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ABSTRACT

Background. Guideline-recommended hyperkalaemia management includes dietary potassium (K*) restriction,
bicarbonate correction, diuretics and K™ binders with dose reduction of renin-angiotensin-aldosterone system
inhibitors as a last resort. The extent to which these recommendations are implemented is uncertain, as real-world data
on hyperkalaemia management are limited. The Tracking Treatment Pathways in Adult Patients with Hyperkalemia
(TRACK) study is a multinational, prospective, longitudinal study that is being conducted to address this knowledge gap.
We report the design and baseline cohort characteristics of this real-world study of hyperkalaemia management
decision-making.

Methods. This study enrolled participants within 21 days of an episode of hyperkalaemia in four European countries
(UK, Spain, Germany, Italy) and the USA. During the 12-month follow up, data collected will include participant and
healthcare provider characteristics (specialty and practice setting), hyperkalaemia treatment objectives and strategies,
rationale for management decisions and indicators of response and patient-reported perceptions of their hyperkalaemia
treatment.

Results. The enrolled cohort includes 1330 participants, mean age 68 years, of whom 31% were women. At baseline, 6%
reported heart failure, 55% chronic kidney disease, 29% both and 9% neither. Most participants (57%) were taking an
angiotensin-converting enzyme inhibitor, angiotensin receptor blocker or angiotensin receptor/neprilysin inhibitor at
baseline. Mineralocorticoid receptor antagonist use was lower (14%).
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Conclusions. The prospective TRACK study will shed light on practitioners’ hyperkalaemia management
decision-making and assess the impact of their decisions on hyperkalaemia recurrence. Understanding practitioners’
underlying thought processes will facilitate efforts to improve hyperkalaemia management.

ClinicalTrials.gov: NCT05408039

Keywords: chronic kidney disease, heart failure, hyperkalaemia management, RAAS], real-world evidence

KEY LEARNING POINTS

What was known:

This study adds:

care.

Potential impact:

e Although professional societies provide recommendations for managing hyperkalaemia, little is known about practitioners’
real-world decision-making. The TRACK study aims to address this knowledge gap.

e We describe the design of the TRACK study, which collects information about healthcare providers, their hyperkalaemia
management decision-making, response to treatment, participant characteristics and perceptions of their hyperkalaemia

e Improved understanding of the basis for hyperkalaemia treatment choices may support the medical community in optimiz-
ing the use of evidence-based therapies such as potassium binders in patients with recurrent hyperkalaemia or maintaining
renin-angiotensin-aldosterone system inhibitors in those with heart failure and/or chronic kidney disease.

INTRODUCTION

In a general outpatient population, the prevalence of hyper-
kalaemia is 1.3% [1], increasing 5-fold among patients with heart
failure and up to 20-fold among those with chronic kidney dis-
ease (CKD) [2]. Hyperkalaemia predicts poorer survival as well
as increased risk of kidney and cardiovascular events, including
life-threatening arrhythmias, higher healthcare costs [3, 4] and
poorer quality of life [5].

Hyperkalaemia recurrence is common. Following an index
episode of hyperkalaemia in patients with CKD stage 3-4, re-
currence was identified in 37% within 1 month and 56% within
6 months [6]. One of the major risk factors for recurrent or persis-
tent hyperkalaemia is the use of renin-angiotensin-aldosterone
system inhibitors (RAASis), an important therapy demonstrated
to slow CKD progression and lower the risk of cardiovascular
events. International best practice recommendations for man-
agement of hyperkalaemia include maintaining RAASi medi-
cations where possible and the use of newer potassium (K*)
binders to enable maximal dosing of these disease-modifying
therapies [7-9]. The extent to which these recommendations
are implemented is uncertain, as real-world data on hyper-
kalaemia management are limited. We designed and are con-
ducting the Tracking Treatment Pathways in Adult Patients
with Hyperkalemia (TRACK) study to better understand hyper-
kalaemia management, treatment patterns and provider treat-
ment decision-making during routine clinical care. This report
describes the study design and baseline characteristics of the
fully enrolled cohort.

