
Clinical Study

Effect of Patiromer in Hyperkalemic
Patients Taking and Not Taking
RAAS Inhibitors

Robert A. Kloner, MD, PhD1,2 , Coleman Gross, MD3, Jinwei Yuan, MD3,
Ansgar Conrad, PhD3, and Pablo E. Pergola, MD, PhD4

Abstract
Introduction: Hyperkalemia (potassium >5.0 mEq/L) affects heart failure patients with renal disease regardless of the use of
renin–angiotensin–aldosterone system inhibitors (RAASi). The open-label TOURMALINE study showed that patiromer, a
sodium-free, nonabsorbed potassium binder, lowers serum potassium of hyperkalemic patients similarly when given with or
without food; unlike prior studies, patients were not required to be taking RAASi. We conducted post hoc analyses to provide the
first report of patiromer in patients not taking RAASi. Methods: Hyperkalemic patients received patiromer, 8.4 g/d to start,
adjusted to achieve and maintain serum potassium of 3.8 to 5.0 mEq/L. If taking RAASi, stable doses were required. The primary
end point was the proportion of patients with serum potassium 3.8 to 5.0 mEq/L at week 3 or 4. This analysis presents data by
patients taking or not taking RAASi. Results: Demographics and baseline characteristics were similar in patients taking (n ¼ 67)
and not taking RAASi (n ¼ 45). Baseline mean (SD) serum potassium was 5.37 (0.37) mEq/L and 5.42 (0.43) mEq/L in patients
taking and not taking RAASi, respectively. Mean (SD) daily patiromer doses were similar (10.7 [3.2] and 11.5 [4.0] g, respectively).
The primary end point was achieved in 85% (95% confidence interval [CI]: 74-93) of patients taking RAASi and in 84% (95% CI:
71-94) of patients not taking RAASi. From baseline to week 4, the mean (SE) change in serum potassium was �0.67 (0.08) mEq/L
in patients taking RAASi and �0.56 (0.10) mEq/L in patients not taking RAASi (both P < .0001 vs baseline, P ¼ nonsignificant
between groups). Adverse events were reported in 26 (39%) patients taking RAASi and 25 (54%) not taking RAASi; the most
common adverse event was diarrhea (2% and 11%, respectively; no cases were severe). Five patients (2 taking RAASi) reported 6
serious adverse events; none considered related to patiromer. Conclusions: Patiromer was effective and generally well-
tolerated for hyperkalemia treatment, whether or not patients were taking RAAS inhibitors.
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Introduction

Management of heart failure in patients with chronic kidney

disease (CKD) is often complicated by hyperkalemia (serum

potassium >5.0 mEq/L), even for patients not taking renin–

angiotensin–aldosterone system inhibitors (RAASi).1-3 RAASi

are used to manage these conditions, decrease proteinuria, slow

CKD progression, and improve survival in patients with heart

failure. RAASi are also associated with a higher incidence of

hyperkalemia that may result in their discontinuation or admin-

istration at suboptimal doses.4-11 Indeed, in an analysis of

records of 205,108 patients with hyperkalemia, Epstein et al

found that relatively few patients were prescribed maximum

doses of RAASi.12 Furthermore, *20% of hyperkalemia

events led to RAASi dose downtitration and *25% of hyper-

kalemia events led to RAASi discontinuation.

Patiromer is a nonabsorbed, potassium-binding polymer that

uses calcium as a counterexchange ion.13 It is approved for the

treatment of hyperkalemia in the United States and European

Union.14,15 TOURMALINE was a phase 4, prospective, open-

label, 4-week randomized trial that compared the efficacy and

safety of patiromer administered without food versus with

food. Unlike prior studies of patiromer,16,17 the TOURMA-

LINE trial did not require patients to be taking RAASi.18
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The study showed that patiromer lowers serum potassium simi-

larly when given with or without food.18 The prescribing infor-

mation now recommends that patiromer can be given with or

without food. Patiromer binds potassium in the gastrointestinal

tract, and based on this mechanism of action, we hypothesized

that the effect of patiromer on serum potassium in hyperkale-

mic patients would be similar regardless of RAASi use. There-

fore, we conducted a post hoc analysis using data from

TOURMALINE to provide the first report of patiromer effi-

cacy in patients not taking RAASi.

