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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,1 and cardiac failure.2 Many large
randomized controlled trials (RCTs) have demonstrated the
benefits of lowering BP with various agents in the general
population.3 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,4

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.5

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.6-8 Possible explana-
tions for this observation include the influence of

comorbid conditions such as age, diabetes,9 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.10

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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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.20 Data from
11,142 prevalent hemodialysis patients reported to the
US Renal Data System (USRDS) demonstrated a 16%
decrease in mortality for patients receiving �-blockers
compared with those not given this therapy (P �
0.001).11 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).21 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.22 In other reports that included patients
with a history of myocardial infarction23 or patients
stratified by the presence of heart failure,24 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, �-blockers substantially decrease mortality
in patients with heart failure,25 including patients with
chronic kidney disease.26 Heart failure is a common
comorbid condition in patients receiving dialysis, but
there is only one RCT addressing this condition.13

The 2 meta-analyses27,28 that identified 7 RCTs of

Table 1. Blood Pressure Measurement Reported in Observ

Study Blood Press

Observat

Foley et al5 (1996) MAP

Zager et al6 (1998) SBP, DBP, MAP

Port et al7 (1999) SBP, DBP

Foley et al11 (2002) SBP, DBP (PP by

Kalantar-Zadeh et al8 (2005) SBP, DBP

Stidley et al10 (2006) SBP, DBP, PP

Rohrscheib et al12 (2008) SBP, DBP, MAP, P

Myers et al9 (2010) SBP, DBP

Randomized

Cice et al13 (2003) SBP, DBP

Takahashi et al14 (2006) SBP, DBP

Zannad et al15 (2006) SBP, DBP, PP

Nakao et al16 (2007) SBP, DBP

Suzuki et al17 (2008) SBP, DBP

Tepel et al18 (2008) SBP, DBP

Cice et al19 (2010) SBP, DBP

Abbreviations: HD, hemodialysis; DBP, diastolic blood pressu
blood pressure.
BP-lowering agents in patients undergoing hemodialy-
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sis14-19 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,28 whereas the other did not.27 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

al Studies and Randomized Controlled Trials of HD Patients

Time in Relation to HD

l Studies

Pre-HD

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

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

nce) 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

trolled Trials

Not stated

Not stated

Immediately pre-HD

Not clear, possibly pre-HD

Pre- and post-HD

Pre-HD after 10 min recumbent

Pre-HD

AP, mean arterial pressure; PP, pulse pressure; SBP, systolic
ation

ure

iona

infere

P

Con

re; M
volume assessment and safety. National29 and interna-
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tional30 hypertension guidelines describe the appropri-
ate devices, cuff sizes, and technique of measurement
of BP.

Devices

Although mercury sphygmomanometers are consid-
ered the most accurate, many hospitals and satellite
hemodialysis units use automated devices. The most
commonly used devices are oscillometric devices
that derive systolic (SBP) and diastolic BP from an
algorithm based on the measured oscillations in
cuff pressure caused by arterial blood flow as the
cuff is inflated to occlude blood flow, then deflated.
Most,31-33 but not all,34 validation studies of pa-
tients receiving hemodialysis have demonstrated
satisfactory performance of oscillometric devices
compared with BP measured by auscultation using a
mercury sphygmomanometer. Many hemodialysis units
use dialysis machines that have these oscillometric BP
measuring devices built into the machine.

Accurate measurement requires that all devices,
including those that are part of the dialysis machine,
are appropriately tested and regularly validated and
serviced. Devices must be assessed according to evalu-
ation protocols provided by the British Hypertension
Society,35 European Hypertension Society,36 or Asso-
ciation for the Advancement of Medical Instrumenta-
tion.37 The National Heart Foundation of Australia
recommends validation of nonmercury sphygmoma-
nometers against a mercury sphygmomanometer ev-
ery 6 months and servicing of all sphygmomanom-
eters at least annually.29

Techniques

The hypertension guidelines make several practical
recommendations for accurate BP measurement, in-
cluding the appropriate patient position, cuff size,
interpretation of Korotkoff sounds, and number of
readings.29,30 However, many of the guideline recom-
mendations are difficult to follow in the setting of
routine hemodialysis (Table 2). The importance of BP
measurement technique in the hemodialysis unit has
been demonstrated by Rahman et al38 in a study
showing marked differences between the “usual
method” of measuring pre- and posthemodialysis BP
(a single measure) compared with a “standardized
method” taking the mean of 3 BP measurements
obtained by a specifically trained nurse.

