
REVIEW
Corre
tal, R

7W9,

Recei
2023;

1290
Managing Hyperkalemia in the Modern Era:
A Case-Based Approach

David Massicotte-Azarniouch1,2, Mark Canney1,2, Manish M. Sood1,2 and

Gregory L. Hundemer1,2

1Department of Medicine, University of Ottawa at The Ottawa Hospital, Ottawa, Ontario, Canada; and 2Ottawa Hospital

Research Institute, Ottawa, Ontario, Canada
The last decade has seen tremendous advances in the prevention and treatment of recurrent hyper-

kalemia. In this narrative review, we aim to highlight contemporary data on key areas in the epidemiology

and management of hyperkalemia. Focusing on drug-induced hyperkalemia (the implications of renin-

angiotensin-aldosterone system inhibitors [RAASi] discontinuation and the role of mineralocorticoid re-

ceptor antagonists), newer concurrent therapies that modify potassium handling (sodium-glucose trans-

porter 2 inhibitors [SGLT2i]), the introduction of new treatment agents (oral potassium binding agents),

and the controversial role of dietary potassium restriction, we apply recent research findings and review

the evidence in a case-based format.
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T
he kidneys play the pivotal role in maintaining
potassium homeostasis and eliminating excess

potassium ingested from diet or released from cells.
Hyperkalemia is therefore a commonly encountered
problem in chronic kidney disease (CKD), particularly
in patients with reduced kidney function who are
taking medications that alter the kidneys’ ability to
eliminate excess potassium. These medications include
renin-angiotensin-aldosterone system inhibitors
(RAASi), including angiotensin converting enzyme in-
hibitors (ACEi), and angiotensin II receptor blockers
(ARBs); and mineralocorticoid receptor antagonists
(MRAs). Unfortunately, patients who often have the
most to gain from these therapies, such as those with
CKD, diabetic kidney disease (DKD), and heart failure,
are also the patients at greatest risk of developing
hyperkalemia from RAASi or MRA use. Management
of potassium balance is rapidly evolving with new
and emerging medications that prevent or directly treat
hyperkalemia such as sodium-glucose transporter 2 in-
hibitors (SGLT2i) and novel gastrointestinal potassium
exchangers such as patiromer and sodium zirconium
cyclosilicate (SZC). Therefore, clinicians caring for
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patients with CKD have multiple options at their
disposal to control hyperkalemia, without having to
revert to potentially unhealthy restrictive dietary
changes or removal of RAASi, which have proven
long-term benefits.

In this narrative review, we focus on the management
of recurrent, ambulatory, hyperkalemia, particularly in
the context of RAASi use, and evaluate recent evidence
on the emerging therapeutics available when faced with
hyperkalemia in patients with CKD, along with their
advantages and pitfalls summarized in Figure 1. Using a
case-based approach, with fictional scenarios typical of
the types of patients or consultations nephrologists
would encounter in their clinical practice, we focus
specifically on the implications of RAASi discontinua-
tion in the face of hyperkalemia, the newer MRAs, the
role of SGLTs, oral potassium binders, and the role of
dietary potassium restriction. Of note, this review fo-
cuses on the management of milder forms of hyper-
kalemia and not severe, life-threatening hyperkalemia,
which can be encountered with acute kidney injury in
acutely ill patients. For this, we refer the reader to recent
reviews done on the topic.1,2

Case 1

A 63-year-old male with hypertension and presumed
diabetic nephropathy with proteinuric CKD (serum
creatinine 180 mmol/l, estimated glomerular filtration
rate [eGFR] 36 ml/min, urine albumin-to-creatinine
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Figure 1. Summary of pros and cons of various management options for outpatient hyperkalemia. RAASi, renin-angiotensin-aldosterone system
inhibitors; SGLT2i, sodium-glucose transporter 2 inhibitors.
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ratio 60 mg/mmol) is followed by his primary care
physician for blood pressure and diabetes management.
Medications include amlodipine 10 mg daily, metfor-
min 500 mg twice daily, and gliclazide 30 mg daily.
There is no history of cardiovascular disease or heart
failure. Kidney function has slowly worsened over the
last few years. Recent blood pressure readings were 140
to 150/85 to 95 mm Hg and subsequently lisinopril 10
mg daily was initiated. On repeat blood testing 3 weeks
later, serum potassium was 5.9 mmol/l and then 5.8
mmol/l on repeat testing a few days later with no sig-
nificant change in eGFR. The patient’s primary care
physician discontinues the lisinopril and sends a
referral to nephrology for further management of hy-
pertension and hyperkalemia.

