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24.1	 �Introduction

Among end-stage renal disease (ESRD) patients receiving maintenance hemodialy-
sis or peritoneal dialysis, hypertension is very common, difficult to diagnose and 
often poorly controlled [1]. Elevated blood pressure (BP), especially recorded out-
side of the hemodialysis unit with home or ambulatory BP monitoring, is associated 
with shorter survival [2–4]. Sodium and volume overload is the most important 
cause of hypertension in dialysis patients; accordingly, non-pharmacologic strate-
gies such as dietary sodium restriction, individualized dialysate sodium prescrip-
tion, and gradual dry-weight reduction should be the initial therapeutic approaches 
to achieve BP control [1, 5]. However, this approach still remains inadequately 
implemented [6, 7]. Even following proper management of sodium and volume 
excess, hypertension remains poorly controlled in a substantial proportion of dialy-
sis patients; in these patients, pharmacologic therapy is obviously necessary to 
control BP [1, 5].

In this chapter, we discuss the epidemiology, pathogenesis, diagnosis, and treat-
ment of hypertension among patients on dialysis in the light of currently available 
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evidence derived from observational and randomized controlled studies; non-
pharmacological and pharmacological strategies to manage hypertension in dialysis 
are both included in our discussion. We discuss data from the fewer relevant studies 
in peritoneal dialysis patients, summarizing clinical evidence that may be useful for 
the management of hypertension in these individuals.

24.2	 �Diagnosis

In the 2004 National Kidney Foundation Kidney Disease Outcomes Quality 
Initiative (NKF-KDOQI) guideline document [8], the diagnosis of hypertension 
among patients on hemodialysis was based on BP measurements obtained shortly 
before or after dialysis, i.e., when predialysis BP is >140/90 mmHg or when postdi-
alysis BP is >130/80 mmHg, respectively [8]. Whether using conventional peridia-
lytic BP recordings is efficient to diagnose and guide the management of hypertension 
in the hemodialysis population is a matter of debate for several reasons. Pre- and 
postdialysis BP is typically recorded by the dialysis unit staff and without the neces-
sary attention to the technique of BP measurement and the prerequisites for objec-
tive office BP recordings [9]. The high variability of BP from pre- to postdialysis 
and from one day to the next in response to the shifts and fluctuations in volume 
status and other parameters during the intra- and interdialytic period is another 
important issue that imposes particular difficulties in the accurate detection of 
hypertension [10]. The typical pattern of hemodynamic response to ultrafiltration is 
a BP decrease from pre- to postdialysis; the magnitude of intradialytic BP reduction 
is at least partially related to the magnitude and the rate of volume withdrawal dur-
ing dialysis. The exact opposite phenomenon occurs during the out-of-dialysis 
interval [11], with several studies showing that interdialytic weight gain is closely 
associated with higher predialysis BP [12]. It is therefore not uncommon that predi-
alysis BP levels are within the hypertensive range, whereas postdialysis BP mea-
surements in the same patient are in the normotensive range. The poor diagnostic 
accuracy of peridialytic BP recordings is supported by a meta-analysis of clinical 
studies showing that both pre- and postdialysis BP provide imprecise estimates of 
the mean interdialytic BP recorded with 44-h ambulatory BP monitoring [13]. 
Furthermore, peridialytic BP recordings have little or no prognostic relations with 
mortality in hemodialysis patients [2, 3].

The rate of hypertension misdiagnosis when using peridialytic BP measurements 
is unacceptably high [14]. Using BP measurements obtained during the dialysis ses-
sion in combination with the pre- and postdialysis BP may be an alternative approach 
to improve the reproducibility, precision, and accuracy of hypertension diagnosis 
among hemodialysis patients [15]. Intradialytic BP is usually recorded every 30 min 
with the use of an oscillometric devices, sometimes attached to the dialysis machine. 
In a diagnostic test study using 44-h interdialytic ambulatory BP as the reference 
standard, the average intradialytic BP in combination with peridialytic BP was 
shown to have greater diagnostic value compared with peridialytic BP recordings 
alone [16]. A median intradialytic cutoff BP of 140/90 mmHg during a midweek 
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dialysis session provided greater sensitivity and specificity in detecting interdialytic 
hypertension as compared with pre- and postdialysis BP measurements [16]. 
Despite the fact that the diagnostic accuracy is improved when peridialytic BP 
recordings are considered together with intradialytic BP, this approach should 
remain a method of last resort, as BP measurements obtained outside of the dialysis 
unit appear better methods for the diagnosis of hypertension in these patients [14].

Home BP monitoring is a widely applied and recommended international guide-
line method to diagnose and manage hypertension in the general population [17, 
18]. Among patients on dialysis, home BP monitoring is reported to have several 
advantages over conventional peridialytic BP recordings [19]. Compared with BP 
recordings obtained pre- or postdialysis, home BP exhibits stronger associations 
with mean 44-h ambulatory BP [20, 21]. In the Dry-Weight Reduction in 
Hemodialysis Patients (DRIP) trial, changes in home BP after 4 and 8 weeks of dry-
weight probing were closely associated with the relevant changes in 44-h ambula-
tory BP; in contrast, predialysis and postdialysis BP recordings were unable to 
detect the changes in ambulatory BP caused in response to dry-weight reduction 
[22]. Contrary to the high variability and poor reproducibility of conventional perid-
ialytic BP recordings, home BP was shown to have high short-term reproducibility 
from 1 week to the next [21]. Compared with the BP measurements obtained within 
the dialysis unit, home BP exhibits stronger associations with indices of target-
organ damage [23–25] and represents a more powerful predictor of future cardio-
vascular events or all-cause mortality [2, 3].

The notion that home BP may be a useful tool to guide the management of hyper-
tension among dialysis patients is supported by a pilot study which randomized 
65 hypertensive hemodialysis patients to have their antihypertensive drug therapy 
adjusted either on the basis of routine predialysis BP recording or with the use of 
home BP monitoring [26]. Over a mean follow-up period of 6  months, a signifi-
cant reduction in interdialytic ambulatory BP of 9/7 mmHg was noted in the home 
BP-guided group, but not in the predialysis BP-guided group [26]. Another study ran-
domized 34 hemodialysis patients to home BP-guided management plus usual care or 
usual care alone for management of hypertension. After 12 weeks of follow-up, the 
use of home BP recordings in decision making resulted also in significant reduction 
of the average weekly systolic BP as compared with the usual care alone [27].

Ambulatory BP monitoring is considered the “gold standard” method for diag-
nosing hypertension among patients receiving dialysis [1, 18, 28]. The superiority 
of this technique over the conventional peridialytic BP measurements is strongly 
supported by comparative studies showing that mean 44-h interdialytic BP can bet-
ter predict the presence of target-organ damage (such as echocardiographic LV 
hypertrophy) [23] and is more closely associated with all-cause and cardiovascular 
mortality [2, 4]. The use of ambulatory BP monitoring has also the advantage of 
recording BP during nighttime, providing additional information with respect to the 
circadian variation of BP; the presence of a non-dipping nocturnal BP pattern is 
very common among dialysis patients and has been associated with LVH [29] and 
increased risk of all-cause and cardiovascular mortality [30]. It is important noting 
that the superiority of ambulatory BP monitoring over peridialytic BP recordings 
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can only partially be explained by the higher number of BP measurements, as inter-
dialytic BP recordings retain their strong prognostic association with cardiovascular 
outcomes even when a small number of randomly selected measurements are used 
to assess the interdialytic BP burden [31]; the latter suggests that the location and 
time frame covered and not the quantity of BP recordings are the major factor deter-
mining the strong prognostic significance of interdialytic ambulatory BP. Despite 
the above advantages, ambulatory BP monitoring is still perceived as a technique 
with limited applicability in dialysis patients in a reservation arising partly from the 
fact that many studies on ambulatory BP monitoring in this population dialysis 
patients were performed in a single American academic hemodialysis unit [2, 11, 
23]. The high prevalence of non-dipping and nocturnal hypertension among dialysis 
patients [32] suggests that the application of ABPM for the diagnosis and the treat-
ment of hypertension is more compelling than in the general population, where 
ABPM has already been firmly recommended by different guidelines [33, 34]. 
Additional research efforts are needed in order to fully elucidate the particular indi-
cations, tolerability, and cost-effectiveness of ABPM. Until such studies are com-
pleted, the wide application of home BP monitoring should be encouraged as a 
simple and efficient approach to measure BP and make therapeutic decisions among 
patients on dialysis [14]. Figure 24.1 summarizes the thresholds to define hyperten-
sion using home and ambulatory BP monitoring proposed in a recent document of 
the EURECA-m working group of ERA-EDTA [18].

