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ABSTRACT

Introduction: Hyperkalemia is associated with
increased morbidity and mortality in patients
with chronic kidney disease (CKD). Patiromer
(Veltassa�) is an oral potassium binder indi-
cated for the treatment of hyperkalemia in
adults. We evaluated the impact of patiromer
on the Swiss healthcare resources when used in
patients with CKD and hyperkalemia who were
on renin–angiotensin–aldosterone system inhi-
bitor (RAASi) treatment.
Methods: We built a decision tree and calcu-
lated the number needed to treat (NNT) to
prevent hyperkalemia, hospitalization, and
death based on published aggregated data. The
decision tree was populated with available data
from relevant patiromer clinical trials and data
were applied to create a simple model showing

the expected effectiveness of adding patiromer
to the treatment of patients with medium-to-
severe stage CKD on RAASi compared to RAASi
only. Adapting the model to the Swiss health-
care system allowed us to estimate the impact of
the new treatment on healthcare expenditures
from a payer as well as a Swiss public healthcare
perspective.
Results: Patiromer reduced the absolute risk for
recurrent hyperkalemia by 48% within 8 weeks,
resulting in an NNT of 2.1 [95% CI 1.4, 3.7]. If
one assumes that 90%, 50%, or 10% of all
moderate-to-severe hyperkalemic events lead to
hospitalization, the NNT to prevent one hospi-
talization would be 2.5, 4.4, and 22.2, respec-
tively. On the basis of the death rate of patients
with mild or moderate-to-severe hyperkalemia,
and the prevalence of mild or moderate-to-sev-
ere hyperkalemia in the treatment and control
groups, the NNT was 78.7 [95% CI 64.0, 99.3] to
prevent one death. Patiromer resulted in
expected cost offsets of CHF 303
(1 CHF = 0.95 EUR as of 2022) per patient over
8 weeks in Switzerland.
Conclusion: Patiromer used for the treatment
of CKD reduces hyperkalemia recurrence lead-
ing to improved patient care. This results in
substantial offset costs for the Swiss healthcare
system.
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Key Summary Points

Hyperkalemia is a common electrolyte
disorder and particularly affects patients
with chronic kidney disease (CKD).
Patiromer, an oral potassium binder, is a
new treatment option to prevent
hyperkalemic events.

Patiromer opens the possibility to provide
savings in healthcare expenditures for not
having to treat prevented hyperkalemias.
We investigate how cost-effective the use
of patiromer is in patients with CKD
treated with RAASi in the Swiss healthcare
setting.

Clinical trials showed that patiromer can
reduce the recurrence of hyperkalemia.
This leads to lower outpatient and
inpatient cost and therefore to expected
cost offsets of CHF 303 per patient over
8 weeks.

A preventive treatment with patiromer
not only improves patients’ health but it
also seems to contribute to lower
healthcare cost in Switzerland. However,
the lower limits of the confidence
intervals for risk reduction and treatment
costs are used, healthcare costs may also
slightly increase. Treatment with
patiromer might, however, still be
worthwhile when taking into account the
value of saved lives.

INTRODUCTION

Hyperkalemia is one of the most common
electrolyte disorders and particularly affects
patients with chronic kidney disease (CKD).
Risk factors for hyperkalemia can be life-
threatening and cause serious heart problems
and sudden death [1]. Potassium regulates the
electrochemical balance of cells as well as the
stability of the resting membrane potential. The

majority of total body potassium is located in
the intracellular compartment, and serum
potassium concentrations are closely correlated
to kidney function.

Serum potassium changes are usually deter-
mined by potassium shifts between intra- and
extracellular space. Even small changes in
serum potassium concentration can lead to
substantial changes in the resting membrane
potential. In line with the pro-arrhythmic
effects of hypo- and hyperkalemia, observa-
tional studies have reported a U-shaped associ-
ation between serum potassium and mortality
in patients with CKD [2–4]. Furthermore, the
analysis by Goyal et al. showed for patients with
acute myocardial infarction a significant
increase in mortality for serum potassium levels
below 3.0 mmol/l or above 5.0 mmol/l, whereas
death rates were lowest for serum potassium
levels ranging between 4.0 and 4.5 mmol/l [5].
A study of patients in intensive care units also
showed a strong correlation between elevated
serum potassium levels above 4.5 mmol/l and
increased mortality, whereas serum potassium
levels lowered by at least 1 mmol/l within 48 h
were associated with reduced mortality [6].

