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Increased blood pressure (BP) variability (BPV) is associated with high cardiovascular risk in hemodialysis. Patients with intradialytic
hypertension (IDH) also exhibit an increased cardiovascular risk compared to hemodialysis patients without this condition. The
impact of non-pharmacological BP-lowering interventions on BPV in this population remains unknown. This analysis evaluated the
effect of low (137mEq/L) compared to standard (140mEq/L) dialysate sodium concentration on short-term BPV in patients with IDH.
In a randomized cross-over manner, 29 IDH patients underwent 4 hemodialysis sessions with low (137mEq/L) followed by 4
sessions with standard (140mEq/L) dialysate sodium or vice versa. 48 h ambulatory BP measurement was performed from the start
of the 4th session on each dialysate sodium. BPV indices during the 48 h, 24 h, day-time and night-time periods were calculated.
Mean 48 h BP was 5.3/2.6 mmHg lower with low compared to standard dialysate sodium concentration, (p= 0.005/p= 0.007
respectively). All 48 h systolic BPV indices examined showed non-significant differences between low and standard dialysate
sodium (SBP-SD: 16.99 ± 5.39 vs. 16.98 ± 4.33 mmHg, p= 0.982; SBP-wSD: 15.93 ± 5.02 vs. 16.12 ± 4.16 mmHg, p= 0.769; SBP-ARV:
11.99 ± 3.67 vs. 11.45 ± 3.35 mmHg, p= 0.392; SBP-CV: 12.36 ± 3.65 vs. 11.92 ± 3.18%, p= 0.302, with low vs. standard dialysate
sodium, respectively). Diastolic BPV indices were numerically, but not statistically, lower with low dialysate sodium. Overall,
significant differences were observed in some comparisons with a trend for lower BPV during day-time 2 and higher BVP during
night-time 2 with low dialysate sodium. In conclusion, low dialysate sodium concentration does not affect BPV levels in patients
with IDH. Future research should explore alternative interventions to reduce BP and BPV in this high-risk population.
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INTRODUCTION
Patients with end-stage kidney disease (ESKD) undergoing hemo-
dialysis have an increased risk for cardiovascular events and
mortality [1]. Hypertension is considered the most common
modifiable cardiovascular risk factor in these individuals, with an
estimated prevalence around 85% [2]. The typical trajectory of blood
pressure (BP) through the intra- and interdialytic interval is a rapid
decrease in BP during hemodialysis, as a response to ultrafiltration,
followed by a progressive increase during the interdialytic interval in
parallel to sodium and water accumulation [2–4]. However, a smaller
subset, approximately 10–15% of the dialysis population, experience
a deviant response, i.e. a “paradoxical” rise in BP during or
immediately after dialysis, a phenomenon known as “intradialytic
hypertension” (IDH) [5, 6]. Individuals with IDH exhibit an increased
risk for cardiovascular events, cardiovascular and all-cause mortality,
compared to patients displaying the usual pattern of BP fall during
dialysis [7–9].
Blood pressure variability (BPV) refers to BP fluctuations over

time and can be distinguished into very short-term (beat-by-beat),
short-term (within 24 h), mid-term (day-by-day) and long-term
(visit-to-visit) BPV based on the duration of measurement [10, 11].

Very short-term and short-term BPV represent a multifactorial
response of neural, vascular, humoral and rheological mechanisms
to environmental and behavioral stimuli, whereas mid-term BPV is
mostly influenced by behavioral factors and long-term BPV by
treatment-related factors and the process of ageing [10, 11].
Ambulatory blood pressure monitoring (ABPM) is used for the
assessment of short-term and mid-term BPV, whereas office BP
readings over relevant interval are usually used to evaluate long-
term BPV.
Several studies assessed BPV in ESKD patients, producing

several interesting observations. Patients with ESKD are probably
the patient group with the highest BPV [12], which is similar to
hemodialysis and peritoneal dialysis patients [13]. Further, in
hemodialysis patients BPV appears significantly increased from
the 1st to the 2nd day of the interdialytic interval [4], while several
lines of evidence convincingly show and that increased intradia-
lytic, short- and long-term BPV is associated with higher risk of
cardiovascular events and mortality in this individuals indepen-
dently of BP levels [14–16]. Based on these observations, strategies
to reduce BPV could be beneficial to reduce cardiovascular risk in
hemodialysis patients.
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Studies evaluating BPV in patients with intradialytic hyperten-
sion are extremely rare. In a case-control study using ambulatory
BP monitoring (ABPM), our group observed sustained higher BP
levels during the whole 48 h interval in patients with IDH
compared to hemodialysis patients without the phenomenon,
whereas no significant differences were observed in short-term
BPV [17]. A subsequent work that examined two different
pharmacological interventions (nebivolol and irbesartan) in
patients with IDH demonstrated a significant reduction in post-
dialysis and 24 h BP with both drugs, while nebivolol was also
associated with a reduction in BPV [18]. A few studies have
previously investigated the effect of low dialysate sodium
concentrations on, mainly peridialytic, BP levels in patients with
IDH with promising results [19–21]. In a randomized crossover
study, we recently showed that low dialysate sodium significantly
reduced intradialytic, post-dialysis and 48-h BP levels in IDH
patients [22]. As of this writing, no study has evaluated the effects
of any non-pharmacological intervention on BPV in these
individuals. Thus, the aim of this analysis was to examine the
effect of low (137mEq/L) compared to standard (140 mEq/L)
dialysate sodium on short-term BPV during a 48-h intra- and
interdialytic period in patients with IDH.

