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ABSTRACT
Cardiac memory (CM) is defined as changes in T wave polarity and vector that appear after cessation of
a period of abnormal ventricular depolarization of various causes.
The mechanisms responsible for CM development are initiation by local stretch, requiring myocardial
contraction, followed by a cascade of intracellular signals that lead to a reduction in repolarization currents,
especially Ito.
In practice, CM is a frequently encountered ECG phenomenon, especially in patients with intermittent
ventricular pacing, and knowledge of the ECG pattern of CM may help quick differential diagnosis from
ischemia. While CM is most often a benign finding, in rare cases, association between CM and severe
bradycardia or other factors for QT prolongation may be pro-arrhythmic and requires emergency care.
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C

DEFINITION

ardiac memory (CM) is defined as
repolarization changes secondary to
a transient period of abnormal ventricular activation. After this abnormal activation ceases, the repola
rization (T wave) vector aligns with the vector of
the “abnormally” activated QRS complex.
I. Theoretical aspects
The term “cardiac memory” and its main attributes have been formulated by Mauricio Rosenbaum in 1982 (1). Briefly, Rosenbaum characte

rized CM by the following: the T wave vector in
sinus rhythm aligns with the vector of the previous “abnormal” QRS complex; the amplitude of
the memory T wave increases with increased
duration of the prior abnormal activation; and
after normalization of the T wave, repeated episodes of abnormal activation result in a faster
and more marked appearance of CM changes.
Mechanisms and classification
While the molecular mechanisms underlying CM
are not entirely uncovered, many studies on animal models have found key links in its development.
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Cardiac Memory: theory to practice
In short, CM genesis appears to be unrelated
to local ischemia or structural changes (2). Induction of CM is dependent (2, 3) on local stretch,
which activates stretch receptors regionally and
increases local levels of angiotensin II. Decoupling excitation from contraction seems to abo
lish development of CM (3), accentuating the
idea that CM is dependent on myocardial contractility, and not simply an electrical phenomenon. The association of post-pacing CM with regional dispersion of action potential duration
and local strain in canine models (2) may suggest
pro-arrhythmic capacity.
The underlying molecular mechanisms for
appearance of CM changes are reduction in repolarization currents (Ito, ), particularly Ito (4, 5),
with loss of the action potential notch and prolongation of action potential duration in epicardial cells (4). This is mediated by angiotensin II
and the microtubule network [6], and also by the
ICa,L current and increased intracellular calcium
concentration (7, 8), leading to changes in nuclear transcription factors. Further proof of the key
role of Ito in CM induction was derived from a
study that confirmed that CM changes did not
appear in hearts of neo-natal dogs, which do not
yet express Ito (9).
It should be noted that, without detracting
from the importance of studies at cellular level,
the observations derived from them cannot be
directly applied in clinical situations. For example, a study on human subjects with permanent
cardiac pacing failed to show an influence of angiotensin receptor blockers (losartan) or calcium-channel blockers (diltiazem) on electrical
memory changes (10).
Cardiac memory has been classified into two
forms (11): (i) short-term CM (induced by less
than two hours of ventricular pacing; these CM
changes have a duration of minutes to hours)
and (ii) long-term CM (induced by 2-3 weeks of
ventricular pacing; these CM changes have a duration of weeks to months). Most clinical aspects
and studies of CM in human subjects generally
relate to long-term changes.
II. Clinical focus
In clinical practice, CM is encountered as T wave
changes following periods of altered ventricular
activation, such as intermittent bundle branch
block (BBB) (12), ventricular preexcitation (13),
136
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ventricular pacing (1, 14), frequent premature
ventricular contractions (15) or ventricular tachycardia (16), and even after QRS widening follo
wing antiarrhythmic drug toxicity (17).
ECG description
For the clinician, CM appears as T wave inversions in the leads where the previously “abnormal” QRS complex was negative, and positive
T waves in the leads where the previously “abnormal” QRS complex was positive.
These changes can only be observed if the
abnormal ventricular activation is intermittent,
so as to allow periods of normal (or same as
baseline) activation over the His-Purkinje system
and thus unmask CM. In a patient with permanent ventricular pacing, it is therefore necessary
to have periods of paced rhythm and periods of
spontaneous conduction (Figure 1), and in a pa-

FIGURE 1. ECG example (paper speed 25 mm/s,
scale 10 mm/mV) of post-pacing cardiac memory
in a patient with DDD pacemaker and septal
position of the right ventricular lead. Panel A:
baseline ECG, panel B: ventricular pacing with
short atrio-ventricular interval, panel C: post-pacing
cardiac memory, seen as negative T waves in the
leads where the paced QRS complex was negative
and positive T waves in the leads where the paced
QRS complex was positive.
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FIGURE 2. ECG example (paper speed 25 mm/s,
scale 10 mm/mV) of cardiac memory in a patient
with ventricular pre-excitation. Panel A: initial
ECG, showing ventricular pre-excitation over a
postero-septal accessory pathway, with negative
delta waves in the inferior leads. Panel B: ECG after
radiofrequency ablation of accessory pathway,
showing ventricular activation entirely over the
His-Purkinje system (normal PR interval, narrow
QRS, disappearance of delta waves) and cardiac
memory, seen as negative T waves in the leads
where the delta wave was negative, and tall positive
T waves in the leads where the delta wave was
positive.