Contrary to the typical decline in BP during dialysis, in approximately 10–15% 
of dialysis patients, BP exhibits a “paradoxical” intradialytic elevation [35, 36]. 
Despite the fact that this abnormal pattern of intradialytic hemodynamic response 
has been for long recognized, there is no universally agreed definition of intradialy-
sis hypertension. For example, in some studies, intradialysis hypertension was 
defined as a rise of at least 10 mmHg in systolic BP during dialysis or immediately 
postdialysis in a certain number of dialysis treatments [35, 36]. In other studies, 
patients were considered as suffering from intradialysis hypertension when their BP 

Hypertension in CKD and in dialysis patients should be defined on the basis of home (HBPM) or 24-h ambulatory BP monitoring (ABPM) during a 
mid-week dialysis interval. Thresholds proposed by the ESH and the ESC can be adopted for CKD patients,9 and those by the ASH,5 for 
hemodialysis patients, as below

Home BP measurements: ≥135/85 mmHg both for CKD patients and for hemodialysis patients.

Definition

Drug therapy goals

ASH indicates American Society of Hypertension; ASN, American Society of Nephrology; BP, blood pressure; CKD, chronic kidney disease; ESC,
European Society of Cardiology; ESH, European Society of Hypertension; ESRD, end-stage renal disease.

Particularly for hemodialysis patients, arterial pressure goals should be established individually, taking into account age, comorbid conditions,
cardiac function, and neurological status

Twenty-four- hour ambulatory BP ≥130/80 mmHg for CKD patients and  ≥135/85  mmHg for hemodialysis patients. In hemodialysis patients,
ABPM should be performed during a mid-week dialysis interval and, whenever feasible, extended to 44 h.

For hemodialysis patients, no recommendation can be made on the basis of predialysis or postdialysis BP. When neither ABPM nor home BP
measurements are applicable in dialysis patients, the diagnosis and the management of hypertension can be made on the basis of conventional
BP (CBP) measurements taken during the dialysis interval. At variance with predialysis BP which has an U-shaped relationship with risk of death,
in the same patients, the average of 3 office measurements (obtained in the sitting position after at least 5 min of quiet rest by trained personnel)
is almost linearly related to the risk of the same outcome.21 The threshold of office BP (140/90 mmHg) recommended by current guidelines for the
definition of hypertension in CKD patients9 can be extended also to hemodialysis patients.

Fig. 24.1  Definition of hypertension in CKD and in ESRD patients (reprinted with permission 
from Parati et al. [18])
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showed a change of >0 mmHg from pre- to postdialysis; another definition was the 
regression of all intradialytic BP measurements over time with a slope greater than 
zero [37]. Of note, intradialysis hypertension is not solely related to mechanistic 
changes exerted during the dialysis session but also related to the BP burden during 
the interdialytic period. In a case-control study comparing the interdialytic BP pro-
file of 25 patients with intradialysis hypertension (increase in systolic BP >10 mmHg 
from pre- to postdialysis in four out of six consecutive dialysis treatments) with that 
of 25 age- and sex-matched controls with normal intradialytic hemodynamic 
response, Van Buren et al. [38] made the important observation that intradialysis 
hypertension is a phenomenon superimposed to systemic background hypertension. 
Patients with intradialysis hypertension had higher 44-h interdialytic BP than con-
trols, as well as a gradual BP decline during the first 24  h after dialysis, which 
contrasted with the (typical) gradual increase from postdialysis onward in patients 
without intradialytic hypertension [38].

24.3	 �Epidemiology

The estimates of the prevalence, treatment, and control of hypertension among 
patients on chronic dialysis are highly variable, depending on the definitions used to 
diagnose hypertension as well as on the setting of BP measurement (i.e., routine 
peridialytic BP recordings or interdialytic ambulatory BP monitoring) [39–43].

24.3.1	 �Epidemiology Based on Peridialytic BP Recordings

Hypertension is highly prevalent among patients with chronic kidney disease 
(CKD) not yet on dialysis. In a cross-sectional analysis of 10,813 CKD patients 
participating in the Kidney Early Evaluation Program (KEEP) in the USA, hyper-
tension (defined as BP >130/80 mmHg or use of antihypertensives) was detected in 
86.2% of the overall study cohort; prevalence of hypertension exhibited a stepwise 
increase with advancing stage of CKD, increasing from 79.1% in participants with 
stage 1 CKD to approximately 95%% (or 91% with the use of 140/90 threshold) in 
participants with stage 4 and 5 CKD [44]. An analysis of 238 patients with predialy-
sis CKD followed in a low clearance clinic in the UK confirmed that the prevalence 
of hypertension is at 95% (Fig. 24.2) [45]; the mean estimated glomerular filtration 
rate (eGFR) in this cohort was 14.5  mL/min/1.73  m2, suggesting that nearly all 
CKD patients just before the initiation of renal replacement therapy are already 
hypertensives.

Initiation of dialysis per se may have a substantial impact on management of 
hypertension, given the severely impaired ability of patients with advanced CKD 
for sodium excretion and the fact that dialysis represents a potent therapeutic tool to 
remove the sodium excess [1]. Achievement of sodium and volume control via dial-
ysis often decreases the need for antihypertensive drug therapy in incident dialysis 
patients. It is therefore unsurprising that the rates of hypertension prevalence may 
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be higher among predialysis CKD patients than among ESRD patients receiving 
renal replacement therapy, as discussed below. Moreover, hypertension prevalence 
after initiation of dialysis depends on the clinical policies adopted in the renal units 
where the patients are being treated. In some renal units which apply long dialysis 
and strict control of salt intake, hypertension has a lower prevalence than in those 
which don’t apply such a clinical policy [46].

Using the definition of predialysis mean arterial pressure ≥114 mmHg, Salem 
et al. [42] reported that the prevalence of hypertension among 649 hemodialysis 
patients from ten dialysis units in Mississippi was 72%. Eighty percent of hyper-
tensive patients had combined systolic and diastolic hypertension and 20% isolated 
systolic hypertension. Race, dialysis vintage, primary cause of ESRD, or adequacy 
of dialysis had no association with the hypertension status in this study [42]. In 
5369 patients participating in the Dialysis Morbidity and Mortality Study Wave 
1 [40], the prevalence of hypertension was 63% using the JNC 6 classification 
to define hypertension. A hypertension prevalence rate of 70% was reported in a 
cross-sectional analysis of the baseline characteristics of 1238 chronic hemodialysis 
patients enrolled in the HEMO study [41]. A more detailed evaluation of prevalence, 
treatment, and control of hypertension was provided by a cross-sectional analysis 
of 2535 clinically stable, hemodialysis patients participating in a multicenter trial 
of the safety and tolerability of an intravenous iron preparation [39]. In this survey, 
hypertension was defined as a 1-week average predialysis systolic BP >150 mmHg 
or diastolic BP >85 mmHg or the use of antihypertensive drugs with prevalence at 
86%, and despite the fact that 88% of hypertensives were treated, only 30% of them 
had their BP adequately controlled [39]. Information on hypertension prevalence 
in countries other than the USA is limited. In surveys made within the frame of the 
DOPPS [47], the prevalence of hypertension was very high and rising over time in 
all countries. In the last of these surveys [48], hypertension prevalence ranged from 
78% in Japan to 95.9% in Germany. All the above estimates should be interpreted 
within the context of the unavoidable limitation of the use of routine peridialytic BP 
recordings to assess the hypertension status of study participants.
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24.3.2	 �Epidemiology Based on Interdialytic Ambulatory BP 
Monitoring

A more valid estimation of hypertension prevalence and control among dialysis 
patients was provided by a recent study using the “gold standard” method of 44-h 
interdialytic ambulatory BP monitoring and defining hypertension as average sys-
tolic BP values ≥135 mmHg and/or diastolic BP ≥85 mmHg or the use of anti-
hypertensive medications in a population of 369 predominantly African-American 
patients who received hemodialysis treatment in units affiliated with the Indiana 
University in Indianapolis. The prevalence of hypertension was 82% [43], and 
although 89% of hypertensives were treated with antihypertensive drugs, the rate 
of adequate 44-h BP control was as low as 38% [43]. Poor hypertension control 
in this study was associated with excessive antihypertensive drug use and volume 
expansion as measured by the inferior vena cava diameter in expiration [49]. Of 
note, other studies suggest that the higher the number of antihypertensive agents 
prescribed, the greater the likelihood a dialysis patient to be on a volume-expanded 
state [43]. Apart from this study in African-Americans, no large surveys reporting 
hypertension prevalence based on ABPM have been made in other ethnicities and 
in other countries.

