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Background: Despite guideline recommendations, many patients with heart failure (HF) do not receive target dos-
ages of renin-angiotensin-aldosterone system inhibitors (RAASis) in clinical practice due, in part, to concerns about
hyperkalemia (HK).

Methods and Results: This noninterventional, multinational, multicenter registry (NCT04864795; 111 sites in Europe
and the USA) enrolled 2558 eligible adults with chronic HF (mostly with reduced ejection fraction [HFrEF]). Eligibility
criteria included use of angiotensin-converting-enzyme inhibitor/angiotensin-II receptor blocker/angiotensin-recep-
tor-neprilysin inhibitor, being a candidate for or treatment with a mineralocorticoid receptor antagonist, and increased
risk of HK (eg, current serum potassium > 5.0 mmol/L), history of HK in the previous 24 months, or estimated glomeru-
lar filtration rate < 45 mL/min/1.73 m2). Information on RAASi and other guideline-recommended therapies was col-
lected retrospectively and prospectively (� 6 months). Patients were followed according to local clinical practice,
without study-specific visits or interventions. The main objectives were to characterize RAASi treatment patterns com-
pared with guideline recommendations, describe RAASi modifications following episodes of HK, and describe RAASi
treatment in patients treated with patiromer. Baseline characteristics for the first 1000 patients are presented.

Conclusions: CARE-HK is a multinational prospective HF registry designed to report on the management and out-
comes of patients with HF at high risk for HK in routine clinical practice. (J Cardiac Fail 2024;00:1�11)

Key Words: Heart failure, renin�angiotensin�aldosterone system inhibitor, hyperkalemia, clinical practice study.
© 2024 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/)
Introduction

Patients with heart failure (HF) may experience debilitating
symptoms and are at significantly increased risk for dis-
ease progression, hospitalization and death.1 Current HF
guidelines strongly recommend treating patients with HF
and reduced left ventricular ejection fraction (LVEF �
40%) (HFrEF) with renin-angiotensin-aldosterone system
inhibitors (RAASis) at the maximally tolerated or target
dosages that have been shown to reduce morbidity and
mortality rates in randomized clinical trials.2,3 Guidelines
provide weaker recommendations to consider RAASi
therapy in patients with HF with mildly reduced ejection
fraction (LVEF 41%�49%) (HFmrEF).2,3 In the US HF
guidelines, RAASi therapy may also be considered in
patients with HF and preserved ejection fraction (LVEF �
50%) (HFpEF), particularly in patients on the lower end of
this LVEF spectrum.2 However, in clinical practice, target
dosages of RAASis are often not achieved or sustained.
These gaps in RAASi implementation are due, in part, to
clinician concerns regarding hyperkalemia (HK) (defined
as serum potassium [sK+] > 5.0 mmol/L), particularly in
patients with chronic kidney disease (CKD).4 Indeed, HK
has been associated with adverse outcomes in patients
with HF, which may be, in part, related to clinicians dis-
continuing or down-titrating dosages of RAASis, owing to
the fear of HK.5,6

HK is common in patients with HF; up to 24% of
patients experience at least 1 episode of HK> 5.0 mmol/L
over 12 months of follow-up, and 10% experiencing mod-
erate or severe HK > 5.5 mmol/L.7 The risk of HK is higher
in patients with CKD and certain other comorbidities
(eg, diabetes mellitus) and with certain therapies (eg,
RAASis, including mineralocorticoid receptor antagonists
[MRAs]).7,8 Following the first episode of HK, the risk of
recurrent HK increases, with a tendency for successively
shorter intervals between episodes.5 Despite evidence
that lower dosages of RAASis are not as effective as target
dosages,9,10 RAASis are commonly down-titrated or tem-
porarily or permanently discontinued in patients with HF
who have comorbidities, potentially contributing to
adverse outcomes.11,12 Therefore, patients with HF at par-
ticular risk of HK are generally at higher risk of poor clinical
outcomes yet less likely to be treated with disease-modi-
fying medications.

