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Introduction
H

ypertension is com
m

on in dialysed patients (>80%
 at pre-dialysis

state, >60%
 in patients w

ith hem
odialysis, >30 percent in those w

ith
peritoneal dialysis) (1). The leading cause of death in dialysed patients
is cardiovascular.

The relationship betw
een hypertension and cardiovascular

m
ortality/m

orbidity is apparently controversial in dialysed patients
because of the high prevalence of co-m

orbid conditions, by the under-
lying vascular pathology and by the effects of dialysis on blood pres-
sure. The effects of age, left ventricular hypertrophy/dysfunction (also
m

ore prevalent in patients w
ith hypertension) and poor nutrition m

ay
m

ask the true relationship betw
een blood pressure and m

ortality in
dialysed patients (2). H

ypertension has been associated w
ith stroke,

ventricular arrhythm
ias and progression of atherosclerosis in patients

on hem
odialysis. Im

proved survival due to adequate blood pressure
control of dialysed patients has been clearly dem

onstrated, stressing
the im

portance of adequate antihypertensive treatm
ent (3).

The etiology of hypertension in dialysis patients is m
ulti-fac-

torial (Table 1 ).

Table 1.
Etiology of hypertension in dialysed patients (from

 ref. 4)
_________________________________________________

- 
sodium

 and volum
e excess due to dim

inished sodium
 excretory

capacity of kidney
- 

activation of the renin-angiotensin-aldosteron system
- 

increased activity of the sym
pathetic nervous system

-
increased endogenous vasoconstrictor (endothelin-1, N

a-K
-

A
TP

ase inhibitors, adrenom
edullin), and decreased vasodilator

(nitric oxide, prostaglandins) com
pounds

- 
frequent adm

inistration of erythropoietin
- 

increased intracellular calcium
 content, induced by parathyroid

horm
one excess

- 
calcification of arterial tree, arterial stiffness

- 
pre-existent hypertension

- 
nocturnal hypoxem

ia, frequent sleep apnea
_________________________________________________

B
lood pressure m

easurem
ent in dialysis patients

P
re- or post-dialysis blood pressure m

easurem
ents in patients w

ith
hem

odialysis m
ay be m

isleading for the diagnosis of hypertension.
The pre-dialysis systolic blood pressure m

ay overestim
ate w

hile the
post-dialysis systolic blood pressure m

ay underestim
ate the m

ean
inter-dialytic systolic blood pressure by 10 m

m
H

g; the m
ean systolic

blood pressure by 7 m
m

H
g (5).

The am
bulatory pressure m

onitoring (A
B

P
M

) appears to be
reproducible and it has show

n that blood pressure is frequently high
pre-dialysis state, it falls im

m
ediately after dialysis, and then it gradu-

ally increases during the inter-dialytic period. A
B

P
M

 m
ay be useful in

determ
ining “systolic blood pressure load” w

hich is an im
portant factor

in the developm
ent of left ventricular hypertrophy. P

re-dialysis blood
pressure correlates better w

ith left ventricular hypertrophy than post-
dialysis blood pressure m

easurem
ent (6). The dialyzed patients usu-

ally lose the diurnal variation in blood pressure and consequently
these patients develop nocturnal hypertension.

H
om

e blood pressure m
easurem

ent, an increasingly popu-
lar m

ethod, m
ay be useful to estim

ate the blood pressure control also
in dialysed patients (7).

Target blood pressure of hypertensive dialysed patients
For m

ost patients on dialysis (m
ainly in older age), the goal blood

pressure is less than an average value below
 150/90 m

m
H

g on no

m
edication. The reasonable target goal of a m

ean am
bulatory blood

pressure is less than 135/85 m
m

H
g during the day and is less than

120/80 m
m

H
g by night (4). V

ery low
 systolic blood pressure (<110 m

m
H

g) m
ay be associated w

ith enhanced cardiovascular m
ortality (“J” or

“U
” shaped curve). A

n algorithm
 for blood pressure control is given in

Table 2.

