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Abstract

A 12 lead ECG pattern of V1-V6 and inferior ST depression with ST elevation in aVR associated with chest 
pain is considered to represent diffuse sub-endocardial ischemia due to LM or LME 3 Vessel disease criti-
cal stenosis. We present the case of a 48-year-old man with severe AS and normal coronary anatomy who, 
during a stress echo, developed angina and this ECG pattern. Echocardiographic images taken at the same 
time showed global hypokinesis. Within 15 minutes both ECG and echo abnormalities were fully resolved.    
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Abbreviations

EKG/ECG: Electrocardiogram; LM: Left Main; LME: Left main equivalent; AS: Aortic Stenosis; LV: left ventricle; 
ACC: American College of Cardiology; AHA: America Heart Association; ESE: Exercise Stress Echo; LMCA: 
Left Main Coronary Artery; VD: Vessel disease; LVEDP: Left ventricular end diastolic pressure; LVDEV: Left 
ventricular end diastolic volume; ATP: Adenosine Triphosphate; LVH: Left ventricular hypertrophy

Introduction

	 Global ischemia is a pathology characterized by a general oxygen supply/demand mismatch in the 
majority of the left ventricle. Critical disease of the LM or LME 3 vessel disease is a frequent culprit of this 
global ischemia and has characterized electrocardiographically extensively [1]. This condition, modeled in 
animal studies [2], can be clinically observed during severe LM or LME coronary artery stenosis [3]. The 
ECG appearance is fairly typical with marked ST depression in the inferior and the chest leads and ST ele-
vation in aVR. A myocardial infarction or sudden cardiac death is the usual outcome if this condition is not 
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promptly relieved.

	 Theoretically, global ischemia could be caused by other circumstances inducing the same wides-
pread LV imbalance between oxygen demand and supply. One of these situations could be severe AS where 
a number of altered coronary compensatory mechanisms accompany a fixed oxygen supply. A patient with 
AS could, during exercise, reach such a point and induce global LV ischemia. The following case documents 
electrical, mechanical and hemodynamic events of reversible global ischemia during an echo-stress in a 48-
year-old man with severe AS due to congenital bicuspid valve. 

Case Presentation

	 In October 2018, a 48-year-old gentleman was referred to our Institution for further management 
of a possible pre syncope episode. Prior investigations carried out at a different Hospital demonstrated a 
normal cardiac function with non-obstructive coronary artery disease and a moderate to severe bicuspid 
AS. 

	 Co-morbidities included hypertension, hyperlipidemia, and tobacco use. Physical exam was unre-
markable except for a “crescendo-decrescendo” late peaking systolic murmur in the right upper sternal 
border. To further investigate his presenting symptoms of pre syncope and assess the functional severity 
of his AS in view of a potential employment, a symptom limited stress test was ordered. As per ACC/AHA 
guidelines an exercise stress test in these situations has IIa recommendation level and can add significant 
prognostic information in patients with severe AS [4].

	 The baseline resting electrocardiogram and the echocardiogram showed respectively normal Sinus 
Rhythm without ST-T changes (Figure 1) and severe AS with an aortic valve area of 0.8 cm2, peak velocity 
of 419 cm/s mean peak gradient of 40 mmHg and normal LV systolic function (Figure 2). Mild LVH:  IVSd: 
1.3 cm LVPWd: 1.2 cm LV Relative wall thickness: 0.45 {ratio}LV mass: 273.9 grams LV mass index: 137.7 
grams/m2.

	 During the Exercise Stress Echo, the ECG became abnormal at stage 3 of the Bruce protocol after 
8:50 min of exercise (Figure 3); shortly thereafter at 9:20 min patient developed severe SOB, presyncope 
and chest pain and the test was stopped, with peak stress EKG (Figure 4). The first recovery ECG shows 
sinus tachycardia with a rate of 115 beats per minute, BP 77/62 mmHg, ST depression in V4-V6 and ST 
elevation in V1 and aVR, ST depression extends to the inferior leads (Figure 5). At 7 min into the recovery, 
the down sloping ST depression was followed by marked T wave inversions. The ECG normalized at 16 min 
into recovery with complete resolution of symptoms.   The echo images paralleled the electrocardiographic 
changes showing a marked global decrease in LV function with minimal LV dilatation immediate post stress 
(Figure 6, Figure 7 and Figure 8). LV function recovered fully in recovery phase as the ECG normalized.