Given the risk of HK in patients with HF receiving RAA-
Sis, both European and US HF guidelines, as well as CKD
guidelines, recommend monitoring serum potassium
(sK+) levels in patients taking RAASis.2,3,13 Furthermore,
HF guidelines provide recommendations for the manage-
ment of chronic HK, including consideration of the use of
potassium (K+) binders as a potential strategy, which may
allow for safer initiation, and continued use or up-titration
of RAASis in a larger proportion of patients.2,3 However,
despite the potential role as enabling strategies for RAASi
use, the effectiveness of K+ binders to improve outcomes
by facilitating RAASi optimization in routine clinical prac-
tice has not yet been established.2

Patient registries can be used to monitor treatment pat-
terns and associated outcomes in routine clinical practice,
particularly for the patients at highest risk, in whom
comorbidities or adverse events (or concern regarding
them) frequently result in treatment deviating from opti-
mal guideline-recommended medical therapy. Previous
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large observational studies have highlighted that a sub-
stantial proportion of patients with HF do not receive opti-
mal guideline-recommended medical therapy, receive it
only after substantial delays, and/or experience high rates
of treatment discontinuation.14�20 Reasons for these treat-
ment gaps have included a range of factors, from contra-
indication and intolerance of treatments to inadequate
access to therapies and therapeutic inertia,21 with HK
identified as 1 key reason for the discontinuation of
MRAs.15 However, there are limited longitudinal data
regarding the reasons for treatment decisions, particularly
in patients most at risk for HK.

CARE-HK in HF (Cardiovascular and Renal Treatment in
Heart Failure Patients with Hyperkalemia or at High Risk of
Hyperkalemia) is the first dedicated, prospective HF regis-
try designed to study the management of patients with
HF and current or at high risk for HK. The CARE-HK in HF
registry aims to evaluate RAASi treatment patterns in clini-
cal practice compared with guideline-recommended
medical therapy and describe RAASi treatment modifica-
tions following episodes of HK. Reasons for RAASi treat-
ment decisions provided by clinicians may help to identify
potential barriers to guideline-recommended medical
therapy. The association of the K+ binder, patiromer, with
RAASi treatment patterns is also evaluated by comparing
patients receiving patiromer with those not receiving any
K+ binder in routine clinical practice.
Methods

Study Design and Population
The CARE-HK in HF Registry (NCT04864795) is a noninter-
ventional, multinational, multicenter study that seeks to
evaluate RAASi treatment patterns in clinical practice
compared with guideline-recommended medical therapy.

The CARE-HK in HF registry planned to enroll at least
2000 patients and up to 5000 patients who had a diagno-
sis of chronic HF for at least 3 months prior to providing
informed consent to participate. Enrollment took place at
111 sites in Europe and the USA over a period of approxi-
mately 24 months. Patients were followed prospectively
until study completion, for a minimum of 6 months
(Fig. 1). At enrollment, data concerning RAASi use were
retrospectively ascertained from at least the time of HF
diagnosis or for 24 months prior to enrollment (whichever
was shorter), and then were prospectively collected until
the study’s completion. When appropriate and possible,
dates of diagnosis, initiation of treatments, and selected
laboratory results supporting HF diagnosis and risk of
HK were collected from before the 24 months prior to
enrollment. The study was embedded within routine clini-
cal care with no study-mandated visits, treatments or pro-
cedures; the study protocol did not provide treatment
recommendations, and all decisions about disease man-
agement were at the discretion of the treating physician.
In addition to the diagnosis of chronic HF in the medical
records at least 3 months prior to giving informed con-
sent, other key inclusion criteria were: (1) treatment with
RAASis (angiotensin-converting-enzyme inhibitor [ACEi]/
angiotensin-II receptor blocker [ARB]/angiotensin-recep-
tor-neprilysin inhibitor [ARNi]); (2) either treatment with or
candidate for treatment with an MRA; and (3) at increased
risk of HK. Increased risk of HK was defined as at least 1 of
the following criteria: current HK (sK+

> 5.0 mmol/L)
at enrollment, documented HK in the 24 months prior
to enrollment, or eGFR < 45 mL/min/1.73 m2 or CKD
stage � 3b. Key exclusion criteria were patients on renal
replacement therapy or mechanical circulatory support.
The goal was for patients with HFrEF or HFmrEF to com-
prise at least 80% of the total sample. Therefore, the
enrollment of patients with HFpEF (LVEF � 50%) was
capped once they had exceeded 20% of the sample. A
full description of the eligibility criteria is provided in
Table 1.