Methods and Materials

Study Design and Oversight

TOURMALINE was an open-label study of patients with

hyperkalemia (Figure 1; clinicaltrials.gov identifier,

NCT02694744). Patients and site study staff were not blinded

to treatment assignment (ie, with or without food groups);

sponsor, contractors, and personnel supporting the study who

did not require access to patient source documents or to the

electronic data capture system were blinded to treatment

assignment. This post hoc analysis is exploratory in nature and

should be interpreted appropriately. Detailed methodology of

the study has been previously reported18 and is described

briefly here. The protocol was approved by a central institu-

tional review board, all patients provided written informed

consent, and the study was conducted in accordance with the

International Conference on Harmonization Good Clinical

Practice guidelines.

Study Population (Key Criteria)

Adult patients (�18 years old) with 2 potassium values

>5.0 mEq/L at the screening visit, each obtained from separate

venipunctures, in different arms when possible, were enrolled.

If taking RAASi, b-blockers, or diuretics at baseline, patients

were required to have been on a stable dose for �14 days prior

to screening. While every effort was made to keep these med-

ications stable during the study, doses could be adjusted at the

discretion of the investigator. Patients could have clinically

stable diabetes mellitus (type 1 or type 2), heart failure, hyper-

tension, and/or CKD, but none of these disorders was a require-

ment for study entry. Patients with heart, liver, or kidney

transplant; dialysis or probable need for dialysis during study

period; or unstable medical conditions were excluded.

Procedure

Patients were randomized 1:1 to a group that received patir-

omer with food or a group that received patiromer without

food, both at a starting dose of 8.4 g once daily. Patients

were instructed to take their patiromer dose around a spe-

cific meal, which was chosen for each patient so that the

patiromer dose was maximally separated from their other

concomitant oral medications. Patiromer daily doses could

be increased or decreased during the study by 8.4 g/d to a

maximum of 25.2 g/d to achieve and maintain potassium

levels within the target range of 3.8 to 5.0 mEq/L, as

described by Pergola et al.18

Following day 1, randomized patients attended scheduled

study visits on day 3 and then on week 1, 2, 3, and 4. Potassium

Figure 1. TOURMALINE study design. aRandomization was stratified by screening Kþ, race, and history of diabetes mellitus; although patients
were randomized on the morning of the baseline visit (day 1), patients did not initiate with or without food dosing until day 2. Abbreviations and
symbols: ", scheduled blood draw; BL, baseline; F1, follow-up visit 1; F2, follow-up visit 2; HK, hyperkalemia; Kþ, potassium; QD, once daily.

Kloner et al 525

http://clinicaltrials.gov


levels were measured at each scheduled visit. For safety,

patients were followed weekly for 2 weeks after the last dose

of patiromer. Potassium was measured in whole blood locally

by point-of-care device (iSTAT; Abbott Point-of-Care, Prince-

ton, New Jersey) for eligibility and dose titration decisions by

the investigator and in serum at a central clinical laboratory for

efficacy and safety evaluations.

End Points

The prespecified primary and secondary efficacy end points in

TOURMALINE were the proportion (95% confidence interval

[CI]) of patients with serum potassium in the target range of 3.8

to 5.0 mEq/L at week 3 or 4 and the least squares (LS) mean

(standard error [SE]) change in serum potassium from baseline

to week 4, respectively. Safety variables included adverse

events (AEs), clinical laboratory test results, vital signs, and

early withdrawal data. For this post hoc analysis, results were

analyzed for patients taking versus not taking RAASi.

Statistical Analysis

The efficacy and safety populations included all patients who

were randomized and had taken at least one dose of patiromer.

Because taking patiromer with and without food did not impact

serum potassium reduction in the main analysis, the with and

without food treatment groups were merged to increase the

sample size in each of the analysis groups here which are

presented by RAASi use at baseline.

