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Abstract Hypertension is extremely common in patients
with end-stage renal disease who are receiving hemodial-
ysis, and cardiovascular disease remains the leading cause
of death in these patients. However, optimal blood pressure
management strategies in this high-risk population are still
controversial. This review first discusses the complex
association of systolic blood pressure with clinical out-
comes in patients on hemodialysis, with a focus on several
recent studies. Next, it updates the reader on issues related
to optimal timing and methods of blood pressure measure-
ment, appropriate blood pressure targets, and pharmacolog-
ic and nonpharmacologic hypertension treatment strategies
for patients on hemodialysis.
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Introduction

Hypertension is ubiquitous in patients with end-stage renal
disease (ESRD) on hemodialysis, with prevalence estimates
of up to 90% [1]. In the general population, the risk of
adverse cardiovascular events increases linearly with
increasing systolic blood pressure (SBP) [2]. However, the
relationship among SBP and clinical outcomes in patients
on hemodialysis is much more complex, owing to issues
such as wide fluctuations of volume status and sodium

balance. The purpose of this review is to update the reader
about ongoing controversies in relation to patients on
hemodialysis, including blood pressure (BP) measurement,
targets, and treatment, with recent advances highlighted.
This review focuses on SBP. Pulse pressure, vascular
calcification, and vascular stiffness, though important
concepts in ESRD, are beyond the scope of this review,
and the reader is directed to recent articles on these topics
[3, 4].

Blood Pressure and Mortality in Hemodialysis

Observational studies of over one million persons in the
general population have consistently demonstrated that the
risk of adverse outcomes such as myocardial infarction and
stroke increases linearly with increasing SBP [2]. However,
the same linear relationships have not been seen in studies
of patients with ESRD (Table 1). Foley et al. followed a
cohort of 432 patients with ESRD for an average of
41 months, and showed that although higher predialysis
mean arterial pressure was associated with the development
of left ventricular hypertrophy and heart failure, each
10 mmHg lower predialysis mean arterial pressure was
associated with a 36% higher risk of death [5]. Subsequent
observational studies over the past decade in a variety of
ESRD cohorts have confirmed the “U-shaped” or “reverse
J-shaped” relationship between BP and mortality, with the
highest risk of death at lower predialysis and postdialysis
SBP (generally <130 mmHg) and only a slight increase, if
any, in the risk of death at the highest ranges of SBP
(>180 mmHg) [6–9].

Further complicating matters is the observation that the
association of SBP and mortality changes over time. Stidley
et al. [10] demonstrated that in the first 2 years after
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initiation of hemodialysis, predialysis SBP less than
120 mmHg was associated with a twofold to threefold
higher risk of mortality compared with predialysis SBP of

140 to 149 mmHg, but this association was no longer
observed in years 3 and 4 of hemodialysis. Similarly,
Mazzuchi et al. [11] found that higher predialysis SBP

Table 1 Selected studies in patients on hemodialysis (HD) showing the association of systolic blood pressure (SBP) with all-cause mortality

Study Year N Location Population Follow-up Association of SBP with all-cause mortality

Zager et al. [7] 1998 5,433 United States Prevalent HD 2.6 year (mean) Predialysis:

<110 vs. 140–149 mmHg: RR 3.07 (P=0.001)

≥180 vs. 140–149 mmHg: RR 0.77 (95% CI, 0.60–0.99)

Postdialysis:

<110 vs. 140–149 mmHg: RR 2.04 (P=0.001)

≥180 vs. 140–149 mmHg: RR 1.76 (P=0.001)

Port et al. [6] 1999 4,499 United States Prevalent HD 2 year
(maximum)

Predialysis:

≤109 vs. 120–149 mmHg: RR 1.86 (P<0.0001)

≥180 vs. 120–149 mmHg: RR 0.98 (P=0.81)

Postdialysis:

≤109 vs. 120–149 mmHg: RR 1.28 (P<0.010)

≥180 vs. 120–149 mmHg: RR 1.32 (P=0.06)

Mazzuchi et al. [11] 2000 405 Uruguay Prevalent HD 17 year
(maximum)

Years 3 & 4 of HD:

Predialysis <110 vs. ≥110 mmHg: RR 3.91 (P=0.01)

Years 5+ of HD:

Predialysis ≥160 vs. 119.4–139 mmHg: RR 2.19 (P=0.05)

Tozawa et al. [8] 2002 1,243 Japan Prevalent HD 6.3 year
(mean)

Per predialysis 10 mmHg increase: HR 1.02 (P=0.4)

Li [9] 2006 56,338 United States Incident HD 3 year
(maximum)

1-year survival:

Predialysis <120 vs. 160–180 mmHg: HR 6.3 (P<0.0001)

Predialysis ≥200 vs. 160–180 mmHg: HR 1.3 (P=0.03)

3–year survival: Similar results

Li et al. [9] 2006 69,590 United States Prevalent HD 1 year
(maximum)

1–year survival:

Predialysis <120 vs. 160–180 mmHg: HR 5.5 (P<0.0001)

Predialysis ≥200 vs. 160–180 mmHg: HR 1.5 (P<0.0001)

Stidley et al. [10] 2006 16,959 United States Incident HD 2.1 year
(median)

Predialysis <120 mmHg associated with significantly
higher mortality risk in years 1 & 2 of follow-up, but
not years 3 & 4.
Predialysis ≥180 mmHg associated with lower risk of
mortality

Myers et al. [12••] 2010 16,283 United States Incident HD 1.5 year
(median)

Predialysis <120 associated with higher risk of death,
particularly for patients 50+ years of age and with a
history of diabetes.
Predialysis ≥180 mmHg not associated with
higher risk of death.

Bos et al. [15] 2010 1,111 Netherlands Incident HD 7.5 year
(maximum)

Predialysis <120 mmHg associated with higher risk of
death in short term (6 month) and long term (7 y) in
patients with and without cardiovascular disease history.
Predialysis >140 mmHg not associated with higher risk
of death

Molnar et al. [16] 2010 1,579 United States Prevalent HD
with PKD

5 year
(maximum)

Predialysis:

<120 mmHg vs. 140–160 mmHg: HR 1.30 (95% CI,
1.06–1.92)

Postdialysis: Similar results

Chang et al. [13] 2011 1,846 United States Prevalent HD 2.5 year
(median)

Predialysis:

<120 vs. 140–159 mmHg: HR 1.84 (P<0.0001)

≥180 vs. 140–159 mmHg: HR 1.07 (P=0.59)

Postdialysis: No significant association with mortality

CI Confidence Interval; HR Hazard Ratio; PKD Polycystic Kidney Disease; RR Relative Risk
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(>160 mmHg) was associated with an increased risk of
mortality only after 5 years of follow-up in a cohort of
prevalent hemodialysis patients in Uruguay.

Not only does time modify the association of BP and
mortality in hemodialysis, but age and diabetes mellitus status
may as well. Myers et al. [12••], in a cohort of 16,283 incident
patients on hemodialysis followed for a median of 1.5 years,
showed that lower predialysis SBP (<140 mmHg) was
associated with an increased mortality risk in the overall
cohort, consistent with previous studies. However, when they
stratified the cohort by decade of age, the association of lower
predialysis SBP with higher mortality risk held true only for
patients older than 50 years. Myers et al. also found that the
association of lower predialysis SBP with higher mortality
risk was stronger in patients with diabetes mellitus than for
patients without diabetes mellitus. This study demonstrates
that a “one size fits all” approach to BP management may not
be appropriate for patients on hemodialysis.

Given the observational nature of the previous studies,
reducing SBP cannot be assumed to cause adverse clinical
outcomes. Instead, lower SBP may act as a potent marker
of concomitant diseases predisposing to death, and recent
publications have tried to extend the findings of previous
studies by better adjusting for residual confounding. Chang
et al. [13], using data from the Hemodialysis (HEMO)
study, improved case-mix adjustment by including time-
varying comorbidity assessments along with time-varying
SBP assessments in the analyses, but still demonstrated that
lower predialysis SBP (<120 mmHg) was associated with a
twofold higher risk of all-cause mortality compared with
the reference group (SBP 140–159 mmHg). In contrast,
higher predialysis SBP (≥180 mmHg) had no significant
association with mortality. A mortality rate of 10% per year
is a suggested “threshold” above which an independent
effect of higher SBP on mortality is difficult to demonstrate
[14], and two recent studies were conducted in healthier
ESRD populations with lower overall mortality rates. Bos
et al. [15] examined incident dialysis patients without
cardiovascular disease in the Netherlands Cooperative
Study on the Adequacy of Dialysis (NECOSAD) cohort;
Molnar et al. [16] examined dialysis patients with polycys-
tic kidney disease (PKD), who had lower mortality rates
than the non-PKD ESRD patients (6.4% per year vs. 12.3%
per year, respectively). In both of these studies, however,
lower predialysis SBP (<120 mmHg), and not higher
predialysis SBP, was again associated with risk of mortality
that was higher than in the reference groups.