How Common is Hyperkalemia After Initiation of

RAASi?

Hyperkalemia is typically defined as a serum potassium
measurement >5.0 to 5.5 mmol/l, depending on the
laboratory doing the test, the equipment used, and the
population distribution of potassium values used to
determine the reference range. Pseudohyperkalemia
occurs most often because of blood drawing techniques
(fist clenching, use of a tourniquet) which may release
potassium from cells causing a false elevation.3,4 Other
rarer causes of pseudohyperkalemia include thrombo-
cytosis (release from platelets after clotting has occurred,
thereby causing elevated serum potassium measure-
ment) and severe leukocytosis (release during blood
processing because of cell fragility).5,6 True hyper-
kalemia may occur when potassium shifts or gets
released outside of cells because of tissue injury or
trauma, tumor lysis syndrome, insulin deficiency in
diabetes, metabolic acidosis from inorganic acids, and to
a lesser extent from severe respiratory acidosis.7-10 True
hyperkalemia may also occur when there is excess total
body potassium, which is more likely to develop among
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individuals in whom there is malfunction of the major
players in potassium homeostasis, namely CKD, heart
failure, DKD, any combination of these, and the use of
RAASi. By decreasing glomerular filtration pressure and
the production or effect of aldosterone on the principal
cell, RAASi medications affect the kidneys’ ability to
eliminate excess potassium. With the use of RAASi, the
reported frequency of hyperkalemia will vary based on
the type of study (clinical trial, observational study) and
based on patient comorbidities. A review of clinical
trials up to 2008 evaluating RAASi medications in pa-
tients with hypertension, CKD, or heart failure found
that #2% of patients without CKD or heart failure
developed a serum potassium >5.5 mmol/l after RAASi
monotherapy initiation. In patients with CKD or heart
failure, this proportion increased to 5% to 10%; how-
ever, the absolute increases in serum potassium post-
RAASi were generally mild, ranging between 0.1 and
0.3 mmol/l.11 In the PARADIGM-HF trial, which
examined patients with ejection fraction #40%, the
angiotensin-receptor-neprilysin inhibitor, sicabutril-
valsartan, led to hyperkalemia (>5.5 mmol/l) in 16%
of patients.12 A meta-analysis of clinical trials of MRA
use on top of RAASi in patients with proteinuric CKD
found that approximately 5% of patients developed
hyperkalemia.13 With the new nonsteroidal MRA,
finerenone, the FIGARO and FIDELIO trials, where eGFR
cutoffs for inclusion were 25 ml/min, showed that
hyperkalemia occurred in 11% to 16% of patients with
proteinuric DKD when added to RAASi.14,15 Observa-
tional studies have demonstrated similar findings for
patients with stage 3 CKD, which constitute the bulk of
patients included in RAASi clinical trials, where
approximately 10% who are prescribed RAASi develop
hyperkalemia; in patients with CKD stages 4 or 5, this
increases to 15% to 25% and these numbers may be
even higher in patients who have concurrent diabetes
and heart failure.16-18 Therefore, anywhere from 5% to
1291
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25% of patients with CKD, depending on their CKD
stage and comorbidities, will develop hyperkalemia af-
ter initiation of a RAASi. Major society guidelines
recommend checking serum potassium within 1 to 4
weeks after initiation or dose increase of RAASi medi-
cations.19,20 It is not unexpected that the patient in the
clinical vignette with proteinuric CKD developed
hyperkalemia after initiation of lisinopril.

What are the Management Options for this Patient?

