Hyperkalemia and Cardiovascular Diseases:
New Molecules for the Treatment
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Potassium is a key electrolyte for the maintenance of cardiovascular system health, being involved in a
broad array of vital physiological processes. Hyperkalemia is a common clinical problem and potentially
life-threatening condition predominantly seen in patients with cardiac and kidney disease, especially if
receiving treatment with inhibitors of the renin-angiotensin-aldosterone axis. Several studies have
demonstrated the short and long-term morbidity and mortality that hyperkalemia induces in patients with
cardiovascular diseases. Plenty of data is currently emerging on this topic. This paper aims to review the

new strategies and molecules for improving the management of hyperkalemia.
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Potassium is a key electrolyte for the maintenance of
cardiovascular system health, being involved in a broad
array of vital physiological processes [1-4]. The potassium
stores in an adult individual are about 3500 mEq [5].
Potassium is the most abundant electrolyte in the human
body, the majority of potassium cations being intracellular
(98%) and only 2% extracellular. The intracellular-
extracellular gradient of K* is maintained by the activity of
the Na*-K* adenosine triphosphatase (ATPase) pump; this
pump transports 3 Na* cations out of the cell, in exchange
of 2 K* cations inside the cell [6]. The potassium stores of
the body are maintained by the balance between the
dietary intake of potassium and the kidney excretion [7-
10]. The majority of potassium filtered by the kidney is
reabsorbed in the proximal tubules [11]. The secretion of
potassium is controlled by the renin-angiotensin-
aldosterone system (RAAS). Hyperkalemia is relatively
frequently encountered in the clinical practice, either due
to increased potassium intake or impaired kidney
excretion, more rare due to altered movement of potassium
from extracellular to intracellular space [12-18]. Patients
with cardiovascular diseases frequently receive treatment
with drugs that affect the renin-angiotensin-aldosterone
system, drugs that have proven benefits for the evolution
of cardiovascular diseases [19-20]. This is the reason why
cardiovascular patients have increased risk of
hyperkalemia, which may cause fatal arrhythmias, such
as ventricular fibrillation, asystole, cardiac conduction
disturbances and eventually cardiac arrest. All the
muscular cells from the body depend on extracellular
potassium in order to repolarize. The cells of the cardiac
conduction system heavily rely on extracellular potassium

and calcium for depolarization and repolarization. When
serum potassium is higher than normal, the transcellular
gradient is altered and the symptoms of hyperkalemia
appear.

Experimental part

Usually, hyperkalemia is defined as a serum potassium
higher than 5.5 mEq/L [21]. The prevalence of
hyperkalemia in the general population is between 2-3%
[22]. Cardiovascular diseases increase the risk of
hyperkalemia. One retrospective study on over 15,000
patients with arterial hypertension and heart failure has
found that 24.5% had hyperkalemia [23]. The predictors of
hyperkalemia in these patients were age, the presence of
chronic kidney disease [24], diabetes [25], coronary heart
disease [26], and use of medication such as angiotensin-
converting enzyme inhibitors (ACEI) or angiotensin Il
receptor blockers (ARBs) [23]. The CHARM trial
(Candesartan in Heart Failure - Assessment of Reduction
in Mortality and Morbidity) has demonstrated a prevalence
of hyperkalemia of 5.2% in patients treated with
candesartan (an angiotensin receptor blocker), as
compared to 1.8% in patients who received placebo.

The cardiovascular medications associated with
increased risk of hyperkalemia are ACEI, ARBs, potassium-
sparing diuretics (spironolactone, amiloride, triamterene,
eplerenone, and finerenone), direct renin inhibitors, and
also beta-blockers and nonsteroidal anti-inflammatory
drugs (NSAIDs). In some cases, heparin may be responsible
for hyperkalemia. The risk of hyperkalemia is increased in
patients with associated risk factors, such as chronic
kidney disease, diabetes mellitus, decompensated heart
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failure, dehydration, concomitant use of herbal or other
dietary supplements rich in potassium [27-31]. One review
has found an incidence of hyperkalemia between 1.9-
38.4% in clinical trials of ACEI, ARBs, aldosterone
antagonists and direct renin inhibitors [22]. It is possible
that these reported rates of hyperkalemia underestimate
the real prevalence of this electrolyte disorder in the clinical
practice.