RELIABILITY, AGREEMENT, AND VALIDITY OF
BP MEASUREMENTS

The time that BP is measured in relation to the
hemodialysis procedure may influence the clinical
interpretation of the measurement because there is

variability within individual hemodialysis patients

Am J Kidney Dis. 2012;60(3):463-472
and different clinical associations with different mea-
surements and a lack of agreement between BPs
measured within and outside the hemodialysis unit.

Reliability ofDifferent BPMeasurements

Overview

In clinical trials and in assessing response to therapy,
it is critical that the measurement detects real change
in BP rather than variation caused by other factors.
This variation can be assessed by taking multiple
measurements of BP in the same individual. In pa-
tients receiving hemodialysis, the variability of mul-
tiple BP measurements in the same individual during
a 90-day period is as great as the variability in BP
measurements between different individuals.12 This
variability in multiple BP measurements in the same
individual is due to both biological variability and
measurement error, and a measurement method with
the smallest variability is the most reliable.

BiologicalVariability

Day-to-day variation in BP in patients undergoing
hemodialysis differs from the general population be-
cause the normal diurnal variation is lost and patients
experience extreme volume state fluctuations at their
regular hemodialysis sessions. In the normotensive
general population, SBP decreases by a median of
�15 mm Hg during sleep.39 People for whom SBP
fails to decrease by �10% during sleep are arbitrarily
classified as “nondippers,” and these individuals could
be at higher risk because nocturnal SBP may be a
stronger predictor of outcome than daytime SBP.40 In

Table 2. Blood Pressure Measurement Recommendations
Versus Usual Practice

Guideline
Recommendation

Usual Practice in the Hemodialysis
Unit

Avoid caffeine, cigarettes,
or exercise before
measurement

Not routinely avoided—hemodialysis
fits into the patient’s daily routine

Measure on both arms for
first reading

Not usually possible due to AV
access; sometimes measured on
lower limbs if AV access on both
arms

Rest in quiet room for a
few minutes

Quiet room for this purpose not
part of hemodialysis unit design

Patient relaxed Ability to be relaxed prior to fistula
needling and hemodialysis
varies from person to person

Average of at least 2
readings

Duplication to average readings is
rarely done because of time
constraints (although multiple
readings occur throughout a
hemodialysis session)

Abbreviation: AV, arteriovenous.
patients undergoing hemodialysis, this nocturnal dip
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in SBP is attenuated,41,42 and nocturnal BPs are sub-
stantially higher compared with people with similar
office BPs who do not have kidney disease.43

Studies using ABPM have demonstrated that BP
increases over time after a hemodialysis session.44,45

In one study, the average ambulatory BP in the first 15
hours after a hemodialysis session was found to be
147/82 mm Hg compared with 161/88 mm Hg in the
third 15-hour period (Fig 1).46 Increasing levels of
weight gain and vascular stiffness both affect these
diurnal BP changes in hemodialysis patients.47 Noctur-
nal BP also may increase over time between hemodi-
alysis sessions. In an article from Narita et al,41 the
ratio of nocturnal SBP to daytime SBP increased
significantly from 0.92 on the first night of ABPM
after a hemodialysis session to 0.97 on the second
night.

MeasurementError

Measurements at the hemodialysis unit. The reproduc-
ibility of hemodialysis unit BPs over 6 hemodialysis
sessions is greatest when the average of all BP mea-
surements for the session (prehemodialysis, during
hemodialysis, and posthemodialysis) is calculated
compared with single measurements or other combi-
nations.48 Thus, reproducibility of dialysis-unit BP
measurements may be improved by averaging all
measurements for the hemodialysis session.

