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Arrhythmias and ECG changes in life threatening hyperkalemia in older patients 
treated by potassium sparing drugs

Marie Berkovaa, Zdenek Berkab, Eva Topinkovaa

Background. Severe hyperkalemia is a life threatening condition that can cause fatal rhythm disturbance and terminal 
heart arrest. The most common cause of hyperkalemia in older patients is that of iatrogenic medication-related etiology 
due to associated polymorbidity, polypharmacy and reduced reserve metabolic capacity. The aim of this paper is to 
increase awareness in the clinicians of the risk of hyperkalemia in elderly patients treated by potassium sparing drugs.
Methods and Results. We present two case reports of hyperkalemia ≥ 9.0 mmol/L induced by potassium sparing 
medications with cardiac arrhythmias and severe ECG changes including atrial asystole, disturbance of intraventricu-
lar conduction and morphological changes such as tenting T waves and deformed wide QRS complexes. The most 
frequent causes of hyperkalemia in elderly patients are discussed and electrocardiogram changes and arrhythmias in 
hyperkalemia are analyzed, as well as their treatment and prevention. 
Conclusion. Potassium sparing drug therapy in older persons requires more frequent monitoring especially when 
drugs or their doses are changed, or during concomitant acute illness.
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INTRODUCTION

Potassium imbalance represents the most common 
electrolyte disturbance in older patients. Though hypoka-
lemia is known to be associated with increased hospital-
ization and mortality in patients with cardiovascular and 
renal diseases1,2, severe hyperkalemia is a life threatening 
condition too3. It may be registered particularly in oligo-
anuric renal failure patients and other acute conditions 
(Table 1). However, more frequent use of angiotensin-con-
verting enzyme inhibitors (ACEI), angiotensin II receptor 
antagonists and direct renin inhibitors, often combined 
with other potassium sparing drugs in the management of 
chronic cardiovascular diseases, contributed to increased 
incidence of clinically significant hyperkalemia in clinical 
practice, often in older patients4-12. 75% of hyperkalemia 
cases in institutionalized patients are induced by potas-
sium sparing drugs (Table 2). Hyperkalemia ≥ 6 mmol/L 
is observed in 0.8% of ACEI and 2.8% of angiotensin II 
receptor antagonist users13. The combination of potas-
sium sparing drugs multiplies the risk of this adverse drug 
event. The mortality rates of patients with hyperkalemia 
over 7.0 mmol/L reach 67% if not promptly corrected14,15. 
Due to changes in pharmacokinetics and pharmacody-
namics adverse drug reactions (ADR) are more common 
in older people. Age-related changes in drug absorption, 
body composition and drug distribution compartments, 
reduction of metabolic and elimination reserve capacities 
(renal and hepatic functions), chronic polymorbidity ac-
companied by polypharmacy are among factors contrib-
uting to increased risk of ADR (ref.16). In this article we 

Table 1. The causes of hyperkalemia.

• Renal failure with reduced diuresis 
• Severe acidosis (e.g. diabetic ketoacidosis), 

Hyperglycemia
• Drugs
• Dehydration
• Rhabdomyolysis, polytrauma, crush syndrome, 

severe burns
• Catabolic conditions
• Addison’s disease
• Hypoaldosteronism
• Repeated blood transfusion 
• Tumor lysis syndrome (after cytostatic therapy)
• Rare tubular syndromes (Gordon syndrome)
• Hemolysed blood sample (repeat sample)
• High platelet or white blood count (artificially 

raise potassium level)-repeat sample in Lithium 
heparin

present two recent case reports of severe hyperkalemia 
in older patients. 

