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Prevalence,  Awareness, Treatment, and Control of 
Hypertension to Systolic Goal (<130mmHg) by CKD stage

%

Sarafidis P, et al. Am J Med 2008

Total cohort N=10,813



Prevalence of hypertension in Low-Clearance patients 

Sarafidis P, et al. Nephron Clin Pract 2012

Presenter
Presentation Notes
Prevalence of hypertension by the duration of HD and sex in the Japanese Society of Dialysis Therapy 2000 database. Hypertension was defined as either systolic bp> 140 or diastolic bp>90mmHg.
77.5% had hypertension and 61% were prescribed antihypertensive drugs. Nevertheless, bp control was unsatisfactory. 
Those who survived longer on HD were less likely to have hypertension. 





Υπέρταση στο Τελικό Στάδιο ΧΝΝ
Διεθνείς Οδηγίες



K/DOQI 2005 guidelines on cardiovascular disease in dialysis patients 

Predialysis and postdialysis blood pressure goals should be       
<140/90mmHg and <130/80mmHg respectively (C)

K/DOQI 2006 update of hemodialysis adequacy guidelines

Focus on volume control, dietary sodium restriction and avoidance of 
high dialysate sodium

DO NOT recommend specific blood pressure targets in hemodialysis 
patients 

K/DOQI 2007 clinical practice guidelines for diabetes and CKD

Target blood pressure in diabetes and CKD stages 1-4 should be 
<130/80mmHg (B)

Targets for patients on dialysis are not recommended. 

KDIGO 2009 Consensus Conference 
Home BP >139/89 mmHg can only be decided by future research

KDIGO 2012. Only for CKD-ND

Guidelines on Hypertension in ESRD (?)

Presenter
Presentation Notes
Most large scale clinical trials exclude patients with ESRD, and thus guidelines targeting these patients are opinion-based and extrapolated from other populations.
CV benefits of lowering bp in the general population and patients with early CKD have been proved.
However, the efficacy and safety of lowering blood pressure in HD pts is uncertain. 
In contrast to the general population, no adequately powered randomized clinical trials  examining hard outcomes have been conducted among hemodialysis patients to determine hard outcomes. 
Grade C strength of recommendation, which means that the recommendation is based on either weak evidence or on the opinions of the Work Group.







Sarafidis P, et al. J Hypertension 2017; Sarafidis P, et al. Nephrol Dial Transplant 2017
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Υπέρταση στην Αιμοκάθαρση
Ορισμός και Συχνότητα



Author Year N Definition of 
Hypertension

Prevalence of 
hypertension

BP Treatment 
among 

hypertensives

BP Control 
among 

hypertensives

Salem, M. 1995 649
Pre-hemodialysis MAP ≥114 

mmHg or use of 
antihypertensive agents

71.9% 81.5% 48.6%

Rahman, M. 1999 489 Pre-hemodialysis SBP ≥140 
mmHg and/or DBP ≥90 mm 87.7% 93.2% 71.1%

Agarwal, R. 2003 2,535
1-week average pre-

hemodialysis SBP >150 mmHg 
and/or DBP >85 mmHg, or 

use of antihypertensive agents

85.8% 88.4% 30.3%

Agarwal, R. 2011 369

44-hour interdialytic
ambulatory SBP≥135 mmHg 
and/or DBP≥85 mmHg or use 

of antihypertensive 
medications

82% 89% 38%

Cocchi, R 1999 504 PD
SBP>140 or DBP >90mmHg, 
or use of antihypertensive

treatment
88.1% 81.5%

Sarafidis P, et al. J Hypertension 2017; Sarafidis P, et al. Nephrol Dial Transplant 2017

Prevalence, treatment and control of 
hypertension in dialysis patients

Presenter
Presentation Notes
Valid ambulatory
BP measurements were obtained in 414 patients (82%).
Using the WHO/ISH 1999 definition of hypertension
(SBP>140 or DBP >90mmHg, or use of antihypertensive
treatment), the prevalence of hypertension was 88%. When
hypertension was defined using a BP load of >30% of values>
140/90 at day-time or>120/80 at night-time during 24-h
ABPM, the estimated prevalence of hypertension was lower
(69%); however, the actual ability of BP load to identify a hypertensive
condition has been questioned [37]. The average 24-h
BP in this study was 139619/81611mmHg, again suggesting
that, if the currently proposed definition of average SBP135
and/or DBP85mmHg in ABPM or antihypertensive treatment
[5] was used instead, hypertension prevalence would also
exceed 70–80% [72]



Reasons of poor validity of “peridialytic” BP 
measurements

• Readings not made for diagnostic reasons but to exploit a major  
hemodynamic metric like to assess cardiovascular stability 
• Office reading (white-coat effect)
• Errors in recording (wrong cuff, low number of readings)
• Invalid devices
• Inadequate “relaxation” time
• “Stress” of quick connection – disconnection / Needlephobia
• Pre = maximum, post = minumum volume overload
• Pre = maximum, post = minumum of the effect of drugs that are 
dialyzed

Sarafidis P, et al. J Hypertension 2017; Sarafidis P, et al. Nephrol Dial Transplant 2017

Presenter
Presentation Notes
Blood pressure (BP) is characterized by high variability, including changes beat to beat (very short term), within the 24 hours (short term), from day to day (midterm), and between visits spaced by weeks, months, seasons and even years (long term). These variations can be estimated by means of continuous beat-to-beat BP recordings, repeated conventional office BP measures, 24-h ambulatory BP monitoring (ABPM), or Home BP Monitoring (HBPM) over longer time windows (see Table 1). A main advantage of ABPM over other BP measurement techniques is represented by its ability to track BP changes occurring in daily life conditions and over the 24-hour period, thus allowing assessment of overall BP variability (BPV) as well as the identification of nocturnal hypertension and of an altered day-to-night BP profiles (i.e. non dipping pattern of BP) which manifest early in the course of chronic kidney disease (CKD). These alterations are even more significant in subjects with end stage renal disease (ESRD) mainly, although not exclusively, because of the marked reductions in intravascular volume immediately after hemodialysis as well as its progressive increases throughout the inter-dialytic period (1), combined with an enhanced sympathetic activity. The higher frequency of alterations in 24h BP profiles and BPV in subjects with CKD/ESRD, not only make a proper assessment and achievement of BP control even more difficult in this subjects, but is prognostically relevant to the background of the evidence provided by longitudinal and observational studies indicating that either in the short or in the long term increasing values of BPV may be predictors of development of cardiovascular and renal disease, over and above the contribution provided by elevated mean BP levels  (2), (3), (4), (5), (6), (7), (8), (9), (10) (Figure 2). Although the additional predictive value of increasing BPV has been shown to be only marginal when accounting for average BP values in subjects at low-to-moderate cardiovascular risk, the predictive value of increasing values of BPV has been shown to add significantly to cardiovascular prediction over and beyond average BP levels in subjects at high cardiovascular risk i.e. as it is the case of hypertensive subjects with CKD. It becomes thus clear that in order to improve cardiovascular protection in CKD patients, attention should be given not only to achievement of control of average BP values but also to stabilization of BP levels over time.  However, whether these alterations should become a target for antihypertensive treatment in CKD is still to be defined in the context of properly designed interventional studies. 



