEI or an ARB in
patients with type 2 diabetes and CKD (GFR 30-60 mL/
min/1.73 m?), this drug postponed the progression to mac-
roalbuminuria and favored the regression of albuminuria.
An initial acute decline in GFR was caused by aliskiren, but,
after 6 months, a similar gradient of reduction was noted
between aliskiren and placebo. However, aliskiren did not
show any benefit on the primary composite renal endpoint
(ESRD, renal death, serum creatinine doubling) [25].

Ultimately, these data support the effectiveness of ACEI
or ARB therapy in delaying CKD progression. Conversely,
the ABCD study and the ALLHAT and DREAM trials
showed that RAAS inhibitors conferred no protection on
renal function [26-28].

The ABCD trial demonstrated that there was no sig-
nificant difference in renal outcomes between hypertensive
patients with type 2 diabetes receiving enalapril or nisoldi-
pine after the first 36 months of treatment. The percentage
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of patients advancing from normoalbuminuria to microalbu-
minuria, and from microalbuminuria to macroalbuminuria,
was similar for both groups [26].

The ALLHAT trial showed that the ACEI lisinopril was
not superior to chlorthalidone or amlodipine in preventing
the deterioration of renal function and the development of
ESRD among hypertensive patients with at least one addi-
tional risk factor for coronary heart disease. Nevertheless,
the ALLHAT trial was designed to evaluate cardiovascular
outcomes rather than renal outcomes and these results were
derived from a post hoc analysis [27].

Finally, in the DREAM study, the ACEI ramipril had no
significant impact on renal outcomes among patients with
impaired glucose tolerance and/or impaired fasting glucose
without known cardiovascular disease or renal insufficiency.
It is likely this finding may be due to the short follow-up of
3 years [28].

4 Are All RAAS Inhibitors the Same?

ACEIs and ARBs act in a similar way and it is hypothesized
that they share similar properties; however, different medica-
tions have distinct effects that can either add further advan-
tage or reduce efficacy. Agents with a longer half-life have a
sustained result lasting until the next administration. Some
medications have additional benefits beyond RAAS block-
ade. For example, several ACEIs lower the reabsorption of
uric acid in the proximal tubule, increasing uricosuria. Tel-
misartan has peroxisome proliferator-activated receptor-y-
modulating activity [29].

In the ONTARGET trial, the effect of the ARB telmisar-
tan on primary renal outcome (composite of dialysis, dou-
bling of serum creatinine, and death) did not differ to that
of the ACEI ramipril among approximately 17,000 patients
at high vascular risk. GFR declined most with telmisartan
(- 4.1 mL/min/1.73 m?) compared with ramipril (— 2.8 mL/
min/1.73 m?) [30]. A network meta-analysis of 119 rand-
omized controlled trials revealed that both ACEIs and ARBs
decreased the risk for renal failure and cardiovascular events
among CKD patients [31].

On the other hand, in the REACH study ARBs were supe-
rior to ACEIs, reducing the cardiovascular events irrespec-
tive of baseline GFR among patients with more than three
risk factors for atherosclerosis or established cardiovascu-
lar disease [32]. Furthermore, a trial of predialytic stage 5
CKD patients revealed that ARB users were associated with
a lower mortality rate compared with ACEI users [33].

Regarding different ARBs, a large study of 860 patients
with type 2 diabetes and overt nephropathy found that tel-
misartan (a highly lipophilic agent with a long half-life)
was superior to losartan (with low lipophilicity and a short
half-life) in reducing proteinuria despite a similar reduction

pattern in BP [34]. Another study of 855 hypertensive
patients with type 2 diabetes and overt nephropathy that
compared telmisartan with valsartan concluded that the
renoprotection afforded by both ARBs was similar [35].

