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Introduction: Intradialytic hypertension is not an uncommon condition during chronic hemodialysis. It is

associated with unfavorable cardiovascular outcomes, including hospitalization and mortality. Several

small studies have demonstrated the contradictory effects of different dialysate potassium concentrations

on intradialytic blood pressure. This study is a randomized crossover trial aiming to evaluate the effects of

different dialysate potassium concentrations on intradialytic hypertension.

Methods: A 24-week, 2-treatment, 4-sequence, multicenter, double-blinded, randomized, crossover study

was conducted at Maharaj Nakorn Chiang Mai Hospital and Lampang Hospital in Thailand among stable

patients receiving chronic hemodialysis who experienced intradialytic hypertension >30% of their ses-

sions over the past 3 months. Each participant was randomly assigned to 1 of 4 treatment sequences.

During each intervention period, patients were dialyzed with dialysate potassium of either 2 mmol/l (D-K2)

or 3 mmol/l (D-K3) for 4weeks according to their preassigned sequence, separated by a 2-week washout

period. The primary outcome was the incidence of intradialytic hypertension.

Results: Forty eligible patients were recruited. The mean age was 61.4 � 14.2 years and the mean systolic

blood pressure (SBP) was 146.6 � 11.2 mm Hg. Of the 40 patients, 95.5% had hypertension and their

average number of antihypertensive drugs was 2.8 � 1.9. A total of 1380 dialysis sessions were included in

the analysis (695 sessions for D-K2 and 685 sessions for D-K3). The incidence of intradialytic hypertension

was not significantly different between different dialysate potassium concentrations (D-K2 54.7% vs. D-K3

53.1%, P ¼ 0.788). The changes in SBP, diastolic blood pressure (DBP), and mean arterial pressure (MAP)

were not different between the 2 dialysate potassium groups.

Conclusion: Dialysate potassium concentration of 2 or 3 mmol/l did not affect the incidence of intradialytic

hypertension in patients receiving chronic hemodialysiswho frequently developed intradialytic hypertension.
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I
ntradialytic hypertension is not an uncommon
complication during hemodialysis. The incidence of

intradialytic hypertension in patients receiving chronic
hemodialysis is 5% to 15%.1,2 The definition of intra-
dialytic hypertension is either an increase in SBP greater
than 10 mm Hg or an increase in MAP greater than 15
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mm Hg during hemodialysis compared to the predialysis
values.2,3 Several studies reveal significant associations
between the rise in intradialytic blood pressure and
unfavorable clinical outcomes.4 It was discovered that
every 10 mm Hg increase in SBP was associated with a
6% increase in the mortality of patients undergoing
hemodialysis.5 Moreover, after a 2-year follow-up, mor-
tality rate among those who experienced intradialytic
hypertension was 37%, compared with 32.6% in those
who did not.5 A 6-month comparative study found that
patients with intradialytic hypertension had 2.17 greater
rate of hospital admission and mortality.6 Another study
revealed that patients who had a 5 mm Hg increase in
1323
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intradialytic blood pressure had a 3.9 higher mortality
rate, after a 4-year follow-up.7

Intradialytic hypertension is caused by multiple
contributing mechanisms, including high interdialytic
weight gain, hypervolemic state, increase in serum
endothelin-1, decrease in serum nitric oxide, renin-
angiotensin-aldosterone system activation, sympathetic
overactivity, increase in arterial stiffness, dialysable
antihypertensive agent usage, erythropoietin adminis-
tration, and high dialysate sodium and calcium concen-
tration.4,8-14 Several preventive approaches, including
reduction of interdialytic weight gain, prescription of
nondialysable antihypertensive medication, adjustment
of dialysis regimen, and modification of dialysate sodium
and calcium concentrations were proposed to alleviate
the occurrence of intradialytic hypertension.9,11-14

Potassium was one of the most concerning electro-
lytes required to be removed during hemodialysis.
Dialysate potassium concentration ranged from 1 to 4
mEq/l according to serum potassium status.15 Generally,
dialysate potassium concentration of 2 to 3 mmol/l was
used in hemodynamically stable patients to ensure that
predialysis serum potassium was less than 6 mmol/l.16,17