ABPM in Hemodialysis
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Figure 2. Kaplan–Meier survival curves for ambulatory systolic BP and mortality. The log rank test demonstrated a significant difference in survival between quartiles of ambulatory systolic BP.



Prevalence, treatment and control of 
hypertension in European hemodialysis patients

Pre-hemodialysis BP 
≥140/90 mmHg or 
antihypertensive 

treatment

48hour BP ≥130/80 
mmHg or 

antihypertensive 
treatment

Prevalence, n (%) 354 (89.4%) 334 (84.3%)
BP levels above thresholds, n (%) 254 (64.1%) 238 (60.1%)
Patients on antihypertensive treatment, n (%) 290 (81.9%) 290 (86.8%)
Hypertensives patients with controlled BP, n (%) 100 (28.2%) 96 (28.7%)

Sarafidis P, et al. Nephrol Dial Transplant 2018



Prevalence of hypertension in European PD patients

Cocchi, et al. Nephrol Dial 
Transplant 1999

• WHO/ISH 1999 definition: 

prevalence of hypertension 88% 

• BP load >30% of values >140/90 

at daytime or >120/80 at night-

time during 24-h ABPM (n=414): 

prevalence of hypertension 69%

Tonbul, et al. J Hum Hypertens 2002



Υπέρταση στο Τελικό Στάδιο ΧΝΝ
Πρόγνωση Καρδιαγγειακού Κινδύνου



1-year Mortality predicted by SBP
Experience at 782 US dialysis facilities

0

0.5

1

1.5

2

2.5

< 115 115 -
125

125 -
135

135 -
145

145 -
155

155 -
165

165 -
175

> 175

Categories of SBP (mmHg)

H
az

ar
d 

R
at

io
 fo

r 
D

ea
th

Predialysis SBP
Postdialysis SBPRef

Klassen et al. JAMA 2002;287:1548-1555

n = 37,069



Home BP and ABPM monitoring is of greater 
prognostic value than HD units recordings

Alborzi et al. CJASN 2007;2:1228-1234

“Best home 
BP” 125-145 

mm Hg

Best ABP 
115-125 
mm Hg

Presenter
Presentation Notes

Design, setting, participants, & measurements: A prospective cohort study was conducted in 150 patients who were onchronic hemodialysis dialyzing at four university-affiliated units. BP was self-measured at home for 1 wk, for an interdialytic interval by ambulatory recording, and by “routine” and standardized methods in the dialysis unit for 2 wk. Patients were followed for a median of 24 mo to assess the end points of all-cause and cardiovascular mortality.

Hazard ratios for mortality for quartiles of systolic BP.
Both home bp and ABPM had prognostic information. Conversely dialysis unit BP readings did not achieve statistic significance in terms of prognostic value. 
In this cohort, self measured SBP of 125 to 145 mmHg and 115 to 125 by ABPM was associated with the best prognosis in HD patients. 





Parati G, et al. on behalf of EURECA-m Working Group. Hypertension 2016



BOX 1. Diagnosis of hypertension in dialysis patients

Sarafidis P, et al. J Hypertension 2017; Sarafidis P, et al. Nephrol Dial Transplant 2017

Hypertension in dialysis patients should be defined on the basis of home BP or
ABPM measurements. Thresholds and methods proposed by the ASH/ASN [5], the
EURECA-m working group of ERA-EDTA [11] and the relevant ESH Guidelines
[24,41,205] can be used as follows:
• Home BP in hemodialysis: An average BP >135/85 mmHg for measurements
collected in the morning and in the evening over 6 non-dialysis days (covering a
period of two weeks). Measures should be performed in a quiet room, with the
patient in seated position, back and arm supported, after 5 minutes of rest, and with
two measurements per occasion taken 1 to 2 minutes apart.
• Home BP in peritoneal dialysis: An average BP >135/85 mmHg over 7 consecutive
days with measurements collected as above.
• ABPM in hemodialysis: An average BP >130/80 mmHg over 24-hour monitoring
during a mid-week day free of hemodialysis. Whenever feasible ABPM should be
extended to 44-hours, i.e. covering a whole mid-week dialysis interval.
• ABPM in peritoneal dialysis: An average BP >130/80 mmHg over 24-hour
monitoring



BOX 1. Diagnosis of hypertension in dialysis patients
(cont)

Sarafidis P, et al. J Hypertension 2017; Sarafidis P, et al. Nephrol Dial Transplant 2017

• For hemodialysis patients no recommendation can be made on the basis of pre-
dialysis or post-dialysis BP. When neither ABPM nor home BP measurements are
available in these patients, the diagnosis can be made on the basis of office BP
measurements taken during the dialysis interval, i.e. the average of three
measurements with 1-2 minutes interval obtained in the sitting position by trained
personnel after at least 5 minutes of quiet rest. The threshold of office BP >140/90
mmHg recommended by current guidelines for the definition of hypertension in CKD
patients can be used for hemodialysis patients.

• For peritoneal dialysis patients office BP >140/90 mmHg obtained as described
immediately above can be used for the diagnosis of hypertension.



Short-term BPV by CKD Stages: Spanish ABPM registry
24-hour Systolic BPV 

Sarafidis, Ruilope, Loutradis et al.  J Hypertens 2017

Presenter
Presentation Notes
Background: Increased blood pressure (BP) variability predicts cardiovascular morbidity and
mortality in hypertensives. This study aimed to examine short-term BP variability by means of
ambulatory BP monitoring (ABPM) according to renal function status.
Study Design: Cross-Sectional Study
Setting & Participants: 16,546 patients [10,270 (62.1%) without / 6,276 (38.9%) with CKD of
Stage 1-5] from the Spanish ABPM Registry.
Predictor: Stages of CKD were defined according to K/DIGO criteria, based on glomerular
filtration rate estimated from serum creatinine with the CKD-EPI equation and urine albumin-tocreatinine
ratio.
Outcomes: BP variability was assessed with the following parameters: standard deviation (SD),
weighted SD (wSD), coefficient of variation (CV), and average real variability (ARV).
Measurements: Ambulatory BP monitoring (ABPM)
Results: Compared to those without CKD, a lower proportion of CKD patients were dippers
(51.9%,vs 39.6%; P<0.001). Across CKD stages, a progressive decrease in dipper (from 39.1% to
20.4%; P<0.001) and increase in riser proportion (from 12.3% to 36.7%;P<0.001) were noted.
Patients with CKD had significantly higher SBP SD, wSD, CV and ARV and lower DBP SD
compared to those without CKD (p<0.001). Within CKD Stages, an increasing trend from Stage 1
towards Stage 5 was observed for SBP SD (from 13.8±3.7 to 15.6±5.4mmHg), wSD (from 12.0±3.2
to 13.9±5.1 mmHg), CV (from 10.4±2.7 to 11.5±4.1%), ARV (from 9.9±2.3 to 11.4±3.2 mmHg);
P<0.001 for all comparisons. DBP SD (p<0.001), wSD and ARV (p=0.002) were slightly
decreasing, whereas DBP CV increased from Stage 1 to Stage 4(p<0.001). In multivariate analysis,
male gender, older age, abdominal obesity, diabetes, number of antihypertensive medications, and
clinic SBP were independent factors for higher 24-hour ARV in CKD.
Limitations: Observational study design.
Conclusions: An increase in short-term SBP variability was presented with advancing Stages of
CKD in a large cohort. This increased SBP variability may be involved in the sharp elevation of
cardiovascular risk with worsening renal function.