Common causes of hyperkalemia include
kidney failure, hypoaldosteronism, and rhab-
domyolysis. A number of medications can
increase serum potassium, including spirono-
lactone, NSAIDs, and angiotensin-converting
enzyme inhibitors, such as renin–an-
giotensin–aldosterone system inhibitors
(RAASi) [1].

Various therapies are available for the treat-
ment of hyperkalemia. Acute, severe, and life-
threatening hyperkalemia is treated with cal-
cium gluconate, insulin and glucose, beta2-
adrenoceptor agonists, and bicarbonate. If kid-
ney function is severely impaired, potassium
can be eliminated by dialysis. Treatment
options for patients with recurrent hyper-
kalemia who do not require intensive medical
care include the administration of loop diuret-
ics and enteral potassium exchangers. Enteral
potassium exchangers currently available in
Switzerland consist of sodium- or calcium-con-
taining polystyrene sulfonate. Despite limited
data on their effectiveness and potentially life-
threatening side effects (e.g., intestinal
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necrosis), they are commonly used, sometimes
over long periods of time. A study performed in
2014 showed that in patients with hyper-
kalemia, the predominant treatment was
sodium polystyrene sulfonate as monotherapy
[7].

Patiromer (Veltassa�) is an oral potassium
binder that received approval in December 2017
in Switzerland for the treatment of hyper-
kalemia in adults, and was accepted for reim-
bursement on 1 August 2020. Patiromer
administrated to patients with CKD for up to
52 weeks has proven effective in preventing
hyperkalemia by effectively reducing serum
potassium levels [8]. Furthermore, patiromer
enabled continuation of RAASi in patients with
CKD stages 3–4 with or without heart insuffi-
ciency [8–11].

As substantial healthcare resources are nee-
ded to fight occurring hyperkalemias, the use of
patiromer opens the possibility to not only
improve patient health but also provide addi-
tional savings in healthcare expenditure.

The objective of this analysis therefore was to
create a simple model to evaluate the cost-ef-
fectiveness of treating patients with CKD stages
3–4 with patiromer added to RAASi compared to
RAASi only. We use this focus because in
Switzerland reimbursement is limited to these
patient groups. Adapting the model to the Swiss
healthcare system allowed us not only to doc-
ument benefits of either treatment regimen
with regard to patient outcomes but also to
evaluate potential financial savings for the Swiss
healthcare system.

Our research questions were the following:

1. In patients with CKD treated with RAASi,
how effective is patiromer in preventing the
recurrence of a hyperkalemic event?

2. In patients with CKD treated with RAASi,
how effective is patiromer in preventing
premature death?

3. In patients with CKD treated with RAASi,
how cost-effective is the addition of patir-
omer in the Swiss healthcare setting?

The comparator for our analysis is no treat-
ment. We chose this because the use of other
treatments of hyperkalemia in an outpatient
setting is limited either because of lack of

efficacy or as a result of serious adverse events as
pointed out earlier. The same reasoning is used
in the patiromer pivotal trial that uses a placebo
as a comparator [9].

METHODS

To answer our research questions, we designed
and populated a one-period decision tree,
focussing on the short-term effects of treatment
which best fitted the data analysis in this setting.

Until now, only short-term results have been
published from placebo-controlled clinical trials
on the use of patiromer (4 weeks in PEARL-HF
[12], 8 weeks in OPAL-HK [9], and 12 weeks in
AMBER [13]). In the absence of long-term pla-
cebo-controlled study data, building a Markov
model showing the long-term progression of
CKD with recurring hyperkalemic events was
unfeasible. The use of a one-period decision tree
focuses on the short-term effects of a treatment
and was therefore considered to best fit the
available data for this study.

We built our decision tree with the goal to
compare three endpoints for patients with CKD
stage 3 or 4 who had recurrent hyperkalemia
and were treated with RAASi only or RAASi and
patiromer. The three endpoints were:

1. Recurrence of hyperkalemia
2. Hospitalization
3. Death

Figure 1 shows the model in the form of a
decision tree. The decision node (blue square) is
the path separator for the two treatment groups
(RAASi only vs. RAASi with patiromer). The
green circles show the chance nodes with the
events’ rate probabilities during the observation
period. There could be a mild or severe hyper-
kalemia or no hyperkalemia at all. Conditional
on the occurrence of a hyperkalemic event,
there is the option of an outpatient treatment,
and in the case of a severe hyperkalemia, there
is an additional option of an inpatient treat-
ment (hospitalization). The red triangles show
the end nodes of the model, which are no
hyperkalemia, recovered, and death.

