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Objective: Recurrent hyperkalemia frequently limits use of
renin–angiotensin–aldosterone system inhibitors (RAASi) in
chronic kidney disease (CKD) patients with hypertension,
diabetes, and/or heart failure. Patiromer is a sodium-free,
nonabsorbed potassium (Kþ)-binding polymer approved by the
US Food and Drug Administration for the treatment of
hyperkalemia. This post-hoc analysis of OPAL-HK examined the
effectiveness and safety of patiromer in reducing serum Kþ in
hyperkalemic CKD patients on RAASi, with hypertension,
receiving diuretic therapy versus those not on diuretics.

Methods: Depending on the degree of hyperkalemia at
baseline, CKD patients with serum Kþ from 5.1 to less
than 6.5 mmol/l on RAASi (n¼243) were assigned to a
patiromer of total dose 8.4 or 16.8 g, divided twice daily.
Changes in serum Kþ, and tolerability and safety were
assessed over 4 weeks in patients on and not on diuretics.

Results: At baseline, 132 patients used diuretics and 111
were not on diuretics, mean age was 64.3 and 64.0 years,
respectively, and 63 and 51% were men. Similar
reductions in serum Kþ were seen over 4 weeks in both
subgroups. At week 4, serum Kþ fell by
�0.95�0.04 mmol/l with any diuretic and
�1.04�0.05 mmol/l with no diuretic. Patiromer was well
tolerated, with mild-to-moderate constipation reported as
the most common adverse event (7.6 and 14.4% of
patients on any diuretic or no diuretic, respectively).
Hypokalemia (s-Kþ <3.5 mEq/l) was reported in 2.3% of
patients on any diuretic and in 3.7% not on diuretics.

Conclusion: The serum Kþ-lowering efficacy and safety
profile of patiromer in hyperkalemia patients with CKD
was not compromised by diuretic therapy.

Keywords: chronic renal insufficiency, diuretics,
hyperkalemia, patiromer

Abbreviations: AASK, African-American Study of Kidney
Disease; ACE, angiotensin-converting enzyme; ACR, urine
albumin/creatinine ratio; AMETHYST-DN, A Multicenter,
Randomized, Open-Label, Dose Ranging Study to Evaluate
the Efficacy and Safety of Patiromer in the Treatment of
Hyperkalemia in Patients With Hypertension and Diabetic
Nephropathy Receiving Angiotensin-converting Enzyme
Inhibitor (ACEI) and/or Angiotensin II Receptor Blocker
(ARB) Drugs, With or Without Spironolactone; ARB,
urnal of Hypertension
angiotensin II receptor blocker; CKD, chronic kidney
disease; CPS, calcium polystyrene sulfonate; eGFR,
estimated glomerular filtration rate; Kþ, potassium;
MMRM, Mixed Model for Repeated Measures; MRA,
mineralocorticoid receptor antagonist; OPAL-HK, Two-Part,
Single-Blind, Phase 3 Study Evaluating the Efficacy and
Safety of Patiromer for the Treatment of Hyperkalemia;
RAASi, renin–angiotensin–aldosterone system inhibitor;
SPS, sodium polystyrene sulfonate
INTRODUCTION
T
reatment guidelines recommend the use of renin–
angiotensin–aldosterone system inhibitors (RAASi)
for the treatment of hypertension, proteinuria, and

heart failure [1–3]. However, the use of guideline-recom-
mended doses of RAASi therapy is limited by hyperkalemia
in patients with chronic kidney disease (CKD) and/or heart
failure due to reduced renal potassium (Kþ) excretion [4].
Hyperkalemia can cause life-threatening cardiac arrhythmia
[4,5], and until recently, long-term treatment options for
hyperkalemia were limited and frequently suboptimal [6].
As a result, down-titration or discontinuation of RAASi is
frequently required to minimize recurrent or chronic hyper-
kalemia [7].

Potassium restricted diets and diuretic therapy with thia-
zide, loop, or combinations of diuretics have long been
DOI:10.1097/HJH.0000000000001278
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employed to treat hyperkalemia [7,8], but have limited effec-
tiveness in patients with advanced CKD [9,10]. Diuretic-
induced kaliuresis is dependent on kidney function,
adequate extracellular volume, and delivery of sodium to
the cortical collecting tubule [7,11,12], all of which may be
impaired in patients with advanced renal insufficiency and/
or heart failure [13]. Additionally, adverse effects such as
orthostatic hypotension, syncope, gout, ototoxicity, and
increasing azotemia secondary to volume depletion
can limit theuseof highdoseor combinationdiuretic therapy
[14–18].

