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Abstract

Even though the new onset of T wave inversions on the
electrocardiogram is always an alarming finding, but they
are not always pathognomonic of myocardial ischemia.
Many cardiac and non-cardiac conditions have been de-
scribed in association with T wave inversions on the elec-
trocardiogram. Cardiac memory is a phenomenon charac-
terized by the development of altered T wave polarity on the
electrocardiogram when the intrinsic rhythm resumes after
a period of abnormal myocardial activation. Misdiagnosis of
this condition often leads to unwarranted diagnostic workup
and therapeutic interventions. Herein we report a case of
81-year-old female patient with intermittent left bundle
branch block presenting with new onset T wave inversions
in anterior leads.
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Introduction

Cardiac memory is a specialized form of electrophys-
iological remodeling characterized by the development
of altered T wave polarity on the electrocardiogram
when the intrinsic rhythm resumes after a period of
abnormal myocardial activation. The resumed sinus or
the intrinsic rhythm T wave tracks the QRS vector of the
preceding abnormal impulse. This results in the appear-
ance of negative T waves on the electrocardiogram in
leads that had negative wide QRS complexes. Misinter-
pretation of this alarming T wave inversion electrocar-
diographic pattern by the clinicians will often result in
unnecessary work up and treatment. Herein we report
a case of cardiac memory in a patient with intermittent

left bundle branch block presenting with T wave inver-
sions in anterior leads.

Case Presentation

An 81-year-old female with dyslipidemia and hy-
pertension presented with a two day history of aching
left arm and left shoulder pain. She denied any other
symptoms. Upon admission she was registering a blood
pressure of 140/66 mmHg, heart rate of 90 beats/min,
respiratory rate of 24/min and oxygen saturation of
95% on room air. Physical examination was unremark-
able except for tenderness and limited range of motion
at the left shoulder. Admission ECG obtained (Figure 1)
demonstrates sinus rhythm with a rate of 90 beats/min-
ute and T wave inversions in the anterior leads V1-V3.
An ECG (Figure 2) obtained 2 months ago showed sinus
rhythm with a rate of 100 beats/min and left bundle
branch block.

Serial troponin | levels (ng/L) measured were less
than 16 ng/L (lab reference 0-45 ng/L). All laborato-
ry data including the electrolytes and D-dimer were
within normal limits. She had a cardiac catheterization
two months ago for chest pain and shortness of breath
which showed no coronary artery disease. A transtho-
racic echocardiogram revealed normal ejection frac-
tion with no wall motion abnormalities. An X-ray of left
shoulder joint showed degenerative osteoarthritis and
with intraarticular steroid injection her pain significantly
improved. A repeat ECG (Figure 3) obtained on the next
day showed complete resolution of the anterior T wave
inversions and resumption of left bundle branch block.
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Figure 1: Admission ECG showing T wave inversions in leads V1-V3.
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that had new T wave inversions (V1-V3).

Figure 2: ECG two months prior to this admission showing left bundle branch block and negative QRS complexes in leads

In our patient the T wave inversions were consistent
with the diagnosis of cardiac memory due to intermit-
tent left bundle branch block.

Discussion

Cardiac memory is characterized by diffuse T wave
inversions on the electrocardiogram when sinus or any
intrinsic rhythm with normal ventricular activation re-
sumes after a period of altered myocardial activation.
The resumed sinus or the intrinsic rhythm T wave tracks
the QRS vector of the preceding abnormal impulse [1].
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In this case, the QRS complexes were negative in leads
V1 through V3 with left bundle branch block. The pa-
tient’s new T wave inversions after resumption of in-
trinsic rhythm without left bundle branch block mirror
these wide QRS complexes by maintaining identical po-
larity. The phenomenon of Cardiac memory has been
observed since 1940s, however the reversible T-wave
inversions after a period of ventricular pacing was ini-
tially described by Chatterjee, et al. [2] and was named
as “cardiac memory” by Rosenbaum, et al. [3]. Cardi-
ac memory is seen in association with intermittent left
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Figure 3: ECG obtained on day 2 showing resumption of left bundle branch block and resolution T wave inversions in leads

V1-V3.
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bundle branch block, ventricular extrasystoles [4,5],
ventricular tachycardia, post-cardio version of ventricu-
lar tachycardia, and ventricular pre-excitation/ablation.
However the most common cause of T wave memory
is ventricular pacing [2,6]. The longer the duration and
frequency of ventricular pacing the longer the memo-
ry T waves persist; this phenomenon is also referred to
as “accumulation” [7]. T-wave changes lasting minutes
to hours be described as short-term memory, in con-
trast, T-wave changes lasting hours to days referred to
as long-term memory [7]. Changes in the transient out-
ward potassium current (Ito current) is the most studied
and reported mechanism. The morphology of the QRS/T
ratio determines the magnitude of the T-wave vector
change seen with cardiac memory; and usually an in-
verse correlation is seen between the magnitude of the
cardiac memory T-wave vector and the QRS/T-vector
magnitude ratio [8].

Cardiac memory is a diagnosis of exclusion since
many other clinicopathological conditions can present
with deep T wave inversions [9]. The common causes of
T wave inversions include right/left ventricular overload,
Wellen’s T waves (proximal left anterior descending
coronary artery occlusion), hypertrophic cardiomyopa-
thy, takotsubo cardiomyopathy, acute cerebrovascular
events, myopericarditis and pulmonary embolism. Care-
ful history and clinical context will aid in correct diagno-
sis of T wave inversions avoiding unnecessary work-up
and diagnostic interventions. Our patient didn’t have
signs or symptoms suggestive of any acute intracrani-
al events. Absence of ventricular hypertrophy and wall
motion abnormalities on the echocardiogram ruled out
hypertrophic and stress induced cardiomyopathy in our

Manne. Int J Clin Cardiol 2017

patient. Normal appearing pericardium without ventric-
ular dilation and absence of evolutionary EKG changes
helped us to exclude pericarditis and myocarditis from
the differential diagnosis. Pulmonary embolism is un-
likely to be present in our patient considering a normal
D-dimer and absence of right ventricular strain on the
echocardiogram.

The morphology of T wave can be helpful to differen-
tiate T wave inversions due to myocardial ischemia from
cardiac memory after right ventricular pacing. Accord-
ing to a study by Shvilkin, et al. [10] the combination of
(1) Positive T wave in lead aVL, (2) Positive or isoelectric
T wave in lead |, and (3) Maximal precordial T wave in-
version in precordial leads > T wave inversion in lead Il
was 92% sensitive and 100% specific for cardiac mem-
ory induced by right ventricular pacing, discriminating
it from ischemic precordial T wave inversion. However
caution should be exercised as these criteria are only
applicable in case of cardiac memory from right ven-
tricular pacing but not for the other causes of cardiac
memory.

Cardiac memory is a benign condition and T wave in-
versions due to cardiac memory per se do not require
any specific treatment. The T wave inversions in our
patient can be explained by Cardiac memory secondary
to intermittent left bundle branch block, so no further
treatment was pursued.

Conclusion

Cardiac memory is a well recognized phenomenon but
infrequently considered in the differential diagnosis of T
wave inversions. Clinicians should be aware of this phe-
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nomenon when interpreting ECG’S with T wave inversions
especially in the setting of altered myocardial activation.
Cardiac memory is a diagnosis of exclusion and it in no way
obviates the need to look for other causes of T wave inver-
sions. Careful history and clinical context will aid in appro-
priate workup and correct diagnosis of T wave inversions.
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