As conditional probabilities for the chance
nodes, our model used results from recent
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studies to assess the effectiveness of patiromer
added to RAASi in preventing recurrent hyper-
kalemia. This article is based on previously
conducted studies and does not contain any
new studies with human participants or animals
performed by any of the authors. The main data
source was the OPAL-HK clinical trial, a ran-
domized, placebo-controlled, single-blind two-
phase trial. The study includes patients with
CKD stages 3–4 with a history of mild, moder-
ate, or severe hyperkalemic event who were
receiving RAAS inhibitors. In phase 1 (initial
treatment phase), patients received patiromer
for 4 weeks. In phase 2 (randomized withdrawal
phase), patients were randomly assigned to
8 weeks of patiromer dosing added to RAASi
(treatment group) or RAASi only (control group)
[9]. Our model refers to the 8-week withdrawal
phase. In accordance with the OPAL-HK study,
we defined hyperkalemia as a potassium level of
at least 5.1 mmol/l. Furthermore, we differenti-
ated between mild hyperkalemia (potassium

levels of at least 5.1 mmol/l and less than
5.5 mmol/l) and moderate-to-severe hyper-
kalemia (potassium levels of at least 5.5 mmol/
l).

In addition to the endpoint of recurrent
hyperkalemia, we compared the number of
hospitalizations and deaths resulting from
hyperkalemia. Again, the conditional probabil-
ities result from recent studies which are
described in the following sections. Where
necessary, we supplemented the values from the
literature with results from expert discussions
with specialists with own practice. Table 1
shows an overview of all the probabilities used
in the model with their sources.

Number needed to treat (NNT) was used to
assess the effectiveness of the treatment with
patiromer. The NNT describes the number of
patients that have to be treated with patiromer
to prevent one event (hyperkalemia, hospital-
ization, or death). This statistical measure is
calculated from the inverse of the absolute risk

Fig. 1 Decision tree for the management of chronic
kidney disease with recurrent hyperkalemia treated with
RAASi, with or without patiromer. CKD chronic kidney

disease, HK hyperkalemia, RAASi renin–angiotensin–al-
dosterone system inhibitor
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reduction (ARR), which is the difference
between the treatment event rate and the con-
trol event rate:

NNT ¼ 1

ARR

ARR ¼ pEventControlGroup � pEventTreatmentGroup:

In addition to treatment effectiveness, we
analyzed treatment outcomes in the form of
cost effects. Here, we only looked at the first
endpoint (recurrent hyperkalemia) and
calculated the changes in treatment costs of

one prevented hyperkalemic event. The costs of
hospitalizations were included in the
computation of cost effects for a prevented
hyperkalemic event. We did not include in our
analysis the cost derived from death.

Prevention of a Recurring Hyperkalemic
Event

The probabilities of recurrence of hyperkalemia
were based on the withdrawal phase of the
OPAL-HK study. The probability of a recurring
hyperkalemic event in the study’s treatment

Table 1 Input parameters

Probabilities for a recurring hyperkalemic event RAASi RAASi 1 patiromer Source

P recurrence HK event (C 5.1 mmol/l) PHKi
0.91 0.43 [9]

Confidence interval 0.83–0.99 0.30–0.56

P recurrence moderate-to-severe HK event

(C 5.5 mmol/l)

PHKsevi 0.60 0.15 [9]

Confidence interval 0.47–0.74 0.06–0.24

P recurrence mild HK event (C 5.1

and\ 5.5 mmol/l)

PHKmildi 0.31 0.28 [9]; own

calculations

Confidence interval 0.15–0.47 0.13–0.43

Probabilities for hospitalization and death Mod/sev
HK

Mild HK Source

P hospitalization PHosj 0.506 0 [1]; assumption

Confidence interval 0.1–0.9 –

P death PDeathj 0.028 0.005 [4]; own

calculationsConfidence interval 0.022–0.034 0.003–0.006

Costs in CHF Mod/sev
HK

Mild HK Source

Event cost outpatient treatment COutpj 139 73 Experts/Tarmed

v1.09

Confidence interval 126–153 66–81

Event cost inpatient treatment CInpj 3139 – [16]