Measurements at the hemodialysis unit versus ABPM. In
21 patients undergoing hemodialysis who had ABPM
and routine hemodialysis unit BPs measured on 2
separate occasions, the prehemodialysis SBP demon-
strated the highest variability of all methods, with a
standard deviation of the difference (SDD) between
the 2 measurements of 24.4 mm Hg.49 The posthemo-
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Figure 1. Changes in blood pressure (BP) and heart rate
over time elapsed from the end of a hemodialysis session
modelled using restricted cubic splines from multiple ambulatory
measurements in 140 patients. Reproduced from Agarwal and
Light46 with permission of the National Kidney Foundation.
dialysis SBP (SDD of 16.8 mm Hg) was more repro-
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ducible, but 48-hour ABPM performed best (SDD of
10.6 mm Hg). The average of 5 hemodialysis-unit BP
values was more reproducible than a single measure-
ment, but less reproducible than ABPM in this study.

The variability of 44-hour ABPM has been reported
as the change in classification of nocturnal dipping
status, which changed in 43% of patients between the
first and the second night after hemodialysis within
the same ABPM study. In 38% of patients, dipping
status differed on the corresponding night in separate
44-hour ABPM studies.49

The reliability of a BP measurement method im-
pacts on its ability to detect change over time. In a
post hoc analysis of an RCT, ABPM, but not a single
prehemodialysis BP measurement, could detect the
change from baseline.50 However, other hemodialysis
unit measures detected this change, including the
average of 6 prehemodialysis BP measurements, a
single posthemodialysis measurement, the average of
the previous 6 posthemodialysis BPs, and the median
BP from a single hemodialysis session. Over- or
underestimation of the ABPM results by all these
measures was still present.

Hemodialysis unit versus home intermittent measure-
ment. The reproducibility of intermittent home BP
measurement has been shown to be superior to hemo-
dialysis unit measurement, with a standard deviation
of intraindividual changes of 12.4 mm Hg for home
BP compared with 14.0 mm Hg for the mean of 3
prehemodialysis SBP measurements and 14.8 mm Hg
for the corresponding posthemodialysis measure-
ments.51 In this study, home BP was reported as more
reproducible than ABPM (SDD of 12.6 mm Hg).

AgreementBetweenDifferent BPMeasurements

Measurementsat theHemodialysisUnit

The study that compared “usual” measurements to
a “standardized” method with a specifically trained
nurse taking the mean of 3 BP measurements demon-
strated that both the pre- and posthemodialysis SBP
measured by the usual method were a mean of 14 mm
Hg higher than by the standardized method, with
�50% of usual readings �10 mm Hg higher than
standardized ones.38

Measurementsat theHemodialysisUnit Compared
WithABPM

Hemodialysis unit measurements, especially the
prehemodialysis measurement, typically are higher
than the values obtained by ABPM. In one study,
prehemodialysis SBP averaged over 6 sessions was a
mean of 13.5 (95% CI, 9.3-17.7) mm Hg higher than
the corresponding 44-hour average SBP by ABPM.52

A systematic review of similar studies demonstrated

higher prehemodialysis BP than the ABPM-deter-
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mined BP, but the high level of heterogeneity did not
allow a summary statistic to be reported.53 In these
studies, posthemodialysis BP measurements generally
were much closer to the ABPM value. However, for
both hemodialysis measurements in these studies, the
Bland-Altman limits of agreement indicated that he-
modialysis-unit measurements of BP frequently are
very different than those obtained by ABPM. In the
study that examined 5 methods of reporting hemodi-
alysis-unit BP compared with 44-hour ABPM,48 all 5
hemodialysis unit measures significantly overesti-
mated the 44-hour ABPM value. The posthemodialy-
sis measurement overestimated ABPM-derived BP by
4.0 mm Hg (95% CI, 1.1-6.9); the predialysis measure-
ment, by 16.9 mm Hg (95% CI, 13.8-19.9); and the
average of every hemodialysis unit measurement, by
6.4 mm Hg (95% CI, 3.9-8.9).

