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Abstract

Intradialytic hypertension, defined as an increase in blood pressure during or immediately after
hemodialysis which results in postdialysis hypertension, has long been recognized to complicate the
hemodialysis procedure, yet it is often largely ignored. In light of recent investigations which have
suggested intradialytic hypertension is associated with adverse outcomes, this review will broadly
cover the epidemiology, prognostic significance, potential pathogenic mechanisms, prevention, and
possible treatment of intradialytic hypertension. Intradialytic hypertension affects up to 15% of
hemodialysis patients and occurs more frequently in patients who are older, have lower dry weights,
are prescribed more antihypertensive medications, and have lower serum creatinine. Recent studies
have demonstrated intradialytic hypertension to be independently associated with higher
hospitalization rates and decreased survival. While the pathophysiology of intradialytic hypertension
is uncertain, it is likely multifactorial and includes subclinical volume overload, sympathetic
overactivity, activation of the renin angiotensin system, endothelial cell dysfunction, and specific
dialytic techniques. Prevention and treatment of intradialytic hypertension may include careful
attention to dry weight, avoidance of dialyzable antihypertensive medications, limiting the use of
high calcium dialysate, achieving adequate sodium solute removal during hemodialysis, and using
medications which inhibit the rennin-angiotensin-aldosterone system or which lower endothelin 1.
In summary, while intradialytic hypertension is often underappreciated, recent studies suggest it
should not be ignored. However, further work is necessary to elucidate the pathophysiology of
intradialytic hypertension and its appropriate management, and to determine whether treatment of
intradialytic hypertension can improve clinical outcomes.

Epidemiology of Intradialytic Hypertension

Definition
While hemodialysis lowers blood pressure (BP) in most hypertensive end-stage renal disease
(ESRD) patients, some patients exhibit a paradoxical increase in BP during hemodialysis. This
increase in BP during hemodialysis, termed intradialytic hypertension, has been recognized

for many decades (1,2). However, no standard definition of intradialytic hypertension exists,
it is often under recognized, the pathophysiology is poorly understood, and the clinical

© 2009 The National Kidney Foundation, Inc. Published by Elsevier Inc. All rights reserved.

Corresponding Author: Jula K. Inrig, MD, MHS; UT Southwestern Medical Center, 5323, Harry Hines Blvd; Dallas, TX 75390-8523,
Telephone: (214) 645-8263, Fax: (214) 645-8903, jula.inrig@utsouthwestern.edu .

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

Financial Disclosure: None.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Inrig

Prevalence

Page 2

consequences have only recently been investigated.(3-7) While under-investigated, prior
clinical studies have defined intradialytic hypertension in the following ways:

* anincrease in mean arterial blood pressure (MAP) > 15 mmHg during or immediately
after hemodialysis,(8)

» anincrease in systolic BP (SBP) >10 mmHg from pre to postdialysis,(4,5)

» hypertension during the second or third hour of hemodialysis after significant
ultrafiltration has taken place,(2)

e anincrease in BP that is resistant to ultrafiltration,(1,9,10)

» aggravation of pre-existing hypertension or development of de novo hypertension
with erythropoietin stimulating agents.(11)

As a unifying criteria for the diagnosis of intradialytic hypertension has not been proposed, the
focus of this review will be on BP which increases during or immediately after hemodialysis
and results in postdialysis hypertension (defined by the National Kidney Foundation’s Kidney
Disease Outcomes Quality Initiative [KDOQI] as a postdialysis BP >130/80 mmHg).

Though no common definition of intradialytic hypertension exists, the occurrence of an
increase in BP pre to postdialysis has been identified in up to 15% of maintenance hemodialysis
patients. In our retrospective analysis of 438 prevalent hemodialysis participants enrolled in a
randomized controlled trial of blood volume monitoring (Crit-Line Intradialytic Monitoring
Benefit [CLIMB] study),(12) 13.2% of participants exhibited an increase in SBP of more than
10 mmHg from pre to postdialysis.(4) In a separate analysis of 1,748 incident hemodialysis
patients enrolled in the USRDS Dialysis Morbidity and Mortality Wave Il cohort, 12%
exhibited >10 mmHg increases in SBP pre to postdialysis.(5) Another author noted that 5-15%
of hemodialysis patients have hypertension resistant to ultrafiltration (8) and one survey of
hemodialysis patients noted 8% of treatments over a 2-week period were associated with an
increase in MAP >15 mmHg during or immediately after hemodialysis.(10) While intradialytic
increases in BP typically lead to postdialysis hypertension, the occurrence of intradialytic
increases in BP may also be present in patients without hypertension. In our cohort of prevalent
hemodialysis participants in CLIMB, 94% of participants with >10 mmHg intradialytic
increases in SBP exhibited postdialysis hypertension (unpublished data). Similarly, 93% of
incident USRDS Wave 2 patients with >10 mmHg intradialytic increases in SBP exhibited
postdialysis hypertension (unpublished data). Therefore, intradialytic increases in BP are
relatively common and typically result in postdialysis hypertension.