CASE REPORT 1

An 83-year-old Caucasian woman was referred to the 
Emergency Department of Internal Medicine for progres-
sive worsening of generalized muscle weakness and bra-
dycardia 40 beats/min. Administration of Atropin 0.5 mg 
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i.v. was ineffective. The patient with the history of arterial 
hypertension, moderate mitral valve insufficiency, type 2 
diabetes mellitus controlled by diet therapy, mild diabetic 
and hypertensive nephropathy with proteinuria (with cre-
atinine in the normal range) was hospitalized four years 
ago for paroxysmal atrial fibrillation with rapid ventricle 
response and acute heart failure. Since that time she was 
treated with digoxin 0.25 mg tbl. 1-0-0, diltiazem 60 mg 
tbl. 1-0-0, losartan 50 mg tbl. 1-0-0, spironolactone 25 mg 
tbl. 1-0-1, amiloride/hydrochlorothiazide 5/50 mg tbl. 
½-0-0 and warfarin 3 mg tbl. 1-0-0. She did well until the 
last few days when fatigue and progressive muscle weak-
ness appeared. She was unable to stand up, much less 
to walk, although she was self-sufficient till that time. In 
the last two days, diarrhoea appeared. Urination was nor-
mal and the urine was of normal colour and quantity. No 
other subjective problems were reported by the patient. 
On physical examination: weight 75 kg, height 170cm, 
BMI 26 kg/m2, supine blood pressure 160/90 mmHg, 
pulse 40 beats/minute. The patient was fully oriented but 
bradypsychic, unable either to stand up or to sit due to 
profound muscle weakness, without significant signs of 
skin dehydration but with gently stale mucous membranes 
and tongue. Neurological reflexes were preserved but of 
slow motion response and quiet systolic murmur (2/6) 
was heard above mitral valve. Otherwise physical findings 
were normal. 

Electrocardiogram at admission showed no atrial elec-
tric activity, regular rescue ventricular rhythm with 180 
ms wide abnormal QRS complexes, rate 40/min. Higher 
T wave were seen especially in limb leads II, III, aVF 
(Fig. 1). Laboratory examination at admission showed 
extreme potassium level 9.62 mmol/L that was confirmed 
by repeated examination (Table 3). The patient was admit-
ted to the Intensive Care Unit (ICU), a central venous 

Table 2. The most common drugs that may increase 
serum potassium level.

• Potassium substituents
• Potassium sparing diuretics (e.g. amiloride) 
• Aldosterone antagonists – spironolactone, eplere-

none
• Angiotensin-converting enzyme inhibitors (ACEI), 

angiotensin II antagonists, direct renin inhibitors 
• Nonsteroidal anti-inflammatory drugs
• Heparin, low molecular weight heparins
• Cyclosporin A
• Crystallic Penicillin (potassium salt)

Table 3. Biochemical results of the woman – patient, Case 1.

