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Abstract
Background and Objective  Hyperkalaemia can be a life-threatening condition, particularly in patients with advanced chronic 
kidney disease with and without heart failure. Renin-angiotensin-aldosterone system inhibitor therapy offers cardiorenal 
protection in chronic kidney disease and heart failure; however, it may also cause hyperkalaemia subsequently resulting in 
down-titration or discontinuation of treatment. Hence, there is an unmet need for hyperkalaemia treatment in patients with 
chronic kidney disease with and without heart failure to enable renin-angiotensin-aldosterone system inhibitor use in this 
patient population. In this study, we develop a de novo disease progression and cost-effectiveness model to evaluate the 
clinical and economic outcomes associated with the use of patiromer for the treatment of hyperkalaemia in patients with 
chronic kidney disease with and without heart failure.
Methods  A Markov model was developed using data from the OPAL-HK trial to assess the health economic impact of 
patiromer therapy in comparison to standard of care in controlling hyperkalaemia in patients with advanced chronic kidney 
disease with and without heart failure in the Irish setting. The model was designed to predict the natural history of chronic 
kidney disease and heart failure and quantify the costs and benefits associated with the use of patiromer for hyperkalaemia 
management over a lifetime horizon from a payer perspective.
Results  Treatment with patiromer was associated with an increase in discounted life-years (8.62 vs 8.37) and an increase in 
discounted quality-adjusted life-years (6.15 vs 5.95). Incremental discounted costs were predicted at €4979 per patient, with 
an incremental cost-effectiveness ratio of €25,719 per quality-adjusted life-year gained. Patients remained taking patiromer 
treatment for an average of 7.7 months, with treatment associated with reductions in the overall clinical event incidence and 
a delay in chronic kidney disease progression. Furthermore, patiromer was associated with lower overall rates of hospitalisa-
tion, major adverse cardiovascular events, dialysis, renin-angiotensin-aldosterone system inhibitor discontinuation episodes 
and renin-angiotensin-aldosterone system inhibitor down-titration episodes. At a willingness-to-pay threshold of €45,000 
per quality-adjusted life-year in Ireland, treatment with patiromer was estimated to have a 100% chance of cost effectiveness 
compared with standard of care.
Conclusions  This study has demonstrated an economic case for the reimbursement of patiromer for the treatment of hyper-
kalaemia in patients with chronic kidney disease with and without heart failure in Ireland. Patiromer was estimated to 
improve life expectancy and quality-adjusted life expectancy, whilst incurring marginal additional costs when compared 
with current standard of care. Results are predominantly attributed to the ability of patiromer to enable the continuation of 
renin-angiotensin-aldosterone system inhibitor treatment whilst also reducing potassium levels.
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Key Points for Decision Makers 

Clinical trials have demonstrated that patiromer is a safe 
and effective treatment in reducing hyperkalaemia in 
patients with chronic kidney disease with and without 
heart failure.

This study models the cost effectiveness of patiromer in 
the Irish healthcare setting and demonstrates clinical and 
economic benefits associated with the use of patiromer 
in patients with chronic kidney disease with and without 
heart failure.

Decision makers may consider patiromer as a cost-
effective treatment in Ireland, with a willingness-to-pay 
threshold of €45,000 per quality-adjusted life-year.

1  Introduction

Hyperkalaemia (HK) commonly presents in the clinic and 
has the potential to be life threatening [1]. It is most preva-
lent among patients with chronic kidney disease (CKD) and 
heart failure (HF), particularly those receiving renin angio-
tensin aldosterone system inhibitor (RAASi) treatment and 
is a burden on both clinical and economic outcomes [2–10].

Patients with HK are at a significantly higher risk of 
major adverse cardiovascular events (MACE), mortality, 
hospitalisation and increased healthcare resource utilisa-
tion [11–28]. A real-world evidence study investigated the 
burden of HK in patients with HF [26]. This Danish-based 
study found that HK and recurrent episodes were signifi-
cantly high in this population, with four in ten patients with 
HF developing HK. Furthermore, HK was associated with 
renal dysfunction and increased occurrence in cardiovascu-
lar outcomes, including ventricular arrhythmia, HF read-
mission and any cardiac diagnosis. A study by Núñez et al. 
examined the risk of mortality during long-term potassium 
monitoring in patients with HF [24]. Findings from this 
study demonstrated that HK was independently associated 
with mortality, and potassium normalisation significantly 
reduced the risk of mortality. A retrospective study exam-
ined the cost of HK in patients with CKD and/or HF in the 
USA [11]. Hyperkalaemia was associated with increased 
total healthcare costs, higher healthcare resource utilisation 
rates including inpatient admissions, outpatient visits and 
emergency department visits, greater rehospitalisations and 
longer hospital length of stay, although these do not neces-
sarily imply causation. Hence, the need for better treatment 
options in HK management.

