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Abstract
People with end stage kidney disease receiving dialysis have a very risk of cardiovascular disease and mortality. 
Hypertension is a modifiable risk factor for cardiovascular disease and mortality, affecting around 90% of dialysis 
patients. Conversely, intradialytic hypotension in haemodialysis patients is associated with debilitating symptoms 
as well as the risk of cardiovascular disease and mortality. Blood pressure management in dialysis patients involves 
accurate measurement of blood pressure, setting a target blood pressure, adequate fluid volume management, 
lifestyle changes, modification of dialysis and dialysate, and the use of medication with proven efficacy in these 
patients. However, globally there is no published contemporary clinical practice guideline to assist health care 
professionals to manage blood pressure in dialysis patients. This is mainly because of a dearth of good quality 
evidence to inform guideline recommendations. Here, we present a comprehensive guideline to manage blood 
pressure in dialysis patients based on a thorough systematic review of literature. The guideline development 
committee comprised a multidisciplinary group of nephrology healthcare professionals and a patient. The evidence 
underpinning the guidance is often of moderate to low quality, influencing the strength of the recommendations. 
Therefore, the committee have come up with a list of research recommendations with a view to informing future 
guidelines. It is envisaged that this guideline will improve the care and outcomes of dialysis patients in the UK and 
elsewhere.
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Background
The UK adult population receiving dialysis continues to 
increase. Between 2020 and 2021, although the annual 
increase was 1.5%, and slightly lower compared with 
2-2.5% seen annually prior to the COVID-19 pandemic. 
The average age of adults receiving dialysis is older (66.1 
years for HD and 63.3 years for PD) with a history of 
longer renal replacement therapy (median duration 3.2 
years) when compared with published registry data from 
2010 [1, 2].

Cardiovascular (CV) disease remains one of the most 
significant causes of mortality in adults receiving dialy-
sis, with an incidence of over 20%, and death from a pri-
mary CV disease cause is more likely in those less than 65 
years of age [2]. In children and young people (CYP) with 
end stage kidney disease (ESKD), similar trends are seen, 
with the current childhood dialysis population in the 
UK being the largest on record. CYP are waiting longer 
than before to receive a kidney transplant and CV disease 
remains the most common cause of morbidity and mor-
tality for those receiving dialysis [2, 3].

Hypertension is one of the commonest modifiable 
causes of CV disease in adults receiving dialysis [4–7]. 
In CYP on maintenance dialysis too, hypertension is 
the strongest risk factor for left ventricular hypertro-
phy (LVH), the most evaluated surrogate marker of CV 
abnormality in this population [8]. Data from adults on 
long term dialysis additionally highlight increased CV 
risk from lower blood pressure (BP) and declining BP 
over time [4, 5].

This guideline has been developed with a focus on BP 
management, acknowledging the central role of body 
fluid status in adults and CYP receiving dialysis [6, 7]. 
Existing guidance does not focus on the systematic evalu-
ation of the evidence base for BP management in dialysis-
dependent adults and CYP and, as such, highlights the 
need for specific guidelines [1, 6].

The authors of this report include a broad range of 
healthcare professionals with experience in kidney dis-
ease, including dietitians, pharmacists and both adult 
and paediatric kidney doctors, as well as a patient rep-
resentative, who have worked together to review the evi-
dence for management of BP in adults and CYP who are 
receiving dialysis for ESKD.

The main themes in this document include evaluation 
of the published evidence for: (i) measurement of BP; (ii) 
BP targets; (iii) lifestyle modifications; (iv) dialysis pre-
scription modifications; (v) antihypertensive manage-
ment to aid with BP control; (vi) dry weight optimisation 
in adults, and (vii) for all these issues in CYP receiving 
dialysis. Our overall aim with this guidance is to ensure 
a consistent and standardised approach to the manage-
ment of BP in patients receiving dialysis across the UK, 

whilst striving to improve quality of care and reduce dis-
parities in outcomes.

Methodology
Literature sources and search terms
The review process for this guideline was in accordance 
with the PRISMA statement [9]. Several databases were 
searched (including PubMed, EMBASE, Ovid MEDLINE, 
Cochrane and CINAHL) to obtain articles that met eli-
gibility for the literature review. Articles included were 
those with a publication date from 1st January 2000 to 
31st December 2022 published in the English language. 
Full details of the PICO search tool, with all included 
databases and search strategies, are available in Appendix 
B.

Inclusion and exclusion criteria
Detailed inclusion criteria, according to the PICO search 
tool, are available in Appendix B. Exclusion criteria were 
studies relating to: (i) acute haemodialysis, (ii) acute peri-
toneal dialysis, (iii) continuous veno-venous haemofiltra-
tion and other acute kidney replacement modalities, and 
(iv) non-systemic hypertension in any specialised vascu-
lar bed (e.g. pulmonary, intracranial).

Study selection
All articles identified from the literature search were allo-
cated to a predefined topic group by lead authors AF and 
TD. The seven topic groups were developed along the 
main themes highlighted previously. Within each topic 
group, articles were screened by at least two authors. 
Any discrepancies in whether an article met inclusion 
criteria were dealt with by mutual agreement between 
the authors allocated to that topic group, and TD or ID 
if consensus could not be met. Authors for each topic 
group are listed in Appendix B.

Data extraction and quality appraisal
For articles where there was a consensus opinion on 
inclusion, data extracted were: study aim, study design, 
method of BP assessment, follow-up period, sample size, 
population (country and kidney replacement therapy 
modality), primary analysis, and major results. These 
data are summarised in the Evidence Tables (Appendix 
C) and findings were used to support the rationale for 
the recommendations of this guideline. The recommen-
dations and supporting rationale were reviewed by all 
authors and by key stakeholders prior to publication of 
the guidelines.

Evidence grading
We followed the principles set out in the UK Kid-
ney Association’s “Clinical Practice Guideline Devel-
opment Manual” and grade evidence according to a 
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two-tier grading system (see Table  1). We use the term 
“recommend” within the guideline text where Recom-
mendations are based on Grade 1 evidence, and the term 
“suggest” for those based on Grade 2 evidence. We also 
made ungraded ‘Research recommendations’, which help 
define ongoing areas of clinical uncertainty, and we offer 
‘Audit measures’, to define how to demonstrate effective 
implementation of recommendations.

Summary of clinical practice guidelines
Measurement of blood pressure

1.	 We recommend interdialytic ambulatory blood 
pressure monitoring (ABPM) as the gold standard to 
diagnose hypertension in people on haemodialysis. 
(1C)

2.	 We suggest using either home blood pressure 
measurement (HBPM) or standardised out-of-
dialysis unit clinic BP measurement to monitor BP 
and guide treatment for in-centre haemodialysis. 
(2C)

3.	 We suggest clinicians use routine dialysis unit 
BP measurements to inform safety of delivering 
haemodialysis rather than to inform hypertension 
management decisions, because of the imprecision 
of routine dialysis unit BP measurement compared 
to standardised out-of-dialysis-unit BP measurement 
and interdialytic ABPM. (2C)

4.	 We suggest using either HBPM or standardised 
clinic BP measurements to monitor BP and guide 
treatment in patients receiving home-based dialysis 
(home haemodialysis and peritoneal dialysis). (2C)

Blood pressure targets

5.	 We suggest, for those on haemodialysis where non-
standardised in-centre BP measurements are used, 
aiming for:

a.	 pre-dialysis systolic BP between 140 and 165 
mmHg (2B) and pre-dialysis diastolic BP between 
60 and 100 mmHg. (2C)

b.	 post-dialysis systolic BP between 120 and 140 
mmHg and post-dialysis diastolic BP of ≥ 70 
mmHg (2C).

6.	 We suggest aiming for the lower end of the systolic 
BP ranges in recommendation 5a, unless this 
results in an increased frequency of intradialytic 
hypotension (IDH) and/or in those with a prior 
history of frequent IDH (2D).