Stopping or Reducing Lisinopril. The most common
intervention when faced with hyperkalemia is exactly
what was done in the vignette, stopping the offending
agent. Although probably the simplest solution, it is
unlikely to be the best long-term option. First, a phone
call to ensure the patient is feeling well and to review
any potential excess dietary sources of potassium
would certainly be appropriate (we will discuss dietary
management of hyperkalemia in more detail with case 3
below). Holding the ACEi and rechecking potassium in
a few days after dietary counseling might permit
resumption and ongoing use of ACEi. Second, mild
elevations of potassium in otherwise well individuals
are unlikely to be of clinical consequence. It is well
demonstrated that RAASi are underutilized in patients
for whom it is indicated, often because of a fear of
hyperkalemia.21,22 The most feared consequence of
hyperkalemia, severe cardiac arrythmias, will only
occur at levels much greater than what is generally
encountered in outpatients prescribed RAASi medica-
tions. Cardiac conduction delays with prolongation or
the PR interval and widening of the QRS typically
begin once serum potassium is between 6.5 and 8
mmol/l and it is usually only at levels above 8 mmol/l
that the dreaded “sine-wave” pattern, ventricular
fibrillation or asystole occur.23,24 Although these cut-
offs are not perfectly sensitive for the electrocardio-
graph changes described25, otherwise well outpatients
who do not have severe hyperkalemia are unlikely to
sustain a cardiac arrhythmia unless an acute event
further increases serum potassium. Such hyperkalemia
should be intervened in, and being cognizant that the
potassium level in itself is unlikely to be immediately
dangerous in an otherwise well individual. There is
time to institute appropriate measures rather than
immediately withdrawing the RAASi. Severe hyper-
kalemia (typically defined as potassium >6.5 mmol/l)26

is unlikely to develop after RAASi medication initiation
alone unless there is a concurrent acute medical illness.
A prospective observational study of 4661 patients
with CKD who received a RAASi medication found
that, within 90 days of RAASi prescription, only 0.3%
developed potassium >6 mmol/l.16 In addition, mild
levels of hyperkalemia are not necessarily causally
1292
associated with adverse outcomes. Observational
studies demonstrate a U-shaped curve of the relation
between serum potassium levels and adverse outcomes
in patients with CKD. At levels below 4 mmol/l or >5.5
mmol/l, there begins to be a significantly increased risk
for adverse outcomes such as cardiovascular events or
death.27,28 Given that severe cardiac abnormalities do
not occur at mild levels of hyperkalemia, much of the
association with adverse outcomes from potassium level
>5.5 mmol/l could be explained by a confounding
variable and less likely causally related to the hyper-
kalemia itself, particularly for potassium levels <6.5
mmol/l in asymptomatic outpatients. The medical
condition leading to the development of hyperkalemia,
or warranting initiation of a medication causing
hyperkalemia, is more likely to explain the association
with adverse outcomes (confounding by indication). A
serum potassium level of 5.8 mmol/l leaves less leeway
should something occur further affecting the kidneys’
ability to excrete potassium, such as volume depletion
or a congestive heart failure exacerbation or should
there be ingestion of a large amount of potassium.
Third, studies demonstrate that removal or reduction of
RAASi in response to hyperkalemia may have delete-
rious consequences. Approximately 50% of patients
who develop hyperkalemia after initiation of RAASi
will have it discontinued.17,18,29 A recent, large
population-based cohort study of adults in the prov-
inces of Manitoba and Ontario, Canada, who developed
hyperkalemia ($5.5 mmol/l) after receiving a pre-
scription for a RAASi found that 16% of individuals
had it discontinued where the mean (SD) potassium
level was 5.9 (0.5) mmol/l. In this study, RAASi
discontinuation was associated with a significantly
higher risk of all-cause mortality (hazard ratios [HRs]
1.32 and 1.47, respectively), cardiovascular mortality
(HRs 1.28 and 1.32, respectively) and dialysis initiation
(HRs 1.65 and 1.11, respectively) in both regions.30

Another retrospective cohort study found an
increased risk for adverse outcomes (mortality and
cardiovascular events) when RAASi was stopped after
patients experienced a decrease in eGFR.31 Even the use
of suboptimal doses of RAASi (<50% guideline rec-
ommended dose) is associated with a higher risk of
adverse cardiovascular outcomes and mortality
compared to receiving >50% of the recommended
RAASi dose.32 Reduction or cessation of RAASi,
whatever the reason, may carry certain risks by
depriving patients of their proven benefits. It should
be acknowledged that residual unmeasured confound-
ing may also be playing a role in these findings. For
example, a physician’s clinical judgment when stop-
ping a RAASi in someone who develops hyperkalemia
is likely based on factors which are impossible to fully
Kidney International Reports (2023) 8, 1290–1300
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capture in an observational study. The STOP-ACEi trial
tested in a randomized controlled setting whether
discontinuation of RAASi (ACEi or ARB) would stabi-
lize or preserve kidney function in patients with CKD
stage 4 to 5 who had progressive deterioration in kid-
ney function. At 3 years follow-up, the change in
eGFR, occurrence of end-stage kidney disease (ESKD),
cardiovascular events and death were similar in both
groups. Although these findings could indicate that
stopping ACEi or ARB, when faced for example with
hyperkalemia, is not deleterious in the long-term, there
was a nonstatistically significant greater risk for ESKD
and a greater number of cardiovascular events in the
discontinuation group compared to the continuation
group.33 Therefore, one must consider that continuing
the RAASi, and thereby facilitating long-term use,
potentially improves outcomes by appropriately treat-
ing the condition for which it was prescribed and
providing benefits which have been consistently
demonstrated in large randomized controlled trials. In
fact, the latest Kidney Disease Improving Global Out-
comes guidelines recommend that hyperkalemia asso-
ciated with RAASi use be managed through methods
other than dose reduction or cessation.19 Therefore,
discontinuation of the RAASi in the clinical vignette,
although probably the simplest, is unlikely to be the
best long-term option for the patient.