In summary, observational studies in patients on hemo-
dialysis have consistently shown a strong association
between lower SBP and higher risk of mortality. In contrast,
associations of higher SBP with mortality have been
inconsistent and generally weaker than the associations
observed for lower SBP.

Blood Pressure Measurement in Hemodialysis

Difficulties with accurate BP measurement may partly
explain why higher SBP has not been consistently linked
to adverse clinical outcomes in hemodialysis. Accurate BP
measurement is fundamental for clinical practice, yet there
is still no consensus on which BP measurements to use to
define and treat hypertension in patients on hemodialysis.
Routinely measured predialysis and postdialysis BP (i.e.,
measured without any standardization) in the dialysis center
are readily available and are therefore most commonly used
to guide practice. However, routine predialysis and post-
dialysis BP measurements overestimate SBP by a variable
amount when compared with interdialytic ambulatory BP
measurements, often considered the most accurate method
of BP measurement [17–19].

Given the inaccuracy of routine predialysis and post-
dialysis SBP and the practical issues limiting the wide-
spread use of interdialytic ambulatory BP monitoring,
alternative BP measurements have been explored. Several
studies have examined the performance of standardized in-
center predialysis BP measurements (i.e. an average of two
or three seated BP measurements taken by trained research
nurses after a 5-minute rest). When compared with routine
predialysis BP measurements, the standardized SBP was
lower by an average of 14.3 mmHg [20], and it also better
predicted the presence of left ventricular hypertrophy [21,
22]. However, standardized in-center BP measurements
may still be too cumbersome to implement widely. Another
recent study demonstrated that the median routinely
measured intradialytic SBP from a single mid-week
hemodialysis session, which is fairly easy to obtain, was
able to diagnose hypertension with reasonable sensitivity
and specificity when compared with ambulatory BP
measurements [23]. Whether median SBP will perform
better than other BP measurements in terms of predicting
outcomes and guiding therapy on an individual patient level
remains to be evaluated in future longitudinal studies.

A second approach has focused on BP measured at
home, rather than in the dialysis center. In a single-center
study of 150 patients on hemodialysis, SBP was measured
at home several times daily for 1 week and averaged; these
patients also had 44-hour interdialytic ambulatory BP
monitoring [24]. After a median follow-up of 24 months,
higher quartiles of home SBP were associated with a
significantly higher risk of all-cause and cardiovascular
mortality. In contrast, no significant association was
observed with either routine or standardized in-center SBP
measurements. This study continued for 4 additional years,
and follow-up results with a total of 326 patients followed
for a median of 29 months were recently published [25•]. In
this study, higher quartiles of home SBP were also
associated with higher risk of all-cause mortality, whereas
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routine in-center SBP had no association with mortality.
The lowest mortality risk was associated with a home SBP
between 120 and 130 mmHg. Interestingly, the relationship
of home SBP and mortality resulted in a W-shape curve,
with higher risks of mortality not only at the lower and
higher extremes of BP, but also at mid-range SBPs of
approximately 150 mmHg. The significance of this unex-
pected finding could not be elucidated in this cross-
sectional study and has yet to be replicated.

In summary, there is no consensus on the optimal
method of BP measurement for patients on hemodialysis
that balances accuracy with practicality. Though some
nephrologists have called for home BP measurements to
replace in-center BP measurements for clinical decision
making [26], many others feel that these methods of BP
measurement are not feasible for most patients [27].
Therefore, current national clinical practice guidelines [28]
still focus on routinely measured predialysis and postdial-
ysis BP measurements, though it is recommended that these
BP measurements be used “with caution and with the
knowledge that these are inferior” [27] to ambulatory or
home BP measurements.