Betablockers reduce the cellular uptake of K* and may
induce only a mild increase of serum potassium, if the
renal function is normal [32]. In patients with chronic kidney
disease or those taking other drugs, such as RAAS blockers,
the risk of hyperkalemia is higher. ACEI or ARBs induce an
increase of serum K* by 0.3-0.4 mEg/L in the presence of a
normal renal function [33]; the risk is higher in case of co-
administration of aldosterone antagonists, potassium
supplements or in the presence of chronic kidney disease
[34-36]. Aldosterone antagonists impair the capacity of
the distal nephron to excrete potassium and rise the risk of
hyperkalemia [35]. One retrospective study of patients with
heart failure evaluated the rate of hyperkalemia in patients
who received an ACEI compared with those who received
both an ACEI and an aldosterone antagonist; from 100
patients, 16 patients who received combined treatment
developped hyperkalemia, in comparison with only one
hyperkalemic patient who received only an ACEI [37].
Heparin impairs the renal excretion of potassium in patients
with chronic kidney disease, being an inhibitor of
aldosterone secretion [38]. NSAIDs, especially when
administered in patients with heart failure and chronic
kidney disease, may lead to hyperkalemia, by decreasing
the renin secretion [39]. Digoxin, another drug used for the
treatment of cardiovascular diseases, especially heart
failure, inhibits the activity of the Na*-K* ATP-ase pump,
the risk of hyperkalemia increasing in parallel with the dose
of digoxin [40]. Medical prescription of these drugs should
be followed by a careful monitoring of serum potassium in
all patients, and even more attentive if the patients
associate other risk factors for hyperkalemia.

Any disorder that leads to renal impaired function can
determine the appearance of hyperkalemia including here
all types of nephritis [41], transplant rejection and
obstructive diseases of the urinary tract [42]. Another
condition, like trauma, burns, surgery, hemolysis, massive
tumor lysis and especially rhabdomyolysis, can produce
hyperkalemia through tissue destruction, due to the fact
that dying cells release potassium into blood flow [43-47].
Along with hyperkalemia, many patients with chronic
kidney disease presents lots of complications, such as
anemia, vascular calcifications [48], abnormalities in
mineral and bone metabolism leading to bone fractures
which needs minimal-invasive bone osteosynthesis with
minimal tissue destruction in order to avoid further
complications [49-51].

The clinical manifestations of hyperkalemia depend on
the level of serum potassium, the main consequences
being muscle weakness and cardiac arrhythmias, with high
risk of death. Sometimes, in mild kyperkalemia, the patients
are asymptomatic, the electrolyte disorder being diagnosed
incidentally on laboratory tests. The clinical manifestations
might be muscle weakness or cramps, tetany, dyspnea,
palpitations, paresthesias, confusion, altered mental status,
which needs a careful differential diagnosis with diseases
that have similar manifestations that should be treated
accordingly [52-55].

Results and discussions
Management of hyperkalemia requires potassium
monitoring in all cardiovascular patients at risk. Acute or
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severe metabolic acidosis should be corrected with sodium
bicarbonate intravenously, that can promote the shift of
potassium from the extracellular to the intracellular space.
If the acidosis is chronic, it may be corrected with oral
sodium bicarbonate. Sodium bicarbonate does not
decrease the serum potassium level in the absence of
metabolic acidosis.

The acute management of hyperkalemia includes
administration of calcium gluconate, insulin or beta2
adrenergic agonists. Calcium antagonizes the effects of
K* at the level of the cell membrane. Insulin increases the
cellular potassium intake, by increasing the Na*-K*-ATPase
activity. Inhaled beta2-adrenergic agonists (albuterol,
salbutamol) also increase the cellular potassium intake,
by activating the Na*-K*-ATPase activity.

The chronic management of hyperkalemia uses
diuretics, to enhance excretion of potassium in proximal
and distal tubules, by increasing the delivery of sodium to
the collecting duct.

Potassium-binding resins increase the colonic excretion
of potassium, by decreasing the luminal potassium. The
potassium secretion in the colon has two mechanisms:
passive and active secretion. The passive secretion is a
major component of colonic K* secretion and is highest in
the distal colon. The active secretion occurs in the proximal
and distal colon and is similar to active K* secretion in the
renal distal nephron.

Sodium polystyrene sulfonate and calcium polystyrene
sulfonate are used for severe hyperkalemia. Sodium
polystyrene sulfonate is an enteral potassium-sodium
exchange resin, that binds potassium, and may be given in
sorbitol or mixed with water or syrup. Sorbitol induces
diarrhea, as a side effect, with additional lowering of
potassium. Because diarrhea may not be well tolerated by
patients, sodium polystyrene sulfonate is administered
preferably mixed with water or syrup. Other side effects of
the drug are acute bowel necrosis, retention enema,
hypernatremia. Sodium polystyrene sulfonate was
approved by FDA (Food and Drug Administration) in 1958,
but in 2009 a warning has appeared, regarding the risks of
colonic necrosis and the potential harm of suspensions in
sorbitol [56].