Initiation of an SGLT2i. SGLT2i seem to play a sup-
porting role in mitigating RAASi-associated hyper-
kalemia in CKD. A meta-analysis of 6 randomized
controlled trials (comprising nearly 50,000 patients)
examining SGLT2i use in individuals with diabetes at
high risk for cardiovascular disease or with CKD found
that SGLT2i significantly reduced the risk for developing
hyperkalemia >6 mmol/l (HR 0.84, 95% confidence in-
terval 0.76–0.93), even in patientswhowerebeing treated
with RAASi at baseline.34 In addition, in the recent
FIDELIO trial examining the nonsteroidal mineralocorti-
coid antagonist, finerenone, in patients with DKD, use of
an SGLT2i concomitant with finerenone reduced hyper-
kalemia (>5.5 mmol/l) compared to placebo (HR 0.45,
95% confidence interval 0.27–0.75), although only 4.6%
of study participants were on an SGLT2i.35 The ability for
SGLT2i to mitigate RAASi-induced hyperkalemia is
consistent with its perceived diuretic effect as will be
discussed further below. In addition, in multiple studies,
SGLT2i have demonstrated a preservation of renal func-
tion in patients with DKD, improved cardiovascular
outcomes, and decreased mortality36,37, along with im-
provements in diabetic and blood pressure control.38-41

Therefore, regardless of HbA1c level, an SGLT2i would
be an attractive option to allow use of RAASi and at
optimal doses by mitigating risks for hyperkalemia and
Kidney International Reports (2023) 8, 1290–1300
providing benefits for the same treatment indications as
RAASi.

Initiation of a Potassium Wasting Diuretic. Loop and
thiazide diuretics have an established role in prevent-
ing or controlling RAASi-related hyperkalemia and are
available commercially as combination pills, often with
hydrochlorothiazide or a thiazide-like diuretic. Use of
diuretics concurrent with ACEi decrease the risk of
developing hyperkalemia42, and initiation of a new
diuretic or increase of the dose is a management option
often chosen by clinicians.43 Even in advanced CKD,
thiazide-like diuretics may help manage hyperkalemia.
A study from the 1970s demonstrated that metolazone
use in 14 patients with stage 5 CKD produced a 33%
increase in urinary potassium excretion with doses
ranging from 20 to 150 mg per day.44 More recently,
chlorthalidone was studied for the treatment of hy-
pertension in patients with stage 4 CKD and proved to
be effective in control of blood pressure.45 Changes in
serum potassium were not reported in that study;
however, hypokalemia was more common in those
treated with chlorthalidone (10 events vs. none in the
placebo arm) suggesting that it likely influenced uri-
nary potassium excretion. Although the efficacy of
diuretic add-on for the treatment of RAASi-induced
hyperkalemia has not been evaluated in a randomized
controlled setting that we are aware of, reviews of trials
and published data on the effects of diuretics for
decreasing serum potassium have shown a decrease of
approximately 0.3 to 0.6 mmol/l can be expected
depending on the dose and type of diuretics (loop vs.
thiazide vs. thiazide-like)46,47; and decades of clinician
experience suggest that these agents can help mitigate
and/or treat RAASi-induced hyperkalemia. In the
clinical vignette, if the patient had signs of hyper-
volemia or if blood pressure were still above target,
addition of a diuretic would certainly be a valid option,
and one that clinicians commonly revert to. However,
the lack of proven benefit on hard outcomes such as
cardiovascular events and mortality, along with
possible metabolic or electrolyte derangements, make
them a less attractive option than SGLT2i. Therefore, it
may not be the best option in this case.

