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ABSTRACT 

Hypertension is very common and remains often poorly controlled in patients with chronic kidney disease (CKD). Accurate blood 
pressure (BP) measurement is the essential first step in the diagnosis and management of hypertension. Dietary sodium restriction is 
often overlooked, but can improve BP control, especially among patients treated with an agent to block the renin–angiotensin system. 
In the presence of very high albuminuria, international guidelines consistently and strongly recommend the use of an angiotensin- 
converting enzyme inhibitor or an angiotensin receptor blocker as the antihypertensive agent of first choice. Long-acting dihydropy- 
ridine calcium channel blockers and diuretics are reasonable second- and third-line therapeutic options. For patients with treatment- 
resistant hypertension, guidelines recommend the addition of spironolactone to the baseline antihypertensive regimen. However, the 
associated risk of hyperkalemia restricts the broad utilization of spironolactone in patients with moderate-to-advanced CKD. Evidence 
from the CLICK (Chlorthalidone in Chronic Kidney Disease) trial indicates that the thiazide-like diuretic chlorthalidone is effective 
and serves as an alternative therapeutic opportunity for patients with stage 4 CKD and uncontrolled hypertension, including those 
with treatment-resistant hypertension. Chlorthalidone can also mitigate the risk of hyperkalemia to enable the concomitant use of 
spironolactone, but this combination requires careful monitoring of BP and kidney function for the prevention of adverse events. 
Emerging agents, such as the non-steroidal mineralocorticoid receptor antagonist ocedurenone, dual endothelin receptor antagonist 
aprocitentan and the aldosterone synthase inhibitor baxdrostat offer novel targets and strategies to control BP better. Larger and 
longer term clinical trials are needed to demonstrate the safety and efficacy of these novel therapies in the future. In this article, we 
review the current standards of treatment and discuss novel developments in pathophysiology, diagnosis, outcome prediction and 
management of hypertension in patients with CKD. 
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The first critical step is the accurate measurement of office BP 
(Box 2 ). Most data that guide our therapeutic decisions are derived 
from clinical trials that incorporated a standardized BP measure- 
ment methodology in the office. As an example, SPRINT (Systolic 
Blood Pressure Intervention Trial) was a landmark trial demon- 
strating that among non-diabetic adults at high cardiovascular 
risk, as compared with < 140 mmHg, targeting a systolic BP (SBP) 
< 120 mmHg lowered by 25% the relative risk of cardiovascular 
morbidity and mortality [ 9 ]. The protocol of SPRINT specified a 
5-min seated rest period followed by three automated office BP 
(AOBP) recordings taken without the presence of an observer in a 
quiet room [ 9 ]. A diagnostic test study explored the relation of this 
research-grade technique to routine office BP in 275 patients with 
CKD [ 10 ]. Compared with routine measurement, research-grade 
office SBP was 12.7 mmHg lower [ 10 ]. However, this comparison 
provides only an estimate of the mean difference between these 
two techniques at a population level. The 95% limits of agreement 
were wide, indicating that individual patients may have differ- 
ences from routine office SBP ranging from 46.1 mmHg lower up 
to 20.7 mmHg higher [ 10 ]. Therefore, there is no single correction 
factor to convert a routine BP value into a research-grade BP value 
[ 11 ]. To implement intensive BP-lowering in daily clinical practice, 
the minimum requirement is the adoption of the research-grade 
BP measurement methodology in our daily practices. 

R
P

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/article/38/12/2694/7207411 by guest on 26 June 2025
NTRODUCTION 

ypertension and chronic kidney disease (CKD) commonly coex-
st and the interrelation between these two pathophysiological
tates is bidirectional [ 1 , 2 ]. Persistently high blood pressure (BP)
an accelerate the progression of CKD and the progressive decline
n the estimated glomerular filtration rate (eGFR) can conversely
nterfere with the achievement of adequate BP control [ 2 ]. The
oexistence of uncontrolled hypertension and CKD substantially
agnifies the risk of cardiovascular disease, which is the most im-
ortant cause of morbidity and mortality in patients with CKD [ 3 ].
lthough clinical trials have failed to demonstrate that intensive
P lowering results in a lower rate of kidney function decline [ 4 –
 ], interventions to lower BP are generally believed to be effective
n attenuating the risk of adverse cardiovascular outcomes and
ll-cause mortality in the CKD population [ 7 –9 ]. 
In this article, we review the current standards of treatment

nd discuss novel developments in the pathophysiology, diagno-
is, outcome prediction and management of hypertension in CKD
Box 1 ). 

REATMENT STANDARDS 

n overview of currently available guidelines for the assessment

nd management of hypertension in CKD is depicted in Fig. 1 . 
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Box 1. “In a nutshell.”

• Research grade BP measurement is no longer for re- 
search alone but for everyday practice.

• Dietary Na restriction can improve BP in individuals and 
provide low-cost public health benefits.

• ACEIs or ARBs remain the first-line choice in pharma- 
cotherapy of hypertension in patients with CKD and very 
high albuminuria.

• Spironolactone is the standard-of-care treatment of re- 
sistant hypertension, but the associated risk of hyper- 
kalemia limits its broad utilization in patients with 
moderate-to-advanced CKD.

• The thiazide-like diuretic chlorthalidone is effective 
in improving BP control in patients with an eGFR 
< 30 mL/min/1.73 m 

2 and serves as an alternative thera- 
peutic option for managing resistant hypertension in ad- 
vanced CKD.

• Discontinuation of ACEIs or ARBs in patients with ad- 
vanced and progressive CKD nearing the initiation of 
dialysis does not result in stabilization of the long-term 

decline in kidney function.
• Newer BP-lowering medications, such as the non- 

steroidal MRA ocedurenone, the aldosterone synthase 
inhibitor baxdrostat and the dual endothelin receptor 
antagonist aprocitentan, are currently under investiga- 
tion in clinical trials, offering hope for improved BP con- 
trol with fewer adverse events and better treatment tol- 
erability in the near future.

Box 2. Strategies for the individualization of 
antihypertensive treatment. 