Currently, there is a relative paucity in economic evalu-
ations of HK therapies, owing, in part, to the limited treat-
ment options available. Current treatment strategies for the 
management of HK are suboptimal as they often involve 
down-titration or discontinuation of RAASi therapy, result-
ing in increased mortality and disease progression in patients 
with CKD with and without HF [29–33]. Hence, this strat-
egy of HK management may lead to increased healthcare 
costs from renal replacement therapy (RRT) and/or cardio-
vascular hospitalisations. More recently, advances in new 
treatment options for patients with HK with cardiorenal 
disease have emerged for the long-term management of HK.

Patiromer, a non-absorbed polymer, binds to potassium 
within the gastrointestinal tract increasing its faecal excre-
tion. The effectiveness and safety of patiromer up to 1 year 
have been demonstrated in cardiorenal patients receiving 
RAASi therapy in phase II and III clinical trials [34–36]. 
Patiromer has also been shown to enable initiation and up-
titration of RAASi in patients at risk of HK [37, 38]. Pati-
romer has already been approved in the USA and European 
Union and has more recently been recommended by the UK 
(National Institute for Health and Care Excellence) for treat-
ing HK in patients with CKD [39–41].

In 2019, the Irish National Centre for Pharmacoeconom-
ics assessment of patiromer was made; however, patiromer 
has not yet been reimbursed in Ireland. The assessment of 
the economic value of introducing patiromer in Ireland for 
the management of HK in patients with CKD, however, has 
not previously been published, and is needed to help inform 
decision makers. Therefore, the objective of this study was 
to develop a de novo decision analytic model capable of 
modelling the clinical and economic outcomes associated 
with the use of patiromer for the treatment of HK in patients 
with CKD with and without HF. A further objective of the 
study is to evaluate the cost effectiveness of patiromer in the 
Irish healthcare setting.

2 � Methods

2.1 � Patiromer OPAL‑HK Trial

The modelling approach was developed in order to extrapo-
late results from the OPAL-HK trial [42]. This trial was 
used to assess the efficacy and safety of patiromer and was 
an international, multicentre, single-blind, phase III clinical 
trial investigating the short-term treatment of HK, and the 
ongoing maintenance of normokalaemia. The study was car-
ried out in two sequential parts over 12 weeks.

The treatment phase (Part A) was a single-blind single-
arm trial of patiromer for 4 weeks. Patients were eligible 
for inclusion if they had stage 3 or 4 CKD, a serum potas-
sium level of 5.1 to < 6.5mmol/L and were receiving a 
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stable RAASi dose. At the time of screening, patients were 
assigned to receive a starting dose of 4.2 g twice daily or 8.4 
g twice daily depending on the severity of HK. In this phase, 
RAASi doses were not adjusted; they were only discontin-
ued if the potassium level was ≥ 6.5 mmol/L (≥ 5.1 mmol/L 
if taking the maximum permitted patiromer dose).

The withdrawal phase (Part B) was a placebo-controlled, 
single-blind, randomised withdrawal trial of patiromer for 8 
weeks. The objective of the withdrawal phase was to evalu-
ate the effect of withdrawing patiromer on serum potassium 
control and to assess whether long-term treatment with pati-
romer prevents the recurrence of HK.

2.2 � Cost‑Effectiveness Model

A Markov cohort model was developed to assess the health 
economic impact of patiromer therapy in comparison 
to standard of care (SoC) in controlling HK in advanced 
patients with CKD with and without HF. The model was 
designed to predict the natural history of CKD and HF 
and quantify the costs and benefits associated with the 
use of patiromer for serum potassium management from a 
payer perspective in Ireland. Chronic kidney disease and 
HF are chronic and progressive diseases associated with 
an increased risk of mortality. As such, a lifetime horizon 
was modelled in line with Health Information and Qual-
ity Authority technology assessment guidelines [43, 44]. 
A monthly cycle length was adopted and disease progres-
sion followed over a lifetime. The model was conducted and 
reported in line with recommendations from the Second 

Panel on Cost Effectiveness in Health and Medicine, includ-
ing an inventory summarising the impact of patiromer on 
formal healthcare costs and patients’ health (Appendix A of 
the Electronic Supplementary Material [ESM]) [45].

2.3 � Model Structure and Disease Progression

Patients enter the model (Fig. 1) with either CKD alone or 
CKD with HF. The progression of patients with CKD was 
modelled via transitions to more progressed CKD stages 
and eventually end-stage renal disease, comprising separate 
dialysis and transplant states. Similarly, the progression of 
HF in patients with CKD and HF was modelled via transi-
tions between New York Heart Association (NYHA) clas-
sifications (I–IV) [46–49]. Both CKD and HF are modelled 
independently, with progression through health states in 
one not impacting progression through health states in the 
other, except for those exiting the model in the death health 
state. As a simplifying assumption, patients without HF at 
model initiation do not develop HF during the modelled time 
horizon. The starting distribution of patients is presented in 
Table 1, alongside baseline age and sex, whilst baseline rates 
of CKD and HF disease progression are described further in 
Appendix B of the ESM.