Home IntermittentBPMeasurementCompared
WithABPM

Home intermittent BP and hemodialysis-unit BP
have not been directly compared, but the relationship
of the former to ABPM has been examined. In an
RCT, home BPs were measured 3 times daily for 1
week and compared with 44-hour ABPM measure-
ments after the midweek hemodialysis session the
following week.46 The mean difference between the
mean home SBP in different periods and the overall
mean 44-hour ABPM value was calculated. This mean
difference was 7.9 (95% CI, 5.3-10.5) mm Hg, 13.2
(95% CI, 11.0-15.4) mm Hg, and 21.6 (95% CI,
19.2-23.9) mm Hg higher for home intermittent SBP
than ABPM in the first, second, and third 15-hour
periods after a hemodialysis session, respectively.

Table 3. International Guidelines for

Guideline Timing

CSN54 (2006) Pre-HD �140/90

KDOQI56,a (2005) Pre-HD, seated (advantage
over post-HD not clear)

�140/90
post-H
sympto

KDIGO Report55,b

(2010)
Pre-HD and post-HD

measurements to be
used with caution

Further re

UK Renal Association57

(2011)
Pre-, intra-, & post-HD;

interdialytic
�160/90

CARI No guideline No guide

ERA-EDTA No guideline No guide

Abbreviations: ABPM, ambulatory blood pressure monitorin
Canadian Society of Nephrology; ERA-EDTA, European Ren
hemodialysis; KDIGO, Kidney Disease: Improving Global Out
systolic blood pressure.

aRecommendations from text; not a formal guideline statemen
bOutcome of a meeting report; not a formal guideline statemen
Because ABPM was performed in a different week
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than the home measurements, this is not strictly an
assessment of agreement.

Validity ofDifferent BPMeasurements:
OutcomeAssociations

Guidelines for BP measurement have made various
recommendations regarding which BP to use as a
basis for therapeutic decisions in patients undergoing
hemodialysis54-57 (Table 3). The most valid and there-
fore useful method of BP measurement should demon-
strate an association with important clinical events,
and ideally, therapy guided by that method should
result in a change in practice that leads to a decrease in
clinical events. The ability of different measures to
predict mortality is summarized in Table 4.

Observational StudiesofDifferentBPMeasurements

A key feature of studies of clinical outcomes that
use hemodialysis-unit BP measurements has been the
failure to demonstrate an association of higher BP
with outcome, as occurs in people without kidney
disease. In studies that used ABPM, the expected
association of higher BP with outcomes has been
demonstrated.

In 326 patients receiving hemodialysis who were
followed up for a mean of 32 months, mortality
increased significantly with increasing quartiles of
baseline SBP measured by ABPM.60 An earlier report
based on a median 24-month follow-up in 150 pa-
tients from this study demonstrated a significant in-
crease in the hazard of death per standard deviation
increase in 44-hour SBP by ABPM.59 The association
between mortality and home BP did not reach statisti-
cal significance, and there was no association between

uring Blood Pressure in HD Patients

Target Level ABPM

g Only if difficult to control

g pre-HD; �130/80 mm Hg
ovided no orthostatic
r intradialytic hypotension)

May be better but there are
practical and financial
limitations

ch recommended Likely better than HD unit, but not
feasible for many patients
throughout the world

g; avoid SBP �120 mm Hg If pre- & post-HD consistently
elevated

No guideline

No guideline

ARI, Caring for Australasians With Renal Impairment; CSN,
sociation-European Dialysis and Transplant Association; HD,
s; KDOQI, Kidney Disease Outcomes Quality Initiative; SBP,
Meas

mm H

mm H
D (pr
ms o

sear

mm H

line

line

g; C
al As
come

t.
mortality and hemodialysis-unit BP (Table 4). In an
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earlier study of 57 hypertensive hemodialysis patients
followed up for a mean of 34 months, increased