This study was conducted under the guidelines for
Good Pharmacoepidemiology Practice issued by the
International Society for Pharmacoepidemiology, Good
Clinical Practice, the Declaration of Helsinki and its
amendments, and any applicable national guidelines.
Local independent ethics committee/institutional review
board approval was required prior to enrollment of
patients, and each patient provided informed consent
before any data collection.
Data Sources
Data were extracted from patients’ medical records and/
or collected during routine clinical visits, and participants
who provided additional consent for the collection of
patient-reported outcomes were requested to complete
the Kansas City Cardiomyopathy Questionnaire (KCCQ)
to measure HF-related health status at enrollment and
approximately every 6 months. Medical histories were col-
lected for up to 24 months prior to enrollment or from
time of HF diagnosis (whichever was shorter). Data collec-
tion included demographics, HF diagnosis details, HF dis-
ease severity (New York Heart Association [NYHA]
classification and LVEF) and signs and symptoms, comor-
bidities (eg, CKD), kidney function, treatments details
(RAASis, K+ control, HF-related or HF-relevant concomi-
tant medications), and reasons for treatment decisions,
laboratory test results, procedures, and clinical events
(occurrence of HK, hospitalizations and mortality), as well
as safety data in patiromer-treated patients.
Objectives and Study Endpoints
The primary and secondary objectives and endpoints are
detailed in Supplementary Table 1 and Supplementary
Table 2, respectively. The primary objectives are to
describe RAASi treatment patterns in patients with
HF and compare them with treatment guideline



Fig. 1. CARE-HK in HF Registry Study Design. *Data were retrospectively extracted from medical records. When appropriate and possible, dates of
diagnosis, initiation of treatments and selected laboratory results supporting HF diagnosis and HK risk were collected from before the 24 months prior
to enrollment. yThe study protocol did not recommend the use of any specific treatments; no study medication was provided as part of participation.
All decisions on therapeutic or diagnostic procedures, treatments, or management of the disease were at the full discretion of the treating physician.
zPatients who provided additional consent for the collection of patient-reported outcomes were requested to complete the KCCQ to measure HF-
related health status at enrollment and approximately every 6 months. CARE-HK, Cardiovascular and Renal Treatment in Heart Failure Patients with
Hyperkalemia or at High Risk of Hyperkalemia; HF, heart failure; HFrEF, heart failure with reduced ejection fraction; HK, hyperkalemia; KCCQ, Kansas
City Cardiomyopathy Questionnaire; RAASi, renin�angiotensin�aldosterone system inhibitor.

Table 1 Inclusion and exclusion criteria

Inclusion Criteria Exclusion Criteria

� Aged �18 years � Treated with renal replacement therapy or mechanical circulatory support

� Diagnosis of chronic HF for at least 3 months prior to the signature of
informed consent

� Presenting other diseases with an expected survival of less than 1 year

� At least 1 record of LVEF in the 24 months prior to enrollment � Participating in, or being screened for, an interventional trial—with the exception of
patients participating in clinical trials relating to SARS-CoV-2

� Treated with ACEi, ARB, or ARNi at enrollment � Intolerant to MRAs for reasons other than HK or renal impairment

� Treated with or is a candidate for an MRA per a relevant treatment guideline
(eg, HF, CKD, resistant hypertension) at enrollment

� Increased risk of HK due to � 1 of the following criteria:

○ Current HK (sK+
> 5.0 mmol/L) at enrollment

○ Documented HK in the 24 months prior to signature of informed consent

○ eGFR < 45 mL/min/1.73 m2

� Sufficient cognitive ability to participate in the study

ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin-II receptor blockers; ARNi, angiotensin-receptor-neprilysin inhibitor; CKD, chronic kidney disease; eGFR,
estimated glomerular filtration rate; HF, heart failure; HK, hyperkalemia; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; SARS-CoV-2,
severe acute respiratory syndrome coronavirus 2; sK+, serum potassium.
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recommendations (ie, RAASi optimization) during the
overall (retrospective and prospective) observation period
and to describe RAASi treatment modifications following
episodes of HK (sK+

> 5.0 mmol/L) at short- and long-
term intervals. RAASi treatment optimization categories
include: optimal treatment, defined as � 50% of guide-
line-recommended target dosages, and suboptimal treat-
ment, defined as < 50% of guideline-recommended
target dosaes, or not treated if no RAASi treatment is pre-
scribed. These definitions were prespecified and consis-
tent with prior publications.18,22�24 Additional RAASi
treatment optimization definitions may be added to
improve precision and account for the dynamic treatment
patterns.

