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Abstract

Hypertension is a comorbidity that is present in the majority of end-stage renal disease patients on
maintenance hemodialysis. This population is particularly unique because of the dynamic nature
of blood pressure (BP) during dialysis. Modest BP decreases are expected in most hemodialysis
patients, but intradialytic hypotension and intradialytic hypertension are two special situations that
deviate from this as either an exaggerated or paradoxical response to the dialysis procedure. Both
of these phenomena are particularly important because they are associated with increased
mortality risk compared patients with modest decreases in BP during dialysis. While the detailed
pathophysiology is complex, intradialytic hypotension occurs more often in patients prescribed
fast ultrafiltration rates, and reducing this rate is recommended in patients that regularly exhibit
this pattern. Patients with intradialytic hypertension have a poorly explained increase in vascular
resistance during dialysis, but the consistent associations with extracellular volume overload point
towards more aggressive fluid management as the initial management choices for these patients.
This up to date review provides the most recent evidence supporting these recommendations as
well as the most up to date epidemiologic and mechanistic research studies that have added to this
area of dialysis management.

Introduction

Hypertension is common in chronic kidney disease patients, and it is nearly universal in
those with end-stage renal disease (ESRD) on maintenance hemodialysis. BP variability
both during and between dialysis treatments is expected in maintenance hemodialysis
patients, and it has been established that the best BP metric to determine long term risk of
complications including mortality is the average of BP measurements obtained between
dialysis treatments®. The hemodialysis procedure provides an opportunity to improve BP in
ESRD patients by offsetting extracellular volume increases encountered during the
interdialytic period, but it introduces additional risks in the process. Even when
asymptomatic, fluctuations in BP during dialysis can be either causative or reflective of both
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short term and long term complications. The pathophysiology of both intradialytic
hypotension and intradialytic hypertension is complex, but there are some recommended
strategies to minimize and ultimately manage these complications. The purpose of this
review is to discuss the factors responsible for changing BP during dialysis and the
implications of both intradialytic hypotension and intradialytic hypertension. Furthermore,
this review will go into extensive detail on the pathophysiology and management of
intradialytic hypertension.

General Hypertension Management in Hemodialysis Patients

The nearly universal presence of hypertension in hemodialysis patients extends from the
predisposition of earlier stages of chronic kidney disease to have higher prevalence of
hypertension than the general population?. The pathophysiology responsible for such a high
prevalence in these patients is complex and includes perturbations in the renin-angiotensin-
aldosterone system, endothelial cell dysfunction, arterial stiffness, and increased sympathetic
nervous system activity. Hypertension becomes more common as kidney disease advances,
and BP becomes more difficult to control. An additional aggravating factor associated with
chronic kidney disease that contributes to hypertension is the development of extracellular
volume expansion as glomerular filtration rate and salt/water excretion decline.

The recommended guidelines for hemodialysis patients to achieve a pre-dialysis systolic BP
less than 140 mmHg or post-dialysis systolic BP less than 130mmHg? are not based on
evidence from mortality-driven clinical trials, but rather the fact that cardiovascular
complications most commonly associated with increased mortality risk become more
prevalent beyond these thresholds?. Both judicious fluid management and aggressive
pharmacologic antihypertensive therapy play a role in managing hypertension. However, a
major challenge in BP management in hemodialysis patients lies in frequent BP changes that
occur between dialysis treatments as well as during the dialysis treatment itself. Because
there are multiple phenotypes of hypertensive hemodialysis patients, the management
approach should differ as well.

Intradialytic BP Patterns

From the end of one dialysis treatment until the beginning of the next dialysis treatment,
there is typically an ongoing increase in systolic BP. While the degree of aortic stiffness
strongly influences the how high BP is at any point during the interdialytic time period, the
amount of interdialytic weight gain strongly influences the rate of rise of BP during this
time®. Consequently, there is at least a modest association between the percentage of
interdialytic weight gain between dialysis treatments and the pre-dialysis systolic BPS. High
pre-dialysis BP, therefore, will frequently be reflective of acute extracellular volume
expansion since the prior treatment. However, high post dialysis BP has been implicated as a
reflection of chronic extracellular volume overload.