MATERIALS AND METHODS

TRACK is a prospective cohort study that enrolled patients in the
USA and four European countries (UK, Spain, Germany and Italy)
within 21 days following an episode of hyperkalaemia, defined
as serum/plasma K* concentration >5.0 mmol/l, with a planned
1-year follow-up. The primary objective is to describe hyper-

kalaemia management decisions, their rationale and treatment
expectations. The secondary objective is to describe baseline
characteristics and longitudinal clinical variables in patients
with hyperkalaemia. The exploratory objective is to describe pa-
tient awareness and satisfaction with their hyperkalaemia man-
agement. The study was approved by central and local insti-
tutional review boards/independent ethics committees and all
participants provided informed consent.

As a pragmatic real-world evidence study, eligibility crite-
ria were streamlined and selected to reflect a broad range of
patients with a recent episode of hyperkalaemia (Table 1). No
in-person visits and no specific procedures are required. Data
describing current real-world management of hyperkalaemia
are collected by medical records review and from healthcare
providers (Table 2) via electronic case reports at baseline and 3,
6,9 and 12 months following enrolment (Fig. 1).

Patient and healthcare provider characteristics

We recorded participants’ demographics. concomitant medica-
tions and medical history (Table 2), including the presence and
stage of CKD assessed from calculated estimated glomerular fil-
tration rate (eGFR) using the 2021 Chronic Kidney Disease Epi-
demiology Collaboration equation [10] and albumin:creatinine
ratio, presence of heart failure and reported left ventricular ejec-
tion fraction.

Healthcare providers were asked to record their specialty
(nephrology, cardiology, primary care, other), demographics,
years of experience and number of patients with hyperkalaemia
managed each month.

Data collection during follow-up

Participants are followed for 12 months by electronic med-
ical records review at 3-month intervals for hyperkalaemia
recurrence. Healthcare providers record their hyperkalaemia
treatment objectives, management decisions and indicators



Table 1: Eligibility criteria.
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Inclusion criteria ¢ Age >18 years

¢ [K*] >5.0 mmol/l collected during standard of care within 21 days prior to the date of enrolment

e Provision of informed consent
Exclusion criteria
e Patients with pseudo-hyperkalaemia

e Concurrent participation in any trial that includes the use of K* binders as an investigational medicinal product

e Acute causes of hyperkalaemia, such as infections and/or trauma, to be determined by the principal investigator
o Life expectancy of <6 months, based on physician judgement

e Kidney transplant anticipated or planned during the study period

¢ Involvement in the planning and/or conduct of the study

Table 2: Study objectives and data collected.

Objectives

Data collected

Primary objective: to describe hyperkalaemia
management decisions, their rationale and
treatment expectations

Healthcare provider-related variables
¢ Hyperkalaemia management decision
¢ Hyperkalaemia management objective(s) (e.g. to achieve GDMT target
doses of RAASi for CKD and HF)

» Expected hyperkalaemia management duration
Indicators of response
e Normalization in [K*] levels
e Time to [K*] normalization
¢ Hyperkalaemia recurrence frequency
e GDMT target doses of RAASI
¢ Time to achieve GDMT target doses of RAASi
e Occurrences of hyperkalaemia complications such as arrythmia, muscle
weakness, and metabolic acidosis
e Healthcare resource utilization

Secondary objective: to describe the baseline and
longitudinal clinical variables of patients with
established hyperkalaemia irrespective of previous
hyperkalaemia diagnoses

Demographics (age, sex, and in the USA, race/ethnicity)
Medical history
* Comorbidities coded to MedDRA terms
¢ Hyperkalaemia treatment history (including use of diet, K™ binders and
reduction in RAASi dosing)

Medication history (especially RAASi therapy and doses)
Laboratory

* [K*]

e Serum creatinine

e Urine albumin:creatine ratio
Left ventricular ejection fraction
Healthcare resource utilization—overall, heart failure and CKD-specific
Dialysis-specific information

Exploratory objective: to describe patient awareness
and satisfaction with their hyperkalaemia
management

Patient-reported outcomes
e Patient awareness of their hyperkalaemia management
® FACIT-TS-G