• The initiation and intensification of antihypertensive 
therapy should be guided at least by BP measurements 
taken under standardized conditions, as recommended 
by guidelines.

• Dietary Na restriction is an important component of 
management of hypertension, especially among patients 
with CKD.

• Choice of the appropriate antihypertensive agent should 
take into consideration the presence and severity of al- 
buminuria. In CKD patients with very high albumin- 
uria, in the absence of contraindications, ACEIs or ARBs 
are recommended as the antihypertensive agents of first 
choice.

• For patients with moderate-to-advanced CKD and resis- 
tant hypertension who cannot tolerate add-on therapy 
with spironolactone, the administration of a potassium- 
binding polymer can mitigate the risk of hyperkalemia 
to enable the more persistent use of spironolactone. 
Whether this strategy results in greater regression of 
hypertension-related target-organ damage or in im- 
proved cardiorenal outcomes is currently unknown.

• The thiazide-like diuretic chlorthalidone is an alterna- 
tive choice for managing resistant hypertension in pa- 
tients with advanced CKD, but its use requires careful 
monitoring of BP, serum electrolytes and kidney function 
for the prevention of adverse events. 
• In patients who are concomitantly treated with a loop 
diuretic, chlorthalidone can be administered at a lower 
starting dose (i.e. 12.5 mg every other day) in the hope of 
improving BP control with fewer adverse events.

• β-blockers are not recommended by guidelines as first- 
line therapies, but this drug category is useful for the 
treatment of hypertension is CKD patients with specific 
indications (i.e. heart failure with reduced ejection frac- 
tion or after an acute myocardial infarction).

The diagnosis of hypertension can be improved with the use 
of ambulatory BP monitoring (ABPM), considered as the refer- 
ence standard [ 12 ]. ABPM is typically performed over 24 h and
BP is recorded every 15–20 min during daytime and every 30 min
during nighttime [ 13 ]. Therefore, a unique advantage of ABPM is
that this technique enables the diagnosis of nocturnal hyperten- 
sion and abnormal diurnal variation of BP (i.e. non-dipping and 
reverse-dipping BP pattern). These abnormalities in 24-h BP pro- 
files are frequently diagnosed in patients with CKD and are asso- 
ciated with faster progression of kidney injury and increased risk 
of cardiovascular morbidity and mortality [ 12 ]. Home BP monitor- 
ing (HBPM) is another method to assess BP outside of the office.
In this technique, patients are trained to obtain standardized BP 
measurements at home (two recordings in the morning and two 
recordings at bedtime) for at least 3 days, and preferably 7 days,
using validated automated BP monitors [ 14 ]. In a similar fashion
to ABPM, cohort studies showed that 1-week averaged home BP 
is of superior predictive value as compared with office BP in pa-
tients with CKD [ 15 , 16 ]. However, home BP recording is less re-
producible than ABPM and in people with CKD, does not aid in
making a diagnosis of masked uncontrolled hypertension (MUCH) 
[ 17 ]. Nevertheless, an advantage of HBPM is also the fact that this
technique is more broadly available and can be repeatedly used 
to monitor the BP-lowering response to antihypertensive therapy 
over long-term periods of follow-up [ 14 ] and therefore surmount
therapeutic inertia [ 18 ]. 

The 2021 Kidney Disease: Improving Global Outcomes (KDIGO) 
guidelines recommend that dietary sodium intake should be re- 
stricted to levels < 90 mmol of sodium per day as an effective non-
pharmacological intervention for the treatment of hypertension 
in people with CKD [ 19 ]. Support for this guidance was provided by
an updated Cochrane meta-analysis showing that among patients 
with CKD, a mean reduction of 73.51 mmol/day in dietary sodium
intake is associated with an average reduction of 6.91/3.91 mmHg 
in office BP and with a 36% reduction in albuminuria [ 20 ]. Post hoc
analyses of clinical trials showed that dietary sodium restriction 
enhances the albuminuria-lowering action of renin–angiotensin 
system (RAS) blockers in patients with albuminuric CKD [ 21 ].
Larger and longer-term clinical trials are warranted to elucidate 
whether these benefits on intermediate endpoints are translated 
into a long-term improvement in “hard” cardiorenal outcomes.
With respect to the dietary potassium intake, a recent open-label,
cluster-randomized trial involving 20 995 people who had a his- 
tory of prior stroke or were 60 years of age or older and had a
history of hypertension showed that as compared with regular 
salt consumption (100% NaCl), the use of a potassium-containing 
salt substitute (75% NaCl and 25% KCl) lowered by 14% the risk of
stroke, by 13% the risk of major adverse cardiovascular events and 
by 13% the risk of all-cause mortality [ 22 ]. However, these results
from trials conducted in the general population may not be gen- 
eralizable to patients with CKD. An earlier systematic review of 
11 observational studies incorporating data from 49 573 patients 
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Figure 1: Summary of recent guideline recommendations for the assessment and management of hypertension in patients with CKD. *The use of 
spironolactone as fourth-line therapy is discouraged in patients with eGFR < 45 mL/min/1.73 m 

2 or with a serum potassium concentration of 
> 4.5 mmol/L. AHA/ACC: American Heart Association/American College of Cardiology; ESC: European Sociaty of Cardiology; ESH: European Society of 
Hypertension; ISH: International Society of Hypertension. 
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ith CKD revealed that the use of diets rich in potassium is not as-
ociated with a lower rate of kidney function decline [ 23 ]. In con-
rast, short-term clinical trials showed that among patients with
oderate-to-advanced CKD, dietary potassium supplementation 

aises the risk of hyperkalemia [ 24 ]. 
When BP remains uncontrolled, the administration of antihy-

