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Abstract

Intradialytic hypotension (IDH) is a common and often distressful complication of hemodialysis.
However, despite its clinical significance, there is no consensus, evidence-based medical definition
for the condition. Over the years, numerous definitions have been implemented in both the clinical
and research settings. Definition inconsistencies have hindered data synthesis and the development
of evidence-based guidelines for the prevention and treatment of IDH as well as prevented
accurate estimation of population burden and patient risk assessment. Most existing IDH
definitions are comprised of one or more of the following components: 1) intradialytic BP criteria
(requisite BP declines or minimum BP thresholds), 2) the provision of interventions aimed at
restoring effective arterial volume, and/or 3) patient-reported symptoms. Remarkably, there are
insufficient data to inform IDH definition construction, and it remains unknown if a single,
universal definition can adequately capture the condition across patient subgroups and clinical and
research settings.
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“Define: To state precisely or determinately; to specify.”*

-The Oxford English Dictionary

Well-appointed medical definitions facilitate accurate identification of clinical conditions
across patient populations, providers and settings. Dependence on consensus medical
definitions to precisely and reliably identify abnormal clinical phenomena is a cornerstone of
medical practice. IDH is a widely-recognized treatment-related complication that has
plagued patients and providers since the inception of hemodialysis. Advances in
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hemodialysis technology such as real-time hemodynamic monitoring, volumetric control,
bicarbonate-based buffer, and biocompatible membranes have generally reduced the
occurrence of IDH over the years.2 However, some of these same advances, along with the
advent of high-flux, high-efficiency dialyzers and increased emphasis on clinic efficiency,
have led to shorter dialysis treatment times which may paradoxically increase hemodynamic
instability. IDH remains a common and distressful complication in the 215t century.

IDH complicates 10 to 70% of dialysis treatments depending on the definition used.3
Associated patient and clinical characteristics include older age, female sex, longer dialysis
vintage, diabetes, lower pre-dialysis blood pressure (BP), and lower albumin.34 IDH has
been associated with a range of clinical and pathogenic consequences including patient-
reported symptoms, inadequate dialysis dose, vascular access thrombosis, end-organ
ischemia and increased mortality.3:5-16 Despite its clinical significance, we lack a consensus
medical definition for the condition. Over the years, numerous definitions have been
implemented in both the clinical and research settings. Unfortunately, definition
inconsistencies have hindered data synthesis and the development of evidence-based
guidelines for the prevention and treatment of IDH as well as prevented accurate estimation
of population burden and patient risk assessment.

In hemodialysis practice, we observe two types of hypotension: episodic, precipitous BP
drops during treatment and chronically low BP. The latter afflicts approximately 5% of
individuals with end-stage kidney disease and is typically characterized by a low pre-dialysis
BP. Chronic hypotension is more prevalent among individuals with advanced heart failure,
severe vascular disease and malnutrition and associates with higher mortality rates.”-17:18
While chronic hypotension is an important clinical phenomenon, for the remainder of this
review, we will focus on the more common and, perhaps, more preventable, episodic IDH.
Herein, we: 1) describe the challenges associated with defining IDH, 2) review existing
definitions and their components, 3) discuss additional definition considerations, and 4)
briefly review the associations between different IDH definitions and mortality.

