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Abstract
Symptomatic intradialytic hypotension (IDH) continues to be an important complication of hemodialysis treatment. There is
some evidence that besides an IDH episode, repeated episodes could represent an even more important independent risk
factor for mortality in hemodialysis patients. A retrospective cross-sectional study was performed to study 18 dialysis treat-
ments in 43 patients during 6 weeks. Relationships of IDH episodes with baseline variables were examined using a Poisson
regression model (generalized linear model). IDH was frequent (93% of patients) and highly variable by patient (0%–100%).
Multivariate analysis showed that patients who experienced frequent hypotensive episodes had a lower dry weight (90% con-
fidence interval [CI]: 0.95–0.99), higher phosphorus levels (90% CI: 1.07–1.47), greater prevalence of diabetes mellitus (90%
CI: 1.11–2.71), and hypertension (90% CI: 1.04–2.45). Dry weight, hypertension, and phosphorus levels are modifiable risk
factors to possibly reduce the rate of IDH episodes. The potential protective role of phosphorus warrants further investigation.
J Am Soc Hypertens 2015;9(10):763–768. � 2015 American Society of Hypertension. All rights reserved.
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Introduction

Intradialytic hypotension (IDH) is a common event that
occurs during the hemodialysis procedure. It has three
essential components: a drop in blood pressure (BP) gener-
ally defined as �20 mm Hg systolic BP or �10 mm Hg in
mean arterial pressure; the presence of symptoms of
end-organ ischemia; and an intervention carried out by
the dialysis staff.1 On the basis of the National Kidney
Foundation Kidney Disease Outcomes Quality Initiative
definition, IDH occurs in approximately 20%–30% of all
hemodialysis sessions.

Factors such as rapid fluid removal through ultrafiltra-
tion; abrupt changes in serum osmolar, acid–base, and
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electrolyte composition; activation of neurohormonal
axes; and dialytic removal of vasoactive medications super-
imposed on a stiff vasculature and uremic inflammation
suggest that BP during hemodialysis treatments may be
exceptionally labile; this is consistent with clinical experi-
ence. In turn, rapid downward BP fluctuations may lead to
repetitive episodes of overt or subclinical end-organ
ischemic injury, and abrupt upward fluctuations may lead
to increased capillary endothelial shear stress damage2,3

A growing body of evidence suggests that BP variability
portends worse outcomes in both the general and kidney
disease populations.2,4,5 A large series evaluating the asso-
ciation between IDH and outcomes for cardiovascular
events and mortality revealed that IDH was associated
with all-cause mortality, myocardial infarction, hospitaliza-
tion for heart failure/volume overload or cardiovascular
mortality, and major cardiac events.6 In a cohort of
113,255 hemodialysis patients, U-shaped associations
were found between change in BP during dialytic treatment
ion. All rights reserved.
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and mortality independent of prehemodialysis BP levels.5

Large decreases in systolic and diastolic BP during session
(less than �30 and less than �15 mm Hg, respectively)
were associated with increased mortality, whereas more
moderate reductions (delta systolic BP of �14 mm Hg
and a delta diastolic BP of �6 mm Hg, respectively)
were associated with the greatest survival.5

Although BP lability during hemodialysis has long been
recognized, little is known about factors that promote sys-
tematic IDH episodes. Our study has been designed to eval-
uate the frequency of symptomatic IDH and to uncover the
variables associated with those systematic episodes.

Methods
Study Design
The criteria to be eligible for the study were participants
with >18 years of age, medically stable, undergoing hemo-
dialysis three times per week for a minimum of 4 hours per
session and for more than 2 months. Because BP immedi-
ately after dialysis therapy initiation may fluctuate more
widely due to dry weight probing and medication titration,
we excluded patients on hemodialysis therapy for less than
2 months.

Patients entered the cohort between September 12, 2012,
and October 22, 2012. In total, the analytical cohort con-
sisted of 43 unique patients.

Laboratory parameters were measured monthly accord-
ing to the organization protocol; all processing was con-
ducted at a single clinical laboratory.

Dialytic session data were recorded on a session-to-session
basis. Patients were dialyzed on either a Monday–
Wednesday–FridayorTuesday–Thursday–Saturday schedule.

BP was measured with the patient in the seated position
using automated oscillometric devices immediately before,
after, and during all treatment sessions.