MATERIALS AND METHODS
Study Participants
This is a (pre-specified) secondary analysis of a randomized, single-blind
(participants were blinded), crossover study, that enrolled 30 patients from
four hemodialysis units, three located in Greece and one in Slovenia,
examining, as primary outcome, the effect of low versus standard dialysate
sodium concentration on 48 h ambulatory BP in patients with IDH
(NCT05430438), as described elsewhere [22]. Inclusion criteria were: (1)
adult patients with ESKD on a standard thrice-weekly hemodialysis
schedule for > 3 months; (2) IDH, defined as SBP rise ≥ 10mmHg pre- to
post-dialysis for at least 4 out of 6 consecutive hemodialysis sessions; (3)
patients at dry weight, as assessed by clinical criteria; (4) informed written
consent. Exclusion criteria were: (1) post-dialysis SBP < 130mmHg in at
least 4 out of 6 consecutive hemodialysis treatments during the selection
period prior to study enrollment; (2) non-functional arteriovenous fistula in
the contralateral brachial arm area of the one used for vascular access that
could interfere with proper ABPM recording; (3) contraindications for the
intervention of low dialysate sodium (e.g., frequent hypotensive episodes
requiring fluid resuscitation); (4) pre-dialysis serum sodium < 130mEq/L or
> 142mEq/L at recruitment; (5) modification of dry weight or antihyper-
tensive treatment during one month prior to enrollment; (6) hospitalization
for any cause during one month prior to enrollment; (7) history of seizures
or dialysis disequilibrium syndrome; (8) active malignancy or any
comorbidities with poor prognosis. The study protocol was approved by
the Ethics Committee of the School of Medicine, Aristotle University of
Thessaloniki and all procedures were performed according to the
Declaration of Helsinki (2013 Amendment).

Study protocol
Patients were assessed for eligibility based on records of peridialytic BP
measurements of a 2-week period to confirm the presence of IDH.
Triplicate BP measurements were obtained, while patients were seated on
the dialysis chair, with a validated device, i.e. Omron M3, according to
European Society of Hypertension recommendations. Demographic and
anthropometric characteristics, medical history, medication, co-morbid-
ities, and other dialysis-related parameters were recorded for every
participant. Eligible subjects had a baseline evaluation, performed before a
mid-week dialysis session; among others, peridialytic and intradialytic BP
were assessed with the Mobil-O-Graph device. After baseline assessment,
patients were randomly assigned to two groups, which received the two
interventions in the opposite order. The first group (group A) received low,
i.e. 137 mEq/L, dialysate sodium followed by standard, i.e. 140mEq/L
dialysate sodium concentration and the second (group B) standard
dialysate sodium followed by low dialysate sodium concentration.
According to the randomization arm, participants underwent 4 hemodia-
lysis sessions, starting from a mid-week session (i.e., Wednesday or
Thursday), with low or standard dialysate sodium concentration. A 2-week
washout period with standard dialysate sodium of 140mEq/L followed for

both groups, after which participants underwent another set of 4
hemodialysis sessions with the opposite dialysate sodium concentration.
Before the start of the 4th session on each dialysate sodium level, patients
were assessed with lung ultrasound and the 48 h ABPM started.
In each dialysis session, ultrafiltration volume was determined based on

the participants’ prespecified dry weight, defined according to standard
clinical criteria. Dry-weight and antihypertensive medication were not
allowed to change during the study. Participants were also instructed to
continue their usual daily activities, including physical activity, food and
water intake, and follow their regular medication over the study period.