24.3.3	 �The Association of BP with All-Cause and Cardiovascular 
Mortality

The relationship of BP with all-cause and cause-specific mortality among patients 
on dialysis is an issue surrounded by substantial controversy, due to the diverse pat-
terns of association between BP and mortality according to timing (i.e., predialysis, 
postdialysis, or intradialysis) or the technique of BP measurement (i.e., peridialytic 
BP recordings vs. interdialytic BP recording either with home or ambulatory BP 
monitoring). Several studies have shown a U-shaped association of the BP recorded 
either predialysis or postdialysis with all-cause and cardiovascular mortality [50–
52], a phenomenon described as “reverse epidemiology of hypertension” in the 
dialysis population. This observation has raised substantial concerns on whether BP 
lowering is a strategy associated with benefits for ESRD patients receiving hemodi-
alysis [53]. However, this U-shaped association seems to be due to the incapacity of 
peridialytic BP recordings per se to describe the true BP load, rather than reflect a 
true U-shaped relation of BP with cardiovascular morbidity and mortality.

Contrary to the unclear association of peridialytic BP recordings with all-cause 
and cardiovascular mortality, prospective cohort studies have shown that interdia-
lytic BP recorded either with home or with ambulatory BP monitoring associates 
directly with mortality and cardiovascular events relevant to what happens in non-
dialysis populations. In a cohort of 57 treated hypertensive hemodialysis patients 
prospectively followed for a mean period of 34.4±20.4  months, Amar et  al. [4] 
showed elevated 24-h ambulatory pulse pressure (PP) [relative risk (RR), 1.85 for 
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each 10 mmHg increase in PP; 95% confidence intervals (CIs), 1.28–2.65] as well 
as elevated nocturnal systolic BP (RR, 1.41 for each 10 mmHg increase in nocturnal 
systolic BP; 95% CIs, 1.08–1.84) to be independently associated with increased risk 
of cardiovascular mortality [4]. In larger study by Tripepi et al., in 168 nondiabetic 
hemodialysis patients, nocturnal BP burden (as estimated by the night/day ratio) 
was a direct predictor of death and cardiovascular events as well as of LVH [30]. In 
a subsequent cohort study of 150 hemodialysis patients, Alborzi et al. [3] showed 
that increasing interdialytic BP measured with home and ambulatory BP monitor-
ing was directly associated with heightened risk of mortality over a mean follow-up 
period of 24 months. No such relationship was detectable using BP measurements 
obtained before or after dialysis (Fig. 24.3) [3]. In a larger cohort of hemodialysis 
patients followed for 32  months, Agarwal et  al. confirmed that the higher quar-
tiles of home and 44-h ambulatory systolic BP were independently associated with 
increased risk of mortality [2]. Once again, BP recorded outside of the dialysis unit 
was of stronger prognostic significance as compared with BP recorded before or 
after dialysis.

Additional support to the notion that out-of-dialysis BP recordings have closer 
association with outcomes is provided by a recent prospective analysis of 326 
patients participating in the Chronic Renal Insufficiency Cohort (CRIC) study [54]. 
The prognostic association of systolic BP with all-cause mortality was assessed in 
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three different time points of this prospective cohort: (1) when participants had stage 
4 CKD (eGFR <30 mL/min/1.73 m2), (2) when participants initiated hemodialysis 
and dialysis unit BP measurements were available, and (3) when incident hemodial-
ysis patients had an out-of-dialysis BP measurement obtained during a prespecified 
follow-up visit at home [54]. Systolic BP had no association with mortality among 
participants not yet on dialysis. In accordance with earlier reports from other cohorts 
of hemodialysis patients, dialysis unit systolic BP provided a U-shaped association 
with mortality. In contrast, a direct linear association between systolic BP and all-
cause mortality was evident when BP measurements were obtained outside of the 
unit (HR, 1.26 for each 10 mmHg higher systolic BP; 95% CIs, 1.14–1.40) [54].

The pattern of intradialytic hemodynamic response (i.e., the change in BP from 
pre- to postdialysis) has been also associated with increased risk of all-cause and 
cardiovascular mortality [54, 55]. In this regard, Park et al. [56] revealed a U-shaped 
association between intradialytic change in systolic BP and mortality. In a huge 
cohort study of 113,215 US hemodialysis patients retrospectively followed over a 
median period of 5 years, it was shown that drops in systolic BP from pre- to post-
dialysis between 30 and 0 mmHg were associated with better survival, but large 
declines in systolic BP (>30 mmHg) and intradialytic rise in systolic BP of any 
degree were both linked with increased risk of mortality [56].

24.3.4	 �Epidemiology of Hypertension Among Patients Receiving 
Peritoneal Dialysis

The prevalence of hypertension among patients on peritoneal dialysis was evaluated 
in a cross-sectional study conducted in 504 patients in 27 peritoneal dialysis centers 
belonging to the Italian Co-operative Peritoneal Dialysis Study Group [57]. Valid 
ambulatory BP measurements were obtained in 414 patients (82%) using the WHO/
ISH and the JNC 7 report criteria; Cocchi et  al. reported that the prevalence of 
hypertension was 88.1%. Applying the definition of a BP load >30% over a 24-h 
ambulatory BP monitoring, the estimated prevalence of hypertension was lower 
(69%). The average 24-h blood pressure in this study was 139±19/81±11 mmHg, 
clearly indicating that the prevalence of hypertension as defined by the joint docu-
ment of the American Society of Nephrology and the American Society of 
Hypertension (SBP >135 and/or DBP >85 mmHg) [1] exceeds 50–60% in the peri-
toneal dialysis population [57]. Of note, as much as 53% of patients in this study 
were non-dippers and an additional 9% had an inverted day/night BP profile. Small 
studies comparing the ambulatory BP profile between patients treated with auto-
mated peritoneal dialysis vs. continuous ambulatory peritoneal dialysis showed that 
the average 24-h BP, diurnal BP variation, and BP control rates were no different 
between these two modalities [58, 59]. Other studies have described an association 
between BP and peritoneal transport status. Patients with high peritoneal transport 
(reflecting poor peritoneal ultrafiltration) have higher BP levels during both daytime 
and nighttime periods as well as higher LVMI as compared to “low transporters,” 
and this difference most likely reflects volume overload triggered by high peritoneal 
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transport in the first group. Volume expansion is more marked in peritoneal than in 
hemodialysis patients [60], and these patients more frequently require antihyperten-
sive drugs (65%) than hemodialysis patients (38%, P<0.001). The detrimental role 
of volume expansion in patients maintained on peritoneal dialysis is notorious [61].

Given the more continuous nature of renal replacement therapy and the absence 
of cyclic variations in volume status and in several other metabolic parameters in 
patients receiving peritoneal dialysis, it is long hypothesized that BP control and 
diurnal variation of BP may be substantially different between patients treated with 
peritoneal dialysis and those receiving thrice-weekly hemodialysis. However, only 
two small studies have so far tested this hypothesis. Tonbul et al. [62] compared 
the 44-h ambulatory BP profile of 22 hemodialysis patients with that of 24 patients 
treated with continuous ambulatory peritoneal dialysis. Mean 44-h systolic and dia-
stolic BP was no different between the two dialytic modalities; however, in hemo-
dialysis nighttime BP recorded on the dialysis-off day was significantly higher, 
and daytime BP recorded on the dialysis-on day was significantly lower than the 
relevant BP recordings obtained in the same time periods in patients treated with 
continuous ambulatory peritoneal dialysis [62]. Another comparative study includ-
ing 33 hemodialysis and 27 peritoneal dialysis patients showed that diurnal BP pat-
tern (i.e., dipping status) did not differ between the two dialytic modalities over a 
48-h ambulatory BP recording, but average ambulatory systolic BP (142.1±16.3 
vs. 130.4±17.1 mmHg, P<0.01) and systolic loads (54±29% vs. 30±31%, P<0.01) 
were higher in those receiving hemodialysis [63]. It has to be noted, however, that 
methodologically rigorous randomized comparisons between hemodialysis and 
peritoneal dialysis are missing, and the studies performed so far are small and 
largely inconclusive.

