Chapter 7
Hypertension in the Dialysis Patient

Arjun D. Sinha

Introduction

Hypertension is both a cause and a consequence of the spectrum of chronic kidney
disease (CKD) to end stage renal disease (ESRD). Despite steady improvement,
mortality remains high in the dialysis population with a 5-year survival rate only at
40 % [1], which compares poorly to some advanced cancers [2]. Cardiovascular
events remain the leading cause of death in dialysis [3], with hypertension an impor-
tant contributor. Thus the diagnosis and management of hypertension in dialysis is
a vital topic to all dialysis patients and providers. This chapter will review the epi-
demiology, diagnosis, treatment, and prognosis of hypertension in the dialysis
population.

Epidemiology

Blood pressure in the hemodialysis (HD) patient is a moving target that is influ-
enced by when and where it is measured, complicating diagnosis. The epidemiol-
ogy of hypertension in HD therefore can vary depending not only on the BP cutoffs
employed but also on when and where BP is measured: in the HD clinic before or
after dialysis (called peridialytic BP) versus outside the dialysis unit using ambula-
tory BP monitoring (ABPM) or home BP monitoring during the interdialytic period.
Table 7.1 summarizes the various methods of assessing BP in HD.
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Table 7.1 Methods of hemodialysis BP measurement

Method Description Comments

Peridialytic BP Measured both before Easily available but highly variable
and after HD

Intradialytic BP Median of all BP measures Easily available but needs more study
during one HD run

Ambulatory BP Measured every 20-30 min over | Gold standard but cumbersome
44 h between HD runs

Home BP Measured twice daily at home Correlates well to ambulatory BP and

accessible by most patients

Epidemiology Using Peridialytic BP Measurements

Multiple observational studies using peridialytic BP have found a high prevalence
of hypertension in HD ranging from 62 to 86 %; notably, these studies used different
threshold BP values varying from 140/90 to 160/90 mmHg and variously included
antihypertensive drug use in their definitions of hypertension [4—7]. More recent
analyses of randomized trials have found similar rates of hypertension.

The Hemodialysis (HEMO) Study was a landmark large multicenter trial of HD
dose and dialyzer flux on survival [8] that recruited clinically stable HD patients [9].
An analysis of the baseline characteristics of the first 1238 subjects randomized into
the HEMO Study between March 1995 and April 1998 found 72 % of the cohort to
be hypertensive, defined as peridialytic BP =140/90 mmHg during the baseline HD
session [10]. This rate of hypertension was despite 74.2 % of the cohort receiving
antihypertensive medications, with a median of 1.0 drug per subject.

The BP data from an even larger randomized double blind and placebo con-
trolled trial of sodium ferric gluconate was examined in detail with similar results
[11]. The original trial enrolled 2535 clinically stable HD patients between August
1999 and October 2000 [12]. Using a definition of hypertension as pre-HD BP
>150/85 averaged over 1 week or the use of antihypertensive medications, an analy-
sis of baseline data found a prevalence of 86 % for hypertension in this cohort [11].
Within the hypertensive subjects only 30 % were controlled, while 12 % weren’t
treated pharmacologically and 58 % were treated but still uncontrolled [11], which
is similar to previous reports [6].

Epidemiology Using Ambulatory BP Measurements

A recent single center study of 369 prevalent and clinically stable HD patients employed
44 h interdialytic ABPM and found a prevalence for hypertension at 86 % using a defi-
nition of hypertension as average ambulatory BP of >135/85 mmHg or antihyperten-
sive drug use; [13] this prevalence is similar to prior small studies of ABPM in HD
[14]. In the cohort of 369 patients, hypertension was treated with medications in 89 %
of patients but was controlled adequately in only 38 % of patients [13].
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Epidemiology in Peritoneal Dialysis Patients

It has been suggested that peritoneal dialysis (PD) controls hypertension better than
HD, with a single center study of 56 prevalent and clinically stable PD patients find-
ing that only 9 % of the cohort was hypertensive with BP >140/90 mmHg by stan-
dardized auscultated BP as compared to a hypertension prevalence of 56 % in the
same center’s HD unit [15]. Similarly, control of BP was compared in the retrospec-
tive Peritoneal Dialysis Core Indicators Study in the mid-1990s that found among
the 926 PD patients with BP data only 35 % were hypertensive with BP >150/90 mmHg
with the cohort having an average BP of 139/80 as compared to a contemporaneous
cohort of HD patients whose average pre-HD BP was 151/79 and post-HD BP
137/74 mmHg [16]. A larger study using United States Renal Data System (USRDS)
data from the Dialysis Morbidity and Mortality Wave 2 study in the late 1990s found
that from 1034 PD patients 54 % had SBP >140 mmHg while on a mean of 1.6 anti-
hypertensive medications [17].

While the above reported prevalence values for hypertension in PD patients are
less than that generally reported for HD, this is not a universal finding. A prospec-
tive study of 504 prevalent and clinically stable PD patients found a hypertension
prevalence of 88 % defined as BP >140/90 mmHg or use of antihypertensive medi-
cations, and of the hypertensive patients only 16 % were adequately controlled [18].
Additionally 24 h ABPM was performed, and of the 414 adequate examinations
hypertension was present in 69 % based on BP load >30 %, with load defined as the
percent of ambulatory BP readings >140/90 mmHg during the day or >120/80 mmHg
at night. Also utilizing ABPM, a study of 22 HD and 24 PD patients that were well
matched for major clinical characteristics found no significant difference in either
daytime or nighttime BP between the two groups [19]. Thus while there is a sugges-
tion that PD may control hypertension better than HD there is no conclusive evi-
dence that this is the case.

Diagnosis

ABPM is the accepted gold standard for diagnosing hypertension in the general
population and in the ESRD population on dialysis [20-23]. ABPM not only per-
mits the diagnosis of nocturnal hypertension, it is also superior to peridialytic BP
measurements in correlating end organ damage manifest as left ventricular hyper-
trophy (LVH) [24] and predicting the outcome of mortality [25]. The proper ABPM
technique includes employing a validated monitor [26] to measure BP every 20 min
during the day from 6 AM to 10 PM and then every 30 min at night from 10 PM to
6 AM [27]. This prolonged interval of measurement permits observation of the full
change in BP during the interdialytic period, where SBP increases an average of
2.5 mmHg every 10 h [28, 29]. Unfortunately, ABPM is also cumbersome to use,
especially over 44 continuous hours, so it remains a research technique in ESRD.
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As ABPM is not used routinely, more convenient methods of measuring BP and
diagnosing hypertension must be employed. Since BP changes both during the HD
session and during the interdialytic interval there remains uncertainty about how
best to diagnose and manage hypertension in the HD population, which may con-
tribute to both undertreatment [14, 30] and overtreatment of hypertension [31].
Further complicating matters, HD patients have significant seasonal variability in
BP with lower BP during the summer and higher during the winter [32], possibly
due to temperature mediated vasodilation or sweat induced volume losses.