The exact (Clopper-Pearson) method was used to obtain

proportion of responders (patients with serum potassium in the

target range [3.8-5.0 mEq/L] at either week 3 or week 4) and its

95% CI. The proportion of responders in prespecified sub-

groups by baseline serum potassium (<5.5 or �5.5 mEq/L),

race (white vs all other), estimated glomerular filtration rate

(eGFR; �30 or <30 mL/min/1.73 m2), and diabetes mellitus

(yes vs no) was analyzed similarly.

Mean change in serum potassium from baseline to week 4 was

analyzed by analysis of covariance (ANCOVA) model to esti-

mate the difference between groups taking and not taking RAASi.

This model included baseline serum potassium as a continuous

covariate and baseline RAASi use, race (white vs all others), and

history of diabetes mellitus as categorical covariates. This

ANCOVA model was also used to evaluate mean change in serum

potassium from baseline to each visit during treatment and from

end of treatment to last available follow-up visit. The Kaplan-

Meier survival function was used to estimate the median time and

95% CI in days to achieve serum potassium levels within the

target range. Log-rank testing was used to compare groups.

For all analyses, descriptive statistics were summarized as

mean and SE for continuous variables or proportions for cate-

gorical variables. Continuous variables for baseline demo-

graphic and clinical characteristics were summarized as mean

and standard deviation (SD). All analyses were performed

using SAS version 9.4 (SAS Institute, Cary, North Carolina),

with statistical significance set at P < .05.

Results

Disposition and Baseline Characteristics

Of 114 patients randomized, 67 (59%) were taking RAASi at

baseline. Figure 2 shows disposition for patients taking and

not taking RAASi. Specific RAASi taken by >1 patient

included the angiotensin-converting enzyme inhibitors lisino-

pril (n¼ 30, including 1 who received lisinopril in combination

with hydrochlorothiazide), enalapril (n ¼ 10), ramipril (n ¼ 2),

and benazepril (n ¼ 2, including 1 who received benazepril

with amlodipine) and the angiotensin II receptor blockers losar-

tan (n ¼ 13) and valsartan (n ¼ 5, including 1 who received

valsartan with hydrochlorothiazide). One patient each received

candesartan, fosinopril, irbesartan, and olmesartan (olmesartan

in combination with amlodipine and hydrochlorothiazide).

Four patients were receiving spironolactone (3 in combination

with one of the above RAASi).

Overall, baseline characteristics were similar between

groups (Table 1), except for an imbalance in mean (SD) eGFR:

45.8 (26.4) mL/min/1.73 m2 in those taking RAASi versus

34.7 (23.1) in those not taking RAASi (P ¼ .0238). Patients’

prior medications were generally similar between groups

(Table 2), except there were numerically fewer patients taking

b-blockers (P ¼ .0842) among patients taking RAASi. There

was no difference in the proportion of patients taking non-

RAASi diuretics.

Efficacy

Similar proportions of patients taking and not taking RAASi

achieved target levels of serum potassium (3.8-5.0 mEq/L) at

week 3 or 4 (85%; 95% CI: 74-93 and 84%; 95% CI: 71-94,

respectively; Figure 3) and at any study visit (89% and 96%,

respectively). An analysis of prespecified subpopulations

showed no apparent differences in the proportion of responders

among those taking and not taking RAASi (Figure 3).

Figure 2. Disposition of patients taking and not taking RAAS inhibi-
tors. aExcluded from the efficacy analysis: 1 patient who did not
receive patiromer and 1 patient with a protocol violation and no
postbaseline serum potassium observations. Excluded from the safety
analysis: 1 patient who did not receive patiromer. HK indicates hyper-
kalemia; RAASi, renin–angiotensin–aldosterone system inhibitor.
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Mean serum potassium decreased from baseline similarly in

both groups (Figure 4). The LS mean (SE) change in serum

potassium from baseline to week 4 was statistically significant

(P < .0001) for patients taking (�0.67 [0.08]) or not taking

RAASi (�0.56 [0.10]) and was not different between groups

(P ¼ .27). Using unadjusted means and a paired t test, the mean

change from baseline (SE) was also statistically significant

(P < .0001) for patients taking (�0.60 [0.06]) or not taking

RAASi (�0.52 [0.09]) and was not different between groups

(P¼ .52). The median time to achieving serum potassium in the

target range was 8 days in both groups (P ¼ .0832 for taking

RAASi vs not).