Case 2

A 56-year-old woman has mild CKD (creatinine 130
mmol/l, eGFR 42 ml/min, urine albumin-to-creatinine
ratio 10 mg/mmol) and chronic heart failure from
ischemic cardiomyopathy (left ventricular ejection
fraction 35%). She is not diabetic. Medications include
metoprolol 50 mg twice daily, perindopril 8 mg daily,
spironolactone 50 mg daily, and furosemide 40 mg
daily. Potassium measurements have mostly been
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ranging from 4.5 to 5.5 mmol/l; however, over the last
4 months, they have ranged between 5.5 and 6.0 mmol/
l after the doses of perindopril and spironolactone were
increased to their current levels. The patient is clini-
cally doing well but the most recent potassium read-
ings are 5.8 and 6.0 mmol/l, prompting a reduction of
perindopril and spironolactone to 2 mg and 12.5 mg
daily, respectively. A referral is sent to nephrology for
further advice on management of hyperkalemia.

What Other Options Would be Available for

Managing This Patient’s Hyperkalemia?

Initiation of SGLT2i. This patient does not have dia-
betes nor significant proteinuria, which of themselves
would be indications for an SGLT2i. The EMPA-
KIDNEY trial, which examined the use of empagli-
flozin in patients with proteinuric and nonproteinuric
CKD, demonstrated a significant reduction in progres-
sion of kidney disease or death from cardiovascular
causes, although this effect was not seen in the sub-
group of patients with low-level or no proteinuria.48

More studies are needed to clarify SGLT2i’s benefit in
minimally or nonproteinuric CKD. The patient’s
reduced cardiac ejection fraction (heart failure with
reduced ejection fraction) though would provide an
appropriate evidence-based indication for the initiation
of dapagliflozin or empagliflozin. The DAPA-HF and
EMPEROR-Reduced trials, totaling over 8000 patients
with heart failure with reduced ejection fraction, ran-
domized participants to SGLT2i or placebo on top of
standard-of-care therapy. Both studies found a 25% to
30% relative risk reduction in the composite outcome of
cardiovascular death or hospitalization for heart failure,
with the effect mostly driven by reductions in heart
failure.49,50 This also supports the probable diuretic
effect of SGLT2i.51 In a placebo-controlled crossover
study of empagliflozin 10 mg daily for 14 days in pa-
tientswith type 2 diabetes and stable heart failure, there
was a significant increase in fractional excretion of so-
dium and decrease in blood volume with empaglo-
flozin.52 Such natriuresis could increase distal delivery
of sodium in the nephron and promote potassium
excretion at the level of the principal cell through the
effect of aldosterone, which may also be increased from
SGLT2i use.53 Although no studies have specifically
examined the role of SGLT2i for treating hyperkalemia,
these mechanisms along with the decreased risk for
hyperkalemia seen in randomized controlled trials
could support the use of SGLT2i in the patient from the
clinical vignette. Therefore, addition of an SGLT2i in
the present case would be an interesting option because
it would provide benefit for managing heart failure and
could help control potassium aswell. If the patient is not
1294
demonstrating signs of volume overload, reassessment
could be given to the furosemide dose because of the
diuretic effect of SGLT2i. Alternatively, SGLT2i com-
bined with loop-diuretics may have a synergistic effect
for urinary sodium excretion, perhaps up to 4 times
greater than with SGLT2i monotherapy.52 As clinicians
become more familiar with these agents and their in-
dications outside of diabetes, they may become a valu-
able substitute or add-on to diuretics for chronic
volume management, and providing cardiovascular
benefits, mortality benefits and potentially treating
hyperkalemia.

Gastrointestinal Cation Exchangers. Sodium poly-
styrene sulfonate (SPS) has been approved by the US
Food and Drug Administration for the treatment of
hyperkalemia as a gastrointestinal cation exchange resin
for over 6 decades. Yet, surprisingly, empirical data on
its efficacy and safety remain sparse. A retrospective
study and a small, randomized placebo-controlled trial,
both demonstrated a potassium lowering effect of about
1 mmol/l with SPS.54 However, there have been growing
concerns over risks for serious gastrointestinal adverse
events55,56, including bowel necrosis reported with SPS
even without sorbitol57-59, raising concerns about long-
term exposure to SPS for the management or preven-
tion of hyperkalemia.