Classically, the peridialytic BP measures taken before and after an HD session
have been used to diagnose and manage hypertension, and while there are no ran-
domized clinical trials to guide goal BP recommendations in ESRD, longstanding
professional guidelines have employed peridialytic BP values. The National Kidney
Foundation Kidney Disease Outcomes Quality Initiative (NKF KDOQI) guidelines
recommend to target pre-HD BP <140/90 mmHg and post-HD BP <130/80 mmHg
[33]. Unfortunately, making treatment decisions based on peridialytic BP can be
associated with adverse outcomes, as shown by a study of 11 HD units in London,
England that found those HD units with more patients reaching the post-HD BP
goal had significantly more episodes of symptomatic hypotension requiring saline
infusion [34]. Peridialytic BP is highly variable such that the variability within a
given patient over time is similar to the variability between patients [35], possibly
due in part to these measurements often being made without attention to technique
[36]. While peridialytic BP does have a statistically significant relationship to the
gold standard interdialytic ambulatory BP [37], it is because of the inherent vari-
ability in peridialytic measurements that a meta-analysis of 18 studies comparing
peridialytic BP and interdialytic ABPM found very wide limits of agreement
between the techniques such that peridialytic BP provides a very imprecise estimate
of interdialytic BP [38]. In the meta-analysis the limits of agreement between pre-
HD SBP and interdialytic ambulatory SBP ranged from +41.7 mmHg to —25.2 mmHg
while the limits of agreement for post-HD SBP were similarly broad, which illus-
trates the reduced clinical utility of a diagnosis of hypertension or normotension
based on peridialytic BP [38].

A readily available alternative to peridialytic BP is to use all the BP measure-
ments made during a single mid-week HD session to calculate a median BP, which
is easier to calculate at the bedside compared to mean BP. A study of 150 chronic
HD patients found that median intradialytic BP had the best reproducibility and was
superior to either pre- or post-HD BP or their average for predicting 44 h interdia-
lytic ambulatory BP [39]. In this study median intradialytic SBP >140 mmHg dur-
ing a mid-week HD session had an 80 % sensitivity and specificity for diagnosing
hypertension by gold standard ABPM [39]. Additionally, median intradialytic BP
has been shown to change in response to interventional reduction in dry weight to
reduce BP [40], further supporting the clinical usefulness of this measure.

Home BP monitoring is the third alternative to clinically inconvenient gold stan-
dard ABPM, as home BP monitoring is the recommended method to routinely diag-
nose and manage BP in general hypertension populations by both the American
Heart Association [41] and the European Society of Hypertension [42] and its use is
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Table 7.2 Advantages of . Predicts gold standard
home BP monitoring over ambulatory BP
peridialytic BP 3

—

. Reproducibility
. Reflects changes in dry weight

alw

. Correlates to left ventricular
hypertrophy

5. Predicts cardiovascular events

6. Predicts mortality

7. Randomized trial evidence for
efficacy of BP control

8. Recommended by major
professional societies

feasible and practical both in patients with CKD and ESRD [43, 44]. Home BP
monitoring is superior to peridialytic BP measurements by every methodological
and clinical standard. This includes superior correlation with gold standard ABPM
[45], week to week reproducibility [46], the ability to reflect BP changes from inter-
ventional probing of dry weight [46], correlation to the end organ damage of LVH
[24, 47], and predicting outcomes including cardiovascular events [48] and mortal-
ity [48, 49]. Table 7.2 summarizes the advantages of home BP monitoring.

Two small randomized trials have found home BP monitoring to be beneficial
versus usual care for management of BP in HD patients. The first randomized 34
patients to home BP monitoring plus usual care versus usual care only over 12
weeks and found that the home BP group had significantly lower BP at the end of
the study [50]. A subsequent trial of 65 HD patients randomized participants to
usual hypertension care based on pre-HD BP versus open label monthly home BP
monitoring for 6 months [51]. At the end of the trial the home BP monitoring group
had a significant reduction in ambulatory SBP both from baseline and versus the
usual care group, which had no change in ambulatory SBP from baseline. However
the primary endpoint of reduction in echocardiographic LVH was no different
between groups, possibly due to lack of power and variability in the timing of the
echocardiograms relative to the HD schedule [51].

As with ABPM, home BP increases between HD sessions, at an average rate of
4 mmHg every 10 h [52], so it is important to adequately sample home BP at spaced
intervals between HD sessions. Randomized trials have used protocols of home BP
monitoring performed twice daily over 4-7 days once per month [51, 53], which is
a reasonable regimen for routine clinical use and decision making. Measurements
performed more than once per month may be needed in more unstable patients
including those recently hospitalized. Table 7.3 summarizes the suggested method
of home BP monitoring.

There are no randomized trials comparing goal BP levels in the dialysis population
using any of the available BP methods including peridialytic BP, intradialytic BP,
home BP, or interdialytic ambulatory BP. However, the American Heart Association
defines hypertension as home BP >135/85 mmHg on average for the general popula-
tion [41], so a goal interdialytic home BP target of <140/90 mmHg is reasonable [54],
as was used in a recent large randomized trial of BP control in HD [53].
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Table 7.3 Suggested method 1. Check both morning and
for home BP monitoring evening

2. Check for 4-7 consecutive days
duration

3. Check once monthly or more
often if clinically unstable

4. Goal home BP <140/90

Intradialytic Hypertension

While the focus of diagnosis and treatment of hypertension in chronic HD is on
interdialytic BP between HD sessions, the case of intradialytic hypertension merits
special mention. BP normally declines during the HD, but approximately 5—15 % of
chronic HD patients have a paradoxical rise in BP during the HD session [55].
Intradialytic hypertension has been described variously and there is currently no
uniformly recognized definition. Definitions have included (1) a change in SBP or
mean arterial pressure from pre-HD to post-HD over various thresholds from
>0 mmHg to =10 mmHg change [56, 57], (2) a positive slope after regression of all
intradialytic SBP values [58], or (3) BP increase during or immediately following
HD resulting in post-HD BP >130/80 mmHg [55].

Recently it has been recognized that intradialytic hypertension is associated with
worse outcomes. Inrig and colleagues performed a secondary analysis of a random-
ized trial in 443 prevalent HD subjects and found intradialytic hypertension to be
significantly associated with greater mortality at 6 months [56]. Similarly, in a subse-
quent observational study of a cohort of 1748 incident HD patients Inrig and col-
leagues found 2-year survival to be significantly decreased for each 10 mmHg increase
in SBP from pre-HD to post-HD BP, however this relationship was limited to those
whose pre-HD SBP was <120 mmHg [59]. Most recently, a prospective cohort study
of 115 prevalent HD patients found an average pre-HD to post-HD rise in SBP of
>5 mmHg to significantly predict all-cause and cardiovascular mortality [60].