7.	 We suggest that factors such as age and 
comorbidities may be used to determine an 
individual patient’s target BP range. For younger 
people or those with fewer co-morbidities, a lower 
systolic BP range than suggested in recommendation 
5a can be considered. (2C)

8.	 We suggest that clinic BP should be < 140/90 in 
people on peritoneal dialysis. (2C)

Lifestyle modification

9.	 We recommend salt reduction to a maximum intake 
of 5 g daily. (1B)

10.	We suggest that fluid restriction, together with salt 
reduction, should be advised. Fluid restriction should 
be individualized considering urine output, fluid 
gains between dialysis and ultrafiltration. (2D)

11.	We suggest that exercise should be considered 
as a strategy to reduce BP in those receiving 
haemodialysis. (2D)

12.	We suggest that a combination of aerobic and 
resistance exercise at least 3 times per week of 
moderate to vigorous intensity, either during or in 
between dialysis, would be most likely to reduce BP 
in haemodialysis patients. (2B)

13.	We suggest that haemodialysis units consider 
adoption of strategies to support patient adherence 
to lifestyle changes. (2D)

Dialysis and dialysate

14.	We suggest that extended dialysis hours should 
be considered for individuals who fail to achieve 
adequate BP control or experience IDH during the 
standard thrice weekly dialysis if the resources are 
available. (2A)

Table 1  UK kidney association’s grading system for 
recommendations’ strength and evidence quality
Level of evidence Evidence quality
• Grade 1 recommenda-
tion is a strong recom-
mendation to do (or not 
do) something, where the 
benefits clearly outweigh 
the risks (or vice versa) for 
most, if not all, patients (i.e. 
“recommendations”).
• Grade 2 recommendation 
is a weaker recommenda-
tion, where the risks and 
benefits are more closely 
balanced or are more uncer-
tain (i.e. “suggestions”).

• Grade A evidence means high-quality 
evidence that comes from consistent 
results from well-performed randomised 
controlled trials, or overwhelming evi-
dence of some other sort.
• Grade B evidence means moderate-
quality evidence from randomised trials 
that suffer from serious flaws in conduct, 
inconsistency, indirectness, imprecise es-
timates, reporting bias, or some combi-
nation of these limitations, or from other 
study designs with special strength.
• Grade C evidence means low-quality 
evidence from observational studies, or 
from controlled trials with several very 
serious limitations.
• Grade D evidence is based only on case 
studies or expert opinion.
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15.	We suggest that lowering dialysate temperature can 
reduce incidence of IDH in patients prone to this 
condition. (2A)

16.	We suggest that online haemodiafiltration 
(HDF) could be trialled in patients experiencing 
symptomatic IDH to improve CV tolerance of 
treatment. (2B)

17.	We suggest that HDF should only be considered 
once alternative causes for IDH have been addressed 
and where patients have failed to respond to other 
methods. (2C)

18.	We suggest that HDF should not be used as a 
treatment strategy to control BP in patients who are 
hypertensive. (2C)

19.	We recommend that bicarbonate-based dialysate 
should be used rather than acetate-based solutions to 
reduce IDH risk. (1B)

20.	We suggest that low magnesium dialysate 
concentrations (≤ 0.25mmol/L) be avoided, 
particularly if dialysate calcium is 1.25mmol/L, in 
patients at risk of IDH. (2D)

21.	We suggest the use of Icodextrin can be useful to 
control BP when used in conjunction with effective 
setting and probing of target weight in people who 
are on peritoneal dialysis. (2D)

Dry weight optimization

22.	We suggest that patients on dialysis (both haemo- 
and peritoneal dialysis) should avoid significant over 
or underhydration. (2A)

23.	We suggest that dialysis patients should be assessed 
regularly in a systematic manner for fluid volume 
status to guide alterations to their dry/target weight 
and ultrafiltration volume. (2C)

24.	Multiple technologies are available to aid fluid 
volume management in dialysis patients including 
continuous blood volume monitoring, inferior 
venacaval diameter measurement, lung ultrasound 
and bioimpedance spectroscopy. There is inadequate 
evidence to recommend one method as superior to 
another or clinical assessment of fluid volume status. 
(2C)

Medication

25.	We recommend BP lowering medication to reduce 
all-cause and CV mortality in adult dialysis patients. 
(1B)

26.	We suggest β-blockers (βBs) as first line and calcium 
channel blockers (CCBs) as second line BP lowering 
medication in adults on haemodialysis, based upon 
BP lowering efficacy. (2B)

27.	We suggest ACE inhibitors (ACEi) as third line BP 
lowering medication in adults on haemodialysis, 
based upon BP lowering efficacy and enhanced risk 
of hypotension and discontinuation compared to βBs 
and CCBs. (2B)

28.	We suggest ACEis or angiotensin receptor blockers 
(ARBs) as first line BP lowering medication in people 
on peritoneal dialysis, based upon evidence that 
these classes of antihypertensive may slow loss of 
residual kidney function. (2B)

29.	We suggest mineralocorticoid receptor antagonists 
(MRAs), combined with careful monitoring of 
plasma potassium levels, may be considered in those 
with difficult to control BP. (2B)

30.	We suggest advising people on haemodialysis against 
the practice of omitting BP lowering medications 
prior to dialysis sessions. For those in whom BP 
lowering medication is implicated as contributing to 
IDH we suggest advising consistent evening dosing 
instead. (2D)

31.	We suggest that, where β-blockers are used, those 
with low dialysability are generally preferred in those 
receiving haemodialysis. (2C)

32.	We suggest that use of BP lowering medication 
with prolonged half-lives (e.g. atenolol, amlodipine, 
lisinopril or enalapril) in people on haemodialysis 
could be considered in those who are non-adherent 
to medication when combined with dosing at the end 
of the dialysis session. (2D)

33.	We suggest that L-carnitine and/or oral midodrine 
may be considered as part of a multi-faceted 
approach to management of IDH although data 
supporting usage is limited. (2C)

Children & young people (CYP)

34.	We suggest that when measuring BP in CYP on 
dialysis, the clinical setting and assessment method 
should be standardised. (2C)

35.	We suggest that the best accepted practice for 
diagnosing hypertension in CYP on dialysis is with 
24-hour ABPM. This should be performed at least 
annually once children reach a height of 120 cm. (2B)

36.	We suggest if ABPM is not feasible, standardised 
in-centre BP measurements and/or home BP 
monitoring (HBPM), should be used to assess BP 
control. (2D)

37.	We suggest for CYP receiving in-centre 
haemodialysis, BP should be monitored at every 
dialysis session (including pre-, intra- and post-
dialysis measurements), to aid with assessment 
of required fluid removal. This should be done in 
conjunction with weight measurement and clinical 
evaluation of fluid status. (2C)
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38.	We suggest for CYP on dialysis, BP should be 
targeted to < 90th percentile for age, height and sex 
on non-dialysis days. (2D)

39.	We suggest there is inadequate evidence to provide 
target BP ranges for HBPM in CYP on dialysis 
although this method may be used as an adjunct to 
in-centre measurements. (2D)

40.	We suggest for CYP on dialysis, baseline and annual 
echocardiography should be performed to assess 
for morphological left ventricular changes that may 
indicate hypertension-mediated organ damage. (2C)

41.	WE suggest for CYP with elevated BP on dialysis, 
salt intake should not exceed the age-related upper 
limit of recommended daily intake (RDI) although 
nutritional requirements should be regularly 
reviewed by dietetic colleagues. (2B)

42.	We suggest antihypertensive medications should 
be considered if BP remains uncontrolled despite 
lifestyle interventions (e.g. fluid and salt restriction) 
and optimised fluid removal, particularly in the 
context of underlying target organ damage. (2C)

43.	We suggest when prescribing antihypertensive 
medications for CYP on dialysis, there is insufficient 
evidence to support the first-line use of any 
specific single agent or drug class. Both patient-
specific factors, including the pharmacokinetics 
and dialysability of a drug (Appendix D), should 
be considered with the support of pharmacist 
colleagues. (2D)

Practice point

1.	 We recognise that in adult dialysis patients there 
may be circumstances in which a clinician and/or 
patient prefers to base BP management decisions 
on out-of-office (HBPM or ABPM) or standardized 
clinic BP readings. Whilst we have not suggested a 
target BP range based on HBPM due to a paucity 
of evidence, we note that observational studies 
utilising HBPM or standardised clinic BP readings 
generally demonstrate a linear relationship between 
BP and adverse outcomes, and that a systolic BP 
approximately ≤ 130 mmHg appears to be associated 
with lowest risk of all-cause and/or CV mortality.