However, the effects of dialysate potassium concentra-
tion on intradialytic blood pressure were still elusive. A
prospective study18 demonstrated that using low dial-
ysate potassium concentration increased intradialytic
blood pressure. Its results displayed that using dialysate
potassium concentration of 3 mmol/l did not increase
intradialytic blood pressure, whereas an elevation in
blood pressure was observed with dialysate potassium
concentration of 1 or 2 mmol/l. On the contrary, a
crossover randomized study19 illustrated that low dial-
ysate potassium concentration decreased intradialytic
blood pressure and increased the incidence of intra-
dialytic hypotension. The Kidney Disease: Improving
Global Outcomes Controversies Conference also stated
that dialysate potassium concentration did not have
significant effects on intradialytic blood pressure.2

From contradictory findings of previous studies, the
effects of dialysate potassium concentration on intra-
dialytic hypertension especially in patients who expe-
rienced frequent intradialytic hypertension was
inconclusive. The present study aims to determine the
effect of different dialysate potassium concentrations
on intradialytic blood pressure and the incidence of
intradialytic hypertension.
METHODS
Study Participants

The eligible population group were patients with end-
stage renal disease aged 18 years or more who under-
went regular chronic hemodialysis. The key inclusion
1324
criteria were a history of intradialytic hypertension in
more than 30% of their dialysis sessions during the
past 12 weeks. Although there were no current data
defining the significant incidence of intradialytic hy-
pertension, we used the cut-point value of more than
30% because it was compatible with the definition of
frequent intradialytic hypotension.20 Intradialytic hy-
pertension was defined by either an increase in intra-
dialytic SBP greater than 10 mm Hg or an increase in
MAP greater than 15 mm Hg, compared to predialysis
values.2,3 Patients were excluded from the study if they
had serum potassium >6 mmol/l or < 3 mmol/l, active
cardiac conditions, cirrhosis, serious infection, active
malignancy, and any participation in another study.

The institutional review board at Maharaj Nakorn
Chiang Mai Hospital (reference number: 095/2564) and
Lampang Hospital (reference number: EC 65/63)
approved the study protocol, and written informed
consent was obtained from all study patients before
participation. This study adhered to the principles of
the Declaration of Helsinki and was registered on
www.thaiclinicaltrials.org (reference number:
TCTR20200604005)

Study Design

This study was a multicenter, 2-treatment, 4-sequence,
double-blind, randomized crossover study of 24 weeks
duration conducted at Maharaj Nakorn Chiang Mai
Hospital and Lampang Hospital between September
2020 and January 2022. A 24-week study period began
with a 2-week run-in period and was followed by 4
active treatment periods. Each active treatment period
took 4 weeks and was separated by a 2-week washout
period.

Randomization

Randomization was constructed by a central randomi-
zation center using a computer-generated list with a
block-of-eight random number generation with a
1:1:1:1 allocation. The participants were assigned
randomly to 1 of 4 treatment sequences (AABB, ABBA,
BAAB, BBAA) stratified by the study site. The
randomization results were assigned directly to hemo-
dialysis nurses in sealed envelopes. The study partici-
pants, the study investigators, and the attending
nephrologists were blinded to treatment allocation to
reduce potential treatment bias.

Interventions

All eligible patients entered a 2-week run-in period to
dialyze with D-K2 to reduce study discrepancies.
During this period, their demographic data, hemody-
namic profiles, and baseline laboratory values were
evaluated. Their dry weights were adjusted.
Kidney International Reports (2023) 8, 1323–1331
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Figure 1. Study flow. Intervention A: dialysate potassium concentration 2 mmol/l; Intervention B: dialysate potassium concentration 3 mmol/l.
HCC, hepatocellular carcinoma
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Hemodialysis and medical reconciliation were affirmed
to reduce the potential external effect on the intra-
dialytic blood pressure. After completing the run-in
period, the patients entered 4 treatment periods. Dur-
ing each period, they were dialyzed with either D-K2
(intervention A) or D-K3 (intervention B) according to
their prespecified treatment sequence. Each treatment
period was separated by a 2-week washout period in
which the patients were dialyzed with D-K2 to elimi-
nate the carryover effect. The flow of study design is
depicted in Figure 1.