24.4	 �Pathogenesis

Increase in cardiac output or in peripheral vascular resistance or in both these hemo-
dynamic parameters may result in sustained BP elevation among patients on dialy-
sis. Undoubtedly, sodium and volume expansions are considered the prominent 
pathogenic mechanisms of hypertension in these individuals. A number of non-
volume-mediated pathways, such as activation of the renin-angiotensin-aldosterone 
and sympathetic nervous systems, structural arterial wall alterations related to the 
long-term arteriosclerotic process, endothelial dysfunction, sleep apnea, and the use 
of particular medications like erythropoietin-stimulating-agents (ESAs), are also 
reported to play an important role in the complex mechanistic background of hyper-
tension in dialysis patients.

24.4.1	 �Volume Overload

In patients with ESRD, even when residual renal function is preserved, the sodium 
and fluid excretory capacity is substantially impaired; subsequently, the presence of 
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sodium and volume expansion is very common and often not easily identifiable in 
dialysis patients. Moreover, patients with ESRD are those with the highest sodium 
sensitivity of BP [64, 65]. In addition, it is now well documented that in addition to 
classical osmotic volume expansion, sodium retention may occur in the form of 
osmotically inactive sodium in the connective tissue and the skin where sodium 
accumulates linked to glycosaminoglycans [66]. Such a non-osmotic sodium reten-
tion triggers local macrophage recruitment, lympho-angiogenesis, and hypertensive 
mechanisms independent of those traditionally ascribed to isoosmotic volume 
retention. In hemodialysis patients, sodium and water in skin and muscle are 
increased and vascular endothelial growth factor is reduced as compared to age-
matched healthy individuals, and these phenomena may also contribute to hyperten-
sion [67]. Fluid and sodium accumulation between subsequent dialysis treatments 
exerts a substantial impact on the patterns and rhythms of interdialytic BP, which is 
superimposed on the circadian variation of BP. Among hemodialysis patients, BP 
steadily increases during the interdialytic interval and the rate of BP increment is 
directly proportional to the interdialytic weight gain [68]. Studies including 48-h 
ambulatory monitoring of central hemodynamic indices in hemodialysis patients 
showed a gradual increase in peripheral and central aortic BP between the intra- and 
interdialytic periods [69]. Excess volume accumulation over the long interdialytic 
interval in patients receiving thrice-weekly hemodialysis imposes an additional BP 
load during the third interdialytic day (Fig. 24.4). In a study of 55 hemodialysis 
patients having a 72-h ambulatory aortic BP monitoring, a significant increase of 
5/3.5 mmHg in aortic BP was noted between the third and the second day of the 
long interdialytic intervals; nighttime BP and the proportion of patients with a non-
dipping circadian BP pattern were also higher during the third interdialytic day [70]. 
Unless extracellular fluid and sodium overload is removed with ultrafiltration, a rise 
in vascular resistance would sustain hypertension in these individuals. In this con-
text, strict volume and sodium control emerges as the principal target of therapy in 
hypertensive patients with ESRD.
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Fig. 24.4  Changes in aortic blood pressures, wave reflections, and arterial stiffness parameters 
between the first and the second interdialytic day Δ[day(2)–day(1)], in comparison with relevant 
changes between the second and the third interdialytic day Δ[day(3)–day(2)] (reprinted with per-
mission from Koutroumpas et al. [70])
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24.4.2	 �Renin-Angiotensin-Aldosterone System

Activation of the renin-angiotensin-aldosterone system (RAAS) even in patients 
with ESRD under renal replacement therapy is long known [71, 72]. Plasma renin 
activity (PRA) is maintained within the normal range in the majority of dialysis 
patients; however, PRA may be inappropriately elevated in relation to the total 
exchangeable sodium and may contribute to the sustained BP elevation [73]. This 
notion is supported by clinical studies showing a significant increase in PRA and 
plasma aldosterone levels from pre- to postdialysis, suggesting that residual func-
tioning nephrons in the failing kidneys of ESRD patients retain their ability to sense 
acute changes in sodium and intravascular volume status that occur in response to 
ultrafiltration [71, 73]. Additional support to the fact that BP elevation in a subset 
of dialysis patients may be in part renin mediated is provided by earlier studies 
showing a sustained BP reduction in hypertensive dialysis patients after the admin-
istration of the angiotensin II antagonist saralasin; removal of the native kidneys 
from the BP responders was associated with long-term normalization of their BP 
levels [74]. More recent studies have shown a dose-dependent elevation in pre- and 
postdialysis PRA levels along with a parallel fall in 44-h [75] interdialytic ambula-
tory BP in response to the supervised administration of the angiotensin-converting 
enzyme inhibitor (ACEI) lisinopril [75]. In addition to the above, the relationship 
between PRA, aldosterone, and major clinical outcomes in dialysis patients is com-
plex and much influenced by malnutrition and inflammation. Indeed, independently 
of predialysis BP, aldosterone is an inverse predictor of mortality and CV events in 
this population, and this seemingly paradoxical relationship is abolished by adjust-
ment for inflammation, protein energy malnutrition, and volume expansion bio-
markers indicating that it is the mere expression of the confounding effect of these 
factors [76].

24.4.3	 �Sympathetic Nervous System

Seminal microneurography studies assessing efferent sympathetic nerve activ-
ity have provided evidence that sympathetic overactivity is an important cause of 
hypertension among patients on dialysis. These clinical studies showed a doubling 
in the rate of sympathetic discharge in hemodialysis patients with intact native kid-
neys; in contrast, sympathetic nerve activity in bilaterally nephrectomized hemodi-
alysis patients was similar to that of healthy individuals [77]. Bilateral nephrectomy 
of native failing kidneys was shown to be associated with sustained reduction in 
peripheral vascular resistance as well as with dramatic drop in BP levels [78]. The 
notion that sympathetic overactivity is implicated in the causal pathway of hyper-
tension in dialysis patients is also supported by recent reports in small groups of 
patients suggesting that renal denervation exerts a significant BP-lowering effect and 
improves sympathetic nerve discharge among dialysis patients with hypertension 
that remains unresponsive to multidrug antihypertensive therapy and ultrafiltration 
intensification [79, 80]. In a proof-of-concept study, Schlaich et al. [81] performed 
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renal nerve ablation in 12 hemodialysis patients with uncontrolled hypertension 
(office BP>140/90 mmHg) despite the current use of ≥3 antihypertensive drugs. 
The procedure of renal denervation was feasible in nine out of 12 study participants; 
among these patients, a significant drop of 28/10 mmHg in office BP was noted over 
a mean 12-month-long follow-up period [81].

Renalase, an enzyme that metabolizes catecholamines and catecholamine-like 
substances, may contribute to the excessive sympathetic overactivity and hyperten-
sion in CKD [82]. Renalase is a flavin adenine dinucleotide-dependent amine oxi-
dase which is secreted in the blood by the kidney [82]. Infusion of recombinant 
renalase in rats produces a significant reduction in BP and heart rate, an effect pre-
dominantly mediated through reduced peripheral vascular tone and cardiac output 
[83]. The plasma concentration of renalase was shown to be markedly decreased in 
hemodialysis patients as compared to age- and sex-matched controls with normal 
renal function [84].

24.4.4	 �Arterial Stiffness

Patients with ESRD display a distinct form of early increase in arterial stiffness, due 
to a combination of factors, mostly relevant to inappropriate calcium-phosphate 
homeostasis [85]. Among dialysis patients, arterial stiffness, as assessed by aortic 
pulse wave velocity (PWV), is a relevant determinant of the patterns and rhythms of 
BP recorded over the entire interdialytic period [85–87]. Analyzing 11,833 interdia-
lytic BP measurements obtained from 125 hemodialysis patients with the use of a 
generalized cosinor model, Agarwal et al. [86] showed that each one log increase in 
aortic PWV was associated with a rise of 18.8/7.08 mmHg in the intercept of sys-
tolic/diastolic BP and with elevation of 11.7 mmHg in the intercept of PP. Increasing 
aortic PWV tended also to blunt the circadian amplitude of systolic BP and PP [86]. 
Subsequently, in a post hoc analysis of the HDPAL trial, it was shown that increas-
ing aortic PWV at baseline was an independent determinant of 44-h ambulatory 
systolic BP and PP. After adjustment for several confounding factors, each 1-m/s 
higher baseline aortic PWV was associated with 1.34-mmHg higher baseline sys-
tolic BP and 1.02-mmHg higher PP [87]. However, aortic PWV at baseline was 
unable to predict the treatment-induced reduction in 44-h ambulatory systolic and 
diastolic BP at 3, 6, and 12 months of follow-up [87]; the latter suggests that among 
dialysis patients, arterial stiffness does not make hypertension more resistant to the 
BP-lowering therapy. Studies evaluating acute changes in arterial stiffness indexes 
during the interdialytic periods showed that augmentation index (AIx) and central 
aortic PP are increased during both 3-day and 2-day interdialytic intervals; aortic 
and brachial PWV was unchanged in this short time frame [88]. This increase in 
wave reflection indices was by 30% higher during the 3-day as compared to the 
2-day interdialytic interval and was linearly associated with interdialytic weight 
gain [88]. This observation was confirmed in subsequent studies showing a gradual 
interdialytic increase in wave reflection indices and central aortic BP with the use of 
ambulatory BP monitoring [69, 70].
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24.4.5	 �Endothelial Dysfunction

