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ABSTRACT

Hypertension (blood pressure > 140/90
mm Hg) is very common in patients un-
dergoing regular dialysis, with a preva-
lence of 70-80%, and only the minority
has adequate blood pressure (BP) con-
trol. In contrast to the unclear associa-
tion of predialytic BP recordings with
cardiovascular mortality, prospective
studies showed that interdialytic BP,
recorded as home BP or by ambula-
tory blood pressure monitoring in he-
modialysis patients, associates more
closely with mortality and cardiovas-
cular events. Although BP is measured
frequently in the dialysis treatment en-
vironment, aspects related to the mea-
surement technique traditionally em-
ployed may be unsatisfactory. Several
other tools are now available and be-
ing used in clinical trials and in clinical
practice to evaluate and treat elevated
BP in chronic kidney disease (CKD) pa-
tients. While we wait for the ongoing
review of the CKD Blood Pressure KID-
GO guidelines, there is no guideline for
the dialysis population addressing this
important issue. Thus, the objective of
this review is to provide a critical analy-
sis of the information available on the
epidemiology, pathogenic mechanisms,
and the main pillars involved in the
management of blood pressure in stage
5-D CKD, based on current knowledge.

Keywords: Hypertension; Renal Dialysis;
Peritoneal Dialysis.

Resumo

A hipertensdo (pressdo arterial > 140/90
mmHg) é muito comum em pacientes sub-
metidos a didlise regular, com uma pre-
valéncia de 70-80%, e apenas a minoria
tem controle adequado da pressdo arterial
(PA). Em contraste com a associac¢do incer-
ta entre de PA pré-dialitica com mortali-
dade cardiovascular, estudos prospectivos
mostraram que a PA interdialitica, regis-
trada como PA domiciliar ou pela moni-
torizagdo ambulatorial da pressdo arterial
em pacientes em hemodidlise, estd mais re-
lacionada a mortalidade e eventos cardio-
vasculares. Embora a PA seja medida com
frequéncia no ambiente de tratamento de
dialise, aspectos relacionados a técnica de
medicdo tradicionalmente empregada po-
dem ser insatisfatorios. Vdrias outras fer-
ramentas estdo agora disponiveis, e estao
sendo usadas em ensaios clinicos e na pra-
tica clinica para avaliar e tratar a PA eleva-
da em pacientes com doenga renal cronica
(DRC). Enquanto esperamos pela revisio
das diretrizes do KIDGO para a pressdo
sanguineana DRC, ndo ha nenhuma dire-
triz para a populagdo em didlise abordando
essa importante questdo. Assim, o objetivo
desta revisdo € fornecer uma andlise critica
das informagdes disponiveis sobre a epide-
miologia, os mecanismos patogénicos e 0s
principais pilares sustentadores do manejo
da pressdo arterial no estdgio 5-D da DRC,
com base no conhecimento atual.

Palavras-chave: Hipertensdo; Dialise Re-
nal; Didlise Peritoneal.

INTRODUCTION

Understanding the mechanisms, evalua-
ting, and defining the best management
of blood pressure (BP) in patients recei-
ving renal replacement therapies through
hemodialysis (HD) or peritoneal dialysis

(PD), is a significant challenge for heal-
thcare professionals. Although BP is me-
asured frequently in the dialysis treatment
environment, aspects related to the mea-
surement technique employed may be un-
satisfactory. Several other tools are now



available and being used in clinical trials and clinical
practice to evaluate and treat elevated BP in chronic
kidney disease (CKD) patients."? Different levels of
BP may be observed in the same patient under dis-
tinct situations, which include evaluations before, du-
ring, or after the dialysis session, and at home using
ambulatory BP measurements (ABPM), being fre-
quently and substantially lower than during dialysis
measurements.’

