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Abstract

Hyperkalemia (HK) is common in chronic kidney disease, heart failure, and other cardiovascular-kidney-metabolic (CKM)
conditions, often impacting the use of guideline-directed medical therapies (GDMT). Despite scientific guidelines and
available treatments, healthcare organization and care delivery also influence treatment patterns and quality of care for
patients with HK.

This study aimed to develop consensus-based recommendations for HK management in Portugal, focusing on care or-
ganization, clinical practice, and treatment access, through a process that included regional multidisciplinary in-person
meetings followed by a single-round modified Delphi panel. Afterwards, a focus group defined twenty-eight recom-
mendations across three domains: A) healthcare organization and care pathways, B) clinical practice and therapeutic
strategies, and C) access to potassium (K*) binders. The online questionnaire was distributed to nephrologists (NE),
cardiologists (CA), internists (IM), and hospital pharmacists (PH).

Ninety-nine participants completed the survey (IM: 38.4%, NE: 30.3%, CA: 25.3%, PH: 6.0%). Following a single Del-
phi round, all statements achieved high agreement (289%), with four unanimously approved. In domain A, structured
care pathways, early clinical reassessment, and patient education were considered important. In domain B, panelists
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recognized the importance of integrated risk assessment, maintaining GDMT, and using new K* binders in acute and
chronic HK. In domain C, agreement was highest, with full consensus on ensuring treatment continuity and simplifying

administrative procedures delaying therapy initiation.

The need for standardized approaches, improved multidisciplinary coordination, and preventive HK management in
Portugal was consistently supported. This national consensus provides a framework for developing quality standards to
improve patient outcomes and promote consistent HK care across Portuguese healthcare settings.

Keywords: Angiotensin-Converting Enzyme Inhibitors; Chelating Agents; Delphi Technique; Heart Failure; Hyperkalemia;
Patient Care Team; Polyamines; Polymers; Potassium; Quality of Life; Renal Insufficiency, Chronic; Silicates

INTRODUCTION

Hyperkalemia (HK) is a frequent and clinically relevant
electrolyte disorder in patients with chronic diseases,
particularly those with chronic kidney disease (CKD),
heart failure (HF), diabetes mellitus, and hypertension,
especially those on renin-angiotensin-aldosterone system
inhibitors (RAASI).! Even slight elevations in serum potas-
sium (K*) are associated with an increased risk of cardiac
arrhythmia, hospitalization, and mortality, making appro-
priate detection and effective management of HK crucial
for the prevention of complications.??

In clinical practice, HK management is complex and often
involves multiple medical specialties, including nephrol-
ogy, cardiology, and internal medicine. Patients at risk
frequently present with multiple comorbidities and expe-
rience high rates of care fragmentation, which has been
associated with adverse outcomes, such as overuse of
healthcare services and mortality rates. Over time, pa-
tients are managed across different healthcare settings,**
including emergency departments, inpatient and outpa-
tient settings, and primary care, highlighting the need for
coordinated care pathways and clearly defined clinical
protocols.* However, delivering integrated, multidiscipli-
nary care remains challenging. Furthermore, variability
in organizational structures, therapeutic approaches,
monitoring strategies, and access to treatment options
may lead to inconsistencies in patient management and
potentially suboptimal outcomes.®’

Recent advances in the pharmacological management
of HK, particularly the availability of new K* binders (e.g.
patiromer sorbitex calcium (patiromer) and sodium zirco-
nium cyclosilicate (zirconium)), provide an opportunity to
achieve effective serum K* control in patients in whom HK
may arise either from the underlying cardiovascular-kid-
ney-metabolic (CKM) disease or as a consequence of RAA-
Si treatment.®° By facilitating the sustained long-term
maintenance of serum K* concentrations lower than 5.5
mmol/L, these agents may support RAASI optimization
and reduce the need for dose reduction or discontinua-
tion.® Nevertheless, the integration of these therapies into
routine practice requires clear clinical guidance, defined
patient selection criteria, and organizational frameworks
that facilitate appropriate access and continuous care.
While this is widely acknowledged by the main scientific
societies'*®® and healthcare professionals, there are no

practical recommendations to serve as a backbone for the
implementation of quality standards for HK management
in the Portuguese healthcare landscape.

The present study aims to establish consensus-based rec-
ommendations for HK management in Portugal, focusing
on the organization of care, clinical decision-making, and
access to treatment, based on the insights of a multidisci-
plinary panel including experts in nephrology, cardiology,
internal medicine, and pharmacy.