This premise was indirectly shown in retrospective analysis of the HEMO trial using
intradialytic change in plasma protein concentration as a metric of plasma volume change’.
In that study, smaller changes in plasma volume during dialysis were associated with high
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pre and high post dialysis BP. More recently, in one cross sectional study based on a single
hemodialysis treatment per patient, the patients with the highest post-dialysis BP were
shown to have the highest ratio of extracellular water/total body water measured before
dialysis with bioimpedance spectroscopy®. Based on these studies, patients with high BP
before dialysis need stricter fluid restriction, and patients with high post dialysis BP require
a dry weight challenge. Depending on the given patient and overall intradialytic BP pattern,
neither, either, or both of these conditions may exist.

Beyond the possible information that can be extrapolated from looking at either pre or post-
dialysis BP measurements, there has been significant research conducted on the actual
change in BP from pre to post dialysis. Most patients experience a decrease in BP during
dialysis, and one moderately-sized cohort study showed average change in systolic BP from
pre to post dialysis was a reduction of 13 mmHg®. That study further illustrated a dual slope
decline in BP where the initial acute decrease in BP was relatively unaffected by
ultrafiltration parameters, but the more prolonged decrease in BP for the remainder of the
treatment was amplified in the context of more aggressive fluid removal. Despite this
tendency, there were clearly patients whose BP increased during dialysis despite
ultrafiltration taking place. Similarly, there were patients who had much more prominent
decreases in BP during dialysis than the average 13 mmHg decrease. While further defined
below, these patients with either intradialytic hypertension or intradialytic hypotension
represent opposing ends of the spectrum of BP response to dialysis.

Studies individually comparing a rise in BP during dialysis or large decrease in BP during
dialysis with more modest reductions have consistently shown both intradialytic
hypertension and intradialytic hypotension to be associated with increased hospitalization
and mortality10-12, More recently, a large cohort study including more than 100,000
hemodialysis patients established the lowest mortality risk was associated with intradialytic
BP reductions around 15 mmHg!3. A significant increase in mortality risk occurred with BP
reductions exceeding 30 mmHg from pre to post dialysis or any increase in BP from pre to
post dialysis. The recognition of the poor prognosis of both conditions has prompted further
research so that we now have a better understanding of the likely responsible mechanisms
and recommended management/prevention strategies.

Intradialytic Hypotension

The definition of intradialytic hypotension according to guidelines set forth by the National
Kidney Foundation Kidney Disease Quality Outcomes Inititative is a reduction in systolic
BP of 20 mmHg during dialysis or reduction in mean arterial pressure that occurs with
common related symptoms (nausea, vomiting, lightheadedness, etc)!4. The presentation can
be quite dramatic in the dialysis unit with patients appearing acutely ill, but there are clearly
important long term consequences of this as well. Shoji et al first demonstrated that among a
cohort of dialysis patients followed for two years, those that died during follow up had
significantly lower nadir systolic BP than the survivors during an single initial treatment at
the beginning of the study2. In another cohort study, frequent episodes of intradialytic
hypotension (more than 10 episodes over 10 months) were associated with significantly
increased mortality risk compared to no intradialytic hypotension in unadjusted analyses;
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but, this failed to achieve statistical significance in fully adjusted models'®. The
aforementioned study by Park et al identified that the mortality risk began to significantly
rise when systolic BP decreases exceeded 30 mmHg from pre to post dialysis!3.

Following these studies a large observational study of a large cohort within a large dialysis
provider along with retrospective analysis of patients in the HEMO study provided
additional perspective on whether the nadir BP or the decrease in BP is more clinically
significant1®. This study specifically identified a nadir systolic BP of 90 mmHg as the
primary mortality risk factor related to intradialytic hypotension, whereas as pre to post
dialysis reductions of varying magnitude had no independent effect on mortality.
Collectively, these studies highlight the negative impact a large decrease in BP has on patient
outcomes. The absolute BP achieved is likely more clinically relevant than how much the BP
decreases to get to that point.