Hemodialysis Prescription

A dialysate solution other than potassium was pre-
scribed by the attending nephrologists based on the
standard clinical practice. The usual hemodialysis
prescription was designated at a blood flow rate of 250
to 350 ml/min., a dialysate flow rate of 500 to 800 ml/
min., a dialysate sodium concentration of 135 to 145
mmol/l, a dialysate calcium concentration of 0.625
mmol/l, a dialysate bicarbonate concentration of 33 to
35 mmol/l, and a dialysate temperature of 35.5 �C to
36.5 �C. Ultrafiltration was set to achieve dry weight
concerning an interdialytic weight gain for each pa-
tient. All patients received their antihypertensive
medications, which were adjusted by the attending
Kidney International Reports (2023) 8, 1323–1331
nephrologists on both nondialysis and dialysis days to
achieve predialysis blood pressure of <140/90
mm Hg.21 In addition, food ingestion during hemodi-
alysis was not allowed.
Measurements and Outcomes

Demographic data, comorbidities, current medications,
and hemodialysis profiles were recorded at baseline.
Laboratory measurements were performed at baseline
and at the end of each study period. Clinical symptoms
during hemodialysis and intradialytic blood pressure
were documented.

The primary outcome was the incidence of intra-
dialytic hypertension over the 24-week study period.
Intradialytic hypertension was defined as an increase of
more than 10 mm Hg in intradialytic SBP compared to
predialysis SBP. Two consecutive blood pressure mea-
surements were used to confirm the presence of intra-
dialytic hypertension. The secondary outcomes
included the proportion of patients who had an in-
crease in intradialytic SBP of more than 20 mm Hg
during a 24-week study period, an average intra-
dialytic SBP during a 24-week study period, and an
average intradialytic MAP during a 24-week study
period.
1325
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The safety endpoints included the development of
frequent severe intradialytic hypertension (intra-
dialytic SBP >180 mm Hg or DBP >120 mm Hg) in
more than 3 consecutive sessions, severe intradialytic
hypotension (SBP < 90 mm Hg), fatal arrhythmia, acute
coronary syndrome, acute stroke, and serum potassium
>6 mmol/l or <3 mmol/l.

Noninvasive Blood Pressure Monitoring

Blood pressure of all patients was measured using an
OMRON HEM-7121 automatic blood pressure monitor.
Each measurement was taken 2 times with a 1-minute
interval to calculate the mean value. The blood pres-
sure values at predialysis, at every 30 minutes during
hemodialysis, and postdialysis from every dialysis
session in the study period were collected. The same
blood pressure monitor was used by the same research
assistant throughout the study period to reduce con-
founding factors that may affect the results.

Sample Size Estimation

The sample size was based on the inclusion criteria that
patients had intradialytic hypertension in at least 30%
of their dialysis sessions. No previous data were
available to estimate the reduction of intradialytic hy-
pertension by different dialysate potassium concen-
trations. We aimed to demonstrate that hemodialysis
with D-K3 would decrease the incidence of intra-
dialytic hypertension from 30% to 15%. Fifty percent
was chosen to represent a clear and significant reduc-
tion in intradialytic hypertension occurrence. The
primary study outcome was intradialytic hypertension,
which was recurring in all patients during the 4 study
periods. For a repeated measure with estimating the
covariance structure as a simple covariance structure,
39 participants were required (with a 2-sided signifi-
cance level of 5% and a power of 80%) based on an
anticipated dropout rate of 20%. The sample size was
determined using PASS statistical software version
15.0.5 (NCSS, LLC, Kaysville, Utah).

Statistical Analysis

All data were presented as mean and SD for continuous
variables, and percentages for categorical variables.
The normally distributed continuous variables between
the 2 groups were compared using the 2-tailed inde-
pendent sample t-test. The differences in categorical
variables were calculated using the Fischer exact test.
The data with skewed distribution were expressed as
median and interquartile ranges and were compared
using the Mann-Whitney U-test. We utilized a mixed-
effects logistic regression to compare the proportion of
dialysis sessions with intradialytic hypertension and
those with an increase in SBP of more than 20 mm Hg.
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We employed a linear mixed model to assess differ-
ences in predialysis blood pressure between treatment
assignment groups and the effect of treatment assign-
ments on blood pressure changes. The McNemar’s test
was utilized to compare adverse events between
groups. By analysis of crossover design, tests for the
fixed effects of treatment, period, and sequence effect
were performed with the repeated measures mixed
model. A P value < 0.05 was considered statistically
significant. All analyses were conducted in an
intention-to-treat fashion using STATA, version 16
(StataCorp, College Station, TX).