METHODS

Study Design

A modified Delphi process was carried out to develop con-
sensus recommendations. Structured consensus method-
ologies such as the Delphi technique provide an approach
to capture expert opinion in areas where clinical practice
may vary or where evidence needs to be translated into
practical recommendations.®

The methodology included three sequential phases (Fig.
1). Initially, eight multidisciplinary meetings were held
in different regions of Portugal, including specialists in
nephrology, cardiology, internal medicine, and hospital
pharmacy. Discussions were structured through a SWOT
analysis framework and focused on current practice,
challenges, the intrahospital patient journey and oppor-
tunities for improvement in HK management, gathering
insights to support statement development. In the second
phase, a focus group of 10 experts (selected from partic-
ipants pool in the regional scientific roundtables based
on their clinical expertise and contributions to the discus-
sions) was convened to review the extracted information
and formulate a final list of 28 statements, organized into
three domains: (A) healthcare organization and care path-
ways, (B) clinical practice and therapeutic strategies, and
(C) access to K* binders. In a third phase, an online survey
was conducted to capture expert opinion.
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Figure 1. Methodology of the single-round Delphi-like panel.

Delphi Process

The final list of 28 statements (Table 1) was distributed
to a mixed-specialty panel of healthcare professionals
via an online questionnaire, between January 28" and
March 18™, 2026. Experts were recruited using purposive
sampling to include healthcare professionals with direct
experience in HK management in Portugal. The panel
comprised specialists in nephrology, cardiology, internal
medicine, and hospital pharmacy, reflecting the multi-
disciplinary nature of HK care. Eligible participants were
required to be in active practice and routinely involved in
managing patients with HK. Level of seniority, geographic
region, healthcare setting, and institutional diversity were

“disagree”

also considered. A final panel of 50-100 participants was
targeted, consistent with typical modified Delphi studies
and sufficient to capture diverse expert perspectives. Ac-
cordingly, around 150 experts were invited to account for
expected non-response and attrition across online survey
rounds while preserving specialty balance. Hospital phar-
macists only completed domain C.

Participants were asked to rate each statement using a
four-point Likert scale. Formal consensus was defined
as 270% of respondents selecting “completely agree” or
“completely disagree.” Majority agreement was defined
as 270% selecting either “agree” or “completely agree.”
Responses were anonymous.

Table 1. Defined statements for the Delphi-like panel.

A. HEALTH CARE ORGANIZATION AND CARE PATHWAYS

Al The specialties of nephrology, cardiology, and internal medicine should agree upon and implement a single, standardized hospital protocol
for the management of chronic hyperkalemia.

Clinical protocols should define serum K* thresholds for intervention, intrahospital referral, and follow-up recommendations, based on
A2 risk stratification for hyperkalemia. The level of urgency and follow-up intervals should be adapted to the operational realities of each
institution and specialty.

Within the Local Health Unit, clear and standardized clinical pathways should exist between the emergency department, inpatient units,

A3 day hospital, and outpatient clinics for patients with hyperkalemia.

AL Patients with recurrent hyperkalemia associated with underlying chronic disease, such as advanced chronic kidney disease (CKD), should
be enrolled in regular follow-up protocols, aligning clinical guidance between the hospital setting and primary care services.

AS Strategies should be implemented to facilitate early reassessment of patients with hyperkalemia, including systematic reassessment visits,

open-access clinics, or day hospital services, in order to optimize therapeutic management and reduce clinical decompensations.

Multidisciplinary teams and structured care programs for patients with cardiovascular-kidney-metabolic syndrome and hyperkalemia risk
A6 represent a key organizational strategy. These allow for comprehensive patient evaluation, optimization of guideline-directed medical
therapies, and management of adverse effects and comorbidities, with a potential impact on reducing hospitalizations and mortality.

Hybrid follow-up models, including telemedicine consultations and hospital-at-home programs, may be considered for selected patients at

A7 high risk of hyperkalemia, whenever available and clinically appropriate.

A3 Clinicians should educate patients (and/or caregivers) about the risks of hyperkalemia, recognition of signs and symptoms, dietary
strategies, and precipitating factors.

A9 Pharmacy teams should have a formal role in medication reconciliation for patients with hyperkalemia, particularly during the transition

from hospital care to primary care, ensuring continuity of access to prescribed therapies.

B. CLINICAL PRACTICE AND THERAPEUTIC STRATEGIES

Patients with CKD and/or cardiovascular-kidney-metabolic syndrome should be considered at risk for hyperkalemia based on an integrated
clinical assessment, including:

» CKD severity: estimated glomerular filtration rate (eGFR) <45 mL/min/1.73 m? and urinary albumin-to-creatinine ratio (UACR) >300 mg/g

e Prior history of hyperkalemia

Bl ¢ Diagnosis of diabetes mellitus
* Diagnosis of heart failure (HF)
¢ Treatment with renin—angiotensin—aldosterone system inhibitors (RAASI)
¢ Baseline serum K* levels >4.5 mmol/L
B2 In acute hyperkalemia associated with acute kidney injury, assessment of kidney function should not rely on estimated GFR, given the

limitations of this parameter in non—steady-state conditions.
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B3

Chronic hyperkalemia is recommended to be defined as persistent serum K* 5.1 mmol/L in >2 laboratory assessments over >4 weeks
(after excluding pseudohyperkalemia). Hyperkalemia should be classified as:
¢ Mild: serum K* 5.1-5.9 mmol/L without ECG changes
e Moderate:
—serum K* 5.1-5.9 mmol/L with ECG changes, or
—serum K* 6.0-6.4 mmol/L without ECG changes
* Severe:
—serum K* 6.0-6.4 mmol/L with ECG changes, or
—serum K* >6.5 mmol/L without ECG changes

B4

Reduction or discontinuation of guideline-directed medical therapies in patients with CKD and/or HF due to hyperkalemia should be
avoided whenever effective alternatives are available.