Clinical characteristics

Clinical characteristics identifying patients who exhibit intradialytic hypertension have
recently been described. In our investigation, we compared participants whose SBP rose >10
mmHg on average over 3 hemodialysis (HD) sessions to participants whose SBP was
unchanged with HD (—10 mmHg to 10 mmHg) or whose SBP decreased at least 10 mmHg
with HD.(4) On average, participants with intradialytic hypertension (compared to those
without) increased their SBP +19 mmHg with HD, they were older, they had lower dry weights,
they were prescribed a greater number of antihypertensive medications, and they had lower
serum creatinine. In a separate analysis of 32,295 hemodialysis sessions, patients who were
older or African American were more likely to exhibit an increase in SBP pre to postdialysis,
despite similar amounts of ultrafiltration.(13) Among 1,748 incident hemodialysis patients,
patients with >10 mmHg intradialytic increases in SBP had lower dry weights, lower
interdialytic weight gain, they were prescribed a greater number of antihypertensive
medications, and they had lower serum albumin when compared to patients without
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intradialytic SBP increases.(5) In summary, intradialytic hypertension appears to occur more
commonly in older patients, in patients with lower body weight and in those with either lower
serum creatinine or serum albumin. In addition, patients who exhibit intradialytic hypertension
appear to be prescribed more antihypertensive medications, but the role of specific agents
remains to be determined.

Prognostic significance

Recent investigations into the prognostic significance of intradialytic BP changes have
identified intradialytic hypertension to be associated with adverse clinical outcomes. In our
secondary analysis of 438 participants in CLIMB, participants whose SBP rose with
hemodialysis or whose SBP failed to lower from pre to postdialysis, had a 2-fold adjusted
increased odds of hospitalization or death at 6-months compared to participants whose SBP
fell with hemodialysis (Figure 1).(4) When the cohort was restricted to participants with
KDOQI defined hypertension,(14) the differences in clinical outcomes were even more
striking. Hypertension affected 79% of all participants and of those with hypertension, those
whose SBP increased with HD had a 2.6 fold increased odds of hospitalization or death at 6-
months compared to participants whose SBP declined with HD (Figure 1).

While some studies have identified predialysis SBP to have an inverse association with
mortality,(15,16) an increased postdialysis SBP has been noted in other investigations to be
associated with adverse outcomes.(17) In our analyses, neither pre nor postdialysis SBP tested
alone were predictive of clinical outcomes; however, models including both pre and
postdialysis SBP together demonstrated adverse outcomes associated with a lower predialysis
SBP and higher postdialysis SBP (Figure 2). In models including change in SBP pre to
postdialysis (deltaSBP), every 10 mmHg increase in SBP with HD was associated with an
adjusted 22% increased odds of hospitalization or death at 6-months.(4)

Similarly, in our analysis of 1,748 incident USRDS hemodialysis patients, there was an
adjusted 6% increased hazard of death at 2-years associated with every 10 mmHg increase in
SBP during HD.(5) However, the greatest hazard of death associated with increasing SBP
during HD was found in patients with low predialysis SBP (<120 mmHg). Thus, in incident
hemodialysis patients without predialysis hypertension, intradialytic increases in SBP may be
less of a cardiovascular risk factor and more of a marker of a sicker patient population.