In patients with end-stage renal disease (ESRD)
receiving dialysis, elevated blood pressure is common
and poorly controlled in general.* Although volume
overload and sodium retention appear to be the main
pathogenic mechanism of hypertension in this popu-
lation, other factors such as increased arterial stiff-
ness, activation of renin-angiotensin-aldosterone sys-
tem, sleep apnea, activation of sympathetic nervous
system, and use of recombinant erythropoietin may
be also involved.’®

The association between hypertension and cardio-
vascular disease risk has been well documented in the
general population but in dialysis patients the associ-
ated risk is poorly understood, and still present para-
doxical and unexpected reports.® The presence of stage
5-D CKD is associated with a several-fold increased
risk of cardiovascular mortality, compared to age- and
sex-matched controls without CKD.” Epidemiological
studies have shown that systolic blood pressure (SBP),
diastolic blood pressure (DBP) along with traditional
risk factors for cardiovascular disease are associated
with end-organ damage, including vascular stiff-
ness and poor outcomes in dialysis patients. Indeed,
increased and decreased SBP are both associated to
cardiovascular disease (CVD) events and decreased
SBP following previous hypertension (HTN) is also
associated with adverse outcomes.® While we wait
for the ongoing review of the CKD Blood Pressure
KIDGO guidelines, so far there is no guideline for
the dialysis population addressing this important is-
sue. Thus, the objective of this review is to provide
a critical analysis of the information available on the
epidemiology, pathogenic mechanisms, and the main
pillars involved in the management of blood pressure
in stage 5-D CKD, based on current knowledge.

EPIDEMIOLOGY OF HYPERTENSION IN STAGE 5 CKD
DIALYSIS PATIENTS

Hypertension (blood pressure > 140/90 mm Hg)
is common in patients undergoing regular dialysis,
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with a prevalence of 70-80% among regular hemo-
dialysis patients’ and only the minority has ade-
quate blood pressure control. The scenario for
peritoneal dialysis (PD) patients is not different,
and the variability reported for the prevalence of
hypertension is even higher ranging from approxi-
mately 30 to more than 90%.!° This variability is
mostly related to differences in the definitions used
to diagnose hypertension and the tools applied in
various studies.® Epidemiological studies in hemo-
dialysis patients in USA, using different ways to
define hypertension, revealed that 72 to 88% of all
patients studied had elevated BP.*'"'> However, in
those studies, a high proportion of patients with
elevated blood pressure was taking antihypertensi-
ve agents and the number of patients with control-
led BP was low, between 30-50%.+"

In contrast to the unclear association between pre-
dialytic BP recordings and cardiovascular mortality,
prospective studies showed that interdialytic BP, re-
corded as home BP or by ambulatory blood pressure
monitoring in hemodialysis patients, has a clearer as-
sociation with mortality and cardiovascular events.'>
4 In a cross sectional study conducted in Italy with
patients on peritoneal dialysis using the WHO/ISH
definition, the prevalence of elevated BP was 88%.
15 In other studies, the average 24-hour BP was not
different between patients on automated peritoneal
dialysis and continuous ambulatory peritoneal di-
alysis'>'® and there were positive correlations of left
ventricular mass index with BP measurements and BP
load.¢ Elevated blood pressure diagnosed outside the
dialysis unit with home or ambulatory BP monitoring
is closely related to mortality.>'3 Additionally, dialysis
patients often do not have the normal decrease in BP
at nighttime,'” increasing their risk for the develop-
ment of left ventricular hypertrophy and cardiovas-
cular mortality.’® Indeed, Foley et al.?” observed that
each 10 mmHg rise in mean BP was independently
associated with a progressive increased prevalence of
concentric left ventricular hypertrophy, development
of “de novo” cardiac failure, and “de novo” ischemic
heart disease. Indeed, the degree of cerebral atrophy
and predialytic BP as well as cerebral atrophy and du-
ration of hypertension exhibit very high correlation.?’
These data suggest that long-term hypertension is
frequently, not well controlled, and a significant risk
factor for cardiovascular events in CKD hemodialysis
patients.
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DIAGNOSIS OF HYPERTENSION IN DIALYSIS PATIENTS

The diagnosis of hypertension in the general popu-
lation is based on different available guidelines, such
as the American, Brazilian, and European guidelines,
increasing the complexity and controversy of the pro-
blem.?'2> The National Kidney Foundation - Kidney
Diseases Outcomes Quality Initiative guideline esta-
blished that hypertension in hemodialysis patients is
diagnosed when pre-dialysis BP is > 140/90 mmHg or
when post-dialysis BP is > 130/80 mmHg,>* but the
conventional peridialytic BP recordings may not be
accurate. Pre- and post-dialysis BPs measures are ob-
tained by the staff of the dialysis unit, often without
the necessary attention to the correct measurement te-
chnique.!? Additionally, other factors may dictate an
inaccurate pre- and post-dialysis BP reading, such as
the white-coat effect, fear of incorrect arteriovenous
fistula needling, fluctuations in volume status, and li-
mited time for relaxation (patient is anxious to start
dialysis).?’ Furthermore, the poor diagnostic accuracy
of peri-dialytic BP recordings was well stablished by
a meta-analysis showing that both pre- and post-
-dialysis BP readings provide imprecise estimates of
the mean interdialytic BP recorded by 44-hour ambu-
latory BP monitoring.?® Thus, an alternative could be
the use of the intradialytic BP measurement average,
which may provide greater sensibility and specificity
in detecting interdialytic hypertension compared to
pre- and post-dialysis BP evaluations.?’