Blood pressure in dialysis -
“conventional“ wisdom

Blood pressure
regulation

volume-dependent
Salt/water

vasoconstriction

RAS, sympathetic activity, 
lack of NO, medullipin etc. 

Heart failure

Arterial compliance

calcification 

HD HD HD

HD
HD

HD

Salt ???
Changes over time ???

What is the “real” RR ???

Acute changes ???

Presenter
Presentation Notes
Since 1998, first-year mortality rates have fallen nearly 30% for pts on PD, and 16% for those with Tx. Mortality in the HD population, in contrast, has decreased ONLY by 5%.  Every year between 20 and 30% of all patients on dialysis die. Around 45% of these deaths are attributed to cardiovascular events.  Even higher rates are observed in older people. 



48-hour BPV in Hemodialysis: Northern Greek network

Karpetas et al. J Hypertens 2017



BPV and outcomes in hemodialysis
STUDY POPULATION N BPV TYPE DESIGN FOLLOW-UP MAIN RESULTS

Tozawa et al, NDT 
1999

HD pts 144 Visit-to-visit 
pre-HD

Retrospective 
cohort

38 months BPV associated with all-cause 
mortality

Brunelli et al, Am J 
Kidn Dis 2008

Incident HD pts 6,961 Visit-to-visit 
pre-HD

Retrospective 
cohort

6.1 months BPV independently associated 
with all-cause mortality

Rossignol et al. 
Hypertension 2012

HD pts with LVH 397 Visit-to-visit 
pre-HD

Post-hoc RCT
(FOSIDIAL)

24 months BPV associated with composite 
CV outcome when added to 

prediction model, BP was not

Di Iorio et al, J 
Nephrol 2013

HD pts 1,088 Visit-to-visit 
pre-HD (all)

Retrospective 
cohort

5 years BPV independently associated 
with CV- but not all-cause 

mortality
Flythe et al, Am J 

Kidn Dis 2013
HD pts 6,393 Intradialytic Retrospective 

cohort
BPV independently associated 
with all-cause mortality, CV 

mortality
Kim et al. Kidn Blood 

Press Res 2013
HD pts 2,174 Intradialytic and 

Interdialytic
Retrospective 

cohort
5 years BPV associated with all-cause 

mortality in pts<55 years
Chang et al. J Hum 

Hypertens 2014
HD pts 1844 Visit-to-visit 

pre-HD
Post-hoc RCT

(HEMO)
2.5 years BPV independently associated 

with all-cause but not CV 
mortality

Selvarajah et al. 
PLOS One 2014

Incident HD pts 203 Visit-to-visit 
pre-HD at 3-6 m

Retrospective 
cohort

2 years BPV independently associated 
with all-cause mortality

Shafi et al. J Am 
Soc Nephrol 2017

HD pts 11,291 Visit-to-visit 
pre-HD

Prospective 
cohort

22 months BPV independently associated 
with all-cause mortality, CV 

mortality, CV events
Sumida et al. J 
Hypertens 2017

Pre-dialysis CKD
(1 year before)

17,729 Visit-to-visit Retrospective 
cohort

24 months BPV independently associated 
with all-cause but not CV 

mortality 



Short-term BPV and risk in hemodialysis

Sarafidis et al 2018 (submitted)

170 HD patients, 28 months f-u, primary outcome: death, MI and stroke 



Υπέρταση στο Τελικό Στάδιο ΧΝΝ 
Βασική Παθοφυσιολογία



•Sodium and volume overload
• Increased arterial stiffness 
• Activation of the SNS
• Activation of the RAAS
• Endothelial dysfunction (i.e. imbalance between 

endothelium-derived vasodilators and vasoconstrictors)
• High prevalence of sleep apnea
• Use of recombinant erythropoietins (rhuEPOs)

BOX 2: Main pathogenic mechanisms of 
hypertension in dialysis patients

Sarafidis P, et al. J Hypertension 2017; Sarafidis P, et al. Nephrol Dial Transplant 2017



Sodium Sensitivity in CKD

Presenter
Presentation Notes
Kimura G, Brenner BM. Implications of the linear pressure-natriuresis relationship and importance of sodium sensitivity in hypertension. J Hypertens 1997; 



Kalantar-Zadeh ,et al. Circulation 2009



In ESRD

Blacher et al. Circulation 1999

Aortic stiffness - Prognostic role of PWV



Prognostic Significance of central Augmentation Index 
(AIX) in ESRD patients

London GM et al. Hypertension, 2001, 38: 434-438.

Presenter
Presentation Notes
Abstract—The increased effect of arterial wave reflections on central arteries like the common carotid artery seen in
end-stage renal failure (ESRF) patients favors myocardial hypertrophy and oxygen consumption and alters coronary
blood flow distribution. Nevertheless, the impact of wave reflection on the outcome and end points such as mortality
remains to be demonstrated. One hundred eighty ESRF patients (age, 54616 years) were monitored for 52636 months
(mean6SD). Seventy deaths, including 40 cardiovascular (CV) and 30 non-CV events, occurred. At entry, patients, in
addition to standard clinical and biochemical analyses, underwent aortic pulse wave velocity measurement and
determination of arterial wave reflexion by applanation tonometry on the common carotid artery that was expressed as
augmentation index. Cox analyses demonstrated that predictors of all-cause and CV mortality were age, aortic pulse
wave velocity, low diastolic blood pressure, preexisting CV disease, and increased augmentation index, whereas the
prescription of an ACE inhibitor had a favorable effect on survival. After adjustment for all confounding factors, the risk
ratio for each 10% increase in augmentation index was 1.51 (95% confidence interval, 1.23 to 1.86; P,0.0001) for
all-cause mortality and 1.48 (95% confidence interval, 1.16 to 1.90; P,0.0001) for CV mortality. These results provide
the first direct evidence that in ESRF patients increased effect of arterial wave reflections is an independent predictor
of all-cause and CV mortality.