Rationale for clinical practice guidelines
Measurement of blood pressure
There is no universal agreement on the measurements 
that should be used to diagnose hypertension and moni-
tor BP in people on dialysis, even though they have their 
BP checked more frequently than any other group of 
patients. There is absence of randomised control trial 
(RCT) data comparing various BP monitoring techniques 
and their effects on long-term outcomes. However, there 

are emerging themes from the current research that must 
be incorporated into clinical practice for people receiving 
haemodialysis. The evidence is even more scarce in peo-
ple receiving peritoneal dialysis. Therefore, recommen-
dations made here are based on either very low-grade 
evidence or expert opinion.

Diagnosis
For the minority of patients who may not already have 
hypertension diagnosed prior to starting dialysis, we 
recommend using ABPM as gold-standard to diagnose 
hypertension. Fagugli et al. compared 48-hour ABPM 
that included a dialysis day and found that 24-hour 
APBM either on interdialytic period or dialysis day is not 
different from 48-hour ABPM. Prevalence of hyperten-
sion diagnosed in this study (SBP > 140 mmHg) was 80% 
compared to 61.7% diagnosed by predialysis SBP of > 140 
mmHg [10].

For people on haemodialysis, BP measured outside the 
dialysis unit has more prognostic value [4, 11] and both 
studies suggest ambulatory BP is more closely associated 
with the risk of all-cause mortality than home BP. Alborzi 
et al. studied this in a cohort of 150 people on haemo-
dialysis and found that every 1 standard deviation (SD) 
increase in (SBP 22.3, DBP 13.8 mmHg) was associated 
with 50% increase in mortality when ambulatory BP was 
used, whereas home BP was associated with 35% (SBP) 
and 40% (DBP) elevation in risk respectively [11]. There 
was no association seen with dialysis unit SBP or DBP. 
Agarwal et al. report similar findings in a larger cohort 
of a similar population and demonstrated an increased 
risk of all-cause mortality with increasing SBP using both 
ABPM and HBPM but not with dialysis unit BP [4].

There is very limited data on using HBPM to diagnose 
hypertension in dialysis patients. Agarwal found one 
week averaged systolic BP of 150 mmHg or post-dialysis 
standardized BP of 122 mmHg has both high sensitiv-
ity and specificity to predict hypertension diagnosed by 
ABPM [12].

Monitoring
Routine pre- and post-dialysis BP are poor estimates of 
average BP measured by ABPM. In a meta-analysis of 
692 haemodialysis patients, SD of the difference of the 
pooled observations between ambulatory SBP and pre-
dialysis SBP was 16.7 mmHg with wide limits of agree-
ment of 41.7 mmHg to − 25.2 mmHg [13]. In addition to 
inaccuracy, dialysis unit BP doesn’t have any prognostic 
value as demonstrated in a cohort of 326 maintenance 
haemodialysis patients, where a strong relationship was 
observed for mortality over an average of 32 months with 
increasing quartiles of BP measured by 44 h ABPM and 
HBPM but not for dialysis unit BP [4]. Therefore, we sug-
gest that dialysis unit BP should only be used to guide 
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safety of dialysis sessions rather than to inform long-term 
management of elevated BP and CV risk. This raises an 
important question as to which other measurements 
might be more appropriate to use for long term manage-
ment of hypertension in people on dialysis.

As outlined above ABPM seems to have most evidence 
and is used in studies as a gold standard for compari-
son of BP measurement methodologies. It is, however, 
not feasible to use ABPM routinely on patients, whereas 
HBPM and standardised clinic BP measurement are two 
alternatives. There is evidence that out-of-unit BP mea-
surements including standardised clinic BP [14] and 
HBPM and ABPM [4] show a linear relationship to mor-
tality. Further, there is a linear relationship between out-
of-unit BP readings and CV risk [14].

There are some studies using HBPM to guide long 
term management of hypertension and these show that 
it is feasible, safe and acceptable to people on dialysis 
[15] and it more closely reflects changes in interdialytic 
ABPM when compared to standardised pre- and post-
dialysis BP measured in-centre [16]. A small RCT of 96 
people on haemodialysis showed that treatment deci-
sions based on HBPM resulted in better BP control as 
determined by ABPM as the gold standard, compared to 
routine pre-dialysis BP [17]. Although these differences 
in BP control did not translate into lower left ventricular 
mass index in the HBPM cohort, follow-up was short at 
6 months. The frequency of HBPM measurements differs 

between studies. However most suggest twice a day BP 
monitoring for 4 consecutive days [18, 19]. Perhaps more 
importantly, however, it is not yet clear what the target 
BP should be when utilising home BP readings in people 
on dialysis.

Dialysis unit BP measurements are an inaccurate esti-
mate of interdialytic BP [13]. While every effort should 
be made to standardise BP measurement in the dialysis 
unit, it will be logistically challenging to implement in 
routine care. Furthermore, there is no evidence to guide 
what the target BP should be for standardised pre- and 
post-dialysis BP measurements. On the other hand, there 
is evidence that HBPM is more accurate [12, 16] and bet-
ter predicts CV events and mortality [4, 11]. Therefore, 
a focus for future research should be how we can incor-
porate HBPM and standardised out-of-unit BP mea-
surements into clinical practice. Table 2 summarises the 
advantages and disadvantages of different BP readings 
available for dialysis patients.

Blood pressure targets
Numerous observational studies have described a ‘U’ 
or ‘J’ shaped relationship between pre-dialysis systolic 
BP and outcomes in people on haemodialysis where 
only low and, usually, very high BPs are associated with 
excess all-cause or CV mortality. Such studies have typi-
cally utilised ‘usual’ non-standardised BP measurements 
and there is poor agreement between ‘usual’ BP readings 

Table 2  The relative merits and demerits of different BP measurement techniques in haemodialysis patients
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and those taken in standardised conditions [20]. Besides 
a likelihood that ascertainment of ‘usual’ BP readings 
doesn’t adhere to best practice [21] other factors account 
for the ‘U’ or ‘J’ shaped relationship which contrasts with 
the linear relationship between BP and adverse outcomes 
seen in the general hypertensive population and in hae-
modialysis patients where other measurement meth-
ods (standardised, HBPM, or ABPM) are utilised. For 
example, in the CRIC study standardised BP (mean of 3 
seated BP measurements) taken away from the dialysis 
unit is linearly related to mortality, whereas pre-dialysis 
measurements retain a U-shaped association within the 
same cohort of patients [14]. There are likely to be several 
explanations for these discrepant relationships, not least 
that pre-dialysis BP reflects an individual’s physiological 
ability to tolerate volume loading. Importantly, people 
on haemodialysis differ from the general hypertensive 
population in another important regard: a tendency to 
suffer IDH which affects ~ 30% of dialysis sessions. Accu-
mulating evidence suggests that IDH and ultrafiltration 
volumes are independently predictive of myocardial 
stunning which, in turn, is predictive of left ventricular 
systolic dysfunction and myocardial fibrosis [22], vascu-
lar access thrombosis [23] and mortality [24].

A single feasibility and safety study randomised 126 
hypertensive haemodialysis patients to a “standard” BP 
target range of 155–165 mmHg or an “intensive” range of 
110 to 140 mmHg, measured in a standardised manner 
in the immediate pre-dialysis period [25]. Of seven pre-
specified feasibility objectives [26], two were achieved 
(mean separation of BP between arms by > 10 mmHg; 
75% participants providing minimum required number 
of standardised unit BP measurements), two were not 
achieved (IDH in intensive arm not > 20% higher than 
standard arm; ≥66% of required HBPM/ABPM measure-
ments) and three were not reported. Additionally, 55% 
of the 281 participants that consented did not progress 
to randomization, predominantly due to not achieving 
SBP 155 mmHg despite back-titration of medications 
(n = 65, 23% of those consented) or participant-initiated 
withdrawal (45, 17%). Nonetheless the authors judged 
that a full scale RCT would be feasible, presumably with 
modifications. Importantly, and despite not being pow-
ered for definitive conclusions, a number of safety sig-
nals emerged around intensive BP lowering: those in the 
intensive arm experienced a non-significant three-fold 
increase in vascular access thrombosis (incidence rate 
ratio, IRR 3.09) and a non-significant IRR of 1.61 for 
hospitalisation.

