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Introduction: The term cardiac or T wave memory describes the phenomenon of
persistent T wave abnormalities, for a variable length of time, even when the QRS
abnormality originally responsible for the T wave changes has returned to normal.
Table 1 lists situations where T wave memory is observed. The T wave changes in
the above-mentioned conditions are secondary to abnormal depolarization, but
they remain abnormal even after the abnormal depolarization has returned to
normal. Generally, the direction or the vector of the T wave is the same as that of
the previously abnormal QRS, hence the term Cardiac or T wave memory. These
changes persist for a period of time, which varies from days to weeks, before
returning to normal.

T wave memory was first reported by Campbell in 1942 (1) and T wave changes
following ventricular pacing was reported by Chatterjee et al in 1969 (2). Denes et
al described T wave memory in patients with intermittent left bundle branch block
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in 1978 (3). Rosenbaum et al coined the term cardiac memory in a landmark paper
in 1982 and investigated the mechanism of T wave memory for the first time (4).

Notable features of Cardiac or T wave Memory:

The T wave abnormality is longer lasting and more marked in patients who have
had a longer lasting and more marked depolarization abnormality. The QRS
abnormality has to be persistent for a while before the T wave memory will
become manifest. Rosenbaum et al used the term accumulation to describe this
phenomenon. They also pointed out the characteristic of conditioning, where
changes occur in a shorter time when the heart is conditioned by the same
perturbation. It was noted by Rosenbaum et al that at least 15 minutes of
ventricular pacing was required before T wave memory was noted on cessation of
pacing. It is suggested that cardiac memory may be short term following
ventricular pacing for a period of 15 minutes to 2 hours. This results in short term
memory lasting from minutes to hours and long term, following pacing for a period
of 2 to 3 weeks resulting in cardiac memory persisting for weeks to months (4)
(Table 2).

What causes Cardiac or T wave memory?

Experiments on canine heart wedge preparations have shown increased
circumferential strain and selective prolongation of action potential duration
leading to amplified repolarization gradients, which is suggested as the basis for
the T wave changes of cardiac memory (5). Myocyte stretch as a result of altered
activation could lead to increased release of angiotensin 2 which regulates K
channels, in particular I,,. Inward L type calcium currents may also be involved (6).
Pharmacological blockade of angiotensin receptors and K channels and calcium
channel block by amlodipine may prevent changes of cardiac memory. The
mechanism of short and long term cardiac memory is discussed in detail in an
article by Ozgen and Rosen (7).

In this issue of JCE, Sakomoto et al describe T wave changes of cardiac memory
following Radiofrequency (RF) ablation of frequent premature ventricular
contractions (PVCs) originating from the Right Ventricular Outflow Tract (RVOT)
(8). They compared 45 patients who underwent successful ablation defined as <1%
PVCs 1 month after ablation, with 10 patients who had unsuccessful ablation. They
further subdivided the successful group depending on the number of ectopics. They
analysed T wave changes, QT interval and QRST time integral value (a non-
invasive predictor of repolarization properties) of 12 lead ECG before ablation and
then 1 day, 3 days and 1 month after ablation.

In the successful group with the amplitude of the T wave and QRST time integral
values of leads 2,3, aVR, aVL and aVF changed significantly after ablation and
gradually normalized within 1 month. Additionally, the impact on the ECG
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changes depended on the number of pre-ablation PVCs. In patients with >10,000
ectopics the changes occurred in limb leads mentioned earlier as well as V2, while
in those with <10,000 changes occurred only in limb leads. In those with <5,000
the only change was in the amplitude of the T wave in Lead 3. Significant changes
were not observed in the unsuccessful group (8). These findings proved that the T
wave changes were related to ablation of ectopics and not due to the myocardial
damage related to delivery of RF energy.

The T wave changes described following RF ablation of RVOT ectopics are
similar to those after ventricular pacing, non-sustained and sustained VT,
intermittent bundle branch block and ventricular pacing. The increase in QRST
time integral values occur in certain leads following ablation and return to normal
after 1 month, this is also as expected. While the T wave memory after RVOT
ectopics ablation has not been described previously it seems to follow the same
rules as T wave memory after fascicular VT ablation, WPW ablation etc. The point
the authors make that ectopics ablation related changes in the T waves could result
in increase in T wave amplitude is worth noting.

Electrocardiographic QRST integral values in this study, and comparison with normal
values derived from 607 normal subjects registered with the Japanese Circulation
Society (Table 4 in the article), allows quantitative information regarding
repolarization changes in different leads. While this has been reported after RF
ablation in WPW from the same centre (9) the changes of T wave memory after
PVC ablation is new.

What is the clinical significance of T wave memory?

The main significance of T wave memory is the mistaken diagnosis of ischaemic
heart disease when the exact cause of the T wave changes is not recognized. There
have been two reports of torsades de pointes attributed to T wave changes of
cardiac memory. In one case which followed ablation of atrioventricular
tachycardia the patient was also given sotalol for atrial fibrillation (10). In the
second case there was significant QT prolongation following reversion to normal
QRS in a patient with intermittent LBBB (11).

A limitation of this study, which has been mentioned by the authors, is the
difficulty in quantifying the number of ectopics by Holter monitoring which can
vary day by day. However, while it might make a difference between >10000 and
<10000, it is unlikely to affect comparison between >10000 and <5000 group.

T wave memory after ablation of RVOT ectopics by Sakomoto et al is a worthy
addition to the literature on this subject.
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Table 1- Cardiac or T wave Memory
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T Wave memory characterised by persistent but reversible T wave changes.

Abnormal repolarisation persists after depolarisation has returned to normal and is
seen in:

e Post ventricular tachycardia or SVT with aberration

e Following ventricular pacing

e Intermittent LBBB

e Following period of pre-excitation (WPW), in intermittent WPW and after RF
ablation of WPW

e syndrome

e Following ventricular ectopics

Table 2 - Features of Cardiac or T wave memory

e Minimum duration of abnormal ventricular activation of greater than 15
minutes

to observe cardiac memory

e Long term and Short-term memory
e More marked the depolarisation abnormality, more marked repolarisation

e Minimum duration of abnormal ventricular activation of greater than 15
minutesrequired to observe cardiac memory

e T wave changes are most marked in leads with negative QRS or delta waves

e T wave direction similar to QRS direction during abnormal depolarisation

e Accumulation: needs a certain time to become apparent, reach maximum
effect
and to revert

e Conditioning: Changes occur in a shorter time when the heart is conditioned
by

e the same perturbation
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