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Abstract

With chronic kidney disease (CKD) being a global arising health problem, strategies for delaying kidney disease progression
and reducing the high cardiovascular risk inherent to CKD, are the main objectives of the actual management of patients with
kidney diseases. In these patients, the control of arterial hypertension is essential, as high blood pressure (BP) is a strong
determinant of worst cardiovascular and renal outcomes. Achieving target blood pressures recommended by international
guidelines is mandatory and often demands a multiple levels management, including several pharmacological and lifestyle
measures. Even in the presence of adequate BP control, the residual cardiovascular risk remains high. In this respect, the
recent demonstration that novel agents such as sodium glucose transporter 2 (SGLT?2) inhibitors or the new non-steroidal
mineralocorticoid antagonist finerenone can retard the progression of kidney diseases and reduce cardiovascular mortality
on top of standard of care treatment with renin-angiotensin system inhibitors represent enormous progresses. These studies
also demonstrate that cardiovascular and renal protection can be obtained beyond blood pressure control. Other promis-
ing novelties are still to come such as renal denervation and endothelin receptor antagonists in the setting of diabetic and
non-diabetic kidney diseases. In the present review, we shall discuss the classic and the new aspects for the management of
hypertension in CKD, integrating the new data from recent clinical studies.
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1 Introduction

Chronic kidney disease (CKD) is a global health problem,
representing the third fastest growing cause of death glob-
ally, with an estimated prevalence of 8-16% in occidental
countries [1, 2]. CKD is defined by the presence of kidney
damage or decreased kidney function with an estimated
glomerular filtration rate (¢GFR) < 60 mL/min/1.73 m? for
at least 3 months irrespective of the cause. Kidney dam-
age refers to pathologic abnormalities (such as hematuria
or structural abnormalities) or urine albumin-to-creatinine
ratio (UACR) > 30 mg/g in spot urine specimens. According
to the KDIGO guidelines, CKD is classified in five stages
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according to the level of GFR (G1 to G5) and three catego-
ries according to the absence or presence of albuminuria
(A1-A3) [3].

The reasons why the incidence and prevalence of
advanced CKD is rising, include aging population, low
detection rate, poor adherence and increasing prevalence of
hypertension and type 2 diabetes [4—6]. Indeed, hyperten-
sion and diabetes remain two of the most important causes
of CKD and with their increasing prevalence, it is projected
that CKD prevalence in adults over 30-years-old will rise to
16.7% in 2030 [7]. However, a recently published Canadian
study suggests that the current CKD definition that does not
consider age-related eGFR decline, may inflate the burden of
CKD by classifying many elderly people with normal kidney
aging as having a disease [8]

Cardiovascular disease (CVD) is the leading cause of
morbidity and death among CKD patients. According to
2018 ESC/ESH hypertension guidelines and 2021 ESC
guidelines on cardiovascular disease prevention, patients
suffering from CKD (G3-5 irrespectively of albuminuria
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and G1-2 with A3) are automatically considered to be at
high-very high 10-year cardiovascular (CV) risk [9, 10].
Even after correction for classical CV risk factors (as dia-
betes, hypertension) in non-dialyzed CKD patients, the
impact of CKD on CV risk still remains of high impor-
tance, with the probability of developing cardiovascular
disease increasing linearly as kidney function deteriorates
with an eGFR below 60—75 ml/min/1.73 m? [11, 12].
Hence, patients with advanced CKD are expected to die
from any cardiovascular event before reaching end-stage
kidney disease (ESKD). In line with this, several meta-
analyses have demonstrated the association of lower eGFR
and higher albuminuria with cardiovascular disease as
being risk factors for all-cause and cardiovascular mortal-
ity in the general population and in high risk populations,
independent of the traditional CV risk factors [13—15].

2 Blood Pressure Targets in CKD

Blood pressure (BP) targets in patients with CKD have
been a matter of debate for years. The disagreement has
been imprinted in recent international guidelines [2018
European Society Hypertension, American College of
Cardiology—American Heart Association (ACC/AHA),
International Society of Hypertension (ISH), ESC cardio-
vascular disease prevention guidelines] juggling from tar-
gets < 140/90 mmHg to < 130/80 mmHg and most recently
< 120/80 mmHg as proposed by the new KDIGO guide-
lines (Fig. 1) [9, 10, 16—-18]. Interestingly, the 2021 KDIGO
guidelines for management of BP in CKD patients not
receiving dialysis have been revised and propose a target
SBP of <120 mmHg, if tolerated with the indispensable
prerequisite that standardized office measurement technique
be employed [19]. The recommendation is considered weak
(Grade 2b) [16].