As the simulated cohort progresses through the model, 
the value of alternative treatments is captured through 
the occurrence of HK events, changes in RAASi use and 
treatment discontinuation. The likelihood of other events 
(MACE, hospitalisation and mortality) is also predicted and 
is impacted directly by a patient’s health state (i.e. CKD 

Fig. 1   Model flow diagram. 
States highlighted in grey repre-
sent starting health states. CKD 
chronic kidney disease, HF 
heart failure, HK hyperkalae-
mia, MACE major adverse car-
diovascular events, NYHA New 
York Heart Association, RAASi 
renin-angiotensin-aldosterone 
system inhibitor
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and HF) and by RAASi use and HK incidence (i.e. potas-
sium level); baseline rates may be found in Appendix B of 
the ESM [50–53]. Major adverse cardiovascular events was 
defined as events of coronary heart disease, HF, ischemic 
stroke and peripheral arterial disease leading to hospitali-
sation. Hospitalisation was defined as any hospitalisation. 
The probabilities of MACE, hospitalisation and mortality, 
stratified by disease severity, are estimated for a patient with 
CKD only and a patient with HF only, and the higher of the 
two probabilities are then applied for the cohort with CKD 
and HF. In both cohorts, where all-cause mortality estimates 
from Irish-specific life tables exceeded mortality estimates 
based on comorbidities and RAASi use, the greater mortal-
ity rate was assumed.

2.4 � Hyperkalaemia

The occurrence of HK was categorised as a serum potas-
sium level greater than 5 mmol/L, consistent with the def-
initions used in the OPAL-HK trial and widely accepted 
in the broader HK literature [34, 55]. Events were further 
stratified by severity (i.e. 5–5.5 mmol/L, 5.5–6 mmol/L and 
> 6 mmol/L). During the first 3 months of the modelled 
time horizon, incident HK events are predicted based on 
data from the OPAL-HK trial [34, 56]. For all subsequent 
months, annual rates of HK were obtained from Horne et al. 
and applied to the SoC arm. Hazard ratios relating to reduced 
(or increased) incidence in those receiving patiromer in 

subsequent years were obtained from the initial 3 months 
of data observed in the OPAL-HK trial and applied to the 
annual rates of HK obtained from Horne et al. [57]. Hyper-
kalaemia event rates are summarised in Table 2. Increased 
potassium levels negatively impact the incidence of MACE, 
hospitalisation and death (Fig. 2); the magnitude of these 
impacts is further described in Appendix B of the ESM.

2.5 � RAASi Use

In both treatment arms, all patients are initiated in the model 
on RAASi and are assumed to be receiving a maximum 
dose. Down-titration to a sub-maximal dose, or discon-
tinuation of RAASi treatment (from any dose) may occur. 
Renin-angiotensin-aldosterone system inhibitor use favour-
ably impacts the progression of CKD and the incidence of 
MACE, hospitalisation and death (Fig. 2), with an unfavour-
able impact on the incidence of HK; the magnitude of these 
impacts is further described in Appendix B of the ESM [29, 
46–53, 57–60].

The proportion of patients still receiving RAASi treat-
ment at the end of the first month is specified for both 
arms and based on OPAL-HK trial data. For the pati-
romer arm, this proportion relates only to those that have 
achieved a response, with the remaining patients assumed 
to be receiving RAASi therapy in line with the SoC arm. 
Rates of RAASi discontinuation and down-titration are 
taken from the OPAL-HK trial for months 2 and 3 [54]. 

Table 1   Starting health state distribution and baseline patient characteristics

CKD chronic kidney disease, CSR clinical study report, HF heart failure, HK hyperkalaemia, K+ potassium, NYHA New York Heart Associa-
tion, SE standard error
a Note in the OPAL-HK CSR, patients were described only as “stage 4 or worse.” [54] The proportion of patients pre-renal replacement therapy 
in stage 5 is thus unknown and here taken as 0

Mean SE Source

Starting health state distribution
 Proportion with HF 41.98% – OPAL-HK CSR [54]
 Proportion CKD stage 3 55.14% 3.19% OPAL-HK CSR; CKD stage 2 patients included [54]
 Proportion CKD stage 4a 44.86% 3.19% OPAL-HK CSR [54]
 Proportion CKD stage 5a 0.00% 0.00%
 Proportion NYHA I 18.63% 3.85%
 Proportion NYHA II 64.71% 4.73%
 Proportion NYHA III 16.67% 3.69%
 Proportion NYHA IV 0.00% 0.00%
 Proportion normokalaemia (K+ ≤ 5) 0.00% 0.00% Assumed
 Proportion HK (K+ > 5 to ≤ 5.5) 0.00% 0.00%
 Proportion HK (K+ > 5.5 to ≤ 6) 81.35% 3.17% OPAL-HK CSR; distributed across upper threshold 

categories in line with published data [54] Proportion HK (K+ > 6) 18.65% 3.17%
Patient characteristics
 Age (years) 65.30 0.89 OPAL-HK CSR [54]
 Proportion female 0.46 0.05
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From month 4 onwards, potassium level-dependent RAASi 
discontinuation and down-titration rates were taken from 
Linde et al. and applied to the SoC arm [50]. Hazard ratios 
relating to reduced (or increased) rates of discontinuation/
down-titration in those receiving patiromer in subsequent 
months were obtained from the initial 3 months of data 
observed in the OPAL-HK trial and applied to the rates 
from Linde et al. [22, 50]. To reflect the impermanent 
nature of RAASi treatment changes in clinical practice, 
patients could return to optimal RAASi use independent 
of their potassium level with a monthly probability of 
3.51% [50]. Because of a lack of relevant data, patients 
who down-titrated RAASi use were assumed to not return 
to maximum use. Renin-angiotensin-aldosterone system 

inhibitor discontinuation and down-titration rates are sum-
marised in Table 3.