ertensive therapy is the next step in the management of hy-
ertension. Information with respect to doses, precautions and
ide effects of most commonly prescribed antihypertensive med-
cations is provided in Table 1 . For patients with high BP, CKD
nd very high albuminuria, the 2021 KDIGO guidelines provide a
trong (Level 1B) recommendation that an angiotensin-converting
nzyme inhibitor (ACEI) or an angiotensin receptor blocker (ARB)
hould be the antihypertensive agent of first choice [ 19 ]. The use
f RAS blockade as first-line therapy in albuminuric CKD is consis-
ently supported by all major hypertension guidelines on the basis
f robust clinical trial evidence [ 25 , 26 ]. The RENAAL (Reduction of
ndpoints in NIDDM with the Angiotensin II Antagonist Losartan)
rial showed that among 1513 patients with type 2 diabetes (T2D)
nd albuminuric CKD, losartan improved by 16% the composite
utcome of doubling of serum creatinine, end-stage kidney dis-
ase (ESKD) or death relative to placebo [ 27 ]. In the Irbesartan Di-
betic Nephropathy Trial [ 28 ], irbesartan was superior to placebo
r active treatment with amlodipine in retarding the progression
f kidney injury to ESKD in 1715 patients with albuminuric CKD
ssociated with T2D. The AASK (African American Study of Kidney
isease and Hypertension) trial showed that among 1094 African-
mericans with hypertensive nephrosclerosis, ramipril provoked 
elative risk reductions of 22% and 38% in the composite outcome
f ≥50% decline in GFR from baseline, ESKD or death as compared
ith metoprolol and amlodipine, respectively [ 6 ]. In contrast, the
vidence basis for a kidney protective effect of RAS blockade in
on-diabetic patients with CKD and moderately increased albu-
inuria is less persuasive and the preferential initiation of an
CEI or an ARB as first-line therapy in this setting is not strongly
ecommended by guidelines [ 19 ]. Furthermore, the combination
f an ACEI with an ARB is contraindicated. In Veterans Affairs
ephropathy in Diabetes, as compared with monotherapy, the in-
reased risk of hyperkalemia and acute kidney injury with the
ombination of an ACEI and an ARB led to the premature termina-
ion of the trial [ 29 ]. The Aliskiren Trial in Type 2 Diabetes Using
ardiorenal Endpoints trial also was stopped early, because the
ddition of the direct renin inhibitor aliskiren to standard treat-
ent with a RAS blocker increased the risk of hyperkalemia and
ypotension [ 30 ]. 
Most patients with CKD require multiple medications to

chieve adequate BP control. Accordingly, second-line therapy
an include either a long-acting dihydropyridine calcium channel
locker (CCB) or a diuretic [ 25 , 26 ], with the latter being a more
ppropriate option for patients with clinical signs or symptoms
f volume excess. Third-line therapy in the algorithm completes
he combination of a RAS blocker, a dihydropyridine CCB and a
iuretic [ 25 , 26 ]. The use of single-pill combinations is preferable;
educing pill burden simplifies treatment and associates with an
mprovement in treatment adherence and better BP control rates
 31 ]. With respect to diuretic therapy, higher doses are typically
ecessary to achieve a therapeutic effect in patients with CKD. Of
he loop diuretics, torsemide may be preferable over furosemide,
ecause it can be dosed once daily and its BP effect in people with
KD is similar to twice-daily furosemide [ 32 , 33 ]. In addition, most
f guidelines released over the past years recommend the use of
 loop diuretic when the eGFR is < 30 mL/min/1.73 m 

2 [ 25 , 26 ],
ecause thiazide or thiazide-like diuretics were generally consid-
red as ineffective in patients with advanced CKD. This estab-
ished therapeutic approach has been recently challenged by the
esults of the CLICK (Chlorthalidone in Chronic Kidney Disease)



P. I. Georgianos and R. Agarwal | 2697 

Ta
b
le

 
1:

 
C
om

m
on

ly
 
p
re
sc

ri
b
ed

 
an

ti
h
yp

er
te
n
si
ve

 
d
ru

gs
, u

su
al

 
d
ru

g 
d
os

es
, p

re
ca

u
ti
on

s 
an

d
 
si
d
e 
ef
fe
ct
s.
 

D
ru

g 
cl
as

s 
an

d
 
d
ru

g a
 

U
su

al
 
d
os

e 
C
om

m
on

 
si
d
e 
ef
fe
ct
s 

Po
te
n
ti
al
 
co

n
tr
ai
n
d
ic
at
io
n
s 

A
d
d
it
io
n
al
 
co

n
si
d
er
at
io
n
s 

A
C
EI
s 

Li
si
n
op

ri
l 

Pe
ri
n
d
op

ri
l 

R
am

ip
ri
l 

Tr
an

d
ol
ap

ri
l 

10
–4

0 
m
g/
d
ay

 

2–
8 
m
g/
d
ay

 

5–
10

 
m
g/
d
ay

 

0.
5–

4 
m
g/
d
ay

 

C
ou

gh
; a

n
gi
oe

d
em

a;
 
h
yp

er
ka

le
m
ia
; 

le
u
co

p
en

ia
; a

n
em

ia
 

H
yp

er
ka

le
m
ia
; p

re
gn

an
cy

; 
b
il
at
er
al
 
re
n
al
 
ar
te
ry

 

st
en

os
is
 

Fi
rs
t-
li
n
e 
an

ti
h
yp

er
te
n
si
ve

 
ag

en
ts
 

in
 
p
at
ie
n
ts
 
w
it
h
 
se

ve
re
ly
 

in
cr
ea

se
d
 
al
b
u
m
in
u
ri
a 

A
R
B
s 

C
an

d
es

ar
ta
n
 

Ir
b
es

ar
ta
n
 

Lo
sa

rt
an

 

O
lm

es
ar
ta
n
 

Te
lm

is
ar
ta
n
 

V
al
sa

rt
an

 

8–
32

 
m
g/
d
ay

 

75
–3

00
 
m
g/
d
ay

 

50
–1

00
 
m
g/
d
ay

 

10
–4

0 
m
g/
d
ay

 

40
–8

0 
m
g/
d
ay

 

80
–3

20
 
m
g/
d
ay

 