Besides this study, the remaining data to guide BP 
targets is predominantly derived from observational 
cohort studies utilising non-standardised pre- and post-
dialysis BP measurements described above. These stud-
ies fairly consistently show worse outcomes where 

pre-haemodialysis BP is below ~ 140 mmHg. A facility-
level analysis of DOPPS data designed to minimise effects 
of unmeasured patient-level confounding found lowest 
mortality in those with a pre-haemodialysis BP of 130 to 
159 mmHg [27]. Other studies have found lowest risk of 
CV events with a pre-haemodialysis systolic BP range of 
140 to 170 mmHg [5]; lowest risk for all-cause mortality 
at 165 mmHg and for CV mortality at 157 mmHg [28] 
and lowest risk for all-cause mortality at 152 mmHg and 
CV events at 143 mmHg [29]. Considering the totality 
of data available, we suggest for haemodialysis units or 
individual clinicians wishing to base BP targets on pre-
haemodialysis measurements, that a systolic BP range of 
approximately 140 to 165 mmHg appears to be associated 
with the fewest short- and long-term adverse outcomes.

Data on pre-dialysis diastolic and post-dialysis BP are 
more limited. In the Robinson study, facility-level pre-
dialysis DBP between 60 and 99 mmHg and post-dial-
ysis SBP between 120 and 139 mmHg were associated 
with lowest mortality [27]. The same analysis identi-
fied post-dialysis DBP < 70 mmHg to be associated with 
increased mortality with no corresponding upper limit. 
Hannedouche did not find a pre-dialysis DBP level that 
was indicative of minimal risk for all-cause mortality. For 
CV mortality, a DBP of 90 mmHg was found to be associ-
ated with lowest CV mortality, although 95% confidence 
intervals for hazard ratio were wide, and depart from 1.0 
at a DBP of approximately 70 mmHg [28]. Post-dialysis 
BP readings were not analysed.

Limited observational data suggest that demographic 
characteristics such as age [30], co-morbidities includ-
ing diabetes [31], atrial fibrillation and heart failure [32] 
and biomarkers, e.g. troponin I and NT-proBNP [33], 
influence the nature of the relationship between BP and 
outcomes, such that in younger patients without co-mor-
bidity and normal biomarkers only higher SBP tends to 
be associated with adverse outcomes, leading us to sug-
gest that aiming for lower BP targets may be acceptable 
in this population.

Studies using HBPM, ABPM and standardised clinic BP 
readings generally demonstrate a positive linear relation-
ship between BP and outcomes [4, 5, 11]. For example, 
a study of 326 predominantly African-American haemo-
dialysis patients dialysing in Indiana, US found an aver-
age home SBP of 120–130 mmHg to be associated with 
lowest all-cause mortality [4]. Similarly the CRIC study 
investigators found in 377 haemodialysis patients that, 
compared to those with a standardised SBP < 128 mmHg, 
adjusted HR for CV events was 2.14 (95% CI 1.17 to 3.9) 
and 2.9 (95% CI 1.55 to 5.42) for those with SBP 128 to 
145 and > 145 mmHg respectively (5). A similar rela-
tionship was demonstrated in a recent Brazilian study 
in 2,672 haemodialysis patients, where BP was mea-
sured in the inter-dialytic period albeit probably not in 
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a standardized manner. Compared to a reference SBP 
of ≥ 171 mmHg, incidence of CV events was reduced in 
those with SBP 101–110 (HR 0.65, 95% CI 0.46–0.90), 
111–120 (HR 0.66, CI 0.49–0.89), 121–130 (HR 0.75, CI 
0.57–0.98), and 131–140 mmHg (HR 0.76, CI 0.6–0.97) 
[34].

However, it is important to recognise important limi-
tations of these studies. Firstly, they were conducted in 
small, often single-centre, populations that might be 
unrepresentative of the wider UK dialysis population; 
and, secondly, some excluded participants with impor-
tant CV co-morbidities such as atrial fibrillation [4, 11]. 
In a European study using ABPM in 344 haemodialysis 
patients, a U-shaped relationship between ambulatory 
SBP and CV and all-cause mortality was observed in 
the whole study cohort, whereas when ~ 30% with either 
atrial fibrillation or heart failure were excluded a posi-
tive linear relationship between BP and outcomes was 
observed [32]. These contradictory findings emphasize 
the inherent difficulties in using observational data to 
guide clinical practice even when using ‘gold-standard’ 
BP measurement methodologies, and the need for well-
designed interventional trials to define appropriate BP 
targets in those on dialysis.

In the peritoneal dialysis population there are few data 
to guide BP targets with the ISPD recommended target of 
< 140/90 mmHg being extrapolated from the general and 
CKD population [35]. One large prospective cohort study 
undertaken in China found a U-shaped relationship 
between usual clinic SBP – presumably non-standardized 
– and all-cause and CV mortality, with an SBP range of 
119–141 being associated with lowest hazard ratio for 
adverse outcomes [36]. An analysis of UK Renal Regis-
try data in peritoneal dialysis suggested that higher BP is 
associated with reduced mortality in the first 12 months 
following commencement of renal replacement therapy 
(RRT), except in the subgroup listed for transplantation 
within six months of starting RRT [37]. Assuming, as the 
authors suggest, that early transplant listing is a proxy for 
minimal comorbidity, it is suggested that we should aim 
for lower BP targets in less comorbid peritoneal dialysis 
patients although no specific BP targets are identified by 
this study.

Lifestyle modification
Salt intake
Volume expansion, net positive sodium balance, renin-
angiotensin-aldosterone system (RAAS) and sympathetic 
nervous system activation contribute to high BP in peo-
ple on dialysis [38]. Lifestyle interventions that attenuate 
these effects may have some impact on BP control.

Volume expansion by salt and water is thought to be a 
major contributor to hypertension in people on dialysis 
[39, 40]. Higher dietary sodium intake is independently 

associated with greater mortality in people on haemo-
dialysis [41]. Reduction in salt intake lowers BP in the 
general population, in people with hypertension of all 
ethnicities, in people with and without diabetes and in 
people with chronic kidney disease (CKD) [42–46]. A 
low salt diet may be particularly beneficial in people on 
dialysis because they are largely dependent on the dialy-
sis process to remove excess sodium and water. Studies 
in the 1990s explored dietary salt reduction together 
with dialysis interventions to achieve optimal dry weight 
and BP control [47–49]. The studies reported to date, 
however, are poorly designed, uncontrolled and under-
powered to show a BP difference following dietary inter-
ventions. A meta-analysis of randomized controlled trials 
in 91 haemodialysis patients has shown that a mean dif-
ference in salt intake of 5  g/day was associated with a 
reduction in BP of 8/4 mmHg (95% CI 4.8 to 12/2.2 to 
6.6) [50]. A subsequent systematic review and meta-
analysis of salt reduction in all stages of CKD included 5 
studies in haemodialysis patients and found reducing salt 
intake reduced systolic BP by 6.32 mmHg (95% CI -11.04 
to ‐1.60) and diastolic BP by 3.46 mm Hg (95% CI ‐6.39 to 
‐0.54) [51].

Fluid restriction
Volume overload is a risk factor for mortality amongst 
dialysis patients [52]. Efforts to achieve ideal target 
weight are discussed in other sections of this guideline, 
some of which will involve salt and water restriction, 
increased ultrafiltration and longer dialysis times to facil-
itate achieving euvolaemia. There is an acceptance that 
fluid restriction requires concomitant salt intake reduc-
tion, but evidence for fluid restriction alone lacks any 
contemporary evidence base [53].

Other dietary approaches
There is good evidence in the general population that a 
diet high in fruits and vegetables such as the Dietary 
Approaches to Stop Hypertension (DASH) diet can help 
to lower BP [44, 54]. However, trials in people on dialy-
sis are lacking. An observational cross-sectional study in 
2022 assessed the diets of 583 individuals on haemodialy-
sis and categorized according to adherence to the DASH 
diet [55]. Higher adherence to the DASH diet was associ-
ated with lower serum potassium levels, although no dif-
ference in BP was observed between the groups (personal 
communication with author). This study allays concerns 
that a DASH diet may lead to hyperkalaemia and paves 
the way for further research.

Several authors have investigated diets rich in polyphe-
nols. A systematic review of three trials found a reduc-
tion in DBP but not SBP [56]. Another small study has 
reported a reduction in SBP and DBP with pomegran-
ate juice [57]. Due the small number of trials with low 
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numbers the evidence is not strong enough to make a 
recommendation.

Although there is a lack of evidence in the dialysis 
population, we suggest that other lifestyle measures to 
control BP are adopted including maintenance of ideal 
body weight, excessive intake of alcohol, coffee and caf-
feine rich foods and drinks should be discouraged as per 
advice for the general population with hypertension. We 
also suggest that specialist renal dietitians are best placed 
to provide dietary advice to those on dialysis. Patients 
on dialysis have complex dietary requirements and renal 
dietitians can provide individualized, holistic advice.