Biochemical examination At admission At discharge Normal range

Natrium 132 mmol/L 137.0 mmol/L 130-144 mmol/L

Potassium  9.6 mmol/L 4.31 mmol/L 3.6-5.4 mmol/L

Chloride 114 mmol/L 110.0 mmol/L 95-110 mmol/L

Magnesium 1.01 mmol/L 0.86 mmol/L 0.80-1.05 mmol/L

Osmolality 305 mmol/kg  275-300 mmol/kg 

Urea 14.5 mmol/L 9.2 mmol/L 2.8-8.3 mmol/L

Creatinine 193.0 μmol/L 128 μmol/L 53.0-124.0 μmol/L

Glucose  8.4mmol/L 4.7 mmol/L 3.9 – 5.6 mmol/L

Glomerular filtration (GFMD): 0.4 ml/sec/1.73m2  1.5 ± 0.5 ml/s/1.73m2

Lactate 2.35 mmol/L  0.00-2.40 mmol/L

Digoxin 1.75 nmol/L  0.90-2.10 nmol/L

pH capillar 7.23  7.34-7.44

HCO3 standard 15.9 mmol/L  21-26 mmol/L

HCO3 actual 17 mmol/L  21-26 mmol/L

Base excess (BE) - 9.4 mmol/L  -2.0 to + 2.0 mmol/L

catether inserted and after initial administration of 10 
ml of calcium gluconicum 10% twice repeatedly, glucose/
insulin and rehydration infusions were applied. For mild 
metabolic acidosis solution of sodium bicarbonate 4.2% 
200 mL was administered. After sufficient hydration had 
been achieved, infusions with potassium wasting diuret-
ics (furosemide) were administered. The treatment was 
fortified with peroral resin Calcium polystyrene sulfo-
nate (Calcium resonium) 15 g orally four times per day. 
Consequently serum potassium level gradually decreased 
till the normal range was achieved (Fig. 2). With serum 
electrolyte improvement the ventricular rhythm was re-
placed at first with sinus bradycardia with borderline 
prolongation of PQ interval of 200 ms and narrow QRS 
complex 110 ms, followed by sinus rhythm with heart rate 
70 beats/min converting occasionally to atrial fibrillation 
(Fig. 3). With normalization of serum potassium level the 
muscle weakness and diarrhoea subsided. On the sixth 
day the patient was discharged in clinically stable condi-
tion and independent. The drug regimen was modified 
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Fig. 1.  ECG of the wom-
an at admission – hyperkale-
mia 9.62 mmol/L (case 1).

Fig. 2.  The graph of blood 
potassium level in time.

Fig. 3.  ECG early after 
restoration of normokale-
mia (case 1).

with reduction of diuretics including potassium sparing 
amiloride. On follow-ups her serum potassium was repeat-
edly within normal range. Bradycardia did not re-occur.

CASE REPORT 2

The 73-old male with type 2 diabetes on insulin ther-
apy with the history of hypertension, myocardial infarc-

tion, coronary artery bypass grafting (CABG) some years 
ago and chronic first degree atrioventricular block was 
referred to a hospital admission for growing weakness 
particularly of lower extremities with inability to stand. 
The patient´s medication included chronic intensive in-
sulinotherapy (rapid acting insulin human recombinant 
HMR 24-6-18-6-18-6-8 IU s. c. a day), acetylsalicylic acid 
100 mg tbl. 0-1-0, ramipril 10 mg tbl. 1-0-0, spironolactone 
100 mg tbl. 1-0-0, hydrochlorothiazide/amiloride 25/2.5 
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Table 4. Biochemical results of the man – patient, Case 2.

Biochemical examination At admission At discharge Normal range

Natrium 130 mmol/L 143.0 mmol/L 130-144 mmol/L

Potassium  9.0 mmol/L 4.84 mmol/L 3.6-5.4 mmol/L

Chloride 105 mmol/L 113.0 mmol/L 95-110 mmol/L

Magnesium 0.71 mmol/L 0.85 mmol/L 0.80-1.05 mmol/L

Osmolality 321 mmol/kg 290 mmol/kg 275-300 mmol/kg 

Urea 15.1 mmol/L 8.3 mmol/L 2.8-8.3 mmol/L

Creatinine 207.0 μmol/L 102 μmol/L 53.0-124.0 μmol/L

Glucose 28.8 mmol/L 9.2 mmol/L 3.9 – 5.6 mmol/L

HbA1c 11.1% 2.8-4.0%

Glomerular filtration (GFMD): 0.46 mL/sec/1.73m2 1.04 1.5 ± 0.5 mL/s/1.73m2

Lactate 2.8 mmol/L  0.00-2.40 mmol/L

pH venous 7.19 7.35 7.34-7.44

HCO3 standard 19.5 mmol/L  21-26 mmol/L

HCO3 actual 17 mmol/L  21-26 mmol/L

Base excess  – 8.7 mmol/L  -2.0 to + 2.0 mmol/L

Fig. 4.  ECG more than 
24 h after restoration of 
normokalemia (case 1).

Fig. 5.  ECG of the man at 
admmission – hyperkalemia 
9.0 mmol/L (case 2).
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Fig. 6.  ECG after the res-
toration of normokalemia in 
the man (case 2). 

mg tbl. 1-0-0 and rosuvastatin 20 mg tbl. 0-0-1. On admis-
sion the patient (height 179 cm, weight 90 kg, BMI 28.0 
kg/m2) was fully oriented but unable to stand or sit, supine 
blood pressure 150/90 mmHg, heart frequency of 73/min. 

