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Intermittent Left Bundle Branch Block:  
An Overlooked Cause of Electrocardiographic 
Changes That Mimic High-Grade Stenosis  
of the Left Anterior Descending Coronary Artery
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Context: The electrocardiographic (ECG) pattern of high-grade stenosis of the 
left anterior descending coronary artery (LAD) is important clinically because of 
the high risk of myocardial infarction and cardiac death if the pattern is not recog-
nized. Although the recognition of this pattern is currently widespread, false-positive  
ECG changes that mimic this pattern are infrequently reported. 

Objective: To demonstrate that ECG changes from intermittent left bundle branch 
block (LBBB) and cardiac memory can mimic anterior ischemia.

Methods: Medical record review of cardiology patients in whom ECG tracings 
showed intermittent LBBB and anterior T-wave changes during normal QRS conduc-
tion. Patients were included if ECG changes suggestive of high-grade LAD stenosis 
in leads V2 and V3 met the following criteria: (1) the QRS conduction was essentially 
normal during periods of absent LBBB; (2) the ST segment took off from an isoelec-
tric point or only slightly elevated from baseline; and (3) the ST segment sloped up 
gradually with an abrupt and sharp down stroke leading to terminal T-wave inver-
sion. Additional criteria were little or no ST segment elevation, no loss of precordial  
R waves, and ECG changes suggestive of high-grade LAD stenosis demonstrated  
in precordial leads V2 and V3. All patients demonstrated intermittent LBBB, and  
patients were excluded if a ventricular pacemaker was present. The case series began 
in 2003 and continued until 2011. 

Results: Sixteen patients (3 male) with intermittent LBBB were identified with ST- 
and T-wave changes during normal ventricular conduction that matched the pattern 
described by Hein J.J. Wellens, MD. Of these patients, none had evidence of clinically 
substantial coronary artery disease. Eleven patients had stress testing with myocar-
dial perfusion imaging, and 5 patients underwent cardiac catheterization. In 1 patient 
whose ECG pattern showed high-grade LAD stenosis but normal coronary arteries at 
catheterization, a stress test was later performed, which provoked LBBB. All other 
patients had spontaneous, intermittent periods of LBBB and normal conduction. 

Conclusion: The ECG pattern of high-grade LAD stenosis has proven to be an im-
portant marker of high-risk patients with chest pain. This pattern may also be seen in 
patients with a right ventricular pacemaker on resumption of native QRS conduction. 
Intermittent LBBB is a less obvious cause of a similar ECG pattern that may mimic 
anterior ischemia due to high-grade stenosis. 
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consistent with ischemia during normal QRS conduc-
tion. Patients were included if ECG changes suggestive 
of high-grade LAD stenosis in leads V2 and V3 met the 
following criteria: (1) the QRS conduction was essen-
tially normal during periods of absent LBBB; (2) the  
ST segment took off from an isoelectric point or only 
slightly elevated from baseline; and (3) the ST segment 
sloped up gradually with an abrupt and sharp down 
stroke leading to terminal T-wave inversion. Additional 
critera were little or no ST segment elevation and no  
loss of precordial R waves. Patients with ventricular 
pacemakers were excluded. The standard definition of 
LBBB was used6 (QRS duration >120 milliseconds, 
eliminating normal septal Q waves in lateral leads; tall  
R waves are produced in the lateral leads [I, V5-V6] and 
deep S waves in the right precordial leads [V1-V3];  
and broad or notched R waves in the lateral leads).
	 Clinical information was obtained from the medical 
records of clinic or hospital patients who met the study 
criteria and were examined between 2003 and 2011. 

In 1982, Hein J.J. Wellens, MD, described charac-
teristic patterns on electrocardiograms (ECG) that 
are indicative of critical stenosis of the left anterior 

descending coronary artery (LAD) and impending myo-
cardial infarction.1 This pattern was found when patients 
were not experiencing chest pain, and it consists of sym-
metrical T-wave inversion that begins in the terminal 
portion of the T wave (Figure 1). These ST- and T-wave 
changes are typically present in leads V2 and V3, but they 
can involve other precordial leads as well. This pattern is 
known as Wellens syndrome or Wellens warning.
	 Cardiac memory is another term describing charac-
teristic ECG changes involving the ST and T waves. The 
concept was first reported in 1969 in relation to ventric-
ular pacing.2 The term, however, was first introduced in 
1982 by Rosenbaum et al.3 Cardiac memory involves 
reversible ST- and T-wave changes and is induced by an 
abnormality of the electrical activation pattern such as 
ventricular pacing or intermittent left bundle branch 
block (LBBB).1,4,5

	 Wellens syndrome and the ECG pattern of LBBB-
induced cardiac memory can appear similar, if not iden-
tical. However, one of these patterns carries the prognosis 
of an impending myocardial infarction, while the other is 
benign in nature. Therefore, it is clinically relevant to 
distinguish these 2 ECG patterns, when possible. The 
current case series review was conducted to identify how 
ECG changes from intermittent LBBB can mimic  
anterior ischemia. 