The primary endpoints of the study are the percentage
of patients by RAASi optimization overall; the percentage
of patients by RAASi dose modification in response to an
HK episode (downtitration, interruption, discontinuation,
no change); and the percentage of patients by RAASi
treatment modifications (uptitration, downtitration, inter-
ruptions, discontinuations) after HK episodes.

Following data analysis, if a sufficient number of
patients were prescribed patiromer in routine practice, an
additional primary objective describing RAASi treatment
patterns and comparing them with treatment guideline
recommendations (ie, RAASi optimization) in patiromer-
treated patients will be evaluated. The primary endpoints
for this analysis are a comparison of the percentage of
patients with RAASi treatment optimization between
patiromer-treated and untreated patients following HK
episodes at long-term intervals and a description of RAASi
treatment patterns in patiromer-treated patients following
episodes of HK at short-term and long-term intervals.
Statistical Considerations
The primary endpoint analyses are descriptive in nature,
and the sample size calculation was performed with the
goal of ensuring sufficient precision in descriptive out-
comes based on the half-width of the 95% confidence
interval (CI) under differing scenarios. For 5000 patients,
there would be a precision estimate of 1.4% overall, and
for 2000 patients, there would be a precision estimate of
2.2% overall. Precision around all estimates would be pre-
dicted to remain under 5% for any subgroup with at least
500 patients and under 7% for any subgroup with at least
200 patients.

A sample size estimate was performed for the patiromer
comparative analyses, to define the minimum patiromer-
treated patient population required. To observe an
improvement in RAASi treatment optimization of 10%
between patients treated with patiromer and patients not
treated with any K+ binder (at 80% power, 5% signifi-
cance, and comparing 2 proportions), with a ratio of 2
treated patients to 1 untreated patient, approximately
300 patiromer-treated patients would be required. Enroll-
ment was planned to continue until either a total of at
least 2000 patients and/or 300 patiromer-treated patients
was reached, and the projections for numbers of
patiromer-treated patients were evaluated to make deci-
sions regarding further enrollment.

One interim analysis for baseline characteristics was
prespecified once 1000 patients were enrolled.
Results

Patients Enrolled in the CARE-HK in HF Registry
Enrollment into the CARE-HK in HF Registry has com-
pleted and, as of database lock on March 28, 2024, there
were 2558 patients enrolled and eligible for the full analy-
sis set. The first 1000 patients for the full analysis set were
enrolled by February 16, 2023, and were included in the
current prespecified interim analysis of baseline character-
istics. This group comprised 589 patients from Europe
and 411 from the US. Demographics, clinical characteris-
tics and RAASi treatment at enrollment for the first 1000
eligible patients are reported in Table 2, overall and by
region.

The median (interquartile range [IQR]) age at enrollment
was 73.0 (65.0�80.0) years; 63.1% of patients were male,
and 91.7% were White. HF diagnosis occurred a median
(IQR) of 46.4 (16.3�95.2) months prior to enrollment, and
median (IQR) LVEF at enrollment was 39.0% (30.0�50.0),
with 57.3%, 16.1% and 26.6% of patients having an LVEF
of � 40% (HFrEF), > 40�< 50% (HFmrEF), and � 50%
(HFpEF), respectively. Based on the distribution of LVEF
phenotype enrolled in this interim analysis, and close
monitoring of the LVEF phenotypes being enrolled in the
registry, prespecified capping of enrollment for patients
with HFpEF was triggered on April 18, 2023. Subse-
quently, the registry continued to enroll patients with HF
and LVEF of < 50% only.

The majority of patients (95.1%) had � 1 reported
comorbidity, the most common of which was hyperten-
sion (77.5%), followed by CKD (58.7%), coronary artery
disease (55.0%) and atrial fibrillation (46.3%). The median
(IQR) most recent eGFR measurement was 42 (33�56)
mL/min/1.73 m2. The median most recent sK+ was 5.0
(4.4�5.3) mmol/L. Overall, 11.1% of patients had their
most recent sK+

> 5.5 mmol/L.

Overall, 59.6% of patients were prescribed an MRA at
enrollment. Reasons for contraindication, nonprescription
or lack of tolerability for those not receiving an MRA
included previous HK (39.6%), worsening kidney function
(37.7%), risk of HK (36.5%), advanced CKD (stage �4 or
eGFR < 30 mL/min/1.73 m2; 13.8%), and rise in sK+

(9.4%). HFrEF was the most common indication for treat-
ment with an MRA (64.3%) as well as for treatment with an
ACEi, ARB or ARNi (66.3%). Among patients with HFrEF,
the use of other guideline-directed medications for HF at



Table 2 Patient demographics, characteristics and use of RAASi treatment at enrollment for first 1000 patients in the full analysis set.