Table 2.A
lgorithm

 for blood pressure control in dialysis patients
(m

odified from
 ref. 8)

_________________________________________________

1. E
stim

ate dry w
eight

2. D
eterm

ine H
ypertension S

everity Index
3. Initiate non-pharm

acological treatm
ent 

4. A
ttain dry w

eight
5. S

tart or increase the dose of antihypertensives to m
aintain B

P
below

 150/90 m
m

H
g

6. If B
P

 is not controlled or dry w
eight not attained in 30 days, con-

sider:- 
24-48 hours A

B
P

M
-  increasing tim

e of dialysis to facilitate rem
oval of 

fluid and attainm
ent of dry w

eight
- 

discontinuing sodium
 m

odelling
- 

increasing the dose or num
ber of antihypertensives

7. If B
P

 rem
ains uncontrolled, consider:

- evaluating for secondary form
s of hypertension

- peritoneal dialysis
- bilateral nephrectom

y (exceptional)
_________________________________________________

N
on-pharm

acological 
treatm

ent 
of 

hypertension 
in 

dialysed
patients (Table 3)
C

ontrol of plasm
a volum

e can either norm
alize the blood pressure or

help norm
alize blood pressure in dialysed patients. M

ultiple clinical
definitions of stable “dry w

eight” have been advanced:
-

either the blood pressure has norm
alized or sym

ptom
s of hyperv-

olem
ia disappear (not m

erely the absence of edem
a);

- 
after dialysis seated blood pressure is optim

al, and sym
ptom

atic
orthostatic hypotension and clinical signs of fluid overload are not
present;

- 
at the end of dialysis patients rem

ains norm
otensive until the next

dialysis w
ithout antihypertensive m

edication.
S

om
e factors m

ay lim
it fluid rem

oval by predisposing to
episodes of hypotension during hem

odialysis treatm
ent, as hypoten-

sion is one of the im
portant cardiovascular risk factors. Lim

iting control
of volum

e overload in dialysis patients has been denoted as lag phe-
nom

enon. To avoid large inter-dialytic w
eight gains, patients should

restrict salt intake (750 to 1000 m
g of sodium

/day). This also decreas-
es thirst (an im

portant factor of patient com
pliance). A

 fixed low
dialysate sodium

 concentration w
ith com

bination of dietary salt restric-
tion, or a program

m
ed decrease in sodium

 dialysate concentration
(from

 155 to 135 m
eq/L) m

ay result in sm
aller doses of antihyperten-

sive drugs to control blood pressure.
The long, slow

 hem
odialysis treatm

ent (eight hours, and
three tim

es a w
eek) is associated w

ith the m
aintenance of norm

oten-
sion w

ithout m
edications in alm

ost all patients, as this decreases affer-
ent renal nerve activity and efferent sym

pathetic activation. N
octurnal

hem
odialysis treatm

ent (six or seven nights a w
eek during sleep

hours) can also norm
alize blood pressure w

ithout m
edications in m

ost
of the patients. 

M
ore frequent hem

odialysis treatm
ent (tw

o hours six tim
es
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A
ppendix continued...

"E
lim

ination, 
M

etabolism
"

D
osing

"S
upplem

ent required 
w

ith dialysis"
M

iscellaneous

A
C

E inhibitors
A

nem
ia, anaphylactoid 

reactions

B
enazepril

R
(H

)
50 %

N
O

N
on-renal clearance of

benazeprilate

C
aptopril

R
25-50%

Y
E

S
A

ctive m
etabolite 

accum
ulation

C
ilazapril

R
(H

)
25 %

Y
E

S

E
nalapril

R
(H

)
50 %

Y
E

S
P

atent drug accum
ulation

Fosinopril
R

 and H
U

nchanged
N

O
50%

 hepatic elim
ination

Lisinopril
R

25 %
Y

E
S

P
erindopril

R
(H

)
25-50%

Y
E

S

Q
uinapril

R
(H

)
25-50%

N
O

R
am

ipril
R

(H
)

25-50%
Y

E
S

Trandolapril
R

(H
)

50 %
Y

E
S

Trandolaprilate is further 
m

etabolized prior to excretion
A

ngiotensin II receptor 
antagonists
C

andesartan
R

 (H
)