Newer cation exchangers, notably patiromer and
SZC, appear to be effective in the prevention and
management of hyperkalemia in patients with CKD,
heart failure and/or on RAASi. The AMETHYST-DN
trial demonstrated that patiromer twice daily for 4
weeks could decrease serum potassium by 0.35 to 1.00
mmol/l in patients with stage 3 to 4 diabetic CKD who
were treated with RAASi and developed hyperkalemia
(5–6 mmol/l).60 The OPAL-HK trial demonstrated a
similar effect from patiromer on patients with stage 3 to
4 CKD (57% with diabetes and 42% with heart failure)
receiving RAASi and who had hyperkalemia (5.1–6.5
mmol/l); there was approximately 1 mmol/l decrease in
serum potassium after 4 weeks of patiromer use.61 SZC
also has trial data demonstrating efficacy in acutely
reducing potassium levels in patients with hyper-
kalemia and in maintaining normokalemia with chronic
use, allowing continued use, an increase in dose, or
new initiation of RAASi medication.62

The addition of either patiromer or SZC would be a
reasonable option to manage the hyperkalemia of the
patient in the clinical vignette. In fact, the described
patient is representative of the type of patient included
in the DIAMOND trial. This recent randomized
placebo-controlled trial examined the use of patiromer
for managing hyperkalemia in patients with heart
failure and reduced ejection fraction. Patients either
Kidney International Reports (2023) 8, 1290–1300
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had 2 readings of serum potassium >5 mmol/l while
receiving RAASi or a history of dose reduction of
RAASi because of hyperkalemia in the past 12 months.
In the run-in phase, 84.6% of 1195 enrolled partici-
pants achieved optimization of RAASi ($50% recom-
mended dose of ACEi/ARB and target dose 50 mg
spironolactone or eplerenone). These participants were
then randomized to continue patiromer or placebo.
Patiromer demonstrated a 37% reduction in risk for
hyperkalemia (>5.5 mmol/l) and 38% reduction of risk
for having to reduce MRA dose.63 With this emerging
evidence on efficacy for managing hyperkalemia, and
the lack of reported serious gastrointestinal side effects,
these new potassium binders are bound to gain popu-
larity for managing chronic hyperkalemia and for
allowing optimal use of RAASi. They have certain side
effects to be made aware of though. Patiromer may
affect absorption of other medications and lead to hy-
pomagnesemia in nearly 10% of patients.60 SZC may
cause edema from increased sodium absorption, but
this is mostly seen with the use of the 10 or 15 g
doses.64 Both can cause mild gastrointestinal side ef-
fects; however, there have been no cases yet of serious
gastrointestinal complications such as bowel necrosis.
Furthermore, cost of these agents is a consideration (10
g SCZ priced at $25 Canadian)65 because they are not
covered on many private or government drug plans
(for example, in Ontario, Canada).

Case 3

A 65-year-old male has ESKD because of diabetic ne-
phropathy. He receives in-center hemodialysis 3 times
weekly via an arterio-venous fistula and has urine
output ranging between 250 and 500 ml per day. His
predialysis serum potassium is consistently around 6
mmol/l on routine testing (pre-72-hour interval dialysis
session).

What are Some Options for Managing Hyperkalemia

in Such a Patient?

Dietary Recommendations. In patients with kidney
failure, counseling for reduction of high potassium
containing foods is a common, and usually the first,
method for managing recurring hyperkalemia. The
degree to which such recommendations are effective
and beneficial for the patient remains unclear. Logi-
cally, if someone with a drastically limited ability to
eliminate excess potassium from their body ingests too
much potassium, it would make sense that they would
be at greater risk for hyperkalemia, and potentially
cardiac arrythmia if severe enough. A retrospective
study from Japan found an association between urinary
potassium excretion on 24-hour urine collections, used
as a proxy for dietary potassium intake, and the
Kidney International Reports (2023) 8, 1290–1300
development of hyperkalemia among patients with
CKD.66 It would certainly make sense for a patient such
as the one in the vignette who has demonstrated
recurring hyperkalemia to have their diet reviewed by
a dietician and be counseled to limit excess intake of
high potassium foods. A blanket recommendation to
limit potassium intake in patients with kidney failure is
probably not warranted. The DIET-HD study, a pro-
spective observational study of over 8000 individuals on
maintenance hemodialysis, examined the impact of
dietary potassium intake on mortality. Surprisingly,
increases in dietary potassium intake of 1 g/d were not
associated with an increase in serum potassium concen-
tration, the prevalence of hyperkalemia ($6 mmol/l),
or mortality.67 A similar lack of association between
dietary potassium intake and hyperkalemia was shown
in a cross-sectional study in Brazil which included
nondialysis dependent CKD.68 An important caveat of
these 2 studies is that they were performed in Euro-
peans and Brazilians, respectively, where dietary and
lifestyle patterns may be quite different from in North
America. Furthermore, the sources of dietary potassium
in the DIET-HD study were mostly from fruits, vege-
tables, and fiber-containing foods, which are heart-
healthy and contain alkali, which may reduce
acidosis and promote intracellular shifting of potas-
sium, decreasing the risk of hyperkalemia. A smaller
study by Noori et al.69 also examined the impact of
dietary potassium intake on mortality among patients
on hemodialysis in California, USA. They found an
increase in mortality with higher potassium intake,
where the sources of potassium were mostly from
meats, processed food, and fast food. These conflicting
results are likely explained by the additional benefits of
healthier potassium-containing foods and their poten-
tial association with healthier lifestyles. Regarding
pharmacologic sources of potassium, the run-in phase
of a trial on 191 patients with stage 3b to 4 CKD
examined the results of 2 weeks of 40 mmol per day
potassium chloride supplementation. This increased
serum potassium levels by a mean of 0.4 mmol/l and
89% of individuals remained normokalemic.70