Patiromer, a novel, sodium-free nonabsorbed polymer
designed to bind and remove Kþ, was approved by the US
Food and Drug Administration (FDA) in 2015 for the treat-
ment of hyperkalemia [19] and is under evaluation by the
European Medicines Agency. Patiromer exchanges calcium
for Kþ in the gastrointestinal tract, thereby increasing fecal
Kþ excretion and decreasing serum Kþ in patients with
hyperkalemia [20]. In a phase 3 trial (OPAL-HK), patiromer
provided significant reductions in serum Kþ in CKD
patients receiving RAASi and reduced the rapid recurrence
of hyperkalemia during a placebo-controlled withdrawal
phase [21]. Furthermore, long-term (1 year) control of
hyperkalemia was demonstrated in the AMETHYST-DN
study in patients with diabetic kidney disease and hyper-
tension [22]. Thus, patiromer has been shown to provide
clinically meaningful reductions in serum Kþ in hyperka-
lemic populations generally thought to benefit from RAASi.

We sought to determine if the magnitude of Kþ reduction
with patiromer might be altered in patients receiving chronic
diuretic therapy. CKD patients commonly require chronic
diuretic therapy for control of hypertension, edema, and
excess fluid volume [8]. Overtreatment of hyperkalemia may
lead to hypokalemia, which similarly carries a significant risk
for cardiac arrhythmia [23,24]. Therefore, it is important to
examine thepotential benefits and riskof adding aKþ-binder
to patients receiving chronic diuretic therapy.

Here, we report the results of a post-hoc analysis of OPAL-
HKdesigned todetermine theefficacyand safetyofpatiromer
for the treatment of hyperkalemia in a RAASi-treated CKD
population with high rates of comorbid disease including
B

Patients with CKD* on stable
doses of ≥1 RAASi

(n = 243)  
 

 

FIGURE 1 Study design for the initial treatment phase of OPAL-HK (single-blind, 4 we
1.73 m2 (central lab value) (y) Based on local lab value. B.i.d., twice a day; CKD, chroni
aldosterone system inhibitors.
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hypertension, diabetes, proteinuria, and/or heart failure
receiving diuretics versus those not receiving diuretics.

METHODS

Study design and participants
The study design of OPAL-HK has been previously
described as a sequential, two-part, placebo-controlled,
12-week phase 3 study, evaluating patiromer treatment
in 243 patients with CKD, stage 3 or greater, and hyper-
kalemia on RAASi medications [21]. The current analysis
involves the initial 4-week treatment phase of the study
(Fig. 1). Analyses are presented only for the initial treatment
phase, as patient numbers in the randomized withdrawal
phase do not support meaningful comparisons between the
two diuretic subgroups. Eligible patients were adults with
CKD stage 3 or 4 [estimated glomerular filtration rate (eGFR)
15 to less than 60 ml/min per 1.73 m2), serum Kþ levels of
5.1 to less than 6.5 mmol/l at screening based on local
laboratory measurement. In addition, patients were
required to be on stable dose of RAASi, diuretics, and other
permitted medications for at least 28 days before screening,
and the doses of these medications were not anticipated to
change during study participation. However, by protocol,
doses of diuretics and other medications could be adjusted/
up-titrated in patients with symptomatic heart failure.
Patiromer starting doses at the beginning of the initial 4-
week treatment phase were based on screening serum Kþ

levels: 8.4 g total dose (divided twice daily) for mild hyper-
kalemia (5.1 to less than 5.5 mmol/l) and 16.8 g (divided
twice daily) for moderate-to-severe hyperkalemia (5.5 to
less than 6.5 mmol/l). The dose was adjusted according to a
prespecified algorithm to maintain serum Kþ within the
range 3.8 to less than 5.1 mmol/l. During this phase, adjust-
ment of RAASi therapy was not allowed unless medically
necessary, but could be discontinued if serum Kþ was
�6.5 mmol/l (or �5.1 mmol/l while on maximum doses
of patiromer).