Exercise
A number of systematic reviews and meta-analyses have 
considered whether exercise reduces BP in dialysis. Most 
studies have focused on intra-dialytic exercise.

In a 2019 meta-analysis of intradialytic exercise trials 
that included BP as an outcome, there was a significant 
reduction in SBP of 4.87 mmHg (95% CI -9.2 to -0.5, 
p = 0.03) and DBP of 4.11 mmHg (95% CI -6.5 to -1.72, 
p = 0.0007) [58]. In another meta-analysis of intradialytic 
exercise, the effect of aerobic exercise and combined 
exercise (aerobic and strength) were analysed separately. 
The authors found a significant reduction in SBP of 10.07 
mmHg (95% CI --16.36 to − 3.78) with aerobic exercise 
and a reduction in DBP of 5.76 mmHg (95% CI -2.7 to 
-8.83) with combined exercise, but there was no reduc-
tion in SBP with combined exercise or DBP with aerobic 
exercise [59].

Other meta-analyses have explored the effects of all 
types of exercise, intradialytic exercise, exercise on non-
dialysis days, aerobic and combined strength and aerobic, 
on BP in dialysis populations. One included 16 studies of 
at least 8 weeks and found that only combined training 
reduced BP. SBP was reduced by 9 mmHg (95% CI -13 to 
-4) and DBP by 5 mmHg (95% CI -6 to -3) [60]. The other 
considered whether the intensity of exercise was impor-
tant. Moderate to vigorous exercise was found to be most 
effective at reducing SBP by 8.8 mmHg (95% CI -17 to 
-1.6) and DBP by 4.9 mmHg (95% CI − 9.9 to − 0.4) [61]. 
Both meta-analyses suggest that combined training was 
the most effective.

The most comprehensive report on exercise in dialy-
sis populations is a 2022 Cochrane systematic review 
of RCTs and quasi-RCTs of any structured exercise 
programs of eight weeks or more in adults undergo-
ing maintenance dialysis compared to no exercise or 
sham exercise [62]. The authors report uncertainty as to 
whether exercise training reduces the risk of death and 
no studies reported CV events. They found that exer-
cise training was likely to improve functional capacity 
and depressive symptoms with some degree of certainty. 
The effects of exercise on BP were analysed in smaller 

meta-analyses, which considered different types of exer-
cise regimens separately. There was a significant reduc-
tion in SBP 8.69 mmHg (95% CI -13.69 to -3.69) and DBP 
4.45 mmHg (95% CI -5.98 to -2.91)- with combined exer-
cise, but authors consider the results are of very low cer-
tainty due to the high risk of bias, the short duration of 
the interventions and follow-up and the low number of 
participants in the included studies. There was no signifi-
cant reduction in BP with aerobic exercise alone. We are 
unable to make any recommendations for exercise reduc-
ing BP in PD patients due to the lack of evidence.

Self-care engagement
Achieving BP targets is notoriously difficult for a com-
bination of reasons. Some small studies have reported 
recently that explore the impact of interventions on 
adherence to diet, fluid and BP medications [63]. An edu-
cative nursing intervention in 118 participants recruited 
from 6 haemodialysis units in the USA found that BP 
education sessions, with home BP monitoring twice daily, 
diarising salt and fluid intake weekly for a 12-week period 
vs. standard care with BP monitoring and medication 
adjustment by health care providers on a weekly basis 
in the haemodialysis unit significantly decreased both 
SBP and DBP in the treatment group. Another non-con-
trolled study has reported a greater likelihood of reduc-
tion in SBP in a cohort of 58 haemodialysis patients, who 
received counselling from a pharmacist on adherence 
to BP medications [64]. We considered that these stud-
ies are not sufficient to make a recommendation on the 
role of supportive care interventions in BP management 
of dialysis patients, but measures to support adherence to 
treatment goals is possibly an area for further research.

Dialysis and dialysate
Studies of extended duration of haemodialysis (beyond 
the conventional 3 to 5  h three times a week) generally 
support improved BP control and or reduced BP medica-
tion burden, with inconsistent findings on left ventricular 
mass measurements [65–68].

More recently, however, extended duration HD has 
been shown to be associated with lower mortality. This 
is true whether the haemodialysis session is extended, 
or the frequency of haemodialysis is increased [69, 70]. 
The Frequent Hemodialysis Network (FHN) Daily Trial 
reported that 2 months of a frequent haemodialysis regi-
men lowered pre-dialysis SBP by 7.7  mm Hg (95% CI: 
−11.9 to − 3.5) and DBP by 3.9 mm Hg (95% CI − 6.5 to 
− 1.3) [71] whilst the FHN Nocturnal Trial reported a 
reduction in systolic SBP from baseline of 7.9 ± 18.4 mm 
Hg in the nocturnal cohort at 12 months [72]. Short daily 
and nocturnal schedules also reduce the per-session 
probability of IDH by between 20 and 68%, while well-
being and shorter recovery times are observed in those 
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having extended hours HD, possibly mediated through a 
combination of optimizing sodium and volume status or 
enhanced solute clearance [68, 72].

Whilst there is good evidence to support extending 
haemodialysis for improved BP control, either by longer 
sessional hours or increased frequency of sessions, uni-
versal adoption of practice is unlikely due to the high cost 
of providing this service. The NightLife study is ongo-
ing and will evaluate the cost and clinical effectiveness, 
including effect on BP, of thrice-weekly extended in-cen-
tre nocturnal haemodialysis versus daytime haemodialy-
sis [73].

It has also been reported that HDF, compared to hae-
modialysis, improves cardiovascular stability during 
treatment sessions and that it reduces the frequency of 
IDH [74–76]. These findings, however, are not consistent 
across all studies. Two meta-analyses on this topic have 
reached differing conclusions on the intervention effect 
on IDH, but neither study reports a significant effect on 
BP outcomes [77, 78]. These inconsistent findings may 
be explained by failure to achieve sufficient convective 
volumes, different haemodialysis modalities (low-flux 
vs. high-flux) and HDF techniques, participant demo-
graphics and access type. With the view that there was 
still clinical equipoise as to the potential benefits of high 
dose HDF compared to conventional high-flux haemodi-
alysis, the CONVINCE and H4RT trials were conceived 
to address the issue. CONVINCE has recently reported 
on the primary outcome; a reduction in death from any 
cause in the HDF group (hazard ratio, 0.77; 95% CI, 0.65 
to 0.93), although risk of death from CVD was similar in 
HDF and high-flux haemodialysis treatment arms [79]. 
At present, there remains insufficient evidence to rec-
ommend the widespread implementation of HDF on the 
grounds of cardiovascular benefit. H4RT trial outcome 
data is awaited [80].

Active BP lowering in haemodialysis patients can lead 
to increased frequency of IDH. Large observational stud-
ies have demonstrated an association between frequency 
of IDH and mortality [81–83]. It is therefore prudent that 
steps are taken to minimize IDH especially in IDH prone 
patients. Comparative studies have shown that haemodi-
alysis tolerance, which includes IDH, is better when using 
bicarbonate rather than acetate dialysate [69, 70]. How-
ever, we note that in an RCT [83] there appeared to be a 
dissociation between IDH reduction (reduced with tem-
perature lowering) and mortality (no effect).

Different strategies for changing dialysate tempera-
ture have been studied including biofeedback and dif-
ferent degrees of temperature lowering. A systematic 
review [84] of 11 RCTs concluded that lowering dialy-
sate temperature reduced the rate of IDH by 70% (95% 
CI 49–89%). However, more recent studies including a 
multi-centre RCT enrolling 73 patients for 12 months 

[85] and a cluster randomised study [86] did not dem-
onstrate an advantage of setting dialysate temperature 
− 0.5  °C below body temperature vs. 37  °C. On other 
hand, a recent large observational study using the Fre-
senius NephroCare Eclid database [83] did show that in 
case-mix, facility-level adjusted incident haemodialysis 
patients, a 0.5 °C reduction in dialysate temperature was 
associated with a 33% risk reduction of IDH. It is possible 
that patient selection (patients at high risk of IDH [83] 
vs. patients at lower risk of IDH [85, 86]) accounts for the 
different outcomes.