Although not a dietary intervention study, it chal-
lenges the dogma that increased potassium intake will
necessarily lead to hyperkalemia in CKD. Therefore, it
seems unclear to what extent dietary potassium intake
contributes to hyperkalemia and adverse outcomes in
patients with advanced CKD and ESKD. Unfortunately,
potassium-restricted diets are difficult to implement for
patients, are poorly adhered to, and lead to the loss of
potential potassium-rich dietary benefits. In fact, pa-
tients on hemodialysis often have what would be
considered atherogenic diets71,72, possibly from low
fruit, vegetable, and fiber intake which come with
1295
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restricting high potassium foods.73 Concerns arise
when recommending overly restrictive potassium diets
to individuals with advanced CKD and ESKD when
they are already at such high risk for cardiovascular
events. In fact, the recent Kidney Disease Improving
Global Outcomes controversies conference on potas-
sium homeostasis and management of dyskalemia
acknowledged the uncertainty about general potassium
restriction in CKD and potential risks with depriving
patients of benefits which come from high potassium
containing diets.26 It is possible that other methods
proven to control hyperkalemia in patients with kid-
ney failure would be better suited to allow for healthier
diets.

Lowering of Dialysate Potassium. Along with dietary
recommendations, this is an intervention often used to
prevent hyperkalemia in patients on hemodialysis but
may carry certain risks, notably from rapid decrease in
serum potential and transient hypokalemia. A large
study of over 55,000 patients in the Dialysis Outcomes
and Practice Patterns Study cohort found no difference
in arrhythmia hospitalization, sudden death, or all-
cause mortality between the use of the 2 most common
dialysate potassium concentrations, 3 mEq/l compared
to 2 mEq/l. However, use of dialysate potassium 1 to 1.5
mEq/l showed a nonstatistically significant greater risk
for arrhythmia compared to 2 to 2.5 mEq/l.74 A study of
52 patients on hemodialysis who underwent Holter
monitoring from the first session of the week to the
second session demonstrated that QT prolongation,
ventricular premature contractions, and ST depressions
could occur, mostly in the 12 hours after the first dial-
ysis session of the week. Such electrical abnormalities
were more common with dialysate potassium concen-
trations of 2 mmol/l versus 3 mmol/l and with greater
dialysate-serum potassium gradient.75 A prospective
observational study of 624 patients on hemodialysis
from the Modification of Diet in Renal Disease cohort
found that the use of a dialysate potassium of 1 mmol/l,
compared to 2 mmol/l, was associated with an increased
risk for all-cause mortality, particularly among those
who had a predialysis potassium level >5 mmol/l.76

Therefore, if the patient in the vignette had a dialysate
potassium concentration of $3 mmol/l, it would be
reasonable to decrease it to the next lower level; how-
ever, lowering the dialysate concentration to<2 mmol/l
may have adverse effects because of a greater dialysate-
serum gradient leading to a drastic and rapid drop in
serum potassium, which could predispose to arrhyth-
mias. Other ways of managing and preventing recurring
hyperkalemia may be more appropriate.