C
ou

gh
 
(l
es

s 
co

m
m
on

ly
 
th

an
 
w
it
h
 

A
C
EI
s)
; a

n
gi
oe

d
em

a;
 

h
yp

er
ka

le
m
ia
; a

n
em

ia
 

H
yp

er
ka

le
m
ia
; p

re
gn

an
cy

; 
b
il
at
er
al
 
re
n
al
 
ar
te
ry

 

st
en

os
is
 

Fi
rs
t-
li
n
e 
an

ti
h
yp

er
te
n
si
ve

 
ag

en
ts
 

in
 
p
at
ie
n
ts
 
w
it
h
 
se

ve
re
ly
 

in
cr
ea

se
d
 
al
b
u
m
in
u
ri
a 

D
ih
yd

ro
p
yr
id
in
e 
C
C
B
s 

A
m
lo
d
ip
in
e 

Fe
lo
d
ip
in
e 

M
an

id
ip
in
e 

5–
10

 
m
g/
d
ay

 

5–
10

 
m
g/
d
ay

 

10
–2

0 
m
g/
d
ay

 

Lo
w
er
-e
xt
re
m
it
y 
ed

em
a;
 
gi
n
gi
va

l;
 

h
yp

er
tr
op

h
y 

W
or
se

n
in
g 
of
 
al
b
u
m
in
u
ri
a 

N
on

-d
ih
yd

ro
p
yr
id
in
e 
C
C
B
s 

V
er
ap

am
il
 

D
il
ti
az

em
 

18
0–

36
0 
m
g/
d
ay

 

18
0–

36
0 
m
g/
d
ay

 

C
on

st
ip
at
io
n
; g

in
gi
va

l 
h
yp

er
p
la
si
a 

2n
d
 
or

 
3r
d
 
d
eg

re
e 
h
ea

rt
 

b
lo
ck

 

R
ed

u
ct
io
n
 
in
 
al
b
u
m
in
u
ri
a;
 
in
cr
ea

se
 

th
e 
le
ve

ls
 
of
 
ca

lc
in
eu

ri
n
 
an

d
 

m
T
O
R
 
in
h
ib
it
or
s;
 
d
ru

g 
in
te
ra
ct
io
n
s 
(i
.e
. β

-b
lo
ck

er
s,
 

st
at
in
s)
 

T
h
ia
zi
d
e 
or

 
th

ia
zi
d
e-
li
ke

 
d
iu
re
ti
cs

 

H
yd

ro
ch

lo
ro
th

ia
zi
d
e 

C
h
lo
rt
h
al
id
on

e 
M
et
on

az
ol
e 

12
.5
–2

5 
m
g/
d
ay

 

12
.5
 
m
g/
d
ay

 

2.
5 
m
g/
d
ay

 

H
yp

er
u
ri
ce

m
ia
; h

yp
er
ca

lc
em

ia
; 

h
yp

on
at
re
m
ia
; h

yp
ok

al
em

ia
; 

h
yp

er
gl
yc

em
ia
 

H
yp

on
at
re
m
ia
; 

h
yp

ok
al
em

ia
; 

h
yp

er
ca

lc
em

ia
; v

ol
u
m
e 

d
ep

le
ti
on

 

T
h
e 
th

ia
zi
d
e-
li
ke

 
d
iu
re
ti
c 

ch
lo
rt
h
al
id
on

e 
is
 
ef
fe
ct
iv
e 
in
 

lo
w
er
in
g 
B
P 
in
 
p
at
ie
n
ts
 
w
it
h
 

st
ag

e 
4 
C
K
D
 
an

d
 
p
oo

rl
y 

co
n
tr
ol
le
d
 
h
yp

er
te
n
si
on

 

Lo
op

 
d
iu
re
ti
cs

 

Fu
ro
se

m
id
e 

To
rs
em

id
e 

40
–8

0 
m
g/
d
ay

 

20
 
m
g/
d
ay

 

H
ea

ri
n
g 
lo
ss
; h

yp
ok

al
em

ia
; 

h
yp

oc
al
ce

m
ia
; h

yp
on

at
re
m
ia
 

V
ol
u
m
e 
d
ep

le
ti
on

 
To

rs
em

id
e 
h
as

 
b
et
te
r 
b
io
av

ai
la
b
il
it
y 

an
d
 
lo
n
ge

r 
el
im

in
at
io
n
 
h
al
f-
li
fe
 

as
 
co

m
p
ar
ed

 
w
it
h
 
fu

ro
se

m
id
e 

St
er
oi
d
al
 
M
R
A
s 

Sp
ir
on

ol
ac

to
n
e 

Ep
le
re
n
on

e 
25

–5
0 
m
g/
d
ay

 

50
–1

00
 
m
g/
d
ay

 

H
yp

er
ka

le
m
ia
; m

et
ab

ol
ic
 
ac

id
os

is
; 

gy
n
ec

om
as

ti
a 

H
yp

er
ka

le
m
ia
 

Sp
ir
on

ol
ac

to
n
e 
is
 
u
se

fu
l 
in
 

re
si
st
an

t 
h
yp

er
te
n
si
on

 
as

 

fo
u
rt
h
-l
in
e 
th

er
ap

y 
β
-a
d
re
n
er
gi
c 
re
ce

p
to
r 
b
lo
ck

er
s 

A
te
n
ol
ol
 

B
is
op

ro
lo
l 

C
ar
ve

d
il
ol
 

M
et
op

ro
lo
l 

N
eb

iv
ol
ol
 

25
–1

00
 
m
g/
d
ay

 

2.
5–

10
 
m
g/
d
ay

 

12
.5
–2

5 
m
g 
tw

ic
e 
d
ai
ly
 

50
–1

00
 
m
g 
tw

ic
e 
d
ai
ly
 

2.
5–

10
 
m
g/
d
ay

 

B
ra
d
yc

ar
d
ia
; h

yp
er
ka

le
m
ia
; f
at
ig
u
e;
 

d
ep

re
ss
io
n
; s

ex
u
al
 
d
ys

fu
n
ct
io
n
 

B
ra
d
yc

ar
d
ia
; a

st
h
m
a;
 

ch
ro
n
ic
 
ob

st
ru

ct
iv
e 

p
u
lm

on
ar
y 
d
is
ea

se
; 2

n
d
 

or
 
3r
d
 
d
eg

re
e 
h
ea

rt
 
b
lo
ck

 