Outcome: The patient was referred for Aortic Valve replacement which was performed uneventfully 2 
weeks after the test. He is now asymptomatic and gainfully employed.
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Discussion

	 Clinical acute LV global ischemia has been described during a profound decrease of coronary blood 
flow to the majority of the LV [3]. This is characteristically accompanied by ECG changes consisting of infero 
lateral ST depression with aVR and V1 elevation. These changes in the presence of angina are considered 
highly predictive of occlusion or high-grade stenosis of LMCA or 3 vessel disease [1]. Global ischemia in this 
setting rapidly decreases the level of intracellular ATP followed by a swift and dramatic loss of LV contrac-
tility. Ischemia also alters the diastolic properties of the LV causing incomplete ventricular relaxation and a 
reduction in LV distensibility. These changes in the elastic properties of the myocardium, will increase the 
LVEDP without marked changes in the LVEDV. The subendocardial diastolic flow is severely compromised 
by these high levels of LVEDP further exacerbating the circumferential ischemia of this sub endocardial 
myocardial layer [5]. At the same time, the shift in pressure-volume relationship to the right alters the op-
timal Frank-Starling dynamics which, in turn, should contribute to the decrease in of contractility with a 
inversely proportional increase in myocardial stiffening initiated by ATP deficiency. As such, these finding 
have been able to be produced in anesthetized dogs [6].

	 The ECG changes occurring during severe circumferential global ischemia are more evident during 
repolarization as the major electrical vector shifts from the epicardium toward the sub-endocardium, re-
sulting in diffuse ST depression with inverted T waves in all the precordial leads [7]. Characteristically, the 
aVR lead which explores the LV cavity, will record this right superior axis as an elevated ST with positive 
T wave, which represents a mirror image of apical leads V5 and V6 [8]. Symptoms, echocardiogram and 
ECG findings in our patient at peak exercise, were typical of global ischemia, yet our patient had normal 
coronary anatomy. Circumferential sub endocardial ischemia during the stress test must, in this case, have 
been induced by a different mechanism and it can be seen as a perfect storm developing on the background 
of a number of physio pathological abnormalities induced by the fixed cardiac output from aortic valvular 
stenosis.

	 Other three major factors that induce this degree of ischemia in our patient include, the first being 
the marked increased in LVEDP [9] induced by effort, which, together with the omnipresent Left ventri-
cular Hypertrophy (LVH) in chronic AS, will raise intramyocardial pressure opposing coronary flow [10].
Secondly, coronary anatomy in AS is insufficiently developed to match the increase in LV mass with a resul-
tant decrease in relative capillary density [11]. This together with the physical deformation of the coronary 
vessels due to increased LVEDP and LV hypertrophy will increase baseline coronary flow resistance and 
impair coronary autoregulation [12]. Thirdly, this compromised blood supply it is sufficient at rest, but 
rapidly becomes critically curtailed during physical exercise because of the increase in heart rate reducing 
the duration of diastole when coronary flow occurs. Furthermore, the decrease in coronary circulation 
is non-homogeneous with subendocardial circulation being particularly impacted on by the increase in 
LVEDP and the alteration in coronary autoregulation.

	 The perfect storm of global ischemia, in our patient, was the result of an increased oxygen demand 
met by a fixed cardiac output and a combination of hypertrophy induced coronary anomalies, elevated end 
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Figure 4: 9:20 min at Stage 4 of the Bruce protocol. Patient 
is at peak stress and symptomatic with dyspnea, dizziness 
and chest pain.

diastolic pressure due to LVH and outflow obstruction and physiologic tachycardia shortening diastolic 
filling.Other reports have documented the occurrence of this typical ECG patten in patients with normal 
coronary anatomy [13] and speculated, as we have done, a supply/demand imbalance to explain the fin-
dings. Therefore, in agreement with other authors [14], we believe that the ECG pattern considered to be 
highly predictive of ischemia induced by severe CAD should, instead, be recognized to represent a nonspe-
cific picture of “circumferential subendocardial ischemia”. The ischemia is triggered by either a decrease in 
supply or an unbalance in supply/demand exacerbated by coexistent abnormalities (i.e. increased LVEDP 
and deficient coronary autoregulation in AS) induced by specific pathologies. This is particularly relevant 
when confronted with a patient presenting with angina and electrocardiographic changes considered hi-
ghly predictive of severe coronary obstruction and a baseline normal ECG. Clinical exam and a confirmatory 
echocardiogram would promptly lead to the correct diagnosis. Furthermore, the complete functional and 
electrocardiographic recovery of our patient following 10-15 minutes of rest would have been inconsistent 
with global ischemia due to LM/LME where ischemia will evolve into a myocardial infarction of variable 
dimension.

Figure 1: Baseline EKG prior to stress. Figure 2: Resting aortic valve gradients.

Figure 3: 8:50 into Bruce protocol.
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Figure 5: Patient is in immediate recovery phase. Diffuse 
T wave inversions now present.

Figure 6: Global reduction in ventricular function at peak 
stress.

Rest

Immediate
Post Stress

Figure 7: Parasternal views. Left side reflects baseline, right 
side reflects Immediate Post peak stress.

Figure 8: Apical views. Left side reflects baseline, right side 
reflects Immediate post peak stress.
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