B5

Management of hyperkalemia should be proactive, with regular laboratory monitoring of serum K* in patients receiving potentially
hyperkalemia-inducing therapies, particularly RAAS inhibitors.

B6

The use of new K+ binders in acute hyperkalemia may reduce the need for renal replacement therapy and should be incorporated into
hospital protocols.

B7

The use of new K+ binders is clinically appropriate in the chronic management of hyperkalemia, when required to allow continuation of
RAAS inhibitor therapy.

B8

New K+ binders should be preferred over traditional resins, due to their superior efficacy, tolerability, and safety profile.

B9

The choice between patiromer and sodium zirconium cyclosilicate should consider:
¢ mechanism of action

¢ safety and tolerability profile

¢ time to achieve normokalemia

¢ risk of hypomagnesemia

e drug—drug interactions

¢ storage requirements

B10

Patiromer may be considered for the treatment of hyperkalemia in the chronic maintenance setting, based on currently approved
indications.

B11

Sodium zirconium cyclosilicate may be considered for the treatment of hyperkalemia in acute correction and/or chronic maintenance,
based on currently approved indications.

B12

Based on recent scientific evidence, sodium zirconium cyclosilicate should be considered for the chronic treatment of hyperkalemia in
adult patients with CKD stages 3-5, including patients with end-stage kidney disease or those enrolled in a regular hemodialysis program.

B13

In patients treated with sodium zirconium cyclosilicate who have pre-existing heart failure, particularly those in whom increased sodium
intake may lead to fluid overload and decompensation, monitoring for signs of HF worsening is recommended and management should
follow standard clinical practice.

B14

In patients treated with patiromer, serum magnesium (Mg2+) levels should be monitored regularly, and cases of hypomagnesemia should
be treated with appropriate supplementation.

C. AVAILABILITY AND ACCESS TO NEW K+ BINDERS

Hospital dispensing of new K+ binders should ensure continuity of maintenance therapy between outpatient visits, avoiding treatment

¢l interruptions and unnecessary travel to the hospital pharmacy.
The requirement for case-by-case approval by the Pharmacy and Therapeutics Committee (P&T Committee) for prescribing new K+
Cc2 binders represents a barrier to therapeutic optimization. This process should be simplified and supported by hospital dispensing
protocols, avoiding delays in treatment initiation for eligible patients.
c3 Whenever possible, on the day of the consultation, the hospital pharmacist should dispense the prescribed K+ binder and instruct the
patient on administration, potential adverse effects, and relevant precautions.
According to Order No. 10110/2024 of August 29, community-based dispensing (proximity dispensing) should consider new K+ binders as
c4 a strategy for the treatment of hyperkalemia, in order to improve adherence to guideline-directed medical therapies and reduce the risk
of morbidity and mortality in patients with CKD and/or cardiovascular-kidney-metabolic syndrome.
cs Within the proximity dispensing framework, community pharmacies will play a crucial role in medication reconciliation and in maintaining
RAAS inhibitor therapy prescribed by the hospital treating physician.
RESULTS Table 2. Distribution of healthcare professionals partici-
A total of 99 healthcare professionals completed the Del-  pating in the Delphi-like panel (N=99).
phi questionnaire. Respondents were distributed across Professional experience (N)
internal medicine (38.4%), nephrology (30.3%), cardiology Residents in
(25.3%), and hospital pharmacy (6.0%). Most participants SRR SENEEE g
had been attending physicians for over three years (Table Nephrology 22 7 1 30 (30.3%)
2). Domains A and B Were completed py clinicians ohly Cardiology 17 3 5 25 (25.3%)
(n=93), whereas domain C additionally included hospital
) Internal o
pharmacists (n=99). Medicine 22 10 6 38 (38.4%)

Pharmacy - - - 6 (6.0%)
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All 28 statements achieved majority agreement, defined
as 270% of respondents selecting “agree” or “complete-
ly agree”. Four statements additionally achieved formal
consensus, defined as 270% selecting “completely agree”.
Given the uniformly high levels of endorsement across all
domains, a second Delphi round was not considered nec-
essary (Figs. 2-4, Supplementary Tables S1-S3).