Intradialytic hypertension has been associated with interdialytic hypertension as
measured by 44 h ABPM [57, 58], so it is not surprising that the same mechanisms
implicated in causing interdialytic hypertension between HD sessions have also
been implicated in causing intradialytic hypertension during the HD session [55],
but the preponderance of evidence currently points to volume overload and endothe-
lial dysfunction. Markers of volume overload such as increased cardiothoracic ratio
have been associated with intradialytic hypertension [60], but most importantly
interventional trials have shown volume removal though dry weight reduction
improves intradialytic hypertension. An early study from the mid-1990s included
seven patients with intradialytic hypertension and found them all to have marked
cardiac dilation and to be very hypertensive with mean pre-HD BP 172/99 mmHg
despite medications [61]. All subjects had subsequent reduction in dry weight with
an average weight loss of 6.7 kg that was associated with an improvement in pre-
HD BP by 46/21 mmHg despite discontinuation of all BP meds. More recently a
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secondary analysis of the Dry Weight Reduction in Hypertensive Hemodialysis
Patients (DRIP) trial [62] regressed the intradialytic BP values for the 150 trial sub-
jects and found that the quintile of subjects with the greatest reduction in dry weight,
more than 0.94 kg reduction after the first 4 weeks of the trial, also had the most
positive BP slope at baseline as they were the only quintile with intradialytic hyper-
tension by this definition [58]. Importantly, after dry weight reduction this same
quintile had reduction in BP slopes to finish the trial, meaning their intradialytic
hypertension had resolved such that their BP slopes were similar to the other sub-
jects. Thus intradialytic hypertension appears to be a marker of volume overload
that is amenable to dry weight reduction.

Additionally, endothelial dysfunction has been identified as an important media-
tor as there is evidence for both a rise in endothelin-1 levels [63] and a decrease in
nitric oxide during HD [64] in patients with intradialytic hypertension. The contri-
bution of endothelial function was investigated in 25 HD patients recruited in an
8-week pilot study with a before—after design using carvedilol [65], which has been
shown to block endothelin-1 release in vitro [66]. Subjects were administered
carvedilol up to a dose of 50 mg twice a day, and while endothelin-1 levels were
unchanged on carvedilol, flow mediated dilation significantly improved [65]. Of
clinical importance, the frequency of intradialytic hypertension was significantly
reduced from 77 % of HD sessions down to 28 % of sessions and average 44 h inter-
dialytic ambulatory SBP was also reduced from 155 to 148 mmHg with carvedilol
treatment.

Thus based on the available evidence, a renewed focus on addressing volume
overload should be a priority for those patients with a paradoxical rise in BP on HD,
and specifically targeting endothelial dysfunction with agents such as carvedilol can
also be considered. The features of intradialytic hypertension are summarized in
Table 7.4.

Treatment

As an introduction to the specifics of treating hypertension on dialysis, it’s instruc-
tive to briefly review the major modifiable causes of hypertension in this population
with a focus on those etiologies that can currently be addressed. As both a cause and

Table 7.4 Features of 5-15 % prevalence

intradialytic hypertension No single accepted definition

Associated with increased mortality

Caused by volume overload and
endothelial dysfunction

Evidence for improvement with dry
weight reduction and carvedilol
therapy
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Table 7.5 Major treatable causes of hypertension in dialysis

Cause Treatment

Obstructive sleep apnea Continuous positive airway pressure
Volume overload Dry weight reduction
Renin—angiotensin—aldosterone system ACEi, ARB, and spironolactone
Sympathetic overactivity Beta-blockers, renal nerve ablation
Erythropoietin Reduce dose

a consequence of kidney disease, the pathophysiology of hypertension in CKD not
only shares commonalities with the general hypertensive population but also has
causes that are unique to kidney disease and its treatment. Table 7.5 summarizes the
major modifiable causes of hypertension in ESRD.

Risk Factors in Common with the General Population

Patients with CKD often carry a burden of pre-existing primary hypertension prior
to the recognition of their kidney disease. Additionally, risk factors in the general
hypertensive population are similarly present in the CKD population including obe-
sity, excessive salt intake, alcohol consumption, and physical inactivity. Obstructive
sleep apnea (OSA) is an additional comorbidity that is important to consider in
more detail.

In the general population OSA frequently coexists with hypertension [67—69],
with hypopnea leading to hypoxemia and ultimately to sympathetic activation.
OSA is strongly linked with resistant hypertension as the presence of OSA is a
risk factor for resistant hypertension and the severity of OSA correlates with the
severity of hypertension [70-72]. Given this link it is important to note that OSA
is a very common in the setting of CKD with the prevalence increasing with
declining renal function [73], culminating in a prevalence over 50 % for those
patients on dialysis [73, 74]. The association between OSA and resistant hyper-
tension is similarly strong in ESRD as a recent cohort study of subjects with
advanced CKD including 75 subjects on HD and 20 on PD found a sevenfold
increased risk of resistant hypertension in those dialysis patients with severe OSA
[75]. Interestingly, there is a growing recognition that OSA itself is caused or
exacerbated by volume overload that leads to parapharyngeal edema, which wors-
ens at bedtime in the recumbent position, both in patients without CKD [69] and
in those with ESRD [76, 77].

While most studies of continuous positive airway pressure for OSA in the non-
CKD population find significant improvement in BP, this improvement is typically
modest compared to medication [78], with CPAP use yielding a 1.7 mmHg improve-
ment in mean 24 h ambulatory BP [79].
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Causes of Hypertension Unique to End Stage Renal Disease

The two classic mechanisms felt to be responsible for hypertension in the “renopri-
val” state of ESRD are volume overload and an inappropriately activated renin—
angiotensin—aldosterone system (RAAS) [80]. Sodium loading has long been
clinically recognized as a major and essential contributor to hypertension both in
those with normal renal function [81] and in the setting of kidney disease. As the
glomerular filtration rate (GFR) declines less sodium is filtered leading to sodium
retention and to an expanded extracellular fluid volume. The increased plasma vol-
ume leads to increased cardiac output and then to increased total peripheral resis-
tance, whereby normal renal autoregulation would lead to a pressure natriuresis and
normalization of BP [82], however this natriuresis is incomplete or absent in
advanced CKD and ESRD and the increased total peripheral resistance persists.
Randomized trial evidence confirms that ultrafiltration for volume removal improves
BP on HD [62].

The other classically recognized contributor is an inappropriately activated
RAAS [83], possibly provoked by renal ischemia in patients with renovascular dis-
ease or by regional ischemia due to renal fibrosis. Unsurprisingly, angiotensin con-
verting enzyme inhibitor (ACEi) therapy has been shown to be effective at reducing
BP in dialysis patients [84, 85].

Among the novel mechanisms of hypertension in advanced kidney disease, sym-
pathetic overactivity is now widely accepted as a contributor. Increased catechol-
amine levels [86] and increased catecholamine sensitivity [87] in CKD were both
demonstrated in the 1980s, and increased catecholamine levels have been shown to
predict cardiovascular events and mortality in chronic HD patients [88]. Unidentified
uremic toxins were originally thought to provoke this sympathetic overactivity,
however Converse and colleagues implicated the diseased kidneys themselves via
experiments wherein they measured muscle sympathetic nerve activity in three
groups of subjects: those on chronic HD with their native kidneys, those on chronic
HD status post bilateral nephrectomy, and normal controls [89]. They found
increased sympathetic activity and higher BP in those chronic HD patients still with
their native kidneys but those subjects who were surgically anephric have sympa-
thetic nerve activity and BP similar to the normal controls. Uremic toxins don’t
appear to be the cause of the increased renal afferent nerve signals that increase
sympathetic activity, as demonstrated by studies of patients who have normally
functioning renal transplants and still retain their native kidneys; [90] but renal
ischemia of the native kidneys is a likely contributor [91].