Results of studies examining effect of changing dialy-
sate sodium concentration on BP and IDH have been 
conflicting and covered in recent systematic reviews 
[87, 88]. Whilst studies have shown that lowering dialy-
sate sodium reduces pre-dialysis mean arterial pressure 
(MAP) by 3.6 mmHg (95% CI -5.7 to ‐1.7) and post-
dialysis MAP by 3.3 mmHg (95% CI ‐1.7 to ‐4.8) [89–
92], there is also weak evidence that lowering dialysate 
sodium may increase rate of IDH in IDH-prone patients 
[89, 90]. The effect of varying dialysate sodium (sodium 
profiling) during a dialysis session has also been exam-
ined. Different profiles of sodium reduction were the sub-
ject of a meta-analysis [93]. Stepwise rather than linear 
reduction of sodium concentrations was found to reduce 
IDH. A single centre RCT [94] also confirmed that profil-
ing reduced IDH although, contrary to the meta-analysis, 
the authors reduced dialysate sodium concentrations lin-
early. This study demonstrated similar benefit on IDH by 
dialysate cooling but the benefits were not additive. Thee 
DOPPS cohort study demonstrated that routine use of 
sodium profiling was associated with higher all-cause 
mortality [95]. Given the theoretical risk of “sodium load-
ing” leading to increased dialytic weight gain, we do not 
feel there is enough evidence to recommend sodium pro-
filing. Sodium profiling may have a role in IDH prone 
patients but there is insufficient evidence to recommend 
as routine care.

The correction of chronic metabolic acidosis is an 
important goal of dialysis and dialysate bicarbonate 
should be optimised for mineral bone disorder and nutri-
tion. However, acid-base balance might have an acute 
effect on BP and therefore IDH. We acknowledge that 
DOPPS [96] have suggested a reduction of the dialysate 
bicarbonate concentration can be considered for patients 
with significant peri- and post-dialysis alkalaemia with 
frequent IDH unresponsive to classical management pro-
tocols. However, we considered that the evidence based 
on three studies was weak [97–99].

There are few studies examining the effect of adjusting 
dialysate magnesium [100, 101] on BP and IDH. A single 
study of 14 patients [100] suggests that low dialysate con-
centration of magnesium (0.25mmol/L) be avoided with 
dialysate calcium concentration of 1.25mmol/L due to 
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increased risk of IDH. We considered that the evidence 
base too weak to make a recommendation. A study has 
examined the effect of dialysate calcium concentration 
on IDH risk [98] but we suggest that dialysate calcium 
should be adjusted in accordance for optimal manage-
ment of mineral bone disorder.

There is evidence that long intraperitoneal dwells of 
7.5% icodextrin can achieve greater ultrafiltration than 
2.27% glucose dwells [102]. Sodium removal in peritoneal 
dialysis is dependent on convection so it is to be expected 
that using icodextrin can improve fluid status [103] and 
hence help to attain dry weight in people on peritoneal 
dialysis. Icodextrin can achieve greater UF during long 
dwells in patients who are classified to have fast perito-
neal solute transfer rates (PSTR) without the need for the 
higher concentration of glucose containing peritoneal 
dialysis fluids.

Dry weight optimization
Optimum fluid volume management in people on dialysis 
is important for both patient experience and outcomes. 
Both volume overload and depletion are associated with 
poor outcomes [104–108]. Therefore, accurate ‘dry’ or 
‘target’ weight assessment is critically important. The 
clinical assessment of target weight is based on symp-
toms, skin turgor, peripheral oedema, jugular venous 
pressure, BP measurement and lung auscultation. It is 
often a ‘guesstimate’. Several technologies are now avail-
able to aid fluid volume assessment including blood 
volume monitoring, inferior vena caval diameter mea-
surement, lung ultrasound scan and bio-impedance spec-
troscopy (BIS).

A large, international, observational study and small 
single centre RCTs suggest that protocolised clini-
cal assessment of volume status in people on haemodi-
alysis may be associated with better clinical and patient 
reported outcomes [95, 109, 110]. This is further sup-
ported by the recently published BISTRO trial demon-
strating that standardised clinical assessment of fluid 
volume status is equivalent to standardised clinical 
assessment augmented by BIS in maintaining residual 
kidney function in people on haemodialysis [111].

Of the technologies available to assist fluid volume 
management, BIS is most extensively studied. However, 
when compared with routine clinical assessment of target 
weight, none of these technologies have provided consis-
tent benefit in terms of clinical outcomes [105, 112–130]. 
These include two recently published, well-conducted, 
RCTs (LUST [131] and BISTRO [111]). Furthermore, 
some of these found increased adverse patient reported 
outcomes in the technology assisted fluid management 
group.

Hypertension is a common consequence of fluid over-
load in dialysis patients. Several observational studies 

and small trials demonstrate improvement in BP control 
in both people on peritoneal and haemodialysis [109, 
113, 116, 119, 122, 123, 130, 132]. However, there are also 
other studies that fail to show the BP lowering effect of 
active fluid volume management. Importantly, the BIS-
TRO trial did not demonstrate difference in BP control 
between protocolised fluid volume management com-
pared with BIS added to protocolised fluid volume man-
agement in people on haemodialysis [111]. Therefore, 
there is lack of consistent and firm evidence to support 
any strong recommendations for fluid volume manage-
ment to control BP in dialysis patients.

Medication
BP lowering with medication has been demonstrated to 
reduce all-cause and CV mortality in people on dialysis 
[133]. The pooled reduction in BP was − 4.5/-2.3 mmHg 
and BP lowering was associated with relative risks (RR) 
of CV events (RR 0.71, 95% CI 0.55–0.92; p = 0.009), all-
cause mortality (RR 0.80, 0.66–0.96; p = 0.014), and CV 
mortality (RR 0.71, 0.50–0.99; p = 0.044) respectively 
compared with the control group. Eight RCTs were 
included in this meta-analysis of which 7 were in hae-
modialysis populations and only 4 explicitly included 
participants with elevated BP. Therefore, there is little 
direct evidence of effects of BP lowering medication on 
outcomes in people on peritoneal dialysis. BP-lowering 
medications used in the intervention arm of included tri-
als was heterogenous: ARBs in three, ACEi in two, βBs in 
two and CCBs in one. A further meta-analysis published 
at the same time was not included in our evidence syn-
thesis since it included the same original publications, 
did not provide a pooled estimate of BP reduction, but it 
did reach very similar conclusions regarding event rates 
[134].

We identified three RCTs of BP lowering medication 
in dialysis patients with a primary or secondary outcome 
relevant to our search criteria that have been published 
since this 2009 meta-analyses [135–137]. These three 
trials were not included in the network meta-analysis 
described below as these were all ‘treat to target’ trials. 
One of these trials compared ACEi vs. non-renin-angio-
tensin system inhibition (RASi) and a second compared 
ARB vs. non-RAS. Both trials achieved similar BPs in 
intervention and comparator arms as per their respec-
tive designs, but found no difference in their respective 
primary composites end-point of CV mortality, non-fatal 
stroke or myocardial infarction (plus heart failure admis-
sion in the first trial) [136, 137]. A third trial compared a 
βB to ACEi in predominantly African-American haemo-
dialysis patients [135]. Despite a ‘treat to target’ design 
with a goal home BP of ≤ 140/90 mmHg, in post-hoc 
analysis there was a slightly lower home BP (p = 0.037) in 
the atenolol arm; on 44-hr ABPM, there was numerically 
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lower BP in the atenolol arm (-3.6/3 mmHg). This trial 
was terminated early due to an excess of CV events in 
the ACEi group, with no difference found in primary out-
come of change in left ventricular mass index.

We were unable to draw firm conclusions regarding 
choice of antihypertensive drug class in dialysis patients 
due to lack of consistent evidence of reduction in all-
cause, CV mortality or other relevant endpoints favour-
ing any particular class. We have therefore based several 
of our suggestions on the findings of a recent network 
meta-analysis that assessed comparative BP lowering effi-
cacy of antihypertensive medications in people on hae-
modialysis [138]. Mineralocorticoid receptor antagonists 
(MRAs) and βBs were most effective at reducing sys-
tolic BP (SBP), compared to both placebo (MRAs: -10.8 
mmHg; βBs: -8.7 mmHg) and other classes (e.g. MRAs 
− 6.4 mmHg vs. ACEi and βBs -4.4 mmHg vs. ACEi). 
CCBs and ACEi lowered BP compared to placebo by -4.6 
mmHg and − 4.3 mmHg respectively. Additionally, the βB 
vs. placebo comparison provided a high GRADE (Grad-
ing of Recommendations Assessment, Development and 
Evaluation) confidence rating for effect estimate whereas 
other comparisons in this meta-analysis varied from 
moderate (e.g. CCB and ACEi vs. placebo; CCB and βB 
vs. ACEi) to low or very low confidence ratings.