Laxatives. The gastrointestinal tract plays an impor-
tant role in the elimination of potassium in patients
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with kidney failure. The colon undergoes adaptive
changes allowing for greater excretion of potassium in
stool compared to individuals with intact kidney
function, possibly through increased expression of
potassium secretory channels on the apical large in-
testine epithelial cell.77-79 A large retrospective cohort
study of over 36,000 US veterans transitioning to
dialysis found that the use of any type of laxative in
the last year before the initiation of dialysis signifi-
cantly decreased the risk for developing hyperkalemia
(>5.5 mmol/l).80 A small trial demonstrated that the
use of bisacodyl in patients with advanced CKD and
on dialysis was able to produce modest but significant
reductions in serum potassium (0.4 mmol/l), which
was not seen with lactulose.81 It is thought that
bisacodyl may enhance the ability of colonic epithelial
cells to excrete potassium through cAMP activation of
apical potassium channels.82 Laxatives, including
bisacodyl, could be a potential option for managing
hyperkalemia in the patient presented in the above
scenario; however, there have been rare case reports of
bisacodyl-induced ischemic colitis83-85, possibly from
increased intracolonic pressure because of its promo-
tility effect.

Gastrointestinal Cation Exchangers. As mentioned
above, SPS may reduce serum potassium. A recent
small, randomized crossover trial of 51 patients on
regular hemodialysis with predialysis potassium be-
tween 5.0 and 6.4 mmol/l compared 15 g SPS 3 times
daily on nondialysis days to patiromer 16.8 g daily on
nondialysis days. Potassium levels were lower with SPS
(mean weekly potassium 4.55 vs. 5.0 mmol/l) and there
was less hyperkalemia observed with SPS compared to
patiromer.86 There were no serious gastrointestinal
adverse events but tolerability and compliance were
lower with SPS. In addition, use of SPS may be asso-
ciated with rare, but potentially life-threatening
gastrointestinal effects, making it a less attractive op-
tion for managing chronic hyperkalemia. In the DIA-
LYZE randomized placebo-controlled trial, patients on
maintenance hemodialysis with recurring hyper-
kalemia (>5.4 mmol/l) were treated with SZC 5 g daily
titrated up to 15 g daily to achieve potassium levels of 4
to 5 mmol/l or with placebo. Forty-one percent of those
receiving SZC responded to treatment (serum potassium
between 4–5 mmol/l at 8 weeks) compared to only 1%
with placebo.87 There was in addition, less rescue
therapy for hyperkalemia used in the SZC group and
there were similar rates of serious adverse events. This
could be a beneficial intervention for the above patient
by not only improving predialysis potassium values,
but also by potentially allowing a more potassium-
liberalized and overall healthier diet in the long-term.
Kidney International Reports (2023) 8, 1290–1300
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Conclusion and Future Directions

Hyperkalemia is a frequent occurrence in patients with
CKD, particularly among the many who are prescribed
RAASi medications. The implications of various man-
agement strategies for hyperkalemia in these patients
are important to understand such that patients may
benefit from long-term use of RAASi medications. Most
hyperkalemia which develops with RAASi is mild and
probably not causally associated with harm. Severe and
truly life-threatening hyperkalemia is unlikely to
develop unless in the context of acute medical illness
causing acute kidney injury. Therefore, instead of cli-
nicians fearing these mostly mild and isolated episodes
of hyperkalemia with RAASi use in patients who have
a strong indication for them, focus should be put on
providing proper education and sick-day recommen-
dations to their patients to hold RAASi on days of acute
illness when there is a limited ability to ensure
adequate intake of food and water. Dietary recom-
mendations to educate about excessive intake of high
potassium containing foods should be done in such a
way as to avoid being overly restrictive, by taking an
individualized approach, and by identifying certain
individual foods which may be taken in excess and
limiting those. Given the importance many patients
place on being able to control certain aspects of their
treatment through dietary choices and the frequency
with which dietary recommendations are made in pa-
tients with CKD, proper randomized controlled trials
examining the efficacy and long-term outcomes of
potassium-restricted diets in patients with advanced
CKD and kidney failure are needed. The efficacy of
newer potassium binding agents in allowing patients
with advanced CKD and kidney failure to benefit from
liberalized potassium diets should also be examined.
Finally, the SGLT2i medications, which have taken by
storm the fields of nephrology, cardiology, and endo-
crinology, should find a place in the management of
RAASi-induced hyperkalemia. Data from randomized
trials suggest that they reduce RAASi-induced hyper-
kalemia, but further studies are needed to confirm this
effect. Both RAASi and SGLT2i often share similar in-
dications in patients with CKD, heart failure, and dia-
betes, such that combination pills of ACEi or ARB with
SGLT2i may be a convenient way of providing thera-
pies with proven benefits on hard outcomes, and
limiting hyperkalemia risks.
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