Medical definition properties and the challenge of defining IDH

The English word “definition’ originates from the Latin term ‘définire’, to limit or bound.1®
Understanding the bounds that differentiate normal clinical states from aberrant clinical
states is necessary to formulate accurate medical definitions. Ideally, such boundaries are
universal, objective, informed by underlying disease pathophysiology and easily ascertained
in clinical practice. To differentiate normal from abnormal clinical states, medical definitions
typically rely on singular laboratory or diagnostic test result thresholds or a combination of
such thresholds along with physical exam findings, and/or symptoms. However, numerous
challenges render the development of universal, consensus-based medical definitions
difficult and, in some cases, impossible to generate. Challenges include: 1) poorly defined
normal (i.e. target) ranges, 2) differences in clinical phenomena across sub-populations, 3)
under-elucidated disease pathophysiology, and 4) limited high quality empiric evidence
linking aspects of the aberrant state to adverse outcomes.
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Many of the aforementioned challenges arise when trying to define IDH. First, concretely
defining abnormal BP phenomena, either too low of a BP (hypotension) or too high of a BP
(hypertension), hinges upon the existence of an established “normal” BP range. However,
there is no broadly accepted definition of “normal” BP for individuals with end-stage kidney
disease. Observational studies have demonstrated a “U-shaped” or “reverse J-shaped”
relationship between BP and mortality among hemodialysis patients. 17:20-23 The highest
mortality risk occurs among patients with the lowest peri-dialytic BPs (including those BPs
considered normal in the general population),17:20-23 Jeaving many providers hesitant to
target BPs accepted as “normal” among other populations.

Related, existing evidence suggest that the optimal BP target may differ across time and
patient subpopulations. For example, the association between BP and mortality appears
modified by time with lower BP-associated risk abating over time.18 Similarly, associations
between BP and outcomes vary across clinical characteristics. For example, in a cohort of
>16,000 patients, Myers at al. found that lower pre-dialysis systolic BP (<140 mmHg) was
associated with increased mortality. However, in subgroup analyses stratified by age, the
association between lower BP and increased mortality lost significance among younger
individuals (<50 years). The authors also found that the lower BP—mortality association
was stronger among individuals with diabetes compared to those without.24 These results,
along with others, suggest that a universally applicable BP target may not be appropriate.
Absence of an accepted, “normal” BP range for dialysis patients is a major barrier to
developing definitions for BP-related clinical phenomena including IDH.

Further complicating efforts to develop BP-related medical definitions are gaps in
knowledge regarding “normal” BP behavior during hemodialysis and, related, the ideal
intradialytic BP thresholds at which therapeutic interventions for BP restoration are
indicated. During uncomplicated hemodialysis treatments, most patients experience a
gradual BP decline that is largely driven by fluid removal. In fact, such an intradialytic BP
decline is associated with better outcomes. In an observational cohort study of over 110,000
hemodialysis patients, Park et a/. reported peak survival among patients with a pre- to post-
dialysis systolic BP decline of 14 mmHg.23

However, consideration of pre- to post-dialysis BP change disregards intradialytic BP
behavior. In a study evaluating intradialytic BPs in 218 patients across >2,100 hemodialysis
treatments, Dinesh et al. characterized the typical pattern of intradialytic systolic BP decline.
The authors described a rapid decrease in BP during the first quarter of treatment (slope of
-25.5 + 1.5 (standard error) mmHg) followed by a more gradual BP decline in the latter
75% of treatment (slope of —5.8 + 0.5 mmHg).2® Deviations from this expected course, both
small (intradialytic BP variability)26 and large (episodes of IDH and
hypertension)3:8:14-16.23.27.28 haye heen associated with increased mortality. However, clear
thresholds for intervention across abnormal intradialytic BP phenomena, including IDH,
remain unestablished.

Ideally, the optimal medical definition for IDH would identify a BP threshold below which
individuals sustain end-organ pathologic insults linked to adverse clinical outcomes.
Clinicians have historically thought of IDH as a “know it when you see it” phenomenon,

Semin Dial. Author manuscript; available in PMC 2018 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Assimon and Flythe

Page 4

recognizing that sudden, substantial BP declines with accompanying dramatic clinical
presentations such as vomiting and syncope are indicative of physiologic harm and
necessitate swift intervention to restore hemodynamic stability. As reviewed below, growing
evidence suggests that less-dramatic, asymptomatic intradialytic BP drops may be clinically
significant, underscoring the need for an IDH definition that relies on more precise
diagnostic criteria than clinical instinct alone.