Confidence interval 2825–3453

1 CHF = 0.95 EUR as of 2022
HK hyperkalemia, RAASi renin–angiotensin–aldosterone system inhibitor, i refers to patient group (RAASi, RAASi ?
patiromer), j refers to severity of HK (mild, moderate-to-severe)
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group was significantly lower than in the pla-
cebo group (PHK = 0.43 vs. 0.91 PHKsev = 0.15 vs.
0.60). Since only the probabilities for potassium
levels of at least 5.1 mmol/l (PHK) and at least
5.5 mmol/l (PHKsev) were shown in the study, we
calculated the missing probabilities for potas-
sium levels between 5.1 and 5.5 mmol/l by
subtracting the corresponding values
(PHKmild = 0.28 vs. 0.31). For the sensitivity
analysis, we calculated the maximal (minimal)
risk reduction using the lower (upper) limit of
the confidence interval of the treatment group
and the upper (lower) limit of the confidence

interval of the control group.
The NNT for preventing the recurrence of

hyperkalemia was then calculated according to
the formula:

NNT HKð Þ

¼ 1

PHKcontrol
� PHKtreat

¼ 1

ðPHKmildcontrol
þ PHKsevcontrolÞ � ðPHKmildtreat þ PHKsevtreat

Þ :

In the case of mild or moderate-to-severe
hyperkalemia, only the corresponding proba-
bilities for these events remained in the
formula.

Prevention of a Hospitalization

Successful management of hyperkalemia
requires monitoring of serum potassium and
treatment may include non-pharmacological
and pharmacological interventions. Thus, we
assumed that every hyperkalemic event was
managed at least on an outpatient basis
(POutpMild ¼ 1, POutpSev ¼ 1. Thus, the NNT to

prevent an outpatient treatment corresponds to
the NNT to prevent a hyperkalemic event:

NNT Outpð Þ ¼ NNT HKð Þ:

However, hyperkalemia can also lead to a
hospitalization. Usually, a mild hyperkalemic
event can be treated entirely on an outpatient
basis, meaning that no hospital stay is necessary
in this case. We therefore assumed that

PHosMild ¼ 0;

in the case of mild hyperkalemia. However, a positive
probability of a hospitalization was assumed for
moderate-to-severe hyperkalemic events:

PHosSev [0:

The NNT to prevent a hospitalization due to
hyperkalemia is hence

NNT Outpð Þ ¼ 1

POutpMild � ðP
HKmildcontrol

� PHKmildtreatÞ þ POutpSev � ðPHKsevcontrol � PHKsevtreatÞ
;

NNT Hosð Þ ¼ 1

PHosMild � ðPHKmildcontrol
� PHKmildtreatÞ þ PHosSev � ðPHKsevcontrol � PHKsevtreatÞ

¼ 1

PHosSev � ðPHKsevcontrol � PHKsevtreatÞ
:
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Einhorn et al. showed in a retrospective
analysis of a national cohort of 2,103,422
records from 245,808 veterans in the USA that
52.7% of all hyperkalemic events (at least
5.5 mmol/l) occurred during hospitalization [1].
If only patients with CKD stages 3–5 were con-
sidered, the share of inpatients events was
slightly lower (50.6%). However, the study only
included patients with at least one hospitaliza-

tion and therefore the share may have been
overestimated. In Smith et al.’s study [14] the
share of inpatient treatments among all treat-
ments was 67% for patients with CKD, given a
hyperkalemic or acute renal failure event.
However, as acute renal failure was also inclu-
ded, this might also have been an overestima-
tion. As a result of the rather limited data
available, we used the hyperkalemic event rate
of 50.6% of Einhorn et al. [1] as a starting point,
and showed the sensitivity of this assumption
by using the lower and upper values of 10% and
90%, respectively. We chose this range because
the true values were highly likely to lie within
it.

Prevention of a Death

In the worst case, hyperkalemia can lead to the
death of a patient, with the probability of death
depending on the severity of the hyperkalemic
event. In a retrospective observational study
with 55,266 patients with CKD stage 3–5, Luo
et al. found a death rate of 3.4% for patients
with mild hyperkalemia and 5.7% for patients
with moderate-to-severe hyperkalemia (5.0–-
5.4 mmol/l and at least 5.5 mmol/l, respec-
tively). Patients with normal potassium levels of
4–4.9 mmol/l had a death rate of 2.9% [4]. For
our model we considered the difference
between the two values (0.5% = 3.4% - 2.8%

and 2.8% = 5.7% - 2.8%). In accordance with
the study, we calculated the 95% confidence
interval with a Poisson distribution.