A
V

O
ID

E
prosartan

H
A

V
O

ID

Irbesartan
H

U
nchanged

N
O

Losartan
R

 (H
)

U
nchanged

N
O

O
lm

esartan
R

 H
U

nchanged
N

O

Telm
isartan

H
U

nchanged
N

O

V
alsartan

H
U

nchanged
N

O

C
alcium

 channel blockers

A
m

lodipine
H

U
nchanged

N
O

D
iltiazem

H
U

nchanged
N

O
R

isk of conduction disturbance

Felodipine
H

U
nchanged

N
O

Isradipine
H

U
nchanged

N
O

Lacidipine
H

U
nchanged

N
O

N
icardipine

H
U

nchanged
N

O

N
ifedipine

H
U

nchanged
N

O

N
itrendipine

H
U

nchanged
N

O

V
erapam

il
H

"50-75%
 A

ctive m
etabolites

accum
ulation"

N
O

N
egative inotropic and dro-

m
otropic effects

Vasodilators

D
iazoxide

R
 (H

)
U

nchanged
Y

E
S

S
m

aller doses or slow
 inf. To

avoid decreasing of B
P

 and of
protein binding

H
ydralazine

H
 (N

R
)

D
osing interval prolonged

N
O

Induction of lupus-like syn-
drom

e. P
rolonged activity in

slow
 acetylators

M
inoxidil

H
U

nchanged
Y

E
S

A
ctive m

etabolites accum
ulation

N
itroprusside

N
R

Titrate by blood pressure
Y

E
S

"A
ccum

ulation of thyocyanate.
Thyocyanate is dialysable"



A
ppendix.

Features of frequently used antihypertensive drugs in hem
odialysis patients

Treatm
ent of erythropoietin-induced hypertension (9):

-   Try to decrease the actual dry w
eight

-
decrease the dose (if possible) or interrupt treatm

ent, and reintro-
duce later at low

er dosage
-

introduce or increase antihypertensive m
edication w

ith preference
of calcium

 channel blockers
Treatm

ent of hypertension in the diabetic dialysis patients: The num
ber

of dialysis patients w
ith type-2 diabetes m

ellitus is rapidly increasing,
and these patients are generally hypertensive. E

xchangeable sodium
is increased in diabetic patients, and orthostatic hypotension due to
autonom

ic neuropathy, and dialysis hypotension w
ith severe sym

p-
tom

s, coronary artery disease, and vascular atherosclerosis are fre-
quent. Longer dialysis, slow

 ultrafiltration rate, hem
ofiltration and glu-

cose-containing dialysate can be used to avoid the risk of severe

hypotension. A
C

E
 inhibitors and A

R
B

s decrease blood pressure, m
ay

prevent end-organ vascular diseases. C
alcium

 channel blockers are
effective in reducing blood pressure but m

ay result in severe hypoten-
sive episodes. B

enefit from
 beta blockade is particularly significant in

patients w
ith type-2 diabetes m

ellitus and coronary heart disease.

C
onclusions

The progress of dialysis technology leads to better tolerated dialysis
treatm

ent and m
ore adequate rem

oval of sodium
-w

ater overload.
Treatm

ent of hypertension in dialysis patients still rem
ains a careful

clinical judgm
ent: adequate evaluation of the dry w

eight, choice of ade-
quate treatm

ent tim
e and frequency. In those patients in w

hom
 ultra-fil-

tration and m
aintenance of dry w

eight do not adequately control hyper-
tension, antihypertensive m

edications are indicated (10-16).