Augmentation Index changes during long and 
regular intradialytic intervals

Georgianos, Sarafidis, Haidich et al,. 
Nephrol Dial Transplant 2013 

Presenter
Presentation Notes
Most large scale clinical trials exclude patients with ESRD, and thus guidelines targeting these patients are opinion-based and extrapolated from other populations.
CV benefits of lowering bp in the general population and patients with early CKD have been proved.
However, the efficacy and safety of lowering blood pressure in HD pts is uncertain. 
In contrast to the general population, no adequately powered randomized clinical trials  examining hard outcomes have been conducted among hemodialysis patients to determine hard outcomes. 
Grade C strength of recommendation, which means that the recommendation is based on either weak evidence or on the opinions of the Work Group.



48-hour recording of Central BP, Aix and PWV in 
hemodialysis 

Karpetas, Sarafidis, Georgianos, et al. Clin J Am Soc Nephrol 2015 

Presenter
Presentation Notes
Background and objectives Wave reflections and arterial stiffness are independent cardiovascular risk factors in
ESRD. Previous studies in this population included only static recordings before and after dialysis. This study
investigated the variation of these indices during intra- and interdialytic intervals and examined demographic,
clinical, and hemodynamic variables related to arterial function in patients undergoing hemodialysis.
Design, setting, participants, & measurements Between February 2013 and May 2014, a total of 153 patients
receiving maintenance hemodialysis in five dialysis centers of northern Greece underwent ambulatory BP
monitoringwith the newly introducedMobil-O-Graph device (IEM, Stolberg, Germany) over amidweek dialysis
session and the subsequent interdialytic period. Mobil-O-Graph is an oscillometric device that records brachial
BP and pulse waves and estimates, via generalized transfer function, aortic BP, augmentation index (AIx) as a
measure of wave reflections, and pulse wave velocity (PWV) as an index of arterial stiffness.
ResultsAIxwas lower during dialysis than in the interdialytic period of dialysis-on day (Day 1) (mean6SD, 24.7%
69.7% versus 26.8%69.4%; P,0.001). In contrast, PWV remained unchanged between these intervals (9.3162.2
versus 9.2962.3 m/sec; P=0.60). Both AIx and PWV increased during dialysis-off day (Day 2) versus the out-ofdialysis
period of Day 1 (28.8%69.8% versus 26.8%69.4% [P,0.001] and 9.3962.3 versus 9.2962.3 m/sec
[P,0.001]). Older age (odds ratio [OR], 1.09; 95%confidence interval [95% CI], 1.02 to 1.15), female sex (OR, 7.56;
95%CI, 1.64 to 34.81), diabetic status (OR, 8.84; 95%CI, 1.76 to 17.48), and higher mean BP (OR, 1.17; 95%CI, 1.09
to 1.27)were associatedwith higher odds of highAIx; higher heart ratewas associated with lower odds (OR, 0.71;
95%CI, 0.63 to 0.80) of high AIx. Older age (OR, 2.04; 95%CI, 1.61 to 2.58) and higher mean BP (OR, 1.15; 95%CI,
1.05 to 1.27) were independent correlates of high PWV.
Conclusions This study showed a gradual interdialytic increase in AIx, whereas PWV was only slightly elevated
during Day 2. Future studies are needed to elucidate the value of these ambulatory measures for cardiovascular
risk prediction in ESRD.



72-hour recording of Central BP, Aix and PWV in 
hemodialysis 

Koutroumpas, Georgianos, 
Sarafidis, et al. Nephrol Dial 
Transplant 2015

Presenter
Presentation Notes
Background and objectives Wave reflections and arterial stiffness are independent cardiovascular risk factors in
ESRD. Previous studies in this population included only static recordings before and after dialysis. This study
investigated the variation of these indices during intra- and interdialytic intervals and examined demographic,
clinical, and hemodynamic variables related to arterial function in patients undergoing hemodialysis.
Design, setting, participants, & measurements Between February 2013 and May 2014, a total of 153 patients
receiving maintenance hemodialysis in five dialysis centers of northern Greece underwent ambulatory BP
monitoringwith the newly introducedMobil-O-Graph device (IEM, Stolberg, Germany) over amidweek dialysis
session and the subsequent interdialytic period. Mobil-O-Graph is an oscillometric device that records brachial
BP and pulse waves and estimates, via generalized transfer function, aortic BP, augmentation index (AIx) as a
measure of wave reflections, and pulse wave velocity (PWV) as an index of arterial stiffness.
ResultsAIxwas lower during dialysis than in the interdialytic period of dialysis-on day (Day 1) (mean6SD, 24.7%
69.7% versus 26.8%69.4%; P,0.001). In contrast, PWV remained unchanged between these intervals (9.3162.2
versus 9.2962.3 m/sec; P=0.60). Both AIx and PWV increased during dialysis-off day (Day 2) versus the out-ofdialysis
period of Day 1 (28.8%69.8% versus 26.8%69.4% [P,0.001] and 9.3962.3 versus 9.2962.3 m/sec
[P,0.001]). Older age (odds ratio [OR], 1.09; 95%confidence interval [95% CI], 1.02 to 1.15), female sex (OR, 7.56;
95%CI, 1.64 to 34.81), diabetic status (OR, 8.84; 95%CI, 1.76 to 17.48), and higher mean BP (OR, 1.17; 95%CI, 1.09
to 1.27)were associatedwith higher odds of highAIx; higher heart ratewas associated with lower odds (OR, 0.71;
95%CI, 0.63 to 0.80) of high AIx. Older age (OR, 2.04; 95%CI, 1.61 to 2.58) and higher mean BP (OR, 1.15; 95%CI,
1.05 to 1.27) were independent correlates of high PWV.
Conclusions This study showed a gradual interdialytic increase in AIx, whereas PWV was only slightly elevated
during Day 2. Future studies are needed to elucidate the value of these ambulatory measures for cardiovascular
risk prediction Background: Increased arterial stiffness and aortic blood pressure (BP) are independent predictors of cardiovascular outcomes in end-stage-renal-disease (ESRD). The 3-day interdialytic interval is associated with elevated risk of cardiovascular morbidity and mortality in hemodialysis. This study investigated differences in ambulatory aortic BP and arterial stiffness between the 2nd and 3rd day of the long interdialytic interval. 
Methods: Ambulatory BP monitoring with Mobil-O-Graph monitor (IEM, Stolberg, Germany) was performed in 55 hemodialysis patients during a 3-day interval. Mobil-O-Graph records oscillometric brachial BP and pulse waves and calculates aortic BP and augmentation index (AIx) as measure of wave reflections, and pulse wave velocity (PWV) as measure of arterial stiffness. 
Results: Ambulatory aortic SBP and DBP were higher during the 3rd versus 2nd interdialytic day (123.6±17.0 vs 118.5±17.1 mmHg, P<0.001; 81.5±11.8 vs 78±11.9 mmHg, P<0.001, respectively). Similar differences were noted for brachial BP. Ambulatory AIx and PWV were also significantly increased during the 3rd versus the 2nd day (30.5±9.9 vs 28.8±9.9%, P<0.05; 9.6±2.3 vs 9.4±2.3 m/sec, P<0.001, respectively). Differences between Day2 and Day3 remained significant when day-time and night-time periods were compared separately. Aortic SBP and DBP, AIx and PWV showed gradual increases from the end of dialysis session onwards. Interdialytic weight gain was a strong determinant of the increase in the above parameters.
Conclusions: This study showed significantly higher ambulatory aortic BP, AIx and PWV levels during the 3rd compared to the 2nd interdialytic day. These findings support a novel pathway for increased cardiovascular risk during the 3rd interdialytic day in hemodialysis.ESRD.