An imbalance between endothelium-derived vasoconstrictors and vasodilators in 
favor of the former may be another mechanistic pathway of hypertension among 
patients on dialysis [89]. This is supported by animal studies showing downregula-
tion of the endothelial and inducible nitric oxide synthase activity in 5/6 nephrecto-
mized rats, an alteration that resulted in sustained BP elevation [90]. Endothelial 
dysfunction results from several mechanisms including high circulating levels of 
asymmetric dimethylarginine (ADMA) [91, 92]; an endogenous nitric oxide syn-
thase inhibitor and its accumulation result in reduced generation of nitric oxide [93]. 
The higher levels of ADMA in ESRD result from both a diminished intracellular 
degradation by desamino-d-argininehydrolase and diminished renal clearance of 
ADMA, since this molecule is mainly excreted by the kidney [93]. Among ESRD 
patients, ADMA is associated with increased LV relative wall thickness and reduced 
ejection fraction. Importantly, prospective cohort studies have associated increased 
ADMA levels with excessive risk of cardiovascular morbidity and mortality in 
hemodialysis patients [91, 93].

24.4.6	 �Sleep Apnea

Sleep apnea is highly prevalent among dialysis patients and volume expansion may 
be a major player in this alteration [94]. In the recumbent position, volume overload 
may promote sleep-disordered breathing and nocturnal hypoxemia through an over-
night fluid shift from the legs to the neck soft tissues that increases peripharyngeal 
and upper airway resistance [95]. Nocturnal hypoxemia in sleep apnea has been 
associated with a reversed circadian BP pattern, triggering in this way nocturnal 
hypertension. This notion is supported by a study of 32 hemodialysis patients show-
ing that those patients experiencing sleep apnea had higher nocturnal systolic BP 
and higher LV relative wall thickness than those without sleep apnea; an inverse 
relationship was noted between the average nocturnal arterial oxygen saturation and 
LV relative wall thickness [29]. In another study, Abdel-Kader et al. [96] showed that 
ESRD patients with sleep apnea had 7.1 times higher risk of developing resistant 
hypertension (defined as office BP >140/90 mmHg despite the use of >3 different 
antihypertensive agents); in contrast, no such association between sleep apnea and 
resistant hypertension was noted among patients with non-dialysis-requiring CKD 
[96]. Whether strict management of volume status improves sleep apnea symptoms 
and restores the blunted nocturnal BP fall in dialysis patients still remains elusive.

24.4.7	 �Erythropoietin-Stimulating Agents

Hypertension is a common but frequently overlooked complication of erythropoie-
tin therapy [97]. New-onset hypertension or worsening of pre-existing hypertension 
can be easily missed due to the high variability of BP in dialysis patients [10] 
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particularly in the absence of properly performed home or ambulatory BP measure-
ments. Studies that did not detect BP elevation in response to erythropoietin therapy 
may have managed hypertension more aggressively through intensification of anti-
hypertensive drug therapy and closer monitoring of volume status [97]. Existing 
studies have associated erythropoietin-induced hypertension with increased circu-
lating endothelin-1 concentration or enhanced vasoconstrictive response to endo-
thelin-1 [98, 99], increased sensitivity to the pressor effect of angiotensin II [100], 
and increased vascular reactivity to norepinephrine [101].

24.5	 �Treatment

24.5.1	 �Non-pharmacological Management of Hypertension

Once an accurate diagnosis of hypertension is made (see above), the management of 
hypertension in dialysis patients should start with non-pharmacological therapeutic 
measures aiming to control sodium and volume excess. This includes (1) dietary 
sodium restriction [102, 103], (2) individualized prescription of the sodium concen-
tration in the dialysate to avoid intradialytic sodium loading, (3) proper adjustment 
of dry weight, and (4) avoiding shorter dialysis. Outside the realm of hypertensive 
urgencies and emergencies [6], and the fact that common antihypertensive agents 
may be needed for other indications (i.e., β-blockers for angina symptoms, heart 
failure, or rate control, RAS blockers for heart failure, etc.), administration of anti-
hypertensive drug therapy in dialysis patients considered to be volume overloaded 
should follow the attainment of dry weight.

24.5.1.1	 �Restricting Dietary Sodium Intake
Among dialysis patients, restricting dietary sodium is proposed as a simple and 
effective maneuver to limit the sense of thirst, reduce interdialytic weight gain, and 
facilitate the achievement of dry weight [102]. Instead of dietary sodium restriction, 
patients on dialysis are often instructed to avoid excess fluid accumulation during 
the interdialytic interval. With the exception of treating hyponatremia, there is no 
specific indication to prescribe fluid-restrictive diets in chronic dialysis patients 
[104]. Currently available recommendations suggest that among dialysis patients, 
dietary sodium intake should not exceed 1.5 g (or approximately 65 mmol) sodium 
per day [103].

24.5.1.2	 �Individualizing the Dialysate Sodium Prescription
To ensure hemodynamic stability during dialysis and limit the risk of intradialytic 
symptoms (i.e., disequilibrium, nausea, vomiting, muscle cramps, etc.), prescription 
of a high dialysate sodium concentration was initially the most preferable therapeu-
tic choice for patients receiving long-term dialysis [105, 106]. Earlier studies sup-
ported the notion that high dialysate sodium minimizes the intradialytic hypotensive 
episodes without worsening interdialytic hypertension [107, 108]. However, more 
recent works challenged the conclusions of those studies and emphasized that a high 
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dialysate sodium concentration may increase thirst and, therefore, interdialytic 
weight gain leading to the need for higher ultrafiltration during the next dialysis 
session [105, 106]. Indeed, in a study in 1084 hemodialysis patients, Munoz 
Mendoza et al. [109] found that dialysate sodium prescriptions ranging from 136 to 
149 (median, 140) mEq/L, with most patients being dialyzed against a positive 
sodium gradient, resulted in over 90% of patients having a rise in serum sodium 
across dialysis and thus higher postdialysis thirst and interdialysis weight gain. A 
consensus document by the chief medical officers of US dialysis providers warns 
against the use of dialysate with a sodium concentration exceeding predialysis 
serum sodium [105, 106]. This increase in interdialytic weight gain leads to the 
need for higher ultrafiltration during the next dialysis session, which may act as a 
triggering factor for more frequent episodes of intradialytic hypotension and pre-
scription of even a higher dialysate sodium concentration, precipitating in this way 
a vicious cycle [105, 106].

A positive intradialytic sodium balance may also arise in patients receiving 
sodium-profiling dialysis. A randomized crossover study of 11 dialysis patients 
compared the effect of performing sodium-profiling dialysis with a time-averaged 
concentration (TAC) of dialysate sodium of 140 mmol/L [TAC(140)] vs. sodium-
profiling dialysis with a TAC of 147 mmol/L [TAC(147)] vs. conventional dialysis 
with a dialysate sodium of 138 mmol/L [110]. An increase in mean 24-h interdia-
lytic BP, in interdialytic weight gain, as well as in interdialytic discomfort symp-
toms was evident during the period of TAC(147) sodium-profiling dialysis as 
compared with the periods of TAC(140) and TAC(138). Increase in interdialytic 
weight gain and interdialytic systolic BP was directly proportional to the TAC of the 
dialysate sodium [110].