¢ Patient awareness of dietary recommendations

GDMT: guideline-directed medical treatment; MedDRA: Medical Dictionary for Regulatory Activities.

of response for the index episode of hyperkalaemia and all
subsequent episodes during the 12-month follow-up period
(Table 2). Participants are invited to complete an online ques-
tionnaire about awareness of their hyperkalaemia management,
including whether they received advice about a low K* diet,
medications for hyperkalaemia or adjustments to medications
taken for other health conditions (see supplementary material).
For those indicating receipt of dietary recommendations, ad-
ditional questions are asked about how this was provided and
their satisfaction with the dietary advice. Participants pre-
scribed medications for hyperkalaemia are asked to complete
the validated eight-item Functional Assessment of Chronic
Illness Therapy—Treatment Satisfaction—General (FACIT-TS-G)
survey [11].

Statistical methods

Assuming a dropout rate of 5%, a sample size of 1250 patients
would provide a margin of error of <3% to estimate an end-
point of interest at month 12, providing adequate precision in
the point estimation.

Rules and conventions to be used in the presentation and
analysis of the study objectives as defined in the study proto-
col were prespecified in a statistical analysis plan. As the study
will not be testing formal statistical hypotheses, no confirmatory
testing is planned. Continuous variables are presented as mean
and standard deviation (SD). Categorical variables are presented
by numbers and percentages. P-values are calculated by Fisher’s
exact test or Pearson’s chi-squared test.
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Baseline: informed
consent, baseline data
collection (eCRF, PRO)

3-month
follow-
up: eCRF
and PRO

6-month 12-month
follow- follow-
up: eCRF up: eCRF
and PRO and PRO

9-month

follow-

up: eCRF

and PRO

Figure 1: Study schema. Participants were enrolled within 21 days of an episode of hyperkalaemia, defined as [K+] >5.0 mmol/l. Baseline data were recorded from the
medical record and directly from healthcare providers. Follow-up contacts at 3, 6, 9 and 12 months recorded healthcare utilization, medical diagnoses and laboratory

results from the medical record.

Table 3: Baseline characteristics of the TRACK cohort by country.

Overall Germany Italy Spain UK USA
Characteristics (N =1330) (n=230) (n=309) (n = 259) (n =301) (n=231)
Age (years), mean (SD) 67.7 (13.6) 72.8 (12.3) 69.3 (13.2) 69.2 (11.4) 62.0 (14.5) 66.4 (13.8)
Missing, n 1 1
Female, n (%) 416 (31) 74 (32) 102 (33) 84 (32) 90 (30) 66 (29)
Body mass index (kg/m?), mean (SD)  28.3 (6.4) 27.9 (5.8) 26.2 (5.2) 28.2 (5.6) 29.0 (7.1) 30.6 (7.3)
Missing 42 2 12 5 22 1
History of CKD/heart failure, n (%)
CKD 736 (55) 50 (22) 170 (55) 137 (53) 225 (75) 154 (67)
Heart failure 83 (6) 23 (10) 19 (6) 21 (8) 13 (4) 73)
CKD and heart failure 385 (29) 87 (38) 94 (30) 96 (37) 49 (16) 59 (26)
Neither CKD nor heart failure 122 (9) 70 (30) 22 (7) 5(2) 14 (5) 11 (5)
Missing 4 4
Patients with CKD, n (%) 1121 136 264 233 274 213
Stage 1 or 2 73 (7) 25 (18) 12 (5) 19 (8) 8(3) 9 (4)
Stage 3a 159 (14) 33 (24) 26 (10) 33 (14) 27 (10) 40 (19)
Stage 3b 205 (18) 35 (26) 41 (16) 36 (16) 31 (11) 62 (29)
Stage 4 296 (26) 27 (20) 53 (20) 86 (37) 83 (30) 47 (22)
Stage 5, not on chronic dialysis 105 (9) 0 38 (14) 20 (8) 48 (18) 2(1)
Stage 5, on chronic dialysis 282 (25) 16 94 (36) 39 (15) 77 (28) 53 (25)
Missing 1 1
Medications, n (%)
ACEi/ARB/ARNI 764 (57) 164 (71) 148 (48) 183 (71) 150 (50) 119 (52)
At target ACE{/ARB/ARNI dose 532 (70) 129 (79) 96 (65) 97 (53) 120 (81) 90 (76)
Missing 1 1
MRA 183 (14) 41 (18) 42 (14) 68 (26) 24 (8) 8 (4)
At target MRA dose 115 (63) 34 (83) 22 (52) 39 (57) 13 (54) 7 (88)
[K*] (mmol/1), n (%)
<5.0 5(0.4) 1(0.4) 1(0.3) 1(0.4) 0 2(1)
>5.0-<5.5 809 (62) 158 (70) 191 (66) 155 (61) 153 (52) 152 (66)
>5.5-<6.0 361 (27) 48 (21) 72 (23) 77 (30) 106 (36) 58 (25)
>6.0-<6.5 83 (6) 7 (3) 19 (6) 17 (7) 28 (9) 12 (5)
~6.5 43 (3) 13 (6) 8(3) 6(2) 10 (3) 6 (3)
Missing 29 3 18 3 4 1
RESULTS summarized in Table 3. For 37% of participants, the qualifying