RESULTS
From September 2020 to January 2022, 570 patients
were screened. A total of 40 patients receiving chronic
hemodialysis were eligible and were randomized to a
treatment sequence (10 patients each to AABB, ABBA,
BAAB, and BBAA). There were 4 patients prematurely
discontinued from the study as follows: 1 had serum
potassium below 3 mmol/l before the treatment period,
1 had advanced hepatocellular carcinoma, 1 was dead
from an unknown cause, and 1 underwent kidney
transplantation. Thirty-six patients completed a 24-
week study period. All patients were analyzed for
the primary outcome. The study design and participant
flow are shown in Figure 1.

The baseline characteristics of patients are displayed
in Table 1. The mean age of patients was 61.4 � 14.2
years, 65.0% were male, and 92.5% had hypertension.
The 2 most common etiologies of end-stage renal dis-
ease were hypertension (40.0%) and diabetes mellitus
(30.0%). The mean SBP and DBP were 146.6 � 11.2
mm Hg and 69.0 � 10.4 mm Hg, respectively. The
average number of antihypertensive drugs was 2.8 �
1.9. The mean hemoglobin level was 10.3 � 1.6 g/dl
and mean serum potassium was 4.4 � 0.7 mmol/l. Full
baseline characteristics are described in Supplementary
Table S1.

Primary Outcome

During a 24-week study period, there were 1380 dial-
ysis sessions. Intradialytic hypertension occurred in
744 (53.9%) sessions. The incidence of intradialytic
hypertension in the dialysis sessions with D-K2 was
380 (54.7%) in 695 sessions, whereas the incidence in
the sessions with D-K3 was 364 (53.1%) in 685 sessions
(P ¼ 0.788). The effects of different dialysate potassium
concentrations on the primary outcome were not
significantly different between patients with diabetes
and those without diabetes (P ¼ 0.396) nor between
different ultrafiltration rates (P ¼ 0.622). Long inter-
dialytic intervals were associated with a nonsignifi-
cantly higher incidence of intradialytic hypertension
Kidney International Reports (2023) 8, 1323–1331



Table 1. Baseline characteristics
Demographic data Total (N [ 40)

Age (yr) 61.4 � 14.2

Male sex 26 (65.0)

Body mass index (kg/m2) 22.9 � 3.8

Concomitant disease

Hypertension 37 (92.5)

Diabetes mellitus 14 (35.0)

Gout 5 (12.5)

Dyslipidemia 4 (10.0)

Systemic lupus erythematosus 2 (5.0)

Thyrotoxicosis 1 (2.5)

Cause ESRD

Hypertensive nephropathy 16 (40.0)

Diabetic kidney disease 12 (30.0)

Others 11 (27.5)

Unknown 1 (2.5)

Predialysis blood pressure (mm Hg)

Systolic blood pressure 146.6 � 11.2

Diastolic blood pressure 69.0 � 10.4

Mean arterial pressure 94.9 � 9.3

Vascular access

Arteriovenous fistula/graft 35 (87.5)

Tunneled-cuff catheter 4 (10.0)

Temporary catheter 1 (2.5)

Dialysis session (times/wk)

2 times/wk 23 (57.5)

3 times/wk 16 (40.0)

4 times/wk 1 (2.5)

Dialysis vintage (mo), median [IQR] 28.5 [13.0–44.5]

Dry weight (kg) 57.8 � 11.7

Total fluid removal (l/treatment) 2.4 � 1.2

Length of dialysis treatment (h) 3.98 � 0.16

Ultrafiltration rate (ml/h/kg) 10.7 � 5.1

Recent Kt/V 1.68 � 0.38

Number of antihypertensive drugs 2.8 � 1.9

Antihypertensive drug

Calcium channel blocker 30 (75.0)

Beta-blocker 27 (67.5)

Alpha-blocker 12 (30.0)

Hydralazine 10 (25.0)

ACEI/ARB 9 (22.5)

Diuretics 9 (22.5)

Methyldopa 6 (15.0)

Isosorbide dinitrate 6 (15.0)

Spironolactone 4 (10.0)

Laboratory data

Hemoglobin (g/d) 10.3 � 1.6

Transferrin saturation (%) 28.8 � 13.7

Ferritin (mg/l), median [IQR] 368 [243–613]