β
-b
lo
ck

er
s 
ar
e 
re
co

m
m
en

d
ed

 
fo
r 

th
e 
m
an

ag
em

en
t 
of
 

h
yp

er
te
n
si
on

 
in
 
p
at
ie
n
ts
 
w
it
h
 

sp
ec

ifi
c 
ca

rd
io
va

sc
u
la
r 

in
d
ic
at
io
n
 
fo
r 
th

ei
r 
u
se

 

a 
T
h
is
 
is
 
a 
li
st
 
of
 
se

le
ct
ed

 
m
ed

ic
at
io
n
s 
fr
om

 
ea

ch
 
an

ti
h
yp

er
te
n
si
ve

 
d
ru

g 
ca

te
go

ry
; t
h
e 
u
se
 
of
 
an

ti
h
yp

er
te
n
si
ve

 
ag

en
ts
 
m
ay

 
d
if
fe
r 
fr
om

 
co

u
n
tr
y 
to
 
co

u
n
tr
y.
 

m
T
O
R
: m

am
m
al
ia
n
 
ta
rg
et
 
of
 
ra
p
am

yc
in
. 

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/article/38/12/2694/7207411 by guest on 26 June 2025



2698 | Nephrol Dial Transplant , 2023, Vol. 38, No. 12 

t  

h  

u  

f  

d  

l  

t  

t  

t  

i  

h  

g  

o  

p  

t  

m  

o
 

m  

f  

p  

a  

p  

s  

r  

r  

c  

o  

g  

h  

t  

c
 

i  

t  

t  

f  

w  

w  

h  

g  

i  

(  

p  

t  

u  

a  

b  

a  

c  

m  

t  

k
 

a  

t  

i  

A  

1  

a  

o  

s  

p  

c  

c  

[
 

m  

c  

p  

m  

d  

w  

t  

m  

s  

t  

e  

d  

r

N
P
P  

s  

T  

s  

H  

a  

e  

t  

m  

t  

n  

r  

S  

o  

m  

3  

s  

a  

C  

l  

l  

t  

P  

d

D
M  

p  

o  

m  

A  

p  

M  

b  

I  

t  

t  

≥  

s  

r  

t  

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/article/38/12/2694/7207411 by guest on 26 June 2025
rial [ 34 ]. In CLICK, 160 patients with stage 4 CKD and uncontrolled
ypertension were randomized to receive the thiazide-like di-
retic chlorthalidone (at a starting dose of 12.5 mg/day) or placebo
or 12 weeks. Relative to placebo, chlorthalidone provoked a re-
uction of 10.5 mmHg in 24-h ambulatory SBP [ 34 ]. This potent BP-
owering effect was paralleled with a placebo-subtracted reduc-
ion of 50% in albuminuria, preliminary data supporting a poten-
ial cardiorenal protective action of chlorthalidone [ 34 ]. However,
he use of this agent in advanced CKD requires careful monitor-
ng of the patients for the prevention of adverse events. In CLICK,
ypokalemia, reversible deterioration of kidney function, hyper-
lycemia, orthostatic hypotension, dizziness and hyperuricemia
ccurred more commonly with chlorthalidone than with placebo,
articularly in the subgroup of patients receiving concomitant
reatment with a loop diuretic [ 34 ]. In such patients, we recom-
end starting chlorthalidone at a lower dose (i.e. 12.5 mg every
ther day) in the hope of lowering the risk of adverse events [ 35 ]. 
Patients whose BP remains uncontrolled despite adherence to
aximally tolerated doses of a RAS blocker, a CCB and a diuretic

ulfill the diagnostic criteria of resistant hypertension [ 36 ]. In such
atients, the spironolactone versus placebo, bisoprolol, and dox-
zosin to determine the optimal treatment for drug-resistant hy-
ertension (PATHWAY-2) trial demonstrated that the addition of
pironolactone to the baseline antihypertensive regimen is supe-
ior to placebo as well as superior to doxazosin or bisoprolol in
educing home SBP over 12 weeks [ 37 ]. However, PATHWAY-2 ex-
luded patients with eGFR < 45 mL/min/1.73 m 

2 [ 37 ]. Based largely
n these clinical trial data, spironolactone is recommended by
uidelines as the fourth-line agent for the treatment of resistant
ypertension, but the use of spironolactone is discouraged in pa-
ients with an eGFR < 45 mL/min/1.73 m 

2 and a serum potassium
oncentration of > 4.5 mmol/L [ 26 ]. 
Despite the fact that the prevalence of resistant hypertension

s 2- to 3-fold higher in patients with moderate-to-advanced CKD
han in the general population [ 38 –40 ], the available therapeu-
ic options for this particular subgroup of high-risk patients are
ew. A 2020 Cochrane meta-analysis showed that among patients
ith albuminuric CKD, the use of spironolactone in combination
ith an ACEI or an ARB (or both) is associated with a 2.17-fold
igher incidence of hyperkalemia and a 5.14-fold higher risk of
ynecomastia [ 41 ]. Since hyperkalemia acts as a barrier and lim-
ts the broad utilization of spironolactone [ 42 , 43 ], the AMBER
Spironolactone With Patiromer in the Treatment of Resistant Hy-
ertension in Chronic Kidney Disease) trial randomized 295 pa-
ients with eGFR ranging from 25 to ≤45 mL/min/1.73 m 

2 and
ncontrolled resistant hypertension to receive spironolactone in
ddition to double-blind treatment either with the potassium-
inding polymer patiromer or with placebo [ 44 ]. Patiromer en-
bled more patients to maintain on spironolactone treatment as
ompared with placebo. However, even with the simultaneous ad-
inistration of a potassium-binding polymer, approximately one-

hird of patients who received spironolactone developed hyper-
alemia over 12 weeks of follow-up [ 44 ]. 
Taking into consideration the associated risk of hyperkalemia

nd the general underutilization of spironolactone, an alternative
herapeutic option for the management of resistant hypertension
n advanced CKD could be the administration of chlorthalidone.
 subgroup analysis of the CLICK trial incorporating data from
13 patients with resistant hypertension at baseline showed that
s compared with placebo, chlorthalidone provoked a reduction
f 13.9 mmHg in 24-h ambulatory SBP at Week 12 [ 45 ]. Unlike
pironolactone, the risk of hyperkalemia with chlorthalidone is
ractically nonexistent. However, as mentioned above, the use of
hlorthalidone is also associated with adverse events and requires
areful monitoring of BP, serum electrolytes and kidney function
 45 ]. 