Domain A: Healthcare Organization and Care
Pathways

All nine organizational statements achieved majority
agreement, with overall support ranging from 89% to 99%
(agree + completely agree). Statement A8 (Fig. 2), recom-
mending patient and caregiver education regarding hy-
perkalemia risks, symptom recognition, dietary measures,
and precipitating factors, achieved formal consensus.

Statements supporting structured pathways between
emergency departments, inpatient wards, day hospitals,
and outpatient clinics (Statement A3; 98%) and regular
follow-up protocols for recurrent hyperkalemia associated
with chronic disease (Statement A4; 99%) received the
highest majority agreement rates within this domain. Early
reassessment strategies such as scheduled revisit pathways,
open-access clinics, or day hospital models (Statement A5)
also showed very high support (99%) (Fig. 2).

The creation of multidisciplinary programs for patients with
CKM syndrome and hyperkalemia risk (Statement A6; 98%)
and a formal role for pharmacy teams in medication rec-
onciliation during transitions of care (Statement A9; 97%)
were strongly endorsed. Hybrid follow-up models, including
telemedicine and hospital-at-home programs (Statement
A7), received slightly lower agreement (89%) (Fig. 2).
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Figure 2. Overall characterization of statements (per %) from domain A — Healthcare organization and care pathways.

Domain B: Clinical Practice and Therapeutic
Strategies

All 14 clinical statements achieved majority agreement,
ranging from 90% to 99%. Respondents strongly sup-
ported integrated risk stratification for hyperkalemia in
patients with CKD and/or CKM syndrome (Statement B1;
98%) and proactive laboratory monitoring in patients re-
ceiving K*-raising therapies, particularly RAASi (Statement
BS; 99%) (Fig. 3).

Statement B4, recommending avoidance of unnecessary
reduction or discontinuation of guideline-directed med-
ical therapies (GDMT) when effective alternatives are
available, achieved 95% majority agreement. Additionally,

Statement B6 reached formal consensus, indicating strong
support that new K* binders in acute hyperkalemia may re-
duce the need for renal replacement therapy and should
be incorporated into hospital protocols (Fig. 3).

High support was also observed for chronic use of new K*
binders to enable continuation of RAASI therapy (State-
ment B7; 96%) and for preferential use of newer binders
over traditional resins because of superior efficacy, tolera-
bility, and safety (Statement B8; 97%) (Fig. 3).

Ninety-nine percent of the experts agreed that treatment
selection among the new K* binders should consider the
mechanism of action, time to normokalemia, safety pro-
file, hypomagnesemia risk, drug interactions, and storage
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requirements (Statement B9) (Fig. 3). Statements sup-
porting patiromer for chronic maintenance (Statement
B10; 92%) and zirconium for acute correction and/or
chronic maintenance (Statement B11; 99%) were both
highly rated. Notably, a higher proportion of respondents

expressed total agreement with the statements relating to
zirconium than with those relating to patiromer (62% vs
38%). Support for zirconium in advanced CKD and dialysis
populations reached 97% (Statement B12) (Fig. 3).
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Figure 3. Overall characterization of statements (per %) from domain B — Clinical practice and therapeutic strategies.

Domain C: Availability and Access to K*
Binders

This domain showed the highest overall endorsement,
with majority agreement ranging from 96% to 100%.
Statements C1 and C2 both achieved formal consensus
(Fig. 4).

Statement C1, recommending hospital dispensing systems
that ensure continuity of maintenance therapy between
outpatient visits, achieved 100% majority agreement.
Statement C2, identifying case-by-case Pharmacy and
Therapeutics Committee approval as a barrier to thera-
peutic optimization and advocating streamlined institu-
tional processes, also reached formal consensus (Fig. 4).
Dispensing by hospital pharmacists with counselling on
administration, adverse effects, and precautions (State-
ment C3) achieved 100% majority agreement. Inclusion
of new K* binders within community proximity-dispensing
frameworks (Statement C4) and recognition of communi-
ty pharmacies as key partners in medication reconciliation

and maintenance of hospital-prescribed RAASi therapy
(Statement C5) achieved 97% and 96%, respectively (Fig.
4).
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Figure 4. Overall characterization of statements (per %) from domain C — Availability and access to new K+ binders.

Table S2. Expert Delphi panel findings on clinical practice and therapeutic strategies (consensus and agreement levels).

