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INTRODUCTION

Three most relevant tools available to an emergency 
room physician from cardiac perspective are 
patient’s pertinent symptoms/complaints, 12-lead 

electrocardiography (ECG), and cardiac markers. While 
waiting for the blood test reports including cardiac enzymes 
to come in, a 12-lead ECG can be very helpful in guiding 
the immediate course of treatment especially in patients 
with ST-segment deviation: Elevation versus depression. We 
almost always know what to do with ST-segment elevation; 
however, ST-segment depression might not be always helpful 
as noted in the following two cases that presented to the 
emergency department.

CASE REPORT

Case #1
A 78-year-old lady woke up at 11 pm with palpitations, shortness 
of breath. She lives 5 min away from the hospital and therefore 
decided to drive down to the local emergency room where she 
was found to be in atrial fibrillation with the rapid ventricular 
rate. She has a history of hypertension and dyslipidemia. Her 
12-lead ECG also revealed generalized ST-segment depression 
in almost all leads except aVR where there was about 2 mm 
ST-elevation. She converted back to normal sinus rhythm in ER, 
and her ST depression (STD) resolved. Her troponin was mildly 

elevated as well. Therefore, she underwent diagnostic coronary 
angiography revealing 2-vessel coronary artery disease (CAD) 
(left circumflex and right coronary artery [RCA]) requiring two 
coronary stents Figures 1 and 2.

Case #2
A 58-year-old lady known with chronic obstructive pulmonary 
disease and CAD presented to the emergency room with 
syncope, palpitations, with shortness of breath while at a 
local casino. A day before she was seen in our office for her 
routine visit. She was found to have mild sinus tachycardia 
at 105–110 beats/min without any symptoms. Her metoprolol 
was increased due to her sinus tachycardia in the setting of a 
known CAD. She has had last coronary angiography in 2012 
with totally occluded right coronary stent (RCA), and 40% 
proximal left anterior disease (LAD). She has been medically 
managed since then for CAD, hypertension, and dyslipidemia.

This visit she presented with sinus tachycardia at the rate of 
140 bpm with diffuse ST-segment depression. Her troponin 
was minimally elevated. Her heart rate had come down, 
but significant STD continued and therefore in this setting 
of a known CAD from before with now shortness of breath, 
palpitations, syncope, mildly elevated troponin, and persistent 
STD, she underwent coronary angiography. Her RCA stent 
was occluded, and there were no new and significant coronary 
lesions requiring stenting Figures 3 and 4.
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Dilemma
Both these cases discussed above were high risk for CAD 
presenting with symptoms, tachycardia, elevated troponins 

and marked STD. However, one patient had 2-vessel CAD 
requiring two stents, and another patient showed no new 
coronary lesions!

Figure 1: Atrial fibrillation with rapid ventricular response. Generalized ST depression. ST elevation in aVR

Figure 3: Sinus tachycardia at 140–150 bpm. Marked ST-segment depression in precordial leads (4 mm downsloping) and 
some ST depression in leads I and aVL

Figure 2: Conversion to spontaneous sinus rhythm. Resolution of ST segment depression
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How did this happen? Why not both patients had similar 
catheterization findings when their symptoms and objective 
findings were the same?

We will come back to this question later.

Electrophysiology of ST segment and T wave
ST segment on 12-lead ECG represents the plateau phase 
of ventricular repolarization (phase 2 of the action potential 
curve) while the T wave represents the rapid ventricular 
repolarization (phase 3). When ST and T wave changes are 
secondary to depolarization abnormalities (QRS affected), 
these are known as secondary ST/T changes. On the 
other hand, when ST and T wave changes are not related 
to QRS abnormalities, then these are known as primary 
repolarization changes.[1] Ischemia, pericarditis, myocarditis, 
some medications, and electrolyte abnormalities will cause 
primary ST/T changes.