Physiologically, an episode of IDH occurs when the rate of fluid removal during dialysis
outpaces the rate of plasma refill and associated cardiovascular and neurohormonal
compensatory responses. Decreased effective arterial blood volume results in reduced
cardiac filling, diminished cardiac output and ultimately, frank hypotension. Intradialytic
physiologic imaging reveals ischemia to numerous organs including the heart, brain, gut,
liver and kidneys during hemodialysis.®-13 Repeat episodes of such ischemic injury are
hypothesized to lead to long-term organ damage and associated morbidity and mortality.2°
The ability to maintain hemodynamic stability during hemodialysis is dependent, in part, on
treatment-related factors such as ultrafiltration volume, treatment time and dialysate
composition. However, preservation of adequate circulating blood volume and, thus, end-
organ perfusion is also dependent on multiple patient-related factors, including co-morbid
cardiovascular disease (heart failure, peripheral vascular disease), plasma osmolarity
(nutritional status), and autonomic dysfunction. Thus, it is plausible that the BP threshold,
below which individuals sustain pathologic end-organ insults during hemodialysis, may vary
from patient-to-patient and/or by pre-dialysis BP levels. Confirmatory evidence in this
regard is needed.

In summary, there are many challenges to identifying the optimal medical definition for
IDH. Existing data suggest that the bounds of “normal” BP and “normal” intradialytic BP
behavior may differ across patients and time. Additionally, the intradialytic BP at which
pathophysiologic harm occurs is not known, leaving the optimal threshold for intervention
unclear. Despite these limitations, a medical definition for IDH (either universal or
subgroup-specific) that adequately delineates the bounds of “normal” and “low” intradialytic
BP is needed to guide clinical decision-making.

Guideline body-defined IDH

Numerous IDH definitions, likely of varying validity, have been used over time. Table 1
provides an overview of IDH definitions used by various international guideline bodies. In
2005, the National Kidney Foundation Kidney Disease Outcomes Quality Initiative (K/
DOQI) became the first clinical practice guideline body to formally issue a specific clinical
definition for IDH. The K/DOQI definition, a decrease in systolic BP by =20 mmHg or a
drop in mean arterial pressure (MAP) =10 mmHg associated with symptoms, was presented
in a special section of the guidelines focused on key clinical topics without sufficient
evidence to generate formally graded recommendations.30 Notably, the definition has not
been updated in over a decade, highlighting the persistent paucity of outcomes-based
evidence in this area. Subsequently, other guideline bodies have published their own IDH
definitions, but all acknowledge the relatively sparse data underlying definition
specification,31-33
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IDH definition components

Lack of a consensus IDH definition has led to a wide range of accepted criteria for the
condition in both the clinical and research realms. Table 2 provides an overview of
representative intradialytic hypotension definitions. Definitions typically consider at least
one of the following components: 1) a measure of intradialytic BP behavior (a requisite
decline or a minimum threshold); 2) the need for a clinical intervention aimed at restoring
circulating volume; and/or 3) patient-reported symptoms (Figure 1).

Blood pressure decline

An element of many IDH definitions is the presence of either an absolute or relative BP
decline during dialysis. An absolute BP decline is a subtraction; a relative blood pressure
decline is a ratio. Studies employing BP decline-based definitions have used a range of
requisite absolute (e.g. =20, >30, or =40 mmHg)14:34.35 and relative (e.g. >10%, or
>25%)36:37 declines to signify IDH. For both absolute and relative declines, systolic BP has
the predominant parameter considered. However, a few definitions have used diastolic BP
and MAP.38:39