48-hour PWV and CVD risk in hemodialysis

Sarafidis et al. Hypertension 2017

170 HD patients, 28 months f-u, primary outcome: death, MI and stroke 
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Ambulatory Pulse Wave Velocity Is a Stronger Predictor of
Cardiovascular Events and All-Cause Mortality Than Office
and Ambulatory Blood Pressure in Hemodialysis Patients
Pantelis A. Sarafidis, Charalampos Loutradis, Antonios Karpetas, Georgios Tzanis,
Alexia Piperidou, Georgios Koutroumpas, Vasilios Raptis, Christos Syrgkanis,
Vasilios Liakopoulos, Georgios Efstratiadis, Gιrard London, Carmine Zoccali

Abstract—Arterial stiffness and augmentation of aortic blood pressure (BP) measured in office are known cardiovascular
risk factors in hemodialysis patients. This study examines the prognostic significance of ambulatory brachial BP, central
BP, pulse wave velocity (PWV), and heart rate–adjusted augmentation index [AIx(75)] in this population. A total of 170
hemodialysis patients underwent 48-hour ambulatory monitoring with Mobil-O-Graph-NG during a standard interdialytic
interval and followed-up for 28.1±11.2 months. The primary end point was a combination of all-cause death, nonfatal
myocardial infarction, and nonfatal stroke. Secondary end points included: (1) all-cause mortality; (2) cardiovascular
mortality; and (3) a combination of cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, resuscitation
after cardiac arrest, coronary revascularization, or hospitalization for heart failure. During follow-up, 37(21.8%) patients
died and 46(27.1%) had cardiovascular events. Cumulative freedom from primary end point was similar for quartiles
of predialysis-systolic BP (SBP), 48-hour peripheral-SBP, and central-SBP, but was progressively longer for increasing
quartiles for 48-hour peripheral-diastolic BP and central-diastolic BP and shorter for increasing quartiles of 48-hour
central pulse pressure (83.7%, 71.4%, 69.0%, 62.8% [log-rank P=0.024]), PWV (93.0%, 81.0%, 57.1%, 55.8% [log-rank
P<0.001]), and AIx(75) (88.4%, 66.7%, 69.0%, 62.8% [log-rank P=0.014]). The hazard ratios for all-cause mortality,
cardiovascular mortality, and the combined outcome were similar for quartiles of predialysis-SBP, 48-hour peripheral-
SBP, and central-SBP, but were increasing with higher ambulatory PWV and AIx(75). In multivariate analysis, 48-hour
PWV was the only vascular parameter independently associated with the primary end point (hazard ratios, 1.579; 95%
confidence intervals, 1.187–2.102). Ambulatory PWV, AIx(75), and central pulse pressure are associated with increased
risk of cardiovascular events and mortality, whereas office and ambulatory SBP are not. These findings further support
that arterial stiffness is the prominent cardiovascular risk factor in hemodialysis. (Hypertension. 2017;70:00-00. DOI:
10.1161/HYPERTENSIONAHA.117.09023.) • Online Data Supplement
Key Words: ambulatory ■ arterial stiffness ■ augmentation index ■ cardiovascular events ■ hemodialysis
■ mortality ■ pulse wave velocity
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Renal Denervation in ESRD
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a-h drugs from 4.2 to 2.2 at 12 months
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Background and objectives: Sympathetic activation is a hallmark of ESRD and adversely affects cardiovascular
prognosis. Efferent sympathetic outflow and afferent neural signalling from the failing native kidneys are key
mediators and can be targeted by renal denervation (RDN). Whether this is feasible and effective in ESRD is
not known.
Design, setting, participants and measurements: In an initial safety and proof-of-concept study we attempted to
perform RDN in 12 patients with ESRD and uncontrolled blood pressure (BP). Standardized BP measurements
were obtained in all patients on dialysis free days at baseline and follow up. Measures of renal noradrenaline
spillover and muscle sympathetic nerve activity were available from 5 patients at baseline and from 2 patients
at 12 month follow up and beyond.
Results: Average office BP was 170.8±16.9/89.2±12.1 mm Hg despite the use of 3.8±1.4 antihypertensive
drugs. All 5 patients in whom muscle sympathetic nerve activity and noradrenaline spillover was assessed at
baseline displayed substantially elevated levels. Three out of 12 patients could not undergo RDN due to atrophic
renal arteries. Compared to baseline, office systolic BP was significantly reduced at 3, 6, and 12 months
after RDN (from 166±16.0 to 148±11, 150±14, and138±17 mm Hg, respectively), whereas no change
was evident in the 3 non-treated patients. Sympathetic nerve activity was substantially reduced in 2 patients
who underwent repeat assessment.
Conclusions: RDN is feasible in patients with ESRD and associated with a sustained reduction in systolic office
BP. Atrophic renal arteries may pose a problem for application of this technology in some patients with ESRD.
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Dry-weight reduction in hypertensive hemodialysis 
patients (DRIP): a randomized, controlled trial

Agarwal R, et al. Hypertension 2009; 53(3):500-7.
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Figure : The effect of dry weight reduction on interdialytic ambulatory systolic and diastolic BP in hypertensive hemodialysis pts. 
To determine whether additional volume reduction will result in improvement in blood pressure (BP) among hypertensive patients on hemodialysis and to evaluate the time course of this response, we randomly assigned long-term hypertensive hemodialysis patients to ultrafiltration or control groups. The additional ultrafiltration group (n=100) had the dry weight probed without increasing time or duration of dialysis, whereas the control group (n=50) only had physician visits. The primary outcome was change in systolic interdialytic ambulatory BP. Postdialysis weight was reduced by 0.9 kg at 4 weeks and resulted in 6.9 mm Hg (95% CI: 12.4 to 1.3 mm Hg; P0.016) change in systolic BP and 3.1 mm Hg (95% CI: 6.2 to 0.02 mm Hg; P0.048) change in diastolic BP. At 8 weeks, dry weight was reduced 1 kg, systolic BP changed 6.6 mm Hg (95% CI: 12.2 to 1.0 mm Hg; P0.021), and diastolic BP changed 3.3 mm Hg (95%CI: 6.4 to 0.2 mm Hg; P0.037) from baseline.
METHODS Patients found to have well controlled hypertension had antihypertensive medications withdrawn until they became hypertensive.
Conclusions  : 1)  reduction in dry weight as defined by clinical sings and symptoms results in reduction in ambulatory BP. This improvement can be achieved without increasing the time or frequency of dialysis treatments. 2) More than half of the patients in the intervention group had reduction in systolic BP by >10mmHg, suggesting that dry weight reduction results in improved systolic BP equivlent to or greater than a single antihypertensive drug.  3) The reduction in systolic BP was nearly twice as much as diastolic BP, which results in attenuation of pulse pressure. 