Hemodynamic Profile Associated with Intradialytic Hypertension

It is well recognized that dialysis-unit obtained BP parameters can be poor reflections of the
interdialytic hemodynamic burden a patient experiences.(18,19) Whether patients whose BP
increases during hemodialysis experience an overall higher interdialytic hemodynamic burden
compared to those whose BP declines during HD is uncertain. In one study analyzing the
predictive power of pre and postdialysis unit BP measurements compared to ambulatory blood
pressure, patients with intradialytic increases in SBP (~20 mmHg) were noted to exhibit a poor
correlation between dialysis-unit obtained BP parameters and ambulatory blood pressure.
(20) In patients with intradialytic hypertension, predialysis SBP had a correlation coefficient
of 0.26 with ambulatory blood pressure and postdialysis BP had a correlation coefficient of
0.59 with BP measured by ambulatory blood pressure. Thus, while it is evident that the low
predialysis SBP in patients with intradialytic hypertension is not reflective of the interdialytic
BP, whether the elevated postdialysis SBP is an accurate reflection of the interdialytic
hemodynamic burden is uncertain.

Although the interdialytic BP burden of intradialytic hypertension remains to be determined,
prior studies have investigated the intradialytic hemodynamic profile in patients with
intradialytic hypertension. BP is equal to cardiac outputxperipheral vascular resistance, so the
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increase in BP occurring during HD must be due to either increased cardiac output or increased
peripheral vascular resistance (PVR); separate studies suggest both factors may contribute to
intradialytic hypertension.(6,21-23) In an investigation of 19 patients, Boon et al compared
stroke volume, cardiac index and PVR among patients whose SBP declined during HD (~25
mmHg) in response to ultrafiltration and patients whose SBP increased during HD (~ +5
mmHg), despite similar changes in blood volume. It was noted that while PVR increased
similarly between the 2 groups, stroke volume and cardiac output declined less among patients
with dialysis-unresponsive BP.(22) In a separate investigation of 15 patients (5 whose BP were
unchanged with HD compared to 10 whose BP declined with HD), there was no difference in
ultrafiltration volume or cardiac output between groups, but PVR rose significantly in patients
whose BP did not decrease with HD.(23) More recently, Chou et al compared
echocardiography pre and postdialysis in a study of 30 patients with intradialytic hypertension
(defined as a MAP increase >15 mmHg during HD) and 30 control patients. In this study, the
change in cardiac output pre to postdialysis was similar between groups; however PVR
increased 57% in patients with intradialytic hypertension compared to 17.7% in control
patients.(6)

Pathogenesis of Intradialytic Hypertension

Overview

Volume

While the mechanism and pathophysiology of intradialytic hypotension has been extensively
investigated, its pathogenesis remains to be determined. Numerous factors have been suggested
to contribute and are listed in Box 1. Each of these possible factors may contribute to the

development of intradialytic hypertension in select patients and will be discussed in more detail.

Volume overload plays a significant role in poorly controlled BP in hemodialysis patients.
Prior investigations of intradialytic hypertension have suggested volume overload may be a
key contributor to its pathogenesis. Cirit and colleagues investigated 7 patients who exhibited
significant cardiac dilation on echocardiography and had BP elevations with hemodialysis
which were not responsive to antihypertensive medications. Following intense ultrafiltration
and lowering of dry weight, the echocardiographic volume parameters improved and the BP
response to hemodialysis normalized in most patients.(9) Another study of 6 patients with
intradialytic hypertension noted that modest ultrafiltration resulted in increased cardiac output
and elevations in MAP.(21) More aggressive ultrafiltration in these patients resulted in a
lowering of cardiac index and MAP, suggesting significant volume overloaded as the cause of
the initial increase in MAP with hemodialysis and ultrafiltration. However, in another
investigation, neither echo-specific volume overload nor cardiac dysfunction were identified
in patients with intradialytic hypertension compared to controls.(6) Therefore, while select
subsets of patients with hypervolemia may exhibit intradialytic hypertension, volume overload
does not solely explain the pathophysiology of BP elevations with hemodialysis in all patients.

Sympathetic over-activity

intradialytic hypertension is caused by an increase in stroke volume and/or vasoconstriction
with an inappropriate elevation in PVR during hemodialysis; therefore, it appears plausible
that stimulation of the sympathetic nervous system should contribute its development. Further,
it is well recognized that hemodialysis patients have excess sympathetic nervous activity as
measured by microneurography.(24,25) However, in an investigation by Chou et al, there was
neither an increase in plasma epinephrine nor plasma norepinephrine during hemodialysis to
explain the increase in PVR among patients with intradialytic hypertension.(6) However,
circulating levels of catecholamines do not always correlate with BP changes and differences
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in microneurography among patients with and without intradialytic hypertension have not been
performed.