A full discussion of all the mechanisms responsible for intradialytic hypotension are beyond
the scope of this review, but summarized in Figure 1. It is critical, however, to include a
discussion of how ultrafiltration and ultrafiltration rate specifically impact intradialytic
hypotension because these variables can be easily modified. The Dinesh study® showing a
dual slope decrease in BP established that the slope of the acute decrease in BP was not
significantly affected by different ultrafiltration volumes or ultrafiltration rates. One
potential contributing factor to this observation is the overriding BP effect of osmolarity
changes during the early portion of a hemodialysis treatment. At this point in time, the
diffusion gradients of varying solutes in the blood and dialysate are high enough to cause
rapid changes in the extracellular osmolarity as solutes such as urea are dialyzed off.
Changing osmolarity may cause ultrafiltration-independent reductions in intravascular and
extracellular volume as well as changes in release of the vasoconstrictor vasopressint’. The
Dinesh study also showed that the latter BP slope during the majority of the dialysis
treatment was influenced by fluid removal with larger ultrafiltration volumes and faster
ultrafiltration rates inducing steeper declines in BP. This indicates that the initial reduction in
BP may be unavoidable (and is likely beneficial in many cases), but the tendency for
intradialytic hypotension later in the treatment can be minimized by prescribing
ultrafiltration differently.

Ultrafiltration rates have emerged as an important and potentially modifiable risk factor in
hemodialysis patients with evidence that high ultrafiltration rates are independently
associated with poor outcomes. In retrospective analysis of the HEMO study, Flythe et al
showed a significantly higher risk for all-cause and cardiovascular related mortality for
ultrafiltration rates >13 mL/hr/kg compared to 10 mL/hr/kg!8. High ultrafiltration rates
correlate with more frequent cardiac regional wall motion abnormalities'®, which are
themselves independently associated with intradialytic hypotension and mortality2°.
Consequently, the initial approach to preventing intradialytic hypotension should include
considering reduction of the ultrafiltration rate either by decreasing overall ultrafiltration
volume or, more preferably, by lengthening the overall dialysis time.

Other plausible interventions to reduce intradialytic hypotension include lowering the
dialysate temperature and/or the administration of a pre-dialysis dose of the alpha agonist
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midodrine. In one crossover study of patient's prone to intradialytic hypotension the use of
either or both of these interventions resulted in higher nadir and post dialysis systolic BP?1.
Further investigation into dialysate cooling has shown potential long term benefits in
minimizing cerebral injury?2 and progression of cardiac dysfunction?3. Other options
include increasing dialysate sodium or calcium, but the short term benefits of these
interventions must be carefully weighed against the long term risks which include the
potential for chronic extracellular volume overload and positive calcium balance,
respectively.

In summary, intradialytic hypotension occurs as an exaggerated decline in BP during
dialysis. While large decreases in systolic BP are most frequently used to define intradialytic
hypotension, recent evidence identifies the nadir systolic BP of 90 mmHg as having the
strongest association with mortality. Excessive ultrafiltration rate is associated with both
intradialytic hypotension and independently with mortality. The primary intervention to
minimize intradialytic hypotension should involve a reduction in ultrafiltration rate,
preferably by extending the overall weekly dialysis time. Dialysate cooling and/or midodrine
also have objective benefits in not only stabilizing BP but also in slowing progression in
end-organ damage.

Intradialytic Hypertension

The other side of the spectrum of intradialytic BP change is intradialytic Aypertension.
Intradialytic hypertension had previously been defined by arbitrary increases in systolic or
mean arterial BP from pre to post dialysis. While BP decreases are the expected response, an
increase in BP occurs in almost all hemodialysis patients from time to time. When
considering a group of patients assessed during a single dialysis treatment or a cohort of
patients followed for several months, an increase in systolic BP of at least 10 mmHg occurs
in approximately 20% of all hemodialysis treatments®24. However, the latter study?24
established that these treatments are unequally distributed among a smaller subset of patients
who experience this recurrently with 9% of all patients having an average change in systolic
BP of +10 mmHg over the course of 6 months. Furthermore, 25% of patients in that study
experienced a BP rise of this magnitude in almost 1/3 of all treatments. These findings
establish that intradialytic hypertension is a chronic phenotype in a subset of hemodialysis
patients.