Hypotension and discontinuation due to adverse effects 
were more common with ACEi (RR for hypotension 
and discontinuation were 6.62 and 1.77 vs. control). For 
these reasons, and in the absence of a clear cardiopro-
tective class effect of RAS blockade in dialysis patients, 
we have suggested use of ACEi as third line in those on 
haemodialysis. In those on peritoneal dialysis there is 
evidence from small RCTs that ACEi or ARBs preserve 
residual renal function and urine output compared to 
control groups, despite similar reductions in BP over 12 
to 24 months [139, 140] with a mean difference in GFR 
compared to controls of + 0.93 mL/min/1.73 m2 (95% CI 
0.11–1.75) for ACEi and + 1.11 mL/min/1.73 m2 (95% CI 
0.38–1.83) for ARB in pooled analyses [141, 142], leading 
us to suggest these classes as first line antihypertensives 
in people on peritoneal dialysis.

Although MRAs are most efficacious at lowering SBP, 
higher rates of discontinuation due to adverse effects 
(RR 3.35) were observed for this class, with a numerically 
increased risk for hyperkalaemia (RR 1.63, 95% CI 0.75 
to 3.57). Additionally, the confidence rating for the effect 
estimate of MRA vs. comparators, including placebo, was 
either low or very low. Finally, although three meta-analy-
ses [143–145] confirm BP-lowering efficacy of MRAs and 
impressive reductions in pooled estimates of CV and all-
cause mortality (RR around 0.4 for all-cause mortality), 
concerns exist around the quality of some of the original 
trials of MRAs. Two large global RCTs of MRAs in hae-
modialysis populations (ACHIEVE and ALCHEMIST) 

are expected to complete recruitment shortly, and these 
are anticipated to define the efficacy and safety of MRAs 
with greater confidence. For these reasons, and until pub-
lication of ACHIEVE and ALCHEMIST studies, we rec-
ommend that MRAs are considered for use only in those 
dialysis patients with more problematic hypertension.

Alpha-blockers (αBs), ARBs and renin inhibitors were 
not found to lower BP more than placebo, although con-
fidence intervals for the former two classes were wide 
(-6.7 mmHg, 95% CI -14.1 to 0.7 for αB vs. placebo; -3.0 
mmHg, 95% CI -8.7 to 2.6 for ARB vs. placebo) and only 
indirect comparison between αBs with placebo was avail-
able. Discontinuation due to adverse effects was also 
higher for ARBs (RR 1.57).

There are significant differences between antihyperten-
sives in the extent to which they are removed by dialysis 
(see Appendix D). Theoretically, choice of antihyperten-
sives based on dialysability may affect BP lowering effi-
cacy, enhance BP variability and, in the case of drugs that 
reduce cardiac events by other mechanisms e.g. antiar-
rhythmic effects of βBs, dialysability may confer a more 
immediate effect on risk of CV events. There exists some 
lower quality evidence to support this hypothesis: a large 
propensity-matched retrospective cohort study from 
a Canadian haemodialysis population (n = 6588) found 
increased risk of all-cause (RR 1.4) and CV (RR 1.2) 
mortality in those receiving high (atenolol, acebutolol, 
metoprolol) vs. low dialysability (bisoprolol, propanolol) 
βBs [146]. Conversely, in non-adherent patients, it may 
be helpful to administer antihypertensives under direct 
supervision at the end of a dialysis session, particularly 
if using highly dialysed antihypertensives (e.g. ateno-
lol, lisinopril, enalapril) that have prolonged half-lives in 
people on haemodialysis. Given the continuous nature 
of peritoneal dialysis, and paucity of relevant evidence in 
this population, we do not make any recommendations 
about in-class choice of BP lowering medication in those 
on peritoneal dialysis.

Anecdotal evidence suggests that dialysis patients may 
omit prescribed antihypertensives prior to haemodialy-
sis sessions, either on advice of healthcare professionals 
or by their own decision [147]. We were unable to find 
evidence to support this practice. However, it is reason-
able to assume that, where a person takes one or more 
antihypertensive medications early in the morning on 
4 days of the week and 6 or more hours later than this 
on the remaining 3 days, this may increase BP variabil-
ity. Observational studies have established increased 
short- and long-term BP variability as independent pre-
dictors of all-cause and CV mortality and major adverse 
CV events in people on haemodialysis [148]. Consider-
ing that the TIME study found that evening dosing of 
antihypertensive medication did not differ from morn-
ing dosing in terms of major CV outcomes in the general 
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population [149], we suggest that clinicians discourage 
omission of antihypertensives prior to dialysis sessions 
and instead encourage consistent night-time dosing of 
antihypertensive medication in those patients for whom 
such medication is thought to be contributory to IDH. 
We acknowledge that the efficacy of this approach should 
be tested in a clinical trial.

We found limited evidence to support pharmacological 
approaches to management of IDH. Evidence to support 
the use of midodrine is inconclusive. A meta-analysis, 
published in 2004, included 10 studies with 117 partici-
pants and reported nadir BP 13.3/5.9 mmHg higher in 
those receiving midodrine, but no consistent benefit in 
terms of symptom reduction [150]. All included studies 
had significant methodological flaws (e.g. none were of 
parallel group design) and were subjective to substantial 
risk of bias. A retrospective cohort study of 3083 patients, 
albeit not necessarily with confirmed IDH and subject to 
confounding by indication, found an adjusted incidence 
rate ratio of 1.37, 1.31 and 1.41 for all-cause mortality, all-
cause hospitalization and hospitalization for CV causes 
respectively for those prescribed midodrine vs. controls 
[151].

Evidence to support use of L-carnitine supplementa-
tion is similarly inconclusive. A recent meta-analysis 
(8 studies, 224 participants) of 6 to 24 weeks duration 
using either cross-over or parallel group design [152]. 
Of the included studies, only two were judged to be at 
low overall risk of bias. Compared to controls, partici-
pants allocated to L-carnitine supplementation had a 
pooled odds ratio for incidence of IDH of 0.26 (95% CI 
0.1–0.72). Subgroup analysis suggested that only oral, as 
opposed to intravenous, supplementation was effective 
and that a minimum weekly dose of 4,200 mg is required. 
Conversely, a recent Cochrane review (3 RCTs, 128 par-
ticipants) found insufficient evidence that L-carnitine 
prevented IDH (RR 0.76, 95% CI 0.34–1.69; low certainty 
evidence) [153].

Children and young people (CYP)
Background
Hypertension (defined as SBP and DBP ≥ 95th percen-
tile for age, height and sex) is highly prevalent in CYP 
on dialysis [154–156]. However, lack of BP measurement 
standardisation for CYP on dialysis makes interpreta-
tion of values difficult. Details regarding standardisation 
of BP measurement are available from clinical prac-
tice guidelines [157, 158]. Although there is lack of data 
demonstrating an association between hypertension in 
CYP on dialysis and increased incidence of CV events 
or mortality, several studies have reported correlation 
with proxy markers of CV morbidity, such as LVH and 
carotid intima media thickness (cIMT) [8, 159–161]. 
Improved BP control in children on haemodialysis, with 

BP maintained < 90th percentile, has been demonstrated 
to reduce left ventricular mass (LVM) [160]. As such, 
echocardiography should be conducted at regular inter-
vals to screen for serial morphological changes.

Blood pressure measurement, treatment thresholds
Current evidence for the management of BP in CYP with 
CKD not on dialysis is to lower MAP to ≤ 50th percen-
tile to slow CKD progression [158, 162] and to reverse 
adverse cardiac remodelling [163]. For patients on dial-
ysis, particularly those with residual urine output, tar-
geting BP to this level increases the risk of extreme BP 
variability and IDH. IDH is defined by the Paediatric 
Continuous Renal Replacement Therapy (PCRRT) work-
ing group as SBP < 5th percentile for age along with the 
presence of clinical symptoms [164]. As for adults, epi-
sodes of IDH in CYP affect dialysis adequacy, increase 
the risk of myocardial stunning, and may lead to long-
term adverse clinical outcomes [164, 165]. For this rea-
son, targeting BP to ≤ 50th percentile in CYP on dialysis 
is not generally recommended. Consensus recommenda-
tions for minimising the risk of IDH in CYP were pub-
lished in 2019 [164].