Renin-angiotensin-aldosterone system

Alternative explanations for intradialytic hypertension include excess stimulation of the renin-
angiotensin-aldosterone system (RAAS) associated with intravascular volume reduction.
However, individual responses to volume removal and activation of RAAS are not consistent.
In 2 separate investigations, individual BP responses to hemodialysis and ultrafiltration were
not related to blood volume changes during hemodialysis as the percent change in blood volume
was similar between participants with and without hemodialysis-responsive BP.(22,23)
However, in a study of 30 patients with intradialytic hypertension compared to 30 controls, the
percent increase in blood volume (determined by change in hematocrit) was lower in patients
with intradialytic hypertension despite similar ultrafiltration volumes and rates of fluid
removal.(6)

In support of the hypothesis that intradialytic hypertension may be mediated by the RAAS,
one interventional study of 6 patients with intradialytic hypertension evaluated whether
treatment with an angiotensin-converting enzyme (ACE) inhibitor (captopril) improved BP
control during hemodialysis.(26) Plasma renin increased in 4/6 patients and the administration
of 50 mg captopril prior to hemodialysis improved BP control in those with and without
elevated plasma renin levels. On the other hand, the study by Chou et al found no increase in
plasma renin pre to postdialysis in patients with intradialytic hypertension.(6)

More recent investigations have suggested endothelial cell dysfunction may play a significant
role in hemodynamic changes during HD.(6,7,27) In response to ultrafiltration, mechanical
and hormonal stimuli, the endothelial cells synthesize and release humoral factors which
contribute to BP homeostasis. Imbalances in endothelial-derived hormones, such as nitric oxide
(NO; a smooth muscle vasodilator) and endothelin 1 (a vasoconstrictor), can lead to
hypotension or hypertension during HD. To date, 3 studies have investigated balances in
endothelial-derived factors in patients with intradialytic hypertension.

In an investigation of 27 patients (9 with intradialytic hypertension, 9 with intradialytic
hypotension and 9 with stable intradialytic BP), the authors compared pre and postdialysis
levels of fractional exhaled nitric oxide (NO), .-arginine, serum nitrite/nitrate, asymmetric
dimethyl arginine (ADMA), and endothelin 1 (ET1, encoded by the EDN1 gene).(7) Predialysis
fractional exhaled NO was lowest in patients whose BP did not change or rose with HD
compared to those with intradialytic hypotension. There was no significant difference in .-
arginine, nitrite/nitrate or ADMA between groups, but ET1 increased pre to postdialysis in the
9 patients with intradialytic hypertension. In a larger study of 60 patients with and without
intradialytic hypertension, Chou et al also identified imbalances in endothelial-derived BP
regulators.(6) Patients with intradialytic hypertension exhibited a significant increase in ET1
pre to postdialysis compared to patients without intradialytic hypertension (Figure 3). Further
the balance between NO and ET1 (NO/ET1 ratio), while depressed in both groups postdialysis,
was significantly lower in patients with intradialytic hypertension. Similarly, EI-Shafey and
colleagues, in a study of 45 hemodialysis patients, noted pre to postdialysis ET1 levels
increased in patients with intradialytic hypertension, decreased in patients with intradialytic
hypotension and remained unchanged in patients whose BP did not change during HD. (28)
Thus, these 3 studies suggest intradialytic hypertension may be caused by abnormal endothelial
cell response to hemodialysis resulting in inappropriately low NO and excess ET1.
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Removal of antihypertensive medications—The dialysis procedure removes a number
of antihypertensive medications and clearly removal of antihypertensive medications could
precipitate intradialytic hypertension. Particular antihypertensive agents, such as ACE
inhibitors (with the exception of fosinopril) and beta-blockers (atenolol and metoprolol) are
removed by dialysis (Table 1).(29) While removal of antihypertensive agents during HD should
be considered in any patient with intradialytic hypertension, it has not been investigated
whether this plays a significant role in the pathogenesis of intradialytic hypertension and a
prior study demonstrated intradialytic hypertension occurred in patients off antihypertensive
agents.(6)

Erythropoietin stimulating agents (ESAs)—The use of ESASs is associated with
increased BP in hemodialysis patients.(30,31) In a small investigation of the acute effects of
ESAs in hemodialysis patients, within 30 minutes following intravenous ESA, there was a
significant increase in ET1 and a concomitant rise in MAP which was not demonstrated in
patients given subcutaneous ESA or placebo. In addition, 53% (10/19) of patients in this study
given intravenous ESA had an increase in MAP >10 mmHg in the interdialytic period. Thus,
if ESA is given intravenous prior to the end of hemodialysis, it is possible this may contribute
to the pathogenesis of intradialytic hypertension in susceptible patients.

