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Hyperkalemia in chronic kidney disease
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INTRODUCTION

Potassium is the ion most present in body fluids, 
and approximately 98% of its concentration is intracel-
lular. The main physiological functions of the ion are 
to adjust the cellular metabolism, such as the protein 
and glycogen synthesis, and the basic acid balance. 
In addition, the difference in potassium concentra-
tion intra and extracellular creates a transmembrane 
potential that is responsible for neuromuscular func-
tion1. The serum level of potassium is maintained by 
the daily excretion of a quantity close to that ingested, 
approximately 100 mEq/day. The elimination of the 
ion occurs through the skin, gastrointestinal tract, and 
kidneys. Normally, the potassium excretion through 
sweat is approximately 5 mEq/day, in stool between 
5 to 10 mEq/day, and in urine around 92 mEq/day. 
The main mechanism by which the kidney maintains 
the homeostasis of potassium is by secreting the ion 
through the distal convoluted tubule and the proximal 
collecting duct1.2.

Hyperkalemia is one of the most important meta-
bolic complications because it can cause electrophys-
iological disorders with severe clinical repercussions 
that may lead to death3.4. This electrolytic change is 
defined as the elevation in the serum level of potas-
sium above the range of normality. The mechanisms 
that lead to hyperkalemia typically involve a combi-
nation of factors, such as the increase in the intake 
of foods rich in potassium, disorderly distribution 
between the intra and extracellular compartments, 
and abnormalities in potassium excretion. Chronic 
kidney disease (CKD) is the most common predispos-
ing condition for an increased level of potassium4.5.

The incidence of hyperkalemia varies between 
2-35% of CKD patients, depending on the rate of glo-
merular filtration rate (GFR) of the population studied, 
the potassium level considered high by research-
ers in different studies, the use of inhibitors of the 
renin-angiotensin-aldosterone system (RAAS) and of 
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addition, diabetes mellitus is associated with hypona-
tremia hypoaldosteronism and the resulting inability 
to regulate the tubular secretion of potassium4.10.

Cardiovascular diseases, such as hypertension, 
acute myocardial infarction, left ventricular hyper-
trophy, and congestive heart failure, require drugs that 
can lead to hyperkalemia. These drugs, such as cardiac 
glycosides, contribute to the increase of serum potas-
sium due to inhibition of the Na+/K+ ATPase pump, 
which exchanges intracellular sodium for extracellu-
lar potassium. Heparin has also been associated with 
hyperkalemia, and its mechanism involves a decrease 
in the production of aldosterone. The most relevant 
drugs associated with the increase of potassium are 
the β2-adrenergic receptors blockers and the RAAS 
inhibitors, which prevent the production of renin and 
reduce the capacity of redistribution of potassium 
in the intracellular space10. Among the population 
without CKD, the incidence of hyperkalemia associ-
ated with the use of these drugs is highly variable, 
depending on the design of the study and the serum 
level of potassium considered high11. The increase of 
potassium ion has serious outcomes, such as arrhyth-
mia, death, and discontinuation of drugs related to its 
elevation, which could lead to the worsening of the 
disease11.12. A recent retrospective study demonstrated 
that patients with serum potassium level >6.0 mmol/L 
had higher rates of hospitalization and death in com-
parison with individuals with serum potassium ≤5 
mmol/L. In addition, it demonstrated that the develop-
ment of hyperkalemia was related to the use of RAAS 
inhibitors and the patients’ initial GFR12.

In clinical practice, RAAS inhibitors are widely 
used in the treatment of CKD patients due to its car-
diac and renal protective effect. In a recent review and 
meta-analysis, the use of RAAS inhibitors showed a 
kidney-protective effect in CKD patients with protein-
uria; this is the first class of anti-hypertensive drugs 
for patients with this profile. However, the authors 
pointed out the risk of hyperkalemia13. Several clinical 
studies have shown the association of RAAS inhibitors 
with increased levels of potassium in CKD patients. 
In an observational study, the use of this class of 
medication was associated with an increase of 41% 
in the occurrence of hyperkalemia. Furthermore, 
the authors showed that individuals with CKD had 
a higher risk of increased potassium compared with 
patients with no renal injury14. The Renaal study fol-
lowed patients with diabetic kidney disease in who 
used Losartan or a placebo. In this clinical trial, the 