In the follow-up period (after stopping patiromer treatment),

LS mean (SE) serum potassium levels increased from end of

treatment by 0.32 (0.09) mEq/L and 0.33 (0.11) mEq/L in the

RAASi and not taking RAASi groups, respectively (P < .005

for each vs end of treatment; P ¼ .924 for taking RAASi vs

not). The mean (SE) follow-up times were 14 (0.2) and 15 (0.7)

days, for patients taking or not taking RAASi, respectively. In

the RAASi group, the proportion of patients with potassium

�5.5 mEq/L at the end of treatment was 13.4%, and after

patiromer discontinuation increased to 17.5% at the first week

and to 20.6% at the second week of follow-up; the proportions

for those not taking RAASi were 8.9%, 35% and 34.1%,

respectively. These differences were not statistically signifi-

cant. Similar to baseline, there were differences in eGFR (mean

[SD]) at the first and second week of follow-up; the eGFR in

patients taking RAASi was greater than in those not taking

RAASi (first week, 49.5 [28.8] mL/min/1.73 m2, 39.8 [28.6]

mL/min/1.73 m2; second week, 50.5 [29.6] mL/min/1.73 m2,

38.7 [26.9] mL/min/1.73 m2, respectively).

Table 1. Baseline Demographic and Clinical Characteristics.

Taking RAAS Inhibitors (n ¼ 67) Not Taking RAAS Inhibitors (n ¼ 45) Total (N ¼ 112)

Men, n (%) 42 (63) 31 (69) 73 (65)
Age, years, mean (SD) 66 (13) 67 (10) 67 (12)
Race, n (%)

White 51 (76) 41 (91) 92 (82)
Black 13 (19) 1 (2) 14 (13)

Hispanic Latino ethnicity 38 (57) 25 (56) 63 (56)
Serum Kþ,a mEq/L, mean (SD) levels 5.37 (0.37) 5.42 (0.43) 5.39 (0.40)

<5.5 mEq/L, n (%) 40 (60) 26 (58) 66 (59)
�5.5 mEq/L, n (%) 27 (40) 19 (42) 46 (41)

Diabetes mellitus, n (%) 55 (82) 37 (82) 92 (82)
eGFR, mL/min/1.73 m2

Mean (SD) 45.8 (26.4) 34.7 (23.1) 41.3 (25.6)
Median (IQR) 35.0 (24.0, 70.0) 25.0 (20.0, 41.0) 31.5 (22.0, 59.0)

CKD, n (%) 48 (72) 37 (82) 85 (76)
CKD stage 3a 5 (8) 4 (9) 9 (8)
CKD stage 3b 12 (18) 8 (18) 20 (18)
CKD stage 4 24 (36) 19 (42) 43 (38)
CKD stage 5 1 (2) 5 (11) 6 (5)

Heart failure, n (%) 6 (9) 4 (9) 10 (9)
NYHA class I/II 4 (6) 4 (9) 8 (7)
NYHA class III 2 (3) 0 (0) 2 (2)

Myocardial infarction, n (%) 3 (5) 4 (9) 7 (6)
Hypertension, n (%) 67 (100) 38 (84) 105 (94)

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; IQR, interquartile range; Kþ, potassium; NYHA, New York Heart
Association; RAAS, renin–angiotensin–aldosterone system; SD, standard deviation.
aBaseline serum Kþ is defined as the mean of serum Kþ from the central laboratory on 2 consecutive days (day�1 and day 1) immediately prior to the first dose of
patiromer.