ACEIs have also been associated with a 90% greater risk
of angioedema compared with ARBs. A meta-analysis of
40 trials including approximately 200,000 patients with a
mean follow-up of 123 weeks found that the incidence of
angioedema was 0.3% among ACEI users and 0.1% among
ARB users. From a pathophysiological point of view, ACEI-
induced angioedema is due to the accumulation to brady-
kinin. Unlike ACEIs, ARBs do not inhibit the degradation of
bradykinin and the involved mechanisms might include the
upregulation of angiotensin type 2 receptors by the increased
level of angiotensin II, the involvement of prostaglandins,
or the deficiency of complement cascade mediators [36—38].
Even if single agents have separate properties, it is likely
this does not translate into meaningful clinical differences.
Hence, due to conflicting evidence, it is not clear that one
RAAS agent is more beneficial than another.

5 RAAS Inhibitors and Early Glomerular
Filtration Rate Decline

An acute fall in baseline GFR, or a rise in baseline serum
creatinine < 30%, is often accepted as a physiological effect
of RAAS inhibitors. It is generally considered well tolerated
and is due to the greater vasodilatation of the efferent arte-
rioles in the glomeruli and the reduction of intraglomerular
pressure. This phenomenon, if it occurs, typically happens
during the first 2 weeks after treatment initiation, and renal
parameters are usually stabilized within 2—4 weeks [6].

Nonetheless, an early GFR decline or a creatinine increase
of > 30% is not negligible. This might occur as a result of
volume depletion, renal artery stenosis, or coadministration
with medications such as nonsteroidal anti-inflammatory
drugs (NSAIDs). In a study of approximately 2000 patients
with a creatinine rise >30%, the majority were females and
elderly, had renal/cardiac comorbidities (moderate to severe
CKD, previous myocardial infarction, heart failure, arrhyth-
mias, peripheral arterial disease), or were mainly receiv-
ing NSAIDs, loop diuretics, or potassium-sparing diuretics.
In addition, there was a graduated greater risk of ESRD,
myocardial infarction, heart failure, and death for each 10%
increase in serum creatinine [6, 39].

Elderly individuals receiving RAAS inhibitors are at a
greater risk for further deterioration of renal function and
developing acute kidney injury due to some unique char-
acteristics, such as reduction in renal blood flow, impaired
renal regulation, diminished repaired response, and hor-
monal and vascular changes. Moreover, the age-associated
decrease in aldosterone and plasma renin activity make these
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patients more susceptible to hyperkalemia, while those with
stage 3 or 4 CKD are more prone to hypotensive episodes
[40].

To date, there is no consensus on whether to stop these
agents in CKD patients. Most clinicians are reluctant to
use them in subjects with GFR < 30 mL/min/1.73 m? or in
hemodialysis because of concern that serum creatinine or
potassium levels will rise. It is also usual practice to reduce
or interrupt RAAS blockade in those with excessive decline
in kidney function.

RAAS inhibitor cessation in patients with advanced CKD
restores the capacity for kidney autoregulation and leads
to a rise in GFR, delaying the onset of renal replacement
therapy (RRT). This theory was confirmed in a study of 43
subjects with a mean GFR of 19.3 + 8.1 mL/min/1.73 m?.
Patients who were improved were mainly those whose BP
rose the most after stopping treatment, indicating that the
beneficial effect on renal function might be the consequence
of increased BP and perfusion pressure [41]. Likewise, an
observational study of 52 patients with advanced CKD (GFR
16.4 + 1 mL/min), in preparation for RRT, demonstrated that
the withdrawal of RAAS inhibitors led to an overall mean
increase in GFR by 10 mL/min/1.73 m? over 12 months.
Almost 62% of these patients had a more than 25% increase
in GFR, while 37% of patients had an increase exceed-
ing 50%. A modest rise in mean BP by 4 mmHg was also
recorded without change in cardiovascular events and pro-
teinuria [42]. Thus, it is mandatory to balance the benefits

Fig. 1 A proposed approach for
the management of patients ini-
tiating RAAS blockade therapy.
GFR glomerular filtration rate,
RAAS renin angiotensin aldos-
terone system

>60ml/min/1.73m?2

of RAAS inhibitor therapy with the potential to accelerate
the need for RRT.