B. CLINICAL PRACTICE AND THERAPEUTIC STRATEGIES CA M NE ALL

1. Patients with CKD and/or cardiovascular-kidney-metabolic syndrome should be considered at risk for
hyperkalemia based on an integrated clinical assessment, including:
a. CKD severity: estimated glomerular filtration rate (eGFR) <45 mL/min/1.73 m? and urinary

albumin-to-creatinine ratio (UACR) >300 mg/g

. Prior history of hyperkalemia

. Diagnosis of diabetes mellitus

. Diagnosis of heart failure (HF)

. Treatment with renin—angiotensin—aldosterone system inhibitors (RAASi)

f. Baseline serum K* levels >4.5 mmol/L

M M M M
(100%) (97%)  (97%)  (98%)

™ Q O T

N

. In acute hyperkalemia associated with acute kidney injury, assessment of kidney function should not rely M M M M
on estimated GFR, given the limitations of this parameter in non—steady-state conditions. (96%)  (87%) (90%)  (90%)

w

. Chronic hyperkalemia is recommended to be defined as persistent serum K* >5.1 mmol/L in >2
laboratory assessments over >4 weeks (after excluding pseudohyperkalemia). Hyperkalemia should be
classified as: Mild (serum K* 5.1-5.9 mmol/L without ECG changes); Moderate (serum K* 5.1-5.9 mmol/L
with ECG changes, or serum K* 6.0-6.4 mmol/L without ECG changes); or Severe (serum K* 6.0-6.4
mmol/L with ECG changes, or serum K* 26.5 mmol/L without ECG changes)

M M M M
(88%)  (95%) (97%)  (94%)

4. Reduction or discontinuation of guideline-directed medical therapies in patients with CKD and/or HF due M c M M
to hyperkalemia should be avoided whenever effective alternatives are available. (88%) (97%) (95%)
5. Management of hyperkalemia should be proactive, with regular laboratory monitoring of serum K* in M M c M
patients receiving potentially hyperkalemia-inducing therapies, particularly RAAS inhibitors. (100%) (97%) (99%)
6. The use of new K+ binders in acute hyperkalemia may reduce the need for renal replacement therapy M c c c
and should be incorporated into hospital protocols. (96%)
7. The use of new K+ binders is clinically appropriate in the chronic management of hyperkalemia, when M C C M
required to allow continuation of RAAS inhibitor therapy. (88%) (96%)
8. New K+ binders should be preferred over traditional resins, due to their superior efficacy, tolerability, and M M c M
safety profile. (100%) (97%) (97%)
9. The choice between patiromer and sodium zirconium cyclosilicate should consider mechanism of action,

M M M M

safety and tolerability profile, time to achieve normokalemia, risk of hypomagnesemia, drug—drug (100%) (97%)  (100%) (99%)
0 (o] 0 0

interactions and storage requirements

10. Patiromer may be considered for the treatment of hyperkalemia in the chronic maintenance setting, M M M M
based on currently approved indications. (88%)  (89%)  (100%) (92%)

11. Sodium zirconium cyclosilicate may be considered for the treatment of hyperkalemia in acute correction M c c M
and/or chronic maintenance, based on currently approved indications. (96%) (99%)

12. Based on recent scientific evidence, sodium zirconium cyclosilicate should be considered for the chronic
o . . ) . . ) M M M
treatment of hyperkalemia in adult patients with CKD stages 35, including patients with end-stage C
) A ) o (96%)  (97%) (97%)
kidney disease or those enrolled in a regular hemodialysis program.

13. In patients treated with sodium zirconium cyclosilicate who have pre-existing heart failure, particularly
those in whom increased sodium intake may lead to fluid overload and decompensation, monitoring for
signs of HF worsening is recommended and management should follow standard clinical practice.

M M M M
(100%) (97%)  (97%)  (98%)

14. In patients treated with patiromer, serum Mg2+ levels should be monitored regularly, and cases of M M M M
hypomagnesemia should be treated with appropriate supplementation. (100%) (100%) (97%)  (99%)
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CA, cardiology; IM, internal medicine; NE, nephrology; C, consensus agreement (“completely agree” >70%); M, majority agreement (“agree” +
“completely agree” >70%)

In light green, the statements where majority was obtained among all experts (>70% of “completely agree” + “agree”); in dark green, the
statements where consensus was identified (>70% of “completely agree”)

Table S3. Expert Delphi panel findings on availability and access to new potassium (K+) binders (consensus and agree-
ment levels)

C. AVAILABILITY AND ACCESS TO NEW K+ BINDERS CA IM NE PH ALL
1. Hospital dispensing of new K* binders should ensure continuity of maintenance therapy M M
between outpatient visits, avoiding treatment interruptions and unnecessary travel to the C C C
. (100%) (100%)
hospital pharmacy
2. The requirement for case-by-case approval by the Pharmacy and Therapeutics Committee (P&T
Committee) for prescribing new K* binders represents a barrier to therapeutic optimization. M c C M c
This process should be simplified and supported by hospital dispensing protocols, avoiding (96%) (100%)
delays in treatment initiation for eligible patients.
3. Whenever possible, on the day of the consultation, the hospital pharmacist should dispense the
rescribed K* binder and instruct the patient on administration, potential adverse effects, and M C C M
P . ' ' (100%)  (100%) (100%)
relevant precautions.
4. According to Order No. 10110/2024 of August 29, community-based dispensing (proximity
dispensing) should consider new K* binders as a strategy for the treatment of hyperkalemia, M c c M M
in order to improve adherence to guideline-directed medical therapies and reduce the risk of (92%) (100%) (97%)
morbidity and mortality in patients with CKD and/or cardiorenometabolic syndrome.
5. Within the proximity dispensing framework, community pharmacies will play a crucial role in
medication reconciliation and in maintaining RAAS inhibitor therapy prescribed by the hospital M C M M
(92%)  (95%) (100%)  (96%)

treating physician.