Lastly, medications contribute to hypertension in ESRD. Conventional medica-
tions such as over-the-counter nonsteroidal anti-inflammatory drugs and deconges-
tants can exacerbate hypertension, however erythropoiesis stimulating agents (ESA)
are commonly prescribed for the anemia of CKD and resultant hypertension has been
recognized since the early days of ESA use in ESRD [92]. The incidence of hyperten-
sion provoked by ESA administration is associated with the ESA dose but is indepen-
dent of red blood cell mass or viscosity [93, 94]. While the exact mechanism of how
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ESA use causes hypertension is unknown, the current evidence suggests that it is
mediated via vasoconstrictor effects, likely through increased levels of endothelin-1
or increased vasoconstrictive response to that peptide [95-97].

Up to 30 % of dialysis patients develop hypertension or require an adjustment in
antihypertensive medications with ESA use [98, 99], while the rise in BP with ESA
use typically ranges from 5 to 8 mmHg in SBP and 4-6 mmHg in DBP [100]. The
rise in BP with ESA administration is more likely in those with baseline hyperten-
sion [101] or a family history of hypertension [102]. There is unfortunately a pau-
city of evidence to guide the prevention of ESA induced hypertension but
recommended strategies include changing to subcutaneous administration, reducing
the goal hemoglobin level in those who are unresponsive to ESA therapy, minimiz-
ing the ESA dose by starting low and increasing slowly, and avoiding ESA use
entirely [54].

Volume Control

The focus of nonpharmacologic treatment of hypertension on dialysis is to treat
volume overload through complementary strategies both to reduce sodium intake by
dietary sodium restriction and individualization of the dialysate sodium while also
augmenting sodium removal by dry weight reduction, providing adequate time on
dialysis, and considering frequent dialysis. Table 7.6 summarizes the nonpharmaco-
logic treatment of hypertension in dialysis. The archetype for this management of
hypertension on dialysis is reported by Charra and colleagues from Tassin, France
where patients are dialyzed for extended hours on a low sodium dialysate and low
sodium diet is emphasized to the point where low sodium bread is provided to the
patients [103]. They report excellent control of BP despite antihypertensive medica-
tion use at only 1-2% [104], as well as low mortality with a 5-year survival rate
reported at 87 % [105], which is more than twice the current reported 5-year sur-
vival rate in the USA [1]. More recently a trial of low sodium diet and dry weight
reduction in 19 hypertensive HD patients with a before—after design found this com-
bined strategy reduced echocardiographic left ventricular hypertrophy [106].
Similar results have been reported in PD from a single center where all 47 of the
center’s hypertensive patients had their antihypertensive medications withdrawn
and BP was subsequently successfully controlled in 37 patients with a combination
of strict low sodium diet and added ultrafiltration [107].

Table 7.6 Complementary 1. Dry weight reduction
components of

nonpharmacologic treatment
of hypertension on dialysis

2. Dietary sodium restriction
3. Dialysate sodium reduction
4. Adequate time on dialysis

5. Consideration of frequent
dialysis
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Dry Weight Reduction

Malignant hypertension was common in ESRD prior to the advent of chronic HD
and since those earliest days ultrafiltration has been recognized as an effective
means of BP control in ESRD [108], including for the very first chronic HD patient
in the USA, Clyde Shields, under the care of Dr. Belding Scribner [109]. Only
recently has the randomized controlled DRIP trial of dry weight reduction defini-
tively confirmed those original observations [62]. The DRIP trial recruited 150
chronic and stable HD patients with hypertension confirmed by 44 h interdialytic
ABPM despite being on an average of 2.6 antihypertensive medications who were
then randomized in a two to one ratio to intervention versus usual care for the
8-week trial. All subjects had their antihypertensive medications and their pre-
scribed time on HD kept stable, and all were visited by a study physician on each
HD session during the trial. The intervention group received progressive reduction
in dry weight by at least 0.2 kg each HD session until they had symptoms of hypo-
volemia. Compared to the control group at 8 weeks, the intervention group had 1 kg
of weight reduction and average 44 h interdialytic ambulatory BP improved by
6.6/3.3 mmHg [62]. Notably, by design those in the intervention group necessarily
had to have symptoms of hypovolemia before dry weight reduction was stopped, but
despite this requirement there was no change in any domain of the Kidney Disease
Quality of Life questionnaire during the trial.

Management of Dry Weight

Unfortunately there is no single universally accepted definition of dry weight, but a
reasonable standard is that used by Sinha and Agarwal who define the dry weight as
the lowest tolerated post-HD weight achieved via gradual change in post-HD weight
at which there are minimal signs or symptoms of either hypovolemia or hypervol-
emia [110]. Thus, achieving and maintaining an adequately low dry weight is a
hands-on and iterative process that requires attention to details beyond only the
prescribed dry weight [111], including adherence to a low sodium diet, minimiza-
tion of dialysate sodium content, providing adequate time on HD, and consideration
of more frequent dialysis.

When deciding whether to adjust the dry weight prescription, the first step is the
assessment for volume overload. Unfortunately, while the routine clinical exam per-
forms well at detecting acute or massive volume overload, it performs poorly at
detecting subtle and chronic volume overload [110]. This is exemplified by a cross
sectional study of 150 chronic HD patients that found the presence of pedal edema
to have no correlation with putative objective markers of volume overload including
brain natriuretic peptide, echocardiographic inferior vena cava diameter, or relative
plasma volume slope [112]. As another example, it is important to consider that all
the hypertensive subjects of the DRIP trial were at their clinical dry weight as deter-
mined by their primary nephrologist to start the trial, yet the subjects of the inter-
vention group had their dry weight successfully reduced, which resulted in a
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Table 7.7 Clinical signs of 1. Elevated interdialytic BP by home or
volume overload on dialysis ambulatory monitoring

2. Multiple antihypertensive medications
3. Low interdialytic weight gain

4. Classical signs: peripheral edema,
pulmonary congestion, pleural effusion

clinically significant improvement in 44 h ambulatory BP [62]. This further
illustrates the difficulty in detecting subtle volume overload that if removed by
means of dry weight reduction will improve BP.

A number of experimental objective measures of volume status have been stud-
ied including natriuretic peptides, inferior vena cava diameter, relative plasma vol-
ume monitoring, and bioelectrical impedance analysis [113]. The latter two have the
most supporting evidence with a secondary analysis of the DRIP trial showing that
baseline relative plasma volume monitoring identified the most volume overloaded
subjects, who subsequently had the largest average reduction in weight at 1.5 kg and
the largest improvement in ambulatory SBP at 12.6 mmHg [114]. Most recently, a
randomized trial of bioelectrical impedance analysis to guide dry weight manage-
ment in a cohort of largely normotensive HD subjects found a significant improve-
ment in LVH as well as improvement in peridialytic BP despite reductions in
antihypertensive drug use for the intervention group [115].

However, these objective measures of volume status remain investigational and
remain to be adequately validated. Therefore the onus is on the treating nephrologist
to have a high index of suspicion for occult volume overload. Signs that should
prompt consideration for reduction in dry weight include uncontrolled hyperten-
sion, especially in those patients who are on multiple medications such as in the
DRIP trial where subjects were on an average of 2.6 antihypertensive drugs at base-
line [62]. Numerous studies have shown that greater antihypertensive drug use is
associated with worse control of hypertension [13, 116], which is plausibly due to
inadequately addressed volume overload which could be improved with reduction
in dry weight. Table 7.7 summarizes the clinical signs of volume overload.

