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L
owering predialysis serum potassium (Kþ) concen-
tration is an important function of hemodialysis in

patients with end-stage kidney disease, as a component
for the effective management and avoidance of hyper-
kalemia. Because of the typical Kþ removal that occurs,
serum and total body Kþ are at their nadir immediately
after hemodialysis; postdialysis hypokalemia is re-
ported to occur in 35% to 45% of patients, which
may incur additional risks.1–3

The clinical importance of hypokalemia in end-stage
kidney disease is under-recognized.3,4 Patients with
combined predialysis and postdialysis hypokalemia are
at significantly higher mortality risk versus patients
without either predialysis or postdialysis hypokale-
mia.4 Predialysis hypokalemia occurring independently
is associated with increased mortality risk4; for post-
dialysis hypokalemia, mortality risk seems to be
dependent on predialysis serum Kþ concentration.4

Sodium zirconium cyclosilicate (SZC) is a novel,
highly-selective Kþ binder approved for the treatment
of hyperkalemia in adults, including those undergoing
maintenance hemodialysis.5–8 The phase 3b
DIALIZE study (NCT03303521) revealed that SZC is an
effective and well-tolerated treatment for predialysis
hyperkalemia in patients with end-stage kidney dis-
ease.9 In DIALIZE, events of predialysis hypokalemia
(serum Kþ concentration < 3.5 mmol/l) were reported
in 5.1% of placebo patients and 5.2% of SZC patients
(both n ¼ 5).9 In this post hoc safety analysis, we report
a detailed analysis of hypokalemia events from DIAL-
IZE (Supplementary Methods).

RESULTS

Patients

The DIALIZE safety analysis set comprised 195 patients
(SZC n ¼ 96, placebo n ¼ 99). At baseline, overall mean
(SD) age was 58.2 (13.7) years, 58.5% of patients were
male, and mean (SD) weight was 74.0 (19.5) kg
(Supplementary Results and Supplementary Table S1).

Predialysis Hypokalemia

There were 12 (SZC n ¼ 7, placebo n ¼ 5) registered
instances of predialysis hypokalemia (Table 1). Pre-
dialysis hypokalemia occurred at a higher numerical
frequency during the 4-week evaluation period for
patients receiving SZC (5 instances, 4.2% of patients)
versus placebo (2 instances, 2.0% of patients)
(Supplementary Figure S1A and Table 1). Instances
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Table 1. Registered instances of predialysis and postdialysis hypokalemia

Study visit type Study period

SZC (N [ 96) Placebo (N [ 99)

Number (%) of patientsa Number of instances Number (%) of patientsa Number of instances

Predialysis hypokalemia

LIDI or SIDI Overall 5 (5.2) 7 5 (5.1) 5
Screening 0 0 0 0

Dose titration 2 (2.1) 2 2 (2.0) 2
Evaluation 4 (4.2) 5 2 (2.0) 2
Follow-up 0 0 1 (1.0) 1

LIDI Overall 3 (3.1) 3 2 (2.0) 2
Screening 0 0 0 0

Dose titration 1 (1.0) 1 0 0
Evaluation 2 (2.1) 2 2 (2.0) 2

SIDI Overall 2 (2.1) 4 2 (2.0) 2
Screening 0 0 0 0

Dose titration 1 (1.0) 1 2 (2.0) 2
Evaluation 2 (2.1) 3 0 0

Postdialysis hypokalemia

LIDI or SIDI or follow-up Overall 75 (78.1) 397 57 (57.6) 239
Dose titration 64 (66.7) 205 49 (49.5) 131
Evaluation 61 (63.5) 166 43 (43.4) 88
Follow-up 26 (27.1) 26 20 (20.2) 20

LIDI Overall 74 (77.1) 339 55 (55.6) 195
Dose titration 63 (65.6) 173 46 (46.5) 107
Evaluation 61 (63.5) 166 43 (43.4) 88

SIDI Overall 16 (16.7) 32 15 (15.2) 24
Dose titration 16 (16.7) 32 15 (15.2) 24
Evaluation 0 (0.0) 0 0 (0.0) 0