ST/T changes with acute coronary syndromes
STD due to ischemia is this situation is mostly diffuse and 
does not localize the coronary artery zone. STD of at least 
1.0 mm at the J point and horizontal or downward sloping 
STD are the criteria needed to call it diagnostic of myocardial 
ischemia.[2] These kinds of ST/T changes in the setting of 
the clinical history of the acute coronary syndrome are 
considered adverse prognostic factors and warrant aggressive 
management.

Unlike ST-segment elevation, STD does not localize 
ischemia[3] and this has been studied quite extensively 
but without any proper explanation. The extent and the 
magnitude of STD, however, can correlate with the extent 
and the severity of underlying ischemia. Few studies have 
shown that STD in eight or more leads combined with ST 
elevation in leads aVR and V1 occurring during chest pains 
or treadmill stress test is associated with a 75% predictive 
accuracy for left main coronary artery or 3-vessel disease.[4-6] 

Similar findings were noted in cases of very critical proximal 
stenosis of the left anterior descending coronary artery.[7]

ST changes during treadmill stress test
STD could be of three kinds with a treadmill stress test and 
in many pathological situations: Upsloping, horizontal, and 
downsloping ST-segment depression. Upsloping ST-segment 
depression lacks any specificity and is generally considered 
benign. Downsloping ST-segment depression is worse for 
prognosis and more specific for diagnosis than horizontal STD.

Following findings on a treadmill stress test could be 
considered highly suggestive of significant CAD:[8]

• Horizontal STD of 2 or more mm
• Downsloping STD
• Early positive response within 6 min
• Persistence of STD for more than 6 min into recovery
• STD in 5 or more leads
• Exertional hypotension.

Wellens’ syndrome
Biphasic or deeply inverted (>5 mm) T waves in leads V2-3 
and at times with similar changes in V1 and V4-5 are very 
characteristic of recent ischemia/injury in the left anterior 
descending artery territory, and these findings are called 
Wellens’ syndrome.[9] It has been shown that 75% of patients 
who developed these T wave changes and was treated 
medically without coronary intervention (angioplasty/stent) 
developed extensive anterior wall myocardial infarction 
within a mean of 8.5 days.[10]

These ST/T changes are seen hours or days after the 
ischemic chest pain resolves. The ischemic episode is 
usually associated with transient ST elevation or depression 
that progresses to T wave abnormalities as noted above 
after chest pain resolution.[11] As originally described, only 
12% of these patients had a small increase in their cardiac 
enzymes, and therefore, ECG may be the only indication of 

Figure 4: Mild sinus tachycardia. Downsloping ST-segment depressions continue after several minutes of rate slowing
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an impending large anterior infarction in a chest pain-free 
patient.[9]

De Winter’s T waves
First described by De Winter et al. in 2008 representing 2% 
of all acute LAD occlusions (unlike Wellens syndrome that 
represents subacute LAD occlusion) with key diagnostic 
ECG features of STD at the J point, 1–3 mm and tall, peaked 
and symmetric T waves in precordial leads along with aVR 
lead showing mild ST elevation.[12] It has been proposed 
to be called as anterior ST-elevation myocardial infarction 
equivalent.[13]

Acute posterior wall myocardial infarction
Most cases of acute posterior wall MI are due to the critical 
lesions in a dominant right coronary or left circumflex artery. 
This kind of acute myocardial infarction (AMI) can occur 
in up to 12% of total AMIs with most cases occurring in the 
setting of inferior or lateral MIs. Isolated posterior MIs are 
rare but do occur.[14] ECG changes suggestive of a posterior 
wall AMI:[15] 1. A horizontal STD with tall, upright T waves 
in the right precordial leads, V1-3. 2. A tall, wide R wave in 
V1-3. 3. An R/S wave ratio >1 in lead V2.