However, BP measurements obtained outside dialysis
units are frequently needed to diagnose hypertension in
dialysis patients. Home BP monitoring is widely applied

TaBLE 1

DIAGNOSIS OF HYPERTENSION IN DIALYSIS PATIENTS

and strongly recommended for diagnosis and treatment
of hypertension in the general population.?® Additionally,
home BP was shown to have high short-term reproduc-
ibility from one week to the next and it is strongly as-
sociated with indices of target organ damage, such as
aortic stiffness and left ventricular hypertrophy (LVH).?
Currently, many authors suggest that ambulatory BP
monitoring (ABPM) may be the gold standard method
for diagnosing hypertension in patients receiving dialy-
sis.> 12 Observational studies clearly suggest that ABPM
predicts all-cause and cardiovascular mortality better
than peri-dialytic BP."> ABPM has the advantage of re-
cording BP at night, because many dialysis patients pres-
ent a non-dipping nocturnal BP pattern that is associ-
ated with LVH and cardiovascular mortality.** However,
ABPM is inconvenient for many dialysis patients with a
high treatment burden, high prevalence of sleep disor-
ders and, eventually, compromised bilateral upper limbs
with arteriovenous fistula. Therefore, home BP moni-
toring appears to be a simple and effective approach to
evaluate BP and make therapeutic decisions in dialysis
patients.’! Table 1 presents information for diagnosis of
hypertension in dialysis patients. In contrast to the typi-
cal decline in BP during hemodialysis session, 10 to 15%
of hemodialysis patients exhibits a paradoxical intradia-
lytic BP elevation®? and although this abnormal response
has been long recognized, the exact reason for is still not
well known. Intradialytic hypertension may be defined
as a rise of at least 15 mmHg in mean BP during dialysis
or a rise of at least 10 mmHg in systolic BP during or
immediately post-dialysis in a certain number of dialysis
sessions (the last three or four dialysis sessions).

Hypertension in dialysis patients should be based on home BP or ABPM evaluation.

e Home BP in hemodialysis: an average BP > 135/85 mmHg obtained over 6 non-dialysis days, during a two-week period,
with the measurements made in a quiet room, with the patient in seated position, back and arms supported, after 5
minutes of rest and with 2 measurements taken 1-2 minutes apart.

e Home BP in peritoneal dialysis: an average BP > 135/85 mmHg over 7 consecutive days with the above described

conditions.

e ABPM in hemodialysis patients: an average BP > 130/80 mmHg over 24-hour monitoring during a mid-week non-

dialysis day and, if possible, extended to 44 hours.

e ABPM in peritoneal dialysis: an average BP > 130/80 mmHg over 24-hour monitoring.

e For hemodialysis patients: when neither ABPM nor home BP measurements are available, the diagnosis can be made
based on office BP measurements taken in a mid-week non-dialysis day, with the standard technique described above.

e For peritoneal dialysis patients: office BP > 140/90 mmHg obtained with the standard technique as described above.

Adopted from Sarafidis et al.®
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MECHANISMS  INVOLVED IN  BLOOD
ALTERATIONS IN STAGE 5 CKD