Patiromer calcium is a newer potassium exchange resin,
insoluble in typical solvents, passing undegradated through
the gastrointestinal tract. Patiromer binds potassium in the
gastrointestinal lumen, increasing fecal potassium
excretion and decreasing the absorption of potassium in
the serum. In AMETHYST-DN trial (RLY5016 in the
Treatment of Hyperkalemia in Patients with Hypertension
and Diabetic Nephropahty), that included hyperkalemic
patients with diabetic nephropathy, treatment with
patiromer was associated with significant decreases of
serum potassium after one month of treatment [57].
Another trial, OPAL-HK (Evaluating the Efficacy and Safety
of Patiromer on the Treatment of Hyperkalemia)
demonstrated that, in patients with chronic kidney disease
receiving RAAS inhibitors, patiromer induced a sustained
reduction of serum potassium level as compared with
placebo [58]. The patients included in this trial had the
diagnosis of chronic kidney disease stage 3 or 4, received
a RAAS inhibitor and were hyperkalemic, with a potassium
level between 5.1-6.5 mEqQ/L. They received a dose 0f 4.2 ¢
or 8.4 g twice daily for 4 weeks. At the end of the 4 weeks,
76% of patients included reached the target value of serum
potassium [59]. Because patiromer binds also to
magnesium in the gastrointestinal tract, it may reduce the
magnesium absorption, hypomagnesiemia being reported
in 5.3% of patients treated with patiromer in clinical trials
[57]. However, hypomagnesiemia was only mild and did
REV.CHIM.(Bucharest)¢ 69¢ No. 6 ¢ 2018



not lead to the necessity of patiromer treatment
discontinuation.

Sodium zirconium cyclosilicate (ZS-9) is another novel
potassium binder, used in the treatment of acute or chronic
hyperkalemia. ZS-9 is not absorbed and has a structure
that entrap potassium cations throughout the
gastrointestinal tract [59]. It uses sodium and hydrogen as
the exchange ions for potassium. ZS-9 was studied in two
trials that included hyperkalemic patients. One study
selected patients with hyperkalemia (5.0-6.5 mEg/L) who
received ZS-9 in doses of 1.25, 2.5, 5 or 10 g, three times/
day, for 48 h [33]. ZS-9 was effective in all the patients,
leading to a significant decrease of potassium levels [60].
The study continued for 12 days, with the same beneficial
effects, especially in patients receiving higher doses of ZS-
9 (5 g or 10 g). The drug was well tolerated, the most
frequent side effect being diarrhea (however, the rate of
diarrhea was similar with placebo) [58]. The HARMONIZE
trial (Hyperkalemia Randomized Intervention Multidose ZS-
9 Maintenance) studied the effects of ZS-9 (5 g, 10 g or 15
g daily) in 258 hyperkalemic patients, with a serum
potassium = 5.1 mEqg/L [61]. The percentage of patients
with normalized potassium was significantly higher among
patients who received ZS-9 versus placebo. The early onset
of action of ZS-9 was noticed during the trial. Serum
potassium normalized in 98% of patients after 48 h of
treatment with ZS-9 [61]. Regarding the adverse effects,
no treatment-related serious adverse effects were
reported, the adverse effects being comparable with
placebo.

An important aspect of the hyperkalemia management
is the use of renal replacement therapy in refractory cases
of drug therapy and to avoid the usage of antidiuretic drugs
or drugs that leads to potassium release and accumulation
[62-64].

Conclusions

Hyperkalemia s a relatively frequent electrolytic disorder
in patients with cardiovascular diseases, especially heart
failure, and it is associated with increased risk of death,
because of ventricular arrhythmias or conduction
disturbances. Current medications with proven
cardioprotective and renoprotective effects, such as
antialdosterone diuretics, ACEI or ARBs, play a role in the
etiology of hyperkalemia. The appearance of hyper-
kalemia, or the fear of it, may lead to the insufficient use of
these beneficial drugs in patients with cardiovascular
diseases. However, hyperkalemia treatment is more
appropriate than avoidance of these drugs in patients with
cardiovascular diseases.

Current traditional agents for the chronic treatment of
hyperkalemia are relatively inconsistent. Potassium-
binding agents may be a better and novel option for the
management of chronic hyperkalemia. These resins are
relatively slow acting and are usually indicated to control
the potassium level on long term. Two new drugs, patiromer
and ZS-9, may offer a safer alternative, with more reliable
outcomes, for the treatment of chronic hyperkalemia. In
cases of severe hyperkalemia, life-threatening, emergency
hemaodialysis is indicated. Optimizing the treatment with
RAAS inhibitors in cardiovascular patients to achieve their
cardiorenal benefits is an important objective for the
physicians involved in the healthcare of these patients.
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