An absolute intradialytic BP change is calculated as the difference between two discrete BP
measurements during a single treatment. The timing of the BP readings selected for
evaluation has differed across studies. In the majority of reports, a BP decline is identified
by subtracting the minimum intradialytic BP from the pre-dialysis BP measurement. For
example, in a study examining the association between serum osmolarity and BP change, a
>35 mmHg decline in systolic BP from pre-dialysis to intradialytic minimum BP was
defined as an episode of IDH.40 Under this paradigm, there is no requisite time period over
which the BP decline must occur. Without acuity indicators, such definitions conflate rapid
BP declines with more gradual BP declines. In particular, definitions encompassing small
requisite BP declines without consideration of intervening time (e.g. 220 mmHg) may
classify BP changes that are expected and commonplace as IDH. To limit such
misclassification, some definitions specify that the requisite fall must occur between
consecutive intradialytic BP measurements. For example, Arrameddy et a/. used a >30
mmHg decline between any two consecutive BP measurements to define IDH.# Another
way to account for event acuity is to specify a time period over which the requisite decline
must occur. Dheenan et a/. defined IDH as an abrupt drop of systolic BP >40 mmHg or
diastolic BP >20 mmHg occurring over 10 to 15 minutes.38 In rare cases, peri-dialytic BP
measurements (pre- and post-dialysis BPs) have been used to define IDH.#2 However, this
approach fails to capture both acuity and intradialytic BP behavior.

Relative BP change considers the percent change in BP during dialysis. The referent BP
measure, the BP to which intradialytic BPs are compared, is typically pre-dialysis BP. For
instance, a drop in systolic BP by >25% from pre-dialysis levels was considered an episode
of IDH by le et a/*3 One potential advantage of relative decline-based definitions is the
individualization of the decline to the starting BP. Like absolute declines, relative decline-
based definitions require timeframe specification to capture event acuity. An additional
disadvantage of relative BP metrics is that they are more challenging to implement in
clinical practice than subtraction-based absolute decline definitions.
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Minimum blood pressure threshold

Reliance on the minimum (nadir) systolic BP is another method for defining IDH with BP
measurements. Past studies considering nadir-based definitions have used a range of
minimum systolic BP thresholds including <90, <95 and <100 mmHg.344-46 For instance,
in a study examining the association between intradialytic food consumption and BP,
Benaroia et al. defined hypotension as a systolic BP <100 mmHg at any time during
treatment.** Threshold-based definitions do not account for the magnitude of BP decline
and, in fact, may identify IDH in instances where BP did not, in fact, decline during
treatment (effectively conflating between constructs of: chronic low BP and precipitous BP
drops). In cases where authors seek to measure episodic, precipitous BP declines, it may be
optimal to combine both nadir-based and decline-based criteria. However, in cases where
authors seek to measure overall clinical burden from “low BP,” single component, nadir-
based definitions may be appropriate.

Clinical interventions

A criterion required by many IDH definitions is the provision of a clinical intervention
aimed at restoring blood volume such as administration of saline or other intravenous fluids,
Trendelenburg positioning, reduction in blood flow, reduction or cessation of ultrafiltration
or, in severe cases, cessation of the dialysis treatment. Often, definitions with intervention
components require that the corrective action be taken in response to an intradialytic BP
change or symptom occurrence. For example, IDH in the Hemodialysis (HEMO) Study was
defined as an affirmative response to the following question: “was there hypotension
requiring saline infusion, lowering of the ultrafiltration rate or reduced blood flow?”4” In a
secondary analysis of the Frequent Hemodialysis Network (FHN) daily and nocturnal trials,
Kotanko et al. defined IDH as an event where hypotensive symptoms led to ultrafiltration
rate reduction or saline administration.® Addition of an intervention requirement to
symptoms or a specified BP criterion may be one way of capturing event acuity. However, in
some cases, interventions may not correlate with hemodynamic instability. Intravenous fluid
boluses can be given for electrolyte-mediated cramping, and ultrafiltration may be slowed or
stopped in response to nausea or vomiting not related to intravascular depletion.