Total (n = 1,000) Europe (n = 589) USA (n = 411)

Demographics
Age, yearsa 73 (65�80) 74.0 (66�80) 73 (65�79)
Male, n (%)a 631 (63.1) 395 (67.1) 236 (57.4)
Race, n (%)a

American Indian or Alaska Native 1 (0.1) 0 1 (0.2)
Asian 11 (1.2) 2 (0.4) 9 (2.2)
Black or African American 52 (5.8) 1 (0.2) 51 (12.4)
White 828 (91.7) 488 (99.2) 340 (82.7)
Other 11 (1.2) 1 (0.2) 10 (2.4)

Body mass index, kg/m2a 28.1 (24.7�32.0) 27.2 (24.2�30.5) 29.3 (25.7�33.3)
Systolic blood pressure, mmHga 122.0 (110�136) 120.0 (109�135) 123 (110�137)
Serum potassium, mmol/La,b 5.0 (4.4�5.3) 5.1 (4.6�5.4) 4.7 (4.2�5.1)

�5.0 mmol/L, n (%) 499 (54.5) 237 (44.5) 262 (68.4)
>5.0�5.5 mmol/L, n (%) 315 (34.4) 215 (40.3) 100 (26.1)
>5.5�6.0 mmol/L, n (%) 82 (9.0) 64 (12.0) 18 (4.7)
>6.0�6.5 mmol/L, n (%) 15 (1.6) 12 (2.3) 3 (0.8)
>6.5 mmol/L, n (%) 5 (0.5) 5 (0.9) 0

History of hyperkalemia, n (%)a,c 661 (69.6) 412 (71.8) 249 (66.2)
Time since diagnosis of HF to enrollment, monthsa,d 46.4 (16.3�95.2) 46.2 (14.7�100.9) 46.7 (19.4�83.8)
Most recent LVEF, %a,e 39 (30�50) 38 (30�45) 40 (30�55)

HFrEF (�40%), n (%) 572 (57.3) 365 (62.1) 207 (50.5)
HFmrEF (40%-<50%), n (%) 161 (16.1) 119 (20.2) 42 (10.2)
HFpEF (�50%), n (%) 265 (26.6) 104 (17.7) 161 (39.3)

Most recent CKD stage, n (%)a,f

1 42 (4.9) 29 (5.4) 13 (4.1)
2 150 (17.5) 104 (19.3) 46 (14.5)
3a 186 (21.7) 108 (20.0) 78 (24.6)
3b 331 (38.6) 195 (36.1) 136 (42.9)
4 133 (15.5) 92 (17.0) 41 (12.9)
5 15 (1.8) 12 (2.2) 3 (0.9)

Most recent eGFR, mL/min/1.73 m2 a,g 42 (33�56) 42 (32�58) 42 (34�54)
Comorbiditiesh

At least one comorbidity, n (%) 951 (95.1) 546 (92.7) 405 (98.5)
Hypertension 775 (77.5) 394 (66.9) 381 (92.7)
Type 1 diabetes 14 (1.4) 8 (1.4) 6 (1.5)
Type 2 diabetes 451 (45.1) 233 (39.6) 218 (53.0)
CKD 587 (58.7) 308 (52.3) 279 (67.9)
Coronary artery disease 550 (55.0) 307 (52.1) 243 (59.1)
Cerebrovascular disease 139 (13.9) 79 (13.4) 60 (14.6)
Peripheral arterial disease 134 (13.4) 82 (13.9) 52 (12.7)
Atrial fibrillation 463 (46.3) 273 (46.3) 190 (46.2)
COPD 184 (18.4) 86 (14.6) 98 (23.8)
Sleep apnea 143 (14.3) 43 (7.3) 100 (24.3)
Liver disease/cirrhosis 31 (3.1) 21 (3.6) 10 (2.4)
Dementia / cognitive decline / Alzheimer�s disease 13 (1.3) 5 (0.8) 8 (1.9)