β-blockers are not recommended by guidelines for use as
onotherapy or as first-line agents in pharmacotherapy of un-
omplicated hypertension [ 25 , 26 ]. However, this drug category is
roven to be efficacious and should be considered for the treat-
ent of hypertension in patients with specific cardiovascular in-
ications for β-blocker use, such as in patients with heart failure
ith reduced ejection fraction, angina and atrial fibrillation, or af-
er an acute myocardial infarction [ 46 ]. Furthermore, β-blockers
ay be useful for the treatment of resistant hypertension, when
pironolactone is either contraindicated or not tolerated [ 26 ]. In
he aforementioned PATHWAY-2 trial [ 37 ], bisoprolol was not as
ffective as spironolactone, but it was superior to placebo in re-
ucing home BP when added to the background antihypertensive
egimen. 

EW DEVELOPMENTS 

athogenesis 
opulation-based studies show that the prevalence of hyperten-
ion increases in parallel with worsening stage of CKD [ 39 , 47 ].
hese epidemiological data generate the impression that the
everity of hypertension travels with the progressive eGFR decline.
owever, accumulated evidence suggests that albuminuria plays
n even more important role. As examples, a cross-sectional study
xplored the association of 17 risk factors for hypertension with
he levels of SBP in 232 US Veterans with CKD. In multivariate
odels, it was the urinary protein-to-creatinine ratio the factor

hat was more strongly associated with SBP regardless of the tech-
ique of BP measurement [ 48 ]. As compared with standardized or
outine office recordings, the association between proteinuria and
BP was stronger when hypertension was assessed using ABPM
r HBPM. In sharp contrast, eGFR was not an independent deter-
inant of SBP by any technique [ 48 ]. A subsequent analysis of
36 US Veterans with or without CKD who underwent 24-h ABPM
howed that as compared with the stage of CKD, proteinuria was
 stronger determinant of a disrupted circadian BP rhythm [ 49 ].
ompared with eGFR decrements, even small increments in the
evels of proteinuria had a more dramatic impact on the mean
evels of ambulatory BP [ 49 ]. The mechanisms through which pro-
einuria and hypertension are closely interrelated remain unclear.
roteinuria may simply reflect the presence of more severe kidney
amage or reflect worse endothelial dysfunction [ 50 ]. 

iagnosis 
UCH is diagnosed in patients who are being treated for hy-
ertension, when they have a normal office BP but high out-of-
ffice BP [ 26 , 37 ]. The phenotype of MUCH is identified more com-
only in patients with CKD than in the general population [ 51 ].
mong 333 US veterans with CKD and a normal office BP, the
revalence of MUCH depended on how hypertension was defined.
UCH was prevalent in 27% of the patients when daytime am-
ulatory BP ≥135/85 mmHg was used to diagnose hypertension.
t was 33% when hypertension was defined as a 24-h ambula-
ory BP ≥130/80 mmHg and increased to 56% when either day-
ime ambulatory BP ≥135/85 mmHg or nighttime ambulatory BP
120/70 mmHg was used [ 17 ]. The prevalence of MUCH is progres-
ively increased with increasing levels of office BP. Patients with
epeatedly low BP in the office are unlikely to have MUCH. In con-
rast, the suspicion of MUCH should be raised when office BP is
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within the prehypertensive range. Among patients with office SBP
of 130–139 mmHg, MUCH is diagnosed in two in three, and among
patients with office SBP of 120–129 mmHg MUCH is prevalent in
one in three [ 17 ]. The accuracy of HBPM in diagnosing MUCH is not
superior to the diagnostic accuracy of standardized office BP [ 17 ].
ABPM is therefore necessary for the confirmation of the diagnosis
of MUCH. 

New antihypertensives and comparison of 
existing antihypertensives 
There has been a resurgence in interest to lower BP in people with-
out and with CKD. Additional agents are currently under clinical
investigation, offering promise for more effective management of
resistant hypertension through blocking unique targets or more
safely blocking existing pathways in the future [ 52 ] (Box 3 ). 

Box 3. Key developments and future opportunities in 

pharmacotherapy of hypertension. 

• Among patients with stage 3b/4 CKD and uncontrolled 
hypertension, the non-steroidal MRA ocedurenone low- 
ered systolic AOBP at Day 84 with a minimal associated 
risk of hyperkalemia.

• Among patients with resistant hypertension, as com- 
pared with placebo, the aldosterone synthase inhibitor 
baxdrostat lowered unattended automated office SBP in 
a dose-dependent manner over 12 weeks of treatment. 
No deaths, serious adverse events and signs of adreno- 
cortical insufficiency were observed over the course of 
the trial.

• In patients with resistant hypertension, the dual en- 
dothelin receptor antagonist aprocitentan was superior 
to placebo in reducing systolic AOBP at Week 4 and 
this BP-lowering action was sustained at Week 40. Mild- 
to-moderate edema was the most frequent treatment- 
related adverse event.

• SGLT-2 inhibitors and the non-steroidal MRA finerenone 
are novel therapies that improve kidney and cardiovas- 
cular outcomes in patients with albuminuric CKD. Indi- 
rect comparisons show that finerenone provokes a more 
potent reduction in ambulatory BP as compared with 
SGLT-2 inhibitors, implying that BP lowering might play a 
differential role in mediating the cardiorenal protection 
afforded by these two drug categories.