Laboratory assessment of serum Kþ was conducted at
baseline (day 1), on day 3 of both treatment phases, and
weekly thereafter until the end of the study.
aseline Week 4
primary endpoint

 
 

Mild HK
Screening serum K+ 5.1 to < 5.5 mmol/l†;

4.2 g patiromer B.i.d. starting dose
(n = 92)  

 
 

 
 

Moderate-to-severe HK
Screening serum K+ 5.5 to < 6.5 mmol/l†;

8.4 g patiromer B.i.d. starting dose
(n = 151)   

  
 

 

eks). (�) Estimated glomerular filtration rate (eGFR) 15 to less than 60 ml/min per
c kidney disease; HK, hyperkalemia; Kþ, potassium; RAASi, renin–angiotensin–
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Patiromer in CKD patients on diuretics
Serum Kþ results during the initial treatment phase are
presented for 132 patients prescribed diuretics and 111
patients on no diuretics at baseline. Use of a diuretic prior
to study enrollment and at baseline and the type of diuretic
were at the discretion of the investigator. Of those on
diuretics, 62 were receiving loop diuretics, 55 were on
thiazide/thiazide-like diuretics, and 15 were taking loop
and thiazide/thiazide-like diuretics.

Statistical methods
To evaluate mean change in serum Kþ for each diuretic
subgroup, mixed models for repeated measures
(MMRMs) using restricted likelihood estimation and
unstructured covariance matrix were fit to the weekly
change from baseline in serum Kþ measurements. The
models included the baseline serum Kþ measurement as
a continuous covariate and three categorical covariates:
study week; presence/absence of type II diabetes melli-
tus; and presence/absence of heart failure. Six patients
who had no postbaseline serum Kþ measurement after
day 3 were excluded from these models (two from the
group using no diuretics and four from the group using
diuretics). Additionally, the serum Kþ means [standard
errors (SEs)] have been plotted at each time point, by
group, using all available data.

Descriptive statistics for baseline demographic and
medical characteristics have been summarized as mean
(SD) for continuous variables, or as proportions for
categorical variables. All analyses were performed using
SAS version 9.4 (SAS Institute Inc., Cary, North Carolina,
USA).
TABLE 1. Demographic and clinical characteristics at baseline

Any d

Male, n (%)

Age, years, mean (SD)

White, n (%)

Hyperkalemia stratum, n (%)a

Mild (5.1 to <5.5 mmol/l)

Moderate-to-severe (5.5 to <6.5 mmol/l)

Type 2 diabetes, n (%)

Heart failure, n (%)

Hypertension, n (%)

Prior myocardial infarction, n (%)

Sitting blood pressure, mmHg, mean (SD)
Systolic

Diastolic

CKD stage (eGFR range), n (%)
Stage 2 (60 to <90 ml/min per 1.73 m2)

Stage 3A (45 to <60 ml/min per 1.73 m2)

Stage 3B (30 to <45 ml/min per 1.73 m2)

Stage 4/5 (<30 ml/min per 1.73 m2)

RAASi medication, n (%)

ACE inhibitor

ARB

Aldosterone antagonist

Renin inhibitor

>1 RAASi medications

ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; CKD, chronic kidney
inhibitors.
aBased on local laboratory measurement.
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RESULTS

Study participants
Demographic and baseline results were generally similar
between patients on diuretics and those not on diuretics
(Table 1), although therewere somedifferences inprevalence
of reported comorbidity and in the number of RAASi medi-
cations taken.Most patients in the study population were men
(63% on diuretics, 51% not on diuretics), and nearly all were
white (98%ondiuretics, 99%notondiuretics). Themean� SD
age at baseline was 64.3� 9.5 and 64.0� 11.6 for the diuretics
and no diuretics subgroups, respectively.

Hypertension was not a requirement for study entry.
However, 96% on diuretics and 98% not on diuretics had a
history of hypertension. Additional comorbidities included:
60 and 54%, respectively, with type II diabetes; 46 and 37%
with heart failure; and 24 and 26% with a previous myo-
cardial infarction. All patients were receiving at least one
RAASi at baseline, and 23% of patients on diuretics and
11% of patients not on diuretics were on more than
one RAASi.