Dialysis-specific factors

Sodium—Hypernatric dialysate has been used to help maintain hemodynamic stability during
hemodialysis, but it can result in a positive sodium balance with concomitant increased thirst,
increased interdialytic weight gain, net weight gain, and interdialytic hypertension.(32) In a
prospective crossover study comparing different sodium dialysate profiles in 11 patients,
higher time-averaged sodium dialysate concentrations of 147 mEq/L (compared to 138 or 140
mEq/L) during hemodialysis resulted in higher 24-hour ambulatory SBP (up to 10 mmHg),
diastolic BP, and BP load.(33) In addition, the use of standard sodium dialysate (such as 140
mEg/L) in a patient with a predialysis sodium <140 mEg/L will resultin an intradialytic sodium
load which could contribute to intradialytic hypertension. However, while inadequate sodium
solute removal may contribute to poorer overall BP control, no study has tested the role of
dialysate sodium concentration in the development of intradialytic hypertension.

Potassium—Low serum potassium can have a direct vasoconstrictor effect but the role of
dialysate potassium in intradialytic BP is uncertain. In a small investigation of 11 hemodialysis
patients, Dolson et al analyzed the effects of 3 different dialysate potassium concentrations
(1,2 and 3 mmol/L) on BP predialysis, BP immediately postdialysis and BP 1 hour after
hemodialysis. BP declined during hemodialysis with all dialysate potassium concentrations,
however BP significantly increased 1 hour postdialysis in patients treated with 1 mEg/L and
2 mEqg/L potassium dialysate.(34) While this study suggests hypokalemia induced by low
potassium dialysate may cause rebound hypertension following hemodialysis, it is unlikely
that low potassium dialysate plays a significant role in intradialytic hypertension as prior
investigations identified intradialytic hypertension in patients regardless of the prescribed
potassium baths.(6,7)

Calcium—Itis well established that an acute increase in ionized calcium increases myocardial
contractility, increases cardiac output, and can improve hemodynamic instability during
hemodialysis. (35-38) In a few small studies, high calcium dialysate has been used to improve
hemodynamic instability in hypotensive prone patients and/or patients with impaired cardiac
function.(39-41) High calcium dialysate has also been noted to decrease arterial compliance,
increase arterial stiffness and result in less of a decline in SBP during HD.(41-43) While
increasing dialysate calcium can stabilize BP during hemodialysis, the role of high calcium
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dialysate in the pathophysiology of intradialytic hypertension has not been fully investigated
and patients have been demonstrated to exhibit intradialytic hypertension on standard calcium
dialysate.(6)

Arterial stiffness

Avrterial stiffness, as measured by pulse wave velocity, has been associated with adverse
cardiovascular outcomes in hemodialysis patients.(44,45) In a cohort of 47 hemodialysis
patients without known cardiovascular disease, Mourad et al compared pulse wave velocity
between patients with hemodialysis-responsive BP (defined as a decrease in MAP>5% during
hemodialysis) and hemodialysis-unresponsive BP (defined as a failure to decrease MAP>5%
during hemodialysis). Forty-five percent of patients were classified as having HD-responsive
BP with a 17% fall in MAP with hemodialysis compared to a 6% increase in MAP in the HD-
unresponsive group. Pulse wave velocity was higher in patients with HD-unresponsive BP
(12.9 vs. 10.8 m/s), suggesting unrecognized arteriosclerosis to either contribute to the
occurrence of intradialytic hypertension or to be its consequence.(46)

Prevention of Intradialytic Hypertension

As numerous factors may contribute to the development of intradialytic hypertension, a number
of options are available to try to prevent its occurrence. Patients with lower serum creatinine,
lower dry weights and lower serum albumin have been demonstrated to be more likely to have
intradialytic hypertension and this may partially be related to inappropriate estimation of dry
weight in these patients. Thus, vigilance and attention should be paid to changes in a patient’s
oral intake and nutritional status to ensure patients are at their ideal dry weight. Second, dosing
of antihypertensive medications should be tailored to individual patients. Routine withholding
of BP medications prior to hemodialysis should be avoided unless the patient has intradialytic
hypotension. In addition, the use of antihypertensive agents which are not dialyzed should be
preferred (see Table 1). Third, the dialysis prescription should be individualized to achieve
adequate sodium solute removal and the routine use of high calcium dialysate should be
avoided unless clinically indicated. Finally, while the role of ESA agents in intradialytic
hypertension is unclear, the lowest possible dose necessary should be used and in patients with
evidence of intradialytic hypertension, subcutaneous dosing should be considered.