"E
lim

ination, 
M

etabolism
"

D
osing

"S
upplem

ent required 
w

ith dialysis"
M

iscellaneous

D
iuretics

Thiazides/chlorthalidone
R

A
V

O
ID

K
+ sparing

R
A

V
O

ID

A
cetazolam

ide
R

A
V

O
ID

Loop agents

Furosem
ide

R
 (H

)
U

seful in high doses
N

O
O

totoxicity and augm
ent 

am
inoglycoside toxicity

B
um

etadine
R

 (H
)

U
seful in high doses

E
tacrynic acid

R
 (H

)
A

V
O

ID

B
eta-blockers

A
cebutolol

H
 (R

) 
25-50%

N
O

A
ctive m

etabolites 
accum

ulation

A
tenolol

R
25-50%

Y
E

S
R

em
oved by dialysis

B
isoprolol

25 %
Y

E
S

B
etaxolol

50 %
Y

E
S

C
arvedilol

U
nchanged

N
O

Labetalol
H

U
nchanged

N
O

M
etoprolol

H
U

nchanged
N

O

N
adolol

R
50 %

Y
E

S
R

em
oved by dialysis

P
indolol

H
 (R

) 
U

nchanged
N

O

P
ropranolol

H
U

nchanged
N

O
A

ctive m
etabolites 

accum
ulation interfere 

w
ith bilirubin dosage

S
otalol

R
30 %

Y
E

S
C

lass 3 antiarrhythm
ic 

properties

Tertatolol
R

U
nchanged

N
O

A
ctive m

etabolites 
accum

ulation

Tim
olol

H
U

nchanged
N

O
Inactive m

etabolites 
accum

ulation

C
entrally acting

M
ethyldopa

R
 (H

)
Interval extension of 

dose adjustm
ent

Y
E

S
A

ctive m
etabolites accum

ulation
risk of prolonged hypotension

C
lonidine

R
50 %

N
O

R
isk of rebound hypertension

G
uanfacine

U
nchanged

N
O

M
oxonidine, rilm

enidine
?

?
B

eneficial effects on insulin
resistance

A
lpha-1-adrenergic blockers

P
razosin

H
(R

) 
U

nchanged
N

O
First dose effect 

D
oxazosin

U
nchanged

N
O

B
eneficial effects on insulin

resistance and on plasm
a lipids

U
rapidil

H
(R

)
U

nchanged
N

O
Inactive m

etabolites m
ay 

accum
ulate

A
ntihypertensive drugs

C
alcium

 channel blockers
are very effective and w

ell tolerated in dial-
ysis patients, even in those w

ho are volum
e expanded. They are use-

ful in patients w
ith left ventricular hypertrophy, diastolic dysfunction and

stabile angina pectoris. C
alcium

 channel blockers do not require sup-
plem

entary post dialysis dosing. C
alcium

 channel blockers have a
unique feature am

ong dialysis patients since a prospective cohort
study from

 U
S

R
D

S
 show

ed a significant 26 %
 reduction in cardiovas-

cular m
ortality.

A
ngiotensin converting enzym

e (A
C

E
) inhibitors

are effective
and w

ell tolerated in dialysis patients. They are useful in patients w
ith

left ventricular hypertrophy, and in those w
ith heart failure due to sys-

tolic 
dysfunction. 

A
C

E
 

inhibitors 
reduce 

m
ortality 

in 
hypertensive

patients undergoing m
aintenance dialysis. S

ignificantly low
er m

ortality
w

as observed am
ong the A

C
E

 inhibitor-treated dialysis patients (<65
years of age). This survival benefit w

as independent from
 antihyperten-

sive effect. These drugs can reduce the synthesis/secretion of erythro-
poietin, and trigger an anaphylactoid reaction in patients dialyzed w

ith
A

N
69 dialyzer.

A
ngiotensin II receptor blockers (A

R
B

s)There is only lim
ited

experience w
ith these drugs in end-stage renal disease. Losartan does

not enhance the risk of anaphylactoid dialyzator-reactions w
ith the

A
C

E
 inhibitors. N

o dose adjustm
ent is necessary in renal failure in the

absence of volum
e depletion.

B
eta-blockers

are indicated in dialysis patients after m
yocar-

dial infarction. P
otential side effects include central nervous system

depression (m
ainly lipid-soluble drugs), bradycardia, and heart failure.

P
referable beta-blocker m

ay be labetalol or carvedilol, w
hich has a

low
er incidence of bronchospasm

 and has neutral effect on plasm
a

lipid levels. A
tenolol adm

inistered three tim
es a w

eek post-dialysis,
m

ay be effective.
P

eripheral alpha-1 adrenergic receptor blocker
(prazosin,

doxazosin) w
ould help to counteract the increase in sym

pathetic nerve
activity. O

n long-term
 treatm

ent the favourably m
etabolic effects (on

lipids and insulin resistance) m
ight be advantageous. These drugs are

preferred in antihypertensive com
binations.