2.6 � Treatment

The model evaluates patiromer use against current SoC. It 
should be noted that modelling SoC is particularly challeng-
ing, owing to the considerable heterogeneity associated with 
HK pathogenesis, methods to correct and manage potassium 
levels (particularly non-pharmacological interventions, and 
variable levels of adherence to pharmacological methods) 
and patient responses to such interventions. As such, SoC 
has been defined consistently with the broad definitions 
used in the OPAL-HK study, where SoC can be considered 

Table 2   HK incidence

CSR clinical study report, HK hyperkalaemia, K+ potassium, SE standard error, SoC standard of care
a SoC probabilities informed by HK recurrence rates observed in Horne et al. with recurrence events distributed in line with the distribution of 
initial HK events across potassium categories; patiromer estimates informed by Horne et al. after application of a HR based on OPAL-HK data 
from months 2 and 3; SE assumed as 10% of mean

Time applied Potassium level Monthly probability Source

Patiromer SoC

Mean SE Mean SE

Month 1 K+ > 5 to ≤ 5.5 21.13% 3.32% 21.13% 3.32% OPAL-HK CSR; distributed across threshold 
categories in line with published data [54, 
57]

K+ > 5.5 to ≤ 6 1.66% 1.04% 1.66% 1.04%
K+ > 6 0.38% 0.50% 0.38% 0.50%

Months 2 and 3 K+ > 5 to ≤ 5.5 14.00% 4.68% 15.00% 4.81% OPAL-HK CSR [54]
K+ > 5.5 to ≤ 6 6.10% 3.23% 25.22% 5.86%
K+ > 6 1.40% 1.58% 5.78% 3.15%

Subsequent monthsa K+ > 5 to ≤ 5.5 0.543% 0.054% 1.158% 0.116% Horne et al., OPAL-HK CSR [54, 57]
K+ > 5.5 to ≤ 6 0.022% 0.002% 0.092% 0.009%
K+ > 6 0.005% 0.001% 0.021% 0.002%

Fig. 2   Influence of renin-angiotensin-aldosterone system inhibitor 
(RAASi) use on disease progression and events. References below 
each box describe the baseline probabilities/rates; references along-
side arrows describe the influence of one disease component on the 

other (e.g. in the form of hazard ratios, odds ratios or incidence rate 
ratios), with influences applied to the baseline probabilities rates. 
CKD chronic kidney disease, HF heart failure, HK hyperkalaemia, 
MACE major adverse cardiovascular event, SoC standard of care
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short-term management for the correction of potassium and 
lifestyle interventions for the background maintenance of 
potassium (e.g. dietary intervention and modification of con-
comitant medications).

All patients initiated in the treatment arm were assumed 
to receive patiromer for at least 1 month. At the end of 
the first month, patients were stratified into those that do 
(60.93%) and do not (39.17%) respond to treatment. Within 
the patiromer arm, those that respond to treatment continue 
to receive patiromer with the associated event risks. Those 
that do not respond to patiromer cease treatment and incur 
the risk of events in line with SoC (i.e. assuming no legacy 
effect of patiromer treatment). For the SoC arm, treatment 
with SoC could not be discontinued. Beyond month 1, 
patients receiving patiromer could discontinue at a constant 
monthly rate of 10.33% based on the OPAL-HK trial, or if 
they reached end-stage renal disease; subsequently incurring 
an event risk in line with the SoC arm. Patients repeated 
treatment if their potassium levels were equal to or exceeded 
5.5–6 mmol/L in subsequent months after discontinuation.

2.7 � Costs and Utilities

Appendix C of the ESM summarises the direct medical 
costs (2019–20 Euros) applied to modelled health states 
and events. Irish-specific cost data were used where avail-
able and converted from GBP estimates where unavailable 
[61–74]. All costs were inflated to 2019/20 values. Appen-
dix D of the ESM summarises the utilities (and disutili-
ties) applied to modelled health states (and events). Utility 
estimates for each of the NYHA and CKD stages were 
measured with either the EQ-5D index [75, 76] or KDQOL 
[75] results and augmented by a recent National Institute 

for Health and Care Excellence technology appraisal [72]. 
To calculate the utility in a given state, the utilities of 
the respective NYHA classification and CKD stage were 
multiplied. Additionally, applicable transient events such 
as hospitalisation had their corresponding disutility added 
on when the event occurred, for instance if the previous 
example had a hospitalisation in a given period, their util-
ity would be reduced to reflect this. Cost and utility val-
ues were discounted at a rate of 4% in line with Health 
Information and Quality Authority technology assessment 
guidelines [43].