Published in 2021, a non-steroidal mineralocorticoid receptor
antagonist (MRA), ocedurenone (formerly known as KBP-5074),
was tested over 12 weeks in 162 patients with stage 3b/4 CKD
with uncontrolled hypertension in doses of 0.25 mg and 0.5 mg
[ 53 ]. The primary endpoint in the phase 2b study of KBP-5074 in
subjects with uncontrolled hypertension and advanced chronic
kidney disease trial was the change in systolic AOBP from base-
line to Week 12. Compared with placebo, a 0.25-mg dose lowered
systolic AOBP 7 mmHg [standard error (SE) 3.37, P = .04]. A 0.5-mg
dose lowered systolic AOBP 10.2 mmHg (SE 3.32, P = .003). The
incidence of mild hyperkalemia (serum potassium concentration
≥5.6 to < 6.0 mmol/L) was low and comparable among groups,
but the trial is too short to establish safety [ 53 ]. 

In 2022, an aldosterone synthase inhibitor, baxdrostat, was
tested over 12 weeks in 248 patients with resistant hypertension
in doses of 0.5, 1 and 2 mg [ 54 ]. BP averaged 148/88 mmHg. Com-
pared with placebo, in the BrigHTN trial, a 1-mg dose lowered sys-
tolic AOBP 8.1 mmHg [95% confidence interval (CI) 2.8–13.5], and 
a 2-mg dose lowered systolic AOBP 11 mmHg (95% CI 5.5–16.4).
Treatment-induced elevations in serum potassium levels were 
observed in only two patients, but hyperkalemia did not recur 
after transient withdrawal and re-initiation of active-treatment 
[ 54 ]. However, this trial excluded patients with CKD stage 3b
or higher—eGFR was about 85 mL/min/1.73 m 

2 at baseline—
therefore, safety is difficult to establish in this 12-week study. 

Published in 2022, a dual endothelin antagonist, aprociten- 
tan, was tested in the parallel-group, phase 3 study with aproci-
tentan in subjects with resistant hypertension (PRECISION) trial 
over 4 weeks in patients with resistant hypertension at doses of 
12.5 mg and 25 mg [ 55 ]. Of the 730 patients enrolled in this trial,
only 162 (22.2%) patients had an eGFR < 60 mL/min/1.73 m 

2 at
baseline. PRECISION followed a unique trial design that included: 
(i) a 4-week, double-blind, placebo-controlled, treatment phase; 
(ii) a 32-week, single-blind, active-treatment phase; and (iii) a 
12-week, double-blind, placebo-controlled withdrawal phase. The 
primary endpoint was the change in systolic AOBP from base- 
line to 4 weeks. Compared with placebo, a 12.5-mg dose lowered 
systolic AOBP 3.8 mmHg (95% CI 0.8–6.8), and a 25-mg dose low-
ered systolic AOBP 3.7 mmHg (95% CI 0.8–6.7) [ 55 ]. For the 12.5-
mg dose, 24-h ambulatory SBP was lowered by 4.2 (95% CI 2.1–
6.2 mmHg) and for the 25-mg dose by 5.9 (95% CI 3.8–7.9 mmHg)
[ 55 ]. This BP-lowering action was maintained until the completion 
of the single-blind, active-treatment phase of the trial at Week 
40. Notably, subgroup analyses showed numerically greater re- 
ductions in standardized office SBP in patients who had very high
albuminuria or stage 3–4 CKD [ 55 ]. The most frequently reported
adverse event was the development of mild-to-moderate edema 
with aprocitentan, and seven patients stopped treatment with 
aprocitentan [ 55 ]. Given the risk of heart failure with endothelin
receptor antagonists [ 56 , 57 ], longer-term studies are needed to 
confirm safety, especially with respect to heart failure in people 
with CKD. 

Sodium-glucose co-transporter type 2 (SGLT-2) inhibitors have 
been initially introduced as hypoglycemic drugs, but it was there- 
after discovered that cardiorenal protection is the main thera- 
peutic effect of these agents. A triad of landmark phase 3 clini-
cal trials (canagliflozin and renal events in diabetes with estab- 
lished nephropathy clinical evaluation, dapagliflozin and preven- 
tion of adverse outcomes in chronic kidney disease and the study
of heart and kidney protection with empagliflozin) demonstrated 
that SGLT-2 inhibitors safely and effectively attenuate the pro- 
gression of CKD and improve cardiovascular outcomes in patients 
with albuminuric CKD, irrespective of the presence or absence of 
T2D [ 58 –60 ]. Finerenone, a highly selective non-steroidal MRA, is
also proven to be effective in improving cardiorenal outcomes in 
patients with diabetic kidney disease [ 61 ]. In the finerenone in
chronic kidney disease and type 2 diabetes: combined FIDELIO- 
DKD and FIGARO-DKD trial programme analysis pooled analysis 
of data from 13 026 patients with T2D and a broad spectrum of
CKD, as compared with placebo, finerenone retarded the progres- 
sion of diabetic kidney disease and reduced the risk of hospitaliza- 
tion for heart failure, cardiovascular death and myocardial infarc- 
tion [ 62 ]. Although treatment with finerenone was well tolerated,
the risk of hyperkalemia was more common with finerenone than 
with placebo [ 62 ]. Post hoc analyses indicate that the combined
therapy with a SGLT-2 inhibitor and finerenone may be superior 
to either monotherapy by reducing the risk of hyperkalemia [ 63 ]
in patients who are already receiving standard-of-care treatment 
with a RAS blocker [ 64 , 65 ]. 
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Although neither SGLT-2 inhibitors nor finerenone are in-
icated for their antihypertensive effects, the magnitude and
resence of these BP-lowering effects should be noted. In a
eta-analysis of seven trials involving 2381 patients with T2D,
GLT-2 inhibitor therapy for 4–12 weeks provoked a placebo-
ubtracted reduction of 3.61 mmHg in 24-h ambulatory SBP [ 66 ].
his effect was similar that seen using ABPM with 12.5-25 mg
ydrochlorothiazide [ 66 ]. This modest BP-lowering effect of
GLT-2 inhibitors contrasts with the reductions in ambulatory BP
een with finerenone in a recent sub-analysis of the mineralocor-
icoid receptor antagonist tolerability study–diabetic nephropa-
hy (ARTS-DN) trial. In ARTS-DN, 823 patients with T2D and
lbuminuric CKD were randomized to placebo or finerenone,
dministered at doses of 1.25–20 mg once daily in the morning
or 90 days [ 67 ]. A subset of 240 patients underwent 24-h ABPM
t screening, Day 60 and Day 90 [ 68 ]. Relative to placebo, the
eduction in 24-h ambulatory SBP at Day 90 was 8.3 mmHg with
nerenone 10 mg/day, 11.2 mmHg with finerenone 15 mg/day
nd 9.9 mmHg with finerenone 20 mg/day [ 68 ]. This indirect
omparison suggests that the BP-lowering properties of SGLT-2
nhibitors and finerenone might substantially differ. Accordingly,
he significance of BP lowering as a mediator of the improvement
n cardiorenal outcomes also may not be similar for these two
ovel drug categories. 