Table 4. Reliability, Agreement With ABPM,

Measurement Study
Reliabil
(mm H

HD Un

Single pre-HD BP Peixoto et al49 (2000) 24.4

Agarwal et al48 (2008) 17.2

Kalantar-Zadeh et al8 (2005) NR

Single post-HD BP Peixoto et al49 (2000) 16.8

Agarwal et al48 (2008) 15.5

Kalantar-Zadeh et al8 (2005) NR

Median HD BP Agarwal & Light50 (2010) NR

Average of all intradialytic BPs Agarwal et al48 (2008) 12.2

Average of multiple pre-HD
BPs

Peixoto et al49 (2000) 14.7

Agarwal & Lewis52 (2001) NR

Agarwal et al51 (2009) 14.0

Agarwal et al58 (2008) NR

Alborzi et al59 (2007) NR

Agarwal60 (2010) NR

Average of multiple post-HD
BPs

Peixoto et al49 (2000) 12.4

Agarwal & Lewis52 (2001) NR

Agarwal et al51 (2009) 14.8

Agarwal et al58 (2008) NR

Alborzi et al59 (2007) NR

Agarwal60 (2010) NR

Standardized pre-HD BP Alborzi et al59 (2007) NR

Agarwal et al58 (2008) NR

Standardized post-HD BP Alborzi et al59 (2007) NR

HD BP Agarwal et al58 (2008) NR

Home B

Average of 3�/d BPs for 1 wk Agarwal et al51 (2009) 12.4

Agarwal & Light46 (2009) NR

Agarwal et al58 (2008) NR

Alborzi et al59 (2007) NR

Agarwal60 (2010) NR

Average of 2�/d BPs,
including in HD unit

Moriya et al61 (2008) NR

Middle 15 h after midwk HD
(average of 3)

Agarwal & Light46 (2009) NR

24-h ABPM Amar et al62 (2000) NR

44-h ABPM between HD
sessions

Peixoto et al49 (2000) 10.6

Agarwal et al51 (2009) 12.6

Agarwal et al58 (2008) NR

Alborzi et al59 (2007) NR

Agarwal60 (2010) NR

Sleep ABPM Amar et al62 (2010) NR

Note: Reliability is reported as the SD of the difference between mea
mortality, reported as an HR unless otherwise stated.

Abbreviations: ABPM, ambulatory blood pressure monitoring; BP, bloo
pressure; Ref, reference; SBP, systolic blood pressure; SD, standard devi

aIndicates how many millimeters of mercury higher the listed measurem
bValues in parentheses are 95% confidence intervals.
cThe SD of SBP in this study was 20-23 mm Hg for the different BP mea
24-hour pulse pressure and increased nocturnal SBP
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measured by ABPM were associated with increased
cardiovascular mortality.62 In 168 patients undergoing

alidity of SBP Measurements in HD Patients

ABPM Agreement
(mm Hg)a Mortalityb

NR NR

�16.9 NR

NR Greatest HR for SBP �110; no1 HR for
SBP � 130-139 mm Hg

NR NR

�4.0 NR

NR Greatest HR for SBP �110; no1 HR for
SBP � 130-139 mm Hg

0 NR

�6.4 NR

NR NR

�13.5 NR

NR NR

NR HR per 10–mm Hg1: 1.05 (0.92-1.20), P � 0.5

NR HR per SDc of SBP: 0.97 (0.72-1.30), P � 0.84

NR Mortality model �2: 4.97, P � 0.17

NR NR

0 NR

NR NR

NR HR per 10–mm Hg1: 1.17 (1.00-1.37), P � 0.043

NR HR per SDc of SBP: 1.19 (0.88-1.61), P � 0.26

NR Mortality model �2: 0.04, P � 0.997

NR HR per SDc of SBP: 1.16 (0.86-1.56), P � 0.32

NR HR per 10–mm Hg1: 1.13 (0.99-1.30), P � 0.073

NR HR per SDc of SBP: 1.18 (0.88-1.57), P � 0.27

NR HR per 10–mm Hg1: 1.16 (1.01-1.33), P � 0.035

NR NR

�14.1 NR

NR HR per 10–mm Hg1: 1.17 (1.02-1.35), P � 0.026

NR HR per SDc of SBP: 1.35 (0.99-1.84), P � 0.055

NR Mortality model �2: 49.52, P � 0.001

NR Survival by 3 PP groups: log-rank P � 0.002

�13.2 NR

NR HR per 10–mmHg1: 1.37 (0.95-1.96), P � 0.09;
for PP: 2.05 (1.09-3.84), P � 0.03