Dialysate [Na+] and Blood Pressure in HD

Inrig, et al.  Am J Kidn Dis 2015 
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Weekly average systolic blood pressure (SBP)
during hemodialysis with low and high dialysate sodium (Na)
by randomization. Results are the weekly average SBP
(measured every 30 minutes) during 1 week of high dialysate
Na (15 mEq/L) versus 1 week of low dialysate Na (22.9 mEq/
L; P , 0.001 by adjusted mixed linear regression) for each
randomization arm (low-then-high dialysate Na vs high-thenlow
dialysate Na [P , 0.001] by adjusted mixed linear
regression).

Effect of Low Versus High Dialysate Sodium Concentration on
Blood Pressure and Endothelial-Derived Vasoregulators During
Hemodialysis: A Randomized Crossover Study
Jula K. Inrig, MD, MHS,1,2,3 Christopher Molina, BS,4 Kristin D’Silva, BS,4
Catherine Kim, MD,5 Peter Van Buren, MD,1 Jason D. Allen, PhD,2 and
Robert Toto, MD1
Background: Intradialytic hypertension affects w15% of hemodialysis patients and is associated with
increased morbidity and mortality. While intradialytic hypertension is associated with increases in endothelin 1
relative to nitric oxide (NO), the cause of these imbalances is unknown. In vitro evidence suggests that altering
plasma sodium levels could affect endothelial-derived vasoregulators and blood pressure (BP). Thus, we
hypothesized that compared to high dialysate sodium, low dialysate sodium concentration would lower
endothelin 1 levels, increase NO release, and reduce BP.
Study Design: 3-week, 2-arm, randomized, crossover study.
Setting & Participants: 16 patients with intradialytic hypertension.
Intervention: Low (5 mEq/L below serum sodium) versus high (5 mEq/L above serum sodium) dialysate
sodium concentration.
Outcomes: Endothelin 1, nitrite (NO2
2), and BP.
Measurements: Mixed linear regression was used to compare the effect of dialysate sodium (low vs high) and
randomization arm (low-then-high vs high-then-low) on intradialytic changes in endothelin 1, NO2
2, and BP values.
Results: The average systolic BP throughout all hemodialysis treatments in a given week was lower with
low dialysate sodium concentrations compared with treatments with high dialysate sodium concentrations
(parameter estimate, 29.9 [95% CI, 213.3 to 26.4] mm Hg; P , 0.001). The average change in systolic BP
during hemodialysis also was significantly lower with low vs high dialysate sodium concentrations (parameter
estimate, 26.1 [95% CI, 29.0 to 23.2] mm Hg; P , 0.001). There were no significant differences in intradialytic
levels of endothelin 1 or NO2
2 with low vs high dialysate sodium concentrations.
Limitations: Carryover effects limited the power to detect significant changes in endothelial-derived
vasoregulators, and future studies will require parallel trial designs.
Conclusions: Low dialysate sodium concentrations significantly decreased systolic BP and ameliorated
intradialytic hypertension. Longer studies are needed to determine the long-term effects of low dialysate
sodium concentrations on BP and clinical outcomes.
Am J Kidney Dis. 65(3):464-473. ª 2015 by the National Kidney Foundation, Inc.



BOX 3. Main non-pharmacological measures to reduce
sodium and volume overload in hemodialysis patients

Sarafidis P, et al. J Hypertension 2017; Sarafidis P, et al. Nephrol Dial Transplant 2017

o Achievement of individual patient’s dry-weight

o Minimization of inter- and intradialytic sodium gain

• Restriction of sodium intake to less than 65 mmol (1.5 g of 

sodium or 4 g of sodium chloride) per day

• Decreasing dialysate sodium towards pre-dialysis sodium in 

selected individuals

• Avoidance of sodium-containing or sodium-exchanging drugs 

o Avoidance of short (i.e. <4 hours) dialysis duration



BOX 4. Barriers towards achievement of dry weight in
hemodialysis patients with hypertension

Sarafidis P, et al. J Hypertension 2017; Sarafidis P, et al. Nephrol Dial Transplant 2017

• Difficulty to objectively assess dry weight
• Fear of patient symptoms (intradialytic hypotension, muscle cramps, nausea and

vomiting)
• Risk of complications (cardiovascular events, arteriovenous access loss)
• Physician and nurse inertia/ ease of prescribing a new drug versus the complex

procedure of dry weight probing
• Absence of patient education on dietary sodium restriction / misguided emphasis

in fluid restriction
• Low patient compliance with sodium restriction / high interdialytic weight gain
• Use of sodium containing medications
• Inappropriate dialysate sodium
• Use of high ultrafiltration rates
• Short dialysis sessions
• Concomitant diseases (heart failure, autonomic dysfunction)
• Use of high number of antihypertensive agents
• Use of “fast and easy” solutions to treat intradialytic hypotension (i.e. cessation of

ultrafiltration, hypertonic sodium infusions, increasing dialysate sodium
concentration, premature termination of dialysis)



The effect of a dry-weight probing guided by lung ultrasound
on ambulatory aortic blood pressure and ambulatory arterial
stiffness in hemodialysis patients. A LUST sub-study.

P. Sarafidis, C. Loutradis, A. Papagianni, D. Papadopoulou, C. 
Zoccali, and G. London

Aim: to evaluate the outcome of a treatment strategy for dry
weight probing, based on volume overload quantification
with lung ultrasound, on 24-hour aortic systolic BP and
arterial stiffness in hypertensive HD patients

https://clinicaltrials.gov/ct2/show/NCT03058874

Inclusion Criteria:
1. Patients aged >18 years 
2. Patients on hemodialysis for a period of >3 months 
3. Patients on a standard thrice-weekly hemodialysis 
schedule.
4. A history of hypertension, confirmed by valid Home BP 
readings (as discussed below)
5. Ability to understand and provide a written informed 
consent to participate in the study.