RAASis at enrollment, n (%)a

ACEi 240 (24.0) 136 (23.1) 104 (25.3)
ARB 221 (22.1) 97 (16.5) 124 (30.2)
ARNi 529 (52.9) 345 (58.6) 184 (44.8)
MRA 596 (59.6) 429 (72.8) 167 (40.6)

Reason for no MRA treatment, n (%)a,i

Contraindicated 121 (33.4) 59 (43.4) 62 (27.4)
Not tolerated 41 (11.3) 21 (15.4) 20 (8.8)
Other 200 (55.2) 56 (41.2) 144 (63.7)

Reason for MRA contraindication or not tolerated, n (%)a,j

Previous hyperkalemia 63 (39.6) 33 (42.3) 30 (37.0)
Worsening renal function 60 (37.7) 30 (38.5) 30 (37.0)
Risk of hyperkalemia 58 (36.5) 27 (34.6) 31 (38.3)
Advanced CKD (Stage �4 or eGFR <30 mL/min/1.73 m2) 22 (13.8) 14 (17.9) 8 (9.9)
Rise in serum potassium 15 (9.4) 13 (16.7) 2 (2.5)
Gynecomastia 0 0 0
Hyponatremia 0 0 0
Other 0 0 0

(Continued )
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Table 2. (Continued)

Total (n = 1,000) Europe (n = 589) USA (n = 411)

Other medications of interesta,k

Beta blocker, n (%) 749 (80.6) 425 (80.5) 324 (80.8)
SGLT2i, n (%) 419 (45.1) 322 (61.0) 97 (24.2)

Data are reported as median (quartile 1 � quartile 3) or n (%).
aPercentage calculated among all patients with non-missing information
bMost recent result collected from RAASi initiation date for HF or 24 months’ prior enrollment, whichever happened last, until the day before enrollment
cBased on laboratory tests (number of patients with > 5.0 mmol/L) at any time prior to enrollment, until the day before enrollment
dMost recent LVEF defined as category reported at the enrollment visit
eTime since HF diagnosis, calculated as the difference between enrollment date and HF diagnosis date, divided by 365.25
fMost recent result (from eGFR calculated using the CKD EPI-Formula, eGFR collected in the eCRF, or CKD stage collected in the eCRF) collected at enrollment, or the

closest data within 3 months prior or after enrollment
geGFR calculated using the CKD-EPI formula collected at enrollment, or the closest data within 3 months prior or after enrollment
hPercentage calculated among all patients enrolled
iPercentage calculated among patients who did not receive MRA at enrollment (n=362; Europe: n=136; USA: n=226)
jPercentage calculated among patients with contraindicated/not tolerated MRA at enrollment (n=159; Europe: n=78; USA: n=81)
kPercentage calculated among patients with at least 1 concomitant medication reported (n=929; Europe: n=528; USA: n=401). Data in the table are based on the full anal-

ysis set. ACEi, angiotensin-converting-enzyme inhibitor; ARB, angiotensin-II receptor blocker; ARNi, angiotensin-receptor-neprilysin inhibitor; CKD, chronic kidney disease;
COPD, chronic obstructive pulmonary disease; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eCRF, electronic case-report form; eGFR, estimated glomeru-
lar filtration rate; HF, heart failure; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with
reduced ejection fraction; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; Q, quartile; RAASi, renin-angiotensin-aldosterone system
inhibitor; SD, standard deviation; SGLT2i, sodium�glucose cotransporter-2 inhibitor.
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enrollment included beta-blockers (BBs) (86.1%) and
sodium-glucose cotransporter-2 inhibitors (SGLT2is);
57.3%); 39.5% of patients with HFrEF received quadruple
guideline-directed medical therapy (ACEi/ARB/ARNi,
MRA, BB, and SGLT2i). Fig. 2 contains further details
about the HF treatment prescribed at enrollment, strati-
fied by LVEF subgroup. At any time—either prior to study
enrollment or after—17.4% of patients had received treat-
ment with any K+ binder, and 6.2% had received treat-
ment with patiromer.
Discussion