Blood urea nitrogen (mmol/l) 20.8 � 5.9

Serum creatinine (mmol/l) 805 � 268

Serum sodium (mmol/l) 137 � 3

Serum potassium (mmol/l) 4.4 � 0.7

Serum chloride (mmol/l) 98 � 4

Serum bicarbonate (mmol/l) 23.3 � 4.2

Serum calcium (mmol/l) 2.2 � 0.2

Serum phosphate (mmol/l) 1.5 � 0.5

Serum albumin (g/l) 41 � 5

Intact parathyroid hormone (ng/l), median [IQR] 169 [109–317]

ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker;
ESRD, end-stage renal disease; IQR, interquartile range.
Data were presented in mean � SD or n (%), otherwise specified.
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(odds ratio 1.198; 95% confidence interval, 0.851 to
1.686; P ¼ 0.300). In addition, the effects of different
potassium dialysate concentrations on the incidence of
intradialytic hypertension did not differ significantly
between long and short interdialytic intervals (P ¼
0.089).

Secondary Outcomes

The percentage of patients whose intradialytic SBP
increased by more than 20 mm Hg among those who
were dialyzed with D-K2 was 33.2% (231 in 695 ses-
sions) versus 31.7% (217 in 685) sessions with D-K3
(P ¼ 0.932). By analysis of crossover design, an average
intradialytic SBP during a 24-week study period was
higher in patients dialyzed with D-K3 than those with
D-K2 (143.7 � 13.4 vs. 140.7 � 12.2 mm Hg, P for
treatment effect ¼ 0.001; P for sequence effect ¼ 0.458;
P for period effect ¼ 0.445; P for carryover effect ¼
0.058). The results were similar for an average intra-
dialytic MAP (100.9 � 11.8 vs. 99.0 � 11.4 mm Hg
with D-K3 and D-K2, respectively; P for treatment
effect ¼ 0.011; P for sequence effect ¼ 0.236; P for
period effect ¼ 0.557; P for carryover effect ¼ 0.044).
The primary and secondary outcomes data are dis-
played in Table 2. The predialysis SBP, DBP, and MAP
were respectively 138.4 � 19.6, 69.4� 16.3, and 92.4�
15.4 mm Hg in D-K2; and respectively 141.1 � 20.7,
70.4 � 16.3, and 94.0 � 16.0 in D-K3 (P ¼ 0.039, 0.269,
and 0.061, respectively). Nevertheless, there were no
interactions between treatment assignment and
changes in intradialytic SBP and DBP during the 4-
hour dialysis period (P ¼ 0.062 and 0.356, respec-
tively, Figure 2a) or MAP (P ¼ 0.145, Figure 2b), across
all study periods.

Safety Outcomes

Serum potassium level after completing each treatment
period was not significantly different among patients
dialyzed with different dialysate potassium concentra-
tions (Figure 3). There were 3 serious adverse events
that occurred in 3 patients, including 1 death and 2
heart failure hospitalizations. Intradialytic hypotension
and muscle cramps tended to be more prevalent in
patients dialyzed with D-K2. All adverse events during
the dialysis period are illustrated in Table 3.

DISCUSSION
Currently, an adjustment of dialysate compositions to
alleviate the occurrence of intradialytic hypertension is
focused mainly on dialysate sodium and calcium con-
centrations. Previous studies reveal that an occurrence
of intradialytic hypertension was inversely correlated
with the concentrations of sodium and calcium in
dialysate bath.22,23 On the contrary, dialysate
1327



Table 2. Primary and secondary outcomes

Outcomes
Dialysate K 2 mmol/l

(total [ 695 sessions)
Dialysate K 3 mmol/l

(total [ 685 sessions) P

Primary outcome

Proportion of dialysis session with intradialytic hypertensiona 380 (54.7) 364 (53.1) 0.788b

Secondary outcome

Proportion of dialysis session with that had intradialytic systolic blood pressure
increased >20 mm Hg

231 (33.2) 217 (31.7) 0.932b

Average intradialytic systolic blood pressure (mm Hg) 140.7 � 12.2 143.7 � 13.4 Treatment effect: P ¼ 0.001
Sequence effect: P ¼ 0.458