Table 1 shows CKD stage at baseline, as determined by
the central laboratory eGFR value; 46% of patients in both
the any diuretic and no diuretic subgroups had stage 3 CKD,
and nearly 45% in both groups had stage 4/5 disease. Final
classification of CKD stage was determined on the basis of
central laboratory measurements, and 9% of the patients in
each diuretic subgroup were reclassified to stage 2 CKD as a
result. The patients on diuretics tended to have a more
advanced CKD stage than those not on diuretics (75 versus
66% had CKD stage 3b or greater).
iuretic (n¼132) No diuretic (n¼111)

83 (62.9) 57 (51.4)

64.3 (9.5) 64.0 (11.6)

129 (97.7) 110 (99.1)

50 (37.9) 42 (37.8)

82 (62.1) 69 (62.2)

79 (59.8) 60 (54.1)

61 (46.2) 41 (36.9)

127 (96.2) 109 (98.2)

31 (23.5) 29 (26.1)

142.4 (16.5) 140.0 (17.7)

79.2 (11.6) 78.2 (9.9)

12 (9.1) 10 (9.0)

21 (15.9) 28 (25.2)

40 (30.3) 23 (20.7)

59 (44.7) 50 (45.0)

132 (100.0) 111 (100.0)

90 (68.2) 80 (72.1)

56 (42.4) 36 (32.4)

15 (11.4) 7 (6.3)

2 (1.5) 0

30 (22.7) 12 (10.8)

disease; eGFR, estimated glomerular rates; RAASi, renin–angiotensin–aldosterone system
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TABLE 2. Central laboratory baseline values

Diuretic subgroups

Any diuretic
(n¼132)

No diuretics
(n¼111)

Loop only
(n¼62)

Thiazide/thiazide-like
only (n¼55)

Loop and thiazide/
thiazide-like (n¼15)

Serum sodium (mmol/l) 139.9�2.3 139.6�2.3 140.0�2.5 139.9�3.6 139.7�2.8

Serum potassium (mmol/l)a 5.56�0.41 5.56�0.48 5.57�0.42 5.51�0.43 5.64�0.37

Serum bicarbonate (mmol/l) 24.1�3.7 24.0�3.9 23.5�3.2 24.5�4.1 25.0�4.2

Serum magnesium (mmol/l) 1.09�0.14 1.10�0.15 1.11�0.14 1.06�0.14 1.08�0.18

Serum creatinine (mmol/l) 189.2�74.6 184.8�103.7 202.4�77.7 177.7�72.9 173.3�61.7

eGFR (ml/min per 1.73 m2) 34.4�15.1 36.6�17.5 31.6�14.6 37.1�15.6 36.4�14.1

ACR (mg/mmol creatinine)b 86.8�136.2 84.9�177.9 77.3�121.5 93.8�134.1 101.1�196.7

All values are mean� SD.
ACR, urine albumin/creatinine ratio; eGFR, estimated glomerular filtration rate.
aFor no diuretics, n¼108; for loop and thiazide/thiazide-like diuretics, n¼13.
bFor no diuretics, n¼ 107; for loop diuretics only, n¼61; for thiazide/thiazide-like diuretics only, n¼51.
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At baseline, the percentage of patients with mild versus
moderate-to-severe hyperkalemia was the same in the
diuretic and no diuretic subgroups, as 38% had mild hyper-
kalemia (5.1 to less than 5.5 mmol/l) and 62% had moder-
ate-to-severe hyperkalemia (5.5 to less than 6.5 mmol/l) in
each subgroup. The mean� SD serum Kþ level at baseline
was 5.56� 0.41 and 5.56� 0.48 mEq/l for the any diuretic
and no diuretic subgroups, respectively. Baseline labora-
tory values for the patients on any diuretic, no diuretic, and
those receiving different classes or combinations of diuretic
appear in Table 2. Central laboratory values were similar
between the diuretic and the no diuretic subgroups. Mean
(SD) systolic/diastolic blood pressure was 142.4 (16.5)/79.2
(11.6) mmHg in patients on any diuretics and 140.0 (17.7)/
78.2 (9.9) mmHg in patients on no diuretics.

Classes of diuretic, specific selection and dose of diu-
retic, and dosage regimens varied in the diuretic subgroup.
Mean� SD weekly doses were 364.6� 517.7 mg for furo-
semide (n¼ 58), 135.3� 55.7 mg for hydrochlorothiazide
(n¼ 39), 10.8� 3.9 mg for indapamide (n¼ 33), 46.9�
80.4 mg for torsemide (n¼ 17), and 8.8� 7.4 mg for bume-
tanide (n¼ 2).