Table 2. Medications of Interest Used Within 30 Days Prior to
Screening Visit.

n (%)

Taking RAAS
Inhibitors
(n ¼ 67)

Not Taking
RAAS Inhibitors

(n ¼ 45)
Total

(N ¼ 112)

Non-RAAS inhibitor
diuretica

24 (36) 16 (36) 40 (36)

Insulin 26 (39) 15 (33) 41 (37)
b-blocker 30 (45) 28 (62) 58 (52)
b-agonistb 4 (6) 4 (9) 8 (7)
NSAID (systemic)

Ibuprofen 2 (3) 1 (2) 3 (3)
Aspirin 23 (34) 21 (47) 44 (39)
Coxib 1 (2) 0 1 (<1)

Lactulose 0 1 (2) 1 (<1)
Sodium polystyrene

sulfonatec
1 (2) 2 (4) 3 (3)

Abbreviations: NSAID, nonsteroidal anti-inflammatory drug; RAAS, renin–
angiotensin–aldosterone system.
aAll non-RAAS inhibitor diuretics were potassium-wasting.
bb-agonists given for obstructive airway.
cSodium polystyrene sulfonate not allowed within 7 days prior to screening.
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Patiromer Dosing and Titration

The mean (SD) daily patiromer dose was 10.7 (3.2) g and 11.5

(4.0) g, respectively, in patients taking and not taking RAASi

(median doses 8.4 g and 10.2 g, respectively). The mean (SD)

daily dose prescribed at week 3 (the last titrated dose) was

12.5 (6.0) g and 13.9 (6.1) g, respectively. This dose was

reached following a similar mean (SD) number of titrations per

patient in each group: 0.6 (0.7) titrations in the RAASi group

and 0.7 (0.7) among those not taking RAASi; the mean (SD) time

to first titration was also similar (11.8 [7.3] days and 11.0 [5.7]

days, respectively). Uptitrations occurred in 13% to 20% of

patients at each of the weekly visits, and 2 patients in each

group were downtitrated (on RAASi, both at week 3; and not

on RAASi, 1 each at week 1 and week 2).

No RAASi medication (including spironolactone) was chan-

ged (new start, dose modification, or discontinuation) during

the treatment or follow-up periods of the study. One patient in

the group not taking RAASI discontinued a potassium-wasting

diuretic (hydrochlorothiazide) during the follow-up period.

Safety/Tolerability

Adverse events (AEs) were reported in 26 (39%) and 25 (54%)

patients taking and not taking RAASi, respectively (Table 3).

AEs were mild to moderate in most patients. The most common

AE was diarrhea (5% overall); all cases were mild. Additional

AEs (none severe) occurring in �3% of patients overall

included increase in blood creatine phosphokinase (all mild),

constipation, anemia, headache, and urinary tract infection, all

without obvious patterns in relation to taking or not taking

RAASi. Overall, gastrointestinal disorders occurred in

14 (12%) patients, 4 (6%) who were taking RAASi and

10 (22%) who were not; all gastrointestinal AEs were mild to

moderate in severity.

AEs considered to be related to patiromer occurred in 13

(12%) patients overall; the most common treatment-related

AEs were constipation and diarrhea (Table 3). Treatment-

related hypomagnesemia was reported in 1 patient in each

group and headache in 2 patients not taking RAASi. Three

patients discontinued the study due to AEs, 1 who was taking

RAAS inhibitor and 2 who were not (Table 3). Six serious AEs

were reported for 5 patients (2 taking RAASi); none were

Figure 3. Forest plot of responders at either week 3 or 4 by subgroup. Responders were defined as patients achieving target serum potassium
of 3.8 to 5.0 mEq/L. DM indicates diabetes mellitus; eGFR, estimated glomerular filtration rate; RAASi, renin–angiotensin–aldosterone system
inhibitor.

