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ECG CHALLENGE
A 56-year-old man presented to cardiology clinic with daily episodes of chest heavi-
ness and discomfort. He underwent an echocardiogram, which showed no evidence 
of structural heart disease. An exercise nuclear stress test showed average functional 
capacity and normal perfusion. Because of his daily symptoms, the patient wore a 24-
hour Holter monitor (Figure 1A), which showed multiple episodes of T-wave inversions 
(Figure 1B), inconsistently associated with his symptoms of chest tightness. Because 
of these symptoms, he underwent coronary angiography, which showed minimal coro-
nary artery disease. What is the mechanism of the T-wave inversions seen on Holter?

Please turn the page to read the diagnosis.
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CASES AND TRACES

Figure 1. Twenty-four hour Holter monitor obtained due to intermittent chest pain.  
A and B, A 24-hour Holter monitor was obtained to evaluate daily chest pain. Multiple instanc-
es of intermittent T-wave inversions were inconsistently associated with chest pain.
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RESPONSE TO ECG CHALLENGE
The patient had a known diagnosis of Wolf-Parkinson-White 
syndrome, and his baseline 12-lead electrocardiogram 
(ECG) showed preexcitation consistent with a septal bypass 
tract (Figure 2A). The Holter monitor showed intermittent 
loss of preexcitation throughout the study. This finding on 
ambulatory monitoring is reassuring for a bypass tract inca-
pable of conducting atrial fibrillation rapidly and, thus, at low 
risk of sudden cardiac death. Additionally, the loss of preex-
citation in this case is associated with the development of 
T-wave inversions (TWIs), a form of cardiac memory.1

Cardiac memory refers to persistent T-wave changes 
on the ECG usually seen on the transition from a wide 
QRS rhythm to a normal QRS duration; these T-wave 
changes eventually normalize but can persist from weeks 
to >1 month in some cases. In cases of cardiac memo-
ry, the abnormal T-wave of the narrow-complex QRS dur-
ing sinus rhythm follows the same direction as the QRS 
complex during the preceding wide QRS rhythm. The 
amplitude of the T-waves increases with longer periods 
of abnormal conduction, and repeated episodes result 
in more rapid and prominent T-wave changes.2 Cardiac 
memory was first described in the setting of ventricular 
pacing3 but has been seen in multiple other clinical sce-
narios, including preexcitation, transient bundle-branch 
block, and ventricular arrhythmias. This phenomenon is 
thought to reflect an adaptive response to changes in 
both electric ventricular repolarization and mechanical 
ventricular activation that occur with normalization of the 
QRS. The clinical significance and potential utility of car-
diac memory continues to be explored.

TWIs are the most obvious manifestation on the ECG 
and are often misdiagnosed as pathological; however, 
other leads may show changes in T-wave amplitude 
and direction that are equally important. Distinguishing 
pacing-induced TWIs from ischemia can be challeng-
ing. However, the combination of a positive T-wave in 

lead aVL, positive or isoelectric T-wave in lead I, and a 
greater degree of TWIs in the precordial leads relative 
to the inferior leads is highly sensitive and specific for 
pacing-induced TWIs rather than ischemia.4

At the time of evaluation in the electrophysiology clin-
ic, he had undergone an extensive workup for ischemia, 
including coronary angiography. Because of recurrent, 
symptomatic palpitations, he underwent electrophysiol-
ogy study with possible catheter ablation. He was found 
to have inducible orthodromic reentrant tachycardia via 
a midseptal bypass tract. He underwent successful ra-
diofrequency catheter ablation with the elimination of his 
preexcitation and inducible tachycardia. His postablation 
ECG (Figure 2B) shows multiple leads with changes in 
T-wave amplitude and direction, most notably TWIs in 
leads III and aVF. At his follow-up visit, 2 months after 
ablation, his ECG continued to show the absence of pre-
excitation; however, the TWIs had resolved (Figure 2C), 
confirming the suspected diagnosis of cardiac memory.

Cardiac memory can be seen in numerous contexts and 
should be considered in the setting of unexplained TWIs 
with an abrupt change from wide to narrow QRS complex. 
Most important, it should be recognized as a benign condi-
tion that will resolve over time rather than a marker of isch-
emia, infarction, or other pathological clinical conditions. In 
this case, the patient’s chest pain remained unexplained, 
although he did report resolution of this symptom after 
catheter ablation of his accessory bypass tract.
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Figure 2. Three 12-lead electrocardiograms depict cardiac memory after a midseptal bypass tract  
ablation.  
A, Baseline (preablation) electrocardiogram (ECG) showing preexcitation. B, ECG obtained 1 hour after ablation. Multiple T-wave 
changes are shown, including T-wave inversions, flattening in the inferior leads, and normalization of the T-waves in the lateral 
leads and across the precordium. Note the tall, peaked T-waves in the right precordial leads. C, ECG obtained 2 months after 
ablation showing normalization of the inferior T-wave changes and a reduction in the amplitude of the right precordial T-waves.
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FOOTNOTES
Circulation is available at http://circ.ahajournals.org.
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