Treatment of Intradialytic Hypertension

In patients who develop intradialytic hypertension, consideration should be paid to the possible
causes (Box 1). In certain instances, the trigger is clear; such as a patient who has missed a few
dialysis treatments, is above their dry weight and develops intradialytic hypertension. After a
few treatment sessions and a return to their normal dry weight, the intradialytic hypertension
usually resolves. In other patients, the etiology and treatment may not be forthright and the
following therapeutic options should be considered in hypertensive patients with intradialytic
hypertension.

Volume management

In light of 2 small studies demonstrated improvement in intradialytic hypertension with
lowering of dry weight over time in select individuals,(9,21) an attempt to reduce dry weight
should be performed in patients with intradialytic hypertension. Further, patients should be
instructed to minimize salt and fluid intake between hemodialysis sessions. However, while
lowering of dry weight may improve intradialytic hypertension in some patients; this is unlikely
to resolve the condition in all instances.

Am J Kidney Dis. Author manuscript; available in PMC 2011 March 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Inrig

Page 8

Inhibition of the sympathetic nervous system

The role of sympathetic over-activity in intradialytic hypertension has not been firmly
established. It is clear that patients with renal disease have evidence of sympathetic nerve
activity, which normalizes after nephrectomy.(24) Whether patients who have undergone
bilateral nephrectomy develop intradialytic hypertension is unknown but this certainly cannot
be routinely advocated to control BP. Adrenergic blockers such as alpha- and beta-blockers
should be considered as therapeutic options to control BP. In particular, carvedilol and labetolol
with combined alpha and beta-adrenergic blockade should be considered as they are not
significantly removed by hemodialysis.

Inhibition of the renin-angiotensin-aldosterone system

Activation of the renin-angiotensin-aldosterone system with ultrafiltration during HD may
contribute to intradialytic hypertension and inhibition of RAAS can serve as a therapeutic
option. In a small study of 6 patients with intradialytic hypertensive crisis, administration of
captopril was beneficial in controlling BP.(26) Newer longer-acting ACE inhibitors and
angiotensin receptor blockers may improve intradialytic hypertension particularly since certain
RAAS inhibitors can inhibit ET1 release,(47) however this has not been investigated to date.

Pharmacologic inhibition of endothelin 1

Three investigations have demonstrated elevated postdialysis levels of ET1 in patients with
intradialytic hypertension; however it is unknown whether pharmacologic inhibition of ET1
can abolish intradialytic hypertension. Specific ET1 antagonists (such as avosentan) may be
effective if they can be demonstrated to be safe in hemodialysis populations. Alternatively,
nonspecific ET1 inhibitors (such as RAAS inhibition or carvedilol) could potentially improve
intradialytic hypertension by inhibiting ET1 release.(47-49) One ongoing pilot study
(NCT00827775 [www.Clinical Trials.gov]) is testing the efficacy of carvedilol as treatment for
intradialytic hypertension and endothelial cell dysfunction.

Antihypertensive regimen

ESAs

Class of antihypertensive agents, timing and dosing should be reviewed when patients have
intradialytic hypertension. As certain ACE inhibitors and beta-blockers are removed by
dialysis; these medications should be changed to non-dialyzed antihypertensives. Patients
should also be instructed not to withhold BP medications prior to hemodialysis. As mentioned,
administration of captopril has been shown to improve intradialytic hypertensive crisis,
however considering this medication is short-acting and removed by dialysis, alternative agents
may be preferred.(26)

As previously reviewed, intravenous administration of ESAs can raise BP in certain
individuals. In patients with intradialytic hypertension, discussions with the patient regarding
switching from intravenous to subcutaneous ESA should occur, particularly if the patient
requires large ESA doses.