Ambulatory BP monitoring
ABPM was performed with the Mobil-O-Graph NG (IEM, Stolberg,
Germany), an automated oscillometric monitor previously validated for
brachial BP measurement [23]. The recording began before a mid-week
dialysis session (i.e. the 4th session of each study period) and lasted for a
complete 48 h period. The device was placed on the non-fistula arm with
appropriate-size cuffs and recorded BP every 20min during day-time (7:00
to 22:59) and every 30min during night-time (23:00 to 6:59). Recordings
were included in the analysis if > 80% of the total readings were valid and
≤ 2 non-consecutive day-hours had fewer than 2 valid measurements and
≤ 1 night-hour had no valid reading. In case of invalid recordings, dialysate
sodium remained the same and the ABPM was repeated one week later. To
minimize the possible effect of manual BP measurements on BPV, only
measurements recorded at the time intervals at which the device was
programmed to measure BP were used in this analysis.

BP variability parameters
The following BPV parameters of brachial SBP and DBP were calculated
based on the ABPM recordings:

1. Standard deviation (SD), calculated as: SD ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1
N�1

PN
k¼1jBPkþ1 � BP

q

j;N,
the number of valid BP measurements, BP, average of ABPM
readings.

2. Coefficient of variation (CV), defined as the ratio of the SD to the
mean BP and calculated as: CV ¼ SD

mean BP ´ 100.
3. Weighted SD (wSD), defined as the average of daytime and

nighttime SD of BP, each weighted for the duration of the day-
and nighttime periods, respectively and calculated as: wSD ¼
daytime SD ´ daytime hrsð Þþðnighttime SD ´ nighttime hrsÞ

24hourperiod

4. Average real variability (ARV), defined as the average of the absolute
differences between consecutive BP measurements and calculated
as: ARV ¼ 1

N�1

PN�1
k¼1 jBPkþ1� BPkj; N, the number of valid BP

measurements, BPk, BP at measurement number k.

All BPV parameters were calculated for the 48 h period starting
immediately before the beginning of the session and including a complete
intra- and interdialytic period (day 1= 24 h period including dialysis and day
2= the following 24 hour period). Day-time periods were from 07:00 to 22:59
and night-time periods from 23:00 to 06:59. For patients dialyzing in the 1st
shift the start of the 24 h period matched the start of the day-time periods,
including consecutive hours, as performed elsewhere [17, 24]. For patients in
the 2nd and 3rd dialysis shifts, the day-time periods did not include
consecutive time (i.e. for a patient starting dialysis in the 2nd shift at 12:00,
the daytime of day 1 for the 48 h period was considered the time between
12:00 and 23:59 followed by the time of the following morning between
07:00 and 11:59). Night-time periods were from 23:00 to 06:59.
The dipping pattern of nocturnal BP was calculated with the following

formula: 1− (mean night/mean day) ratio of SBP (%). Patients were divided
into three categories: dippers, with a nocturnal SBP fall of > 10% and
≤ 20%; non-dippers, with a fall of ≥0% and ≤ 10%; and reverse dippers,
with a nocturnal SBP increase.

Statistical analysis
Statistical analysis was performed with Statistical Package for Social
Sciences version 22.0 (SPSS Inc, Chicago, IL, USA). Continuous variables
were presented as mean ± SD or median and interquartile range [Q1, Q3]
depending on the normality, while categorical variables are expressed as
frequencies and percentages (n, %). Shapiro-Wilk test was applied to
examine the normality of distribution for continuous variables. Paired
Student t-test or Wilcoxon’s signed rank test were used, depending on the
normality of distribution, to investigate differences between low versus
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standard dialysate sodium in BPV parameters. Wilcoxon signed rank test
was used to assess the difference between the three different categories of
dipping pattern. A p-value < 0.05 (two-tailed) was considered statistically
significant in all comparisons.

RESULTS
Baseline characteristics
Baseline demographic, clinical, and laboratory characteristics of
the study population are presented in Table 1. The flowchart of
study participants is illustrated in Supplemental Fig. 1. Thirty
participants fulfilled the inclusion/exclusion criteria;14 were
randomized to group A and 16 to group B. Among them, 9
participants had to repeat one measurement due to an invalid
recording; 3 of them repeated the ABPM during the standard
dialysate sodium phase and 5 during the low dialysate sodium
phase. One patient randomized to group A with an invalid first
48 h ABPM refused to repeat the recording and withdrew consent.
Thus, a total of 29 patients (17 male and 12 female) with mean age
of 64.6 ± 17.6 and median hemodialysis vintage 28.7 [8.3, 69.8]
months were included in this analysis. Among major co-
morbidities, all the participants had hypertension, 41.4% had
diabetes mellitus, 37.9% had coronary heart disease and 31% had
peripheral vascular disease. The most common antihypertensive
drug classes were calcium channel blockers (CCBs) and β-blockers,
both administered to 62.1% of the study population. Intradialytic
(SBP/DBP: 141.4 ± 18.0/85.0 ± 13.4 mmHg with low vs 147.5 ± 13.6/
88.1 ± 12.5 mmHg with standard dialysate sodium, p= 0.034/
p= 0.013, respectively), post-dialysis (SBP/DBP: 150.3 ± 22.3/
91.2 ± 15.1 mmHg with low vs. 166.6 ± 17.3/94.5 ± 14.9 mmHg
with standard dialysate sodium, p < 0.001/p= 0.134 respectively)
and 48 h SBP/DBP (137.6 ± 17.0/81.4 ± 13.7 mmHg with low vs.
142.9 ± 14.5/84.0 ± 13.9 mmHg with standard dialysate sodium,
p= 0.005/p= 0.007 respectively) were significantly reduced with
low compared to standard dialysate sodium concentration.