enal denervation 

lthough the interest for device-based treatment of hyperten-
ion dampened after the neutral results of the renal denerva-
ion in patients with uncontrolled hypertension trial in 2015 [ 69 ],
ore recent studies support the antihypertensive efficacy, tolera-
ility and safety of catheter-based renal denervation [ 70 –72 ]. Pub-
ished in 2022, a prespecified analysis of the long-term efficacy
nd safety of renal denervation in the presence of antihyperten-
ive drugs trial provided evidence in favor of a long-lasting BP-
owering action of this intervention showing that as compared
ith the sham control procedure, renal denervation provoked a
linically meaningful reduction of 10/5.9 mmHg in 24-h ambu-
atory BP at 36 months of follow-up [ 73 ]. This persistent reduc-
ion in ambulatory BP was independent of concomitant use of
ntihypertensive medications and was not counteracted by in-
reased risk of adverse events [ 73 ]. Since sympathetic activity
s markedly increased in patients with CKD, there is biologically
lausibility that renal denervation may confer an even greater
enefit in this particular patient population. Small uncontrolled
nterventional studies showed remarkable reductions in BP with
enal denervation in patients with stage 3–4 CKD, whereas other
bservational studies suggested that renal denervation is also as-
ociated with regression of albuminuria and a slower rate of eGFR
ecline [ 72 , 74 , 75 ]. Properly designed, sham-controlled clinical tri-
ls are needed to demonstrate the safety and efficacy of this inter-
ention in moderate-to-advanced CKD, since patients with eGFR
 45 mL/min/1.73 m 

2 were systematically excluded from the cur-
ently available renal denervation trials. 

topping or continuing RAS inhibitors in 

dvanced CKD 

hether RAS blockers should be continued or stopped in patients
ith advanced CKD who are nearing the initiation of dialysis re-
ains an area of controversy [ 76 ]. In such patients, an earlier
bservational study suggested that discontinuation of ACEIs or
RBs is associated with better preservation of kidney function
 77 ]. Similarly, a recent nationwide observational study showed
hat among patients with advanced CKD, stopping RAS inhibitors
s associated with a lower absolute risk of initiating dialysis, but
igher absolute risks of adverse cardiovascular events and all-
ause mortality [ 78 ]. A more conclusive answer to this crucial
uestion was provided by the multicentre randomized controlled
rial of angiotensin-converting enzyme inhibitor/angiotensin re-
eptor blocker withdrawal in advanced renal disease (STOP-ACEi)
rial [ 79 ]. In this trial, 411 patients with advanced and progressive
KD were randomized either to stop or to continue RAS inhibitor
herapy. Over 3 years of follow-up, there was no difference in the
ate of eGFR decline between the discontinuation and continu-
tion groups [ 80 ]. Although the proportion of patients who pro-
ressed to ESKD or initiated kidney replacement therapy did not
ignificantly differ between the two groups, there was a trend to
orse outcome in those who discontinued RAS inhibitors (hazard
atio 1.28; 95% CI 0.99–1.65). Therefore, although observational
tudies favor the intervention of stopping ACEIs or ARBs in ad-
anced CKD, the STOP-ACEi trial showed that discontinuation of
AS blockade does not lead to stabilization of the long-term de-
line in kidney function and does not delay the initiation of dial-
sis [ 80 ]. In fact, a trend toward earlier dialysis was noted. 

UMMARY 

n summary, research-grade BP measurement methodology must
ove from research to clinics. The diagnosis of hypertension can
e also improved when BP is measured outside of the clinic either
sing HBPM or ABPM. Dietary Na restriction is often overlooked,
ut effective strategy to manage poorly controlled hypertension.
CEIs and ARBs remain the first-line agents in pharmacotherapy
f hypertension in patients with CKD, particularly in those with
ery high albuminuria [ 19 ]. Patients with uncontrolled BP despite
dherence to triple therapy with maximally tolerated doses of a
AS blocker, a dihydropyridine CCB and a diuretic have by defi-
ition resistant hypertension [ 36 ]. In such patients, the addition
f spironolactone to the baseline antihypertensive regimen is the
harmacological intervention of choice [ 26 ]. Since hyperkalemia
s a disadvantage of spironolactone that limits its broad utilization
or the management of resistant hypertension in moderate-to-
dvanced CKD, the thiazide-like diuretic chlorthalidone serves
s an alternative therapeutic option in this subgroup of high-risk
atients [ 45 ]. Chlorthalidone can mitigate the risk of hy-
erkalemia, enabling in this way the co-administration of
pironolactone. However, the combination of chlorthalidone and
pironolactone requires careful monitoring of the patients for
he prevention of adverse events, such as the episodes of acute
idney injury [35]. Newer BP-lowering medications [ 53 –55 ], such
s the non-steroidal MRA ocedurenone, the aldosterone synthase
nhibitor baxdrostat and the dual endothelin receptor antagonist
procitentan, are at different stages of clinical development,
ffering promise for more effective BP control in the future. Renal
enervation is also anticipated to receive approval by regulatory
gencies as an adjunct interventional strategy to medications for
atients who select one-time procedures instead of intensified
ntihypertensive drug therapy. 
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