Case report

Failure of ventricular capture and
pacemaker exit block secondary
to moderate hyperkalemia

An 81-year-old woman was admitted to our institution with bradycardia, weakness and
presyncope. At admission physical examination revealed a pulse rate of 42 per minute, blood
pressure of 95 /50 mmHg, and an oxygen saturation of 93 % on room air. The interrogation of the
device showed a correct ventricular sensing and a threshold for ventricular pacing of 6.5 Vat 1 ms
pulse width. Analytic test showed a creatinine 3.78 mg / dl, Urea 187 mg / dI, sodium 133 mEq / L,
potassium 6.2 mEq / L, and pH 7.37. Our patient showed a moderate acute hyperkalemia, which
caused pacemaker exit block and capture failure.
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Hyperkalemia is a life threatening metabolic
condition. When the K level
the intraventricular conduction velocity
is decreased and the paced QRS complex
widens. When the K level reaches 7 mEq /
L pacing thresholds could increase, with or

increases,

withoutincreased latency. Occasionally failure
to capture appears at a lower level, especially
in the presence of heart disease [1-2]. We
report a case where moderate hyperkalemia
caused pacemaker exit block and a failure of
ventricular pacemaker capture. An 81-year-
old woman was admitted to our institution
with bradycardia, weakness and presyncope.
She had a history of type 2 diabetes mellitus
and chronic kidney disease (eGFR of 12
ml / min). Patient underwent bivalvular
mechanic mitral- aortic valve replacement 13
years ago. Six months after cardiac surgery
the patient underwent a VVI pacemaker
implant (Vitatron G20) for permanent atrial
fibrillation with slow ventricular response. The
patient’s pacemaker was programmed VVI
with a lower rate limit 70 beats / min. In the
last weeks, congestive heart failure symptoms
had appeared, thus loop diuretic dose was

increased (Furosemide 100 mg per day). Her
medications also included digoxin 0.25 mg
per day, warfarin 2 mg per day, and insulin;
thus she didn’t take antiarrhythmic drugs at
admission physical examination revealed a
pulse rate of 42 per minute, blood pressure
of 95/50 mmHg, and an oxygen saturation
0f 93 % on room air with a respiratory rate of
24. Signs and symptoms of acute heart failure
were present.

Transthoracic echocardiography showed a
normal left ventricular size, with conserved
LVEF and normally functioning prosthetic
valves. Left ventricular hypertrophy was
detected, with an increased wall thickness
(interventricular septum, 14 mm; posterior
wall, 13 mm). Left atrium was dilated (30
cm?). The surface Electrocardiogram (ECG)
revealed no spontaneous atrial activity and
unipolar pacing spikes without capture
(Figure 1a), with a ventricular escape rhythm
at 40 bpm. The escape rhythm had a marked
increase in QRS duration (360 ms) with a
slurred morphology. Pacemaker sensing was
appropriate, thus the spikes were delivered
850 ms after QRS detection.
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The reference ECG demonstrated a normal
ventricular paced rhythm. The interrogation of the
device showed an appropriate ventricular sensing and
a capture failure at 2.5 V at 0.4 ms pulse width. The
threshold for ventricular pacing was 6.5 V at 1 ms
pulse width with a pacing impedance of 400 ohms.
Pulse generator output was then programmed at 8 V
at 1 ms pulse width (Figure 1b), with a lower rate 70
bpm, which showed a first degree pacemaker exit block
(latency after the spike and the QRS).When pacing was
performed at shorter cycle length (600 ms) some spikes
fall into the refractory period of paced QRS complexes,
thus they failed to capture the ventricular myocardium
(Figure 1b). Analytic test showed a creatinine 3.78 mg
/ dl, Urea 187 mg / dl, Glucose 172 mg / dl, sodium
133 mEq / L, potassium 6.2 mEq / L, pH 7.37, and
HCO3 24 mEq / L.