Apply lifestyle interventions: smoking cessation, reduce salt intake<5-6gr/day, alcohol moderation, weight control, regular exercise

(additionally, stress reduction and avoid air pollution**)

ACC/AHA 2017 <130/80 mmHg <130/80 mmHg

ESC/ESH 2018 <65yrs: <130-120 / 80-70 mmHg <65yrs:
>65yrs: <140-130/80-70 mmHg

265yrs:

<130-120 / 80-70 mmHg

<130/80 mmHg Diuretics, CCBs or RASI

1%t line: RASi if CKD stage G>3 or
stage G1-2 / A3

Consideration of 2-drug strategy
for stage 2

<140-130/80-70 mmHg RASi+CCB or RASi+diuretic

(or loop diuretic)

<140-130/80-70 mmHg

ISH 2020**  <65yrs: <130/80 mmHg, <130/80mmHg
265yrs: <140/90 but individualize in the
elderly based on frailty

ESC 2021 <140/90 mmHg, tailored to age and <140 to 130 mmHg

specific comorbidities if tolerated
18-69 yrs: SBP lowered to 120-130
mmHg ESC CVD risk calculator high
>70 yrs: SBP target <140 down to 130 DBP < 80mmHg
mmHg if tolerated
DBP<80mmHg

KDIGO 2021

Intensify goals to <130mmHg if specific comorbidities

<130/80mmHg RASi+CCB or

CCB+diuretic in Black patients

<140/90 mmHg RASi+CCB or RASi+diuretic

Targets tailored to age and (or loop diuretic) +

SGLT2i as part of first line
antihyperglycemic treatment
regimen for DM and eGFR 2
30ml/min

15t line: RASI if DM, HTA and
albuminuria

SBP <120 mmHg 1rst line: RASi if CKD G1-4 and
albuminuria A2-3

If combination needed: RASi+CCB

or RASi+diuretic (or loop diuretic)

Fig.1 A summary of recent blood pressure targets recommendations by international societies and recommended first line antihypertensive

treatments (from references [9, 10, 16—-19])
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At this stage, it is important to remember that the meas-
urement of BP in Systolic Blood Pressure Intervention Trial
(SPRINT), which is the basis for the ACC/AHA and KDIGO
2021 recommendations, was unattended and that 120 mmHg
has been shown to correspond to 135 mmHg when meas-
ured in the practitioner’s office [20, 21]. Consequently, a true
threshold of < 120 mmHg would be considered very strict
for the real clinical setting where the white coat effect is of
importance. Additionally, evidence for applying BP target
<120 mmHg especially in those with advanced CKD (stages
4-5), with diabetes, aged > 90 years old and < 50 years old,
the very frail, with very low diastolic BP, or with “white
coat” or severe hypertension are limited in KDIGO guide-
lines. Thus, adopting this threshold for all CKD patients
seems to be quite uncertain in term of benefits outweigh-
ing harms and less feasible considering that less than 30%
of hypertensive patients achieve the < 130/80 mmHg in the
real setting [22]. Finally, in clinical practice, achieving the
proposed optimal BP < 120 mmHg means adding medica-
tion in a population having already a high pill burden, with
the risk of promoting sub-optimal adherence or sub-optimal
collaboration with the patients, in addition to increasing the
risk of hypotensive episodes.

Taken together, the diagnosis and management of hyper-
tension in CKD should be individualized. Lowering BP to
at least < 140/90 mmHg should be adopted in all patients.
So far, the threshold of < 130 mmHg showing the best com-
bination for CV prevention and safety, should be considered
especially in young or proteinuric patients.

3 Management of Hypertension in CKD

1) Consider the 24h blood pressure profile

While the diagnosis and management of arterial
hypertension are based on standardized office BP meas-
urements, patients with CKD are prone to abnormal BP
patterns revealed when BP is measured out-of-office
using ambulatory BP monitoring (ABPM). The main
observation is that both decreased eGFR and proteinuria
are associated with elevated nocturnal BP and a non-
dipping pattern [23-26]. An increased sympathetic tone,
salt-sensitivity and volume overload, sleep disorders are
some of the mechanisms responsible for the increase in
nighttime BP values observed in CKD patients [27].