Another sign to consider reduction in dry weight is a low interdialytic weight gain.
This comes from the observation that interdialytic weight gain tends to rise when dry
weight is reduced and vice versa [117]. Additionally the secondary analysis of the
DRIP trial that employed relative plasma volume monitoring found the flattest rela-
tive plasma volume slopes, corresponding to the most volume overload, in the group
with the lowest ultrafiltration volume [114]. This is not surprising considering the
mechanism of relative plasma volume monitoring, however the ultrafiltration vol-
ume generally equals the interdialytic weight gain, and, as noted above, subsequent
reduction in dry weight per the trial protocol in the group with the lowest interdialytic
weight gain resulted in the greatest weight loss at 1.5 kg and in the greatest reduction
in 44 h ambulatory SBP at 12.6 mmHg compared to any of the other groups with
higher interdialytic weight gains. Thus low interdialytic weight gain may be a sign of
occult volume overload and low interdialytic weight gain should not be considered to
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be synonymous with euvolemia [118]. As a purely practical matter, a low interdia-
Iytic weight gain also makes it easier to challenge the dry weight.

It is important to note that while volume overload is a major contributor to hyper-
tension in ESRD and volume removal is the foundation of hypertension control in
ESRD, that hypertension and volume overload are not equivalent. The presence or
absence of hypertension doesn’t definitively rule volume overload either in or out.
This is illustrated by a study of 500 HD patients using bioelectric impedance that
found 33 % of the cohort to be euvolemic and normotensive based on peridialytic
BP, while 10 % were hypervolemic yet still normotensive, and 13 % were euvolemic
but still hypertensive [119]. The distinction is even more important when outcomes
are considered. Volume overload has been shown to be independently associated
with mortality both when assessed by bioelectrical impedance [120] and by relative
plasma volume monitoring [121], even after adjusting for BP in both studies. So
while the presence or absence of hypertension is an important finding to guide the
clinical assessment of volume status in dialysis, the treating nephrologist must keep
an open mind and look for other confirming signs.

The recommended method to reduce dry weight is in decrements as small as
0.2-0.3 kg per HD session based on the recognition that even small changes in dry
weight can improve BP, as the DRIP trial had only 1 kg reduction in the dry weight
of the intervention group yet found a large change in ambulatory SBP, and other
trials of dry weight management have similarly found significant BP reduction with
similar changes in dry weight of only 1 kg or less [122, 123]. An added benefit of
making small and gradual changes in dry weight is that it builds trust in patients
who are often reluctant to permit their dry weight to be lowered for fear of provok-
ing symptoms such as cramping.

There are risks to challenging dry weight including increased risk of clotted vas-
cular access [49], accelerated loss of residual renal function [107], and increased
frequency of intradialytic hypotension, which has been associated with myocardial
stunning [124] and increased mortality [125]. As the DRIP trial lasted only 8 weeks
long-term randomized trials are needed to examine the balance between benefits
and risks of dry weight reduction.

Dietary Sodium Restriction

Despite recent observational evidence questioning the benefits of a low sodium diet
for the general population [126], there is ample randomized trial evidence support-
ing the efficacy of low sodium diet to treat resistant hypertension in those without
kidney disease [127], to treat hypertension in stage 3—4 CKD [128], and for reduc-
tion of proteinuria and albuminuria in diabetic nephropathy [129]. In the HD patient
sodium intake provokes increased interdialytic weight gain [130] which also leads
to increased ultrafiltration rates, both of which are associated with cardiovascular
mortality [131, 132]. Restricting sodium intake reduces interdialytic weight gain,
which will also practically improve the ability to achieve an adequately low dry
weight with dialysis [133, 134]. However, in the dialysis patient, reducing dietary
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sodium intake should be followed by probing dry weight to manage hypertension
better. In the absence of probing dry weight, the full benefit of restricting dietary
sodium intake may not be realized. The American Heart Association recommends
<1500 mg (equivalent to 65 mmol) daily intake [135], which is a reasonable pre-
scription for dialysis patients [54]. Notably, except for hyponatremia treatment,
there is no rational role for fluid restriction in dialysis patients [130, 136].

Dialysate Sodium Reduction

In the earliest days of chronic HD low dialysate sodium concentrations were used
and sodium removal on HD was thus in part due to diffusion in addition to convec-
tive removal with ultrafiltration. As the efficiency of dialyzers improved and dialy-
sis times were reduced, higher dialysate sodium concentrations became the norm to
reduce hemodynamic instability, cramping, and symptoms of disequilibrium [137]
and initial studies suggested that hypertension wasn’t a complication [138].
However, more recently it has been recognized that higher dialysate sodium con-
centrations will reduce or reverse the diffusive removal of sodium on HD, which
undermines the effective management of volume control [139]. As an example of
the impact of dialysate sodium concentration, in a pilot study that reduced dialysate
sodium from 137.8 to 135.6 mmol/L stepwise over 7 weeks, net sodium removal
was significantly increased from 383 to 480 mmol per HD session [140].

Numerous studies have shown interdialytic weight gain to be directly related to
dialysate sodium concentration with higher dialysate sodium leading to higher
intradialytic weight gain [140—142]. Increased interdialytic weight gain is also seen
with sodium profiles, also called sodium ramping, where the dialysate sodium con-
centration generally starts high and then is gradually reduced during the HD session
[141, 143, 144]. While higher dialysate sodium concentrations are prescribed to
promote hemodynamic stability, the resulting higher interdialytic weight gain can
lead to higher ultrafiltration rates which lead to the very hemodynamic instability
originally to be avoided. Additionally, more recent studies of higher dialysate
sodium concentrations, whether constant or with a profile, have been associated
with higher BP in some [143, 144], but not all investigations [142].

An alternative to avoid the vicious cycle above is to individualize the dialysate
sodium prescription to the patient’s pre-HD serum sodium. The importance of indi-
vidualization is illustrated by a cross sectional study of 1084 HD patients that exam-
ined the difference between the individual dialysate sodium concentration and the
patient’s pre-HD serum sodium and found that this difference is directly related to
interdialytic weight gain, with a higher dialysate sodium concentration relative to
the pre-HD serum sodium being associated with greater weight gain [145]. A single-
blind crossover study of 27 HD patients illustrated one method of individualizing
the dialysate sodium concentration by first dialyzing all patients with a standard
138 mmol/L sodium dialysate for 3 weeks and then on a dialysate sodium concen-
tration set to 0.95 multiplied by the pre-HD serum sodium for 3 weeks [146]. On the
low sodium dialysate prescription significant reductions were seen in interdialytic
weight gain by 0.6 kg, in the frequency of intradialytic hypotension, and in the
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pre-HD SBP in the hypertensive subjects. Based on these findings it is reasonable to
recommend that dialysate sodium be individualized to avoid being higher than the
individual patient’s pre-HD serum sodium and possibly as low as 0.95 multiplied by
the serum sodium in hypertensive individuals or those with high interdialytic weight
gain precluding the achievement of an adequately low dry weight.