Efficacy in the initial treatment phase
Theobservedmean� SEs of serumKþ for patients on andoff
diuretics over time are plotted in Fig. 2. Using the MMRM
Diuretics
No Diuretics

Baseline Day 3 Week 1 Week 2 Week 3 Week 4
0

4.2

4.4

4.6

4.8

5.0

5.2

5.4

5.6

5.8

6.0
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Diuretic
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Number of patients

*
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* *

*
*

*

*

*

FIGURE 2 Serum potassium decreased over 4 weeks in hyperkalemic patients on
patiromer on and off diuretics. Six patients who had no postbaseline serum pot-
assium measurement after day 3 were excluded (four from the group using diu-
retics and two from the group using no diuretics). �P<0.0001 versus baseline.
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model, the estimated mean� SE change in serum Kþ levels
from baseline to week 4 for the patients receiving diuretics
at baseline was �0.95� 0.04mmol/l (�1.03 to �0.86;
P< 0.001); for patients not on diuretics at baseline
the estimate was �1.04� 0.05mmol/l (�1.13 to �0.94;
P< 0.001). These results were also mirrored in the diuretic
subgroup by type of diuretic medication (i.e. loop diuretics
and thiazide/thiazide-like diuretics). For those taking only
loop diuretics, the estimate was�0.99� 0.06mmol/l (�1.11
to�0.87;P< 0.001), for thiazide/thiazide-likediuretics itwas
�0.97� 0.05mmol/l (�1.07 to �0.87; P< 0.001), and for
both loop and thiazide/thiazide-like diuretics it was
�0.69� 0.19mmol/l (�1.11 to �0.28; P< 0.004).

The mean total daily dose of patiromer during the initial
treatment phase was 12.6 g (mild hyperkalemia) and 21.7 g
(moderate-to-severe hyperkalemia) for patients taking any
diuretic, and 13.0 g (mild hyperkalemia) and 21.2 (moder-
ate-to-severe hyperkalemia) for those taking no diuretics.

Safety
Patiromer adverse events have previously been described
[23]. One or more adverse event was reported in 52 and 41%
of patients in the diuretic and no diuretic subgroups,
respectively (Table 3). Mild-to-moderate constipation was
the most common adverse event, occurring in 8 and 14% of
patients on any diuretics and not on diuretics, respectively.
No serious gastrointestinal events were recorded. Adverse
events leading to discontinuation of patiromer treatment
occurred in 7 and 5% in the diuretic and no diuretic
subgroups, respectively. Few patients discontinued due
to constipation (1% in patients on any diuretics and not
on diuretics). Three patients had a total of six serious
adverse events. These patients were taking only loop
diuretics at baseline. None of the serious adverse events
were fatal, and all were considered by the investigators not
to be related to patiromer treatment.

During the initial treatment phase, the incidence of hypo-
kalemia (prespecified as serum Kþ levels <3.5mmol/l) was
2.3 and 3.7% in the patients on any diuretic and not on
diuretics, respectively. Serum Kþ levels in these patients
ranged from 3.2 to 3.4mmol/l, and were most often transient
following adjustment of the patiromer dose. Mean serum
magnesium level remained within the normal range. A small
mean decrease in mean serum magnesium from baseline to
week 4 of �0.18mg/dl was observed in patients on any
Volume 35 � Suppl 1 � May 2017



TABLE 3. Adverse events the first 4 weeks of patiromer
treatment

Adverse event
Any diuretic

(n¼132)
No diuretic

(n¼111)

Reporting any AE, n (%) 68 (51.5) 46 (41.4)

Seriousa 3 (2.3) 0

Leading to discontinuation 9 (6.8) 6 (5.4)

Most common AEs, n (%)b

Constipation (none severe) 10 (7.6) 16 (14.4)

Diarrhea (none severe) 7 (5.3) 1 (0.9)

AE, adverse event.
aNone of the serious AEs were considered related to patiromer by the investigators.
bOccurring in 5% or more of patients in either subgroup.