Period effect:
P ¼ 0.445

Carryover effect: P ¼ 0.058

Average intradialytic mean arterial pressure (mm Hg) 99.0 � 11.4 100.9 � 11.8 Treatment effect: P ¼ 0.011
Sequence effect: P ¼ 0.236

Period effect:
P ¼ 0.557

Carryover effect: P ¼ 0.044

aIntradialytic hypertension was defined as an increase in intradialytic systolic blood pressure of more than 10 mm Hg. Data were presented in mean � SD or n (%).
bP values were calculated by mixed-effects logistic regression.
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potassium concentration seemed to be discussed pri-
marily for its arrhythmogenic effect.15,24 There are only
a few studies which investigated the effect of dialysate
potassium concentration on intradialytic hypertension.

Previous animal studies have shown that an abrupt
reduction in serum potassium concentration led to
vasoconstriction and increased myocardial contrac-
tility.25-27 A reduction of serum potassium by hemo-
dialysis could increase left ventricular contractile force
in animal models.28 Other research studies have found
that low dialysate potassium concentrations increase
systemic vascular resistance and myocardial contrac-
tility, which may contribute to high intradialytic and
postdialytic blood pressure. Dolson et al.18 investigated
the link between acute potassium removal and blood
pressure changes in 11 hemodynamically stable pa-
tients. They found that changing dialysate potassium
concentration from 1 to 2 mmol/l significantly
increased 1-hour postdialysis blood pressure, called a
Figure 2. Intradialytic pressure during 4-hour dialysis period (a) intradialyt
pressure.

1328
“rebound hypertension.” This phenomenon did not
occur when the dialysate potassium concentration was
3 mmol/l. This was referred to as the “potassium gap.”
The effects of the “potassium gap” were also studied in
patients who are non-diabetic.29 A high “potassium
gap” from low dialysate potassium concentration was
found to increase postdialysis myocardial contractility;
however, it had no effect on peripheral artery resis-
tance. Gabutti et al.19 conducted a randomized single
blind, 6-sequence, crossover study in normotensive
patients receiving chronic dialysis, comparing 3
different dialysate potassium concentrations. They
discovered that a rapid reduction in serum potassium
caused by low dialysate potassium concentration
resulted in a decrease in intradialytic SBP and MAP.
Furthermore, whereas the stroke volume remained
constant, total peripheral resistance decreased. There-
fore, the effects of dialysate potassium concentration on
intradialytic blood pressure have been inconclusive
ic systolic and diastolic blood pressure (b) intradialytic mean arterial

Kidney International Reports (2023) 8, 1323–1331



Figure 3. Serum potassium after completing each study period. P for
sequence effect ¼ 0.708, P for period effect ¼ 0.148, P for treatment
effect ¼ 0.370, and P for carryover effect ¼ 0.972.
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thus far. However, higher levels of dialysate potassium
may show some benefits in lowering blood pressure
during dialysis.

We conducted a 24-week, multicenter, 2-treatment,
4-sequence, double-blind, randomized, crossover study
to explore how intradialytic blood pressure was
affected by various potassium concentrations. Intra-
dialytic hypertension was found in 53.9% of partici-
pants recruited in the study, indicating a high-risk
population. However, as the first randomized crossover
study of patients with frequent intradialytic hyper-
tension, dialysate potassium concentration of 3 mmol/l
was not found to reduce the incidence of intradialytic
hypertension compared to dialysate potassium con-
centration of 2 mmol/l. Furthermore, there were no
differences between the effects of the 2 dialysate po-
tassium concentrations on diabetes status, ultrafiltra-
tion rate, or interdialytic intervals. Although the
average SBP and MAP were statistically higher when a
dialysate potassium concentration of 3 mmol/l was
used, the difference was small over a 2-hour period,
approximately 3 mm Hg for SBP and 2 mm Hg for
MAP, and should not be considered clinically signifi-
cant. These differences could be explained by
Table 3. Adverse events

Adverse events
Dialysate K 2 mmol/l

(total [ 695 sessions)
Dialysate K 3 mmol/l

(total [ 685 sessions) P value

Any adverse events 40 (5.8) 12 (1.8) 0.088a

Muscle cramps 23 (3.3) 7 (1.0) 0.071a

Hypotension 15 (2.2) 4 (0.6) 0.096a

Dyspnea 0 1 (0.1) 0.317a

Headache 1 (0.1) 0 0.317a

Nausea 1 (0.1) 0 0.317a

Data were presented in mean � SD or n (%), otherwise specified.
aP values were calculated by McNemar’s test.
Adverse events during the dialysis period, n (%).
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differences in predialysis SBP and MAP between the 2
treatment groups, because changes in SBP and MAP
during the 4-hour period were not different. Overall,
our findings agreed with those of the other study.19