2.8 � Cost‑Effectiveness Analysis

The model was used to evaluate the lifetime impact of pati-
romer use against SoC for the treatment of HK in patients 
with CKD with and without HF. Modelled outcomes focused 
on healthcare costs, life-years and quality-adjusted life-years 
(QALYs), with comparisons between treatments made using 
the incremental cost-effectiveness ratio.

A probabilistic sensitivity analysis, utilising 1000 simula-
tions, was undertaken to evaluate uncertainty in clinical and 
economic outcomes. Patient characteristics and demograph-
ics were sampled using a normal distribution, probabilities 
and utility and disutility values were sampled using a beta 
distribution, and costs, hazard ratios and odds ratios were 
sampled using a gamma distribution. A deterministic sensi-
tivity analysis, with parameters varied within sensible and 
parameter-appropriate bounds, was also undertaken to assess 
the impact of individual model parameters on model out-
comes; the most influential and uncertain input parameters 
were incorporated in the analysis.

Table 3   RAASi discontinuation, down-titration and up-titration, by potassium category

HK hyperkalaemia, K+ potassium, max maximum, RAASi renin-angiotensin-aldosterone system inhibitor, SE standard error, SoC standard of 
care
SEs are presented in brackets. Complete derivation of input parameters is described further in Appendix B of the ESM

Monthly probability of RAASi 
max discontinuation (%)

Monthly probability of RAASi 
max down-titration (%)

Monthly probability of RAASi 
sub-max discontinuation (%)

Source

SoC Patiromer SoC Patiromer SoC Patiromer

Months 2–3 34.438% 
(6.589%)

3.336% 
(2.421%)

35.549% 
(6.589%)

0.000% 
(0.000%)

34.438% 
(6.589%)

3.336% 
(2.421%)

OPAL-HK [54]

Subsequent months
 K+ ≤ 5 2.600% 

(0.009%)
0.181% 1.800% 

(0.026%)
1.800% 2.600% 

(0.009%)
0.181% Linde et al. [50]

 K+ > 5 to 
≤ 5.5

3.029% 
(0.102%)

0.211% 2.617% 
(0.102%)

2.617% 3.029% 
(0.102%)

0.211%

 K+ > 5.5 to 
≤ 6

4.547% 
(0.230%)

0.319% 5.306% 
(0.230%)

5.306% 4.547% 
(0.230%)

0.319%

 K+ > 6 10.000% 
(0.663%)

0.721% 8.900% 
(0.638%)

8.900% 10.000% 
(0.663%)

0.721%



763Cost Effectiveness of Patiromer for Hyperkalaemia in CKD and Heart Failure in Ireland

2.9 � Model Validation

The quality of the model was assessed by means of face 
validity checks. Experienced staff, outside of the modelling 
team, tested the clinical appropriateness of the model by 
analysing differences between model output and relevant 
published figures. Digitised output from Kaplan–Meier 
curves [77] and life expectancy estimates [78], from relevant 
publications, were used to ensure survival trends by NYHA 
and CKD status aligned with expectations. Meanwhile, base-
line population characteristics, from a real-world study by 
Linde et al. [50], were implemented to verify the clinical 
plausibility of MACE and mortality outcomes.

3 � Results

3.1 � Base‑Case Analysis

Base-case cost-effectiveness results are presented in Table 4. 
Treatment with patiromer was associated with an increase in 
discounted life-years (8.62 vs 8.37) and an increase in dis-
counted QALYs (6.15 vs 5.95). Incremental discounted costs 
were predicted at €4979 per patient, with an incremental 
cost-effectiveness ratio of €25,719 per QALY gained. Dis-
counted incremental costs were predominantly driven by an 
initial increase in costs associated with patiromer treatment, 

increased costs of CKD and end-stage renal disease man-
agement because of an extension of life and reductions in 
RAASi titration costs over the patient’s lifetime, as a conse-
quence of improved RAASi enablement.

Patients remained receiving patiromer treatment for 
an average of 7.7 months, with treatment associated with 
a reduction in the incidence of most clinical events and a 
delay in CKD disease progression. Per 1000 patients, pati-
romer was associated with 218 and 50 fewer HK events, 
when evaluating potassium levels at the 5.5–6 mmol/L and 
> 6 mmol/L levels, respectively. In comparison to SoC, 
patiromer was also associated with 165 fewer RAASi dis-
continuation episodes and 64 fewer RAASi down-titration 
episodes per 1000 patients, whilst being associated with 
an additional seven MACE and 204 hospitalisation events 
per 1000 patients. Subsequently, improvements in RAASi 
management enabled an overall increase in the time it took 
patients to reach RRT, with a similar number of incident 
dialysis and transplant episodes across arms (an additional 
six incident dialysis events and two incident transplantation 
events per 1000 patients in the patiromer arm).