A trial in 25 PD patients employed a before—after design to investigate the use of
low sodium dialysate over 2 months [147]. All subjects had one exchange per day
changed to a low sodium solution, but 10 subjects had the dextrose concentration
increased to compensate for reduced osmolality while 15 subjects had no change to
their dextrose concentration. The first group had significantly improved BP along
with markers of improved volume overload, suggesting that reducing dialysate
sodium is only useful if it is accompanied by adequate ultrafiltration.

Adequate Time on Dialysis

Despite reducing dietary sodium intake and the dialysate sodium concentration to
reduce interdialytic weight gain, many attempts to reduce dry weight to improve
BP will be precluded in many patients due to intradialytic hypotension or symp-
toms on HD including cramping. In these patients increasing the HD time can
make ultrafiltration easier to tolerate thus facilitating the achievement of an ade-
quate dry weight. Shorter HD times have recently been shown in a secondary anal-
ysis of the DRIP trial to be associated both with higher BP and slower improvement
in BP when dry weight is reduced [148]. A randomized crossover trial of 38 HD
patients evaluated time on HD by assigning subjects to 2 weeks of 4 h versus 5 h
HD sessions and found significantly less intradialytic hypotension and post-HD
orthostatic hypotension during the longer HD runs [149]. An added salutary effect
of longer HD time is that for a given amount of interdialytic weight gain, an
increased HD time will lead to a lower ultrafiltration rate, which has been associ-
ated with mortality [132].

It is for all these reasons that the European Best Practice Guidelines recommend
that HD should be delivered at least three times weekly for a total duration of at least
12 h, unless substantial residual renal function remains [150]. However, in the USA a
recent cohort study among 32,000 HD patients found that the average single HD ses-
sion was only 217 min and that one quarter of patients dialyzed less than 3 h and
15 min per session [151]. The lower average treatment times in the USA are likely due
to the practice of reducing the prescribed time to achieve a minimum goal Kt/V, how-
ever this practice should be avoided on account of the potential deleterious effects that
shorter treatment time can have on volume status and hypertension [152].

Frequent Dialysis
An additional strategy to treat patients who cannot achieve an adequately low dry

weight on a conventional three times weekly HD schedule is to consider a change
in modality to more frequent dialysis. Observational studies have shown frequent
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HD to be associated with reductions in BP despite lower antihypertensive drug
use [153, 154], as well as with improvements in LVH [154]. More recently ran-
domized trials have confirmed some of these findings with trial of 52 patients that
assigned subjects to either conventional 3 times weekly HD versus 6 nights weekly
nocturnal HD for 6 months and found significantly improved BP, lower antihyper-
tensive drug use, and improvement left ventricular hypertrophy in the nocturnal
HD group [155]. The subsequent Frequent Hemodialysis Network (FHN)
Nocturnal trial recruited 87 HD patients and randomized them to 3 times weekly
conventional HD versus 6 nights weekly nocturnal HD, and weekly average pre-
HD BP was significantly improved in the nocturnal HD group despite a reduction
in antihypertensive medication use; however, the trends toward improvement in
the primary endpoints including LVH were nonsignificant, possibly due to lack of
power from difficultly with subject recruitment [156]. The companion FHN trial of
daily HD recruited 245 patients who were randomized to 3 times weekly conven-
tional HD versus 6 days weekly HD for 12 months and this trial did find signifi-
cantly reduced hazard for both coprimary composite endpoints of death or increase
in left ventricular mass and death or decrease in the physical-health composite
score [157]. Both weekly average pre-HD SBP and the number of antihypertensive
medications for the intervention group were reduced significantly, as well. These
improvements in BP and LVH are plausibly due to better control of volume [158],
especially when it is recognized that the daily HD group had significantly more
ultrafiltration per week at 10.58 L on average compared to 8.99 L for the control
group [157].

Pharmacologic Treatment

Patients with ESRD are routinely excluded from drug trials, limiting the evidence
base from which to make recommendations for antihypertensive drug therapy. Two
meta-analyses of randomized trials employing antihypertensive drugs in dialysis
have found significant improvements in the cardiovascular event rates associated
with treatment [159, 160], which was particularly pronounced in subjects with
hypertension [160]. However, the trials included in these meta-analyses were highly
heterogeneous, most trials weren’t limited to hypertensive patients, and only two
trials targeted a specific BP goal.

Despite the benefits from the use of antihypertensive medication in ESRD, it
must be emphasized that greater use of antihypertensive medications is associated
with worse control of hypertension [13, 116], which is plausibly due to inadequately
treated volume overload in those cases. Thus the first step in treating hypertension
in ESRD should be to address volume overload as able. All classes of antihyperten-
sive medications have roles in the treatment of hypertension in ESRD [161], as
detailed below.
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Diuretics

While published evidence is lacking, diuretics are often used to address hyperten-
sion and volume overload in patients with significant residual renal function, which
includes those new to HD and nonoliguric patients on PD. In the setting of advanced
renal failure higher doses of diuretics will be necessary to be effective [162].
However, in anuric patients even doses of furosemide as high as 250 mg intrave-
nously are ineffective [163]. While some investigators have suggested that thiazide
diuretics exert an antihypertensive vasodilator effect [164, 165], the placebo con-
trolled administration of thiazides to anuric dialysis patients has been shown to have
no effect on BP [166]. Thus, the role for diuretics in the treatment of hypertension
in dialysis is at best limited to the subset of patients with significant residual renal
function.

Beta-Blockers

Beta-adrenergic blocking agents have well-established benefits in the non-dialysis
population including in the setting of heart failure [167] and coronary artery disease
[168]. As cardiovascular events are the leading cause of death in ESRD and increased
sympathetic nervous system overactivity is common [89], beta-blockers are an
attractive therapy in this population. A retrospective cohort study of PD patients
found beta-blocker use to be associated with a significantly reduced risk of new onset
heart failure or the composite endpoint of new onset heart failure and cardiac mortal-
ity [169]. Cice and colleagues recruited 114 HD patients with reduced left ventricular
ejection fraction <35% and randomized them to carvedilol versus placebo and
reported significantly improved 2-year survival in the carvedilol group [170].

Despite these encouraging findings, enthusiasm for beta-blockers as first line
pharmacological treatment for hypertension in dialysis is tempered by the non-
dialysis experience where beta-blockers are not recommended for initial monother-
apy of hypertension [171, 172], consequently ACEi medications are often instead
recommended for initial therapy of hypertension [173]. While head to head studies
of antihypertensives are few, a recent randomized controlled trial in HD comparing
lisinopril to atenolol begins to address the question of which medication to prescribe
first for hypertension in HD.

The Hypertension in Hemodialysis Patients Treated with Atenolol or Lisinopril
(HDPAL) trial recruited 200 chronic HD patients with hypertension confirmed by
44 h interdialytic ABPM and echocardiographic LVH and randomized them to lisin-
opril or atenolol based therapy for 12 months to determine which drug is superior
for reduction of LVH [53]. All patients were treated to target goal home BP
<140/90 mmHg checked monthly, first by maximizing the study drug, then by addi-
tion of other drugs, sodium restriction, and reduction in dry weight. The trial was
terminated early by an independent data safety monitoring board for cardiovascular
safety because of significantly more serious adverse cardiovascular events in the
lisinopril group, which had 43 events in 28 subjects compared to only 20 events in
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16 subjects in the atenolol group (incidence rate ratio 2.36, P=0.001). Similarly, the
combined serious adverse events of myocardial infarction, stroke, hospitalization
for heart failure, or cardiovascular death occurred 23 times in 17 subjects in the
lisinopril group compared to only 11 events in 10 subjects in the atenolol group
(incidence rate ratio 2.29, P=0.002). LVH improved in both groups but no differ-
ences between drug groups were found.