Figure 4. Mean (SE) serum potassium over time by baseline RAAS
inhibitor use. The shaded area represents the target range for serum
potassium (3.8-5.0 mEq/L). BL indicates baseline; Kþ, potassium;
RAAS, renin–angiotensin–aldosterone system; SE, standard error.
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considered related to patiromer. Among patients taking

RAASi, 1 experienced angina and chest pain on 2 occasions

and 1 experienced claudication. Among patients not taking

RAASi, 1 experienced acute kidney injury and 1 experienced

anemia. In 1 patient not taking RAASi, a serious AE (cardio-

pulmonary arrest, described by Pergola et al18) was fatal and

was considered not related to patiromer; the safety review

board assessed the death as related to cardiovascular causes

(sudden cardiac death) and unlikely to be related to hypokale-

mia or hyperkalemia.

Serum potassium remained �3.5 mEq/L in all patients dur-

ing the treatment phase and during follow-up. Single episodes

of low normal levels (3.7-4.0 mEq/L) were reported for 1 (2%)

patient not taking RAASi and 3 (4%) patients receiving

RAASi. Mean (SD) serum magnesium at baseline was

2.1 (0.3) mg/dL among those taking RAASi and 2.2 (0.3)

mg/dL among those not taking RAASi and remained in the

normal range (1.8-2.4 mg/dL) throughout the study. There was

a small mean (SD) reduction in serum magnesium from base-

line to week 4 of �0.1 (0.2) in those taking RAASi and

�0.2 (0.2) among those who were not; values returned to base-

line by the end of the 2-week follow-up period. Five patients

experienced serum magnesium <1.4 mg/dL during the study

period (Table 3); in 4 of these patients, serum magnesium was

<1.8 mg/dL at baseline. No patient experienced serum magne-

sium <1.2 mg/dL. There were no clinically relevant changes in

eGFR, creatinine, or vital signs during the study.

Discussion

The main finding of TOURMALINE was that patiromer is

similarly effective when administered with or without food,18

which allowed us to combine data from both treatment arms for

this subgroup analysis. Furthermore, the design of the study

allowed us to examine whether the potassium-lowering effect

of patiromer was modified by concomitant RAASi use. We

show that once-daily patiromer was similarly effective in treat-

ing hyperkalemia whether or not patients were taking RAASi,

with 84% to 85% of patients achieving serum potassium

between 3.8 and 5.0 mEq/L. This was achieved with similar

number and extent of dose titrations of patiromer in both

patient groups. These findings show that patients on RAASi,

which increases the risk of hyperkalemia, respond to patiromer

treatment the same as those not taking RAASi.

In our post hoc analysis, the 2 groups were relatively well

balanced with respect to baseline characteristics. The one

exception being a lower baseline eGFR in patients not taking

RAASi, which could be explained by these patients having

more advanced CKD as a group and being less likely to have

tolerated or received background RAASi therapy due to phy-

sicians’ concerns regarding hyperkalemia. Despite the imbal-

ance in baseline eGFR between the 2 groups, the subpopulation

responder analysis showed no differences in the efficacy of

patiromer when stratified for patients with eGFR above (or

equal to) and less than 30 mL/min/1.73 m2.

In the follow-up period after patiromer treatment was

stopped, serum potassium levels increased similar to that seen

in the placebo arm of the Two-Part, Single-Blind, Phase 3

Study Evaluating the Efficacy and Safety of Patiromer for the

Treatment of Hyperkalemia (OPAL-HK) trial during the

8-week randomized withdrawal phase.17 Over the 8 weeks of

the withdrawal phase of OPAL-HK, 56% of the placebo group

required discontinuation of RAASi therapy to adequately main-

tain serum potassium levels <5.5 mEq/L. Likely due to the

shorter duration of follow-up in our study (2 weeks), no

patients required changes to or discontinuation of their RAASi

dosing. At the same time, we observed a greater proportion of

patients with serum potassium levels �5.5 mEq/L in the group

not taking RAASi in the follow-up period. As noted earlier,

compared to patients taking RAASi, eGFR was lower in

Table 3. Safety Summary.

n (%)

Taking RAAS
Inhibitors
(n ¼ 67)

Not taking
RAAS Inhibitors

(n ¼ 46)
Total

(N ¼ 113)