The CARE-HK in HF registry is the first global longitudinal
study evaluating the clinical care and treatment of patients
Fig. 2. Heart failure treatment prescribed at enrollment by LVEF. *Percent
n = 265). yPercentage of patients with available data (HFrEF: n = 531; HFmrEF
ARNi and MRA, SGLT2i and BB. ACEi, angiotensin-converting-enzyme inhib
neprilysin inhibitor; BB, beta blocker; HFmrEF, heart failure with mildly reduce
HFrEF, heart failure with reduced ejection fraction; LVEF, left ventricular
sodium�glucose cotransporter-2 inhibitor.
with HF at increased risk of HK. The concept for the CARE-
HK in HF registry study was based on the belief that
adherence to guideline recommendations for RAASi use
is associated with improved clinical outcomes for patients
with HF. The CARE-HK in HF registry was, therefore,
designed to describe the use of guideline-recommended
medical therapy in real-world clinical practice, characterize
reasons for contraindications or discontinuation of guide-
line-recommended medical therapy, and study the impli-
cations of HK on patterns of care and use of RAASis in
patients with HF. Specifically (and uniquely), this study
aims to inform the care of a patient population that is in
particular need of strategies to improve the use of evi-
dence-based therapies, with a focus on those at risk for
HK (current or prior episodes of HK or with kidney dys-
function [eGFR <45 mL/min/1.73 m2]). To meet these
age among total subgroups (HFrEF: n = 572; HFmrEF: n=161; HFpEF:
: n = 143; HFpEF: n = 253). zQuadruple therapy defined as ACEi, ARB or
itor; ARB, angiotensin-II receptor blocker; ARNi, angiotensin-receptor-
d ejection fraction; HFpEF, heart failure with preserved ejection fraction;
ejection fraction; MRA, mineralocorticoid receptor antagonist; SGLT2i,
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objectives, the CARE-HK in HF registry was designed as a
large, multinational study embedded within routine prac-
tice. The study aims to provide important data on the
impact of HK and perceived risk of HK on clinical decision
making and use of RAASis for patients with HF. In parallel,
the study may also examine the use of patiromer to
manage and prevent HK in an at-risk population and the
role of patiromer in facilitating use of RAASis in clinical
practice.

The baseline data for the first 1000 patients enrolled in
the CARE-HK in HF registry reaffirm the uniqueness of the
study’s patient population, as compared with prior HF
registries and clinical trials.16,18,22 Among the key charac-
teristics, the median age was 73 years, the median most
recent sK+ was 5.0 mmol/L, and the median most recent
eGFR level was 42 mL/min/1.73 m2. By comparison, in
the CHAMP-HF registry of US outpatients with HFrEF,
the median age was 68 years, the median baseline sK+

was 4.3 mmol/L, and the majority of patients had eGFR >

60 mL/min/1.73 m2.16,25,26 In addition to CKD, the initial
cohort from CARE-HK also had high rates of comorbid-
ities, with nearly half of patients having histories of diabe-
tes and atrial fibrillation. Taken together, these initial
baseline characteristics suggest that CARE-HK success-
fully enrolled the intended target population, a popula-
tion generally underrepresented in prior registries and
clinical trials and with a high degree of medical complex-
ity, comorbidity and risk of HK.

Multiple prior HF registries and large observational
studies have consistently shown gaps in the use and
dosing of evidence-based therapy in routine clinical
practice.14�20 Despite strong guideline recommenda-
tions, robust clinical trial evidence and multiple quality-
improvement initiatives, these gaps have generally per-
sisted over time and across global regions.14�21 Under-
use of medical therapy in HF is notable for RAASi
treatment and MRAs in particular, but it has also been
observed for SGLT2is.20 In US clinical practice, among
patients with HFrEF eligible for therapy, 1 in 4 patients
do not receive an ACEi, ARB or ARNi, and 2 of 3 patients
do not receive an MRA.16 Such gaps in use and dosing
are generally largest among patients with severe CKD,
likely due, in part, to concerns about HK. For example,
among US patients hospitalized with HFrEF, there are
graded reductions in the use of an ACEi or ARB, an
ARNi and an MRA with increasing severity of kidney
dysfunction.27 Specifically, among patients with eGFR
30�< 45 mL/min/1.73 m2 (ie, an eGFR level at which
therapies are not contraindicated and where therapeutic
efficacy generally remains consistent in clinical trials),
only 50% and 26% of patients are prescribed an ACEi/
ARB/ARNi and an MRA at discharge, respectively.27 In
this context, initial patient data from the CARE-HK in HF
registry showed that less than 60% of patients were
prescribed an MRA at enrollment. Previous HK, risk of
HK and rise in sK+, as well as worsening renal function
and advanced CKD (stage � 4 or eGFR < 30 mL/min/
1.73 m2) were the most common reasons for contraindi-
cation or intolerance to MRAs. Future data from the
CARE-HK in HF registry will be able to assess how use of
RAASi therapy (in particular, MRAs) and SGLT2is change
over time and in relation to HK events. Likewise, the reg-
istry will allow comparison of prescription rates of guide-
line-recommended medical therapy between the US and
Europe, stratified by LVEF phenotype.