Kþ, potassium; LIDI, long interdialytic interval; SIDI, short interdialytic interval; SZC, sodium zirconium cyclosilicate.
aNumber (%) of patients with predialysis or postdialysis hypokalemia (serum Kþ concentration of <3.5 mmol/l).
Safety analysis set (N ¼ 195). Percentages are based on the total numbers of patients in the treatment group (N). Only LIDI (study visits 4, 7, 9, 10, 11, 12, 13, 14, and 15), SIDI (study visits
5, 6, 7.5, 8, 9.5, 10.5, 11.5, 12.5, 13.5, and 14.5), and follow-up (study visit 16) included. No postdialysis serum Kþ measurements were collected during screening. Study period was derived
from visit. Dose titration was defined as after screening and before visit 12; evaluation was defined as on and after visit 12 and before visit 16; follow-up period was defined as visit 16.
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occurred at long interdialytic interval and short inter-
dialytic interval visits in both treatment arms (Table 1).
Predialysis serum Kþ concentrations by study visit
among patients with predialysis hypokalemia are pre-
sented in Supplementary Figure S1B.

Severe Predialysis Hypokalemia

A total of 3 patients (SZC n ¼ 2, placebo n ¼ 1) each re-
ported 1 event of severe predialysis hypokalemia (serum
Kþ concentration < 2.7 mmol/l), occurring while in a
dialysis clinic. Event summaries for patients 1 (placebo),
2 (SZC), and 3 (SZC) are described in the Supplementary
Results, and predialysis serum Kþ profiles are plotted in
Supplementary Figure S2. As predialysis serum Kþ sam-
ples were evaluated using a central laboratory, study
investigatorswere not aware of a patient’s status of severe
hypokalemia at the time of measurement. As such, pa-
tients with instances of severe predialysis hypokalemia
were initiated on dialysis as per their routine care. The
patients completed their dialysis treatment and returned
home. No associated adverse eventwas reportedwith any
instance of severe predialysis hypokalemia.

Postdialysis Hypokalemia

Overall, 78% of SZC (n ¼ 75) and 58% of placebo (n ¼
57) patients reported instances of postdialysis hypo-
kalemia (Table 1). Proportions of patients with post-
dialysis hypokalemia at each study visit were
numerically greater with SZC than placebo, between
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24% to 46% and 15% to 27%, respectively, during the
titration period and 43% to 51% and 19% to 29%,
respectively, during the evaluation period
(Supplementary Figure S3A). Events occurred at long
interdialytic interval and short interdialytic interval
visits with both SZC and placebo (Table 1). Among
patients with postdialysis hypokalemia, median and
range (minimum–maximum) values of postdialysis
serum Kþ concentration across study visits were
generally comparable between treatment groups, be-
tween 3.20 to 3.35 mmol/l (2.00–3.4 mmol/l) with SZC
and 3.25 to 3.30 mmol/l (2.00–3.4 mmol/l) with placebo
(Supplementary Figure S3B).

In both arms, greater proportions of patients with
lower baseline dialysate Kþ concentrations had post-
dialysis hypokalemia (dialysate Kþ 1 mmol/l: SZC 100%
[n ¼ 2], placebo 100% [n ¼ 1]; 2 mmol/l: SZC 90% [n ¼
60], placebo 73% [n ¼ 51]) versus those with baseline
dialysate Kþ concentration of 3 mmol/l (SZC 48% [n ¼
13], placebo 15% [n ¼ 4]) (Supplementary Table S2).

For all but 2 SZC patients with postdialysis hypo-
kalemia at a long interdialytic interval visit, predialysis
serum Kþ concentration returned to $3.5 mmol/l at the
next study visit (Figure 1a). In both arms, predialysis
serum Kþ concentrations were generally higher
for patients with postdialysis serum Kþ concentration
$ 3.5 mmol/l versus <3.5 mmol/l at the previous study
visit (Figure 1a and b).
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Figure 1. Box and whisker plot of predialysis serum Kþ concentrations at subsequent SIDI visits, stratified by postdialysis serum Kþ status at
the previous LIDI visit: (a) SZC and (b) placebo treatment arms. Safety analysis set (N ¼ 195). Individual patient cases are presented. Box lines
represent the Qs (Q1, Q2 [median], Q3), red symbols within the boxes represent mean values, whiskers extend to the last values within �1.5 �
(Q3–Q1), and symbols beyond the whiskers represent extreme values. Hypokalemia was defined as serum Kþ concentration of <3.5 mmol/l
(gray dashed line). Values found are predialysis serum Kþ concentrations at SIDI study visits that followed a LIDI, stratified by postdialysis
serum Kþ status ($3.5 vs. <3.5 mmol/l) at the previous visit. Visits 5, 7.5, 9.5, 10.5, 11.5, 12.5, 13.5, and 14.5 are SIDI visits, consistent with the
study design of DIALIZE.9 Kþ, potassium; LIDI, long interdialytic interval; Max, maximum; Min, minimum; Q, quartile; SIDI, short interdialytic
interval; SZC, sodium zirconium cyclosilicate.
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Patients With Combined Predialysis and