Optimal Blood Pressure Targets in Hemodialysis

As noted in the preceding sections, the association of SBP
with mortality in hemodialysis is complex, and the best
methods and timing for BP measurement are unclear. Given
these limitations, it is not surprising that optimal BP targets
in hemodialysis remain elusive. National clinical practice
guidelines suggest targeting a predialysis BP of less than
140/90 mmHg and postdialysis BP of less than 130/
80 mmHg, but they acknowledge that the evidence to
support this recommendation is weak [28]. The United
Kingdom Renal Association recommended similar predial-
ysis and postdialysis BP targets in 2002 [29]. However,
there is some concern that these BP targets, largely
extrapolated from observational studies and/or data from
non-ESRD patients, could be associated with harm for
some patients on hemodialysis. Davenport et al. conducted
an audit of BP control and symptomatic intradialytic
hypotension and noted that intradialytic hypotension was
more frequent in dialysis centers that had a higher
percentage of patients achieving the postdialysis BP targets
[30]. Intradialytic hypotension, in turn, has been associated
with an increased risk of the myocardial stunning phenom-
enon [31] and death [32–34].

Specific BP targets for patients on hemodialysis were
removed in the United Kingdom’s 2007 update to the
clinical guidelines [29]. In 2009, a Kidney Disease:
Improving Global Outcomes (KDIGO) conference of 50
international experts met to address the ongoing controver-

sies regarding BP management in dialysis [27]. Aside from
recommending that predialysis SBP greater than 200 mmHg
be treated aggressively, the KDIGO conference did not
provide more specific BP targets, citing the lack of
evidence. Clearly, future prospective randomized trials of
BP targets in hemodialysis are needed to help inform
clinical practice.

Antihypertensive Medications in Hemodialysis

Despite the association of lower SBP with higher risk of
mortality from observational studies, lower SBP has not
been proven to cause adverse clinical outcomes, and
antihypertensive treatment should not be withheld from
patients on hemodialysis. In fact, several recent systematic
reviews and meta-analyses have demonstrated a benefit of
treatment with antihypertensive medications in patients
with ESRD on dialysis. Tai et al. conducted a meta-
analysis that examined angiotensin-converting enzyme
inhibitors (ACEIs) and angiotensin receptor blockers
(ARBs) in hemodialysis [35]. Eight randomized clinical
trials were included in their analysis; three studies exam-
ined cardiovascular events as the primary outcome, and five
studies examined left ventricular mass index as the primary
outcome. Although ACEI and ARB use was associated
with reduced left ventricular mass, it was not associated
with a lower risk of cardiovascular events in the pooled
analysis. However, the included studies, being relatively
small and of limited duration, may have been underpow-
ered to detect these differences.

Agarwal and Sinha [36•] identified five eligible random-
ized clinical trials of various antihypertensive agents in
1,202 patients on hemodialysis (including the three studies
that examined cardiovascular events in the meta-analysis by
Tai et al. [35]) and found that antihypertensive therapy
reduced the risk for cardiovascular events, compared with
controls (HR, 0.62; 95% CI, 0.45–0.86). There was also a
suggestion of benefit for all-cause mortality with active
treatment, although the results were not statistically
significant (HR, 0.77; 95% CI, 0.56–1.04). Notably, none
of the five studies included in this meta-analysis had point
estimates that suggested harm with active treatment.
Heerspink et al. [37•] also conducted a meta-analysis with
five of the same studies used by Agarwal and Sinha [36•],
plus three additional studies, one of which was in patients
on peritoneal dialysis. The meta-analysis by Heerspink et
al. likewise demonstrated a lower pooled risk of cardiovas-
cular events, but it also showed a significantly lower risk of
all-cause and cardiovascular mortality in treated patients
versus control patients. Overall, the SBP in the active
treatment groups was 4.5 mmHg lower than the SBP in the
control groups.

Curr Hypertens Rep (2011) 13:362–369 365



In summary, treatment with antihypertensive medications
in patients on hemodialysis appears to be beneficial.
However, it is important to note that none of the studies
targeted a specific SBP, nor did any of the studies compare
different levels of SBP control. Rather, the patients in the
included randomized clinical trials were started on the
antihypertensive medications largely for their putative
cardioprotective effects.