Patient symptoms

Some IDH definitions consider patient-reported symptoms. BP drops associated with
intravascular volume depletion may cause abdominal pain, chest pain, heart palpitations,
nausea/vomiting, cramping, feelings of restlessness, lightheadedness, and syncope.
Symptom-containing definitions usually consider symptoms in conjunction with other IDH
definition components. For example, Knoll et a/. defined IDH as a fall in the systolic BP
below 100 mmHg accompanied by at least one of the following: diaphoresis, nausea,
vomiting, cramps, headache, or dizziness.*?

While symptoms, particularly cramping, are undeniably distressful to patients and staff,
many symptoms often attributed to hemodynamic instability can be caused by other
conditions such as electrolyte imbalances. In fact, Meredith ef a/. found that symptoms,
particularly nausea, did not reliably correlate with intradialytic BP change.® This weak
relationship may be attributed to differences in patient characteristics that impact the
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physiologic thresholds at which volume-related symptoms manifest or differences in patient
reporting or provider documentation. Symptom prevalence varies across studies. In a survey
of maintenance hemodialysis patients, Caplin et a/. found that 74% of patients reported
cramping, 63% of patients reported dizziness and 54% of patients reported headache.®
However, other studies have reported much lower symptom frequencies: roughly 20% for
cramping, 12 — 23% for dizziness and 21% for headache.®°0 Use of symptom-based IDH
definitions in retrospective studies has been hindered by limited symptom data in large
administrative databases. Most studies with IDH definitions relying on symptom criteria
have been small, single-center observational studies® or randomized trials that prospectively
collected dialysis treatment symptom data.%:51

IDH definition construction

Single component definitions

IDH definitions containing a single definition component are most often comprised of a
measure of intradialytic BP behavior, a decline and/or minimum threshold. Examples
include systolic BP decline of 220 mmHg?3* and a nadir systolic BP <90 mmHg?6. Such
definitions are common in large observational studies as electronic medical records and
administrative datasets do not reliably include symptom or intervention information. As
discussed, without specified time intervals for requisite BP declines or the addition of
symptom or intervention criteria to designate event acuity, decline-based definitions may
conflate a number of distinct clinical phenomena, including acute episodic IDH, chronically
low BP, and expected intradialytic BP decline. Additionally, single component decline-based
definitions do not require achievement of a minimum BP. Thus, patients with high pre-
dialysis BP may meet the decline-based definition but have an intradialytic nadir BP that is
elevated. The degree of IDH-related end-organ damage may not be consistent across strata
of pre-dialysis BPs. It is thus plausible that single component, nadir-based definitions may
better identify organ hypo-perfusion. However, like decline-based definitions, nadir-based
definitions do not account for condition acuity.

Multicomponent definitions

Multicomponent IDH definitions, definitions that contain two or more criteria, are common.
More complex definitions may better distinguish episodic hypotension events from gradual
intradialytic BP declines and chronic hypotensive conditions. For example, symptom and/or
intervention requirements are often added to fall- or nadir-based BP criteria to detect event
acuity and grade clinical severity. Examples include a fall in MAP >20% with associated
signs and symptoms of dizziness, nausea, sweating, or pallor;>2 and a rapid symptomatic
systolic BP decline =30 mmHg or any BP decline requiring nursing and/or medical
intervention.>3 However, as reviewed above, symptom occurrence and intervention
administration may not always correlate with hemodynamic instability or end-organ
damage, introducing potential misclassification.
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Other definition specification considerations

Episodic versus pattern identification

The intended use of the IDH definition also factors into definition component selection.
Definitions designed to inform clinical intervention thresholds may differ from definitions
designed to characterize longitudinal BP patterns, or phenotypes. For example, a decline- or
nadir-based definition may be appropriate for clinical protocols intended to reduce
hypotension-driven pathologic consequences via prompt nursing intervention. In other
settings, clinicians or investigators may desire to characterize an individual’s BP phenotype.
Such definitions are aimed at identifying patients who are IDH-prone in order to measure
associated long-term risk or identify patients for clinical trials of preventative therapies.