Υπέρταση στην Αιμοκάθαρση
Φαρμακολογικά Μέτρα



Observational studies of β-blockers and ACE-Is
ESRD Database + Cooperative Cardiovascular Project Database

Association of medication classes with 30-day mortality post-MI in ESRD

Berger et al.  JACC 2003;42:201-208
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After covariate adjustment, -blockers were associated with improved survival (relative risk [RR], 0.78; 95% CI, 0.60 to 0.99). This outcome was not significantly different from that in individuals without ESRD (RR, 0.70), indicating that concerns over dialysis patients not receiving benefit comparable to nondialysis patients may be unfounded.
THE FACT THAT THESE PATIENTS ACHIEVED THE SAME BENEFIT AS THOSE NOT RECEIVING DIALYSIS PROVIDES A STRONG JUSTIFICATION FOR THE ADMINISTRATION OF THESE MEDICATIONS. 




CARDIOVASCULAR SURVIVAL

Carvedilol in Hemodialysis patients with NYHA II-III HF
Cardiovascular mortality and all cause hospitalization
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EVENT-FREE SURVIVAL

Cice et al. JACC 2003; 41:1438-1444

n=114
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Carvedilol use was associated with decreased rates of all cause mortality ( 51.7% vs 73.2%, cardiovascular deaths ( 29.3 vs 67.9%) and all cause hospitalizations (34.5 vs 58.9%) at 2 years.
Limitations : the trial consisted of only 114 individuals, participants were unblinded at 1 year and mortality benefits did not accrue until the second year
Strenths: rigorus inclusion criteria, uniformity of treatment regimen ( with 100% receiving ACEI/ARBs and improvement in both echocardiographic findings and clinical end points. 




Fosinopril in Dialysis (FOSIDIAL) Study

Zannad et al. Kidney Int 2006;70:1318-1324

Primary end-point: cardiovascular 
death, resuscitated death,
nonfatal stroke, heart failure, 
myocardial infarction, or
revascularization. 

ITT: RR=0.93, 95% CI 0.68-1.26, 
P=0.35.
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Normotensive pts had no change in BP, whereas hypertensive pts had an 11.7/4.9 mmHg reduction in SBP and DBP respectively with fosinopril and a 5.4/2.1 with placebo. In the hypertensive group, 19% of pts in the placebo group and 35% in the fosinopril group had BP< 140/90mmHg. 
LOWERING OF BLOOD PRESSURE DID NOT LEAD TO AN INCREASE IN MORTALITY AS WOULD BE EXPECTED FROM THE REVERSE EPIDEMIOLOGY THEORIES OF HT IN HD.
The only placebo controlled RCT of ACE I was the Fosinopril in Dialysis Study. 400 pts were included and followed up for two years.
The study assessed the efficacy and safety of fosinopril in preventing fatal and nonfatal cv events in prevalent HD pts with left ventricle hypertrophy. The composite cardiovascular event rate was 32.7% during the 2 year follow up.
In the intention to treat analysis there was no significant difference in the primary end point between the two groups.
Some baseline characteristics between the two groups differed significantly. 
Participants in the fosinopril group had greater LVH, had been on dialysis longer and had lower BMI.

Prevention of cardiovascular events in end-stage
renal disease: Results of a randomized trial of
fosinopril and implications for future studies
F Zannad1, M Kessler2, P Lehert3,4, JP Gru¨ nfeld5, C Thuilliez6, A Leizorovicz7 and P Lechat8 for the
FOSIDIAL Investigators

Cardiovascular events (CVEs) are the leading cause of death
in chronic hemodialysis patients. Results of trials in non-endstage
renal disease (ESRD) patients cannot be extrapolated
to patients with ESRD. It is critical to test cardiovascular
therapies in these high-risk patients who are usually
excluded from major cardiovascular trials. The study
objective was to evaluate the effect of fosinopril on CVEs in
patients with ESRD. Eligible patients were randomized to
fosinopril 5mg titrated to 20mg daily (nΌ196) or placebo
(nΌ201) plus conventional therapy for 24 months. The
primary end point was combined fatal and nonfatal first
major CVEs (cardiovascular death, resuscitated death,
nonfatal stroke, heart failure, myocardial infarction, or
revascularization). No significant benefit for fosinopril was
observed in the intent to treat analysis (nΌ397) after
adjusting for independent predictors of CVEs (RRΌ0.93, 95%
confidence interval (CI) 0.68–1.26, PΌ0.35). The per protocol
secondary supportive analysis (nΌ380) found a trend
towards benefit for fosinopril (adjusted RRΌ0.79 (95% CI
0.59–1.1, PΌ0.099)). In the patients who were hypertensive
at baseline, systolic and diastolic blood pressures were
significantly decreased in the fosinopril as compared to the
placebo group. After adjustment for risk factors, trends were
observed suggesting fosinopril may be associated with
a lower risk of CVEs. These trends may have become
statistically significant had the sample size been larger,
and these findings warrant further study.





Amlodipine in Hemodialysis Patients

Tepel et al. Nephrol Dial Transplant 2008n=251
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Background. Hypertensive haemodialysis patients may be
at a high risk for cardiovascular events. This study was undertaken
to ascertain whether the calcium channel blocker
amlodipine reduces mortality and cardiovascular events in
these high-risk patients.
Methods. We evaluated the effects of amlodipine on cardiovascular
events in 251 hypertensive haemodialysis patients
in an investigator-designed, prospective, randomized,
double-blind, placebo-controlled, multicenter trial.
One hundred and twenty-three patients were randomly assigned
to amlodipine (10 mg once daily) and 128 to placebo.
The primary endpoint was mortality from any cause. The
secondary endpoint was a composite variable consisting of
mortality from any cause or cardiovascular event. Analysis
was by intention-to-treat. The trial was registered with
ClinicalTrials.gov (number NCT00124969).
Results. The median age of patients was 61 years
(25% percentile − 75% percentile, 47–69), and the median
follow-up was 19 months (8–30). Fifteen (12%) of the 123
patients assigned to amlodipine and 22 (17%) of the 128
patients assigned to placebo had a primary endpoint [hazard
ratio 0.65 (95% CI 0.34–1.23); P = 0.19]. Nineteen (15%)
of the 123 haemodialysis patients assigned to amlodipine
and 32 (25%) of the 128 haemodialysis patients assigned to
placebo reached the secondary composite endpoint [hazard
ratio 0.53 (95% CI 0.31–0.93); P = 0.03].
Conclusion. Amlodipine safely reduces systolic blood
pressure and it may have a beneficial effect on cardiovascular
outcomes in hypertensive haemodialysis patients.

Systolic (upper panel) and diastolic (lower panel) blood pressure
during the study in the placebo group and in the amlodipine group. Boxes
show 25% percentile, median and 75% percentile; whiskers show minimum
and maximum. Two-way ANOVA showed a significant reduction of
systolic blood pressure by amlodipine during the study period (P < 0.01),
whereas systolic blood pressure was unchanged in the placebo group. Diastolic
blood pressure did not change during the study period in either
group (P > 0.05).