Ref NR

NR NR

NR HR per 10–mm Hg1: 1.22 (1.07-1.38), P � 0.002

NR HR per SDc of SBP: 1.46 (1.09-1.94), P � 0.013

NR Mortality model �2: 59.50, P � 0.001

NR HR per 10–mm Hg1: 1.41 (1.08-1.84), P � 0.01

ents within individuals. Validity is the strength of association of BP with

ssure; HD, hemodialysis; HR, hazard ratio; NR, not reported; PP, pulse

s compared with the ABPM-derived measurement.
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higher ratio of nighttime SBP to daytime SBP by
APBM was associated with increased mortality,63

although this association was attenuated when left
ventricular hypertrophy was included in a multivari-
ate model.

The “weekly average” pulse pressure (SBP minus
diastolic BP) from 20 measurements (twice-daily read-
ings at home by the patients plus 2 readings from each
hemodialysis session) was associated with mortality
in 96 patients receiving hemodialysis who were fol-
lowed up for a mean of 35 months.61 In an earlier
study by the same group, this weekly average reading
demonstrated a strong correlation with the first morn-
ing BP measured the day after the midweek hemodi-
alysis session (R2�0.709).64

The location where BP is measured, rather than the
number of measurements, may be more important
with regard to the association with mortality.58 In a
study comparing ABPM, home, and hemodialysis-
unit BP measurements, investigators took a random
sample of each type of measurement so that the
number of measurements included per patient was the
same for each analysis. Home and ambulatory BP
measurement were associated more strongly with mor-
tality than hemodialysis-unit measurements. Use of a
smaller number of home or ABPM readings did not
reduce the ability to predict mortality compared with
use of the full data set of BP measurements.58

RCTsofDifferentBPMeasurements

Although one study evaluated BP control as an
outcome,65 no study examining important clinical
outcomes has randomly assigned hemodialysis pa-
tients to BP-lowering therapy based on ABPM or
home measurements compared with therapy guided
by hemodialysis-unit measurements.

Feasibility andLimitations ofObtainingDifferent
BPMeasurements

There is a spectrum of feasibility of BP measure-
ments in hemodialysis patients. Hemodialysis-unit BP
measurements are performed routinely for clinical
management and thus are highly feasible. Standard-
ized hemodialysis-unit BP measurement requires
trained personnel to perform multiple measurements
after the patient has had adequate rest and thus adds
time and the cost of trained personnel to the process of
having BP measured in the hemodialysis unit. Averag-
ing hemodialysis-unit BP measurements requires re-
cording these measurements in appropriate databases
to enable calculations.

Having the patient measure BP at home adds the
cost of the device and requires ongoing cooperation
from the patient. Reliable automated devices for home

BP measurement can be purchased relatively inexpen-
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sively and patients can be taught to use them, even if
they have a relatively low level of health literacy.66

Although the patient’s reported BP can be checked
against values stored in the memory of the device,
adherence to the measurement schedule is not guaran-
teed. In one study of home BP adherence, 76% of
patients deviated from their requested measurement
schedule.67

At the less feasible end of the spectrum, ABPM is
limited by availability, cost, and patient acceptance.
The first 2 factors vary greatly by institution. The first
acceptability issue is whether to take measurement
over the full 44-hour interdialytic period (including 2
nights), as performed in the study that demonstrated a
strong mortality association with ABPM,60 or over 24
hours, as is usual for nonhemodialysis patients. The
latter requires a hospital visit on a nonhemodialysis
day. Another potential limitation in applying ABPM
data to practice is that most studies of ABPM were
performed by the same investigators in a cohort of
predominantly African American patients using 44-
hour ABPM; thus, the generalizability of their con-
clusions to other populations may be limited. Sec-
ond, ABPM may cause a decrease in sleep and level
of activity, which may influence the recorded BP
values.68

SUMMARY

WhichTypeof BPMeasurement ShouldCliniciansUse
to Initiate andMonitor Treatment?