PRESSURE

The pathophysiology of hypertension in dialysis pa-
tients is complex and multifactorial.>'? A selection of
risk factors potentially involved in the development
of hypertension in dialysis patients is listed in Figure
1. Increase in cardiac output, peripheral vascular re-
sistance, or both result in BP elevation in dialysis pa-
tients. First, excessive intravascular volume is a major
pathogenic factor of hypertension in dialysis patients
and this extracellular volume expansion is most likely
to be observed in hypertensive end-stage renal dise-
ase (ESRD) patients.” Total body water is increased
in hypertensive hemodialysis patients when compared
to normotensive’* and when excessive body fluids are
removed and “dry-weight” is achieved with slow and
more frequent dialysis, BP can be ameliorated in ap-
proximately 90% of patients.* Indeed, perturbations
in vascular auto-regulation may occur in hypervole-
mic ESRD patients, namely the inappropriate increase
in angiotensin II in relationship to volume, increased
vascular reactivity to endogenous pressors, and incre-
ased cardiac output in the presence of high periphe-
ral vascular resistance.’® In many cases, hypertension
is related to weight gain during the interval between
two dialysis sessions and BP may be ameliorated by
correcting the extracellular volume, although the re-
sults obtained in different studies are contradictory. In
fact, a few studies observed that volume status affects
interdialytic BP3” while other series failed to confirm
this relationship.®® Additionally, there is a correlation
between loss of weight during hemodialysis and low-
ering SBP, 3 and volume sensitivity is higher in hyper-
tensive compared to normotensive dialysis patients.*

The normalization of the patient’s extra-cellular
volume is also reported to improve the circadian
BP rhythm, which may be abnormal in the presence
of volume expansion.*! In patients who remain hy-
pertensive despite intensive ultrafiltration, sodium
and volume excess may play only a secondary role.
Additionally, the lack of correlation between extracel-
lular volume and BP in these patients has been previ-
ously described.*? Interestingly, Titze et al.*’ recently
described an unknown sodium storage system partic-
ularly bound to glycosaminoglycans in skin that does
not promote osmotic activity. This novel compart-
ment, at sodium concentrations of 180-190 meq/L,
acts as a buffer to exogenous sodium. Inappropriately,
this sodium store could be released into the blood,
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resulting in hypervolemia and oxidative stress or in-
ducing the activation of cellular mechanisms involved
in tissue fibrosis. Indeed, in hemodialysis patients,
sodium and water in skin and muscle are increased
and vascular endothelial growth factor (VEGF) is
reduced when compared to age-matched healthy in-
dividuals, and this phenomenon may contribute to
hypertension.*

The role of excessive renin secretion in relation to
volume status and sodium has been recognized as an
important factor in the pathogenesis of hypertension
in dialysis patients. It is well-known that activation of
the renin-angiotensin-aldosterone system occurs even
in ESRD patients in dialysis treatment,* eventually
resulting in dialysis refractory renin-dependent hyper-
tension. Additionally, secondary hyperaldosteronism
contributes to hypertension and it has recently be-
come clear that apart from hypertension, aldosterone
may have numerous blood-pressure-independent ac-
tions that under conditions of high salt concentration,
is injurious to the kidney, heart, and vasculature.*

Increase arterial stiffness occurs frequently in di-
alysis patients, mainly related to calcium and phos-
phate disturbance metabolism resulting in vascular
calcification.*” Premature vascular aging and arterial
stiffening are observed with progression of CKD and
in ESRD. This accelerated aging is associated with
outward remodeling of large vessels, characterized by
increased arterial radius that is not totally compen-
sated for by artery wall hypertrophy. Arterial stiffen-
ing in CKD and ESRD patients is of multifactorial
origin with extensive arterial calcifications represent-
ing a major covariate.* In dialysis patients, arterial
stiffness assessed by aortic pulse wave velocity (PWV)
is closely related to high interdialytic BP, and increas-
ing PWV blunts the circadian amplitude of systolic BP
and pulse pressure.®

Increased activity of the sympathetic nervous
system may contribute to hypertension in ESRD pa-
tients.’® Sympathetic nerve discharge was 2.5 times
higher in dialysis patients than in normal subjects
and this discharge was not correlated with either
plasma noradrenaline concentration or plasma re-
nin activity.’! Fluid overload of greater than 6% of
body weight results in activation of the sympathetic
nervous system,’? and angiotensin-converting enzyme
(ACE) inhibition could result in reduction of this
sympathetic hyperactivity.”® Endothelium-dependent
vasodilatation is impaired in uremia, and nitric oxide
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Figure 1. Factors involved in the development of hypertension in dialysis patients.
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(NO) deficiency occurs in ESRD patients, contribut-

ing to hypertension in hemodialysis and peritoneal
dialysis patients.’* The production of NO by the
vascular endothelium is inhibited by asymmetric di-
methylarginine (ADMA), which accumulates in CKD
patients, particularly in those with atherosclerotic
complications.”* However, no significant correla-
tion was observed between ADMA concentrations
and BP in dialysis patients.** Additionally, deficiency
of renalase, an enzyme produced by the kidney that
metabolizes catecholamines and catecholamines-like
substances, may contribute to increased sympathetic
nervous system activity in CKD.%®