Kaplan–Meier curve of time to the primary endpoint. The primary
endpoint was mortality from any cause.
Kaplan–Meier curve of time to the secondary endpoint. The secondary
endpoint was a composite variable consisting of mortality from
any cause, cardiac event including myocardial infarction, need for coronary
angioplasty or coronary bypass surgery, ischaemic stroke, peripheral
vascular disease with the need for amputation or angioplasty.



Olmesartan vs active treatment in Hemodialysis

Iseki et al. Nephrol Dial Transplant 2013

n=469
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Background. Hypertension is a major risk factor for death
and cardiovascular disease (CVD) in patients undergoing
chronic haemodialysis (HD), but there is uncertainty surrounding
the effects of blood pressure (BP) lowering on this
high-risk patient group.
Methods. In a multicenter, prospective, randomized, open-label,
blinded-endpoint trial, 469 patients with chronic HD
and elevated BP (140–199/90–99 mmHg) were assigned to
receive the angiotensin receptor blockade (ARB) olmesartan
(at a dose of 10–40 mg daily; n = 235) or another treatment
that does not include angiotensin receptor blockers and angiotensin-
converting enzyme (ACE) inhibitors (n = 234). The
primary outcomes were the following: (i) composite of death,
nonfatal stroke, nonfatal myocardial infarction and coronary
revascularization and (ii) all-cause death.
Results. During a mean follow-up of 3.5 years, the mean BP
was 0.9/0.0 mmHg lower in the olmesartan group than in the
control group (not significant). A total of 68 patients (28.9%)
in the olmesartan group and 67 patients (28.6%) in the control
group had subsequent primary composite endpoints [hazard
ratio (HR) in the olmesartan group 1.00, 95% confidence interval
(CI) 0.71–1.40, P = 0.99]. All-cause deaths occurred in
38 patients (16.2%) in the olmesartan group and 39 (16.7%) in
the control group (HR, 0.97; 95% CI, 0.62–1.52, P = 0.91). Olmesartan
did not alter the risks of serious adverse events.
Conclusions. BP-lowering treatment with an ARB did not significantly
lower the risks of major cardiovascular events or
death among patients with hypertension on chronic HD. (Cochrane
Renal Group Prospective Trial Register number
CRG010600030).



Spironolactone in Hemodialysis Patients

Matsumoto et al. J Am Col Cardiol 2014

n=309 HD patients, spironolactone 25 mg vs plb, 3 years f-u

CV death or CV event All-cause mortality
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Spironolactone Reduces Cardiovascular and Cerebrovascular Morbidity and
Mortality in Hemodialysis Patients
Objectives This study sought to assess whether spironolactone treatment reduces the high incidence of cardiovascular and
cerebrovascular (CCV) morbidity and mortality in hemodialysis (HD) patients.
Background Aldosterone receptor blockers reduce cardiac-related events, but the efficacy of the agents in HD patients is unclear.
Methods A 3-year randomized trial involving 5 clinics was performed. Of the 309 oligoanuric HD patients enrolled in the study,
157 patients were randomly assigned to receive 25 mg/day of spironolactone without any restriction on dietary
potassium intake (treatment group), and 152 patients were assigned to a control group. The primary outcome was
a composite of death from CCV events or hospitalization for CCV events, and the secondary outcome was death from all
causes.
Results During the 3-year follow-up, the primary outcome occurred in 5.7% of patients in the treatment group and in
12.5% of patients in the control group. Hazard ratios (HRs) for the primary outcome for treatment were 0.404
(95% confidence interval [CI]: 0.202 to 0.809; p Ό 0.017) and 0.379 (95% CI: 0.173 to 0.832; p Ό 0.016) before
and after adjustment, respectively. The secondary outcome was significantly reduced in the treatment group
compared with the control group (6.4% vs. 19.7%; HRs: 0.355 [95% CI: 0.191 to 0.662; p Ό 0.002] and 0.335
[95% CI: 0.162 to 0.693; p Ό 0.003] before and after adjustment, respectively). Gynecomastia or breast pain was
reported in 16 patients (10.2%) in the treatment group. Serious hyperkalemia led to treatment discontinuation in
3 patients (1.9%).
Conclusions Aldosterone receptor blockade using spironolactone may substantially reduce the risk of both CCV morbidity
and death among HD patients; however, larger-scale studies are recommended to further confirm its efficacy.
(Effects of Spironolactone on Cardio- and Cerebrovascular Morbidity and Mortality in Hemodialysis Patients;
NCT01687699) (J Am Coll Cardiol 2014;63:528–36)  2014 by the American College of Cardiology Foundation



Levin N, et al. Kidney Int 2010

Antihypertensive 
Drugs in 

Hemodialysis



Georgianos, et al. Hypertension 2015



NEBIVOLOL vs IRBESARTAN IN INTRADIALYTIC HTN:
A RANDOMIZED CROSS-OVER STUDY

Bikos A, et al. 2018 (submitted)

weekly intake: n=19



Υπέρταση στη Μεταμόσχευση Νεφρού

Halimi J-M, et al. J Hypertension 2017; Halimi J-M, et al. Nephrol Dial Transplant 2017
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Συμπεράσματα
• Hypertension in ESRD poses unique diagnostic, prognostic and

therapeutic challenges.
• Studies with home or ABPM are needed to provide solid data on

hypertension prevalence and prognostic associations and to identify
objective thresholds for diagnosis and targets of treatment.

• Non-pharmacologic interventions targeting sodium and volume excess
are fundamental and should be carefully implemented before
pharmacological interventions.

• Use of antihypertensive agents in dialysis is associated with
improvement in cardiovascular outcomes; β-blockers followed by
dihydropyridine CCBs should be considered initially.

• Properly designed trials to examine the efficacy of non-pharmacologic
measures and antihypertensive drugs in prevention of cardiovascular
outcomes in ESRD remain a public health priority.

Sarafidis P, et al. J Hypertension 2017; Sarafidis P, et al. Nephrol Dial Transplant 201
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Presentation Notes
Hypertension in dialysis patients poses almost unique diagnostic,
prognostic and therapeutic challenges. Evolution of
studies using home or ABPM are currently needed to better
define the true burden of hypertension in hemodialysis and
peritoneal dialysis patients, to provide solid data on hypertension
prevalence and prognostic associations and to
identify objective thresholds for diagnosis and targets for
treatment. Nonpharmacologic interventions targeting
sodium and volume excess are fundamental towards BP
reduction in this population and should be carefully implemented
before pharmacological interventions. Among
dialysis patients, BP-lowering with the use of antihypertensive
agents is associated with improvement in cardiovascular
outcomes; the use of b-blockers followed by
dihydropyridine CCBs should be considered. The first-line
use of ACEIs and ARBs in this population is not supported
by randomized trials. Further, properly designed epidemiology
studies and clinical trials to define BP targets for
treatment and examine the efficacy of nonpharmacologic
measures to reduce BP and antihypertensive drugs in the
prevention of major cardiovascular outcomes in the ESRD
population remain a public health priority
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