Between 14 July 2022 and 15 December 2023, 1376 patients were
screened and 1330 enrolled in the TRACK study from 93 sites in
five countries: Germany, Italy, Spain, UK and USA. Cohort demo-
graphics and baseline characteristics, overall and by country, are

episode of hyperkalaemia was their first. For patients qualify-
ing with a recurrent episode of hyperkalaemia, the most recent
episode occurred 5.6 months (mean) and 1.7 months (median)
prior. Race and ethnicity were only reported for US participants,
of whom 66% were White, 29% Black and 8% Hispanic/Latino.
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Figure 2: Hyperkalaemia treatment objectives and initial management strategy by country. The most common hyperkalaemia treatment objectives (upper panel) and
initial management strategies (lower panel) are shown by country. Providers could record multiple responses for each participant.

Participants were enrolled across the spectrum of CKD severity,
with 7% in CKD stage 1 or 2 and 14%, 18% and 26% in stages 3a, 3b
and 4, respectively. Among 387 participants (35%) with CKD stage
5, 282 (73%) were receiving chronic dialysis (96% haemodialysis,
4% peritoneal dialysis).

Most participants (57%) were taking an angiotensin-
converting enzyme inhibitor (ACEi), angiotensin receptor
blocker (ARB) or angiotensin receptor neprilysin inhibitor
(ARNI) at baseline, although the proportion at target dose varied
by country. Mineralocorticoid receptor antagonist (MRA) use was
lower (14%) and potassium binder use infrequent [sodium zir-
conium cyclosilicate (SZC) 2%, patiromer 0.4%, sodium/calcium

polystyrene sulfonate 1%]. Sodium-glucose co-transporter-2
inhibitor use was reported by 26% of participants at baseline.
Mean baseline [K*], assessed within 21 days of the index hy-
perkalaemia episode, was 5.5 mmol/I (SD 0.44) and ranged from
4 to 9 mmol/l. Mean baseline creatinine was 308 mmol/1 (SD 278).

Healthcare providers

The most commonly reported hyperkalaemia treatment ob-
jectives were ease of treatment (42%) and CKD guideline ad-
herence (37%), followed by safety, ACEi/ARB/ARNI adjustment
and adherence to heart failure guidelines (Fig. 2). Variation by
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Table 4: Hyperkalaemia treatment objective and initial management strategy by provider specialty.