potassium-sparing diuretics, in addition to the pres-
ence of comorbidities, such as diabetes and heart 
failure6. Studies have shown that patients with CKD 
associated with diabetes mellitus and/or heart fail-
ure have a greater risk of developing this metabolic 
alteration. A decrease in the renal excretion of potas-
sium in combination with one or more exacerbating 
factors, such as hyperglycemia, insulin deficiency, 
hyporeninemic hypoaldosteronism, and the use of 
inhibitors of the RAAS, may induce recurrent episodes 
of hyperkalemia7.8.

A high level of this ion has been associated with 
increased mortality in the general population and in 
CKD patients, in its different stages, which highlights 
the importance of maintaining the serum levels of 
potassium in the normal range7-9. This review sum-
marizes the mechanisms that lead to hyperkalemia, 
its clinical consequences and treatments, with a focus 
on CKD patients.

MECHANISMS OF HYPERKALEMIA IN CKD

With the progression of CKD, potassium excretion 
is decreased, and, in this condition, the intake of foods 
rich in potassium contributes significantly to the diffi-
culty of maintaining the ion in the normal range. Met-
abolic acidosis, commonly found in this population, 
causes the ion to exit the intracellular space to the 
extracellular, leading to an increase of serum potas-
sium. In renal-transplant patients, acidosis, as well as 
the use of calcineurin inhibitors, are associated with 
the occurrence of hyperkalemia10.

Some comorbidities, often found in CKD patients, 
may lead to increased serum levels of the ion. Acute 
kidney injury results in a rapid decrease in GFR and 
tubular flow and, usually, is accompanied by a hyper-
catabolic state, tissue injury, and high levels of potas-
sium (for example, secondary to bleeding). In addition, 
the acute elevation of the ion can also occur after a 
blood transfusion. These conditions contribute to the 
elevation of the serum level of potassium, which may 
present a risk to the patient’s life and is one of the most 
common indications for emergency dialysis treat-
ment10. Diabetes mellitus and cardiovascular disease 
are two of the most common comorbidities in CKD 
patients, and both are related to the development of 
hyperkalemia through different mechanisms. Insulin 
deficiency and hypertonicity caused by hyperglycemia 
in patients with diabetes contribute to the reduction 
of potassium transport to the intracellular space. In 
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group of individuals who used the Losartan had a 
greater risk of increased serum potassium than the 
placebo group15. In another study, patients who used 
the irbesartan had an incidence of 18.6% of hyperka-
lemia, while among patients who used the placebo, it 
was only 6%16. Like in the general population without 
CKD, hyperkalemia is associated with a higher inci-
dence of cardiovascular events and death in patients 
with renal injury17. It is worth noting that previous 
studies have demonstrated that the dual blockade with 
ACEI and ARB increased the incidence of hyperkale-
mia episodes, in addition to the occurrence of acute 
kidney injury18.19. Due to the risk of increased serum 
levels of potassium and, consequently, the unfavorable 
outcomes related to this event, the reduction or sus-
pension of RAAS inhibitors is a common practice20. 
However, this practice can also cause undesirable 
events for patients. Epstein et al. demonstrated that 
patients who received a smaller dose or whose use 
of RAAS inhibitors was suspended after the occur-
rence of hyperkalemia presented a greater number 
of adverse events related to the progression of CKD, 
beginning of dialysis treatment, cardiovascular events, 
or death when compared to patients who maintained 
the maximum tolerated dose of these medications21. 
The balance between the risk of hyperkalemia and 
cardiac-renal protection that this class of medication 
presents makes it necessary to evaluate other thera-
peutic options to control the level of potassium.