The vicious cycle of intradialytic sodium loading can be interrupted by individu-
alizing the prescription of the sodium concentration in the dialysate. A single-blind, 
randomized, crossover study compared the effect of individualized prescription of 
the dialysate sodium concentration (the dialysate sodium set to match predialy-
sis sodium during standard dialysis applying a 138 mEq/L sodium concentration 
multiplied by 0.95 to allow for the Gibbs-Donnan effect) with that of a standard 
dialysate sodium concentration set to 138 mEq/L in nondiabetic, non-hypotension-
prone dialysis patients. Compared with the period of standard dialysate sodium, 
a significant reduction in interdialytic weight gain (2.91±0.87 vs. 2.29±0.65  kg, 
P<0.001), interdialytic thirst score, and episodes of intradialytic hypotension was 
evident during the period of individualized dialysate sodium prescription [111]. A 
pilot study using a biofeedback software system to progressively reduce postdialy-
sis plasma conductivity from 14.0 to 13.5 mS/cm [112] showed that this maneu-
ver resulted in significant reduction of postdialysis plasma sodium from 137.8 to 
135.6 mmol/L. Diffusive sodium removal in addition to convective losses induced 
a nearly 100  mmol/L higher net intradialytic sodium loss resulting in reduction 
in the extracellular body water compartment, lower interdialytic weight gain, and 
drop in predialysis BP [112]. In a subsequent single-blind, crossover study of 15 
patients receiving thrice-weekly in-center, nocturnal dialysis, lowering the dialy-
sate sodium concentration from 140 to 136 or 134 mEq/L for a 12-week treatment 
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period decreased interdialytic weight gain by 0.6±0.6 kg and predialysis systolic BP 
by 8.3±14.9 mmHg without increasing intradialytic hypotensive episodes [113]. In 
a 3-week, two-arm, randomized, crossover trial of 16 dialysis patients with intra-
dialysis hypertension, Inrig et  al. [114] compared the effect of a high (5 mEq/L 
above serum sodium) vs. a low dialysate sodium concentration (5 mEq/L below 
serum sodium) on intradialytic BP and endothelium-derived vasoregulators. The 
weekly averaged predialysis systolic BP was lower during the period of low dialy-
sate sodium concentration compared with dialysis treatments with high dialysate 
sodium (parameter estimate, −9.9 mmHg; 95% CI, −13.3 to −6.4 mmHg; P<0.001) 
[114]. Overall these studies suggest that a single dialysate sodium prescription may 
not fit all patients. Individualizing the dialysate sodium prescription may facilitate 
the achievement of euvolemia without aggravating the risk of intradialytic hemody-
namic instability.

Similarly to the low dialysate sodium in hemodialysis patients, increasing the 
diffusive component of sodium removal with the use of low-sodium peritoneal dial-
ysis fluids is suggested to be an effective maneuver to improve BP control among 
patients receiving peritoneal dialysis. In a nonrandomized interventional study 
comparing a standard vs. a low-sodium peritoneal dialysis solution substituted for 
one 3- to 5-h exchange over a mean follow-up period of 2  months, low-sodium 
concentration in the dialysate resulted in a significant increase of 30–50 mmol/
dwell diffusive peritoneal sodium removal [115]. Associated benefits of this inter-
vention were significant reductions in the sense of thirst and total body water 
assessed by bioelectrical impendence analysis, together with a significant fall of 
8 mmHg in nighttime systolic BP [115]. Prescribing low-sodium dialysate solutions 
and achieving adequate volume control through icodextrin solutions may have addi-
tive benefits in patients being on a volume-expanded state. A small, open-label ran-
domized study lasting 12 months showed that compared with standard glucose 
peritoneal dialysis solutions, the use of icodextrin as an osmotic agent is associated 
with better extracellular volume control and greater reduction in systolic and dia-
stolic 24-h ambulatory BP [116].

24.5.1.3	 �Probing of Dry Weight
The adequate management of dry weight among dialysis patients is challenging 
[117]. The most important issue is the absence of a widely accepted definition of dry 
weight. Sinha and Agarwal [118] defined dry weight as the lowest tolerated postdi-
alysis weight achieved through gentle and gradual reduction in postdialysis weight 
at which patients experience minimal signs or symptoms of either hypovolemia or 
hypervolemia [118].

Another challenge in the management of volume status among dialysis patients 
is the absence of a single clinical test to reliably adjudicate whether a patient has 
reached the “ideal” dry weight or whether the patient remains volume overloaded. 
The presence of pedal edema is frequently used in daily clinical practice as a simple 
physical sign to assess dry-weight achievement. The reliability of pedal edema as a 
sign of volume excess was investigated in a cross-sectional analysis of 146 asymp-
tomatic dialysis patients, in which echocardiographic parameters, blood volume 
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monitoring, plasma volume markers, and inflammatory markers were measured as 
exposure variables, whereas pedal edema was assessed as an outcome variable 
[119]. This study showed that pedal edema exhibited significant associations with 
several cardiovascular risk factors such as age, body mass index, and LV mass 
index. However, indices reflecting intravascular volume, such as inferior vena cava 
diameter, blood volume monitoring, and plasma volume biomarkers, were not inde-
pendent determinants of the presence of pedal edema [119].

Achievement of dry weight is a long-term process, in which the interaction 
between the doctor and the patient plays a prominent role. Dry-weight reduction is 
often accompanied by uncomfortable intradialytic symptoms such as hypotension, 
dizziness, cramps, nausea, and vomiting. Physicians often respond falsely to these 
symptoms with therapeutic interventions such as cessation of ultrafiltration, intrave-
nous saline infusion, premature termination of dialysis, increasing the dialysate 
sodium concentration or finally raising the dry weight, and subsequently increasing 
the number of prescribed antihypertensive medications, which all finally act as bar-
riers to the dry-weight achievement [1, 106]. The strongest evidence that probing of 
dry weight is an effective intervention in order to improve BP control among patients 
on dialysis is provided by the DRIP trial [120]. In this trial, 100 long-term hyperten-
sive dialysis patients were randomly assigned to an intensive ultrafiltration group, in 
which the dry weight was probed without increasing the frequency or duration of 
dialysis; another 50 patients were randomly assigned to a control group, in which 
patients had only physician visits without any modification in their volume status 
[120]. The primary trial end point was the difference between the ultrafiltration and 
control groups in the change of 44-h interdialytic ambulatory BP during follow-up. 
Postdialysis weight was reduced by 0.9 kg at 4 weeks and resulted in a significant 
reduction of 6.9 mmHg (95% CI, −12.4 to −1.3 mmHg) in systolic BP; diastolic BP 
exhibited also a significant drop of 3.1 mmHg (95% CI, −6.2 to −0.02 mmHg). The 
overall dry-weight reduction achieved at study completion (8 weeks) was 1 kg; the 
associated BP-lowering benefit was a reduction of 6.6/3.3 mmHg in 44-h interdia-
lytic ambulatory BP at 8 weeks of dry-weight probing (Fig. 24.5) [120]. The DRIP 
trial provided the net BP-lowering efficacy of dry-weight reduction, since back-
ground antihypertensive treatment of study participants remained unchanged 
throughout the trial. Of importance, this benefit was seen without any deterioration 
in parameters of health-related quality of life [120] and with a reduction in LV 
chamber volume [121]. The findings of the DRIP trial are in general agreement with 
previous uncontrolled observations in small series of patients [122–124].

In contrast to the above, benefits on BP control of intensification of ultrafiltration 
without prolonging dialysis time may be counterbalanced by a higher risk of hospi-
talizations for cardiovascular complications and arteriovenous fistula clotting [125]. 
High ultrafiltration rates increase the risk of dialysis hypotension, and in one obser-
vational study, ultrafiltration rates greater than 12.4 mL/kg per hour were associated 
with increased mortality [126]. Overall, dry-weight reduction may be more easily 
and safely achieved in multiple sessions or by prolonging the dialysis time to 
achieve a slower ultrafiltration rate, as discussed below.
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24.5.1.4	 �Avoiding Shorter Delivered Dialysis
Current best practice guidelines recommend that patients with ESRD should receive 
renal replacement therapy with at least three dialysis sessions weekly, and the total 
duration of dialysis time should be at least 12 h per week [127]. Exception to this 
recommendation is proposed to be incident dialysis patients with substantial resid-
ual renal function or patients who started earlier dialysis; these specific subgroups 
of dialysis patients may be able to maintain the homeostasis of volume and meta-
bolic parameters over a longer dialysis-free interval [127–129]. In contrast to 
guidelines, real-world data derived from the ESRD Clinical Performance Measures 
Project in the USA suggest that one quarter of the 32,065 patients participating in 
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Fig. 24.5  The effect of dry-weight reduction on changes in interdialytic (44-h) ambulatory sys-
tolic and diastolic BP over 4 and 8 weeks in hypertensive hemodialysis patients (reprinted with 
permission from Agarwal et al. [120])
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this program were receiving less than 3 h and 15 min of dialysis/session and only 
one quarter of patients were receiving an extended-time (>4  h/session) dialysis 
regimen [130].