Target weight was evaluated clinically (peripheral
edema, signs of pulmonary congestion, intradialytic and ex-
tradialytic BP course, and muscle cramps) and by (changes
in) the cardiopulmonary radiologic aspect. Excess weight at
the start of dialysis was defined as the difference between
predialysis weight and target weight. The prescribed ultra-
filtration volume was calculated by adding the estimated in-
tradialytic fluid intake (usually 500–750 mL) to the excess
weight. However, for all analyses, the exact ultrafiltration
volume as delivered by the dialysis apparatus was used.

Hypertension was defined as BP >140 mm Hg systolic
or >90 mm Hg diastolic. Heart failure was defined as left
ventricular ejection fraction <50%.

Dialysis Settings

All patients were dialyzed with synthetic hollow-fiber di-
alyzers, Elisio—15H, 17H, or 21H (Nipro). All the sessions
consisted of standard hemodialysis using standard dialysis
solutions. Standard bicarbonate concentrations were
adjusted if necessary (30–35 mmol/L). Two needles were
used in all patients with an arteriovenous access. Blood
flow ranged from 300 to 450 mL/min. Dialysate flow was
500 or 700 mL/min. Blood flow and dialysate flow were
kept constant throughout the study period in individual pa-
tients. All patients were dialyzed with a constant ultrafiltra-
tion rate. Dialysate temperature was 35.5�C or 36.0�C and
was kept constant during the study period for individual
patients. Patients received a light meal and two cups of
coffee or tea during treatment.

Individual treatment characteristics were not changed in
the course of the study.
Data Collection and Description
All data were obtained from the clinical electronic med-
ical record.

Demographic characteristics (age, gender, dialysis vin-
tage, and vascular access type) and comorbid conditions
(diabetes, hypertension, and heart failure) were considered
as of cohort entry. Laboratory values (parathyroid hormone,
phosphorus, calcium, and hemoglobin) and dialytic session
characteristics (predialysis weight, postdialysis weight, and
interdialytic weight gain; body mass index; and erythropoi-
etin dose used) were considered as the mean value
measured during the exposure period. Prescribed antihyper-
tensive medications were also considered, and it was not
changed for the purposes of the study.

The number of IDH episodes in 18 consecutive hemodi-
alysis sessions was recorded for each patient. The respon-
sive measures included saline administration or premature
cessation of dialysis.
Statistical Analysis
Quantitative variables were described by the mean and
the standard deviation (SD). The distribution of categorical
variables was represented by proportions.

A Poisson regression model was used. The independent
variables considered were gender, age, dialysis vintage, dia-
betes, hypertension, heart failure, number of antihyperten-
sive drugs taken by the patient, hemoglobin, parathyroid
hormone, calcium and phosphorus level, ultrafiltration vol-
ume, dry weight, body mass index, and erythropoietin dose.

The model considered first included all the variables and
those whose estimated parameters were not significant at
the 10% level were removed, which leaded to a fitted model
including the presence of diabetes, hypertension, the phos-
phorus level, and dry weight.

The regressionmodelwas fittedwith overdispersion adjust-
ment and the estimation results of the final model included
parameter estimates, P-values, 90% confidence intervals
(CIs), incidence rate ratios (the exponentials of the model pa-
rameters), and their 90% CIs. To test the overall significance
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of the fitted model, the chi-square deviance goodness-of-fit
statistic was 37.7 (4 degrees of freedom), with a P-value of
approximately 0, showing that the model was significant.

Results
Cohort and Treatment Characteristics
Overall, 43 Caucasian patients underwent a total of 18
dialysis treatments, during which three qualifying BP mea-
surements were recorded.

Mean age was 66.6 years (SD, 13.2), most ages range
between 60 and 80 years, with only a few lower than
50 years. Mean dialysis vintage was 86 months, with a
range of 2–388 months (SD, 102.2). All patients were dia-
lyzed by fistula, 58.1% were men, 27.9% were diabetic, and
65.1% were prescribed antihypertensive medications with a
maximum of four drugs. Patients taking one (32%) or two
drugs (39%) were the large majority. Near half of the
patients were under B-blocker (48.8%), a quarter used
angiotensin receptor blockers (25.6%), 23.3% used a cal-
cium channel blocker, and 18.6% angiotensin-converting
enzyme inhibitor; only a small number of patients (14%)
were under other antihypertensive agents.