While 44 h ambulatory BP improved similarly in both groups measured at base-
line, 3 months, 6 months, and 12 months, the monthly home BP was consistently
lower in the atenolol group despite significantly more antihypertensive medications
and greater dry weight reduction in the lisinopril group [53]. Thus atenolol appears
to be superior to lisinopril in terms of cardiovascular event rates and BP reduction.
Based on the findings of this head to head comparison of atenolol and lisinopril in
HD patients it is recommended that beta-blockers be the first line therapy for hyper-
tension. Table 7.8 summarizes the recommendations for pharmacologic therapy for
hypertension in dialysis. Atenolol in particular may be practically useful as it can be
dosed just 3 times per week after HD, as was the protocol in the HDPAL trial, and
this schedule has been previously shown to significantly reduce 44 h interdialytic
ambulatory BP [174]. Three times weekly dosing permits the possibility of directly
observed administration of atenolol in the HD unit to improve compliance with the
antihypertensive regimen.

Angiotensin Converting Enzyme Inhibitors and Angiotensin Receptor
Blockers

It cannot be concluded from the HDPAL trial that ACEi medications are harmful
because there was no placebo controlled group in the study [53]. Indeed, ACEi and
angiotensin receptor blocker (ARB) drugs are mainstays of therapy in pre-dialysis
CKD [175] and in cardiovascular disease [176, 177]. Both ACEi [84, 85, 178] and
ARB medications [179] have been shown to improve BP in ESRD. As with ateno-
lol, both lisinopril [84] and trandolapril [178] have been shown to be effective at
lowering BP when dosed only three times weekly after HD.

Three randomized clinical trials have examined ACEi or ARB therapy in HD
patients with cardiovascular events as the primary endpoint, and they warrant more
detailed mention. The only randomized clinical trial investigating an ACEi and cardio-
vascular events in HD patients is the Fosinopril in Dialysis Study (FOSIDIAL) [85],
which recruited 397 chronic HD patients with LVH who were followed for a 2-week
run-in period on fosinopril, and those who tolerated the therapy were randomized to
fosinopril or placebo and treated to goal peridialytic <160/90 mmHg for 24 months
[180]. No benefit was found for fosinopril in decreasing cardiovascular events [85].

Two randomized controlled trials have investigated ARB use in HD and found a
benefit for cardiovascular events. The first enrolled 80 HD patients who were ran-
domized to candesartan or open label usual care for a planned 3 years [181]. The
trial was stopped early on account of an interim analysis that found significant and
substantial benefit for candesartan for the primary endpoint of cardiovascular events
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Table 7.8 Suggested approach to pharmacologic therapy for hypertension in dialysis

Medication Class Comments

Beta-blockers First line therapy, superior in trial vs. ACEi

ACEi or ARB Second line therapy, superior to calcium channel
blockers

Calcium channel blockers Third line therapy

Centrally acting alpha agonists Clonidine patch or guanfacine preferred

Direct vasodilators Minoxidil preferred to hydralazine

Mineralocorticoid receptor antagonists Emerging evidence of efficacy and mortality benefit

Loop and thiazide diuretics Role limited only to those with substantial residual
renal function

as well as for mortality with zero deaths in the candesartan group and 18.9 % mor-
tality in the control group [181]. The second trial included 360 HD patients random-
ized to open label ARB therapy with losartan, valsartan, or candesartan versus usual
care with goal peridialytic SBP <150 mmHg over 3 years [182]. ARB treatment
significantly reduced the primary endpoint of cardiovascular events with a 49 %
reduction in risk of cardiovascular event (HR=0.51, P=0.002).

In the setting of the divergent outcomes for the three randomized clinical trials
using ACEi or ARB drugs above, a recent meta-analysis examined the pooled results
for cardiovascular events in the 837 total subjects in these trials and found a trend
toward benefit with a relative risk for cardiovascular events at 0.66, but this did not
reach statistical significance (95 % confidence interval 0.35 to 1.25, P=0.20) [183].
Each trial had different definitions for cardiovascular events, and not surprisingly
significant heterogeneity was found. Similarly, a systematic review of ACEi and
ARB therapy in PD patients included three randomized clinical trials and found no
improvement in cardiovascular events for the intervention groups [184].

As ACEi and ARB therapy has been shown to delay progression of pre-dialysis
chronic kidney disease [185], these agents may be effective at preserving residual
renal function in dialysis patients, which is emerging as an important goal for both
PD and HD patients [186]. Two randomized controlled open label trials in PD, one
investigating ramipril in 60 subjects [187] and the other studying valsartan in 34
subjects [188], both found active treatments reduced the rate of decline in GFR,
while a meta-analysis pooled the difference between the intervention groups and the
control groups at 12 months and found a clinically and statistically significant ben-
efit of 0.9 mL/min/1.73 m? in favor of the intervention groups [184]. In HD how-
ever, a recent randomized placebo controlled trial of irbesartan over 1 year in 82
nonoliguric HD patients found no benefit for irbesartan in decline of GFR or devel-
opment of anuria [189].

The risk of hyperkalemia with ACEi or ARB use in dialysis appears low based on
the evidence from the aforementioned randomized controlled trials in both HD [85,
181, 182] and PD [187]. ACEi or ARB agents are a reasonable second choice after
beta-blockers for an antihypertensive medication in dialysis based on their tolerabil-
ity, the evidence of benefit in the non-dialysis population, and the randomized trial
evidence of benefit on intermediate end points such as reduction in LVH [183].
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Calcium Channel Blockers

Amlodipine has been shown to be effective versus placebo in improving BP in a
randomized trial of 251 hypertensive HD patients where the primary endpoint of
cardiovascular events showed no improvement for active treatment [190]. Calcium
channel blockers have the practical benefits of being well tolerated and requiring
only once a day dosing, however ACEi or ARB therapy is preferred before calcium
blockers based on head to head trials showing calcium channel blockers to be sig-
nificantly inferior for regression of LVH [191, 192].

Centrally Acting Alpha Agonists

These medications are typically reserved only for those patients whose BP is uncon-
trolled on the combination of beta-blocker, ACEi or ARB, plus calcium channel
blocker. To minimize pill burden and dosing schedule, it is recommended to avoid
oral clonidine and to instead use the long acting clonidine patch, which can be
administered once a week at the dialysis unit as directly observed therapy. As the
clonidine patch can be expensive, a cheaper alternative is oral guanfacine, dosed
only once daily at bedtime to minimize the impact of dose related drowsiness.

Vasodilators

Direct vasodilator agents are usually reserved as last line therapy for hypertension
in ESRD. However, hydralazine use is becoming more common based on trial evi-
dence of benefit for heart failure in the African-American population in combina-
tion with isosorbide dinitrate [193], but it is important to recognize that this
combination of medications has not been studied in ESRD. Furthermore the pill
burden and requirement of three times daily dosing of hydralazine makes it less
attractive for use in ESRD. It is for that reason that minoxidil is usually preferable
to hydralazine on account of its antihypertensive effectiveness with only once daily
dosing in the setting of CKD.