CLINICAL CONSEQUENCES

Hyperkalemia can be classified according to the 
level of serum potassium into: mild (5.5-6.0 mmol/L), 
moderate (6.0-6.5 mmol/L), and severe (>6.5 mmol/L). 
Often, the clinical manifestations present as muscle 
weakness, paresthesia, paralysis, nausea, dyspnea, 
hypotension, cardiac arrhythmia, or cardiac arrest. 
One study showed that a serum potassium level 
>6.0 mmol/L was associated with an increase of 30 
times in the risk of mortality in one day; however, 
a level >5.0 mmol/L was associated with long-term 
adverse events22. Thomsen et al. demonstrated that 
CKD patients who were not on dialysis and presented 
an episode of hyperkalemia during the study period 
had a higher risk of hospitalization due to ventricular 
arrhythmia, cardiac arrest, or other cardiac events8. 
Electrocardiographic changes that can be observed are 
the peaked T waves, prolonged PR interval, shorter 
QT interval, wider QRS complex, absence of P wave, 

ventricular fibrillation, or ventricular tachycardia. 
Additional laboratory tests are suggested, such as 
measurements of glucose, sodium, blood gas, renin, 
aldosterone, and cortisol, in addition to an electrocar-
diogram to assist in the choice of the best therapeu-
tic option22.

TREATMENT

The management of hyperkalemia is divided into 
treatment for acute events and chronic control of 
serum potassium.

The treatment for acute elevations of potassium 
aims to antagonize the action of the ion in the cel-
lular membrane and increase the potassium intake 
to the intracellular space. These measures provide a 
temporary reduction or removal of serum potassium. 
For that end, the therapeutic options are calcium glu-
conate, insulin, sodium bicarbonate, b-adrenergic 
antagonists, diuretics, and/or initiation or intensifi-
cation of dialysis22. The focus of this review is not to 
provide a detailed description of the treatment for 
acute hyperkalemia.

In the treatment of non-severe hyperkalemia, for 
patients with CKD, dietary guidance should be carried 
out by a team of nutritionists to identify and replace 
foods rich in potassium and improve adherence to the 
dietary plan. It is worth mentioning that in patients 
with CKD, the inadequate restriction of vegetable, 
fruit, and liquid intake can cause or aggravate intesti-
nal constipation, which results in increased intestinal 
absorption of potassium6.23.

Drugs associated with increased serum levels of 
potassium, such as beta-blockers, mineralocorticoids 
receptor antagonists, calcineurin, nonsteroidal anti-in-
flammatories, trimethoprim, and heparin should be 
adjusted or replaced in the occurrence of this compli-
cation10. Special attention should be taken regarding 
RAAS inhibitors. As described above, these classes of 
drugs have a fundamental role in cardiac-renal protec-
tion, and their suspension should take into account 
the benefits of their use and the unfavorable outcomes 
that may occur after their suspension or reduction21.

Some patients, after the initial measures, still 
maintain a high level of potassium. For these, it is 
indicated to associate pharmacological approaches, 
such as the use of sodium bicarbonate and the intro-
duction or increase of diuretics. The sodium bicar-
bonate dose varies between 3-5 grams per day and is 
indicated only in patients with metabolic acidosis. It 
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is worth noting that this measure is poorly tolerated 
in patients with CKD patients in advanced stages due 
to the risk of increased blood pressure and fluid reten-
tion23. The prescription of diuretics should be made 
with caution and strict control to prevent hypovolemia, 
hypotension, decreased GFR, and, consequently, the 
recurrence of hyperkalemia24. In addition, exchange 
resins can be used (calcium polystyrene sulfonate; 
sodium polystyrene sulfonate; patiromer; sodium zir-
conium cyclosilicate).

Sodium polystyrene sulfonate is a resin that 
exchanges sodium for potassium, calcium, and ammo-
nia and acts on the distal portion of the colon. The 
administration is via oral or rectal route, through lax-
atives and enemas, respectively. Clinical trials show 
that this resin is effective in the treatment of mild 
hyperkalemia in patients with CDK in the early stages. 
Doses between 60-80 grams lead to the fall of potas-
sium serum levels by 0.9-1.7 mmol/L; however, it takes 
a long time for the medication to act. In addition to 
this delay of the therapeutic effect, the medication has 
frequent side effects, such as gastrointestinal intoler-
ance, hypocalcemia, and magnesium deficiency. Also, 
to a lesser incidence, intestinal necrosis can occur. A 
recent study showed that patients with CKD and GFR 
<30 mL/min who used sodium polystyrene sulfonate 
had a higher risk of gastrointestinal events, including 
digestive bleeding. Thus, the use of this medication 
in CKD patients is questionable due to its uncertain 
efficacy, delayed effect, and the restricted use to 
mild hyperkalemia25.