Heart failure was present in 23.3% of patients.
Concerning laboratory measures of the study population,

the mean values of hemoglobin, parathyroid hormone, cal-
cium, and phosphorus were 11.5 � 0.6 g/dL, 304 � 154 pg/
mL, 8.8 � 0.4 mg/dL, and 4.8 � 1.2 mg/dL, respectively.
Mean erythropoietin dose was 105.4 U/kg/week (SD, 23.8).
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Figure 1. Distribution of the number of I
The mean ultrafiltration volume was 2.7 � 0.8 L (range,
0.2–4.9 L) with a mean dry weight of 62.4 � 9.9 kg (range,
44.5–88.8 kg) and a mean body mass index of
23.5� 3.8 kg/m2 (range, 16.3–31.4 kg/m2). Mean predialysis
and postdialysis weights were 64.9 and 62.4 kg, respectively.
BP Metric
A description of BP parameters across the cohort is pro-
vided in Figures 1 and 2.

IDH was frequent, present in 30.7% of all treatments and
93% of all patients, and was highly variable by patient
(between one and all treatments).

The large majority (76.7%) had seven or less IDH epi-
sodes, and few patients had more than 10 IDH events,
with a maximum number of 19. The most frequent number
of IDH episodes were 2 and 3 (14% each), 4 (11.6%), and 6
(9.3%), and the mean and the median were 5.5 and 4
events, respectively. The mean predialysis and postdialysis
BP were 140.4 � 25.6 mm Hg (range, 63.9–213.7 mm Hg)
and 141.2 � 23.8 mm Hg (range, 68.9–184.4 mm Hg),
respectively.

In multivariate analysis (Table 1), independent risk fac-
tors for recurrent IDH episodes included diabetes mellitus
(odds ratio [OR], 1.75; 90% CI: 1.11–2.71), higher phos-
phorus levels (OR, 1.26; 90% CI: 1.07–1.47), hypertension
(OR, 1.58; 90% CI: 1.04–2.45), and lower dry weight (OR,
0.97; 90% CI: 0.95–0.99).
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Figure 2. Delta systolic blood pressure in IDH episodes. BP, blood pressure; IDH, intradialytic hypotension.
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Discussion

The effect of frequent or occasional dialysis-associated
hypotension on survival of patients on maintenance hemo-
dialysis was previously studied, revealing that mortality in
patients with frequent episodes is significantly higher than
in those without such events; the authors suggest that the
high mortality observed in patients with frequent IDH
may be considered as a warning sign for patients being at
high risk of death.7

Another study evaluating frequency of IDH concluded
that identifying practice patterns associated with IDH
coupled with routine reporting, it will facilitate medical
management and may result in the prevention of IDH,
decreased mortality, and decreased hospitalization.8

IDH episodes were present in 30.7% of all treatments in
a sample size of 43 patients with 774 treatments. This fre-
quency is consistent with previous reports.4,6,7 We also
verified that most patients (93%) had IDH, Sands et al8

refer a rate of 75.1% and in spite of the wide variation of
Table 1
Poisson regression estimation results

Variable Estimated Parameters

Estimate P-Value

Intercept 1.6967 .0517
Diabetes 0.5604 .0454
Hypertension 0.4545 .0861
Phosphorus level 0.2283 .0244
Dry weight �0.0258 .0462

CI, confidence interval.
its definition in the literature, and such numbers emphasize
the clinical significance of the problem of IDH.

In this population-based cohort study, we found several
independent risk factors associated with recurrent IDH ep-
isodes. We conclude from the fitted model that the number
of IDH episodes is positively affected by being diabetic,
having high BP and by the phosphorus level and is nega-
tively affected by the dry weight.

Extracellular volume is a major determinant of BP in dial-
ysis patients.9 Ultrafiltration during dialysis leads to a fall in
the patient’s blood volume.10 Greater fluid removal (whether
considered as volume or rate either absolute or relative to to-
tal body water) was associated with greater BP variability in
other studies.3 Intradialytic hypotension is thought to occur
most often when the rate of fluid removal exceeds the rate
of refill from the interstitial space into the vasculature. In
our report, we found a significant association between recur-
rent IDH episodes and lower dry weight although no differ-
ence has been noted for ultrafiltration rate. This raises the
hypothesis that with the same ultrafiltration rate, patients
Incidence Rate Ratios

90% CI Ratio 90% CI

0.3291, 3.1127 5.4561 1.3897, 2.4808
0.1041, 0.9971 1.7514 1.1097, 2.7104
0.0432, 0.8953 1.5754 1.0442, 2.4480
0.0665, 0.3873 1.2564 1.0687, 1.4730

�0.0465, �0.0053 0.9746 0.9546, 0.9947
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with lower dry weight become more symptomatic that pa-
tients with a higher one. This could be due to a dehydration
state in these patients with predisposition to hypotension.11

Another possible explanation is related to the percentage of
weight variation; for the same ultrafiltration rate, it is higher
in a patient with lower dry weight. In our cohort for each ki-
logram increase in the dry weight, the average number of
IDH episodes decreased 2.5%.