Among several other potential hazards, shorter delivered dialysis is reported to 
be an important barrier to the achievement of adequate BP control. This notion is 
supported by a post hoc analysis of the DRIP trial [131], in which median intradia-
lytic systolic BP at baseline and its change over time were modeled against the 
duration of delivered dialysis. At baseline, median intradialytic systolic BP was 
higher with fewer hours of delivered dialysis. Among patients who did not have 
their dry weight probed (control group), median intradialytic systolic BP followed 
an increasing trend over the course of the trial. Dry-weight reduction in the ultrafil-
tration group induced a significant drop in median intradialytic systolic BP regard-
less of the duration of delivered dialysis [131]. However, patients with longer 
delivered dialysis required fewer dialysis sessions in order to gain the BP-lowering 
benefit of dry-weight reduction. A similar relationship was evident between the 
duration of delivered dialysis and the magnitude of change in 44-h interdialytic 
ambulatory systolic BP over time [131].

Increasing the duration or the frequency of the delivered dialysis may represent 
an alternative approach to control BP among dialysis patients who either experience 
frequent episodes of intradialytic hemodynamic instability or remain hypertensive 
despite the intensification of volume withdrawal that can be achieved within the 
conventional thrice-weekly 12-h dialysis regimen [132]. For example, in a cross-
over study of 38 dialysis patients comparing the frequency of intradialytic symp-
toms during 5-h vs. 4-h duration dialysis sessions, the incidence of intradialytic 
hypotension and postdialysis orthostatic hypotension was shown to be less common 
during the period of extended-time dialysis [133]. This notion is also supported by 
several other randomized and nonrandomized observations showing that patients 
assigned to longer or more frequent dialysis regimens achieve adequate BP control 
with minimal requirements for antihypertensive medications, a benefit that is possi-
bly mediated through better achievement of postdialysis dry weight [132, 134–136].

24.5.2	 �Pharmacological Management of Hypertension

Two meta-analyses of randomized controlled trials have provided evidence that BP 
lowering with the use of antihypertensive drugs is associated with reduced cardio-
vascular morbidity and mortality in dialysis patients [137, 138]. The first meta-
analysis included eight randomized controlled trials incorporating data from 1697 
ESRD patients and 495 cardiovascular events [138]. The weighted mean difference 
in the change of BP between the active treatment and control groups was −4.5 mmHg 
for systolic and −2.3 mmHg for diastolic BP. This BP-lowering effect of antihyper-
tensive drug treatment was associated with 29% reduction in the risk of all-cause 
mortality (pooled RR, 0.71; 95% CIs, 0.55–0.92) and 29% reduction in the risk of 
cardiovascular mortality (pooled RR, 0.71; 95% CIs, 0.50–0.99) [138]. The second 
meta-analysis [137] included five	  randomized trials with 1202 study participants. 
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Compared with placebo or control therapy, the overall cardiovascular benefit of BP 
lowering with antihypertensive therapy was a 31% reduction in the risk of future 
cardiovascular events (pooled HR, 0.69; 95% CIs, 0.56–0.84) [137]. In a sub-
analysis according to the hypertension status of patients participating in the indi-
vidual studies, it was shown that cardiovascular protection provided by BP lowering 
was lesser when normotensive patients were included in the analysis (pooled HR, 
0.86; 95% CIs, 0.67–1.12) [137]. These meta-analyses indicate that the use of anti-
hypertensive drugs in dialysis patients may afford cardiovascular protection both in 
hypertensive patients and in normotensive patients with LV systolic dysfunction 
[137]; the cardiovascular benefit seems to be greater for hypertensives [137].

All major antihypertensive drug classes are useful for pharmacological treat-
ment of hypertension [1, 139, 140]. Exception may be diuretic compounds, which 
are generally ineffective for BP control in patients with ESRD [1, 139, 140]. 
Echocardiographic studies conducted in anuric hemodialysis patients showed that 
intravenous administration of loop diuretics, even at high doses, exerts only minimal 
alterations in central hemodynamic indices [141]. Given the high risk of ototoxicity, 
the use of loop diuretics in anuric dialysis patients should be avoided. It remains to 
be elucidated whether these compounds have a beneficial role in those patients with 
preserved residual diuresis as a therapeutic intervention targeting to enhance urine 
output and limit fluid accumulation between subsequent dialysis treatments [142].

24.5.2.1	 �Angiotensin-Converting Enzyme Inhibitors 
and Angiotensin Receptor Blockers

Inhibition of the RAAS is often recommended as first-line BP-lowering therapy for 
dialysis patients, by extrapolation of the cardiovascular benefits of RAAS-blockers 
in the general population. However, whether RAAS-blockade affords the same ben-
efits in hypertensive dialysis patients with hypertensive patients in the general popu-
lation still remains unclear. In the Fosinopril in Dialysis (FOSIDIAL) trial [143] 
(Table 24.1), 397 hemodialysis patients were randomized to receive the ACEI fos-
inopril (titrated up to 20 mg/day) or placebo for a mean follow-up period of 48 
months. Patients participating in the FOSIDIAL trial had by protocol LV hypertro-
phy, but were not necessarily hypertensives. Although therapy with fosinopril 
resulted in a significant reduction of predialysis BP vs. placebo in the subgroup of 
hypertensive participants, occurrence of fatal and nonfatal cardiovascular events 
during the follow-up did not significantly differ between the active treatment and 
placebo arms (RR, 0.93; 95% CIs, 0.68–1.26) [143].

Three trials (Table 24.1) [144–146] all performed in Japan compared angioten-
sin II receptor blockers (ARBs) to placebo or active therapy. The first enrolled 80 
hemodialysis patients without overt cardiovascular disease and showed candesar-
tan was superior to placebo in improving cardiovascular event-free survival [144]. 
In the second, 360 hypertensive hemodialysis patients were randomly assigned to 
receive ARB therapy (valsartan, candesartan, or losartan) or control therapy not 
including ACEIs or ARBs [145]. Over a mean follow-up period of 36  months, 
ARB therapy was associated with a 49% reduction in the risk of cardiovascular 
death, nonfatal myocardial infarction (MI), stroke, coronary revascularization, and 
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hospitalized congestive heart failure (CHF) as compared with control therapy not 
including RAAS inhibitors (HR, 0.51; 95% CI, 0.33–0.79) [145]. In the subsequent 
Olmesartan Clinical Trial in Okinawan Patients Under Okinawa Dialysis Study 
(OCTOPUS) trial [146], 469 hypertensive hemodialysis patients were randomized 
to the ARB olmesartan (10–40 mg/day) or control therapy not including ACEIs or 
ARBs. Over a mean follow-up of 3.5 years, incidence of all-cause death, nonfa-
tal stroke, MI, and coronary revascularization was similar in the olmesartan and 
control groups (HR, 1.00; 95% CI, 0.71–1.40); mortality was also not different 
(Fig. 24.6) [146]. A meta-analytical estimate of the risk reduction by ARBs in these 
trials (which included around 900 patients and 175 deaths) showed a nonsignificant 
(P = 0.10) 42% risk reduction [147]. Overall, a superiority of ACEIs and ARBs over 
other antihypertensive drugs seems unlikely in dialysis patients, and antihyperten-
sive treatment per se and not the use of a RAAS blocker is rather the factor reduc-
ing cardiovascular risk. It should be also noted that there are important differences 
between ACEIs and ARBs in renal clearance and removal during dialysis [5]; most 
ARBs are not dialyzed during conventional dialysis and may be therefore preferred 
in these patients for BP reduction.

24.5.2.2	 �β-Blockers
Sympathetic overactivity as measured by plasma norepinephrine is a powerful pre-
dictor of death and cardiovascular events in dialysis patients [148]. Susceptibility of 
dialysis patients to serious arrhythmias and sudden death along with the excessive 
activation of the sympathetic nervous system makes β-blockers an attractive thera-
peutic option toward cardiovascular protection in this population [139]. In the first 
clinical trial with hard cardiovascular outcomes using a β-blocker in hemodialysis, 
114 patients with dilated cardiomyopathy were randomly assigned to carvedilol 
(titrated up to 25 mg twice daily) or placebo. Over a follow-up of 2 years, carvedilol 
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Fig. 24.6  Effects of olmesartan vs. other antihypertensive treatments on primary outcome (death, 
nonfatal stroke, myocardial infarction, and coronary revascularization) and all-cause mortality in 
hemodialysis patients in the OCTOPUS trial (reprinted with permission from Iseki et al. [146])
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treatment improved LV systolic function and lowered by 56% the risk of all-cause 
hospitalization (HR, 0.44; 95% CI, 0.25–0.77) and by 49% the risk of all-cause 
death (HR, 0.51; 95% CI, 0.32–0.82) compared to placebo [149].