In addition, masked hypertension due mainly to high
nocturnal BP is also frequent in CKD, so implementa-
tion of ABPM guidance for diagnosis and treatment of
arterial hypertension in this population seems important
[28-31]. Studies exploring whether nocturnal hyperten-
sion and non-dipping are associated with CKD progres-
sion, have shown an increased risk for renal outcomes
when nighttime BP is elevated [32-34]. Therefore,

besides lowering office BP to the recommended targets,
controlling BP during the 24 h of the day, and in par-
ticular during nighttime, is of great importance in the
management of CKD patients to lower their CV risk and
retard the progression of renal disease.
2) Implement lifestyle recommendations

Lifestyle changes are recommended by all hyperten-
sion guidelines and are considered the initial step for BP
control even among CKD patients. Thus, smoking cessa-
tion, weight control, limitation of alcohol consumption
and exercising should be proposed to all CKD patients.
Whenever necessary, changes in diet should also be
implemented. Thus, in patients with CKD a salt intake
of 5-6 g per day (with the exception the patients with
salt wasting nephropathy), is proposed by most if not all
international guidelines. Indeed, CKD patients present a
salt sensitive BP phenotype, which confers to an excess
CV risk and is associated with a faster disease progres-
sion [35, 36]. Additionally, a high salt intake increases
urinary albumin excretion, another marker of poor renal
outcome [37]. Today, the potential benefits of restricting
salt intake are still discussed. Nevertheless, several stud-
ies and some meta-analyses have suggested that lower-
ing sodium intake delays renal disease progression [38—
40]. Recently, an open-label, cluster-randomized trial,
the SSaSS study, including older adults with a history
of stroke or high BP, has demonstrated prospectively
the benefits of reducing sodium and increasing potas-
sium intake in terms of CV morbidity [41, 42]. Impor-
tantly, the study also included individuals with CKD
and the intervention was estimated to be net lifesaving
in this subgroup as well, with three averted deaths from
reduction in systolic BP for each death related to hyper-
kaliemia. So far, no evidence of detrimental effect of
salt reduction in CKD patients has been reported and
increasing potassium intake may actually be benefi-
cial in the early CKD stages (1 and 2). However, one
should be cautious in using potassium-containing salts
in advanced CKD. Finally, a low-sodium intake in com-
bination of angiotensin-converting enzyme inhibitor
(ACEi) and angiotensin 2 receptor blocker (ARB) -com-
monly used in CKD patients- has been shown to enhance
the beneficial effects of these medications on kidney and
CV outcomes [43].

3) Prescribe an antihypertensive drug therapy

Today, prescribing a blocker of the renin-angiotensin
system (RAS) remains the first recommended step in the
medical treatment of CKD patients (Fig. 1) [10]. Indeed,
both ACEi and ARBs have demonstrated a renoprotec-
tive effect due to their antihypertensive and antiproteinu-
ric effects. Accordingly, the recent KDIGO 2021 guide-
lines recommend, with a strong class evidence 1(B), to
start with RAS inhibitors (RASi) in hypertensive CKD
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patients with stage G1-G4 and marked albuminuria with
or without diabetes [44—47].

Whether the RASi provide cardiorenal benefits in
non-diabetic CKD patients with less degree or no albu-
minuria remains an open question in the absence of ran-
domized control trials (RCT). RAS blockade is often
associated with an acute rise in serum creatinine. Recent
data from general population studies in UK have sug-
gested that the acute decline in GFR observed on start-
ing treatment with a RAS inhibitor is associated with
kidney and cardiac risks in a “dose-response” relation,
with no distinct cutoff at a 30% increase in serum cre-
atinine level [48]

Current evidence for the use of RASi in patients with
advanced CKD remain controversial. Because the clini-
cal benefits are not well demonstrated and the risk of
hyperkaliemia and aggravation of renal function are
important, many physicians hesitate to prescribe RAS
inhibitors to these patients and eventually discontinue
RAS blockers [49, 50]. There is now increasing evidence
that discontinuation of RAS blockers is associated with
a higher risk of all-cause mortality, major adverse events
and renal replacement therapy as reported recently in the
ACEi-STOP study [51, 52].