Nonpharmacologic Treatment of Hypertension

Although most patients on hemodialysis receive antihyper-
tensive medications, nonpharmacologic treatments are
equally important. To achieve BP control, current national
guidelines recommend limiting interdialytic fluid accumu-
lation by having regular counseling by dietitians, empha-
sizing low sodium intake, and by employing several
dialytic strategies, including increased ultrafiltration and
longer and/or more frequent dialysis sessions [28]. How-
ever, each of these strategies, though conceptually straight-
forward, can be challenging to implement in practice.

Daily sodium intake estimates in ESRD range from 4 to 7 g
per day, well above the recommended daily limits of 2 to 3 g
per day [38]. There have been a few studies of the effects of
dietary sodium restriction on BP control in hemodialysis, but
most have had relatively small sample sizes, did not have a
control group, or were of short duration [38]. For example, in
a 2-week crossover study, Maduell and Navarro asked 15
patients on hemodialysis to ingest a low-salt diet [39]. The
mean sodium intake decreased from approximately 4 g to
2.8 g per day, which correlated with a lower predialysis SBP
and lower interdialytic weight gain. Long-term studies of the
effect of salt restriction in hemodialysis on BP control or on
hard outcomes such as mortality or cardiovascular morbidity
have not yet been done.

Not only does excess dietary sodium intake influence
sodium balance, but excess dialysate sodium also contrib-
utes to net positive sodium balance. A recent cross-
sectional study [40] of 1,397 prevalent patients on
hemodialysis found that more than half of the patients
were dialyzed with a dialysate sodium of 140 mEq/L, even
though the mean predialysis plasma sodium concentration
was 136.7 mEq/L (±2.9 mEq/L). Moreover, 91% of patients
experienced increased postdialysis plasma sodium concen-
tration, which was associated with increased interdialytic
weight gain. Manlucu et al. recently completed a pilot study
[41] showing that slow, stepwise decreases in dialysate
sodium concentration was safe and resulted in significantly
lower postdialysis plasma sodium concentrations and lower
predialysis SBP.

Maximizing ultrafiltration to achieve dry weight and
improve BP control is also a central (but often overlooked)

concept in hemodialysis [42]. A recent retrospective cross-
sectional study conducted in Turkey [43] emphasized the
importance of ultrafiltration by comparing two dialysis
centers that had very different BP management strategies.
In center A, hypotension and cramps were not necessarily
indications to stop ultrafiltration, and antihypertensive
medications were used only as a last resort for BP
management. All patients in center A were also counseled
to restrict dietary salt intake. In center B, patients used
antihypertensive medications as needed, and cramps and
hypotension were indications that optimal ultrafiltration had
been achieved. Although mean predialysis SBP was similar
in the two centers, only 7% of patients in center A used
antihypertensive medications, compared with 42% in center
B. Moreover, the patients in center A had lower left
ventricular mass index on echocardiogram and actually
had fewer episodes of intradialytic hypotension than the
patients in center B (11 vs. 27 episodes per 100 hemodi-
alysis sessions, P=0.009). However, patients in this Turkish
cohort differed from patients on hemodialysis in the United
States in terms of their relatively low prevalences of diabetes
mellitus (20%) and cardiovascular disease (20%–30%).

Agarwal et al. conducted the Dry-Weight Reduction in
Hypertensive Hemodialysis Patients (DRIP) study [44], in
which 150 patients were randomly assigned to have their
dry weights reduced or not. No changes were made to the
antihypertensive medication regimen during the study. At
the end of 8 weeks, the ultrafiltration-attributable reduction
in SBP was 6.6 mmHg (95% CI, −12.2 to −1.0 mmHg).
However, patients in the dry weight–reduction group had
significantly higher incidences of dizziness, cramping, and
other adverse effects.