Additional support to the cardioprotective properties of β-blockade is provided 
by the Hypertension in Hemodialysis Patients Treated with Atenolol or Lisinopril 
(HDPAL) trial [150], which performed a head-to-head comparison between the 
β-blocker atenolol and the ACEI lisinopril (both administered in a thrice-weekly 
regimen immediately postdialysis) in 200 hypertensive hemodialysis patients with 
echocardiographically documented LV hypertrophy (Table 24.1). This study was 
prematurely terminated for safety reasons due to significantly higher risk of cardio-
vascular events in the lisinopril group, although the number of events was generally 
not different from that recorded in registries of hemodialysis patients. The incidence 
of the combined outcome of MI, stroke, hospitalized CHF, and cardiovascular death 
was 2.29 times higher in lisinopril than in atenolol group [incidence rate ratio (IRR), 
2.29; 95% CI, 1.07–5.21] [129]. LV mass index (the primary outcome) improved to 
a similar extent in the atenolol and lisinopril groups [150]. However, atenolol was 
shown to be superior to lisinopril in terms of its BP-lowering efficacy; although no 
significant differences in BP were noted between groups, lisinopril-treated patients 
had always numerically higher BP levels and required more aggressive volume 
management during dialysis and administration of higher number of antihyperten-
sive drugs as add-on therapy to achieve the prespecified home BP target of 
140/90 mmHg. In a secondary analysis of the HDPAL trial, atenolol was shown to 
be superior to lisinopril in improving aortic pulse wave velocity [87], which is a 
strong and independent cardiovascular risk predictor among dialysis patients [85]. 
This beneficial effect of atenolol on aortic stiffness was predominantly mediated 
through its potent BP-lowering efficacy.

The Beta-blocker to LOwer CArdiovascular Dialysis Events (BLOCADE) trial 
failed to advance our understanding on the cardioprotective role of β-blockade due 
to the low recruitment rate in the feasibility study that resulted in a small sample 
size [151]. The study aimed to enroll 150 patients; among 1443 patients screened, 
including 176 who were already on treatment with beta-blockers, only 354 were 
eligible, 91 consented, and 72 entered the 6-week active treatment run-in period. Of 
these, only 49 participants (68%; 95% CI, 57–79%) tolerated carvedilol therapy 
(6.25  mg twice daily) during the run-in and progressed to randomization [151]. 
Narrow inclusion criteria led to exclusion of high-risk patients, who were more 
likely to benefit from the cardioprotective actions of carvedilol.

Although actual data are scarce, some suggest vasodilating β-blockers (i.e., 
carvedilol) to be particularly useful in the setting of intradialysis hypertension, as 
they may favorably affect endothelial dysfunction, which is suggested as a major 
mechanistic pathway of intradialysis hypertension [152–154]. In an uncontrolled 
interventional study of 25 patients with intradialysis hypertension, Inrig et  al. 
[155] showed that carvedilol treatment was associated with an improvement in 
endothelium-dependent flow-mediated vasodilatation; this effect was accompa-
nied by reduced occurrence of intradialytic hypertensive episodes during follow-up 
and with a significant drop of 7 mmHg in 44-h interdialytic ambulatory systolic 
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BP. Again, it must be noted that there are differences in renal clearance and dialyz-
ability between different β-blockers that need to be taken into account when pre-
scribing these agents in hemodialysis patients [5].

24.5.2.3	 �Calcium Channel Blockers
Calcium channel blockers (CCBs) can effectively lower BP, even in the volume-
expanded state [156], and are often used as combination therapy for management 
of hypertension in dialysis patients. Tepel et al. [157] randomized 251 hypertensive 
hemodialysis patients to receive amlodipine (5–10  mg/day) or placebo for 
30  months (Table  24.1). Amlodipine insignificantly improved survival as com-
pared with placebo, but reduced by 47% the composite secondary end point of 
all-cause death, nonfatal stroke, MI, coronary revascularization, and angioplasty 
for peripheral vascular disease (HR, 0.53; 95% CI, 0.31–0.93) [157]. Other small 
studies suggested that dihydropyridine CCBs are equally effective with ACEIs or 
ARBs in reducing oxidative stress and regressing LV hypertrophy and carotid 
intima-media thickness [158]. Data on non-dihydropyridine CCB use in hemodi-
alysis patients are scarce; using these agents should at least follow the recommen-
dations for the general population. An important benefit of all CCBs is that they are 
practically not removed during standard hemodialysis and, thus, can be dosed once 
daily in these patients [5].

24.5.2.4	 �Mineralocorticoid Receptor Antagonists
A cardioprotective action of mineralocorticoid receptor antagonist (MRA) therapy 
among dialysis patients is strongly supported by background evidence [159] and 
two recent trials (Table 24.1) [160, 161]. In the Dialysis Outcomes Heart Failure 
Aldactone Study (DOHAS), 309 oligoanuric hemodialysis patients were random-
ized to spironolactone (25 mg/day) or no add-on therapy for 3 years. Spironolactone 
reduced by 62% the risk of cardiovascular mortality or cardiovascular-related hos-
pitalization (HR, 0.38; 95% CI, 0.17–0.83), with incidence of drug discontinua-
tion due to serious hyperkalemia being 1.9% [160]. Another study randomized 
253 patients without heart failure receiving hemodialysis or peritoneal dialysis to 
2-year-long add-on therapy with spironolactone (25 mg/day) or placebo. Add-on 
MRA therapy reduced by 58% the occurrence of the composite primary end point 
of cardio-cerebrovascular mortality, aborted cardiac arrest, and sudden death (HR, 
0.42; 95% CI, 0.26–0.78) [161]. The reduction in the risk of adverse clinical out-
comes in these trials exceeded 50%, i.e., it was apparently superior to the effect of 
frequent in-center hemodialysis on the combined end point death and LVH progres-
sion [134] and largely unexpected in a population like the hemodialysis population 
that is notoriously less sensitive to interventions aimed at reducing death and car-
diovascular events than other patient populations [162]. The safety profile of MRAs 
in the dialysis population was investigated in a recent study, in which 146 hemodi-
alysis patients were randomly assigned to eplerenone (25–50 mg daily) or match-
ing placebo for 13 weeks [163]. Eplerenone treatment significantly increased the 
incidence of hyperkalemia (defined as predialysis serum potassium >6.5 mmol/L) 
as compared with placebo (RR, 4.50; 95% CI, 1.0–20.2) [163], but permanent drug 
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discontinuation due to hyperkalemia or hypotension, which was the primary study 
end point, was no different between eplerenone and placebo groups [163]. Large, 
properly designed studies, like the ongoing ALCHEMIST [164] (ALdosterone 
Antagonist Chronic HEModialysis Interventional Survival Trial; NCT01848639), 
are needed to assess the safety and the effectiveness of mineralocorticoid receptor 
blockade in ESRD.

�Conclusion
Hypertension in patients undergoing hemodialysis and peritoneal dialysis patients 
poses almost unique diagnostic, prognostic, and therapeutic problems. Evolution 
of studies using home or ambulatory BP monitoring is currently needed in order 
to better define the true burden of hypertension, to provide solid data on hyper-
tension prevalence and prognostic associations, and to enable international orga-
nizations to propose objective thresholds for diagnosis and targets for treatment 
for these patients. As sodium and volume excess is the most important contribu-
tor to BP increase in the dialysis population, non-pharmacologic interventions 
targeting these factors are fundamental in this population and should precede 
pharmacological treatment. In patients whose BP remains unresponsive to the 
volume management strategies, the use of antihypertensive drugs is necessary. 
Among dialysis patents, BP lowering with the use of antihypertensive agents is 
associated with improvement in cardiovascular outcomes; the use of β-blockers 
followed by ACEIs and ARBs should be strongly considered, on the basis of 
evidence suggesting that these agents likely offer cardioprotection. Additional 
research efforts, mainly properly designed clinical trials, are warranted to iden-
tify the optimal non-pharmacologic and pharmacologic measures to treat hyper-
tension and reduce cardiovascular disease in dialysis patients.
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