Characteristics Nephrologists Non-nephrologists Cardiologists Non-cardiologists
Participants with provider specialty reported, n 597 327 237 687
Treatment objective, n (%)
Number with response 553 313 227 639
Ease of treatment 196 (35) 145 (46) 77 (34) 264 (41)
Safety 170 (31) 97 (31) 92 (41) 175 (27)
Heart failure guidelines 18 (3) 72 (23) 66 (29) 24 (4)
CKD guidelines 285 (52) 26 (8) 14 (6) 297 (47)
Adjust RAASi 50 (9) 36 (12) 34 (15) 52 (8)
Initial management strategy, n (%)
Number with response 588 327 237 678
Low K+ diet 400 (68)° 71 (22) 42 (18)° 429 (63)
ACEi/ARB/ARNI? 265 (45)P 194 (59) 42 (18)° 429 (63)
Discontinued 12 (5) 8 (4) 8 (6) 12 (4)
Dose reduced 8(3) 5(3) 5 (4) 8(2)
Dose maintained 237 (88) 170 (88) 115 (83) 292 (91)
Dose increased 4(2) 6 (3) 6 (4) 4(1)
Started 7(3) 8(4) 7 (5) 8(2)
MRA? 26 (4)° 99 (30) 90 (38)° 35 (5)
Discontinued 5(19) 17 (17) 15 (17) 7 (20)
Dose reduced 2(8) 13 (13) 12 (13) 3(9)
Dose maintained 18 (69) 65 (66) 59 (66) 24 (69)
Dose increased 1(4) 1(1) 1(1) 1(3)
Started 0 5(5) 5 (6) 0
K+ binder® 152 (26)° 45 (14) 39 (16)° 158 (23)
Discontinued 1(0.7) 0 0 1(1)
Dose reduced 1(0.7) 0 0 1(1)
Dose maintained 58 (38) 10 (22) 8 (21) 60 (38)
Dose increased 21 (14) 2(4) 1(3) 22 (14)
Started 71 (47) 33 (73) 30 (77) 74 (47)
Dialysis (started, unscheduled, changed prescription) 24 (4)° 0 ob 24 (4)

Participants can be counted in more than one row. Not all response options are shown. P-value calculated by Fisher’s exact test for dialysis comparisons or by Pearson’s

chi-squared test for other comparisons.

2For medication dose change or discontinuation, n is the number of participants for whom a response is provided for the medication category. Denominator for
calculating the percentage is the number of participants for whom any initial management strategy is provided.

bp < .0001 versus non-nephrologists or non-cardiologists.
P < .05 versus non-cardiologists.

country was observed, with ease of treatment being the most
common objective in Germany, Italy and the USA, while safety
was the most common in Spain. The most frequently reported
initial management strategy was [K*] monitoring (59% overall),
followed by adoption of a low K* diet (46%) and maintenance
of ACEi/ARB/ARNI (43%). Discontinuation or dose reduction of
ACEi/ARB/ARNI or MRA was infrequent, 5% for each. Country-
specific strategies included higher K™ binder use in Spain, Italy
and the USA; dialysis adjustment or initiation was more fre-
quently reported in Italy.

Healthcare providers were invited to provide their specialty:
597 (45%) participants were managed by nephrologists, 237 (18%)
by cardiologists and 90 (7%) by another specialist; 30% did not
specify their specialty. Nephrologists were more likely than non-
nephrologists to cite CKD guideline compliance as an objective,
prescribe a low-K* diet and manage K* binder therapy (both
P < .0001 versus non-nephrologists) and less likely to manage,
i.e. prescribe, adjust dose, decide to maintain dose or discon-
tinue RAASI therapy as an initial strategy (P < .0001; Table 4).
Cardiologists were more likely than non-cardiologists to manage
RAASI therapy as an initial strategy (P < .05 for ACEi/ARB/ARNI,
P < .0001 for MRA) and less likely to manage K* binder therapy
(P < .05).

DISCUSSION

TRACK is a prospective, pragmatic, observational study designed
to shed light on healthcare provider decision-making in pa-
tients with a diagnosis of hyperkalaemia, the rationale under-
pinning providers’ management choices and treatment expec-
tations. By including providers from a variety of specialties in
Europe and the USA, the study is expected to provide clinical
insights across a broad spectrum of real-world practice settings.
Another strength is its enrolment of subjects across the range of
CKD, including patients on dialysis, which will shed light on im-
portant differences in hyperkalaemia management and provider
attitudes across stages of CKD.