Effect of low dialysate sodium on 48 h and 24 h BPV
parameters
The short-term BPV indices of SBP and DBP during the complete
48 h, intradialytic and the 24 h periods with the two different
dialysate sodium concentrations are presented in Table 2. During
the 48 h period, systolic BPV indices did not differ between
low and standard dialysate sodium concentration (SBP-SD:
17.16 ± 5.34 vs. 16.99 ± 4.33mmHg; p= 0.808; SBP-wSD:
16.08 ± 4.99 vs. 16.13 ± 4.16 mmHg, p= 0.943; SBP-CV:
12.46 ± 3.58 vs. 11.93 ± 3.18%, p= 0.201 and SBP-ARV:
12.22 ± 3.70 vs. 11.37 ± 3.34 mmHg, p= 0.181 with low vs.
standard dialysate sodium, respectively, Fig. 1A, B). Similarly, no
significant differences between the two dialysate sodium con-
centrations in systolic BPV parameters were observed during the
1st or the 2nd 24 h period, with an exception of SBP-CV over the
1st 24 h (12.73 ± 4.01 mmHg with low vs. 11.42 ± 3.63 mmHg with
standard dialysate sodium, p= 0.006). During the intradialytic
period, all BPV indices were higher with low compared to standard
dialysate sodium); however, none of these differences reached
statistical significance (Table 2).
With regards to diastolic BPV indices, 48 h BPV parameters

studies were slightly lower with low compared to standard
dialysate sodium, but without statistical significance (DBP-SD:
11.30 ± 2.82 vs. 11.50 ± 2.58 mmHg; p= 0.626; DBP-wSD:
10.71 ± 2.75 vs. 10.95 ± 2.49mmHg, p= 0.542; DBP-CV:
14.12 ± 4.01 vs. 14.01 ± 4.13%, p= 0.817 and DBP-ARV:
8.27 ± 2.44 vs. 8.49 ± 1.93 mmHg, p= 0.561 with low vs. standard
dialysate sodium, respectively, Fig. 1C, D). During the separate 24 h
periods, no significant between-group differences in diastolic BPV
indices were noted, although a similar pattern of numerically
lower values with the low dialysate sodium was observed for all
BPV parameters during the 2nd 24 h period.

Effect of low dialysate sodium on BPV parameters during day-
time and night-time periods
BPV parameters of SBP and DBP during the day-time (Day-time 1
and Day-time 2) and night-time (Night-time 1 and Night-time 2)
periods of the 48 h total observation period are presented in
Table 3. During Day-time 1, all systolic and diastolic BPV indices

Table 1. Baseline demographic, clinical and laboratory characteristics
of the study participants.

Parameter Value

N 29

Age (years) 64.6 ± 17.6

Male Gender (n, %) 18 (58.6%)

Dialysis vintage (months) 28.70 [8.3, 69.8]

Dry weight (kg) 68.97 ± 15.41

UF rate (liters per hour) 0.48 ± 0.24

IDWG (kg) 1.7 ± 0.91

BMI (kg/m2) 24.58 ± 4.78

Primary cause of ESKD

Diabetic kidney disease (n, %) 7 (24.1%)

Hypertension or ischemic renal disease (n, %) 5 (17.2%)

Glomerulonephritis (n, %) 3 (10.3%)

Inherited diseases (n, %) 1 (3.4%)

Tubulointerstitial nephritis (n, %) 2 (6.9%)

Other (n, %) 1 (3.4%)

Unknown (n, %) 10 (34.5%)

Comorbidities

Hypertension (n, %) 29 (100%)

Diabetes mellitus (n, %) 12 (41.4%)

Coronary Heart Disease (n, %) 11 (37.9%)

Heart failure (n, %) 12 (41.4%)

Peripheral Vascular Disease (n, %) 9 (31.0%)

Smoking (n, %) 13 (44.8%)

Antihypertensive medication

Number of antihypertensive drugs

0 drugs (n, %) 3 (10.3%)