Removing the large “potassium gap” with a dialysate
potassium concentration of 3 mmol/l had no effect on
intradialytic blood pressure. Based on our findings, we
hypothesized that the mechanism was an abrupt in-
crease in total peripheral resistance in the first and
second terciles of dialysis sessions caused by higher
dialysate potassium concentrations.19 Total peripheral
resistance elevation could be a key factor influencing
intradialytic blood pressure. Myocardial contractility
may play a smaller role in intradialytic blood pressure.

The adverse events, including hyperkalemia did not
differ between the 2 dialysate potassium treatments.
Interestingly, there was a tendency that patients who
were dialyzed with dialysate potassium concentration
of 2 mmol/l were more likely to experience intradialytic
hypotension and muscle cramps, which could be
attributed to a decrease in total peripheral resistance
caused by lower dialysate potassium concentration.19

Multiple etiologies contribute to dialysis-related mus-
cle cramps,30 with intradialytic hypotension being the
most likely culprit in our study. A lower potassium
concentration in the dialysate could lead to a longer
recovery time. Dialysate potassium, on the other hand,
has no known direct effects.31

Our study has several strengths. First, it is a ran-
domized, crossover study that evaluates the effects of
dialysate potassium concentrations on intradialytic
hypertension in patients who were at high risk of it.
Second, the study has an adequate sample size with a
large number of dialysis sessions. Third, our study had
a high baseline incidence of intradialytic hypertension,
which could represent high-risk patients who
frequently developed intradialytic hypertension. Last,
our study included both patients with diabetes and
those without diabetes, making it applicable to clinical
practice.

There were several limitations in our study. First,
because of the long duration of the study and the safety
concern for adverse cardiovascular events, treatment
adjustments other than dialysate potassium concentra-
tion were permitted if the patients had extremely high
blood pressure (>180/120 mm Hg) or extremely low
blood pressure (SBP <90 mm Hg). As a result, the
overall difference in intradialytic blood pressures
might not be clearly seen. Second, despite the fact that
our study has 4 crossover periods, this strong balance
design is expected to eliminate the carryover effect.
However, the possibility of carryover effects cannot be
totally excluded. Third, we did not collect data on
hemodynamic parameters such as cardiac index; total
1329



TRANSLATIONAL STATEMENT
This 24-week, multicenter, double-blinded, randomized,

crossover study evaluated the effect of different dialysate

potassium concentrations on intradialytic hypertension in

40 patients and showed that dialysate potassium concen-

tration of 2 mmol/l compared to 3 mmol/l did not reduce the

incidence of intradialytic hypertension.
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peripheral resistance; and stroke volume before, dur-
ing, and after hemodialysis sessions. Lastly, we did not
perform ambulatory blood pressure monitoring, which
would have clarified the pattern of blood pressure
change during dialysis from various potassium baths.
In clinical practice, it may be challenging to measure
ambulatory blood pressure; however, measuring blood
pressure 1 hour after dialysis may help to address the
other form of dialysis-related hypertension, which is a
rebound of blood pressure after dialysis because of an
acute decrease in serum potassium. Further research on
hemodynamic parameters, as well as ambulatory blood
pressure monitoring measuring and blood pressure
measurement 1 hour after dialysis could help us un-
derstand the relationship between dialysate potassium
concentration and its intradialytic hemodynamic
effects.

In conclusion, among chronic patients receiving
hemodialysis who had frequent intradialytic hyper-
tension, the incidences of intradialytic hypertension
between those who were dialyzed with dialysate po-
tassium concentration of 2 and 3 mmol/l were not
different. Furthermore, the changes of SBP and MAP
did not differ in dialysis with dialysate potassium
concentration of 2 and 3 mmol/l. Interestingly, intra-
dialytic hypotension and dialysis-related muscle
cramps were more common in patients who were dia-
lyzed with dialysate potassium concentration of 2
mmol/l.
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