In a setting where guideline-recommended medical
therapy is not achieved owing to HK, patiromer may facili-
tate initiation or ongoing use of RAASis in patients with
HF.28,29 Among 132 patients with HF in the AMBER trial,
discontinuation of MRA therapy at 12 weeks occurred in
15.9% (n = 10/63) with patiromer compared with 31.9%
(n = 22/69) with placebo (P= 0.0504).28 The DIAMOND
trial assessed patiromer for the management of HK
among 1195 patients with HFrEF and current or prior
RAASi-related HK.29 DIAMOND showed that high dosage
of RAASi therapy (� 50% the target dosage of ACEi, ARB
or ARNi, and 50 mg of spironolactone or eplerenone) was
achieved in 84.6% of patients following the run-in phase
with patiromer and optimization of the RAASi therapy.29

Patients were then randomized to continued patiromer vs
withdrawal, where patients continuing patiromer demon-
strated lower risk of HK > 5.5 mmol/L (hazard ratio [HR]
0.63; 95% CI 0.45, 0.87; P= 0.006) and MRA dosage
reduction (HR 0.62; 95% CI 0.45, 0.87; P = 0.006) and
fewer total adjusted HK events/100 person-years (77.7 vs
118.2; HR 0.66; 95% CI 0.53, 0.81; P < 0.001). The CARE-
HK in HF registry will complement these clinical trial data,
informing the use of patiromer and its association with risk
of HK and enablement of evidence-based therapy for HF
in routine clinical practice.

While gaps in medical therapy for HF have been
repeatedly shown in clinical practice, the fundamental
question of why these gaps exist remains generally
unanswered. Multiple potential barriers to achieving
guideline-recommended medical therapy have been
proposed, including medical-level (eg, true medication
intolerance), clinician-level (eg, education/awareness,
inertia), patient-level (eg, patient preference, non-
adherence/persistence), and system-level (eg, drug for-
mularies, out-of-pocket costs).17,21 Yet, despite much
debate, no specific explanation has been proven domi-
nant or definitive. Although prior research has exam-
ined patient or practice factors that are associated with
medication changes in patients with HF, there are
scarce data specifically within the population at high
risk for HK. To address this knowledge gap, the CARE-
HK in HF registry will allow examination of factors asso-
ciated with medication changes. Combined with multi-
ple other domains of clinical data, the study will
provide a comprehensive and novel description of the
longitudinal patient journey and care for a vulnerable
population of patients with HF at high risk for HK.
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Conclusions

The CARE-HK in HF registry is a large, multinational, prospec-
tive study embedded within clinical practice that will provide
a unique opportunity to study the implications of HK on pat-
terns of care and use of RAASis for HF. The registry specifi-
cally seeks to enroll a patient population with advanced CKD
and high risk of hyperkalemia, a vulnerable patient popula-
tion that has been underrepresented in prior HF registries.
The study will also evaluate the association of patiromer, a
novel K+ binder, with use of guideline-recommended medi-
cal therapy and prevention of HK in routine clinical practice.
These data will inform HF quality improvement initiatives by
both characterizing the current patterns of care, frequency of
HK, and clinical events (hospitalizations and mortality) among
patients with HF at increased risk of HK, as well as identifying
risk factors and potential underlying reasons for gaps in
guideline-recommended medical therapy.
Lay summary

� Guidelines recommend that patients with heart failure
with reduced ejection fraction (HFrEF) should receive
renin-angiotensin-aldosterone system inhibitors (RAA-
Sis) at the target dosages determined in clinical trials to
improve outcomes and reduce mortality rates.

� In clinical practice, RAASis may not be initiated, contin-
ued or maintained at target dosages owing, in part, to
fear of developing high blood potassium levels (known
as hyperkalemia) that may have serious consequences.

� The CARE-HK in HF registry aims to characterize RAASi
treatment patterns compared with guideline recommen-
dations in patients with heart failure at high risk for
hyperkalemia. Closing the gap between clinical practice
and guideline recommendations should improve patient
outcomes.
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