Accepting that there are limitations in the evidence
for decreasing BP in patients receiving hemodialysis
and that a target BP for any measure is yet to be
defined, clinicians should consider a shift in practice
away from assessment of routine hemodialysis-unit
BPs, although these remain important for managing
the dialysis procedure. In particular, the guideline
recommendations to use a routine single prehemodi-
alysis BP measurement to make clinical decisions
should be reconsidered (Table 3). This shift would
require increased effort on the part of the nephrologist
to obtain a purposeful measurement of BP.

The choice of BP measurement is a balance be-
tween the feasibility, reliability, and validity for pre-
dicting clinical outcomes, and currently, no single
measurement method can be recommended. Until
further evidence is available regarding clinical associa-
tions, this shift in practice means using the most
reliable measurement that can be performed given the
resources available. The feasibility of purposeful mea-
surement of BP in patients undergoing hemodialysis
can be increased if it is undertaken in a directed
manner and not used for every patient at every hemo-

dialysis session.
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Although there are strong advocates for routine
use of ABPM,69,70 questions about its feasibility
may limit its role to specific situations, such as
persistently very high or very low BPs, or concerns
about nocturnal BP. When 24-hour ABPM is used,
it should be interpreted in light of whether it is the
first or second 24-hour period after a hemodialysis
session.

WhichTypeof BPMeasurement ShouldBeUsed in
Clinical Trials?

As shown in Table 1, the RCTs of BP-lowering
agents predominantly reported a prehemodialysis BP.
This is the most poorly performing BP measurement
with regard to reliability and agreement with other
measures. Therefore, a suitable alternative with better
reliability and ability to detect change is required for
the optimal design of RCTs addressing aspects of
management of BP. Again, no single recommendation
can be made due to lack of evidence.

A small number of RCTs have reported measure-
ment of BP outside the hemodialysis unit, suggesting
that it is feasible. These include the average of thrice-
daily home BP measurements over a 2-week period71;
home BP measurement performed twice daily for 7
days, with 3 measurements obtained at each occa-
sion65; 24-hour ABPM with the device fitted immedi-
ately after the midweek hemodialysis treatment and
removed 24 hours later65; and ABPM measured for 44
hours after the midweek hemodialysis treatment.72

Feasibility becomes increasingly important in larger
trials. Before a large trial of BP therapy or targets is
performed in hemodialysis patients, a BPmeasure balanc-
ing feasibility and reliability must be determined. Two
RCTs are underway that may help inform the choice of
BP measurement for clinical trials. The Blood Pressure
in Dialysis Patients (BID; ClinicalTrials.gov identifier,
NCT01421771) study of 2 different BP targets in hemo-
dialysis patients will base therapy on a standardized
prehemodialysis BP and also test the feasibility of home
BP readings and 44 hour ABPM. The Beta-Blocker to
Lower Cardiovascular Dialysis Events (BLOCADE;
Australian New Zealand Clinical Trials Registry iden-
tifier, ACTRN12609000174280) Study comparing
carvedilol to placebo will use the postdialysis SBP for
decisions concerning titration of study drug and will
record the median hemodialysis-unit BP because these
are feasible measurements with greater reliability than
the single prehemodialysis measurement. In a sub-
group of participants, measurement of BP at home in
the middle 15 hours between hemodialysis sessions
and 24-hour ABPM is planned to assess the feasibility

of obtaining out-of-hemodialysis-unit measurements.

470
CONCLUSION

Routine BP measurements performed in the hemo-
dialysis unit are often used to inform clinical deci-
sions, but have significant limitations. Increasing data
indicate that BP measurements performed outside the
hemodialysis unit or standardized BP measurements
in the hemodialysis unit increase reliability. The for-
mer may have stronger clinical associations than
routine hemodialysis-unit BPs. Although harder to
obtain, these measurements should be considered in
clinical management and clinical research so that
improved measurement of this parameter will im-
prove understanding of how to treat BP in this impor-
tant group of patients.
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