The NNT for preventing one death was cal-
culated in the same way as for preventing a
hospitalization, with the probability of a hos-
pitalization being replaced by the probability of
death:

Costs

Besides the efficacy of the treatment (measured
as NNT), we analyzed costs, i.e., healthcare
expenditure resulting from outpatient and
inpatient treatments of a hyperkalemic event.
We conducted this analysis from a healthcare
payer perspective, in this case the health insur-
ance. Costs were based on the relevant insur-
ance claims made to the Swiss mandatory
health insurance (MHI). We considered outpa-
tient and inpatient costs. Since we were inter-
ested in the difference in treatment costs
between the two patient groups, we did not
need treatment costs for managing CKD outside
a hyperkalemic event, as we assumed that there
was no difference for these costs between the
two groups.1

There is no diagnosis information available
for outpatient treatments in Switzerland. We
therefore calculated outpatient costs based on
the tariff system for outpatient medical services
(TARMED, version 1.09) by using model cases

NNT Deathð Þ ¼ 1

PDeathMild � ðPHKmildcont
� PHKmildtreatÞ þ PDeathSevðPHKsevcont � PHKsevtreatÞ

:

1 Patiromer can, however, enable RAASi treatment to be
maintained. This would lead to more use of RAASi and
consequently higher drug costs in the patiromer group.
On the other hand, discontinuation or suboptimal use of
RAASi can lead to poorer health which again leads to
increased healthcare expenditures. In order to simplify
the analysis, both the potential higher cost of medica-
tion in the treatment group and the poorer health status
and the resulting increase in the healthcare expenditures
in the control group were not taken into account.
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depending on the severity of the event. The
model cases are based on a 15-min standard
examination by a specialist, and resulted in
outpatient costs of COutpMild = CHF 73 and

COutpSev ¼ CHF 139 (1 CHF = 0.95 EUR as of

2022), respectively. The tariff positions for such
an outpatient standard diagnosis and treatment
of a mild or moderate-to-severe hyperkalemia
are listed in Tables S1 and S2 in the electronic
supplementary material. The cost estimate of
the outpatient treatment for moderate-to-severe
hyperkalemia is rather conservative, as we only
considered one consultation, whereas in actual
fact 2–3 consultations are often necessary.

For inpatient treatments, we used the cost
weights of the SwissDRG, the tariff system for
inpatient treatments. The insurance has to pay
the same amount for each case in a specific
diagnosis-related group (DRG) according to its
cost weights. Cases with main diagnosis of
hyperkalemia (ICD-10 E87.5) are generally
grouped into a DRG in the Major Diagnostic
Category (MDC) 102 [15]. To calculate inpatient
costs we used the average of the cost weights
from these DRGs [16], weighted with the
respective number of cases with main diagnosis
hyperkalemia and multiplied by a base rate of
CHF 9840, which is the weighted average for
Switzerland ([17], own calculations). Since
inpatient costs are jointly financed by health
insurers and the cantons, we only considered
the part financed by the mandatory health
insurance (45%), which resulted in inpatient
treatment costs for a moderate-to-severe
hyperkalemia of CHF 3139 (see Table S3 in the
electronic supplementary material for details).

Based on these outpatient and inpatient
treatment costs, the expected treatment costs
for a mild and moderate-to-severe hyperkalemic
event could be calculated as follows:

ECHKmild ¼ POutpMild � C
OutpMild

þ PHosMild � CInpMild

¼ COutpMild

ECHKsev ¼ POutpSev � COutpSev þ PHosSev � CInpSev

¼ COutpSev þ PHosSev � CInpSev:

This led to the expected treatment costs for
the two patient groups treated with and without
patiromer:

ECHKtreat
¼ PHKmildtreat � ECHKmild þ PHKsevtreat

� ECHKsev

ECHKcontrol
¼ PHKmildcontol � ECHKmild þ PHKsevcontrol

� ECHKsev:

Finally, the expected cost offsets (ECO) due
to a prevented hyperkalemic event were

ECOHK ¼ ECHKcontrol
� ECHKtreat

¼ COutpMild � ðPHKmildcontrol � PHKmildtreatÞ
þ COutpSev þ PHosSev � CInpSev

� �

� ðPHKsevcontrol � PHKsevtreatÞ:

Inclusion of the costs of the patiromer
treatment (Cpat) led to cost differences

calculated as

ECO ¼ ECHKcontrol
� ðECHKtreat

þ CpatÞ
¼ ECOHK � Cpat:

RESULTS

Main Results

Treatment with patiromer resulted in an abso-
lute risk reduction of 48 percentage points for
recurrent hyperkalemia (43% of the patients in
the treatment group compared to 91% in the
control group had at least one potassium value
of 5.1 mmol/l or higher). This led to an NNT as
low as 2.1, i.e., 2.1 [1.4–3.7] patients would need
to be treated with patiromer for 8 weeks to
prevent recurrence of hyperkalemia.