STD in the right precordial leads may represent either 
reciprocal changes secondary to inferior or lateral AMI or 
may be due to the posterior wall AMI. In addition to these 
changes, if we see >1 mm ST elevation in the posterior 
leads V7-9, that will confirm the presence of posterior 
wall AMI.[16] Therefore, STD that is most prominent in 
V1-3 is often suggestive of posterior wall STEMI rather 
than NSTE ischemia and indicates the need for emergent 
coronary angiography. One study has shown that STD in 
the precordial leads was as sensitive (80%) as ST elevation 
in posterior leads, V7-9 for the diagnosis of posterior wall 
AMI.[17]

Reciprocal ST-segment depression
Reciprocal STD or “reciprocal change” or “mirror image” is 
defined as horizontal or downsloping STD in separate leads 
from those showing ST elevation. While ST elevation is 
considered the primary ischemic change, STD is considered 
a reciprocal change. The exact cause of this phenomenon 
is unknown; however, it is thought secondary to distant 
ischemia in a patient with a multi-vessel CAD,[18] or an 
infarct extension or an electrophysiological phenomenon 
caused by displacement of injury current away from 
the non-infarcted myocardium.[19] Reciprocal STD can 
be present in almost all cases of inferior MI and 70% of 
patients with anterior AMI.[20] The presence of reciprocal 
change increases the positive predictive value for AMI 
diagnosis to over 90%.[21]

In anterior myocardial infarction, STD seen in inferior 
leads might be corresponding to contributions of the basal 

anterolateral region supplied by the first diagonal branch and 
seen as ST elevation in leads I and aVL.[18a]

In inferior wall MI, the presence of STD in lead aVL and 
also in V1-3 is generally considered reciprocal changes.[19a] 
However, in these patients, the STD in leads V4-6 could be 
associated with LAD stenosis or 3-vessel CAD representing 
ischemia at a distance.[20a]

Patients with anterior or inferior wall MI with reciprocal 
STD have lower ejection fraction compared to those without 
reciprocal STD.[21a]

Acute pulmonary embolism
Sinus tachycardia is the most common ECG abnormality in 
cases of acute pulmonary embolism. Other findings could 
include: T-wave inversion in V1-4 and also in III and aVF.[22,23]

Left ventricular hypertrophy (LVH)
There are ST/T waves changes in as much as 70% cases of 
LVH[24] and these STD/repolarization changes are known as 
“strain pattern.” The strain pattern has a sensitivity of 52% 
and specificity of 95% to diagnose LVH. T-wave inversion 
is greater in lead V6 compared to V4 with more than 3 mm 
STD in lead V6. These STD could very easily be confused 
with ischemic changes.

Bundle branch block (BBB)
There are ST/T changes discordant with the axis of LBBB 
or RBBB, and these changes are expected and known as 
repolarization abnormalities. However, if ST/T changes are 
concordant (ST/T axis in the same direction as BBB), these 
are known as primary changes and considered ischemic in 
nature.[25]

Global T-wave inversion
This ECG situation occurs when the T waves are inverted in 
most of the leads except aVR and QT interval is generally 
prolonged. These T wave inversions are most symmetric 
and deep (>10 mm). These patterns are usually seen in 
significant myocardial ischemia or intracranial bleeding. Other 
conditions where these patterns are seen include: Hypertrophic 
cardiomyopathy, stress cardiomyopathy, advanced AV 
conduction block, pulmonary embolism, pericarditis, and 
cocaine abuse.[26]

Digoxin effect and hypokalemia
Digoxin can produce PR prolongation (vagal effect), STD, 
inverted T waves, prominent U waves and can also shorten 
the QT interval. Digoxin effect is usually seen in inferolateral 
leads as “scooped” STD.

Classically, hypokalemia is known by STD, T wave 
flattening and prominent U waves along with the QT interval 
prolongation.[27]
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CONCLUSION

It is so vital to have an extensive knowledge of ECG changes 
in relation to STD as being part of life-threatening conditions 
such as posterior MI, pulmonary embolism, or acute coronary 
syndrome. It will drastically change our course of action and 
short-term prognosis of the patients. In addition, it is quite 
helpful to know if these ST abnormalities are secondary 
repolarization changes or associated with LVH, digoxin 
effect, electrolyte imbalance, or BBB.

STD may certainly indicate the extent and severity of 
ischemia, but it does not localize the site (coronary artery) of 
ischemia. Why it does not localize the site of ischemia-like 
ST elevation remains unexplained so far.
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