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Introduction
As if to rhyme with the famous Hollywood movie titled,
'Sleepless in Seattle', I saw a 64-year old man in my office
in cardiac consultation who after having dinner with his
son and daughter-in-law in Seattle was extremely short of
breath while walking up a few stairs to his hotel room. He
is from upstate New York area and was visiting them in
Seattle. He never had any symptoms like this before. He
did have some chest discomfort at the time but the
shortness of breath was quite concerning to him. He did
not have palpitations, dizziness, diaphoresis or syncope.
He did not seek any medical help in Seattle and made an
appointment to visit his primary care physician upon
return to Upstate, NY. He was then requested to come and
see me the next day. This event of shortness of breath in
Seattle took place a month before coming to see me.
He did not have any known history of cardiac events.
No known history of coronary artery disease (CAD),
myocardial infarction (MI), congestive heart failure (CHF),
cerebrovascular events (CVA) or atrial fibrillation. He did
not have any history of hypertension, tobacco smoking,
diabetes, dyslipidemia or known family history of
premature CAD. He was diagnosed with prostate cancer
15 years ago and was treated then.
His baseline 12-lead electrocardiography (ECG) was
normal (Figure 1) except a few PVCs (premature
ventricular contractions) seen, asymptomatic. After initial
evaluation and vital check-ups, he underwent a stress
echocardiography in the office. Total exercise duration
was only 4 minutes. After being on the treadmill for 2
minutes, he started to notice being short of breath and the
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test was stopped at 4 minutes due to extreme dyspnea. He
had started to manifest markedly abnormal ECG changes
on the treadmill after 2 minutes and the changes
continued to get worse for another few minutes.
Abnormal ST changes included: about 8 mm down sloping
ST depression in inferior leads and 6 mm down sloping ST
depression in leads V4-6 (Figure 2). There was 4 mm ST
elevation in aVR and 3 mm ST elevation in lead V1. These
ST changes lasted for more than 7 minutes into recovery
(Figure 3). He had shown significant wall motion
abnormalities on his 2D echocardiography: transient left
ventricular dilation with exercise, multiple wall motion
abnormalities including anterior wall, LV apex and
inferior wall. Baseline LV ejection fraction (LVEF) was
60% which dropped to 40% at peak exercise. He was
advised admission to the local hospital, however, instead
he agreed to take an aspirin, a beta blocker, a statin in my
office and had blood samples for testing drawn and
wanted to have a diagnostic coronary angiography the
next morning which revealed: 90% ostial left main
stenosis, 100% mid-LAD (left anterior descending artery)
stenosis with collaterals from the right coronary artery
(RCA), 100% second diagonal stenosis and 95% distal
RCA stenosis. LV systolic function was preserved. He
underwent coronary artery bypass surgery x 4 the next
day.
His hospital course was uneventful. A few weeks later,
he returned to my office and performed a low-level
treadmill exercise with no shortness of breath or ST
changes. As of writing of this article, he has been
undergoing cardiac rehabilitation program uneventfully.
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ECGs:

Figure 1: Baseline ECG.

Figure 3: Almost 6 minutes into recovery: Marked ST
elevation in aVR and also V1 and worsening downsloping
ST depression inferolaterally persist.

Discussion
There are at least 4 pertinent points of discussion that
emerge from this case:
1. Shortness of breath in men versus women as ‘Angina
Equivalent’.
2. Role of any regular stress testing in such cases.
3. Abnormal stress echo findings.
4. Markedly abnormal ST changes with treadmill.
To keep the discussion more relevant to my point of
interest related to this case, I will focus mostly on the last
point: Markedly abnormal ST changes during a treadmill.
As per coronary angiography, he had multi-vessel CAD
with 90% left main stenosis, therefore I will like to
discuss the possible ST changes in the setting of left main
stenosis and LAD stenosis and how to use that knowledge
in a clinical setting.

ST Changes during Treadmill Stress Test
Figure 2: ECG: 40 seconds into recovery after 4 min of
exercise: Marked ST elevation in aVR, more than in V1.
Marked down sloping ST depression inferolaterally.
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Exercise-induced ST depression although the most
common criterion for the diagnosis of ischemic CAD is
unable to discriminate the hemodynamically significant
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coronary artery obstruction [1]. Exercise induced ST
elevation is less frequent than depression but it can
identify ventricular wall motion abnormalities [2],
ventricular aneurysm [3], and ischemia due to vasospasm
or severe proximal coronary stenoses [4]. Lead aVR has
not only been under-studied for CAD diagnosis but also
mostly ignored in the past [5]. Identifying the LMCA
obstruction will be of tremendous clinical importance for
urgent treatment option and that is where the role of aVR
needs to be explored.
Because lead aVR monitors the left ventricular cavity
viewing from apex to base [6], it is highly anticipated for
this lead to be sensitive to proximal, anterior septal
ischemia appearing as an injury current (ST elevation)
when viewed from the left ventricular cavity [7].

ECG Changes: Left Main and Proximal Lad
Stenoses
In most individuals, the left main coronary artery
(LMCA) supplies approximately 75% of the left
ventricular myocardial mass. Significant LMCA disease is
present in 4-10% of patients undergoing coronary
angiography but its total occlusion is rare and seen in
0.04-0.40% cases only [7] and can lead to severe
hemodynamic deterioration resulting in rapid fatality [8].
Therefore the diagnosis of severe LMCA obstruction is of
dire consequences in terms of appropriate treatment
plans and estimating the prognosis.