In moderate-to-severe hyperkalemia, the
absolute risk reduction was 45 percentage
points (15% of patients in the treatment group
with at least one potassium value of 5.5 mmol/l
or higher, compared to 60% in the control
group), leading to an NNT of 2.2 [1.5–4.3]. Weir
et al. only report the values for all hyperkalemia
and for moderate-to-severe hyperkalemia [9].

2 Endocrine, nutritional, and metabolic diseases.
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Therefore, we assume that at least 28% of the
patients in the treatment group have a mild
hyperkalemia (= 43% - 15%) and at least 31%
of the patients in the control group
(= 91% - 60%). This in turn led to an absolute
risk reduction of 3 percentage points and an
NNT of 33.3. As the calculated 95% confidence
interval of the treatment and control groups
overlapped, the differences between the groups
were not statistically significant. The NNT ran-
ged from 2.9 to - 3.5, where the negative value
indicates that fewer hyperkalemic events
occurred in the control group at the upper level
of the confidence interval.

If one assumes that 50.6% of all moderate-to-
severe hyperkalemic events lead to a hospital-
ization, the NNT to prevent one hospitalization
is 4.4. A 90% hospitalization rate would lead to
an NNT of 2.5, whereas a 10% hospitalization
rate would result in an NNT of 22.2.

The death rates for patients with mild or
moderate-to-severe hyperkalemia were 0.5%
and 2.8%, respectively. Given the prevalence of
a mild and moderate-to-severe hyperkalemia in
the treatment and control group, this resulted
in an NNT of 78.7 to prevent one death
(Table 2).

Cost Difference

Expected cost difference was calculated on the
basis of prevented outpatient and inpatient
treatment costs of a hyperkalemic event minus
the cost of patiromer medication. We did not

take into account the costs of RAASi, as we
assumed that these were the same for both
treatment groups. The reimbursement price for
patiromer in the indication CKD was set at
CHF 255 for 30 days in Switzerland.3 This
resulted in a cost of CHF 476 per 8-week period
(56 days).4 Applying these amounts to our
model resulted in an expected cost saving with
patiromer of CHF 303. Using the lower and
upper values in risk reduction and treatment
cost resulted in expected cost offsets ranging
between CHF - 137 and 843 (see Table S4 in the
electronic supplementary material for details).
The negative value indicates that treatment
with patiromer led to additional costs. We did
not include the cost of a death or any other
intangible costs, such as reduced quality of life,
or indirect costs due to reduced ability to work.
Rates of hospitalization estimated at 10% and
90% resulted in expected cost offsets of
CHF - 270 and 860, respectively (at the main
values for risk reduction and treatment cost).
These values only take into consideration the
costs financed by the mandatory health insur-
ance (MHI). Furthermore, when the costs
financed by the cantons and thus by taxpayers

Table 2 Number needed to treat to prevent one hyperkalemic event, hospitalization, or death

NNT Main value Range

NNT to prevent one HK (C 5.1 mmol/l) 2.1 [1.4, 3.7]

NNT to prevent one moderate-to-severe HK (C 5.5 mmol/l) 2.2 [1.5, 4.3]

NNT to prevent one mild HK (C 5.1 and\ 5.5 mmol/l) 33.3 [2.9, - 3.5]a

NNT to prevent one hospitalization 4.4 [2.5, 22.2]

NNT to prevent one death 78.7 [64.0, 99.3]

NNT number needed to treat, HK hyperkalemia
aThe upper limit of the NNT to prevent one mild hyperkalemic event resulted in a negative value because the confidence
interval of the treatment and control groups overlapped

3 As of 01.08.2020 the pharmacy retail price of a packet
of 30 tablets 8.4 g or 16.8 g is CHF 255. A maximum of
one package per month is reimbursed.
4 If the treatment lasted only 8 weeks it would be more
appropriate for the calculation to use the price of two
packets (60 days). This would increase the cost of
patiromer medication by CHF 34. However, since we
assume that patiromer is used for a longer period, we use
the drug price per day for the calculation.
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were also taken into account, the expected cost
offsets in the main scenario increased from
CHF 303 to 1176 (Fig. 2).