Patiromer in CKD patients on diuretics
diuretics and not on diuretics. A prespecified serum mag-
nesium level of less than 1.4mg/dl occurred in five (3.9%)
patients on any diuretics and in three (2.8%) patients not on
diuretics during the initial treatment phase; none of these
patients had serum magnesium levels below 1.2mg/dl.

At week 4, mean (SE) systolic/diastolic blood pressure
decreased from baseline by�5.1 (1.7)/�4.5 (1.1) in patients
on any diuretics and by�6.5 (1.6)/�3.2 (1.1) in patients not
on diuretics (Table 4).

DISCUSSION
The post-hoc analysis of OPAL-HK demonstrated that
patiromer, a new Kþ-binding medication, was well toler-
ated and effective in reducing serum Kþ in hyperkalemia
patients with CKD and hypertension, and multiple comor-
bidities receiving RAASi irrespective of whether back-
ground concomitant diuretic therapy was used. Overall,
the results in patients on and not on a diuretic were
consistent with those reported in the primary analysis
[21]. The primary endpoint for this subanalysis was the
change in serum Kþ from baseline at 4 weeks. Significant
reductions in mean serum Kþ were seen at the first post-
baseline visit (day 3, 48 h after the first dose), and serum Kþ

fell to less than 5.0 mmol/l by week 1 in both patients on
and off diuretics. Decreases in mean serum Kþ were sig-
nificant at all postbaseline time points. By week 4, the
observed mean� SE changes in serum Kþ were similar
in both the diuretic and no diuretic subgroups
(�0.95� 0.04 and �1.04� 0.05 mmol/l, respectively).
Hypokalemia (predefined as serum Kþ <3.5 mmol/l) was
infrequent, occurring in 2.3% of patients on any diuretic and
in 3.7% of patients on no diuretic. Adverse effects leading to
discontinuation of study drug were reported in 6.8% of
TABLE 4. Mean (SE) systolic and diastolic blood pressure
at baseline and change from baseline during the
first 4 weeks of patiromer treatment

Systolic/diastolic
blood pressure (mmHg)

Any diuretic
(n¼132)

No diuretic
(n¼111)

Baseline 142.4 (1.4)/79.2 (1.0) 140.0 (1.7)/78.2 (0.9)

Change from baseline to
Day 3 �4.2 (1.3)/�2.8 (0.7) �3.7 (1.4)/�1.7 (0.9)

Week 1 �4.7 (1.4)/�3.4 (0.9) �5.0 (1.6)/�2.5 (1.0)

Week 2 �5.3 (1.6)/�3.9 (1.0) �4.7 (1.6)/�2.0 (1.0)

Week 3 �3.4 (1.7)/�3.5 (1.0) �6.0 (1.7)/�3.2 (1.1)

Week 4 �5.1 (1.7)/�4.5 (1.1) �6.5 (1.6)/�3.2 (1.1)

Journal of Hypertension
patients in the diuretic subgroup and in 5.4% of patients in
the no diuretic subgroup.

The demographic characteristics and comorbidities of
the population studied in this OPAL-HK subanalysis were
typical of those seen in hyperkalemic patients in clinical
practice. Patients at greatest risk for hyperkalemia were
those with impaired renal function and diabetes receiving
RAASi medication [7].

Blood pressure, pulmonary congestion, and edema in
patients with CKD and heart failure can be managed by the
addition of potent and/or long-acting diuretics [25]. Over
half of the OPAL-HK population with hyperkalemia on
RAASi therapy at baseline were taking diuretics (loop,
thiazide/thiazide-like, or combinations of diuretics). Non-
potassium sparing diuretics combined with a low Kþ diet
may reduce the risk of hyperkalemia with RAASi therapy [7].
However, patients with advanced kidney disease may
be relatively resistant to the effects of diuretic therapy
[11]. Counter-regulatory rebound sodium retention secon-
dary to volume depletion may reduce distal delivery of
sodium to the cortical collecting tubule and require
dosage adjustment or supplemental sodium, thus limiting
diuretic effectiveness in lowering serum Kþ [11]. The diu-
retic subgroup appeared to have more advanced kidney
disease and comorbidity than the no diuretic subgroup.
Although mean eGFR was similar in both subgroups, a
greater percentage of the OPAL-HK diuretic subgroup had
more advanced renal impairment on the basis of CKD
staging. In addition, a greater percentage of the diuretic
subgroup reported heart failure, and received more than
one RAASi medication at baseline when compared with the
no diuretic group.