1 drug (n, %) 3 (10.3%)

2 drugs (n, %) 6 (20.7%)

3 drugs (n, %) 6 (20.7%)

4 drugs (n, %) 6 (20.7%)

≥ 5 drugs (n, %) 5 (17.2%)

Type of antihypertensive drugs

ACEIs (n, %) 1 (3.4%)

ARBs (n, %) 10 (34.5%)

CCBs (n, %) 18 (62.1%)

β-blockers (n, %) 18 (62.1%)

Loop diuretics (n, %) 17 (58.6%)

Centrally active agents (n, %) 5 (17.2%)

α blockers (n, %) 11 (37.9%)

ESA treatment (n, %) 24 (82.8%)

US-B lines 8 [5–13]

ACEIs Angiotensin converting-enzyme inhibitors, ARBs Angiotensin II
receptor blockers, BMI Body mass index, CCBs Calcium channel blockers,
ESA Erythropoietin stimulating agent, ESKD End-stage kidney disease, IDWG
Intradialytic weight gain, UF Ultrafiltration, US Ultrasound.
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did not differ significantly between the two dialysate sodium
concentrations (SBP-ARV: 12.07 ± 4.05 vs. 11.76 ± 4.50 mmHg,
p= 0.679; DBP-ARV: 8.23 ± 2.91 vs. 7.91 ± 2.18 mmHg, p= 0.580).
Of note, during Day-time 2 all BPV parameters studied, with
the exception of SBP-ARV, were considerably lower with the
low dialysate sodium, with the difference being statistically
significant only for DBP-SD (10.10 ± 3.11 vs. 11.40 ± 3.16 mmHg,
p= 0.048).
With regards to night-time periods, non-significant differences

were observed in all systolic and diastolic BPV indices examined
during Night-time 1 (Table 3). During Night-time 2, all BPV
parameters were numerically higher with the low compared to
standard dialysate sodium, in contrast with what happened in
most indexes during Day-time 2; these differences were statisti-
cally significant only for SBP-CV and SBP-ARV (SBP-CV: 10.60 ± 4.56
vs. 9.05 ± 3.59%, p= 0.044 and SBP-ARV: 12.33 ± 5.74 vs.
10.45 ± 3.71 mmHg, p= 0.041 with low vs. standard dialysate
sodium, respectively).

Sensitivity analyses
Supplementary Table 1 presents the differences in 48 h BPV
indices between low and high sodium dialysate in patients that
were not on loop diuretics at baseline (n= 13); no significant
differences in all 48 h BPV indices studied were detected.
Supplementary Table 2 shows the differences in systolic
and diastolic BPV indices during the 48 h with low vs standard
dialysate sodium among patients treated with (n= 18)
and without β-blockers (n= 11). There were not significant
differences in BPV indices studied between low vs high
sodium dialysate, except for 48 h DBP wSD and 48 h DBP CV
that were higher with the high sodium dialysate in patients that
were not receiving β-blockers. Similar observations were made
regarding patients receiving or not α-blockers (Supplementary
Τable 3).

Dipping pattern
Table 4 presents the dipping profile of the study participants during
the 1st and the 2nd 24 h period. Νo significant differences were
observed in the dipping pattern between low and standard
dialysate sodium, during both the 1st 24 h (27.6%, 51.7% and
20.7% with low vs. 17.2%, 72.4% and 10.3% with standard dialysate
sodium, p= 0.714) and the 2nd 24 h period (51.7%, 41.4%, and 6.9%
with low vs. 34.5%, 55.2% and 10.3% with standard dialysate
sodium, p= 0.167, for reverse dippers, non-dippers and dippers,
respectively). Supplementary Tables 4 and 5 present the compar-
isons of 48 h BPV indices between non-dippers and reverse dippers
with the low and high sodium dialysate, respectively. No significant
between-group differences were detected in all studied BPV indices
with both low and high dialysate sodium concentration.

DISCUSSION
This is a prespecified secondary analysis of a randomized
crossover study examining the effect of low (137mEq/L) versus
standard (140 mEq/L) dialysate sodium concentration on BPV
indices during a complete 48 h period in patients with IDH.
Ambulatory 48 h SBP/DBP was significantly lower with low
dialysate sodium, with an observed mean difference of
−5.3/−2.6 mmHg, compared with standard dialysate sodium
concentration. However, in this analysis we noted no significant
differences in BPV parameters during the 48 h period between low
and standard dialysate sodium. Overall, this pattern of non-
significant differences was consistent across the different 24 h
periods, with an exception of SBP-CV during the 1st 24 h period. A
trend towards non-significant decreases during the Day-time 2
was observed with the low dialysate sodium; a reverse trend
towards higher values with the low compared to standard
dialysate sodium was noted in all BPV indices during night-time
2, which was statistically significant only for SBP-ARV and SBP-CV.