Mean versus frequency-based definitions for pattern identification

Time period

To define the presence (or absence) of an intradialytic hypotensive phenotype, researchers
evaluate the mean of BPs or the frequency of hypotensive events during a given time period
(Figure 2). This time period of interest is often termed the “exposure assessment period” and
is the time period during which (+) vs. (=) IDH status is designated. Mean-based approaches
are only possible in decline- or nadir-based IDH definitions. Examples of mean-based
definition calculations are: 1) the average change in systolic BP during dialysis (pre-dialysis
BP - minimum intradialytic BP) across exposure period treatments and 2) the average nadir
intradialytic systolic BP during the exposure assessment period. However, arithmetic means
are sensitive to extreme values, and outliers may over-influence results. Such an effect is
magnified when fewer opportunities for BP assessment (7.e. shorter exposure assessment
periods) are used for mean calculations.

On the other hand, frequency-based definitions identify the proportion of exposure period
dialysis treatments complicated by IDH. Under this paradigm, multicomponent definitions
that consider symptoms or interventions may be used. Frequency-based definitions are
growing in use as their construction may better align with the theory that repetitive episodes
of IDH are pathogenic. The frequency threshold used to delineate patients prone to IDH
(versus not), has differed across investigations, ranging from >25% to =75% of hemodialysis
treatments affected.>*5 For example, in an analysis of various IDH definitions and
mortality, Flythe et a/. defined IDH-prone as meeting the specified IDH definition in =30%
of exposure period treatments (versus not).3

considerations

When characterizing intradialytic BP patterns across time, consideration should also be
given to the length of time over which dialysis treatments are assessed (i.e. the duration of
the exposure assessment period). Time-fixed exposures are assessed over a single, finite
period of time, whereas time-varying exposures are assessed and updated longitudinally. The
exposure period selected for time-fixed approaches is often intended to reflect a “window”
into long-term risk.

Time-fixed exposure periods vary widely across studies, ranging from one to over 100
hemodialysis treatments.1416 Use of BP behavior over a single dialysis treatment has
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obvious downsides as numerous clinical factors (e.g. acute illness, ultrafiltration volume,
dialysate temperature, and antihypertensive use) may influence BP. When selecting among
longer time-fixed exposure periods (30, 90, 180 days, etc.), issues related to generalizability
may arise. In research studies, follow-up time begins immediately after the exposure period
ends. Study inclusion is contingent on survival throughout the exposure period and into the
start of follow-up. Thus, the exposure period length may alter the cohort case-mix.
Individuals included in studies with longer exposure periods may be healthier than patients
included in studies with shorter exposure periods since they had to live longer to survive to
the follow-up period. To assess whether study findings are influenced by exposure period
length, researchers may conduct sensitivity analyses to determine if varied exposure period
durations impact study results. Furthermore, it is also plausible that BP pattern assessment
over time-limited periods may not accurately depict long-term BP behavior and thus may not
fully capture IDH-associated risk. It may be prudent for investigators to conduct time-
updated analyses in addition to time-fixed analyses to ensure that analyses of a single time
window are robust.