The earliest studies showing the poor prognosis showed convincingly that an increase in
systolic BP of at least 10 mmHg from pre to post dialysis was associated with increased
hospitalization and/or mortality in both prevalent and incident hemodialysis patients19-11,
Even when using the definition as an increase in systolic BP of at least 5 mmHg, another
study confirmed the increase in both cardiac and all-cause mortality among patients with
intradialytic hypertension?°. The arbitrary nature of the exact definition of intradialytic
hypertension is minimized by the findings from Park et al that any increase in BP during
dialysis increases mortality risk13.

The large patient population from that study also provides an opportunity to better
characterize the phenotype of an intradialytic hypertension patient. Table 1 provides a
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detailed assessment of these patients including older age, shorter dialysis vintage, increased
cardiovascular comorbidities, lower body mass index, and lower amount of ultrafiltration
during dialysis. Smaller case control studies had also identified the lower dry weight and
smaller interdialytic weight gain in patients with intradialytic hypertensionl. Taken along
with the fact that these patients present to the dialysis unit with normal or only modestly
elevated pre-dialysis BP, it is possible that these patients remain silently volume overloaded.
Lower serum phosphorus levels in patients with intradialytic hypertension (likely as a
reflection of decreased oral intake) may also mark them inappropriately as “low risk”
patients if one does not pay particular attention to the intradialytic BP pattern.

In summary, the most recent studies on intradialytic BP patterns have brought to the
spotlight a previously unrecognized phenotype of dialysis patient that carries an exceedingly
high risk for morbidity and mortality. Further discussion will highlight the potential
pathophysiology of this phenomenon and management strategies.

Proposed Pathophysiology of Intradialytic Hypertension

Extracellular Volume Status

Extracellular volume overload is a consistent finding among patients with intradialytic
hypertension (Table 2). In one uncontrolled study, six hemodialysis patients underwent
echocardiograms both before and during hemodialysis26. During the initial period of
ultrafiltration, both BP and cardiac index were seen to rise. Following further fluid removal,
BP normalized with a reduction in cardiac index back to baseline. The authors concluded
that the BP increases were mediated by the effects of changing cardiac index in the context
of volume overload?®. While better controlled studies to be discussed later fail to identify the
causal or associative role of cardiac output with intradialytic hypertension, most studies
continue to support the association between extracellular volume overload with intradialytic
hypertension.

The use of bioimpedance spectroscopy to measure fluid volumes in body compartments has
enhanced the ability to objectively recognize differences in extracellular volume between
patients and has provided novel insights into intradialytic hypertension. One study defined
recurrent intradialytic hypertension as an increase in systolic BP of at least 10 mmHg from
pre to post dialysis in at least four out of the prior 6 treatments?’. In that study patients with
recurrent intradialytic hypertension had a larger ratio of extracellular water to total body
water (using multifrequency bioimpedance spectroscopy) at the end of the dialysis treatment
compared to patients whose BP routinely decreased by at least 10 mmHg from pre to post
dialysis. The ratio of extracellular water to body weight was higher both before and after
dialysis in the intradialytic hypertension patients. The residual volume overload did not
occur in the context of failed ultrafiltration targets in that study, indicating that most likely
extracellular volume overload was simply misdiagnosed in these patients.

While this study provides objective evidence of a greater ratio of extracellular volume to
other body compartments, these metrics are not commonly utilized clinical variables. The
Body Composition Monitor (Fresenius) measures extracellular, intracellular, and total body
water; it also provides a calculation of relative “fluid overload” based on these
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measurements and comparisons to anthromorphically similar individuals. This unique
feature provides data that can potentially be directly integrated into the clinical management
of a patient. One study used a similar definition for intradialytic hypertension and found a
trend for higher amount of “fluid overload” in the patients with intradialytic hypertension
both before and after dialysis?®. These two studies share very strict criteria for defining
intradialytic hypertension, but such similar findings can be observed in larger populations
when it is less strictly defined. Nongnuch defined intradialytic hypertension as a systolic BP
increase of >10 mmHg from pre to post dialysis during a single hemodialysis treatment8. In
this cross-sectional study, the amount of overhydration was higher both before and after
dialysis in the intradialytic hypertension group compared to patients with different BP
patterns.