Table 2. Systolic and diastolic BPV indices during the 48 h, intradialytic and 24 h periods with low vs standard dialysate sodium.

Parameter Low dialysate
sodium

Standard
dialysate sodium

p-value Parameter Low dialysate
sodium

Standard
dialysate sodium

p-value

Systolic BPV indices Diastolic BPV indices

48 h 48 h

SD (mmHg) 17.16 ± 5.34 16.99 ± 4.33 0.808 SD (mmHg) 11.30 ± 2.82 11.50 ± 2.58 0.626

wSD (mmHg) 16.08 ± 4.99 16.13 ± 4.16 0.943 wSD (mmHg) 10.71 ± 2.75 10.95 ± 2.49 0.542

CV (%) 12.46 ± 3.58 11.93 ± 3.18 0.201 CV (%) 14.12 ± 4.01 14.01 ± 4.13 0.817

ARV (mmHg) 12.22 ± 3.70 11.37 ± 3.34 0.181 ARV (mmHg) 8.27 ± 2.44 8.49 ± 1.93 0.561

Intradialytic Intradialytic

SD (mmHg) 13.35 ± 6.29 11.87 ± 5.25 0.180 SD (mmHg) 8.55 ± 4.39 7.20 ± 2.88 0.086

CV (%) 9.33 ± 3.96 7.99 ± 3.26 0.081 CV (%) 10.25 ± 5.74 8.20 ± 3.21 0.05

ARV (mmHg) 10.02 ± 6.81 9.51 ± 5.12 0.718 ARV (mmHg) 6.44 ± 4.76 5.41 ± 2.69 0.294

1st-24 h 1st-24 h

SD (mmHg) 17.46 ± 5.75 16.38 ± 5.04 0.14 SD (mmHg) 11.34 ± 3.05 11.00 ± 2.83 0.496

wSD (mmHg) 15.80 ± 5.50 15.55 ± 4.80 0.72 wSD (mmHg) 10.38 ± 2.99 10.37 ± 2.70 0.985

CV (%) 12.73 ± 4.01 11.42 ± 3.63 0.006 CV (%) 14.14 ± 4.41 13.34 ± 4.22 0.204

ARV (mmHg) 12.06 ± 3.81 11.37 ± 3.58 0.285 ARV (mmHg) 8.25 ± 2.68 8.11 ± 1.99 0.752

2nd-24 h 2nd-24 h

SD (mmHg) 16.16 ± 5.54 16.22 ± 4.44 0.947 SD (mmHg) 10.76 ± 3.07 11.48 ± 2.82 0.194

wSD (mmHg) 15.15 ± 4.83 15.20 ± 4.28 0.953 wSD (mmHg) 10.10 ± 2.76 10.80 ± 2.62 0.184

CV (%) 11.69 ± 3.67 11.42 ± 3.01 0.611 CV (%) 13.51 ± 4.26 14.02 ± 4.17 0.413

ARV (mmHg) 12.36 ± 4.11 11.39 ± 3.97 0.248 ARV (mmHg) 8.29 ± 2.42 8.84 ± 2.60 0.297

ARV Average real variability, BPV Blood pressure variability, CV Coefficient of variation, SD Standard deviation, wSD weighted SD.
Statistically significant p < 0.05 values are in bold.
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The mechanistic background of IDH is multifactorial and
involves several pathophysiological pathways, including volume
and sodium overload, overactivity of sympathetic nervous system
(SNS) and renin-angiotensin-aldosterone system (RAAS), endothe-
lial dysfunction, and increased arterial stiffness [5, 6]. Among
them, volume overload is considered to play a key role in the
pathogenesis of the phenomenon and represents a rather
consistent finding in these individuals. Evidence deriving from
previous studies have shown that patients with IDH have higher
percentage of total and extracellular water, as assessed with
bioimpedance spectroscopy, compared to those without the
phenomenon [25, 26]. A positive sodium gradient during
hemodialysis has been also suggested to contribute in the
development of IDH, through either an increase in IDWG [27], or
a reduction in endothelial NO release, leading to vasoconstriction
and increased peripheral vascular resistance [28]. SNS over-
activation has been proposed to be another mechanism
implicated in the pathophysiology of IDH. A study in 108
hemodialysis patients, showed that IDH episodes were associated
with synchronous increases in heart rate and BPV, along with
decreased baroreceptor sensitivity and enhanced sympatho-vagal
balance; these findings support the hypothesis of an enhanced

sympathetic outflow with feed-forward effects on BP in these
individuals [29].
BPV components are determined by the complex interactions of