CA, cardiology; IM, internal medicine; NE, nephrology; PH, pharmacy; C, consensus agreement (“completely agree” 270%); M, majority agreement
(“agree” + “completely agree” >70%).

In light green, the statements where majority was obtained among all experts (270% of “completely agree” + “agree”); in dark green, the
statements where consensus was identified (>70% of “completely agree”).

Subgroup Analysis

Although overall agreement was high across all spe-
cialties, some differences were observed. Nephrologists
tend to express stronger levels of agreement. Pharmacists
showed strong alignment in areas related to access and
medication management. No statements reached formal
consensus among cardiologists in any of the domains
(Supplementary Figs. S1-S3).

In domain A, formal consensus was reached in three out
of nine statements among nephrologists and in two out of
nine among internists (Supplementary Fig. S1).

In domain B, consensus was achieved in six out of four-
teen statements among nephrologists and in four out of
fourteen among internists (Supplementary Fig. S2).

In domain C, formal consensus was reached for all state-
ments among nephrologists (five out of five) and in three
out of five statements among internists. One statement
reached formal consensus among pharmacists (Supple-
mentary Fig. S3).
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DISCUSSION

The present Delphi initiative provides a nationwide per-
spective on how HK is currently managed in Portugal and,
importantly, identifies several areas of improvement.
Across all domains, there were consistently high levels of
agreement, suggesting that the proposed measures are
not only theoretically appropriate but also recognized as
feasible within national routine clinical practice. These
findings are aligned with previous Portuguese consensus
recommendations on HK management in the emergency
setting, which emphasized both acute treatment and the
prevention of recurrence.’ Taken together, the present
results support a transition from acute and episodic man-
agement of HK to more proactive and coordinated ap-
proaches that focus on prevention and sustained chronic
management.

In terms of healthcare organization, several elements
emerged as particularly relevant. There was robust sup-
port for defining K* thresholds that refer to specific clin-
ical actions (Statement A2), indicating a need to reduce
uncertainty in routine practice and decision-making. A
known remaining issue in HK management is the lack of
standardization in the timing for intervention or referral of
patients.'” Accordingly, the development of unified proto-
cols adapted to the reality of each healthcare institution
is seen as an advantage. Closely related to this, the im-
plementation of structured pathways across care settings
(Statement A3) reflects the reality that patients with HK
often transition across emergency, inpatient, and outpa-
tient care settings. Without clearly defined transitions,
opportunities for timely and integrated intervention may
be lost.®®

The importance of early reassessment (Statement A5)
further reinforces the idea that HK should not be viewed
as a single event, but rather as a condition requiring peri-
odic monitoring and continuous management.*”** Mech-
anisms such as follow-up visits, open-access clinics or day
care hospital evaluation may help detect persistent or re-
current variations before they translate into preventable
clinical decompensation and acute events. This perspec-
tive is consistent with recent recommendations from the
GUARDIAN-HK European Steering Committee, which ad-
vocates a preventive and comprehensive strategy during
acute HK episodes to improve both short- and long-term
outcomes.’

The panel also strongly supported multidisciplinary col-
laboration (Statement A6), reflecting the complex clinical
profile of patients at risk of HK, who often present with
overlapping cardiovascular, renal, and metabolic diseas-
es.1#20 Coordinated management between cardiology,
nephrology and internal medicine departments may facil-
itate individualized adjustment of GDMT while minimizing
treatment-related risks, particularly unnecessary discon-
tinuation or down-titration of RAASI. Furthermore, inte-
grated laboratory surveillance systems across the entire

healthcare network, including both hospital and primary
care settings, could represent an additional strategy to im-
prove early detection and management of HK. Automated
alerts triggered by elevated K* values, regardless of the
clinical setting in which they are identified, could facili-
tate timely medical review and intervention, potentially
reducing delays in treatment and preventing progression
to severe HK.

Patient involvement in the management of HK was also
considered essential. The consensus regarding patient ed-
ucation (Statement A8) highlights that effective HK man-
agement extends beyond the clinical setting. Improving
patient awareness of dietary factors, warning signs, and
medication-related risks may contribute to earlier detec-
tion and better adherence to therapeutic strategies.?