Endothelial dysfunction may contribute to hyper-
tension in dialysis patients through several mecha-
nisms. Patients with CKD show reduced NO avail-
ability measured as NO-dependent vasodilatation
and this phenomenon may be related to reduced NO

production.’” Indeed, high circulating levels of asym-
metric dimethylarginine (ADMA), an endogenous
NO synthase inhibitor, are observed in CKD patients,
8 and in ESRD hemodialysis patients, ADMA is as-
sociated with cardiovascular disease and mortality.
3 Additionally, endothelin-1 may have an important
role in the development of intradialytic hypertension,
80 which occurs regularly in 10-15% of hemodialysis
patients.®!

In 20 to 30% of CKD patients, regular adminis-
tration of human recombinant erythropoietin (rHuE-
PO) is accompanied by “de novo” hypertension or
aggravation of preexisting hypertension, and the in-
crease in BP occurs within a few weeks to months af-
ter initiation of rHuEPO.®? Grekas et al.** observed
hypertension in 62% of rHuEPO-treated hemodialy-
sis patients but only in 38% of those not receiving
rHuEPO. An increase in red cell mass during or after
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correction of anemia leads to increase whole-blood
viscosity and cardiac afterload®® and may contribute
to hypertension in those patients, but increase in BP
may occur even before hematocrit increases.®* Other
factors related to rHuEPO-induced hypertension in
CKD patients include endothelin release, vascular
endothelial dysfunction, preexisting hypertension, el-
evation of cytosolic free calcium in vascular smooth
muscle cells, inhibition of NO synthesis, and rapid
correction of anemia.®® Additionally, higher rHuEPO
doses, higher target hemoglobin levels,* and possibly
dialysis modality®” have been associated with a higher
BP response.

Sleep apnea is highly prevalent and may be related
to volume overload® in dialysis patients. Nocturnal
hypoxemia in sleep apnea has been associated with
higher nocturnal SBP and left ventricular relative wall
thickness,*® and resistant hypertension,'>** while the
obstructive apnea-hypopnea index is significantly
reduced after hemodialysis with reduction of fluid
overload.”

Secondary hyperparathyroidism may also result
in hypertension in ESRD population by mechanisms
including entry of calcium into vessel wall smooth
muscle cells. However, parathyroidectomy failed to
correct hypertension in patients on chronic hemodi-
alysis.”" In contrast, activated vitamin D therapy for
secondary hyperparathyroidism resulted in significant
decreases in mean BP.”

In dialysis patients, plasma a-human atrial natri-
uretic peptide (a-ANP) levels are elevated, reflecting
extracellular volume expansion. The a-ANP values
decrease post-dialysis but remain elevated in patients
with altered left atrial hemodynamics (65). Similar
to a-ANP, the concentration of brain natriuretic pep-
tide (BNP) is higher in hemodialysis patients than in
healthy volunteers, and BNP is lowered less efficiently
by dialysis procedure.” Franz et al.”* observed that, in
hemodialysis patients with moderate or severe hyper-
tension, the levels of pro-ANP fragments and a-ANP
were higher than in patients with mild hypertension.
Indeed, cardiac natriuretic peptides are related to left
ventricular mass and predict cardiovascular mortality
in dialysis patients.®

Although it has been established that interdialytic
salt restriction or intradialytic removal of salt and flu-
ids is effective in reducing BP, success over time is very
rare.”> Other studies have been performed in dialysis
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population to investigate the impact of salt restriction
on blood pressure levels. Ozkahya et al.,” by empha-
sizing sodium restriction, stopping all antihyperten-
sive drugs, and intensifying ultrafiltration, observed
not only significant reduction on BP levels, but also
in left ventricle wall thickness. The same group ob-
served, in another study, that sodium chloride restric-
tion to < 6 g/day determined normalization of BP lev-
els after 36 months.””

