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Case presentation

A fully SARS-CoV2 vaccinated man in his 80 s, with a pre-
vious history of surgically treated bladder and prostate can-
cer, was referred to the emergency department because of 
fever, diarrhoea cough and progressive dyspnea. At admis-
sion, haemodynamics was stable and arterial blood gases 
(ABG) showed a moderate type-1 respiratory failure pattern 
(paO2 55 mmHg, SATO2 88%, paCO2 25 mmHg). Labora-
tory findings were consistent with severe inflammation in 
mild leukopenia (WBC 2.500/μL) and no serum electrolyte 
imbalance. A resting standard 12-lead electrocardiogram 
(EKG) showed sinus rhythm and normal repolarization. 
Nasopharyngeal swab testing for the SARS-CoV2 genome 
with the RT-PCR method was positive. Chest computed 
tomography with contrast excluded pulmonary embolism 
and revealed progressive interstitial disease compatible with 
COVID-19 pneumonia and unilateral pleural effusion. Thus, 
the patient was addressed to our Internal Medicine Unit to 
continue adequate treatment and monitoring. According to 
the latest proposed treatment protocol for COVID-19, the 
patient was given oxygen by Venturi mask, intravenous cor-
ticosteroids, low-molecular-weight heparin (LMWH) and 
pump-proton inhibitor for thromboembolism and intesti-
nal bleeding prevention, respectively. A low dose of loop 
diuretic was added to reduce the pleural effusion. Broad-
spectrum antibiotics were also administered to cover pos-
sible associated bacterial infections. The diarrhoea stopped 
without further intervention. Even though renal function 
remained stable and no other treatment started, we observed 
progressive hyperkalemia (max 7.13 mEq/L) and typical 
ECG changes (Fig. 1).

Prof. Biolo: How frequent is hyperkalemia 
in hospitalized patients? Was the patient 
complaining of any symptoms?

Dr Di Rosa

Hyperkalemia, defined by serum potassium concentration 
exceeding 5.5 mEq/L, ranges from 2 to 10% in acutely hos-
pitalized patients and is associated with increased mortality 
[1]. Hyperkalemia can progressively derange the physiologic 
cardiac electric activity, as elicited by the onset of typical 
ECG alterations: peaked T waves, prolonged PR interval, 
and wide QRS (Fig. 1) [2]. Severe cases can be life-threat-
ening, leading to muscular paralysis, ventricular arrhyth-
mias, and finally, asystole. Otherwise, most reported clinical 
manifestations of hyperkalemia may include neuromuscular 
and gastrointestinal symptoms such as muscle twitching and 
weakness, ascending paresthesia, and diffuse abdominal dis-
comfort. If mild chronic hyperkalemia occurs, symptoms can 
be absent or subtle and nonspecific so that hyperkalemia is 
only discovered after routine laboratory tests. In particu-
lar, our patient did not complain of any potentially related 
symptoms.

Prof. Biolo: If the patient was asymptomatic, 
why did you ask electrolyte panel? Did you 
expect any electrolyte imbalance?

Dr Di Rosa

Initially, the patient had diarrhoea and was put under 
furosemide and high-dose corticosteroid treatment. We 
expected hypokalemia to occur due to gastrointestinal and 
renal losses, so we routinely monitored serum potassium 
concentrations. * Matteo Landolfo 
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Prof. Biolo: How the severe acute 
hyperkalemia was initially managed? 
Did you make any further diagnostic 
investigation?

Dr Gasparotto

According to the management protocol [3], serum potassium 
measurement was promptly repeated to rule out pseudohy-
perkalemia from wrong blood sampling or inadequate blood 
storage. After confirming hyperkalemia, intravenous calcium 
gluconate and dextrose 5% with insulin correction were ben-
eficially administered. However, once treatment was sus-
pended, serum potassium rose again. Patients with acute 
kidney injury or failure, hemolysis, and severe acidosis are 
more likely to develop acute hyperkalemia. Hyperkalemia is 
one of the most frequent complications in advanced chronic 
kidney disease (CKD), as the risk increases as the GFR pro-
gressively decreases. Still, hyperkalemia is generally con-
sidered once the glomerular filtration rate (GFR) becomes 
less than 15 mL/min because of the adaptive response in 
the remaining functional nephrons. On these bases, ABGs, 
serum creatinine and urea, hemolysis and rhabdomyolysis 
indices must be obtained first. Our patient had normal kid-
ney function and remained hemodynamically unchanged 
throughout the hospitalization. ABGs and laboratory 
reported no acid–base disturbances, normal serum sodium 
and no findings related to blood or muscle cell rupture and 
leakage. An endocrine aetiology had to be excluded, so we 
looked for causes of hyperaldosteronism or acute adrenal 
failure [4, 5]. In our case, urinary low potassium output 
suggested renin–aldosterone axis imbalance, confirmed by 
elevated plasma renin activity (PRA) and aldosterone ratio. 
Any clinical or laboratory findings suggested acute adrenal 
failure (Table 1).

Prof. Biolo: What was your next move at this 
point?