DISCUSSION

Clinical trials were able to demonstrate that in
patients with CKD stage 3–4 on RAASi with a
past prior event of hyperkalemia, patiromer was
effective in reducing hyperkalemic events. The
resulting NNT of 2.1 implies that the recurrence
of hyperkalemia could be prevented in every
second patient treated with patiromer for
8 weeks. The effectiveness of patiromer stems
mainly from its efficacy in treating moderate-to-
severe hyperkalemia (potassium levels of at least
5.5 mmol/l), with absolute risk reduction values
of 45 percentage points. In contrast the risk of
mild hyperkalemia was only reduced by 3 per-
centage points.

Since the treatment of moderate-to-severe
hyperkalemia can require inpatient care, there
is the potential for cost offsets. In our model we
calculated that patiromer prevented one hospi-
talization for just over four patients within
8 weeks of treatment (NNT = 4.4). In addition,
considering the offsets coming from the pre-
vented outpatient treatments for all hyper-
kalemic events, this resulted in cost reductions
for the MHI of CHF 303 per patient for an
8-week treatment period in our baseline sce-
nario. Projected at 1 year, this would result in a
cost-savings of approximately CHF 1970 per
patient.

If the price for patiromer is lower than the
reduction of inpatient and outpatient costs due
to prevented hyperkalemia, the cost–benefit
ratio will always be favorable because in addi-
tion to the health benefits there is a net saving
of healthcare costs resulting from patiromer
treatment. When the lower limits of our sensi-
tivity analysis are used, there are some scenarios

Fig. 2 Expected offset costs of a treatment with RAASi
and patiromer compared to a treatment with only RAASi
over 8 weeks in CHF. MHI mandatory health insurance.
Positive values indicate expected offset costs, negative

values indicate expected cost increase for a treatment of
one patient with patiromer over 8 weeks.
1 CHF = 0.95 EUR as of 2022
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in which the price for patiromer was higher
than the expected cost offsets, leading to
increased healthcare costs. In this case, treat-
ment with patiromer may still be worthwhile
depending on expected effects beyond health-
care costs, such as the number of avoided
deaths. Our model shows that an 8-week treat-
ment with patiromer prevents one death per
about 80 patients (NNT = 78.7). When the
lower limits of risk reduction and treatment cost
are used, healthcare costs for treating a patient
for an 8-week period would rise by CHF 137
(scenario 4 in Table S4 in the electronic sup-
plementary material).5 In this example, the
prevention of one death would cost CHF 10,960
(80 patients treated at an additional cost of
CHF 137 per patient). A recent study showed
that the willingness of the Swiss population to
pay for prolonging the life of terminally ill
patients is roughly CHF 10,000 per gained
month [18]. So, even if treatment with patir-
omer were to extend life only by 1 month, the
cost–benefit ratio would again look favorable on
the basis of this example.

Our results have to be interpreted in the
context of available clinical trial data. First, the
randomized withdrawal phase in the OPAL-HK
study lasted only 8 weeks. This is a major limi-
tation of the study, as it is uncertain whether
the effect can be extrapolated. However, retro-
spective cohort studies have shown that con-
tinuous treatment with patiromer can be
effective well beyond 8 weeks. Patiromer over a
6-month period enabled RAASi therapy to be
continued more often than in patients not
receiving patiromer [19]. In addition, the hos-
pitalization rate after a 6-month treatment
period with patiromer has also shown to
decrease compared to the 6 months before
patiromer administration [20]. The treatment
phase of patiromer in the DIAMOND study,
expected to last more than 2 years, is expected
to bring answers with regard to the benefit of
long-term treatment with patiromer. Second,