In terms of clinical practice, the panel emphasized a com-
prehensive approach to CKM syndrome risk assessment
(Statement B1), integrating renal function, comorbidities,
prior history of HK episodes, and concomitant therapies.
This approach reflects the current thinking that HK risk is
multifactorial and should be contemplated within an inte-
grated clinical assessment.?” In this context, maintaining
GDMT (Statement B4) emerged as particularly important.
Previously, HK has often led to dose reduction or dis-
continuation of medications such as RAASi therapy.®%?
Against this background, new K* binders have emerged
as an important strategy for active K* management, par-
ticularly when the goal is to maintain or optimize RAASI
therapy.®1°232* These findings indicate increasing use of
active K* management to maintain normokalemia and
enable RAASI therapy, thereby preserving long-term car-
diovascular and renal benefits of this class.

In acute HK, the consensus agreement on the inclusion
of these agents in acute treatment protocols (Statement
B6) suggests growing confidence among clinicians in their
ability to complement existing strategies and potentially
reduce the need for more invasive interventions, such as
dialysis.?

In chronic HK, support for the use of these agents to facil-
itate the maintenance and optimization of RAASi therapy
(Statement B7) reflects an approach aimed at improving
long-term cardiovascular and renal outcomes,’ given that
RAASI constitutes a fundamental pharmacological pillar
in the management of patients with CKD and HF. This is
supported by randomized controlled trials demonstrating
effective K* control and enabling continuation of RAASI
therapy, including OPAL-HK, HARMONIZE, REALIZE-K, and
DIAMOND, although these studies were not powered to
assess long-term cardiovascular or renal outcomes.?’-*
Real-world evidence supports the use of long-term K*
binders to enable optimization and maintenance of guide-
line-directed RAASi therapy in patients with HK, as demon-
strated in an international cohort study, where treatment
with zirconium was associated with a higher likelihood of
maintained RAASi therapy after a HK episode.?®
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Real-world evidence further supports improved RAASI
persistence and reduced treatment discontinuation as-
sociated with K* binder use in routine clinical practice.
Namely, findings from the GALVANIZE study suggested
that zirconium supported the maintenance of optimal
RAASi therapy in patients with CKD and HF.3! In addition,
in a propensity-matched real-world population (Salford
Kidney Study) with the AMETHYST-DN trial, the benefit
of patiromer for HK management to enable RAASi was
demonstrated.*

In this line, the impact on healthcare resource utilization
has also been noted. The GALVANIZE Outcome and the
VITALIZE studies showed that sustained treatment with
zirconium was associated with a reduction in HK-related
healthcare encounters, supporting longer-term K* control
strategies in patients with HF and cardiorenal dysfunc-
tion.3*3* Similarly, findings from the VALUE study demon-
strated that longer-term use of patiromer was associated
with lower healthcare resource utilization compared with
short-term treatment.® Altogether, these studies further
support the role of sustained K*-lowering therapy in the
long-term management of patients at risk of recurrent HK,
as well as reductions in HK-related hospitalizations and
emergency department visits. Also, the overall agreement
that newer binders are preferable over traditional resins
(Statement B8) likely relates to their improved tolerability,
efficacy and more predictable pharmacological profiles.®
At the same time, the panel acknowledged that treatment
selection should follow an individualized approach, taking
into account factors such as onset of action, safety profile,
and potential drug interactions (Statement B9). The dif-
ferentiated roles proposed for patiromer (chronic setting)
and zirconium (acute and chronic settings) (Statements
B10-B11) are consistent with their pharmacological
characteristics and the available evidence,*® including in
patients with advanced CKD (Statement B12).28%7

Safety monitoring was also emphasized. In patients receiv-
ing patiromer, Mg?* levels should be regularly monitored
(Statement B14) because of the drug’s binding to Mg? in
the colon and the associated risk of hypomagnesemia.®® In
addition, clinicians should be aware of potential drug—drug
interactions with patiromer (Statement B9). Patiromer can
bind to several commonly prescribed oral medications in
patients with CKM syndrome, including metformin, cipro-
floxacin, telmisartan, and bisoprolol, potentially reducing
their gastrointestinal absorption. Therefore, administra-
tion of these medications should be separated from pati-
romer by at least 3 hours.® Given the high prevalence of
diabetes, hypertension, and cardiovascular disease in this
population, attention to dosing schedules is particularly
important to ensure therapeutic efficacy.