C
entrally acting drugs

(m
ethyldopa, clonidine, guanfacine)

have m
ore side effects that those described above. N

ew
er im

idazoline
receptor agonists (m

oxonidine, rilm
enidine) are felt to be safe and

effective, but only lim
ited experience is available.

P
harm

acokinetics of frequently used antihypertensive drugs
in dialysis patients is given in the A

ppendix. 

Special situations
Treatm

ent of refractory hypertension in hypertensive dialysis patients:
U

se of m
inoxidil – the strongest direct vasodilator - m

ay be effective in
reducing blood pressure. D

ialysed patients w
ho are noncom

pliant and
in w

hom
 volum

e status and hypertension cannot be adequately con-
trolled m

ay benefit from
 sw

itching to continuous am
bulant peritoneal

dialysis (C
A

P
D

). 

per w
eek) m

ay also be associated w
ith norm

otension w
ithout m

edica-
tions and w

ith regression of left ventricular hypertrophy.
B

ilateral nephrectom
y m

ay be considered in the rare non-
com

pliant individuals w
ith life-threatening hypertension, w

hose blood
pressure cannot be controlled w

ith any of the above detailed dialysis
m

odality.
The clinician m

ust define the dry w
eight and goal blood

pressure for each dialyzed patients based upon his or her best judg-
m

ent.
Table 3.N

on-pharm
acological treatm

ent of hypertension in 
dialysis patients
_______________________________________________________

A
erobic exercise

C
ontrol of salt and fluid intake

C
essation of sm

oking
W

eight reduction
A

voidance of alcohol
Long, slow

 and m
ore frequent hem

odialysis treatm
ent

_______________________________________________________

Pharm
acological treatm

ent of hypertension in dialyzed patients
A

ntihypertensive drug therapy is necessary in 25-30 %
 of patients.

The type of drug or antihypertensive com
bination depends on severi-

ty of hypertension (Table 4) and co-m
orbidities.

Table 4.H
ypertension Severity Index (H

SI)
_______________________________________________________

H
S

I score
S

ystolic B
P

 (m
m

H
g)

D
iastolic B

P
 (m

m
H

g)
_______________________________________________________

0
< 150

< 90
1

150-159
90-99

2
160-179

100-109
3

> 179
> 109

_______________________________________________________

To calculate for an individual dialysis treatm
ent sum

 the pre-dialysis
systolic and diastolicand post-dialysis systolic and diastolic blood
pressure scores. The H

S
I can range from

 0 to 12.

Table 5 show
s the com

pelling indications of antihypertensive drugs, and their specific side effects and special im
portant precautions.

Table 5.U
se of antihypertensive drugs in hem

odialysis patients

D
rugs

C
om

pelling indication
Specific side-effects

Special precautions

A
C

E
 inhibitors

"Left ventricular hypertrophy
H

eart failure
D

iabetes m
ellitus "

A
naphylactoid reactions w

ith
A

N
69 dialyzator

D
ihydropyridin calcium

 channel
blockers

A
ssociated coronary heart 

disease

N
on-dihydropyridin calcium

 chan-
nel blockers

A
ssociated coronary heart 

disease
A

void com
bination w

ith beta-
blockers

B
eta-blockers

A
ssociated coronary heart 

disease
E

xcessive bradycardia w
ith

liposoluble com
pounds

A
void com

bination w
ith non-

dihydropyridin calcium
 channel

blockers

C
entrally acting anti-adrenergic

drugs
N

one
P

ost hem
odialysis hypertensive

rebound w
ith m

ethyldopa
A

void

A
lpha-adrenergic receptor 

blockers
"H

yperlipidem
ia, 

Insulin resistance"
B

ew
are severe hypotension

D
irect vasodilators

H
ypertensive crisis

U
se only in w

ell-equipped 
hospital setting


