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H yperkalemia, usually associated with pre-
disposing chronic diseases as heart fail-
ure (HF), severe kidney disease or dia-

betes mellitus (DM),[1] is defined as an elevation of
potassium concentration more than 5.5 mmol/L,[2]

at which the potassium homeostasis is disrupted
and the following neuromuscular manifestations
appeared. Notably, its consequences on cardiac con-
duction system are potentially lethal, but prone to be
overlooked in clinical scenario. The electrocardio-
gram (ECG) change in hyperkalemia is characteri-
stic and helpful for diagnosis and prognosis, whereas
merely appears in less than 50% of patients in stud-
ies.[3–5] Herein, we report an interesting case of lethal
hyperkalemia presenting dynamic and characteristic
ECG change during emergent dialysis.

A 65-year-old male with end-stage renal disease
(ESRD) suffered gradually aggravated chest dist-
ress and debilitation for one day. He was taken to
emergency department, where transient loss of con-
sciousness occurred, accompanied by nausea and
vomiting. The patient’s medical history included
hypertension, type 2 DM, chronic renal anemia, con-
gestive HF and ESRD undergoing routine hemodia-
lysis for the past two years. However, he ceased hem-
odialysis over one week due to personal reasons.
His medications at the time of admission included
metoprolol, amlodipine, isosorbide, acarbose, eryth-
ropoietin and sacubitril/valsartan for managing the

aforementioned chronic diseases. The physical ex-
amination in emergency department showed his
blood pressure was merely 70/40 mmHg with a pu-
lse of 70 beats/min under the support of intravenous
isoprenaline, and meanwhile the respiration rate
was 28 times/min with moderate distress. The car-
diac auscultation reflected weak heart sounds. The
rapid blood gas analysis showed the pH value of
blood as merely 7.012, serum potassium soared to
8.9 mmol/L and lactic acid as high as 8.0 mmol/L,
which all indicated disturbed homeostasis and crit-
ical condition.

Characteristically, the 12-lead ECG revealed a wide
QRS complex rhythm blended with T wave, pres-
ented in sine-wave shape, with a rate of 68 beats/min
and QRS duration more than 300 ms (Figure 1), which
harbingered impending ventricular fibrillation and
asystole. In such emergency circumstance, calcium,
insulin and glucose were administered intravenously
to antagonize the effects of hyperkalemia and pro-
mote influx of potassium into cells, as well as sod-
ium bicarbonate for rectifying acidosis. Meanwhile,
dopamine and isoprenaline were maintained to fa-
cilitate hemodynamic support. Then bedside dialy-
sis in urgency were performed. We monitored the
ECG and potassium concentrations during hemo-
dialysis (Figures 2 & 3). Through the dynamic ECG
changes from Figure 1 to Figure 3, we could obse-
rve the transition from sine-wave shape to narrow-
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based, peaked T waves in short duration of 250 ms,
and finally to the baseline ECG presented as com-
plete right bundle branch block. These characterist-
ics at different time points are listed in Table 1. After
dialysis, the brain natriuretic peptide level was
4,551 pg/mL indicating the concurrent congestive
HF, while echocardiography showed significant
dilation of the whole heart and widened pulmo-
nary trunk, with enlarged left ventricular diastolic
diameter as 57 mm and the left ventricular ejection

fraction preserved as 59%. Through reviewing the
medication list, we reduced the dose of sacubitril/
valsartan and metoprolol to minimize influence of
serum potassium. After comprehensive manage-
ment of anemia, volume overload and hyperglyce-
mia, as well as routine hemodialysis, the patient was
finally discharged.

Potassium, as the most important ion for the rest-
ing membrane potential, only 2% is extracellular,
whereas the other 98% is intracellular.[6] The phys-

 

Figure 1    Admission electrocardiogram at emergency department showed sinoventricular rhythm in sine-wave shape cause by severe
hyperkalemia at 8.9 mmol/L before dialysis.
 