Thus, today’s recommendation would be to maintain
RAS blockade in advanced CKD unless patients develop
severe hyperkalemia, metabolic acidosis or aggravate
markedly their renal function. The availability of new
well tolerated potassium binders to control hyperka-
liemia, such as patiromer or sodium zirconium, enable
now to maintain RASi as shown in patients with diabetic
nephropathy [53, 54]

Whether there are relevant differences between ACEi
and ARBs in terms of efficacy and safety has been ana-
lyzed several times with contrasting answers [55-57].
Chen et al. recently examined the issue again in a large
meta-analysis. They concluded that both classes have
same efficiency- and safety-profile with the ARBs pro-
viding a lower risk for angioedema, acute pancreatitis,
cough and gastrointestinal bleeding [58].

Target BPs are difficult to obtain in CKD patients
and likelihood to control BP with a monotherapy is low.
Therefore, ESC/ESH guidelines recommend to start
drug therapy with a single pill combination of a RAS
blocker and either a dihydropyridine calcium channel
blocker (CCB) or a diuretic. In more advanced CKD,
however, a triple combination will be necessary to
achieve the defined targets. The ACCOMPLISH trial
compared the benefits of combining an ACEi + amlodi-
pine versus ACEi + hydrochlorothiazide (HCTZ) in
hypertensive patients with high risk (including CKD)
and found a lower risk for CKD progression when the
ACEi was associated with amlodipine [59, 60].
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Nevertheless, diuretics are necessary in CKD to
achieve an euvolemic status, especially in advanced
stages. Indeed, fluid overload, common in CKD, is
considered a remarkable barrier in BP control and is an
independent risk factor for CVD [61]. Thiazide diuret-
ics have a blunted efficacy when the GFR falls below
30 ml/min/1.73m2, with the exception of chlorthalidone,
metolazone and indapamide. Current guidelines propose
switching to loop diuretics when patients reach stage G4.
On the other hand, combining furosemide and HCTZ
has been shown to provide a synergistic effect even in
advanced CKD [62]. Importantly, data extrapolation of
trials suggesting a greater potency of chlorthalidone over
HCTZ due to longest duration effect and its effectiveness
in reducing CV events and mortality in general popula-
tion, makes the use of chlorthalidone an attractive alter-
native option in patients with CKD [18, 63].

The CLICK trial, a double-blind phase II RCT,
including patients with poorly controlled HTA and a
mean eGFR 23.2 ml/min/1.73 m? is ongoing and will
provide further evidence on the potential benefits of
chlorthalidone in shrinking extracellular fluid volume
and in reducing albuminuria, providing in parallel a tar-
get organ protection in patients with advanced CKD[64].
Finally, attention should be given in patients with poly-
cystic kidney disease where diuretics can promote cyst
growth [65].

Regarding beta-blockers, their use in CKD, although
not as first line treatment, is based on the upregulation of
sympathetic nervous system seen in CKD, which in turn
confers an increased risk of CV events and renal disease
progression [66]. Their indications are majorly restricted
to heart failure, arrhythmia, hypertrophic cardiomyopa-
thy or coronary heart disease, comorbidities often seen
in patients with CKD [67].

4) Adding an aldosterone antagonist

Steroidal mineralocorticoid receptor (MR) antagonists
e.g. aldactone or eplerenone, lower BP and proteinuria. They
are also the most effective add-on drug treatment in resistant
hypertension, on top of a triple therapy with RASi, CCB
and diuretic [68]. Given the detrimental effects of aldoster-
one and MR activation, via mechanisms involving oxidative
stress, inflammation, and fibrosis, occurring in both heart
and kidneys, the efficacy of classic steroidal MR antagonists
in delaying the progression of CKD was examined and con-
firmed in diabetic or non-diabetic nephropathies [69-73].

However, the main limitation of aldosterone antagonists
in general, and particularly in advanced CKD, is the risk of
hyperkalemia especially when prescribed on top of RASi.
However, the AMBER trial conducted in patients with resist-
ant HTA and an eGFR of 25-45 ml/min/1.73 m? has pointed
out that combining spironolactone with the potassium binder
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patiromer permits the continuation of the MR antagonist in
this population [74]. Evidently, a close laboratory follow-up
of renal function and serum potassium remains necessary
whenever aldosterone antagonists are prescribed to CKD
patients.

Very recently, finerenone, a novel selective non-steroidal
MR antagonist with greater selectivity than spironolactone,
and a better affinity than eplerenone, has been approved
by the FDA to reduce the risk of kidney function decline
and CV events in adults with CKD associated with type 2
diabetes, based on the findings of the FIDELIO-DKD and
FIGARO-DKD studies [75], 76.