By contrast, the effects of zirconium on the absorption
of concomitant medications appear to be limited, and
dose adjustments or administration time separation are
generally not required. Zirconium may be administered

concomitantly with oral medications that do not exhibit
pH-dependent bioavailability.?® Only for drugs with pH-de-
pendent absorption is a dosing interval of at least 2 hours
recommended; examples include azole antifungals, certain
antiretroviral agents, and tyrosine kinase inhibitors, which
are less commonly used in patients with CKM syndrome.*
Likewise, patients receiving zirconium, particularly those
with pre-existing HF, should be monitored according to
standard clinical practice for signs and symptoms of fluid
overload or worsening HF, including rapid weight gain,
edema, or increased dyspnea.®

Beyond clinical efficacy and safety, treatment decisions
should also incorporate patient preferences and shared de-
cision-making between clinicians and patients, even though
these aspects were not specifically captured in the Delphi
statements. Factors such as palatability and ease of admin-
istration may influence treatment acceptance and adher-
ence.”> The APPETIZE study showed that zirconium and
patiromer outperformed sodium and calcium polystyrene
sulfonate (S/CPS) on overall palatability, and that greater
proportion of participants ranked zirconium as the most
preferred K* binder versus patiromer or S/CPS.*° Addition-
ally, maintaining a consistent therapeutic strategy across
inpatient and outpatient settings, as determined by the
treating physician, may contribute to improved treatment
adherence and continuity of care, particularly given the role
of zirconium in both acute and chronic HK management.*
Issues related to availability and access to new K* binders
were among those with the highest levels of agreement.
Ensuring therapy maintenance through hospital dispens-
ing (Statement C1) was viewed as essential to avoid treat-
ment interruptions that could lead to HK recurrence.t’#?
At the same time, administrative requirements, such as
case-by-case approval processes (Statement C2), were
consensually identified as barriers to timely treatment
initiation. Simplification of these pathways and implemen-
tation of standardized dispensing protocols may facilitate
the translation of clinical decisions into practice.

The role of pharmacists was also recognized by the panel
as increasingly relevant. Dispensing on the same day of
the consultation, together with patient counselling re-
garding administration, adverse effects and precautions
(Statement C3), may improve both adherence and correct
use of therapy. The panel agreed, particularly internists
and nephrologists, in the inclusion of new K* binders
proximity dispensing schemes established under Order
No. 10110/2024 of August 29, 2024 (Statement C4).*®
These findings are consistent with efforts to decentralize
healthcare delivery and strengthen the interface between
hospital- and community-based care.

Overall, the findings indicate that meaningful improve-
ments in HK management in Portugal are likely to
be achieved through better alignment between care
pathways, therapeutic decision-making, and access to
treatment.
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Several limitations of this study should be considered. The
Delphi methodology reflects expert opinion and should not
be interpreted as evidence of comparative effectiveness.
Despite having reached high agreement rates (289%), the
study included only one survey round, which may have
reduced the opportunity to further refine areas of partial
agreement. Although the multidisciplinary Delphi panel
included specialists from nephrology, cardiology, inter-
nal medicine and hospital pharmacy, the steering group
responsible for statement development had a greater
representation of nephrologists. This may have influenced
the framing and prioritization of some recommendations
despite the high level of agreement achieved across spe-
cialties. The relatively small number of pharmacists also
limited the breadth of input on medication management
and access-related issues. Also, although high levels of
agreement were observed and the recommendations had
been extensively discussed during the face-to-face multi-
disciplinary meetings preceding the Delphi exercise, this
study was limited to a single voting round. Consequently,

the stability of participants’ responses over time could
not be formally assessed. Finally, some recommendations
have the underlying organizational and regulatory char-
acteristics of the Portuguese healthcare system, which
limit generalizability to other settings without appropriate
adaptation. Nonetheless, the consistently high levels of
agreement across statements support the robustness of
the conclusions and suggest broad recognition of current
gaps and priorities in HK management.

In conclusion, these findings underscore the need for a
more proactive, integrated approach to HK management
in Portugal, with particular emphasis on early identifica-
tion, sustained use of GDMT, appropriate incorporation of
newer pharmacological options, and reduction of barriers
to treatment access (Fig. 5).

Future studies should assess the real-world implementa-
tion of these practical recommendations and determine
whether their adoption translates into measurable im-
provements in patient outcomes.

IN-HOSPITAL PATIENT JOURNEY FOR HYPERKALEMIA (HK) MANAGEMENT:
A DELPHI CONSENSUS FROM PORTUGUESE EXPERTS
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‘ ’ Standardized, proactive and coordinated intra-hospital management of HK that prevents recurrences, reduces hospitalizations, ED visits and healthcare
resources utilization and improves patient outcomes.
Figure 5. In-hospital patient journey for hyperkalemia management. This figure reflects the 28 statements that
reached a majority of agreement among experts, proposing an optimized intra-hospital patient journey regarding

hyperkalemia management

Abbreviations: CKD, chronic kidney disease; CKM, car-
diovascular-kidney-metabolic; ECG, electrocardiogram;
eGFR, estimated glomerular filtration rate; ED, emergen-
cy department; ESKD, end-stage kidney disease; GDMT,

guideline-directed medical therapy; HD, hemodialysis;
HF, heart failure; HK, hyperkalemia; K*, potassium; Mg¥,
magnesium; RAASI, renin-angiotensin-aldosterone system
inhibitor; SZC, sodium zirconium cyclosilicate.
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