Figure 2    Electrocardiogram during dialysis delineated peaked T wave, widen QRS complex and minor P wave cause by moderate
hyperkalemia at 7.1 mmol/L.
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iological concentration of serum potassium between
3.5 mmol/L and 5.5 mmol/L is achieved by comp-
lex interplay of potassium intake, excretion and cel-
lular shift. Potassium levels are mainly regulated by
kidney, except 5%−10% excreted through intestinal
canal.[7] Once renal function is impaired, the homeo-
stasis of potassium would be disrupted, thus hyper-
kalemia occurs. Then not only neuromuscular mani-
festations as muscle weakness, paresthesia, or para-
lysis appeared, but also the impaired cardiac con-
duction may result in lethal arrhythmias or cardiac
arrest. Notably, there are two types of hyperkalemia:
(1) inherent hyperkalemia caused by chronic kid-
ney diseases, hormonal disorders, DM and diseases
with cell membrane instability;[8] and (2) treatment
related hyperkalemia induced by medications as
herbs (insidious potassium source), renin-angioten-
sin-aldosterone system inhibitors, mineralocorticoid

receptor antagonists, heparin and nonsteroidal anti-
inflammatory drugs. In this case, the patient had in-
herent hyperkalemia due to ESRD and DM. Moreover,
the treatment related hyperkalemia as sudden cease
of hemodialysis and continuity medication of val-
sartan, surely added insult on injury.

The orderly progression of ECG changes induced
by hyperkalemia has been proven in experimental
models.[7] Interestingly, the ECG progression has
been reversely revealed in this patient from severe
to moderate hyperkalemia during urgent dialysis.
When the patient firstly in the emergency depart-
ment with severe potassium at 8.9 mmol/L, the
sinoatrial node activity stimulated ventricles dir-
ectly yet slowly accompanied by repolarization ab-
normality, thus presented as sinusoidal waves with-
out P waves.[4,9] Due to efficient medication and
timely dialysis, the potassium levels regressed to 7.1

 

Figure 3    Post-dialysis electrocardiogram showed complete right bundle branch block back to baseline with serum potassium at
4.9 mmol/L in physiologic range.
 

Table 1    Serum potassium levels, pH value and electrocardiogram characteristics at different time points.

Time Serum potassium
levels, mmol/L pH value Electrocardiogram shape in

precordial lead
Electrocardiogram

characteristics

11-03 13:05 8.9 7.012 P wave loss
Sine-wave shape

11-03 15:50 7.1 7.31 Wide QRS complex
Peaked T wave

11-03 23:30 4.9 7.44 Baseline shape (complete right bundle branch block)
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mmol/L after two hours. At that period, moderate
hyperkalemia may increase myocyte excitability,
shorten action potential and promote potassium ef-
flux at plateau phase, resulted in relative narrow
QRS and peaked T wave. Then after ten hours dia-
lysis, as serum potassium level got back to physio-
logic range, the ECG return to the baseline.

Notably, though acute hyperkalemia is a lethal
scenario, it can be effectively treated in three ways.
Firstly, liquid calcium should be administered to
antagonize the cellular effects of hyperkalemia via
membrane stabilization effect. Secondly, we can pr-
omote cellular influx of potassium by administer-
ing insulin and beta-2 adrenoreceptor agonists. Last
but not the least, we could remove potassium from
the body through dialysis. In this patient, we implem-
ented all three methods to abate hyperkalemia and
finally solve the tough scenario. In addition, patir-
omer (RLY5016) and sodium zirconium cyclosilicate
(ZS-9) are new treatments for hyperkalemia, in ad-
vantage of normalizing and maintaining potassium
levels in HF state.[10,11]

In conclusion, after receiving urgent dialysis and
comprehensive management, the patient survived
from lethal hyperkalemia and rehabilitated well. It
is worth paying special attention that the strength
of our case is that characteristic ECG plays a center
role in deciding on the urgency of hyperkalemia and
type of intervention. Furthermore, the successful tre-
atment experience provides a certain reference value
for dynamic ECG monitoring in judgment of appro-
priateness and promptness of hyperkalemia man-
agement. 
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