On the electrocardiogram the P waves were not dif-
ferentiated and bizzare wide QRS complexes 73/per 
minute were present (Fig. 5). The biochemistry revealed 
hyperglycemia (27.5 mmol/L), acidosis (pH 7.21, base 
excess -9.0 mmol/L) and mineral imbalance with hyper-
kalemia 9.0 mmol/L (Table 4). After urgent treatment 
at the Emergency Department (0.9% solution of sodium 
chloride 500ml, Humulin R 20 IU, sodium bicarbonate 
4.2% solution 200ml, Calcium gluconicum 10% 20ml and 
Furosemide 20mg intravenously, Calcium resonium 30 
g p.o.) in hemodynamically stable patient the short he-
modialysis was carried out. The decompensated diabetes 
mellitus was controlled by adjusted dosage of rapid act-
ing insulin. After the restoration of homeostasis (Fig. 2) 
the warning ECG changes disappeared and sinus rhythm 
with chronic first degree atrioventricular block and nar-
row QRS complexes was restored (Fig. 6).

DISCUSSION AND ANALYSIS 
OF HYPERKALEMIA ETIOLOGY

Potassium metabolism 
Potassium is a vital ion and most potassium is in-

tracellular (98%). The mechanism controlling the intra 
and extra celullar difference is the sodium-potassium 
pump (Na+/K+-ATPase) (ref.17). The serum potassium 
concentration is consistently associated with changes in 
pH (ref.18). The normal kidney function is important for 
maintenance of potassium balance. Potassium is mainly 
excreted in distal tubules (some potassium is also lost via 
the digestive tract and sweat).

An important role in the metabolism of potassium is 
played by the renin – angiotensin – aldosterone system. 
Aldosterone acts on mineralocorticoid receptors of the 
cells of the distal tubule and the collecting duct of the 
kidney nephron and activates the Na+/K+ pump. The result 
of this process is reabsorption of sodium and excretion of 
potassium ions. ACEI, angiotensin II receptor antagonists 

and direct renin inhibitors decrease secretion of aldoste-
rone and can cause potassium retention19-22.

The inhibition of vasodilating prostaglandine produc-
tion by cyclooxygenase inhibitors especially in patients 
with chronic heart failure can significantly reduce renal 
perfusion, glomerular filtration and tubular potassium 
excretion followed by hyperkalemia17.

Hyperkalemia and muscle and myocardial function 
Hyperkalemia slows down neuromuscular conduction 

and particularly in combination with negative chronotrop-
ic drugs can cause heart arrest. While mild hyperkalemia 
(5.5-6.0 mmol/L) causes no ECG changes, in moderate 
hyperkalemia (6.1-7.0 mmol/L) the ECG changes may 
be discreet and non specific23. The initial typical ECG 
changes in hyperkalemia are usually narrow and spiked 
T waves, shortening of QT interval and merging T re-
flecting acceleration of the terminal phase of ventricular 
repolarization. In severe hyperkalemia (serum potassium 
> 7.0 mmol/L), sinus bradycardia, widening and flatten-
ing of P waves, conduction disturbances with prolonga-
tion of PR interval, wider QRS complex, Tawar bundle 
branch blocks, atrioventricular blockades (blockade of so-
dium channels) and ectopic electric activity can by seen. 
Sporadically ST depression with T wave inversions or ST 
elevation which may mimic acute myocardial infarction 
have been described24-33. The most severe hyperkalemia 
is represented by disappearance of P waves and sinus 
rhythm is replaced by emergency junction or ventricular 
rhythm with bizarre shape QRS. The terminal rhythm 
is ventricular fibrillation and heart arrest34. A potassium 
level of about 10.0 mmol/L, but often much lower, is defi-
nitely incompatible with life. 