only about half of the patients in the OPAL-HK
study were included in the second, randomized
section of the study. In the first 4 weeks of the
study, all patients received patiromer. Briefly, a
total of 109 patients (of the 219 patients who
completed the initial treatment phase) were not
eligible to enter the randomized withdrawal
phase, mainly because of a baseline potassium
level below 5.5 mmol/l. A further 22 patients
were excluded because of an out-of-range serum
potassium level (cf. [9], Fig. S1). If one assumes
that these patients had the same outcome as the
control group, the prevalence for a hyper-
kalemic event would increase from 0.43 to
0.51 = 0.43 9 [107/(107 ? 22)] ? 0.91 9 [22/
(107 ? 22)] in the treatment group. This would
reduce the absolute risk reduction from 48 to 40
percentage points and increase the NNT for a
recurring hyperkalemic event from 2.1 to 2.5.
Third, the generalizability of the OPAL-HK trial
results may also be limited because patients
with CKD were only selected if their estimated
glomerular filtration rate (eGFR) was between
15 and less than 60 ml/min/1.73 m2. However,
hyperkalemia is uncommon when eGFR is
greater than 60 ml/min/1.73 m2 and increases
in prevalence with lower eGFR [21]. When eGFR
is less than 15 ml/min/1.73 m2, small incre-
mental losses in kidney function can cause a
steep rise in serum potassium concentration,
leading to potentially fatal outcomes, and thus
the RAASi prescription rate at this stage of CKD
is low even when treatment was guided by
nephrologists [22]. Fourth, patients included in
the OPAL-HK study had initial potassium levels
comprised between 5.1 and less than 6.5 mmol/
l. However, the definition of hyperkalemia can
vary; in the recent KDIGO (Kidney Disease:
Improving Global Outcomes) conference
reporting on dyskalemia in kidney disease,
potassium levels ranging from 5.0 to 6.0 mmol/l
were defined as mild-to-moderate, and potas-
sium levels ranging from 6.0 to 6.4 mmol/l as
moderate-to-severe hyperkalemia [23]. Fifth,
the underlying risk assumptions for hospital-
izations or death are subject to uncertainty.
Patiromer is approved for adult patients with
hyperkalemia in Switzerland. Long-term outpa-
tient treatment of hyperkalemia is mostly nee-
ded for elderly patients suffering from CKD

5 The cost reduction in our baseline scenario was
calculated on the basis of healthcare expenditures
covered by the mandatory health insurance (MHI share),
which would be 45% of the costs for inpatient treat-
ments. If total healthcare expenditures were to be taken
into account, cost reductions would be higher.
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stage 3 to 5. Although the populations used for
risk assumptions mirror these facts, representa-
tiveness of the population may be limited.
Available data on the probability of hospital-
ization in case of hyperkalemia is especially
sparse, as hyperkalemia itself is often not
recorded as a reason for hospitalization. But
even if the true hospitalization rate for hyper-
kalemia is not known, it is known that hyper-
kalemia increases the risk for future
hospitalizations of any kind. Thomsen et al. [24]
showed that patients with CKD and potassium
levels greater than 5.5 mmol/l had a 75% higher
risk for hospitalizations 6 months after a
hyperkalemic event compared to 6 months
before (73% vs. 42%, respectively). As a result of
the uncertainty of this input parameter, we
applied a wide range of 10–90% in the sensi-
tivity analysis, while being aware that the lower
and upper bounds were clearly under- and
overestimations, respectively. As with hospital-
izations, there is limited data on deaths.
Thomsen et al. [24] showed that for patients
with CKD and hyperkalemia (greater than
5.0 mmol/l), the 6-month risk of death was 20
percentage points higher than for matched
patients without hyperkalemia (26% vs. 6%).
Compared to these numbers, our input data for
the model (death rate of 2.8% and 0.5% for
moderate-severe and mild hyperkalemia,
respectively) seemed to be an appropriate esti-
mate. Furthermore, there may be additional
benefits of a treatment with patiromer that were
not included in our model. Most promising in
this context is the fact that RAASi treatment
could be maintained in the patiromer group.
Therapy with RAASi prevents progression of
CKD and reduces all-cause mortality in patients
with CKD or chronic heart failure [25]. How-
ever, there is a gap between RAASi treatment
recommendations and prescribing patterns for
RAASi because patients who would benefit most
from RAASi treatment are also those at risk of
developing hyperkalemia [26, 27]. Indeed,
among adult patients with CKD who were pre-
scribed a RAASi, approximately 50% had to
have their RAASi treatment regimen modified
following the first hyperkalemic event, includ-
ing treatment discontinuation in over one-third
of cases [23]. This is of key importance as the

risk of death among patients with CKD appears
to double within a period of 13 months if RAASi
are used at suboptimal doses or discontinued
[27]. This in turn strongly supports continued
use of RAASi in this vulnerable population. The
addition of patiromer to RAASi in this setting
was effective in preventing discontinuation of
RAASi treatment (6% in the patiromer vs. 56%
in the placebo group discontinued RAASi treat-
ment in the OPAL-HK trial) [9].

CONCLUSION

Patiromer was effective in preventing hyper-
kalemia in patients with CKD. Our cost–benefit
calculation also demonstrated that by reducing
the risk of hyperkalemia, patiromer prescribed
at the current reimbursement price resulted in
significant cost offsets for the Swiss healthcare
system.
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