Nevertheless, when comparing the annualised rate of 
adverse outcomes, patiromer was associated with lower over-
all rates of HK, hospitalisation, MACE, dialysis, RAASi dis-
continuation, RAASi down-titration and mortality (Fig. 3). 
Importantly, this demonstrates that the increased absolute 
adverse outcome incidence of MACE, hospitalisation, dialy-
sis and transplantation in the patiromer arm comes as a con-
sequence of an extension of life (i.e. as patients in the pati-
romer arm survive longer than those in the SoC arm, they 
are subject to a longer period of time over which adverse 
outcome incidence may be accrued). Such a relationship 
accounts for the greater RRT costs (Table 4) observed in the 
patiromer arm where, despite reductions in the rate of CKD 
progression and RRT incidence, overall event incidence was 
higher for patiromer because of an extension of life; a similar 
impact on hospitalisation costs is also observed.

3.2 � Model Validation

Face validation of the model was carried out in two key 
stages; a comparison of NYHA-specific mortality from 
Briongos-Figuero et al. [77] and of CKD and HF (non-
comorbid) mortality and MACE data using Linde et al. [50]. 
Patients with higher NYHA functional status had increas-
ingly higher mortality rates, which is partially consistent 
with Briongos-Figuero et al. [77] Face validity was checked 
by ensuring that mortality in each NYHA status increased if 
the CKD status was higher, in line with clinical plausibility, 
although modelling both CKD and HF simultaneously may 
have reduced the proportional mortality difference between 
NYHA stages. Additionally, data in the academic literature 
were subject to inconsistency in baseline characteristics 

Table 4   Cost-effectiveness results

CKD chronic kidney disease, HK hyperkalaemia, ICER incremen-
tal cost-effectiveness ratio, QALY quality-adjusted life-year, RAASi 
renin-angiotensin-aldosterone system inhibitor, RRT​ renal replace-
ment therapy, SoC standard of care

Patiromer SoC Incremental

Discounted results
 Total costs (€) €183,014 €178,035 €4979
 Treatment €2400 €0 €2400
 HK €1250 €1476 −€226
 CKD €30,488 €29,487 €1001
 RRT​ €101,136 €99,927 €1210
 MACE €7871 €7926 − €55
 Hospitalisation €36,646 €35,758 €888
 RAASi drug usage €331 €284 €47
 RAASi titration €2891 €3177 − €286
 Total life-years 8.622 8.368 0.254
 Total QALYs 6.148 5.955 0.194
 ICER (€/QALY) – – €25,719

Undiscounted results
 Total costs €281,807 €273,959 €7848
 Total life-years 11.628 11.264 0.364
 Total QALYs 8.141 7.870 0.271
 ICER (€/QALY) – – €28,920
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leading to potential limitations in comparability, for exam-
ple, the study by Briongos-Figuero et al. did not age stand-
ardise NYHA subgroups.

Face validity of the estimated mortality and MACE 
output for both CKD with/without HF and HF with/with-
out CKD was conducted using outcomes from Linde et al. 
[50]. As this publication was utilised in the internal calibra-
tion of the model, external validation of event output was 
not appropriate. The model predicted lower mortality and 
MACE outcomes than those observed in Linde et al., which 
is potentially owing to the model using a conservative clini-
cal estimate of the baseline potassium level. In addition, the 
incidence rate ratio was not computed for validation pur-
poses as the baseline model population characteristics in 
Linde et al. were not feasible to replicate.

3.3 � Probabilistic Sensitivity Analysis

Probabilistic sensitivity analysis is presented in Figs. 4 and 
5 and supports the conclusions of the base-case analysis. 
The average incremental discounted QALYs and costs 
were 0.192 and €5138 per patient, respectively, result-
ing in an incremental cost-effectiveness ratio of €26,752 
(€14,561–€32,717)1 [79] per QALY gained. At a willing-
ness-to-pay threshold of €45,000 in Ireland, treatment with 
patiromer was estimated to have a 100% chance of cost 

effectiveness compared with SoC. One-way sensitivity anal-
yses (Fig. 6) demonstrate that cost-effectiveness conclusions 
are relatively robust to changes in individual parameters, 
with results most sensitive to rates of discounting, the mod-
elled time horizon, baseline patient age, the magnitude of 
the impact of RAASi use on CKD progression, and RAASi 
and treatment discontinuation.

4 � Discussion

This is the first published study to evaluate the cost effective-
ness of patiromer for the treatment of HK in patients with 
CKD with and without HF in Ireland. Prior to this study 
being undertaken, cost-effectiveness estimates for pati-
romer in Ireland have only been undertaken in the context 
of a National Centre for Pharmacoeconomics submission, 
completed in 2019, for which little methodological informa-
tion is available. Cost-effectiveness estimates varied from 
€37,951 (company base case) to €117,396 (National Cen-
tre for Pharmacoeconomics preferred base case) per QALY 
gained. In an attempt to ensure any shortcomings of this 
previous analysis are addressed, we utilised a modelling 
approach previously adopted and accepted by the National 
Institute for Health and Care Excellence, and published in 
multiple journals, for analysing cost effectiveness in this 
indication, as a template to inform development of the de 
novo model described herein.