Calcium polystyrene sulfonate is another resin 
that exchanges calcium for potassium. It also acts in 
the intestine and is administered via the oral route. 
The drug information leaflet makes reference to a rec-
tal use by diluting it in sorbitol or methylcellulose. 
Its main side effect is constipation, but there have 
also been reported occurrences of hypercalcemia 
and hypercalciuria25. A Korean group followed 247 
patients with GFR of 3015 ± mL/min/1.73 m2, for a 
period of 5-6 months and found a reduction in serum 
potassium levels (≥ 0.3 mmol/L) in more than 70% of 
the participants who used the medication in a dose of 
2.5-15 grams a day26. Wang et al. evaluated 58 patients 
on hemodialysis who presented hyperkalemia (³5.5 
mmol/L) for three weeks. In 61% of patients who used 
calcium polystyrene sulfonate, there was a decrease 
in the serum level of potassium (<5.5 mmol/L)27.

Similar to calcium polystyrene sulfonate, pati-
romer is a resin that acts in the colon, exchanging 

potassium for calcium. It is a new medication for the 
treatment of chronic hyperkalemia in CKD patients, 
and studies have demonstrated a good response to 
treatment. Like other ion exchange resins, the main 
side effect described is constipation. In addition to 
that, there have also been reports of mild hypomag-
nesemia5. The Amethyst-DN study evaluated 306 dia-
betic patients with CKD in stages 3 and 4, who used 
RAAS inhibitors for 52 weeks. The patients were strat-
ified into mild and moderate hyperkalemia according 
to the serum level of potassium at the beginning of the 
study. The dose ranged from 4.2 to 16.8 grams twice 
a day, according to the initial potassium level. In the 
group classified as mild, the reduction of the serum 
level of potassium ranged between 0.35-0.55 mEq/L. 
In patients of the moderate group, the reduction was 
0.87-0.92 mEq/L. The reduction in both groups was 
dose-dependent. In this study, they found a rate of 
9.2% of worsening of CKD among patients treated with 
the medication. The authors cannot say whether this 
adverse event was secondary to the effect of drugs, an 
inherent progression of CKD, or due to the increased 
doses of the RAAS inhibiting drugs used in the treat-
ment group28. Another large study evaluated patients 
with CKD, GFR between 15-60 mL/min/1.73 m2, serum 
levels of potassium between 5.1-6.6 mmol/L, and who 
were taking stable doses ​​of all medications, including 
RAAS inhibitors and diuretics. All patients used pat-
iromer for four weeks, with doses ranging between 
4.2-8.4 grams twice a day, according to the initial 
potassium level. After this stage, the patients were 
divided into two groups, placebo and medication, for 
8 more weeks of follow-up. In the patiromer group, 
there was a reduction in serum levels of potassium 
and an increased number of patients who were able 
to continue the use of RAAS inhibitors during the 
study period. In the placebo group, 60% of individu-
als had at least one episode of hyperkalemia during 
the second stage of the study29. A small study with 
patients on hemodialysis demonstrated that the use 
of patiromer decreased serum levels of potassium and 
phosphorus and increased potassium in the stool. The 
reported that no adverse effect was observed during 
the study period30.

Sodium zirconium cyclosilicate is a non-absorb-
able compound of zirconium silicate that acts as a 
selective exchanger of potassium and sodium for 
ammonia and hydrogen in the gastrointestinal tract, 
thus increasing the stool excretion of potassium. The 
recommended initial dose is 10 grams, three times a 
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RESUMO 

A hiperpotassemia é um achado frequente em pacientes com doença renal crônica (DRC). Esta elevação do nível sérico de potássio 
está associada à diminuição da excreção renal do íon, assim como ao uso de medicações para retardar a progressão da DRC ou para 
controlar doenças associadas, como diabetes mellitus e insuficiência cardíaca. A hiperpotassemia aumenta o risco de episódios de 
arritmia cardíaca e morte súbita. Assim, o controle da elevação de potássio é essencial para a diminuição da taxa de mortalidade nessa 
população. O manejo da hiperpotassemia inclui, inicialmente, orientação de dietas com baixo teor de potássio e acompanhamento da 
aderência dos pacientes a esse procedimento. Também é importante conhecer as medicações em uso e a presença de comorbidades, a 
fim de orientar a redução de doses ou até mesmo a suspensão temporária de alguma das drogas relacionadas à retenção de potássio. 
E, finalmente, o uso de quelantes de potássio é indicado tanto em episódios agudos como nos casos de hiperpotassemia crônica.