Postdialysis Hypokalemia by Study Visit

Events of combined predialysis and postdialysis hy-
pokalemia at the same study visit were low in both
treatment arms (both n¼ 1 [1.0%]). Both events occurred
during the 4-week evaluation period (Supplementary
Results).

DISCUSSION

In our post hoc analysis, the overall number of events of
predialysis hypokalemia was low, and the proportions
of patients overall with predialysis hypokalemia were
similar with SZC and placebo. Few patients (SZC n ¼ 2,
910
placebo n ¼ 1) in the study had instances of severe
predialysis hypokalemia, and instances were not asso-
ciated with any adverse events.

We observed no increased risk of combined pre-
dialysis and postdialysis hypokalemia with SZC versus
placebo. This finding is important as the combination
of predialysis and postdialysis hypokalemia has been
found to be associated with the highest mortality risk
versus patients without either predialysis or post-
dialysis hypokalemia.4

A greater proportion of SZC patients had postdialysis
hypokalemia versus placebo, consistent with the
mechanism of action of SZC; however, the severity, as
Kidney International Reports (2022) 7, 908–912
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measured by median and range of postdialysis serum Kþ

concentration, was comparable between treatment arms.
In patients undergoing maintenance hemodialysis,
postdialysis hypokalemia is usually transient—in the
hours after dialysis, serum Kþ concentration rapidly
rebounds because of continued redistribution of Kþ

from the intracellular to the extracellular space. Indeed,
after instances of postdialysis hypokalemia in DIALIZE,
serum Kþ concentration rebounded to within the clini-
cally acceptable range by the next short interdialytic
interval visit in all but 2 SZC patients. In DIALIZE,
postdialysis serum Kþ measurements were mostly
collected at long interdialytic interval visits during the
treatment period. Therefore, postdialysis serum Kþ data
are enriched for time points when serum Kþ concen-
trations are highest, which most likely explains the
lower rates of postdialysis hypokalemia (19%–29%)
observed in the placebo arm at each study visit than in
the literature (35%–45%).1,2 Finally, higher rates of
postdialysis hypokalemia among patients with lower
baseline dialysate Kþ concentrations (1–2 mmol/l) in
both arms likely reflect greater reductions in serum Kþ

achieved because of the higher serum Kþ gradient,
although low patient numbers in the dialysate Kþ at
1 mmol/l group precluded reliable estimation.

The present analyses have several limitations. The
analyses are post hoc in nature and were not pre-
specified. Therefore, the results are exploratory and
hypothesis generating. Second, postdialysis serum Kþ

concentration was taken immediately after dialysis
sessions and measured using central laboratory assess-
ment; therefore, persisting and incident postdialysis
hypokalemia could not be fully distinguished. Finally,
the association of hypokalemia events and adverse
clinical outcomes was not explored.

In conclusion, these post hoc analyses provide addi-
tional evidence on the safety of SZC in the management
of hyperkalemia in patients with end-stage kidney dis-
ease. Despite the efficacy of SZC in lowering predialysis
serum Kþ concentration, these descriptive analyses
suggest that SZC was not associated with a clinically
significant increase in the frequency of predialysis hy-
pokalemia. Treatment with SZC, versus placebo, did not
increase the frequency of combined predialysis and
postdialysis hypokalemia at the same visit, which is
associated with increased mortality risk. Although
postdialysis hypokalemia was more frequent with SZC
than placebo, it did not persist to the next study visit for
all but 2 patients in the SZC arm.
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