The results of these two large Phase III trials showed
that finerenone reduces CV events by 14% and renal disease
progression by 18% in diabetic patients with CKD stage 3
and 4 and moderately-to severely increased albuminuria
or with CKD stage G2 and severely increased proteinuria
(FIDELIO-DKD) after a median follow-up of 2.6 years [75,
77] . Hyperkalemia was more frequent with finerenone than
placebo, with a serum potassium increase by ~0.2 mmol/l.
Permanent discontinuation due to hyperkalemia affected
only 2.3% on the finerenone arm versus 0.9% on the pla-
cebo arm. In FIGARO-CKD, which included 7347 patients
with an eGFR between 25 and 90 ml/min/1.73 m?, moder-
ately elevated albuminuria (UACR between 30-300 mg/g)
or severe albuminuria (UACR 300-5000 mg/g) and an eGFR
>60 ml/min/1.73 m?, finerenone reduced the incidence of
CV events by 13%, mainly hospitalizations due to heart fail-
ure (—29%), and decreased CKD progression [76]. Interest-
ingly, the magnitude of cardio-renal benefits of finerenone
could not be explained by its effect on BP, as the changes
reported in mean systolic BP were modest. Moreover, the
effects of finerenone was independent of baseline systolic
BP (< 138.33 mmHg vs >138.33 mmHg). The incidence of
hyperkalemia-related discontinuation in the finerenone arm
of FIGARO-CKD was 1.2% compared to 0.4% for placebo.

A combined analysis of these two large studies, the
FIDELITY program, demonstrated that heart composite out-
comes were reduced by 14% with finerenone (p=0.0018).
Similarly, renal composite outcomes (time to kidney failure,
a sustained > 57% decrease in eGFR from baseline, or renal
death) were reduced by 23% with finerenone (p=0.0002).
Overall, the placebo-corrected reduction of mean systolic
BP was —3.7 mmHg at 4 months and the incidence of hyper-
kalemia was 14% in the finerenone groups versus 6.9% in
the placebo group.

While the cardio-renal benefits of finerenone were con-
firmed in this high-risk population being already well treated
on the ideal standard-of-care treatment, it is obvious that a
large number of diabetic patients with CKD of stages 1-4
and albuminuria from 30-5000 mg/g might also profit of
adding finerenone to their treatment. The impact of finer-
enone on the incidence of hyperkalemia appeared to be

modest in these 2 trials. However, one should remember that
the risk may be greater once the drug is used in the real word
setting, as demonstrate previous with spironolactone [78].
Finally, esaxerenone, another novel non-steroidal MR
blocker, already approved in Japan for hypertension treat-
ment, seems also having promising BP and albuminuria
lowering effects as monotherapy or add-on treatment in
hypertensive patients with moderate kidney dysfunction and
albuminuria with and without diabetes [79-81].

4 New Therapeutic Approaches for Diabetic
and Non-diabetic Nephropathies

1) New antidiabetic agents and cardiovascular and renal
protection

The multiple properties of the new classes of glu-
cose-lowering medications, such as sodium-glucose
transporter 2 inhibitors (SGLT2i) and GLP1 receptor
agonists, intensified the research for their implementa-
tion in the setting of the management of diabetic and
non-diabetic kidney diseases.

Thus, in addition to lowering blood glucose, increas-
ing glycosuria, SGLT2i have been shown to reduce glo-
merular hyperfiltration and to lower BP, plasma uric acid
levels and body weight. The BP reduction was nicely
illustrated in a global analysis of patients with type 2
diabetes and hypertension receiving empaglifiozin. This
analysis demonstrated that the antihypertensive effect
of empagliflozin was present irrespectively of the use
of diuretics and ACEi [82]. In diabetic kidney disease
(stages 3b-4), dapagliflozin led to important decreases in
albuminuria and BP [83]. A recent meta- analysis shows
that SGLT?2i induce an average reduction of systolic/
diastolic BP of 3.6/1.7 mmHg using 24-h ambulatory BP
monitoring, figures that are comparable with the effect
of a low dose of hydrochlorothiazide [84].