Fig. 3   Annualised per-patient 
outcomes event rates (patiromer 
vs standard of care [SoC]). HK 
hyperkalaemia, K+ potassium, 
MACE major adverse cardiovas-
cular events, RAASi renin-
angiotensin-aldosterone system 
inhibitor

1  The 95% confidence interval calculated using Fieller’s theorem.
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Fig. 4   Probabilistic sensitivity 
analysis: incremental cost-effec-
tiveness ratio (ICER) scatter 
plot. QALY quality-adjusted life-
year, WTP willingness to pay

Fig. 5   Probabilistic sensitiv-
ity analysis: cost-effectiveness 
acceptability. QALY quality-
adjusted life-years, WTP 
willingness to pay
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The results of this analysis demonstrate that the introduc-
tion of patiromer in the Irish healthcare setting may be asso-
ciated with an improved quality of life and life expectancy, 
with only a marginal additional cost. Patiromer demonstra-
bly offers particular benefit in terms of RAASi management, 
enabling the continuation of RAASi therapy. Such findings 
are particularly important given the lack of treatment options 
for the long-term management of HK in patients with CKD 
with and without HF, where the ability to maintain RAASi 
management is key for halting disease progression and the 
event incidence of these underlying chronic conditions.

Hyperkalaemia is common in Ireland and patients with 
elevated potassium serum levels often have an increased 
risk of recurrence [25, 26]. A retrospective observational 
study of 205,334 patients, who accessed the Irish health-
care system between 2006 and 2010, found the incidence 

of HK (>5 mmol/L) was 21% with a 30% risk of recur-
rent HK, whilst the incidence of moderate/severe HK (>5.5 
mmol/L) was 5% with an 18% risk of recurrent HK [80]. 
Another retrospective study of 60,864 adult patients admit-
ted to St James’ Hospital in Dublin between 2002 and 2012 
assessed the relationship between HK incidence, hospital 
length of stay and in-hospital mortality [81]. Overall, HK 
(>5 mmol/L) was present in 4.9% of the patient population 
and elevated serum potassium levels were associated with 
an increased risk of death and hospital length of stay [81], 
highlighting the importance of maintaining normal serum 
potassium levels.

Patiromer offers a novel approach to HK management 
and has been shown to safely and effectively maintain nor-
mal serum potassium levels in patients with CKD and HK 
receiving RAASi treatment over a long duration [35, 82, 83], 

Fig. 6   One-way sensitivity analyses. CKD chronic kidney disease, HF 
heart failure, HK hyperkalaemia, HR hazard ratio, ICER incremen-
tal cost-effectiveness ratio, IRR incidence rate ratio, QALY quality-

adjusted life-year, RAASi renin-angiotensin-aldosterone system inhib-
itor, SoC standard of care
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avoiding down-titration of RAASi therapy. It has also been 
shown to enable RAASi up-titration in patients with CKD 
with hypertension during the AMBER clinical trial [37, 38, 
84]. In this 12-week trial, RAASi use induced a reduction 
from baseline in systolic blood pressure that was statistically 
significant in both patiromer and placebo arms. However, 
up-titration of RAASi use in patients receiving patiromer 
together with an increased rate of RAASi discontinuation 
in the placebo arm did not translate into differences in clini-
cal outcomes, i.e. blood pressure, between the two groups. 
However, in 36% of patients who had discontinued RAASi 
treatment before the end of the trial, drug metabolites were 
detectable 3 weeks later. Hence, the long half-life of RAASi 
treatment, together with the short duration of the AMBER 
trial, most likely allowed patients who discontinued treat-
ment to prolong the effects of RAASi therapy in the short 
term [37]. More recently, the long-term effects of patiromer 
on clinical outcomes in patients with HF, such as MACE 
and cardiovascular-related mortality, are being investigated 
in the phase IIIb DIAMOND clinical trial [85]. Initial results 
suggest that patients are able to maintain long-term potas-
sium control, with a reduction in HK and prolonged opti-
mised RAASi use [86].

Our results are in accordance with other European cost-
effectiveness analyses, which indicate that patiromer offers 
value for money as a treatment option for HK in patients 
with CKD through RAASi enablement [87, 88]. A study 
from a Swedish perspective reported that patiromer had a 
50% chance of being cost effective in patients with stage 
3–4 CKD aged above 65 years, by enabling RAASi treat-
ment, yielding an incremental cost-effectiveness ratio of 
€43,307 [88]. Similarly, another study evaluated patiromer 
use in patients with stages 3–4 CKD receiving RAASi treat-
ment from an Austrian healthcare system perspective [87]. 
Authors reported a significant improvement in QALYs with 
7 months in perfect health and an incremental cost-utility 
ratio of €18,979.23 in patients with CKD treated with pati-
romer versus no patiromer. Together with our data, these 
results suggest that patiromer, alongside RAASi therapy, 
should be considered for use in patients with HK with 
advanced CKD and warrants further cost-effectiveness 
analyses in other European countries to be undertaken.