Mineralocorticoid Receptor Antagonists

Mineralocorticoid receptor antagonists have well-established roles in the non-
dialysis population for treatment of resistant hypertension [194] and heart failure
[195, 196]. In the dialysis population spironolactone has been shown to signifi-
cantly reduce 24 h ambulatory BP by 10.9/5.8 mmHg in a randomized controlled
double blind trial of 76 hypertensive dialysis patients on HD or PD treated with
spironolactone 25-50 mg daily versus placebo over 12 weeks [197]. Recently the
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Dialysis Outcomes Heart Failure Aldosterone Study (DOHAS) clinical trial ran-
domized 309 HD patients to spironolactone 25 mg daily versus open label usual
care for 3 years and found both cardiovascular death and hospitalizations and all-
cause mortality were significantly improved in the spironolactone group [198].
Importantly, spironolactone therapy was discontinued for hyperkalemia in only
three patients during the trial. While the results of the DOHAS trial are very promis-
ing, they require confirmation in future blinded randomized trials to balance the risk
of hyperkalemia with the potential benefits before the routine use of spironolactone
for hypertension in HD can be recommended.

Invasive Treatment

The history of invasive treatments for hypertension dates back at least to the 1930s
when surgical sympathectomy was employed for essential hypertension [199]. As
efficacious oral antihypertensive agents with tolerable side effect profiles were dis-
covered, surgery fell out of favor as a treatment for simple hypertension. However,
in the early era of chronic HD in the 1960s and 1970s it was recognized that a subset
of patients with ESRD didn’t achieve adequate control of hypertension despite
ultrafiltration on HD and the use of the antihypertensive medications of the day
[80]. As high renin levels were common in these cases, bilateral nephrectomy was
advocated as an effective means to reduce renin levels and BP, though it was recog-
nized even then that other mechanisms likely were responsible for the improved BP
after nephrectomy [80]. With the introduction of ACEi drugs bilateral nephrectomy
too became much less common.

However, Converse and colleagues demonstrated that sympathetic overactivity
from renal afferent nerves are a major source of hypertension in ESRD [89], and
with the invention of a radiofrequency catheter based approach to target the renal
nerves there has been renewed interest in renal sympathectomy via the endovascular
approach [91]. A pilot study of renal denervation by radiofrequency ablation was
performed in 12 chronic HD patients with uncontrolled hypertension and office BP
was reduced in the 9 patients who had the procedure versus unchanged BP in those
3 patients whose atrophic renal arteries precluded the endovascular denervation pro-
cedure [200]. However, enthusiasm for renal denervation must be tempered by the
experience with renal denervation in the resistant hypertension population without
CKD where initial trials showed promise [201] but when a randomized, sham pla-
cebo controlled, and blinded trial was performed there was no BP reduction for the
intervention [202]. While ESRD patients are an ideal group who may benefit from
this therapy, it remains to be seen whether the disappointing result from the random-
ized controlled trial of endovascular renal denervation will preclude further devel-
opment of this technique.
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Prognosis

Despite a strong and direct relationship between hypertension and cardiovascular
and all-cause mortality [203] and copious evidence of benefit for treatment of
hypertension in the non-dialysis population [175], the relationship between BP and
outcomes in dialysis patients remains a topic of controversial [204, 205]. Various
studies have found an association between peridialytic hypertension and strokes
[206], heart failure [207], arrhythmias [208], cardiovascular events [209], and all-
cause mortality [210]. However, other studies suggest that peridialytic hypertension
is protective and lower BP is associated with worse mortality [4, 211-213], and the
risk of normotensive BP is magnified when BP is considered as a time dependent
co-variate [211, 213]. This paradoxical relationship between BP and mortality has
been termed the “reverse epidemiology” of hypertension [205] and has raised con-
cern that treatment of hypertension may be harmful [214].

When examining the prognostic value of hypertension in dialysis it is important
to additionally consider severity of illness and dialysis vintage as well. This is illus-
trated by a retrospective cohort study of 2770 prevalent PD patients where a fully
adjusted analysis found higher SBP, DBP, mean arterial pressure, and pulse pressure
to be associated with decreased mortality during the first year on dialysis [215].
However, higher SBP and pulse pressure were associated with increased mortality
for those patients on dialysis =6 years. Similar findings have been shown in a cohort
of 16,959 HD patients where SBP <120 mmHg was associated with increased mor-
tality within the first 2 years of starting dialysis, but SBP >150 mmHg was associ-
ated with increased mortality among those that survived at least 3 years [216]. These
findings suggest lower BP may be an indicator of more severe illness in those
patients new to dialysis who are likely to have advanced chronic but unstable sys-
temic comorbidities that recently culminated in ESRD, whereas in the survivors that
have been on dialysis for at least 6 years have a more normal relationship between
hypertension and outcomes because they are less acutely ill. This explanation is
further bolstered by the subgroup in the PD cohort who were listed for transplant
within 6 months of starting dialysis, as in this healthier subgroup higher SBP, DBP,
mean arterial pressure, and pulse pressure were not associated with improved mor-
tality during the first year of dialysis [215].

The technique of BP measurement also contributes to the controversial relation-
ship between BP and outcomes as the reverse epidemiology of hypertension is pri-
marily a phenomenon of peridialytic BP values. However, ambulatory BP has a
strong relationship with mortality on HD, first demonstrated by Amar and colleagues
in a study of 57 HD patients [217]. Agarwal and colleagues have confirmed the
relationship between ambulatory BP and mortality in a cohort of 150 HD patients,
and in the same cohort they also demonstrated home BP to similarly have a strong
relationship with mortality [49]. In an expanded cohort of 326 HD patients followed
for a mean of 32 months Agarwal subsequently has shown increased mortality at the
extremes of ambulatory and home BP, and that mortality was best at a home SBP
120-130 mmHg and ambulatory SBP 110-120 mmHg, while peridialytic BP had no
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relationship with mortality in this cohort [25]. Most recently an analysis of the
Chronic Renal Insufficiency Cohort (CRIC) study compared pre-HD SBP and out of
HD unit SBP for prediction of mortality in the 403 subjects who started HD since the
start of the study [218]. There were 98 deaths over a mean follow-up of 2.7 years
and pre-HD SBP showed a U-shaped relationship to mortality consistent with
reverse epidemiology of hypertension. However, in the 326 subjects who had BP
checked out of the HD unit in a standardized manner during a research visit, there
was a significant and direct linear relationship between BP and mortality with haz-
ard ratio 1.26 for every 10 mmHg rise in SBP, which further emphasizes the impor-
tance of BP measurement technique when considering prognosis [218].

Thus while there is concern for reverse epidemiology of hypertension when ana-
lyzing peridialytic BP, which would suggest that lowering BP would be harmful in
HD patients, the evidence from ambulatory and home BP studies doesn’t support
those conclusions, nor does the evidence from two meta-analyses of randomized
clinical trials of antihypertensive medication use in HD which find cardiovascular
benefit rather than harm with active treatment [159, 160].
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