Cardiovascular Findings In Intradialytic Hypertension

The association between intradialytic hypertension and extracellular volume overload is
strong but does not sufficiently prove causality. The initial findings associating extracellular
volume overload with intradialytic hypertension implicated intradialytic increases in cardiac
output as the etiology for the BP rise2. This was later challenged by evidence from a case
control study that increases in vascular resistance, not cardiac output, were associated with
intradialytic hypertension using echocardiograms to measure the hemodynamic changes?2.
Another recent case control study using a non-invasive cardiac output monitor again found
the change in cardiac output to be similar between patients with intradialytic hypertension
and controls2’, while the changes in total peripheral resistance were much different between
the two groups. These studies support a vasoconstrictive component during dialysis as the
likely etiology of the BP increase, but further mechanistic details remain elusive. For
example, some studies have implicated an imbalance of vasoconstrictors or vasodilators
during the dialysis treatment to explain the increases in vascular resistance, while others
have failed to support this hypothesis30-33

The detailed mechanisms of how vasoconstriction increases disproportionately in
intradialytic hypertension patients remains unclear, but other evidence supports an
overwhelming burden of cardiovascular disease in these patients. This includes higher
overall ambulatory BP34 and more pronounced endothelial cell dysfunction3®. One study
showed higher pulse wave velocity in patients with intradialytic hypertension compared to
other dialysis patients36, while another study showed no difference between the two
groupss®.

Management of Intradialytic Hypertension

In most situations, the increase in BP with intradialytic hypertension does not reach
dangerously high levels and does not require acute lowering. Patient with recurrent
intradialytic hypertension do have higher ambulatory BP34, particularly in the initial 24
hours after dialysis33 than other hypertensive hemodialysis patients. The primary goal in
management of intradialytic hypertension is to address the likely underlying etiology and
reduce the patient's overall risk for longer term cardiovascular morbidity and mortality.
Many patients with intradialytic hypertension may not appear overtly volume overloaded as
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they are older, smaller and have smaller interdialytic weight gains. Because of the strong
association between extracellular volume overload and intradialytic hypertension from
observational studies, dry weight reduction should be a primary consideration in the initial
management. There is no clinical trial to support this approach specifically in patients with
recurrent intradialytic hypertension. However, the Dry Weight Reduction in Hypertensive
Hemodialysis Patients (DRIP) trial3” showed in hypertensive hemodialysis patients who
mostly had BP decreases during dialysis at baseline that reducing dry weight steepened the
BP decrease in subsequent hemodialysis treatments. Extrapolating from this study would
suggest that this intervention might succeed in minimizing the intradialytic BP increase and
lower the overall ambulatory BP.

Modification of dialysate sodium is another option in patients with intradialytic
hypertension. In general hypertensive hemodialysis patients, decreasing dialysate sodium
concentration reduces interdialytic thirst and weight gain38. In one randomized crossover
study of patients with recurrent intradialytic hypertension, BP decreased during treatments
with low dialysate sodium (serum sodium minus 5) and increased during treatments with
high dialysate sodium (serum sodium + 5)39. It remains unclear how effectively this
intervention lowers ambulatory BP or overall mortality risk in patients with intradialytic
hypertension with some epidemiologic data from large dialysis cohorts suggesting an
association between lower dialysate sodium and increased mortality among patients with
lower serum sodium levels*0. Therefore, dialysate sodium modification should also be
implemented cautiously to ensure that intradialytic hypotension does not occur.

Pharmacologic antihypertensive therapy is required in most hypertensive hemodialysis
patients with no single drug or drug class standing out as superior to others in this
population. In patients with recurrent intradialytic hypertension, one uncontrolled pilot study
showed some benefits of administering carvedilol32. In these patients, there was lower
ambulatory BP, improved endothelial cell dysfunction and reduction in the incidence of
intradialytic hypertension after 8 weeks of carvedilol therapy. Its uncontrolled nature fails to
establish carvedilol as a superior therapy to other antihypertensive drugs, however.