Current guidelines for the management of persistent 
recurrence of HK are limited by the lack of safe and effective 
treatments. Calcium polystyrene sulfonate and sodium poly-
styrene sulfonate ion-exchange resins are commonly used 
to correct serum potassium levels; however, often patients 
develop serious gastrointestinal adverse events that limit 
their long-term use [89–92]. In addition, clinicians often 
advise patients with HK to limit their potassium intake; 
but this can often lead to poor adherence or adverse clini-
cal outcomes resulting from the reduction in key vitamins, 
minerals and fibre required for a healthy diet [93, 94]. Loop 

diuretics lower potassium levels and are frequently used 
in patients with HF, however, their use in long-term HK 
management would require down-titration of treatment in 
order to avoid any adverse clinical outcomes associated with 
hypokalaemia; electrolyte imbalance, reduced renal func-
tion and symptomatic hypotension [95, 96]. Even though 
guidelines recommend a down-titration of loop diuretics, 
in reality, only a small percentage of patients receive this 
change in dose in the clinical setting [97].

Frequently, RAASi down-titration is implemented in 
the clinic as a treatment strategy for HK management in a 
patient with CKD with and without HF; however, this lim-
its the clinical benefits of optimal RAASi therapy and is 
associated with worsening clinical outcomes [30–33] and 
increased healthcare costs [98]. As such, the availability of 
treatment options that are able to reduce potassium levels 
and enable the continuation of RAASi therapy is of great 
significance. However, given the uncertainty in the Irish 
hyperkalaemic management structure, there is potential 
scope for further optimisation of treatment strategies and 
guidelines. Such optimisation might be realised through 
consideration of short-term HK care, the targeting of par-
ticular subgroups with a high propensity for HK incidence or 
a closer examination of outcomes across differential potas-
sium thresholds. Inherently, each of these aspects should be 
considered from both a clinical and economic perspective, 
with the research presented here providing an initial frame-
work from which further research may be developed.

Despite demonstrating the robustness of cost-effec-
tiveness conclusions through probabilistic and one-way 
sensitivity analyses, the analysis is subject to some limi-
tations. First, we consider only the payer perspective in 
this analysis. Accurately reflecting the societal burden of 
patients with HK who have CKD with or without heart 
failure, given the lack of research on societal impacts in 
patients with such a complex mix of diseases, is inher-
ently difficult. However, given the improvement in RAASi 
enablement associated with patiromer, and the associated 
reduction in the rate of hospitalisations, MACE and RRT 
incidence, it is anticipated that excluding the societal 
impact only serves to underestimate the value of pati-
romer and RAASi enablement, and thus is unlikely to bias 
conclusions. Next, it is acknowledged that the OPAL-HK 
trial design inherently introduces some uncertainty given 
that initially all patients receive patiromer for 4 weeks 
(part A) before introducing the placebo-controlled design 
for the subsequent 8 weeks (part B). As such, part B of 
the trial addressed stopping patiromer in people already 
receiving it whose HK had responded rather than starting 
patiromer in people who might benefit from it. Further, the 
short-term nature of the trial prohibited the observation 
of patients who were maintained on patiromer in the long 
term, necessitating the extrapolation of outcomes. Further, 
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because of the lack of data available for the Irish popula-
tion, some point estimates used were derived from other 
countries, such as the USA, which may not truly reflect the 
healthcare and ethnicity mix in Ireland. However, all due 
diligence was undertaken to ensure the best available data 
were sourced for optimal transferability of data.

A further key source of uncertainty is the background 
rate of incident HK. The OPAL-HK trial observed relatively 
high rates of HK in the second and third months of the trial, 
compared with published rates of HK recurrence [34]. Such 
an observation might suggest that a large proportion of HK 
events go undiagnosed in the real world, where patients are 
not monitored and followed up on a regular basis (unlike a 
trial setting). Under base-case model settings, an increased 
rate of HK recurrence would increase the re-initiation of 
patiromer, resulting in a greater reduction in adverse clinical 
outcomes. Finally, the core mechanism for estimating incre-
mental costs and benefits in the model is reliant on patiromer 
influencing RAASi management, which in turn influences 
CKD disease progression and the incidence of other clinical 
events. Importantly, there exists a consensus in the published 
literature that RAASi management positively influences 
these outcomes; however, there is a degree of uncertainty 
as to the magnitude of such influence. With this in mind, 
and for the benefit of future studies of cost effectiveness in 
HK, it is important that further research be undertaken to 
garner consensus over the influence of RAASi management 
on such outcomes.

5 � Conclusions

Through the development and implementation of a de novo 
disease progression and cost-effectiveness model, this study 
has demonstrated an economic case for the reimbursement 
of patiromer for the treatment of HK in patients with CKD 
with and without HF in Ireland. Patiromer was estimated to 
improve life expectancy and quality-adjusted life expectancy, 
whilst incurring marginal additional costs when compared 
with current SoC. Results are predominantly attributed to 
the ability of patiromer to enable the continuation of RAASi 
treatment whilst also reducing potassium levels. Economic 
conclusions were robust to sensitivity analyses.
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