PALAVRAS-CHAVE: Doença renal crônica. Hiperpotassemia. Inibidores do sistema renina-angiotensina-aldosterona. Poliestireno sulfonato 
de cálcio. Patiromer. Ciclossilicato de zircônio sódico.

day. Normokalemia is achieved in a period of 24-48 
hours, and it is recommended that the dose is reduced 
to maintain an optimal serum level of potassium25. A 
stage 3 study included 753 patients who had potas-
sium levels between 5.0-6.5 mmol/L and divided 
them into placebo and medication groups. After 48 
hours, there was a decrease in the level of potassium 
in the group that used sodium zirconium cyclosili-
cate, and the decrease rate was dose-dependent. In 
the maintenance stage, the potassium level remained 
within the range of normality in patients from the 
medication group. Diarrhea was the most common 
complication reported by the authors31. Kosiborod et 
al. evaluated patients with CKD, heart failure, and 
diabetes who presented hyperkalemia. The authors 
demonstrated that zirconium cyclosilicate was effec-
tive both in the rapid reduction, with an average time 
of two hours to decrease the level of potassium, and 
in the maintenance of normokalemia for up to four 
weeks in patients with various degrees of hyperkale-
mia. Normokalemia was achieved in 84% of patients 
after 24 hours, and in 98% after 48 hours of the onset 
of treatment32. In the recent Dialize study, the use 
of sodium zirconium cyclosilicate in patients under-
going hemodialysis treatment was able to maintain 
the serum level of potassium between 4.0-5.0 mmol/L 
in the period between dialysis, with few records of 
adverse events33. 

Finally, in patients with pre-dialysis CKD, hyper-
kalemia resistant to pharmacological approaches 
have an indication to start renal replacement ther-
apy6.22. For patients undergoing dialysis and with 
potassium levels constantly high, the use of dialysate 
with a low concentration (0 or 1 mmol/L) of potas-
sium is controversial since there have been reports 
of arrhythmia and sudden death after hemodialysis 

sessions with these concentrations. Studies suggest 
that these events could be related to the rapid fall in 
the extracellular concentration of the ion22.34. It is 
worth mentioning that these studies are all observa-
tional, and there have been no formal clinical trials. 
Possible solutions to this problem include prolonging 
the duration of the dialysis session, increasing the 
frequency of dialysis sessions, using new modalities 
of hemodialysis and/or potassium-binding resins22.34. 
Another obstacle to the control of hyperkalemia in 
CKD patients undergoing dialysis is the fluctuations 
in the serum level of potassium. These fluctuations 
may not be detected, since, usually, serum potassium 
is measured monthly, which would lead to the use 
of dialysate at an inadequate concentration of potas-
sium in the dialysis infusion34.

CONCLUSION

Hyperkalemia is a metabolic complication often 
found in CKD patients and associated with severe out-
comes. The rise of serum potassium is mainly related 
to the decrease in GFR and medications used to slow 
the progression of CKD and control associated dis-
eases. The treatment of hyperkalemia includes dietary 
counseling and control, reduction or temporary sus-
pension of medications, as well as the control of blood 
glucose levels in diabetic patients. In addition, sodium 
bicarbonate, diuretics, and potassium-binding resins 
can be used. Calcium polystyrene sulfonate is the only 
resin used in Brasil, and it has shown to be effective in 
the reduction of potassium, but it is poorly tolerated. 
Recent studies on resins not yet available in Brasil, i.e., 
patiromer and sodium zirconium cyclosilicate, show 
promising results for reducing serum potassium in 
CDK patients in all its stages.
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