In the DAPA-CKD trial, prematurely stopped due to
overwhelming efficacy, 4304 diabetic and non-diabetic
CKD patients with eGFR of 25-75 ml/min/1.73 m? and
albuminuria of 200-5000 mg/g were included [85].
The results showed that dapaglifiozin, on top of RASI,
reduced by 39% the primary composite outcome (sus-
tained > 50% eGFR decline, ESRD, renal or CV death)
and by 29% and 31% the secondary outcomes (CV death
or heart failure hospitalization and the all-cause mortal-
ity respectively). In this study, the beneficial effects were
independent of BP lowering.

Currently, the use of SGLT2i is approved in patients
with CKD regardless the presence of diabetes due to the
proven benefits in delaying CKD disease and cardiac
benefits.
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Regarding GLP-1 receptor agonists, an important
reduction of CV mortality in type 2 diabetes and a lower
incidence of microalbuminuria have been demonstrated
but the mechanisms of these beneficial effects remain
poorly explained [86—89]. However, so far results on
hard renal points are still missing with this class of
drugs. Therefore, GLP1 agonists remain a second line
option for patients with diabetic kidney disease after
SGLT?2i [88, 90].

2) Endothelin receptor antagonists:

Several exploratory studies have suggested that
endothelin (ET) receptor antagonists may be useful to
lower BP and to reduce albuminuria in hypertension and
in type 2 diabetes [91]. Indeed, endothelin-1 binds to
ET-receptors A and B expressed in different nephron
segments, with the first eliciting oxidative stress, vaso-
constriction, inflammation, podocyte activation etc. and
the latter the opposite effects [92, 93]. Intrarenal ET-1
regulates fluid volume with both receptors presenting
natriuretic effects [94]. In CKD, there is an overpro-
duction of ET-1 leading to albuminuria, stimulation of
angiotensin II production, increased efferent vascular
tone and finally glomerular hyperfiltration and HTA.
Thus, targeting these hemodynamic and non-hemody-
namic pathways could potentially apply in diabetic in
non-diabetic CKD on top of RASi [95, 96].

Several phase II/I11 studies were conducted with vari-
ous antagonists focusing mainly on diabetic nephropathy
and the ability of this drug class to decrease proteinuria
and eventually retard kidney disease progression. Posi-
tive results came from the use of sitaxsentan, atrasentan,
avosentan and sparsentan with significant proteinuria
reductions observed when compared to RAS blockers
or on top of RAS inhibitors with more or less signifi-
cant reductions in BP [97-99]. In the SONAR study,
which was prematurely stopped, atrasentan decreased
importantly ACR and BP and the risk for the composite
primary outcome (doubling of serum creatinine, ESRD
assessed with confirmed eGFR < 15 mL/min/1.73 m?
or death from kidney failure) by 35% compared to pla-
cebo in DKD patients already on RASi [100]. However,
it increased heart failure rates. Indeed, important side
effects such as decreases in hemoglobin and fluid reten-
tion/edema have been reported with several but not all
endothelin antagonists. In several occasions, volume
overload was the main reason to interrupt the clinical
development of the endothelin antagonist. Indeed, these
side effects may be deleterious for patients with CKD
and co-existing heart failure [101, 102]. An ongoing
phase 3 study is actually testing the nephroprotective
effect of sparsentan (which did not cause fluid retention
in phase 2) in IgA nephropathy and in patients with focal
segmental glomerulosclerosis [103, 104].
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3) Device based hypertension treatment

Last but not least, considering the central role of the kid-
ney and of the sympathetic nervous system in the develop-
ment and maintenance of hypertension, several interven-
tional approaches have been developed, the most advanced
one being renal denervation [105]. The first studies were
conducted in patients whose BP was difficult to control
and apparently resistant to at least, a triple therapy. [10,
106-108]. In this setting, CKD patients were of course part
of the target populations. Later on, studies were conducted in
untreated hypertensive patients in order to avoid any interfer-
ence of changes in drug therapies when assessing the effi-
cacy of renal denervation.