In a safety assessment, we noted a reduction in systolic
bloodpressure inboth thediuretic andnodiuretic subgroups
in ourOPAL-HKanalysis. Clinically meaningful reductions in
systolic and diastolic blood pressure were also observed in
the AMETHYST-DN study over 52 weeks [22]. However, the
changes observed in this analysis in patients on and not on
diuretics during the initial treatment phase and in AME-
THYST-DN study should be interpreted cautiously, given
the absence of a placebo group.

Adverse effects related to diuretics may limit their use for
treating hypertensive hyperkalemic patients. Careful
monitoring of renal function, serum electrolytes, and fluid
status during diuretic therapy is required to prevent or
detect hyponatremia, hypovolemia, and/or worsening kid-
ney function in patients with CKD [2]. Although the
reported frequency of hyperkalemia was low in the Afri-
can-American Study of Kidney Disease (AASK) trial, it was
highest in the ramipril group. A loop diuretic, furosemide,
was utilized to treat hyperkalemia in AASK, and a higher
frequency of adverse effects, including dizziness (50.1%),
lightheadedness (49.2%), and syncope (6.7%), were
observed in the ramipril cohort [26], possibly secondary
to exaggerated diuretic therapy.

Hyperkalemia secondary to RAASi therapy has been
reported to occur in 10–38% of hospitalized patients,
and in approximately 10% of outpatients within 1 year
following initiation of therapy [7]. The addition of a min-
eralocorticoid antagonist (MRA) to an angiotensin-convert-
ing enzyme (ACE) inhibitor or angiotensin receptor blocker
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for control of hypertension has been reported to double the
risk for hyperkalemia [11]. All patients in our analysis were
on RAASi, 42 of whom were on more than one RAASi
medication. Clinically, the development of hyperkalemia
during the treatment of hypertension, CKD, and/or heart
failure poses a therapeutic dilemma, as patients at highest
risk for this RAASi-induced complication are the same
patients who derive the greatest cardiovascular benefit from
these drugs [7,27].

Heretofore, the development of hyperkalemia in RAASi-
treated patients on diuretics given in conjunction with a low
Kþ diet frequently led to down-titration or discontinuance
of guideline recommended RAASi therapy [7]. In the AME-
THYST-DN study, patiromer was found to be well tolerated
and effective in treating hyperkalemia over 52 weeks in a
high-risk population with diabetic kidney disease on RAASi
[22]. With the availability of patiromer following US FDA
approval [19], US clinicians now have another option to
manage chronic or recurrent hyperkalemia in high-risk
patient populations, while maintaining RAASi therapy.

We recognize the limitations of this post-hoc analysis.
Our study was limited to the initial treatment phase of
OPAL-HK, which lasted 4 weeks, and this phase was not
placebo controlled. No attempts were made to increase
diuretic therapy to determine if diuretic resistance to
additional Kþ reduction was present prior to the initiation
of patiromer therapy.

In summary, 54% of hyperkalemic CKD patients in
OPAL-HK presented with hypertension and/or multiple
comorbidities on RAASi therapy while receiving diuretic
therapy at baseline. Patiromer significantly reduced mean
serum Kþ levels over 4 weeks regardless of diuretic use.
Patiromer was generally well tolerated in patients on and
not on diuretics, and hypokalemia was infrequent in
patients on any diuretic. Thus, the efficacy and safety of
patiromer was not compromised by concomitant adminis-
tration of diuretics.

Hyperkalemia limits the use of optimal RAASi therapy
in patients with CKD. ACE inhibitors and angiotensin
receptor blockers are recommended as first-line therapy
for hypertension in patients with CKD because of their
cardioprotective and renoprotective effects [1,28,29].
Despite these recommendations, RAASi medications
are underutilized in patients with CKD, in part secondary
to the risk of recurrent hyperkalemia, and they are less
likely to be prescribed than in patients with preserved
renal function [28]. As a result, a widening gap has
emerged between guideline-recommended RAASi
therapy and real-world experience, leading to clinical
inertia. Patiromer has been demonstrated to be well tol-
erated and effective for the treatment of hyperkalemia in
CKD patients with hypertension and multiple comorbid-
ities on RAASi, alone or in conjunction with other Kþ-
lowering interventions.
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