Because the sodium concentrate of the dialysate
is usually higher than that of the patient’s serum, it
can influence post dialysis thirst, interdialytic weight
gain, and BP. In addition, salt balance is positive with
the habitual high dietary sodium intake and use of
saline solutions to maintain plasma volume during
UF and to treat hypotension episodes during dialysis
treatment. Low sodium level in dialysate resulted in
lower intra- and inter-dialytic plasma sodium when
compared with high dialysate sodium,”® and a pro-
grammed variable sodium dialysis from 155 meg/L to
135mEq/L resulted in a reduction of antihypertensive
drugs use, without alterations in predialytic BP when
compared to a dialysate sodium concentration of 140
meq/L.”

MANAGEMENT OF HYPERTENSION IN STAGE 5 CKD

Current data from several observational studies!? %
and a prospective cohort study®! suggest a “U-shaped”
association between pre-HD BP and mortality. This
means that blood pressure below certain levels may
be more harmful than high levels, especially when pa-
tients present with severe cardiomyopathy, that often
modifies the relationship between BP and mortality,
determining a very low survival in ESRD patients wi-
th SBP < 115 mmHg (82). On the other hand, post-
-dialysis SBP > 180 and DBP > 90 mmHg were asso-
ciated with increase in cardiovascular mortality and
should be treated aggressively.®* This reverse epide-
miology of BP and cardiovascular mortality makes it
difficult to establish a real and reliable target for BP
levels in dialysis patients. Nevertheless, international
guidelines for cardiovascular disease recommend BP
level less than 140/90 mmHg at the beginning of the
week. However, this recommendation should not be
applied uniformly in the dialysis setting,'>** because
the aggressive approach to control BP can increase the
risk of symptomatic intra-dialytic hypotension and its
consequences.
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NON-PHARMACOLOGICAL THERAPY

Most patients in stage 5 CKD develop a positive so-
dium balance and an increase in extracellular volume
(ECV), with salt and water overload playing a cen-
tral role in the development of hypertension. High
salt intake has been shown to be associated with
high pre-dialysis SBP and cardiovascular disease.®
Normalizing sodium and fluids balance is key to con-
trol BP and to reduce cardiovascular events, as stated
by the most recent guideline;® dietary salt restriction
should be below 5-6 g/day and interdialytic weight
gain should not exceed 0.8 kg/day. Indeed, in peri-
toneal dialysis patients, salt and water excess are the
most important determinants of elevated BP'>% and
many authors recommend salt restriction (< 5g/day)
for all peritoneal dialysis patients unless there is evi-
dence of volume contraction.’” Such dietary targets
are particularly important in the presence of loss of
residual renal function and when the patient have a
high membrane transport that negatively interfere in
the ultrafiltration.

Another way to regulate the fluid volume of dialy-
sis patients, particularly in hemodialysis, is to set an
appropriate dry weight (DW). In clinical practice, the
DW is usually established by a progressive decline in
post dialysis body weight over a 4-8-week period af-
ter initiation of maintenance hemodialysis (88). This
post-dialysis DW may be defined as the post dialy-
sis body weight at which ECV in within the normal
range or the target BP value without the need for an-
tihypertensive medications.® These definitions, obvi-
ously, cannot be applied to those patients who are
hypotensive because of cardiomyopathy. In contrast,
establishing a DW for PD patients is very complicated
and the motive of frequent debates. There are some
attempts to monitor volume status of PD patients
with multifrequency bioimpedance and the results are
acceptable.!>%

The clinical history and physical examination may
help in detecting more obvious ECV increases, but in
general, assessment of DW using clinical parameters
presents low sensitivity.”” Attempts have been made
to determine DW by bioimpedance device (BIA)! by
monitoring regional resistance and resistivity in the
calf, showing that the prescribed target weight can be
decrease over time, improving BP control. Other BIA
devices that assess whole body composition provide
readouts of BP and ECV status that may be helpful
in the follow-up of fluid balance and information
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about increased risk of mortality when overhydration
is present.”> Randomized control studies have dem-
onstrated that optimization of DW by bioimpedance
methods are safe and capable of improving BP control
in dialysis patients.'>"3

Other methods for assessing ECV include mea-
surement of vena cava diameter, which requires time
for post dialysis equilibration and is operator-depen-
dent.”* Lung ultrasound can detect asymptomatic pul-
monary congestion in hemodialysis patients, and the
resulting BL-US (B-lines ultrasound) score is a strong
and independent predictor of death and cardiac events
in this population.