Initial studies performed with the first generation of
devices failed to show significant effects on office and 24 h
BP when compared to a sham procedure, although safety
was confirmed. With the development of a second gen-
eration of radiofrequency or ultrasound based RDN and
improvements in the procedure, significant short and mid-
term reductions in BP were observed and safety was always
confirmed [109-112]. Globally, the antihypertensive effect
is comparable to the administration of a single antihyper-
tensive drug. The longest follow-up patients treated with
RDN comes from the Global Symplicity Registry, with 687
patients having CKD stages 3a-b with 24 h-systolic BP and
office of 154 +19 mmHg and 163 +25 mmHg respectively
and receiving an average of 4.8 medications [113, 114]. In
this subgroup, the BP fall was consistent across all follow-
up time points, with an average decrease of BP of —11.6
mmHg at three year [114]. The BP lowering efficacy of RDN
appears to be similar in patients with and without CKD. Kid-
ney events and renal function were within the expected range
for hypertensive patients without long-term safety concerns
being observed, as confirmed also by a recent meta-analysis
[115]. However, there was no evidence of a detrimental or
positive effect on CKD progression. Yet, more clinical data,
particularly on safety with concerns for process-associated
endothelium damage, de novo renal artery stenosis, con-
trast induced nephropathy, are needed in order to establish
this interventional treatment in the clinical algorithms for
the management of HTA in CKD [108]. Indeed, a small
study of 11 resistant hypertensive patients with moderate-
to-severe CKD using CO2 angiography instead of iodine
based angiography, showed no significant changes in serum
creatinine until 6 months and a trend of lowering proteinuria
at 6 months [116]. Stabilizing and/or improving GFR after
RDN was demonstrated in small studies including adults
with different stages of CKD and refractory hypertension
until 24-months post-RDN. However, in none of these
studies a control arm was used [117-119]. Therefore, the
nephroprotective effect of RDN remains to be demonstrated.
This is also true for hard cardiovascular endpoints. In this
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respect, an ongoing randomized double blind, sham-con-
trolled trial, the Renal Denervation- Chronic Kidney Disease
(NCT04264403) may provide further insights regarding the
magnitude of BP reduction and nephroprotection induced by
RDN. Until further evidence for safety and efficacy, device-
based therapy of hypertension is not recommended for the
routine treatment of HTA in patients with CKD.

5 Conclusions

Management of high BP in patients with CKD is multitask-
ing; considering the complexity of the disease, the comor-
bidities and complications of renal disease, the high pill
burden and the need for achieving optimal adherence, it
represents a really challenge for all physicians.

Achieving at least the target of <140/90mmHg in all
CKD patients with implementation of lifestyle advices and
starting with a RASI as first line treatment is almost uni-
formly accepted. When target is not reached, a stepwise
approach adding CCB and/or diuretic, preferentially in a
single pill combination is suggested, with the MR antago-
nist being kept for resistant hypertension (Fig. 2). A careful
follow-up of renal function and electrolytes is mandatory
with parallel avoidance of nephrotoxic drugs (e.g. NSAIDs),
while exclusion of other causes of resistant hypertension
should be considered when needed.

achieved

beta-blocker

Resistant
Hypertension

Consider nephroprotection and CV risk reduction

CKD and no diabetes

CKD and diabetes

SGLT2i as 1t line antidiabetic agent
protection

Finerenone

Fig.2 Treatment strategy of hypertension in CKD and future direc-
tions. RAS renin-angiotensin system, CCB calcium channel blocker,
ACEIi angiotensin converting enzyme inhibitor, CKD chronic kidney
disease, DM diabetes mellitus, SGLT2i sodium glucose transporter

SGLT2i due to proven cardio-renal

The recent development of SGLT2 inhibitors and finer-
enone, which provide additional renal and cardiovascular
benefits on top of the classical pharmacological treatment
of hypertension will change substantially our way to man-
age CKD patients with or without hypertension in the next
decades. In the near future, clinical studies should provide
additional information on how to integrate these new phar-
macological or interventional treatments in the manage-
ment of hypertensive patients with CKD. Indeed, there are
still many unanswered questions, one of them being how
could we optimize these new therapeutic approaches for
example combining them, as these novel drugs can pre-
sent potentially synergistic effects. Thus, in the FIGARO
trial, 8% of patients receiving finerenone were also taking
either a SGLT?2 inhibitor or a GLP1 receptor agonist. Inter-
estingly, the benefits of finerenone were greater among
patients receiving simultaneously an SGLT2 inhibitor
[76]. However, the number of patients using both drugs
on of finerenone was small; hence additional studies are
needed to confirm the potential benefits of combining
finerenone and SGLT2 inhibitors in patients with diabetic
nephropathy.

Taken all these new aspects together and considering
the concept of personalized medicine (Fig. 2), our ability
to improve the cardiovascular and renal prognosis of CKD
patients with hypertension is much better now than it was in
past decades and additional improvements are still to come.
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