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CLINICAL CASE
Pseudo 2:1 AV Block From Acquired
Long QT Syndrome From Eating Clay
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Age-related degeneration of the cardiac conduction system is an important cause of heart block and a leading

indication for permanent pacemaker implantations. However, variations in the myocardial refractory periods from QT

interval prolongation or concealed atrioventricular node penetration from premature ventricular complexes can lead

to unusual forms of conduction block not requiring permanent pacemaker implantation. (Level of Difficulty:

Advanced.) (J Am Coll Cardiol Case Rep 2023;23:102018) © 2023 The Authors. Published by Elsevier on behalf of

the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
HISTORY OF PRESENTATION

A previously well 43-year-old woman presented with
a 1-week of dizziness and presyncope. She had been
taking metoclopramide 10 mg for occasional nausea
and eating clay thrice weekly. Her clinical examina-
tion was unremarkable.

INVESTIGATIONS

Electrocardiogram (Figure 1) that was done on arrival
to the emergency department showed a regular QRS
interval at a rate of 48 waves/min, RR interval of 1,292
EARNING OBJECTIVES

Clay ingestion is a rare but important cause
of severe hypokalemia.
A severely prolonged QT interval is a cause of
a pseudo 2:1 AV block when the PP interval is
shorter than the QT interval.
To identify causes of acquired long QT
interval
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milliseconds, a QRS complex width of 108 millisec-
onds, negative 50� axis, an uncorrected QT interval of
833 millisecond, and QTc interval of 745 millisecond
by the Bazett formula, and there is nonspecific diffuse
T-wave inversion. The P waves are sinus with a P-
wave rate of 96 per minute and a PP interval of 733
milliseconds, which is a 2:1 atrioventricular (AV)
conduction; the conducted P-wave has an associated
PR interval of 200 milliseconds.

Her laboratory results showed normal renal func-
tion and thyroid function but hypokalemia with a
serum potassium of 2.7 mEq/L. Hypokalemia and
metoclopramide contributed to the prolonged QT
interval.

DIFFERENTIAL DIAGNOSES

The differential diagnoses included long QT syn-
drome, an acquired long QT syndrome from a com-
bination of hypokalemia induced by clay ingestion
and metoclopramide. Furthermore, regarding the
heart block, we considered congenital heart block,
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early degenerative heart block ,and infiltra-
tive diseases such as cardiac sarcoidosis or
prior myocarditis.
MANAGEMENT

Because of the severely prolonged QT interval, a PP
interval (733 milliseconds) shorter than the QT inter-
val (833 milliseconds), we were convinced that the AV
block was physiologically secondary to the prolonged
QT interval and that there was no indication for
pacemaker implantation (Figure 2). Figure 3 demon-
strates that when the PP interval prolongs, there is
conduction of all the P waves. Correction of the po-
tassium levels to 4 mmol/L and higher resulted in the
correction of the QT interval and normalization of
conduction. She was advised against clay ingestion as
this was the potential cause of her hypokalemia.

DISCUSSION

Degenerative fibrosis and sclerosis of the AV node is
the most common cause of heart block in adults.1,2

For example, among a prospective cohort of more
than half a million UK residents, the prevalence of
E 1 Presentation Electrocardiogram

ion electrocardiogram demonstrating what looks like 2:1 atrioven

r fascicular block, a severely prolonged QT interval, and nonspec
conduction system disease (which included all levels
of AV block, as well as bundle branch blocks) was
approximately 11 per 10,000 persons under age 55
years and increased to between 55 per 10,000
persons $65 years of age.3 Indeed, degenerative AV
block is the leading indication for permanent pace-
maker implantation in both low- to middle-income
countries and high-income countries.4 However,
infiltrative cardiac diseases such as cardiac sarcoid-
osis or metabolic abnormalities can occasionally
lead to variable degrees of AV block in younger
patients.1,2,5

Electrocardiographic QT interval prolongation is a
surrogate marker of a prolonged ventricular action
potential duration. This increase in action potential
duration can predispose to life-threatening ventric-
ular arrhythmias such as torsade de pointes.6 Ac-
quired long QT syndrome is action potential
duration prolongation from QT-prolonging drugs
and or electrolyte imbalances. The incidence of ac-
quired long QT syndrome is unknown. However,
acquired long QT syndrome is more prevalent than
congenital long QT syndrome. For example, in a
retrospective study including 41,649 hospitalized
patients, up 0.7% had a QTc interval >500
tricular block, normal QRS width, left axis deviation from a left

ific T-wave inversion.



FIGURE 2 The Relationship of the PP Interval to the QT Interval During the Apparent 2:1 AV Block

(A) PP interval shorter than the QT interval. (B) The relation of the nonconducted P-wave to the ventricular myocardial action potential and

the refractory period. The non conducted P wave reaches the ventricular myocardium during the refractory period, thus does not result in

ventricular myocardial depolarization.
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FIGURE 3 Change in PP Interval and Conduction of All P Waves

Prolongation of the PP interval to an interval longer than the QT interval results in conduction of all the P waves (red calipers). Conversely,

shortening of the PP interval relative to the QT interval results in a 2:1 block (blue calipers).

TABLE 1 Laboratory

Results
Fe

Sodium, mmol/L

Potassium, mEq/L

Urea, mmol/L

Creatinine, mmol/L

Calcium, mmol/L

QTuc, ms

QTc, ms

Heart rate,
beats/min

QTuc ¼ uncorrected QT int
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milliseconds.7 Furthermore, in another study, at
least 46% of hospitalized patients who suffer from
torsade de pointes had acquired long QT syn-
drome.8 Most patients with acquired long QT syn-
drome have a combination of risk factors. For
example, Zeltser et al9 demonstrated that 71% of
patients with acquired long QT syndrome had 2 or
more risk factors. These included female sex,
Results and QT/QTc Intervals

bruary 24,
2023

February 24,
2023

February 27,
2023

April 17,
2023

May 15,
2023

June 12,
2023

148 148 139 136 143 144

2.7 3.0 4.2 4.5 4.7 4.0

2.3 3.2 6.2 3.1 3.5 2.6

65 72 74 6.5 73 69

2.3 2.31 2.29 2.34 2.33 2.31

833 825 468 453 416 458

713 706 440 449 430 442

44 43 68 59 64 56

erval.
hypokalemia, heart disease, concurrent use of QT-
prolonging drugs, excessive drug dose, and family
history of long QT syndrome.9 The index patient
had at least 3 risk factors: female sex, hypokalemia,
and use of a QT-prolonging drug (metoclopramide).

The most feared complication of a long QT in-
terval is torsade de pointes.10 However, a pseudo
2:1 AV block can occur in instances of severely
prolonged QT interval, whereby the QT interval is
longer than the PP interval, and every other P-wave
comes in during or before the T-wave.11 As such,
these P waves conduct down the His-Purkinje sys-
tem, and the impulse reaches the ventricular
myocardium during the absolute refractory period.11

This is typically a manifestation of congenital long
QT syndrome.12

FOLLOW-UP

On follow-up, her potassium levels have stayed
above 4 mEq/L, normal QT/QTc interval on a 12-lead
electrocardiogram, and no heart block (Table 1,
Figure 4).



FIGURE 4 Follow-Up Electrocardiogram

Follow-up electrocardiogram on correction of serum potassium to >4 mEq/L shows shortening of the QT and QTc intervals and conduction of

all P waves.
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CONCLUSIONS

Careful electrocardiogram analysis helped avoid un-
necessary implantation of a permanent pacemaker.
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