cardiovascular regulatory mechanisms, humoral and rheological
mechanisms, combined with environmental, emotional and beha-
vioral factors [11]. In hemodialysis patients, we previously assesed
BPV during the complete interdialytic interval and showed that BPV
indices were particularly high and were all significantly increased,
along with ambulatory BP, during the 2nd compared to the 1st
24 hour period [4]. Data regarding BPV levels in IDH patients are
extremely rare. In a case-control study of our group including 41
patients with IDH and 82 controls, 48 h SBP/DBP levels were
significantly higher in IDH patients. Overall, BVP indexes did not
differ significantly between the two groups, although SBP-SD and
SBP-wSD were numerically higher in cases compared to controls
[17]. Increased BPV in the ESKD may be partly attributed to
enhanced central sympathetic drive and impaired baroreflex
function, suggesting that SNS overactivation is a potential common
mechanism for both IDH and increased BPV [30].
Studies examining the effects of BP lowering strategies on BPV

in dialysis patients are rare. Α randomized study in 40
hemodialysis patients showed lower 24 h SBP and DBP-CV values

Fig. 1 Differences between low and standard dialysate sodium in 48-h SBP and DBP variability indices. A Differences in 48-h SBP-wSD, B
Differences in 48-h SBP-ARV, C Differences in 48-h DBP-wSD, and D Differences in 48-h DBP-ARV.
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with losartan compared to treatment with any antihypertensive
medication other than RAAS blockers [31]. Among non-
pharmacological measures to reduce BP, the effect of dry-
weight probing on short-term BPV was studied by our group in
a randomized study in 71 hemodialysis patients. All SBP- and DBP-
BPV indices, except 48 h SBP-CV and DBP-CV, were numerically
lower after lung ultrasound guided dry-weight reduction, but not
significantly different from baseline, despite a significant reduc-
tion in 48 h ambulatory BP [24]. With regards to dialysate sodium,
one non-randomized study including 40 hemodialysis patients,
previously showed a reduction in one-week average home systolic
BPV-CV (home BP defined as average of 2 morning and 2 evening
BP readings) after 8 weeks of low (136mEq/L) dialysate sodium
[32]. The only study examining BPV changes after a pharmaco-
logical intervention in IDH, evaluated in a randomized crossover
design the effect of nebivolol and irbesartan on short-term BPV
and demonstrated that 24 h, intradialytic and day-time systolic,
but mostly diastolic BPV parameters were significantly reduced
after nebivolol treatment [18]. Our study is the first to evaluate a
non-pharmacological intervention, i.e. lowering dialysate sodium
concentration, on short-term BPV indices in patients with IDH. It
showed that low dialysate sodium, despite significantly reducing
ambulatory BP levels through the whole interdialytic interval, has
no sustained effect on BPV during the 48 h, 24 h or other specific
time intervals. This finding can be explained by the mechanisms
that mediate the studied phenomena. As has been previously
suggested, changes in BPV may not be primarily attributed to
change of BP per se and, thus, BPV decrease may not always
follow BP decrease; changes in BPV depends rather on modifica-
tion of the responsible pathogenetic mechanisms, i.e., SNS
hyperactivity or reduced arterial compliance, which may be
affected by specific but not all BP-lowering interventions [24]. In
this case, SNS overactivation appears to be a common underlying
mechanism for both IDH and increased BPV [30, 33]. However,
other mechanisms contributing to IDH phenomenon, such as
volume and sodium overload, may not be equally implicated in
the pathogenesis of BPV. This notion is in perfect line with the
previous observations in the field, such as reduction of BPV with

nebivolol, a β-blocker interfering with SNS overactivation, but not
irbesartan, in patients with IDH [18], as well as with the absence of
effect in short-term BPV after applying a dry weight probing
strategy [24]. Overall, all these strategies were effective in
reducing ambulatory BP, but only one, i.e., β-blockade, was
effective to reduce BPV, as it interfered with the most potent
pathogenetic mechanism of BPV, i.e., SNS overactivation [33].
This study has strengths and limitations. It is the first study

investigating the effect of low versus standard dialysate sodium
concentration on BPV in patients with IDH in this population. It
followed a careful randomized cross-over design, included a
sufficient washout period of two weeks to avoid carryover effects
and had a low drop out rate, as only 1 patient had invalid ABPM
and refused to continue. Our main limitation is that our sample
size was calculated based on the primary outcome of 48 h SBP, so
this study may not be powered to detect changes in BPV indices.
In addition, in this trial, we did not use individualized dialysate
sodium for each patient and did not measure serum sodium in
each phase of the study to detect changes in pre-dialysis sodium;
we opted for a standard dialysate sodium concentration of
137mEq/L for all participants, and not a lower level, that was
deliberately made to avoid intradialytic complications, along with
the longer exposure to standard dialysate sodium of 140 mEq/L,
due to its use during the washout period, may have obscured
higher between-group differences.
In conclusion, this is the first study examining the effect of low