With these findings the patient was immediately
treated with intravenous administration of sodium
bicarbonate, calcium gluconate, salbutamol, and glucose
and insulin infusions. One hour after the treatment
beginning potassium serum level was 5.5 mEq / L. The
ECG showed a ventricular paced rhythm with a QRS
width of 260 ms, probably due to incomplete cellular
ionic homeostasis restoration (Figure 2a). Twenty-four
hours after the treatment beginning, potassium
serum level was finally normalized (4.3 mEq/L) and
the ECG showed a normal ventricular paced rhythm,
similar to previous weeks (Figure 2b). The device was
re-interrogated and the threshold for ventricular pacing
was 1.25 V at 0.4 ms pulse width. Thus pulse generator
output was programmed at 2.5 V at 0.4 ms pulse
width, with a lower rate 70 bpm. Hyperkalemia is a
well-known cause of cardiac toxicity, due to a reduction
of the electronegativity of the resting myocardial
potential, thus acute hyperkalemia requires urgent
intravenous therapy. Hyperkalemia causes a depression
in myocardial excitability and in impulse conduction
velocity [3,4]. Therefore, pacemaker exit block with
increase of latency and loss of myocardial capture can
be seen in the context of severe hyperkalemia (serum
potassium > 7 mEq / L) [5]. It has been described the
presence of exit block and loss of capture [6-7] in the
context of severe hyperkalemia, but the presence of both
due to moderate hyperkalemia has not yet been reported.
Our patient showed a moderate acute hyperkalemia
(6.2 mEq / L), which caused both, pacemaker exit
block and capture failure. One explanation for the
greater susceptibility of this patient to hyperkalemia
is the presence of severe heart disease with associated

diastolic heart failure, mainly due to the rapid onset
of ionic imbalance. This case report underlines the
importance of prompt medical therapy if the suspicion
is high, even in case of moderate hyperkalemia (mostly
in patients with underlying heart disease).
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Figure 1: A. Surface Electrocardiogram (ECG) without
spontaneous atrial activity and failure of ventricular capture;
B. Wen pulse generator output was programmed at 8V at Tms
pulse width a first degree pacemaker exit block was seen, with
appropriate ventricular capture.

Figure 2: A. When potassium serum level reached 5.5
mEg/L the ECG showed appropriate ventricular capture
with a QRS width of 260 ms; B. Potassium serum level was
finally normalized (4.3 mEg/L) and the ECG showed a normal
ventricular paced rhythm, similar to previous weeks.
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Executive summary

+ An 81-year-old woman was admitted to our institution with bradycardia, weakness and presyncope.

- Our patient showed a moderate acute hyperkalemia, which caused pacemaker exit block and capture failure.

References

1.

Dohrmann ML, Goldschlager NF. Myocardial stimulation
threshold in patients with cardiac pacemakers: effect of
physiologic variables, pharmacologic agents, and lead
electrodes. Cardiol. Clin. 3, 527-537 (1985).

Barold SS, Herweg B. The effect of hyperkalaemia on cardiac
thythm devices. Europace. 16, 467-476 (2014).

O’Reilly MV, Murnaghan DP, Williams MB. Transvenous
pacemaker failure induced by hyperkalemia. JAMA. 228, 336-
337 (1974).

Ettinger PO, Regan TJ, Oldewurtel HA. Hyperkalemia,

cardiac conduction, and the electrocardiogram: a review. Am.
Heart. ]. 88: 360-371 (1974).

Mischke K, Schimpf T, Knackstedt C, Schauerte P. Pacemaker
with 2:1 hyperkalemic ventricular exit block. Inz. J. Cardiol.
116: 117-119 (2007).

N’Guetta R, Mansencal N, Digne F, Dubourg O. Acute
hyperkalemia and failure of pacemaker stimulus. /nz. /.

Cardiol. 150, €32-33 (2011).

Kahloon MU, Aslam AK, Aslam AF, ez al. Hyperkalemia
induced failure of atrial and ventricular pacemaker capture.

Int. J. Cardiol. 105, 224-226 (2005).

Case report

593