IDH and mortality

Another consideration in selecting a medical definition for IDH is the association of the
definition with important clinical outcomes. Likely related to the above-discussed analytical
issues and the use of varied definition criteria, observational studies examining IDH and
mortality have yielded mixed results.161415 Flythe er a/. investigated the association of
various IDH definitions and mortality using a frequency-based exposure characterization
approach. Authors considered 8 commonly used IDH definitions: decline-based (systolic BP
decline =20 and =30 mmHg), nadir-based (minimum intradialytic systolic BP <90 and <100
mmHg), the HEMO Study definition (systolic BP decline resulting in an intervention), the
K/DOQI definition (systolic BP decline 220 mmHg with the presence of symptoms), and
composite BP definitions that combined BP decline and nadir criteria. Individuals with
>30% exposure period dialysis treatments meeting the individually specified definitions
were classified as (+) IDH (prone to IDH), and patients not meeting the IDH definition in
>30% of treatments were classified as (=) IDH (not prone to IDH). In analyses of a large,
nationally representative hemodialysis patient cohort (and confirmed in a post-hoc analysis
of the HEMO Study cohort), the presence of systolic BP <90 mmHg in >30% of exposure
HD treatments (versus not) was associated with an increased odds of all-cause mortality.
Other IDH definitions were not associated with mortality. Neither the addition of symptoms
nor interventions to BP decline- or nadir-based definitions strengthened mortality
associations.3 Findings suggest that a nadir-based IDH definition may best reflect mortality
risk. Patient-centered outcomes such as hospitalizations and symptoms were not evaluated,
and the optimal definitions for capturing these important outcomes are unknown.

Conclusion

In summary, lack of consensus regarding clinically significant BP thresholds and variation in
data availability have led to the use of a wide range of IDH definitions in practice and
research. Ideally, IDH definition specification should be guided by the intended use of the
definition and an understanding of the pathophysiologic relevant thresholds for outcomes of
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interest. Additional investigations of such thresholds as well as differences in these
thresholds across patient and pre-dialysis BP subgroups are needed. It is plausible and,

pe

rhaps, likely that a “one-size fits all” medical definition for IDH may not exist. However,

accumulating data suggesting long-term harm from asymptomatic BP drops render the

“K

now when you see it” definition imprecise and make the case for ongoing efforts “to state

precisely or determinately” the clinical state known as IDH.
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COMPONENT OF MOST DEFINITIONS

( Measure of intradialytic BP behavior \

Intradialytic BP decline
Absolute or relative BP decline

and/or

Occurrence of low BP during dialysis
K BP at or below a specified threshold

)

ADDITIONAL DEFINITION COMPONENTS

Intradialytic symptoms Intradialytic interventions
Muscle cramps Trendelenburg positioning
Abdominal discomfort / nausea or vomiting and/or Fluid administration
Dizziness or fainting { Ultrafiltration rate
Restlessness or anxiety { Blood flow rate
Yawning or sighing Dialysis treatment cessation
Figure 1.

Potential intradialytic hypotension definition components.
Abbreviations: BP, blood pressure
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4 = Nadir SBP 2 90 mmHg < = Nadir SBP < 90 mmHg
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100 demoe e Average nadir SBP = 100 mmHg

® ©
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<
<

Intradialytic nadir SBP (mmHg)
3
@

[=2]
o

T T T T T T T

1.2 3 4 5 6 7 8 9 10 11 12
Exposure period treatment #

T 1

Mean-based definition Frequency-based definition
Classified as (+) IDH if the average intradialytic nadir Classified as (+) IDH if the intradialytic nadir
SBP < 90 mmHg across all exposure period treatments SBP <90 mmHg in 2 30% of exposure period treatments
Average intradialytic nadir SBP = 100 mmHg 5 of 12 treatments with a nadir SBP < 90 mmHg = 42%
Patient classified as (-) IDH Patient classified (+) IDH
Figure 2.

Differences in mean- and frequency-based intradialytic hypotension definitions.

The figure depicts the application of mean and frequency-based intradialytic hypotension
definitions in a 30-day exposure assessment period (12 hemodialysis treatments) in a single,
hypothetical individual.

Abbreviations: IDH, intradialytic hypotension; SBP, systolic blood pressure
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Table 1

Clinical practice guideline definitions for intradialytic hypotension.