With �1 AE 26 (39) 25 (54) 51 (45)
Severity

Mild 13 (19) 13 (28) 26 (23)
Moderate 12 (18) 10 (22) 22 (19)
Severe 1 (2) 2 (4) 3 (3)

Most common AEsa

Diarrhea 1 (2) 5 (11) 6 (5)
Increased blood

creatine
phosphokinase

2 (3) 2 (4) 4 (4)

Constipation 1 (2) 3 (7) 4 (4)
Anemia 0 3 (7) 3 (3)
Headache 0 3 (7) 3 (3)
Urinary tract

infection
2 (3) 1 (2) 3 (3)

With �1 treatment-
related AE

7 (10) 6 (13) 13 (12)

Most common
treatment-related
AEsa

Diarrhea 0 3 (7) 3 (3)
Constipation 1 (2) 2 (4) 3 (3)

With �1 AE leading to
study discontinuation

1 (2) 2 (4) 3 (3)

With �1 serious AEb 2 (3) 3 (7) 5 (4)
Deaths 0 1 (2) 1 (<1)
Prespecified laboratory

values of interest
Serum Kþ

<3.5 mEq/L
0 0 0

Serum Mg
<1.2 mg/dLc

0 0 0

Serum Mg
<1.4 mg/dLc

2 (3) 3 (7) 5 (5)

Abbreviations: AE, adverse event; Kþ, potassium; Mg, magnesium; RAAS,
renin–angiotensin–aldosterone system.
aOccurring in �3 patients in the total group.
bNone were considered related to patiromer in the judgment of the
investigators.

cOne patient had no postbaseline serum Mg value.
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patients not taking RAASi at baseline as well as during the

follow-up period which likely contributed to the increased

occurrence of serum potassium �5.5 mEq/L after patiromer

was discontinued.

Overall, the AE profile was acceptable and similar in both

groups. The AEs of diarrhea (all mild) and constipation (none

severe) were numerically higher in patients not taking RAASi.

However, given the small patient numbers, the post hoc nature

of this analysis, and the fact that gastrointestinal AEs occur

(though uncommonly) in patients taking RAASi, it is unclear

whether this difference could simply reflect what is observed in

clinical trials of patiromer and the observation is a chance

occurrence. Safety findings were consistent with previous

patiromer clinical studies.

Study Limitations

There were several limitations to the current analyses, includ-

ing that TOURMALINE was designed to detect food effects

on patiromer efficacy and safety and was not designed a priori

to test any potential impact of RAASi on the potassium-

lowering effect of patiromer. Importantly, this was an open-

label study with no placebo group. The study did include a

follow-up phase, which was mainly for safety monitoring pur-

poses, and showed an increase in serum potassium upon drug

withdrawal. In this post hoc analysis, patient numbers were

relatively small and variability was wide; thus, power to show

differences between subgroups was limited. Therefore, these

findings are considered exploratory and the data should be

interpreted with caution. The group differences in eGFR

(lower mean values in the non-RAASi group) and use of b-

blockers (greater in the non-RAASi group) reveal some impor-

tant distinctions among hyperkalemic patients treated with or

without RAASi. b-blockers inhibit renin production and potas-

sium uptake, predisposing patients for hyperkalemia,19 and

impaired kidney function limits the patients’ ability to excrete

potassium. Thus, these 2 baseline characteristics likely explain

why patients not on RAASi had hyperkalemia requiring treat-

ment with patiromer and perhaps their intolerance of RAASi

therapy. This also might explain the greater proportion of

hyperkalemia upon discontinuation of patiromer in those not

taking RAASi. Nonetheless, regardless of the driver for hyper-

kalemia (worse kidney function and/or b-blockade) or RAASi

use, patiromer was effective at treating hyperkalemia and

maintaining target serum potassium levels during the study

treatment period.

Conclusion

We show for the first time that patiromer appears to be equally

effective and well tolerated when used without or with

RAASi. Further research (eg, AMBER trial clinicaltrials.gov

identifier: NCT03071263) will evaluate whether patiromer

enables optimal use and produces beneficial outcomes

associated with RAASi therapy in patients with or at risk for

hyperkalemia.
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