Hyperkalemia – induced failure of not only atrial cap-
ture with preserved ventricular pacing in a patient with a 
dual-chamber (DDD) pacemaker35 but also failure of both 
the atrial and the ventricular pacemaker captures have 
been reported36. The ECG changes are strong impetus 
for urgent treatment of hyperkalemia. The 12-lead ECG 
and vital function monitoring in severe hyperkalemia is 
mandatory.

In two case reports, we described excessive hyperkale-
mia with severe cardiac conduction disturbances. In the 
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first case potassium sparing drugs and mild dehydration 
were the causal factors of hyperkalemia. In the second 
case it was decompensated insulin dependent type 2 dia-
betes mellitus further potentiated the effect of potassium 
sparing diuretics. Bradycardia in the first case might have 
been associated with negatively chronotropic effects of 
concomitant use of diltiazem and digoxin, though the 
serum digoxin level was within the normal therapeutic 
range. But it is known, that old people are more sensitive 
to digoxine due to smaller distribution volume, possible 
drug interactions, limited renal function and higher sen-
sitivity of Na+/K+-ATPase for digoxin. For this reason, a 
lower therapeutic level of digoxin 0.6 – 1.2 nmol/L is 
recommended in older patients compared to young and 
middle aged groups.

The presented patients were of advanced age, which 
put them at a higher risk of electrolyte disturbances. The 
main risk factors for hyperkalemia in the elderly are: lim-
ited metabolic and excretion function reserves37, changes 
in body composition and drug distribution compartments, 
decline of sensory and cognitive functions with limited 
ability to promptly and adequately respond to external 
changes, polymorbidity and polypharmacy19,37, that in-
volve drugs influencing potassium homeostasis (potas-
sium sparing diuretics, ACEI, angiotensin II receptor 
antagonists, direct renin inhibitors, non steroid antiin-
flammatory drugs, corticosteroids, beta blockers, some 
antibiotics, long term treatment by heparin). In the Czech 
Republic, polypharmacy may play a significant role as the 
average number of drugs prescribed to Czech seniors is 
high: 4-6 drugs in community-living elderly and 5-8 drugs 
in institutional care16. In both presented case reports, the 
cause of hyperkalemia was multifactorial.

Clinical symptoms of hyperkalemia differ in relation 
to serum potassium level. Mild hyperkalemia is mostly 
well tolerated, moderate hyperkalemia may be asymp-
tomatic as well. However, with increasing hyperkalemia 
the symptoms appear. The most frequent are weakness, 
fatigue, diarrhoea and confusion34. In hyperkalemia > 6.5 
mmol/L hospital admission is warranted with monitoring 
of cardiac rhythm and urgent therapy.

In the referred older patients, severe changes in ECG 
were present that – if not treated – could have led to 
death. The rescue chamber rhythm is the ultimate rhythm 
often followed by heart arrest. Despite a heartbeat of 40/
min, the patient case 1 tolerated bradycardia very well 
without signs of heart failure and without the necessity 
for installing temporary pacemaker38. Although in hyper-
kalemia the peaked T waves mostly in all leads are usually 
described, in the first case we saw the highest tenting T 
waves only in the limb leads II, III, aVF, whereas in the 
second case the highest T waves were recorded in the 
limb lead II and the chest leads V4-6. The microbiological 
examination did not reveal an infectious etiology of the 
diarrhoea in case 1 and it was found to be one of the signs 
of hyperkalemia. With restoration of homeostasis, the di-
arrhoea vanished too. Hyperkalemia can be accompanied 
by other gastrointestinal symptoms such as stomach ache 
and vomiting, that were not present in reported patients. 

However, both patients reported a typical symptom – se-
vere muscle weakness. 