ABPM is considered the gold standard for measuring 
BP in CYP, including those on dialysis [18, 166]. However, 
normative data do not exist for those < 120 cm in height 
or < 5 years of age. Furthermore, achieving compliance 
in younger patients may not be possible. Compared with 
in-centre haemodialysis measurements, ABPM enhances 
the predictability for identifying BP as a risk factor for 
target organ damage [167, 168]. Our suggestion is that 
an ABPM monitor should be fitted at the end of a mid-
week haemodialysis session to allow for standardisation 
of measurement. Data on the use of HBPM are lacking in 
CYP on dialysis, but it may be a useful adjunct alongside 
ABPM to provide measurements that are less affected by 
the white coat phenomenon (for both patients on hae-
modialysis and peritoneal dialysis), by pre-dialysis fluid 
overload, and by BP fluctuations secondary to acute fluid 
removal.

This guideline suggests targeting BP to < 90th percentile 
for age, height and sex as a measure of minimising long-
term risk of hypertension-mediated organ damage. How-
ever, our recommendations remain weak as data are not 
available to suggest that accepting or targeting higher BP 
values, such as in the range of the 90th -95th percentiles, 
confers worse prognosis in CYP on dialysis. The evidence 
base for recommendations in CYP on peritoneal dialysis 
are even weaker owing to a lack of published research in 
this area. One small study, involving 87 children, demon-
strated improved preservation of residual kidney func-
tion in patients on peritoneal dialysis when SBP and DBP 
were maintained ≤ 95th percentile [169].
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Management of hypertension and treatment targets
Within the confines of our literature search, no RCTs 
analysing CYP on dialysis in groups according to BP tar-
get were identified. The current evidence related to BP 
control in CYP is derived from several studies that have 
looked at BP as either a primary or secondary outcome 
measure following:

 	• Commencement of antihypertensive therapies [170, 
171].

 	• Implementation of a blood volume monitoring 
algorithm to guide ultrafiltration [172, 173].

 	• Implementation of a haematocrit-guided 
ultrafiltration algorithm to guide ultrafiltration [174].

 	• Implementation of a bioimpedance analysis 
algorithm to guide ultrafiltration [175].

 	• Assessment of interdialytic weight gain (IDWG) and 
categorisation into groups according to percentage 
increase in IDWG [176, 177].

 	• Commencement of HDF compared with standard 
haemodialysis [178, 179].

Guidance on the upper limit of recommended daily 
intake (RDI) for salt is provided by the 2008 KDOQI 
Guideline for Nutrition in Children with CKD [180]. 
Age-related RDI ranges are: 3.8 g (1–3 years); 4.8 g (4–8 
years); 5.6 g (9–13 years); 5.8 g (14–18 years). This guid-
ance is supported by studies in adults demonstrating 
that limiting salt intake in hypertensive dialysis patients 
allows for optimised volume status and BP control [48, 
181, 182]. A meta-analysis of paediatric trials demon-
strated that salt reduction of 42% was associated with 
a significant reduction in both SBP and DBP in hyper-
tensive CYP without CKD [183]. One study identified 
a positive simplified sodium balance (i.e. the difference 
between daily sodium intake and daily urinary sodium 
losses) to be an independent predictor of IDWG in CYP 
on both haemodialysis and peritoneal dialysis, although 
there was no correlation with SBP and DBP standard 
deviation scores [184]. However, salt intake remains 
important for growth in CYP on dialysis, particularly for 
those who are polyuric [185] and where dialysis prescrip-
tion and modality may increase sodium removal and put 
the patient at risk of hyponatraemia [186]. The support 
of dietetic colleagues is therefore vital to develop an indi-
vidualised approach for each patient.

No single antihypertensive agent, or drug class, has 
been demonstrated to be more effective, or have an 
improved safety profile, in CYP on dialysis. Data on anti-
hypertensive therapies remain limited to those with CKD 
stages 2–4. Prospective analysis of 478 CYP enrolled in 
the Chronic Kidney Disease in Children (CKiD) study 
demonstrated renin-angiotensin system (RAS) antago-
nists were associated with reduced odds of developing 

LVH compared with other antihypertensive agents, 
although this did not reach statistical significance [187]. 
Data from the International Pediatric Peritoneal Dialy-
sis Network (IPPN) registry showed lower incidence of 
LVH in those on RAS antagonists [159]. Alongside its 
antihypertensive effect, ramipril has been demonstrated 
to improve serum levels of inflammatory mediators and 
biomarkers of endothelial dysfunction compared with 
placebo in CYP on dialysis [171]. A clinical practice ques-
tionnaire, conducted in the US, demonstrated that dihy-
dropyridine-CCBs and angiotensin converting enzyme 
inhibitors (ACEis) were the most commonly prescribed 
antihypertensives in CYP on both haemodialysis and 
peritoneal dialysis [188]. In terms of the mechanism of 
action, RAS antagonists are likely to be of limited benefit 
in anephric patients. Although there is a theoretical risk 
of reduced urinary excretion of potassium, or potassium 
accumulation in those with anuria, adult data suggest 
that RAS antagonists in those on maintenance haemodi-
alysis are not associated with an increased incidence of 
hyperkalaemia [189]. As per the adult pharmacological 
recommendations in this guideline, we suggest a consis-
tent evening dosing schedule for antihypertensives where 
they are implicated as a contributory factor to the devel-
opment of IDH and when dialysis sessions are delivered 
during the day. Additionally, pharmacokinetic profiles 
need to be considered when determining dosing sched-
ules as drugs that are readily dialysed by either haemo-
dialysis and peritoneal dialysis may be unsuitable or may 
need to be administered after dialysis sessions rather 
than before.

Summary of audit measures

1.	 Proportion of adult dialysis patients having ABPM 
for diagnosis of de novo hypertension.

2.	 Proportion of adult dialysis patients using HBPM or 
standardized out-of-dialysis unit BP measurements 
to monitor treatment of hypertension.

3.	 Proportion of adult dialysis patients who have 
received advice and support to reduce salt intake to 
< 5 g/day.

4.	 Proportion of haemodialysis sessions where patients 
(adults and CYP) experience symptomatic IDH as 
defined UK Renal Association [164, 190].

5.	 Proportion of patients (adults and CYP) who have 
routine (e.g. minimum 3 monthly) assessment of dry 
weight.

6.	 Proportion of hypertensive adult haemodialysis 
patients prescribed β-blockers.

7.	 Proportion of hypertensive adult peritoneal dialysis 
patients prescribed ACEis or ARBs.

8.	 Proportion of CYP on dialysis undergoing annual 
ABPM assessment.
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9.	 Proportion of hypertensive CYP with LVH.
10.	Proportion of CYP on dialysis on antihypertensive 

medications and, in those taking antihypertensives, 
the number of agents used.

Summary of research recommendations

1.	 Pragmatic RCT comparing management of 
hypertension using routine (including ‘usual’ dialysis 
unit BP in in-centre haemodialysis patients) BP, 
HBPM and ABPM in dialysis patients.

2.	 Pragmatic RCT in both haemodialysis and peritoneal 
dialysis to determine optimal BP target ranges, 
preferably utilising standardised office BP or home 
BP monitoring as the primary method for measuring 
BP.

3.	 RCT of multiple lifestyle interventions (including 
dietary salt and fluid reduction, exercise and 
psychosocial support for medication adherence) on 
BP and symptomatic IDH in people on dialysis.

4.	 RCT of protocolised fluid volume management 
to improve CV outcomes in people receiving 
haemodialysis.

5.	 RCT to determine whether routine evening/night-
time dosing of antihypertensive medication reduces 
incidence of symptomatic intra-dialytic hypotension.

6.	 RCT to determine effectiveness of midodrine and/
or L-carnitine in preventing symptomatic IDH 
and reducing hospitalizations, and whether these 
treatments are well tolerated and safe.

7.	 RCT in CYP on dialysis to determine whether those 
in whom BP is targeted to < 90th centile have a lower 
risk of LVH compared with those in whom BP is 
permitted ≥ 90th centile.

8.	 Study in CYP on dialysis to determine whether 
HBPM values correlate with data from ABPM 
assessment.
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