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Abstract

Cardiac memory (CM) is a phenomenon of electrical remodeling seen 
after periods of altered ventricular conduction. In this unique finding, 
the T wave direction during “memory”, or periods after altered depo-
larization, is similar to that of the QRS complex during periods of ab-
normal depolarization. The T wave abnormalities are commonly seen 
after ventricular pacing, but can also been seen with intermittent left 
bundle branch block (LBBB). We present a case of a high-risk elderly 
male who developed deep T wave inversions (TWIs) postoperatively. 
While ischemia is highest on the differential diagnosis in such a case, 
our patient was asymptomatic with negative serial troponins. Also, 
our patient developed the deep TWIs in the setting of an intermittent 
LBBB. The diagnosis of CM was made after thorough evaluation of 
other causes of TWIs. It is important for clinicians to be aware of CM, 
as it is often misinterpreted as ischemia and early diagnosis can help 
prevent unnecessary invasive workup.
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Introduction

First coined by Rosenbaum et al in 1982, cardiac memory 
(CM) is a phenomenon of electrical remodeling seen after pe-
riods of altered ventricular conduction [1]. In this unique find-
ing, the T wave direction during “memory”, or periods after 
altered depolarization, is similar to that of the QRS complex 
during periods of abnormal depolarization. Such T wave ab-
normalities have been seen after termination of ventricular 

pacing, elimination of ventricular pre-excitation after ablation 
of an accessory pathway and temporary resolution of conduc-
tion abnormalities (predominantly left bundle branch block 
(LBBB)) [1]. We present a case of a high-risk elderly male 
who developed deep T wave inversions (TWIs) postopera-
tively in the setting of intermittent LBBB. A discussion of the 
differential diagnosis of TWIs and the differentiation of CM 
from ischemia follow.

Case Report

A 93-year-old man with a history of diabetes and coronary ar-
tery disease with prior coronary artery bypass graft developed 
sinus bradycardia with new ST-T wave changes after endovas-
cular repair of an abdominal aortic aneurysm. The patient was 
hemodynamically stable and asymptomatic.

The patient’s baseline electrocardiogram (ECG) (Fig. 1) 
demonstrated normal sinus rhythm, first degree atrioventricu-
lar (AV) block, LBBB, TWIs in I, aVL, v5 and v6 and atrial 
premature depolarizations. The postoperative ECG (Fig. 2) 
demonstrates sinus bradycardia at 48 beats/min and first de-
gree AV block with resolution of LBBB. There are voltage cri-
teria consistent with left ventricular hypertrophy (LVH) and 
notably TWIs in all leads, and particularly pronounced in the 
precordial leads.

An echocardiogram done postoperatively showed LVH 
with an ejection fraction of 25% and an akinetic apex and an-
teroseptal wall (unchanged from prior). Serial troponins were 
negative (< 0.015 ng/mL). On postoperative day 1, the patient 
was no longer bradycardic resulting in reinstitution of his base-
line ECG with LBBB, and resolution of the deep TWIs. The 
patient remained asymptomatic throughout his hospitalization 
and was discharged 2 days later.

Discussion

In an elderly patient with extensive atherosclerotic disease, is-
chemia of the proximal LAD was highest on the differential 
diagnosis as the cause of new deep precordial TWIs (Wellens’ 
sign) [2]. Other causes of TWIs include electrolytes abnormal-
ities (especially hypokalemia), hypertrophic cardiomyopathy, 
hypothyroidism, pulmonary embolism, arrhythmogenic right 
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ventricular cardiomyopathy, persistent juvenile T waves, med-
ications and an intracranial process (particularly hemorrhage).

Another possible explanation for the aforementioned ECG 
changes is the phenomenon of CM. While this is a diagnosis 
of exclusion, the deep TWI in the setting of temporary resolu-
tion of LBBB, negative serial troponins and absence of any 
other clinical explanation are strongly suggestive. Typically, 
the presence of a bundle branch block during physiologic heart 
rates and resolution at lower heart rates suggests significant 

but not complete anatomical disruption of that bundle. As the 
Purkinje fibers conduction is governed by the “all or none” 
principle, with no effect of the autonomic nervous system, 
there is a heart rate threshold over which all electrical impulses 
are blocked. This threshold decreases as the Purkinje network 
becomes more diseased [3]. This should be distinguished from 
the presence of right bundle branch block at higher heart rates, 
which is a normal functional phenomenon and a result of the 
refractory period of the right bundle branch being longer than 

Figure 2. Postoperative ECG from current presentation. 

Figure 1. Baseline ECG. 
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that of the left bundle branch.
CM poses a challenge in ECG interpretation, as it often 

imitates findings of ischemia. Distinguishing T wave changes 
in CM from those in ischemia is important, as correctly iden-
tifying CM can avoid unnecessary additional invasive testing. 
The presence of a positive T wave in aVL, a positive or iso-
electric T wave in lead I, and a maximal precordial TWI that 
is greater than the TWI in lead III, is 92% sensitive and 100% 
specific for CM as suggested in a cohort of 60 patients [4]. 
Our patient was known to have structural heart disease and 
therefore, baseline ST-T changes are expected and thus, the 
TWIs seen in Figure 1 are likely due to LVH or an old infarct. 
Existing data in patients with structural heart disease suggest 
that when TWIs are present in leads I and aVL at baseline, 
they can remain inverted even with the development of CM 
[5].

Conclusion

This case demonstrates the complexities that CM can add to 
the interpretation of ECGs in a high-risk patient. While criteria 
exist to help to distinguish CM ECG changes from ischemic 
changes, there can be confounding data and the diagnosis re-
quires a thorough evaluation of other causes of TWI. Most im-
portantly, T wave memory remains a diagnosis of exclusion, 
and therefore, history, clinical presentation and review of prior 
ECGs remain the foundation of clinical decision-making.
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