Increasing the dialysate sodium concentration
above the pre-dialysis values may help reduce episodes
of intradialytic hypotension but may lead to increased
weight gain by enhanced thirst.® It may be best to ad-
just sodium dialysate concentration to match the pa-
tient’s pre-dialysis plasma sodium and not use higher
dialysate sodium. Use of hypertonic dextrose rather
than saline in the management of intradialytic hypo-
tension and cramps also increases the potential for a
neutral sodium balance. Dietary salt restriction is use-
ful for DW optimization and blood pressure control
in dialysis patients. Several studies have consistently
reported a decrease in interdialytic weight gain, as-
sociated reduction in BP levels, and more significant
reduction in left ventricular mass.!>%

IMIORE FREQUENT DIALYSIS SESSIONS

Conventional hemodialysis is frequently associated
with high ultrafiltration (UF) rates, which enhance
the risk of muscle cramps and hypotensive episo-
des. The symptoms are treated by saline intrave-
nous infusion, which favors an expanded ECV,
hypertension, and risk of developing LVH. The
prescription of longer or more frequent dialysis
sessions allows the decrease in UF rates and redu-
ces the risk of intradialytic complications,®” impro-
ving LVH"® and cardiac function.” More frequent
hemodialysis sessions than the conventional three
times weekly regimen reduces BP more consistently
and requires fewer anti-hypertensive medications
to achieve the same BP control.'>'° The European
Best Practice guidelines recommend that the length
of the hemodialysis session should not be deter-
mined only by an optimal KT/V result, but by sta-
blishing at least three dialysis sessions of 4 hours

each to ensure optimal volume status.!!



Additionally, in the FREEDOM trial,'*? a prospec-
tive cohort study of short daily HD, the mean number
of prescribed antihypertensive agents decreased from
1.7 to 1.0 in 1 year, whereas the percentage of patients
not prescribed antihypertensive agents increased from
21 to 47%. Kotanko et al.'®® analyzed the effects of
more frequent hemodialysis sessions on BP control
in a randomized controlled trial, including patients
on daily diurnal and nocturnal HD treatment versus
conventional three weekly HD sessions and observed
after twelve months a sustained and significant reduc-
tion in both diastolic and systolic BP, as well in the
number of prescribe antihypertensive medications.
Nocturnal HD appears to markedly reduce total pe-
ripheral resistance and plasma norepinephrine and
restore endothelium-dependent vasodilation. In con-
clusion, the above information indicate that intensive
HD, in general, reduces BP and the need for antihy-
pertensive medications.

PHARMACOLOGICAL THERAPY

When prescribing antihypertensive drugs to stage
5 CKD patients on dialysis one must be aware that
pharmacokinetics may be altered by the impaired
kidney excretion and the drug dialyzability. In addi-
tion, reduced compliance, side effects, and financial
costs can have an impact in treatment effectiveness.
Other problems related to this special population
are the occurrence of intradialytic hypotension and
vascular access thrombosis.'™ Moreover, some an-
tihypertensive effects drugs are also cardioprotec-
tive, decreasing the risk of death by cardiovascular
disease. Examples of drugs in this category are the
renin-angiotensin-aldosterone system (RAAS) inhibi-
tors, B-adrenergic blockers, calcium channel blockers
(CCBs), and aldosterone inhibitors (for patients not
on dialysis). Angiotensin II has been implicated in en-
dothelial dysfunction, smooth muscle proliferation,
atherosclerotic plaque rupture, and LVH, the latter
occurring even when BP is controlled.® In the general
population, the use of RAAS decreases cardiovascular
events'® in patients with left ventricular dysfunction
and in stable coronary artery disease. Similarly, in the
non-ESRD population, the clinical use of B-blockers
confer cardiovascular protection'® and CCBs decrea-
se intracellular calcium levels produced by secondary
hyperparathyroidism and alter lipid profile, which
may reduce cardiovascular risk!?’.

Hypertension in dialysis

Studies of antihypertensive drugs in CKD dialy-
sis patients have shown limited results and two me-
ta-analysis of randomized trials conclude that the
real merit of these drugs (RAAS, CCBs, B-adrenergic
blockers) are not well established.'®'% The two meta-
analyses confirmed that treatment with antihyperten-
sive agents was associated with reduction on cardio-
vascular events, but when normotensive patients were
included in the analysis, the beneficial effects of the
drugs were markedly diminished, becoming non-sig-
nificant. Most importantly, none of the trials included
in these meta-analyses specifically targeted BP levels.
According to these data, BP control by anti-hyperten-
sive drugs leads to better cardiovascular outcomes,
however, an optimal regimen to control BP and re-
duce mortality has not yet been stablished.