Prospective, contemporaneous longitudinal data on hyper-
kalaemia management decision-making are needed to support
the implementation of evidence-based therapies by improv-
ing our understanding of providers’ treatment objectives, acute
versus chronic management strategies and the effectiveness
of these strategies. For example, identifying predictors of hy-
perkalaemia recurrence may facilitate targeted chronic use of
newer K* binders. Knowledge of the steps practitioners take
to achieve or maintain optimal doses of RAASis [12-14] in dif-
ferent countries and across provider subspecialties can help



professional societies and health systems shape treatment pro-
tocols and supportive messaging. Understanding patient per-
ceptions about their treatment may identify barriers to lifestyle
change and medication adherence [15].

Although hyperkalaemia management recommendations
are widely available, reports of real-world management among
boots-on-the-ground practitioners are limited. A retrospective
analysis of data from the Veterans Affairs Corporate Data Ware-
house (2016-2018) identified 288 patients with [K*] >5.1 mmol/l
who started patiromer or sodium polystyrene sulfonate (SPS)
and were not on chronic dialysis. SZC was not available during
the study time frame. Of patients who started patiromer, 97%,
40% and 25% remained on therapy at 1, 3 and 6 months, respec-
tively. Of those who started SPS, 25%, 5% and 2% remained on
therapy at 1, 3 and 6 months, respectively. More than 70% of par-
ticipants had [K*] <5.1 mmol/l up to 6 months post-index hyper-
kalaemia episode. At baseline, 32% were taking an RAASi; ~80%
continued their RAASi therapy during the 6-month follow-up pe-
riod [16]. In this population, chronic therapy with a K* binder
lowered [K*] and a high proportion of RAASi users were able to
continue RAASI therapy.

In a retrospective analysis of US claims data (2016-2017) that
included patients with a diagnosis of hyperkalaemia who were
treated with patiromer (n = 610), SPS (n = 5556) or no K* binder
(n = 21 282), RAASI use at the time of the index hyperkalaemia
event was reported for 35%, 43% and 40% of patients in the
respective groups [17]. During the 6 months following the in-
dex hyperkalaemia event, persistent RAAS] utilization was nu-
merically higher among patients with persistent patiromer use
(patiromer 78%, SPS 57%, no K* binder 57%).

In a retrospective, propensity-matched analysis of claims
data from patients with an episode of hyperkalaemia taking
RAASi medication in the USA (n = 582), Japan (n = 888) and Spain
(n = 104), RAASI dose maintenance or up-titration was more fre-
quent at 6 months post-index hyperkalaemia episode among
those taking SZC compared with no K* binder [18]. Odds ratios
for maintaining RAASi therapy were 2.02 [95% confidence inter-
val (CI) 1.65-2.46] in the USA, 3.14 (95% CI 2.58-3.82) in Japan and
2.83 (95% CI 1.46-5.46) in Spain for those treated with SZC rela-
tive to no K* binder treatment.

As retrospective studies, these and similar reports do not
provide insights into the thought processes underlying health-
care providers’ decision-making. As seen with our prospective
data collection, considerable variation in hyperkalaemia man-
agement is apparent by country and provider specialty. As
follow-up data become available, patient views of their health
condition and hyperkalaemia treatment will provide additional
insights not obtainable through retrospective analysis. Better
understanding of provider and patient views is anticipated to
inform health system, professional society and payer efforts to
improve the quality of hyperkalaemia care.

The proposed study design has some limitations. Selection of
healthcare providers interested in a hyperkalaemia study may
introduce bias; the study sought to include a variety of special-
ties and types of clinical practices to mitigate this risk. Health-
care providers were not required to report their specialty and
30% chose not to do so. The by-specialty differences observed
in treatment objectives and management strategies should be
interpreted in light of the missing data. Nonetheless, these find-
ings may help professional societies to tailor messages encour-
aging their members to adopt evidence-based therapies.

Uptake of guideline-directed medical treatment into clini-
cal practice is generally slow [19, 20] and hyperkalaemia man-
agement is no exception. Adoption of evidence-based therapies
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will potentially reduce hyperkalaemia recurrence with associ-
ated health risks and resource utilization and facilitate main-
tenance of optimal RAASi dosing with its established benefits.
Understanding the thought processes underpinning providers’
management decisions is a necessary prerequisite for identify-
ing and implementing measures to improve the care of patients
with hyperkalaemia.
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