Treatment of hyperkalemia 
The treatment of the woman in the first case report 

started with glucose infusion with rapid acting insulin. 
The infusion application was necessary to achieve suf-
ficient hydration and to permit administration of potas-
sium wasting diuretics (furosemide). The usual dosage of 
furosemide is 40-120 mg intravenously, in patients with 
renal failure and substantional fluid retention the dose 
may be increased. The rapid acting insulin in 10% glucose 
solution (more concentrated glucose may be administered 
into the central vein system) does not eliminate potassium 
from the body but shifts it from the extracelullar com-
partment into the cells39. In the second case the therapy 
was initiated by rapid acting insulin without glucose but 
0.9% sodium chloride solution as the patient suffered 
from decompensated diabetes mellitus with hyperglyce-
mia (Table 6). American Heart Association Guidelines 
for Cardiopulmonary Resuscitation and Emergency 
Cardiovascular Care guidelines for the management of 
hyperkalemia in adults 2005 recommend in the case of hy-
perkalemia >7 mEq/L with toxic ECG changes the use of 
5-10 mL of Calcium chloride 10% (Calcium gluconicum 
10% contains 1/3 the elemental calcium of Calcium chlo-
ride) intravenously over 3-5 min to shift potassium into 
the cells and reduce the effects of potassium at the myo-
cardial cell membrane (it lowers the risk of ventricular 
fibrillation) (ref.40). The patients were closely monitored 
and we also administrated 10% Calcium gluconicum 10 
ml though the effect of this treatment is transient (ap-
proximately 30 min) and the patients´ cardiopulmonary 
conditions despite ECG changes and bradycardia were 
stable. However, in digoxin treated patients, treatment 
with i.v. calcium may increase the toxicity of digoxin. 

Some studies have reported that beta adrenergic ago-
nists can shift the potassium into the cells. Inhalation of 
10 mg of nebulized salbutamol was reported to induce a 
short term(about one minute) increase of hyperkalemia 
0.15 mEq/L followed in 3-5 min by a decline ranging from 
0.4 to 1.5 mEq/l and lasting up to 2-4 h, after which the 
level steadily increases to the original plasma potassium 
value41-43. However, up to one third of patients with hyper-
kalemia do not respond to this therapy. Apart from the 
transient effect of salbutamol, the dosage for the treat-
ment of hyperkalemia is many times higher (4-8x) than 
that one for bronchial obstruction therapy. It may cause 
severe adverse effects (flush, tremor, anxiety, tachycardia, 
arrhythmias) and be hazardous particularly in patients 
with cardiovascular diseases and in the elderly. There have 
been no convincing clinical trials using beta adrenergic 
agonists in the management of severe hyperkalemia and 
some experts consider this treatment not to be evidence – 
based44,45, although some guidelines admit this therapy46. 
We do not use beta adrenergic agonists for the treatment 
of hyperkalemia either.

Calcium polystyrene sulfonate was added to the ther-
apy of our patients to remove potassium from the body. 
The resin exchanges calcium for potassium ions47. 
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The treatment of severe bradycardia with heart failure 
may be the temporary pacing under the condition that 
the myocardium is capable to respond to the stimuli48. 
Despite severe hyperkalemia there was no need for pacing 
in our patients.

In patient 2 in addition to pharmacological treatment, 
hemodialysis was performed that could be like hemofil-
tration definite treatment if other options fail49. Using 
hemodialysis was very effective with steeper decline in 
serum potassium levels. In patient 1, hemodialysis was not 
commenced as the patient was hemodynamically stable 
and rehydration enabled loop diuretics use (furosemide). 
However, in this patient serum potassium decrease was 
slower than in the patient treated with hemodialysis.

CONCLUSION

Severe hyperkalemia is a life threatening condition and 
is considered to be a common cause of sudden death. 
The incidence of hyperkalemia is increasing in the elderly 
given the large number of risk factors. Potassium spar-
ing drugs play an important role in the development of 
hyperkalemia. ECG changes are warning signs in hyper-
kalemia that must be treated without delay. Prevention of 
hyperkalemia and its complications encompasses more 
frequent monitoring of serum potassium levels particu-
larly in patients treated with potassium influencing drugs 
or when drug dosis is changed and in case of acute ill-
ness. Adequate hydration is important. The development 
of new drugs to treat and prevent hyperkalemia, e.g. new 
polymeric potassium binders may improve health out-
comes for patients at risk50.
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