Adjustment of the dialysis prescription

Inadequate sodium solute removal can result in excess fluid intake and hypertension; therefore
dialysis prescriptions should be tailored to achieve a net negative sodium solute balance.
Prescriptions which have a programmed variable sodium dialysate have been shown to
minimize sodium solute loading during hemodialysis and can result in lower postdialysis BP,
particularly in patients with serum sodium <140 mEg/L who may receive a sodium load with
the use of standard sodium dialysate.(50) Second, high calcium dialysate increases cardiac
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contractility and cardiac output which could exacerbate hypertension during hemodialysis;
therefore, high calcium dialysate should be avoided in patients with intradialytic hypertension.
Other changes to the dialysis prescription which may improve the condition include longer
duration of hemodialysis, more frequent hemodialysis, and or nocturnal hemodialysis. These
alternative dialytic modalities have been demonstrated to improve BP control (51,52) and
potentially endothelial cell dysfunction (53); therefore, while they have not been specifically
investigated, they should be considered in patients with refractory, difficult to treat intradialytic
hypertension.

Conclusion

intradialytic hypertension has been a long-recognized phenomenon; however only recent
investigations have begun to describe its epidemiology and the underlying pathophysiology,
and to unveil its association with adverse clinical outcomes. While no consensus definition
exists, a consistent increase in BP during hemodialysis which results in an elevated postdialysis
BP (>130/80 mmHg) should be considered intradialytic hypertension. intradialytic
hypertension is present in up to 15% of hemodialysis patients and is more common in patients
who are older, have lower dry weights and are prescribed more antihypertensive medications.
In hypertensive patients, intradialytic hypertension is independently associated with over a 2.5-
fold increased risk of hospitalization or death at 6-months. As the underlying pathophysiology
is likely multifactorial, treatment of intradialytic hypertension should be individualized to the
patient and includes lowering of dry weight, changing to nondialyzable antihypertensive
medications which inhibit RAAS or lower ET1, considering switching from intravenous to
subcutaneous ESA, and altering the dialysis prescription. Future studies determining how to
manage intradialytic hypertension should test the efficacy of these therapeutic interventions
and larger studies are required to determine whether treatment can improve clinical outcomes.

Box 1. Potential Pathophysiologic Mechanisms of Intradialytic Hypertension
¢ Volume overload
e Sympathetic over-activity
e Activation of the renin-angiotensin aldosterone system
e Endothelial cell dysfunction
e Dialysis-specific factors
— netsodium gain
— high ionized calcium
— hypokalemia
e Medications
—  Erythropoietin stimulating agents
— Removal of antihypertensive medications

e Vascular stiffness
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Figure 1.

Adjusted 6-month odds ratio of hon-access related hospitalization or death among 438
prevalent end-stage renal disesase participants categorized by systolic blood pressure (SBP)

changes with hemodialysis (HD).
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Figure 2.

Adjusted 6-month odds ratio (95% confidence interval) for non-access related hospitalization
or death associated with 1) predialysis systolic blood pressure (SBP) (per 10 mmHg increase)
when tested alone, 2) postdialysis SBP (per 10 mmHg increase) when tested alone, 3) pre and
postdialysis SBP when tested together (per 10 mmHg increase in each), and 4) SBP change
with hemodialysis (HD) (per 10 mmHg increase)
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Figure 3.

Comparison of pre and postdialysis endothelin-1 levels between 30 patients without
intradialytic hypertension and 30 patients with intradialytic hypertension
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Percent Removal of commonly prescribed antihypertensive agents during hemodialysis

Table 1

Agent

Percent Removal

Angiotensin-converting enzyme inhibitors

Benazepril <30%
Enalapril 35%
Fosinopril 2%
Lisinopril 50%
Ramipril <30%
Beta-Blockers
Atenolol 75%
Carvedilol None
Labetalol <1
Metoprolol High
Angiotensin receptor blockers
Losartan None
Candesartan None
Eprosartan None
Telmisartan None
Valsartan None
Irbesartan None
Calcium channel blockers
Amlodipine None
Diltiazem <30%
Nifedipine Low
Nicardipine ?
Felodipine No
Verapamil Low
Other
Clonidine 5%
Hydralazine None
Minoxidil Yes

Source: National Kidney Foundation's K/DOQI clinical practice guidelines for cardiovascular disease in dialysis patients (29)
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