An interesting finding was that patients with high BP had
a much higher hypotension rate, showing that patients with
hypertension can have up to 2.4 times more IDH episodes
on average, independent of use of antihypertensive agents,
holding constant the dry weight. Although prehemodialysis
BP measurements may demonstrate greater variability and
may not consistently correlate with interdialytic ambulatory
BP monitoring, their use is supported by the Kidney Dis-
ease Outcomes Quality Initiative guidelines and has greater
applicability to clinical practice.5

Our conclusion is in opposition with a study by Daven-
port et al12: This audited BP control and symptomatic
IDH requiring fluid resuscitation in the Greater London
area renal centers, concluding that symptomatic IDH was
more common in patients with lower predialysis BP and
pulse pressures. Another study designed to evaluate if pre-
dialysis hypertension can prevent IDH revealed no correla-
tion between the two variables.13

Hypertension is causally linked with heart failure and
vascular calcification.12 So, one of the factors that could
explain IDH in these patients, although not directly evalu-
ated in our group, is cardiac dysfunction. A previous study
of 172 patients found that those who experienced the hypo-
tensive episodes had a greater prevalence of previous heart
failure, systolic dysfunction, and left atrial volume index.14

Another reason could be associated with accelerated aging
of arterial system with extensive calcification and stiffening
of arterial walls. More recently, emerging evidence indi-
cates that endothelial dysfunction may play a key role in
hemodynamic instability during hemodialysis.15,16

Our results are in accordance with a study comparing 658
diabetic patients with 1535 nondiabetic individuals revealing
that diabetic hemodialysis patients had higher BP, both
before and after dialysis, associated with greater interdia-
lytic weight gains and more frequent IDH,17 highlighting
the role of higher BP and diabetes in IDH episodes. We
found that diabetic patients had on average 1.75 times
more IDH events that the nondiabetic. The presence of dia-
betes has great impact on the cardiovascular autonomic
regulation during hemodialysis with an overall reduced
autonomic activity and a blunted autonomic response.18

But there are a number of other reasons for higher suscepti-
bility to hypotension in diabetic patients, including vascular
damage, impaired left ventricular compliance, and the sus-
ceptibility to overhydration in the interdialytic interval.19

An interesting finding was the condition exhibiting the
strongest association with a 50% maximum increase in
the average number of IDH episodes for each mg/dL in-
crease in the phosphorus level.

Metabolic bone disease indexes and treatments that in-
crease vascular stiffness would be associated with greater
BP variability. Hemodialysis patients with severe secondary
hyperparathyroidism are more likely to achieve normoten-
sive and euvolemic status after parathyroidectomy,
probably through improved heart function and reduced
IDH episodes.20 In other contemporary cohort of 11,291
incident hemodialysis patients from a single dialysis
organization, the authors demonstrated an association be-
tween greater predialysis systolic BP variation and higher
calcium–phosphate product levels,21 probably associated
with vascular calcification.

Other studies revealed that greater serum calcium level
was associated inversely with BP variability; the same was
not true for serum phosphorus level.3 Studies of the associa-
tion between coronary artery calcification and phosphorus
metabolism in uremic patients have been contradictory, but
recently, this relationship has been proved.22,23 Control of
phosphorus levels can potentially regulate arterial pressure.

The patient age, gender, dialysis vintage, heart failure,
use of antihypertensive drugs and parathyroid hormone,
calcium and hemoglobin level, body mass index, and eryth-
ropoietin dose were not associated with BP variability. This
may be explained by the fact that some of the parameters
were strictly controlled in a relatively narrow range among
subjects in the present study.

The current work was a single-center cross-sectional
design which potentially could affect the generality of the
study and was not able to clarify whether these associations
were causal. To apply the results to a general population on
hemodialysis, we would have to include more patients in
the future and additional prospective studies are needed
to assess those associations.

Conclusion

We conclude from the fitted model that the number of
IDH episodes was positively affected by being diabetic,
having high BP and high phosphorus level and was nega-
tively affected by dry weight. These were the only variables
that significantly affected the number of IDH episodes
among all the independent variables considered in the anal-
ysis. Strategies to improve phosphorus in diabetic and
hypertensive patients should be further explored in a pro-
spective controlled trial in an effort to verify causality
with IDH episodes and possibly reduce its incidence.
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