compared to standard dialysate sodium concentration on 48 h
short-term BPV indices in patients with IDH. We showed that low
dialysate sodium had no significant effect on BPV indices, despite
the significantly lower ambulatory BP levels compared to standard
dialysate sodium. These findings suggest that BP reducing
measures may not have a parallel effect on BPV and therapeutic
approaches that target common specific pathogenetic mechan-
isms of increased BP and BPV should be preferred in these
individuals. As the full spectrum of BPV determinants is far from
fully elucidated in clinical studies, future parallel-designed trials,
powered to detect changes in BPV should further explore
alternative interventions that effectively reduce BPV levels in

Table 3. Systolic and diastolic BPV indices during the day-time and night-time periods of the 48 h interval with low vs standard dialysate sodium.

Parameter Low dialysate
sodium

Standard dialysate
sodium

p-value Parameter Low dialysate
sodium

Standard dialysate
sodium

p-value

Systolic BPV indices Diastolic BPV indices

Day-time 1 Day-time 1

SD (mmHg) 16.62 ± 5.45 16.55 ± 5.28 0.945 SD (mmHg) 10.81 ± 3.09 10.82 ± 3.23 0.995

CV (%) 12.03 ± 3.74 11.44 ± 3.82 0.317 CV (%) 13.37 ± 4.75 12.97 ± 4.65 0.614

ARV (mmHg) 12.07 ± 4.05 11.76 ± 4.50 0.679 ARV (mmHg) 8.23 ± 2.91 7.91 ± 2.18 0.580

Day-time 2 Day-time 2

SD (mmHg) 15.45 ± 5.02 16.22 ± 5.08 0.453 SD (mmHg) 10.10 ± 3.11 11.40 ± 3.16 0.048

CV (%) 11.23 ± 3.28 11.39 ± 3.53 0.812 CV (%) 12.59 ± 3.69 13.76 ± 4.20 0.122

ARV (mmHg) 12.61 ± 4.21 11.50 ± 4.13 0.240 ARV (mmHg) 8.19 ± 2.39 8.83 ± 2.64 0.238

Night-time 1 Night-time 1

SD (mmHg) 14.16 ± 7.77 13.53 ± 5.67 0.598 SD (mmHg) 9.51 ± 4.11 9.47 ± 3.29 0.959

CV (%) 10.53 ± 5.54 9.57 ± 3.45 0.252 CV (%) 12.35 ± 5.60 11.78 ± 4.07 0.479

ARV (mmHg) 11.68 ± 6.29 10.94 ± 3.33 0.515 ARV (mmHg) 8.63 ± 4.65 9.09 ± 3.70 0.60

Night-time 2 Night-time 2

SD (mmHg) 14.54 ± 6.10 12.68 ± 5.52 0.121 SD (mmHg) 10.10 ± 3.71 9.46 ± 3.37 0.426

CV (%) 10.60 ± 4.56 9.05 ± 3.59 0.044 CV (%) 12.90 ± 5.82 11.86 ± 4.86 0.287

ARV (mmHg) 12.33 ± 5.74 10.45 ± 3.71 0.041 ARV (mmHg) 8.74 ± 3.97 8.67 ± 3.07 0.924

ARV Average real variability, BPV Blood pressure variability, CV Coefficient of variation, SD Standard deviation, wSD Weighted SD.
Statistically significant p < 0.05 values are in bold.
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patients with IDH. Furthermore, additional research is needed to
investigate the potential association of BPV reduction with better
cardiovascular outcomes in these individuals.

SUMMARY

What is known about this topic

● Patients with intradialytic hypertension (IDH) have an
increased cardiovascular risk compared to hemodialysis
patients exhibiting the usual BP fall during dialysis. Increased
blood pressure (BP) variability (BPV) is also associated with
high cardiovascular risk in hemodialysis patients and may
contribute to the higher cardiovascular risk in these indivi-
duals.

● The impact of non-pharmacological BP-lowering interventions
on BPV in this population has not been previously studied.

What this study adds

● This is the first study examining the effect of low (137 mEq/L)
compared to standard (140 mEq/L) dialysate sodium concen-
tration on 48-h short-term BPV parameters in patients
with IDH.

● Low dialysate sodium had no significant effect on BPV indices
during the 48-h period, despite the significantly lower
ambulatory BP levels compared to standard dialysate sodium.

DATA AVAILABILITY
Access to trial data can be made available to researchers upon reasonable request to
the corresponding author.
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