Role of lead aVR in Ischemia Assessment:
(aVR= Augmented Vector Right)
The lead aVR also referred to as "no man's lead", the
"orphan lead", or "dead or simply forgotten lead" is
directed downward and into the left ventricular cavity
and therefore is thought to reflect inter ventricular septal
ischemia [9,10]. Originally, the lead aVR was made to
obtain the electrical changes as viewed from the upper
right side of the heart to include the right ventricular
outflow tract and inter ventricular septum [10]. ST
elevation can locate the coronary ischemic territory but
the ST depression usually does not, however the latter
abnormalities can help locate the anatomic territory if
simultaneous myocardial perfusion imaging is performed
[11]. The lead aVR is also helpful in clinical conditions like
pericarditis,
pulmonary
embolism,
tricyclic
antidepressant toxicity, tension pneumothorax, stress
cardiomyopathy and as a means of differentiating atrial
tachyarrhythmias. The presence of ST elevation in lead
aVR greater than ST elevation in lead V1 is 81% sensitive,
80% specific and has 81% overall accuracy for the
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prediction of acute LMCA obstruction. It has been shown
that in patients undergoing coronary angiography, the
prevalence of LMCA or 3-vessel CAD was 56% in those
with ST elevation of more than 1 mm in lead aVR [12]. ST
elevation in lead aVR in not an uncommon finding on
exercise treadmill tests with an incidence of 10-25% [13].
ST elevation in aVR has the excellent sensitivity of 93%
but an average specificity of 49% for the diagnosis of
more than 50% left main stenosis in patients with Duke
Treadmill scores of 11 or less. The specificity is
remarkably improved to 82% when ST elevation in lead
aVR is accompanied by ST elevation in V1 [14].
There are different theoretical explanations for ST
elevation in aVR in the setting of LMCA
obstruction/disease. Some consider ischemia of the basal
inter ventricular septum with an injury vector in the
frontal plane pointing in a superior direction toward lead
aVR. Less ST elevation in V1 than aVR in LMCA
obstruction has been explained by counterbalance in lead
V1 of electrical forces from both anterior and posterior LV
walls. In addition, aVR records a mirror-like image of
leads V5-6 and therefore ST depression in V5-6 will show
up as ST elevation in aVR [15].
An interesting study from Athens, Greece [13] revealed
that the concomitant appearance of exercise-induced ST
elevation in lead V1, Stelevation in lead aVR and ST
depression in lead V5 as well as the isolated appearance
of ST elevation in lead V1 detect significant LAD stenosis
as single-vessel disease or significant stenoses of LAD and
LCx (left Circumflex) in patients with double-vessel
disease, whereas the appearance of ST elevation in aVR
and ST depression in V5 but without ST elevation in V1
correlates strongly with significant LAD and RCA stenoses
and usually indicates double-vessel CAD.
In one study [7], it was reported that lead aVR ST
elevation was noted in acute obstruction of the LAD
proximal to the major septal branch but not in acute LAD
obstruction distal to the major septal branch. Lead aVR ST
elevation during angina pectoris has been reported in
patients with significant LMCA stenosis [8]. Both acute
LMCA and LAD obstruction generally produce anterior
wall ischemia resulting in ST elevation in the precordial
leads.
Based on the prior knowledge, a study was conducted
to test the concept that treadmill exercise-induced ST
elevation in ECG lead aVR is an important indicator of
significant left main coronary artery or ostial LAD
stenosis [9]. The data from this study supported this
hypothesis. Sensitivity, specificity and overall predictive
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accuracy were approximately 75-80% with high negative
predictive accuracy (94%) but only modest positive
predictive accuracy (44%). The finding of 1 mm or more
ST elevation in aVR almost rippled the post-test likelihood
of finding significant LMCA or ostial LAD stenosis.
In addition, there was a strong relationship noted
between the ST elevation in aVR and myocardial
perfusion defect on a nuclear stress test (in my case
reported here, similar association was noted between ST
elevation in aVR and wall motion changes on stress
echocardiography).

Shortness of Breath (Angina Equivalent)
This is another part of my case report that I simply
want to touch upon without going into much detail. This
patient's most significant symptom was extreme
shortness of breath with exertion (walking up the stairs in
his case). This shortness of breath (dyspnea) is as serious
a symptom as angina in the assessment of patients with
established or suspected coronary artery disease and thus
sometimes it may manifest as shortness of breath which is
painless equivalent of angina [7]. Dyspnea is considered
to be angina equivalent by many clinicians and
researchers [15]. In various studies, up to 25% older
patients with known CAD reported dyspnea as the
primary symptom in the absence of angina and also the
reported incidence of dyspnea in women can be much
higher than men [16].
Therefore, even though the symptoms of exertional
shortness of breath are more common in women, as the
present case shows it can be equally challenging and may
represent angina equivalent in men as well.

ST elevation in aVR: more than 1 mm predicts the need
for CABG.
ST elevation in aVR more than in V1 differentiates LMCA
from proximal LAD occlusion.
No ST elevation in aVR: almost excludes a significant
LMCA disease.
In patients undergoing treadmill stress testing:
ST elevation more than 1 mm in aVR predicts LMCA or
ostial LAD stenosis.
Higher the ST elevation in aVR, worse is the mortality.
In enclosing this case report, I would like to remind
the readers following two points:
1.

Left main disease is the most feared and potentially
most fatal CAD. Strangely it can be diagnosed with the
assistance of the most ignored lead: aVR!

2.

He had a very concerning extreme shortness of
breath a month before visiting me. He did not see any
physician and did not take any medical Rx for a
month and remained ‘asymptomatic’. He had been
walking ‘just fine’ for a month with severe 3-vessel
CAD with 90% left main disease without any angina,
myocardial infarction, arrhythmia or sudden cardiac
death!

Can I dare say? “Is ignorance truly a bliss?”
Not really.
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