Nowadays, neither the National Kidney Foundation/Kid-
ney Disease Outcomes Quality Initiative Clinical Practice
Guidelines on HTN nor the Kidney Disease: Improving
Global Outcomes 2020 Clinical Practice Guideline on the
Management of BP in CKD recommend the cessation of
treatment in patients with advanced CKD. Instead, they sug-
gest more careful monitoring of renal function and serum
potassium. Only in subjects with advanced CKD who expe-
rienced uremic symptoms or excessive high serum potas-
sium levels is it reasonable to stop RAAS blockade therapy
temporarily to allow time for RRT preparation. The 2018
European guidelines for the management of HTN propose
the withdrawal of antihypertensive therapy if the decline in
GFR continues and suggest examining patients for renovas-
cular disease [5, 6, 8, 43].

A retrospective cohort of subjects treated with RAAS
inhibitors showed that therapy discontinuation owing to a
fall in GFR below 30 mL/min/1.73 m? was associated with a
higher risk of mortality (35.1% vs. 29.4%) and major adverse
cardiovascular events, without a significant difference in the
risk of ESRD. Similar patterns also held for those with a
> 40% decrease in GFR [44].

RAAS inhibitors should be considered first-line antihy-
pertensive medications in patients undergoing hemodialysis
due to their favorable effects on left ventricular hypertro-
phy, arterial stiffness, endothelial function, and oxidative

Baseline GFR

—

30-59ml/min/1.73m? <30ml/min/1.73m?

| l

GFR monitoring GFR monitoring GFR monitoring
4-12 weeks 2-4 weeks <2 weeks
Early GFR decline
<15% 15-30% 30-50% >50%

No dose No dose Reduce dose Stop RAAS

adjustment adjustment GFR monitoring inhibitor

GFR monitoring 5-7 days GFR monitoring
10-14 days 5-7 days
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stress [45]. In a study of 12 countries from North America,
Europe and Japan, a small but significant survival benefit
was recorded among hemodialysis subjects receiving RAAS
inhibitors. It was found a lower all-cause mortality by 11% in
incident (< 120 days) and 6% in prevalent (> 120 days) dial-
ysis subjects. This advantage appeared greater with ARBs
versus ACEIs [46]. Conversely, their impact on residual
renal function remains inconclusive [47, 48].

The STOP-ACEi trial is an ongoing project includ-
ing subjects with advanced CKD that will aim to answer
whether stopping these medications results in stabilization
or improvement of renal function. It will also show whether
this intervention can improve the progression to ESRD with-
out causing any increase in cardiovascular events [49].

For all patients planned for the institution of RAAS
blockade treatment, creatinine, GFR, and potassium should
be estimated at baseline. The frequency of follow-up meas-
urement of GFR to detect an early decrease is dependent on
its baseline value. If baseline GFR is > 60 mL/min/1.73 m?,
the proposed time interval is 4—12 weeks; if it is 30-59 mL/
min/1.73 m?, the interval is 2—4 weeks; and if it is < 30 mL/
min/1.73 m?, the interval is < 2 weeks [6, 43].

Differentiations in the management or dose of RAAS
inhibitors are determined by the magnitude of early decrease
in GFR. In case of mild decreases (< 30%), the antihyper-
tensive therapy should be continued and GFR should be
evaluated after 10-14 days. If GFR falls 30-50% or > 50%
over baseline, the ACEI or ARB dose should be reduced or
discontinued, respectively. GFR should be reassessed every
5-7 days until kidney function returns to baseline. If GFR
does not return to baseline level, an alternative antihyper-
tensive agent is selected. A proposed approach for patients
initiating RAAS inhibitors is illustrated in Fig. 1 [6, 43]. The
combination of an ACEI with an ARB is not recommended
due to serious adverse effects, such as hyperkalemia and
acute kidney injury [30, 50].

6 Conclusions

Given the central role of RAAS inhibitors in the onset and
progression of CKD, these medications are undoubtedly
considered an effective therapeutic strategy. Their benefi-
cial effect on renal outcomes in the long-term appears to be
independent of or supplementary to their BP-lowering prop-
erties. Evidence indicates that RAAS inhibitors do not need
to be avoided in CKD; however, close monitoring in all of
these cases is strongly recommended, whereas discontinuing

treatment should be considered only after severe renal func-
tion impairment.
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