As for hemodialysis, there is a lack of studies to
define the ideal target for blood pressure to reduce
cardiovascular events. However, one recent study de-
serves some comments. A randomized controlled trial
described a significant benefit in the cardiac function
of peritoneal dialysis patients with the use spirono-
lactone in addition to a RAAS inhibitor without any
additional risk of hyperkalemia.!® Finally, there are
not enough studies comparing the benefits of one
class of antihypertensive over another for PD pa-
tients. Nevertheless, the positive impact of the RAAS
inhibitors on the residual renal function and in the
preservation of the peritoneal membrane found in
some studies gave some popularity to these classes of
antihypertensive drugs.!'">''?

Recommendations on antihypertensive drugs in
CKD dialysis patients are based on their effects in BP
reduction, side effects, and protective cardiovascu-
lar effects. The use of RAAS inhibitors, B-adrenergic
blockers, and CCBs is desirable in dialysis patients
because of their effects on plasma renin activity, in
reducing sympathetic activity, and in decreasing in-
tracellular calcium levels, respectively.® Beyond any
individual preference, there is no strong evidence to
recommend one specific class of antihypertensive
drug over another in CKD dialysis population and
only few clinical trials have demonstrated some ben-
eficial cardiovascular effects of RAAS inhibition and
B-adrenergic blockers in those patients.!'>!"* RAAS
inhibitors should be used in CKD-VD patients be-
cause these agents are particularly beneficial for car-
diac disease frequently observed in dialysis patients
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and are effective in reducing left ventricular mass
and mortality.!'>!!¢ Specifically related to this topic
of interest, there is an ongoing phase 3 trial evaluat-
ing Spironolactone 25 mg (Aldosterone bloCkade for
Health Improvement EValuation in End-stage Renal
Disease (ACHIEVE) - https:/clinicaltrials.gov/ct2/
show/NCT03020303) and its purpose is to determine
if spironolactone reduces death or hospitalization for
heart failure and if the drug is well tolerated in pa-
tients that require dialysis.

Hypertension and heart failure (HF) are condi-
tions frequently seen in the CKD population and
sympathetic overactivity plays an important role in
this scenario, making B-blockers suitable for treat-
ing both conditions (117). A meta-analysis con-
cluded that treatment with B-blockers improved
all-cause mortality in patients with CKD and heart
failure (118). Additionally, some prospective stud-
ies demonstrated that the use of B-blockers are
associated with reduce risk of mortality in hemo-
dialysis patients.!'%!'"? More recent, another thera-
peutic agent, sacubitril-valsartan, was approved
for use in patients with HF and this dual-acting
agent enhances the functions of natriuretic pep-
tides and inhibits the renin-angiotensin system,'?
with potential benefit for CKD patients.

Finally, the removal of an antihypertensive drug
during dialysis sessions (for example B-blockers) may
predispose patients to uncontrolled BP'?! and the
pharmacokinetic of ACE inhibitors are quite differ-
ent among each other, determining the post-dialysis
supplementation of drugs in some cases. Some drugs
with long-acting antihypertensive effects (Atenolol
and Lisinopril) can be administered thrice weekly,
thus enhancing pharmaco-adherence.'*1??

CONCLUSIONS

Hypertension is frequently diagnosed in the dialy-
sis population, difficult to manage, and associated
with an increased risk of cardiovascular disease.
The complex pathophysiology of this condition ex-
plains the great difficulty of its treatment. At pre-
sent, the superiority of home self-measured blood
pressure over pre-hemodialysis is convincing and
other investigation tools, like ambulatory blood
pressure monitoring, are becoming more applied in
CKD populations. In general, all antihypertensive
drugs can be used in dialysis population, with the
adequate dose adjustment determined by clearance
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during dialysis sessions. The use of combined non-
-pharmacologic, particularly dietary sodium res-
triction, dialysate sodium adjustment and use of
antihypertensive drugs (preferentially cardiopro-
tective ones) may be the best practice to optimize
blood pressure control. Randomized clinical trials
with anti-hypertensive drugs aiming to reduce
mortality are still needed, as well as a definitive
guideline of BP control in dialysis population. In
addition, non-pharmacological interventions with
different dialysis modalities or schemes and so-
dium restriction should be adequately tested in this
high-risk population.
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