Methods
This retrospective review of medical records was exempt 
from institutional review board approval. All patients 
were from the same institution. Some patients had mul-
tiple ECGs. The ECGs chosen were those that showed 
LBBB and those that best demonstrated the character-
istic changes when the LBBB terminated. A single cardi-
ologist (F.J.R.) collected 12-lead ECGs from patients 
with intermittent LBBB and anterior T-wave changes 

Figure 1.
Example of the classic electrocardiographic pattern described 
by Hein J.J. Wellens, MD. This pattern indicates critical stenosis 
of the left anterior descending coronary artery. 
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tricular repolarization is in the opposite direction of 
ventricular depolarization, resulting in the polarity of 
the T wave and QRS being the same. The T-wave inver-
sions that occur in cardiac memory with normal QRS 
duration are in the direction of the previous altered 
QRS complex, resulting in opposite polarity of the QRS 
and T wave.7

	 Although no clear definition exists, there are certain 
criteria, such as those by Rosenbaum et al,3 who noted  
3 elements: (1) T wave with vector during sinus rhythm 
approaching that of the paced or widened QRS; (2) ac-
cumulation of the size of the T wave with abnormal acti-
vation of the ventricle; and (3) persistence of T-wave 
changes for a variable period even after restoration of 
sinus rhythm.1,8 Rosenbaum3 referred to the T-wave 
changes as pseudoprimary. Initially, the T-wave changes 
were thought to be secondary because they were initiated 
by a change in the QRS complex. Yet the T-wave changes 
persisted after the QRS had normalized, mimicking a 
primary change. 
	 The exact underlying mechanisms that lead to cardiac 
memory are unclear. Some consider it a reversible form 
of electrical remodeling.9 There are data suggesting that 
modification of specific potassium channels,4,10 modifi-
cation of calcium channels,11,12 angiotensin II produc-
tion,13,14 myocardial stretch,15,16 transient outward current 
It0,3,10 transcription factors,17 and alterations in the phos-
phorylation of the cyclic adenosine monophosphate– 
responsive element binding protein are all involved in 
cardiac memory.4,17-19 
	 It is unknown how long an intermittent LBBB or 
ventricular pacing needs to be present for cardiac 
memory to develop. In the canine heart, cardiac 
memory was induced after 20 minutes of right ven-
tricular pacing.10 In humans, T-wave changes devel-
oped within 1 week.5 Studies on patients with 
intermittent LBBB demonstrate the incidence of T-
wave inversions during sinus rhythm range from 72% 
to 83%.20,21 The cardiac memory pattern on ECG can 
last for minutes to hours, or as long as weeks to months. 

Results
Sixteen patients were included, all of whom presented 
with or were referred for chest pain. Of these 16 patients, 
13 were women. The ages ranged from 29 to 87 years. 
All patients had been evaluated for ischemia with either 
myocardial perfusion imaging or cardiac catheterization. 
Of the 16 patients, 13 did not have previously diagnosed 
intermittent LBBB, and the intermittent LBBB was often 
not present on the same day that the ECG changes  
consistent with ischemia were present. Three patients 
had no history of intermittent LBBB until stress testing 
provoked the intermittent or rate-dependent LBBB. One 
patient demonstrated classic ischemic ST- and T-wave 
changes after resolution of the LBBB, but on the next 
occasion of intermittent LBBB resolution, the ST- and 
T-wave changes were not present. Owing to the sponta-
neous and intermittent nature of the LBBB, we were 
unable to observe the natural history, such as the duration 
of LBBB necessary for these changes to manifest.  
Eleven of the 16 patients were evaluated with myocardial 
perfusion imaging to assess for ischemia. The remaining  
5 patients underwent cardiac catheterization. The find-
ings of those procedures were normal for all 16 patients. 
The ejection fractions ranged from 50% to 70%. The 
ECG changes can be seen in Figure 2.

Discussion
T-wave inversions on ECG may be indicative of isch-
emia. Alteration in ventricular activation or depolariza-
tion, as seen with intermittent LBBB, ventricular 
pacing, or preexcitation can also cause these T-wave 
changes. Cardiac memory describes the development 
and cessation of T-wave changes with intermittent or 
transient ventricular activation.1,5 The study by Chat-
terjee et al2 was one of the earliest to demonstrate that 
artificial pacing was the cause of T-wave inversions 
without QRS changes in a nonpaced beat. He also 
found that the duration of pacing influenced the dura-
tion of T-wave changes. In normal conduction, ven-
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	 There are still unanswered questions regarding car-
diac memory and the mechanisms involved. If intermit-
tent LBBB is unknown or not observed, is it possible to 
differentiate ischemic T-wave changes from cardiac 
memory T-wave changes? Shvilkin et al22 developed  
3 criteria to differentiate cardiac memory from ischemia: 

Although the exact mechanism is still unknown, the 
duration of cardiac memory is somewhat proportion-
ally related to the length of abnormal ventricular acti-
vation.1,9,18 The morphology of the QRS/T ratio with 
LBBB determines the magnitude of the T-wave vector 
change with cardiac memory.18 

Figure 2.
Electrocardiograms from all 16 patients. The plus sign indicates normal perfusion per myocardial  
perfusion imaging, and 0 signifies normal coronary arteries per cardiac catheterization.
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(1) positive T wave in aVL; (2) positive or isoelectric  
T wave in lead I; and (3) maximal precordial T-wave in-
version is greater than the T-wave inversion in lead III. 
These criteria were 92% sensitive and 100% specific  
for detecting cardiac memory as the cause of T-wave 
changes22 (Figure 3 and Figure 4). Fifteen of the  
16 patients in our medical record review met the above 
criteria for cardiac memory. Therefore, it appears the cri-
teria developed by Shvilkin et al22 can be accurately used 
to differentiate between ischemia and cardiac memory.

Conclusion
The ECG pattern of high-grade LAD stenosis has proven 
to be an important marker of high-risk patients with chest 
pain.1 A primary concern for patients presenting with 
chest pain is myocardial ischemia. Physician awareness 
and recognition of cardiac memory and its benign nature, 
however, can help avoid unnecessary hospital admis-
sions and procedures. 
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