tient with ventricular pre-excitation CM may be
seen if the pre-excitation is intermittent, but
more often after ablation of the accessory pathway (Figure 2).
Differential diagnosis between CM and ischemia
Discrimination from ischemia is a key clinical aspect, as negative T waves can be seen in both
conditions, and ECG criteria have been proposed for differentiation of ischemia from CM

post-idiopathic left ventricular tachycardia (16)
and from CM post-apical pacing (18).
This differential diagnosis is especially important for post-pacing CM, as it is frequently encountered in the same age group where myocardial ischemia is common. In a study published in
2005 (18), the authors found surface ECG criteria that discriminated CM post-pacing from the
right ventricular apex from ischemia. Thus, the
combination of (1) positive T in aVL (2) positive
or isoelectric T in lead I, and (3) maximal precordial TWI>TWI in lead III was found to have a
sensitivity of 92% and a specificity of 100% for
CM.
One simple rule in clinical practice in an
asymptomatic patient would be to ascertain
whether the pattern of negative and positive T
waves in each lead respects the rules of cardiac
memory when compared to an ECG with paced
QRS complexes. If so, then cardiac memory is
the likely cause for the repolarization changes,
and this may help avoiding unnecessary testing
in asymptomatic subjects. If abnormal negative T
waves appear in leads where the paced QRS
complex was positive, or if the patient has symptoms of ischemia, the latter is the probable cause
of the repolarization changes and further assessment and treatment are needed, according to
current guidelines (19). We note there have been
no studies to date concerning differentiation between ischemia and post-pacing CM from alternate (non-apical) right ventricular pacing sites,
nor concerning aspects of post-pacing CM in patients with associated myocardial ischemia or
hypertrophy.
Cardiac memory in wide QRS rhythms
Cardiac memory has usually been described in
narrow QRS rhythms (sinus rhythm with normal
His-Purkinje conduction). However, the same
principle of “memory” T waves remains valid if
the baseline rhythm has a wide QRS. Such CM
changes are rarer in the clinical setting, and more
care is needed when interpreting them in individual patients.
T wave changes typical of CM have been described in patients with heart failure, baseline left
BBB and CRT devices. Bi-ventricular pacing was
followed by CM superimposed on the secondary
T wave changes of the existing left BBB (20, 21).
Reports of CM in cases with intermittent multiple infra-hisian conduction anomalies have also
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been described, such as CM changes in patients
with alternating tri-fascicular block (22).
Can CM be dangerous (pro-arrhythmic)?
In most cases, CM changes are considered benign and have not been generally associated
with an increased risk of ventricular arrhythmias
in patients with normal conduction; in most
studies, the QTc interval was normal or only
mildly prolonged in CM patients (16, 18).

However, association of pro-arrhythmic factors in addition to CM may be problematic.
There has been one reported case (23) of polymorphic ventricular tachycardia associated partly with cardiac memory after accessory pathway
ablation, however in that case prolonged QT interval was also observed, caused by other factors
(treatment with Sotalol). Another case (24) implicating CM in the induction of long QT and tor
sades de pointes related to a pacemaker patient
who developed an atypical junctional rhythm
associated with hypokalemia while attempting to
avoid ventricular pacing by lowering the pacing
rate. A similar example from our practice is
shown in Figure 3, in a case of low-rate hysteresis
pacemaker setting in a patient with no other factors for QT prolongation.
The risk of torsades de pointes during atrioventricular (AV) block, in patients with a known
prior ECG has been associated with the magnitude of change in QRS morphology and axis du
ring AV block, suggesting that CM may be a factor in QT prolongation and ventricular arrhythmia
during high-grade AV block (25).
To summarize, CM changes may have arrhythmogenic potential in the setting of severe
bradycardia or high-grade AV conduction anomalies, or if associated with other causes for significant QT prolongation, probably due to the
alterations in gradients of repolarization currents
that underlie CM development.
CONCLUSIONS

C
FIGURE 2. ECG example (paper speed 25 mm/s,
scale 10 mm/mV) of possible implication of cardiac
memory in arrhythmogenesis. Panel A shows an
idioventricular rhythm at 55/min in a patient with
single-chamber VVI(R) pacemaker, programmed
with hysteresis at 40/min. Panel B shows paced
rhythm in the same patient at VVI 75/min after
24 hours. Note that the idioventricular rhythm has
a QRS vector markedly different from that of the
paced QRS, and that the pattern of negative T waves
in this rhythm respects the “rules” of post-pacing
cardiac memory. The QTc interval is very prolonged
(663 ms) during ventricular rhythm, and cardiac
memory may contribute to these potentially
arrhythmogenic changes.
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ardiac memory is a frequently encountered
ECG phenomenon, especially in patients
with ventricular pacing, and is most often a benign finding. Knowledge of the ECG pattern of
CM may help quick differential diagnosis from
ischemia for the clinician. Rarely, association between CM and severe bradycardia or other factors for QT prolongation may be pro-arrhythmic
and require emergency care. Further studies are
needed to assess CM changes in more complex
patients, especially those with multiple causes
for repolarization abnormalities, and also to better define potential “at risk” cases. q
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