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The association between blood pressure and cardiovascular outcomes in patients undergoing hemodialysis
remains controversial. This may relate in part to the technique and device used and the timing of the blood
pressure measurement in relation to the hemodialysis procedure. Emerging evidence indicates that standard-
ized hemodialysis unit blood pressure measurements or measurements obtained at home, either by the patient
or using an ambulatory blood pressure monitor, may offer advantages over routine hemodialysis unit blood
pressure measurements for determining cardiovascular risk and treatment. This review discusses the available

evidence and implications for clinicians and clinical trials.
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H igher systolic and diastolic blood pressures (BPs) are

each associated in a continuous fashion with stroke,
coronary artery disease,' and cardiac failure.” Many large
randomized controlled trials (RCTs) have demonstrated the
benefits of lowering BP with various agents in the general
population.” In these trials, BP typically was measured in a
standardized way before randomization and at each visit to
assess response.

In contrast, the improvement in clinical outcomes
achieved by lowering BP in patients requiring dialy-
sis, who are at high absolute risk of cardiovascular
disease and have a high prevalence of elevated BP,*
has not been proven unequivocally. The association of
BP and clinical outcomes in patients undergoing hemo-
dialysis has been studied in observational studies of
BP levels, observational studies addressing the effect
of BP-lowering agents, and RCTs of BP-lowering
agents. An RCT studying BP targets and clinical
outcomes in this population has never been reported.

In an observational study of BP levels of hemodialy-
sis patients in whom BP was measured just prior to a
hemodialysis session, increased mean arterial pres-
sure was associated significantly with increased left
ventricular mass index and de novo cardiac failure.’
However, a 10-mm Hg decrease in mean arterial
pressure was associated with a 37% increase in mortal-
ity (P = 0.004). This paradoxical finding has been
demonstrated consistently in observational studies,
and even patients with very high BP appear to have no
or minimal increase in mortality.®® Possible explana-
tions for this observation include the influence of
comorbid conditions such as age, diabetes,” reverse
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causation by heart failure in patients with low BP, and
survival bias due to the relatively short follow-up in
observational studies. For example, the association of
low BP with mortality is attenuated when only pa-
tients who survive beyond 3 years are analyzed.'’
These studies predominantly used BP measured in the
hemodialysis unit (Table 1).

Most observational studies demonstrate better out-
comes in patients receiving BP-lowering agents. The
Japanese Renal Data Registry, which includes 163,668
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Table 1. Blood Pressure Measurement Reported in Observational Studies and Randomized Controlled Trials of HD Patients

Study Blood Pressure Time in Relation to HD
Observational Studies
Foley et al® (1996) MAP Pre-HD
Zager et al® (1998) SBP, DBP, MAP Pre- and post- HD (average over 90 d)
Port et al” (1999) SBP, DBP Pre- and post-HD (average of 3 sessions)

Foley et al'" (2002)
Kalantar-Zadeh et al® (2005)
Stidley et al'® (2006)
Rohrscheib et al'? (2008)
Myers et al® (2010)

SBP, DBP
SBP, DBP, PP

SBP, DBP

SBP, DBP (PP by inference)

SBP, DBP, MAP, PP

Pre- and post-HD (average of last 3)
Pre- and post-HD

Pre- and post-HD (average over 90 d)
Pre- and post-HD (average over 90 d)
Pre-HD

Randomized Controlled Trials

Cice et al'® (2003) SBP, DBP
Takahashi et al'* (2006) SBP, DBP
Zannad et al'® (2006) SBP, DBP, PP
Nakao et al'® (2007) SBP, DBP
Suzuki et al'” (2008) SBP, DBP
Tepel et al'® (2008) SBP, DBP
Cice et al'® (2010) SBP, DBP

Not stated

Not stated

Immediately pre-HD

Not clear, possibly pre-HD

Pre- and post-HD

Pre-HD after 10 min recumbent
Pre-HD

Abbreviations: HD, hemodialysis; DBP, diastolic blood pressure; MAP, mean arterial pressure; PP, pulse pressure; SBP, systolic

blood pressure.

patients, reported an adjusted odds ratio of 0.72 (95%
confidence interval [CI], 0.68-0.77) for mortality at 1
year in long-term hemodialysis patients who were
receiving antihypertensive agents versus counterparts
who were not receiving this treatment.” Data from
11,142 prevalent hemodialysis patients reported to the
US Renal Data System (USRDS) demonstrated a 16%
decrease in mortality for patients receiving 3-blockers
compared with those not given this therapy (P =
0.001)."" In a separate USRDS cohort of incident
patients receiving dialysis (n = 3,716, including peri-
toneal dialysis), the adjusted risk of death was 21%
lower for patients receiving a calcium antagonist than
for patients not receiving a calcium antagonist (P =
0.001).>" In contrast, a post hoc analysis of an RCT of
dialysis prescription demonstrated that participants
receiving angiotensin-converting enzyme inhibitors
had no decrease in mortality compared with those
who did not.?” In other reports that included patients
with a history of myocardial infarction®® or patients
stratified by the presence of heart failure,”* BP-
lowering agents were associated with decreased mor-
tality. However, actions of these drugs other than
lowering BP may have influenced this result. For
example, B-blockers substantially decrease mortality
in patients with heart failure,” including patients with
chronic kidney disease.”® Heart failure is a common
comorbid condition in patients receiving dialysis, but
there is only one RCT addressing this condition."”
The 2 meta-analyses”’-*® that identified 7 RCTs of
BP-lowering agents in patients undergoing hemodialy-
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sis'*"? suggested that BP-lowering treatment de-

creases cardiovascular events and all-cause mortality.
One analysis demonstrated a significantly greater ben-
efit of therapy in studies that included only hyperten-
sive participants,”® whereas the other did not.”” Again,
there may be mechanisms other than BP lowering by
which these agents decrease clinically important
events. For inclusion criteria and reporting of BP
measurements, the studies in these meta-analyses used
either a single or an average of several previous
hemodialysis-unit BP measurements (Table 1). Sub-
stantial heterogeneity across the primary studies was
attributed to differing patient characteristics, different
classes of agents investigated, and differences in study
design. Heterogeneity due to the method of BP mea-
surement was not assessed.

In this review, we consider how the technique and
timing of BP measurement in patients treated with
hemodialysis might affect clinical decision making
regarding treatment of BP as a cardiovascular risk
factor and the reporting of BP values in clinical trials.
In particular, we examine the reliability, validity, and
feasibility of measurements obtained at the hemodialy-
sis center, at home intermittently, or at home in a
continuous fashion using ambulatory BP monitoring
(ABPM).

DEVICES AND TECHNIQUES FOR MEASURING BP

BP measurements in the hemodialysis unit are
performed on multiple occasions for the purpose of
volume assessment and safety. National®® and interna-
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