The DRIP study increased ultrafiltration without increas-
ing the time or frequency of dialysis, which may have
accounted for the higher incidence of adverse events. In
Tassin, France, hemodialysis sessions lasting 8 h are
standard for most patients; in these dialysis units, very
few patients require antihypertensive medications and
overall rates of intradialytic hypotension are low [45]. The
Frequent Hemodialysis Network (FHN) Trial [46••] ran-
domized 245 patients in North America to in-center
hemodialysis six times per week (frequent hemodialysis)
versus three times per week (conventional hemodialysis).
Frequent hemodialysis was associated with benefits in the
co-primary composite outcomes of death or an increase in
left ventricular mass and death or a decrease in the
physical-health composite score. Although the FHN study
did not specifically focus on dry-weight reduction, patients
receiving frequent hemodialysis had more fluid removed
per week than the patients receiving conventional hemodi-
alysis (10.58 L±3.83 L vs. 8.99 L±3.03 L), but they had
fewer episodes of intradialytic hypotension. In prespecified
secondary endpoints, frequent hemodialysis was associated
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with reduced predialysis SBP: the adjusted mean change in
predialysis SBP was −9.2 mmHg±1.5 mmHg, compared
with 0.9 mmHg±1.6 mmHg in the patients receiving
conventional hemodialysis. The frequent-hemodialysis
group also consumed fewer antihypertensive agents
(−0.87±1.85 vs. −0.23±1.35) at 12 months.

In summary, nonpharmacologic treatment strategies for
BP management in patients on hemodialysis are as
important as pharmacologic treatment strategies. Exposure
to dialysate with relatively high sodium concentrations is
still quite common, but gradual step-wise reduction in
dialysate sodium concentration may be a safe and feasible
strategy to reduce interdialytic weight gain and BP.
Achievement of optimal dry weight is a mainstay in the
management of BP in patients on hemodialysis, but it must
be carefully balanced against adverse effects. Whether
longer and/or more frequent hemodialysis will become the
new standard of care remains uncertain.

Intradialytic Hypertension

For most patients on hemodialysis, SBP decreases during
dialysis as fluid is removed by ultrafiltration. However, in
recent years more attention has focused on patients who
have a paradoxic increase in their SBP during or immedi-
ately after the hemodialysis session, a phenomenon known
as intradialytic hypertension. Although slightly different
definitions have been used, the prevalence of intradialytic
hypertension is estimated at 10% to 15% [47]. In a
secondary analysis of 443 prevalent hemodialysis patients,
patients who experienced an increase in SBP of greater than
10 mmHg had approximately twofold higher odds of
hospitalization and death at 6 months of follow-up
compared with patients whose SBP fell by at least
10 mmHg during hemodialysis [48]. A subsequent study
of 1,748 incident hemodialysis patients, using data from the
Dialysis Morbidity and Mortality Wave 2 Study, demon-
strated that a 10 mmHg increase in SBP during dialysis was
associated with a 6% (95% CI, 1%–11%) increased hazard
of all-cause death at 2 years. However, this association was
found to interact significantly with baseline predialysis
SBP; in stratified analyses, intradialytic hypertension was
associated with a higher risk of death only for patients with
baseline predialysis SBP less than 120 mmHg.

Several mechanisms have been proposed to explain the
higher risk of adverse clinical outcomes conferred by
intradialytic hypertension, including volume overload,
sympathetic overactivity, activation of the renin-
angiotensin-aldosterone system, endothelial cell dysfunc-
tion, and removal of antihypertensive medications during
dialysis, but the exact pathogenesis remains uncertain [47].
Treatment strategies targeting each of these purported

causes of intradialytic hypertension are possible, but
whether reducing the incidence of intradialytic hyperten-
sion will improve clinical outcomes remains to be tested in
future studies.

Conclusions

In summary, the association of SBP with clinical outcomes
in patients on hemodialysis is complex, with observational
studies generally demonstrating the highest risk of cardio-
vascular events and mortality at lower levels of SBP. SBP in
the very highest ranges (>180 mmHg) shows only a weak
association with adverse clinical outcomes. Moreover, there
are many additional controversies regarding SBP in patients
on hemodialysis. First, the optimal timing and method of
BP measurement has yet to be defined. Second, although
most would agree to treat SBP above 200 mmHg, there is
no consensus on appropriate and safe BP targets for patients
on hemodialysis. Finally, the use of antihypertensive
medications appears to be safe and efficacious for patients
on hemodialysis, but larger, more definitive clinical trials
need to be conducted. Nonpharmacologic therapies such as
dry weight reduction, salt restriction, and perhaps increased
duration and/or frequency of hemodialysis are also impor-
tant aspects of BP management in hemodialysis. With
annual mortality rates for patients on hemodialysis
approaching 20% [49]—and over half of all these deaths
attributable to cardiovascular causes—future clinical trials
that will elucidate ways to improve outcomes for these
highest-risk patients are desperately needed.
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