Guideline (Year) Intradialytic hypotension definition
K/DOQI Clinical Practice A decrease in systolic BP 220 mmHg or a decrease in MAP =10 mmHg associated with symptoms that
Guidelines (2002)3° include: abdominal discomfort; yawning; sighing; nausea; vomiting; muscle cramps; restlessness;

dizziness or fainting; and anxiety

European Best Practice Guidelines A decrease in systolic BP 220 mmHg or a decrease in MAP =10 mmHg associated with clinical events
(2007)3? and need for nursing interventions

UK Renal Association Guidelines An acute symptomatic fall in BP during dialysis requiring immediate intervention to prevent syncope
(2009)33

Japanese Society for Dialysis Symptomatic sudden drop systolic BP =30 mmHg during dialysis or a decrease in the mean BP by =10
Therapy Guidelines (2012)3! mmHg

Abbreviations: BP, blood pressure; K/DOQI, Kidney Disease Outcomes Quality Initiative; MAP, mean arterial pressure; UK, United Kingdom
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Table 2

Representative intradialytic hypotension definitions used in clinical research studies?

Author (Year) Country

Definition of intradialytic hypotension

Raja (1979)%
United States

HEMO Study (1999)°!
United States

Santoro (2002)56
Italy

Kyriazis (2002)4
Greece

Tislér (2003)16
Hungary

Chesterton (2009)36
United Kingdom

Locatelli (2010)%3
Italy

Caplin (2011)°
United Kingdom

Dubin (2011)34
United States

Munoz Mendoza (2011)%7
United States

Sands (2014)*
United States

Kotanko (2015)48
United States/Canada

Mc Causland (2015)*°
United States

Systolic BP <90 mmHg during dialysis

An affirmative response to the following question during monitored dialysis treatments: “was there hypotension
requiring saline infusion, lowering of the UF rate, or reduced blood flow?”

Meet any of the following criteria:
. For patients with pre-dialysis systolic BP 2100 mmHg, BP < 90 mmHg

D For patients with pre-dialysis systolic BP <100 mmHg, BP fall 210% of the pre-dialysis systolic BP
accompanied by symptoms (nausea, vomiting, sweating, dizziness, yawning)

. Any systolic BP fall 225 mmHg from the pre-dialysis BP with accompanying symptoms requiring a
therapeutic maneuver (Trendelenburg position, saline infusion, etc.)
Asymptomatic. Intradialytic systolic BP <95 mmHg without symptoms
Symptomatic (meet either criteria):

. The requirement of volume expansion therapy due to either systolic BP fall >40 mmHg below the
pre-dialysis BP orintradialytic systolic BP <95 mmHg

D Any BP fall during dialysis accompanied by symptoms requiring an intervention
Sudden systolic BP fall to <90 mmHg ora sudden absolute drop in systolic BP >30 mmHg, associated with
symptoms of hypotension not responding to the supine position but necessitating resuscitation with normo- or
hypertonic fluid administration

Systolic BP <100 mmHg during dialysis (even in the absence of symptoms) ora fall in systolic BP >10% of the
pre-dialysis BP in association with symptoms (e.g. headaches, cramps, light-headedness)

Rapid symptomatic systolic BP fall 230 mmHg orany fall in BP that required nursing and/or medical intervention
Dizziness due to low BP orintradialytic nursing interventions for hypotension

Systolic BP fall = 20 mmHg

Systolic BP fall >20 mmHg requiring the administration of normal or hypertonic saline solution with or without
the presence of symptoms

Systolic BP fall >30 mmHg to a level of <90 mmHg

Event when hypotensive symptoms led to either lowering of the ultrafiltration rate or saline administration

Systolic BP fall =235 mmHg during dialysis orany intradialytic systolic BP <90 mmHg

a . s — . . . . . - _ -

Note: Numerous studies have defined intradialytic hypotension using the various clinical practice guideline definitions. The clinical research
studies listed in this table were selected to illustrate the broad range of intradialytic hypotension definitions that have been employed. Additional
definitions for intradialytic hypotension exist.

Abbreviations: BP, blood pressure; HEMO, hemodialysis.
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