Dr Marchese

Pharmacological therapies are the primary cause of hyper-
kalemia in up to 75% of hospitalized patients. Secondary 
to the renin–angiotensin–aldosterone system inhibition 
(RAASi), many drugs can interfere with potassium homeo-
stasis by promoting transcellular shift or impairing renal 
excretion. Apart from ACE-inhibitors, angiotensin-receptor 
blockers, potassium-sparing diuretics (MRAs), azole anti-
fungals, non-steroidal anti-inflammatory drugs (NSAIDs), 
and other molecules are related to hyperkalemia. In this con-
text, the revision of the current pharmacological treatment, 
looking for potential side effects, exerts a pivotal role. We 
found that LMWH can cause iatrogenic hyperkalemia, even 
rarely [5]. Our patient was treated with potassium-wasting 
therapies such as loop diuretic and corticosteroids, and none 
of the mentioned drugs was administered. After enoxapa-
rin was discontinued and replaced with fondaparinux, the 
serum potassium level promptly normalized, confirming our 
hypothesis.

Prof. Biolo: How can you explain this side 
effect from the pharmacological point 
of view?

Dr Landolfo

Heparin-induced hyperkalemia (HIH) might occur with 
unfractionated heparin (UH) and LMWH, even at prophy-
lactic dosage. Heparin directly affects the zona glomerulosa 
of the adrenal glands, resulting in decreased number and 

Fig. 1  Serum pH, creatinine 
and potassium trends during the 
hospitalization
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affinity of angiotensin-2 receptors and a subsequent decrease 
in aldosterone production. Decreased aldosterone, in turn, 
results in type 4 renal tubular acidosis with decreased renal 
potassium and hydrogen ion excretion in the distal convo-
luted tubule [6]. Excessive anticoagulation may also precipi-
tate adrenal haemorrhage and acute insufficiency. A decrease 
in serum aldosterone and urinary levels after heparin admin-
istration was confirmed in some studies [7].

Prof. Biolo: What is the reported incidence 
of HIH? Are we concerned about raising 
heparin administration related 
to the COVID‑19 pandemic?

Dr Landolfo

Approximately 7–8% of treated patients can develop HIH, 
and the onset is 1–3 days after exposure, generally resolv-
ing within 24 h of discontinuation [8]. Severe COVID-19 
has been associated with an elevated risk of venous and 
pulmonary thromboembolism (VTE), even in anticoagu-
lated patients [9]. Furthermore, as corroborated by autopsy 
findings, intravascular lung thrombosis has been proposed 
as one of the mechanisms sustaining respiratory failure in 
SARS-CoV2 pneumonia [10]. On these bases, guidelines 
and experts recommended pharmacological VTE prophy-
laxis strategies with LMWH in hospitalized patients with 
severe COVID-19 [11–13]. In this context, LMWH has been 

preferred among all anticoagulants for its peculiar pharma-
cokinetics and pharmacodynamic properties. Short half-life, 
intravenous and subcutaneous formulation availability and 
fewer drug interactions reflect predictable anticoagulant 
responses, improving efficacy and safety [14]. In addition, 
LMWH seems to possess anti-inflammatory and immu-
nomodulatory properties that can counteract lung damage 
progression [15]. Recent trials left no doubts about the pro-
tective role of early administration of LMWH in COVID-19 
patients [16, 17]. The spreading of heparin administration 
in hospitalized patients (old, comorbid and with polyphar-
macy) because of the SARS-CoV2 pandemic should have 
been more than a reason for experts and societies to pro-
duce at least update or warnings. Surprisingly, international 
guidelines concerning hyperkalemia prevention, diagnosis 
and treatment [18] just mentioned heparin treatment among 
risk factors for hyperkalemia, without further indication 
about HIH management and prevention of recurrences.

Conclusions

Hyperkalemia is frequent in hospitalized patients, especially 
if they are older, comorbid and under multiple concomitant 
treatments. Clinical manifestations of hyperkalemia can 
range from asymptomatic to life-threatening. The accurate 
diagnostic approach and the appropriate management can 
be complex, requiring knowledge of the various underlying 
mechanisms sustaining hyperkalemia. A careful revision of 

Table 1  First-level laboratory 
tests for common causes of 
hyperkalemia

GFR glomerular filtration rate, LDH lactic dehydrogenase, CK creatinine kinase, PaCO2 arterial partial 
pressure of carbon dioxide, 21-OH 21-hydroxilase, PRA plasma renin activity

Causes Parameters Mechanisms

Acute kidney injury or failure
Chronic kidney failure

Creatinine/GFR
Proteinuria
Urinary output

Decreased blood perfusion
Direct damage
Glomerulopathies
Bilateral obstruction of urinary tract

Hemolysis Hemoglobin
LDH
Bilirubin
Haptoglobin

Extrinsic: infections, tumors, auto-
immune disorders

Intrinsic: congenital

Rhabdomyolysis CK
Myoglobin
Myoglobinuria

Extensive trauma, crush syndrome
Malignant hyperthermia
Iatrogenic
Infections
Autoimmune disorders

Acid–base disorders (metabolic or 
respiratory acidosis)

pH
PaCO2
Bicarbonates
Lactates

Cellular base–acid buffer

Adrenal failure/hypoaldosteronism Serum sodium
24 h urine potassium
Anti 21-OH ab
PRA/aldosterone

Addison’s disease
Iatrogenic
Corticosteroid withdrawal
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the pharmacological therapy is mandatory. Particular atten-
tion to HIH due to heparin TEV prevention and treatment 
during the COVID-19 pandemic should be paid, as we are 
elicited by presenting this case.
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