Chronic Hypertension

Intradialytic hypotension and intradialytic hypertension are extreme ends of a spectrum of
BP changes during the course of dialysis. The preceding sections detail important
information on the epidemiology, likely pathophysiology, prognosis, and recommended
management for these conditions. More stable BP patterns may be associated with less
mortality than intradialytic hypotension or hypertension, but hypertensive hemodialysis
patients remain at much higher risk for cardiovascular morbidity and mortality than the
general population. Just as in intradialytic hypotension or hypertension, attention to
extracellular volume status is critical in all hypertensive hemodialysis patients. The Dry
Weight Intervention in Hypertensive Hemodialysis Patients (DRIP) Study Identified that
more intensive ultrafiltration could lower both dialysis unit BP as well as ambulatory BP in
as little as 4 weeks3’. The risks of overly aggressive ultrafiltration and ultrafiltration rate
were explained in the intradialytic hypotension section and carry over to all hemodialysis
patients.
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Presently, there is no gold standard approach to identify patients that have the most
extracellular volume overload and will benefit from the most aggressive ultrafiltration
approach. Physical examination has proven to be fairly unreliable in identifying volume
overload compared to other methods®L. In the clinical research setting multifrequency
bioimpedance spectroscopy has emerged as a potential tool to improve the assessment of
extracellular volume. Several pilot studies have shown the ability to safely reduce volume
overload or lower BP#243  put there are numerous limitations to the use of this equipment
for widespread use in clinical practice related to cost, availability, and patient exclusion
criteria. As highlighted above, high post dialysis BP likely identifies the presence of chronic
extracellular volume overload compared to pre dialysis BP and may be most useful for
evaluating volume status in the absence of bioimpedance.

Finally, there remains a critical role for pharmacologic antihypertensive therapy in
hypertensive hemodialysis patients. Meta-analyses have identified with mortality reduction
association with prescribing of BP medications**45. No single drug class has emerged as the
first line therapy as observational studies and clinical trials have shown varying results of the
benefits of inhibitors of the renin-angiotensin-aldosterone system and beta-adrenergic
receptor antagonists*6-49,

Conclusion

Hypertension is one of the most common cardiovascular complications seen in hemodialysis
patients. Extracellular volume overload contributes to hypertension in almost all
hemodialysis patients, and the dialysis procedure provides the ability to remove fluid and
improve BP. Some patients experience excessive BP reduction during dialysis known as
intradialytic hypotension or a paradoxical increase in BP, referred to as intradialytic
hypertension. Both intradialytic hypotension and hypertension reflect an increased mortality
risk compared to patients with more modest reductions in BP.

While the pathophysiology of both is complex, changes in extracellular volume between and
during dialysis treatments play a large role in these phenomena. Judicious prescription of
fluid removal is a key step in management of both, but further management strategies are
emerging as more is learned about each.
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Figure 1.
summarizes the important mechanisms contributing to intradialytic hypotension. The initial

trigger for the decrease in blood pressure is a decrease in intravascular volume. This is
achieved by the ultrafiltration rate exceeding the capacity for the interstitium to refill the
intravascular space, and it is also achieved by the reduction in intravascular and extracellular
osmolarity related to low dialysate sodium rapid reduction in urea the diffusion process of
hemodialysis begins. Overt hypotension can occur if physiologic compensatory mechanisms
to offset the decreased intravascular volume are inadequate. This includes are insufficient
cardiac output or vascular resistance related to multiple host and comorbidity factors.
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Table 1
Characteristics of Patients With Intradialytic Hypertension (based on published data by

Park13 et al)

Older Age

Shorter Dialysis Duration

Male Gender

Caucasian Race (vs. Hispanic or African American)
Ischemic Heart Disease

Congestive Heart Failure

Cerebrovascular Accident

Peripheral Vascular Disease

Chronic Obstructive Pulmonary Disease

Non Ambulatory Status

Shorter Dialysis Duration

Less Ultrafiltration Per Treatment (and percentage of ultrafiltration/weight)
Lower Body Mass Index

Lower Hemoglobin, Serum Creatinine, Serum Albumin, Total Iron Binding Capacity, Serum Calcium, Serum Phosphorus, Serum
Ferritin, Single Pool Kt/V, nPNA
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