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ECG INTERPRETATION FOR THE EMERGENCY DEPARTMENT

Electrocardiographic ST segment elevation in
adults with chest pain

William J Brady, Francis Morris

The accident and emergency (A&E) physician
must be an expert in the interpretation of the
electrocardiogram (ECG). Patients with chest
pain and ST segment elevation on the 12 lead
ECG who are experiencing acute myocardial
infarction (AMI) may be candidates for urgent
coronary revascularisation via either throm-
bolysis or primary angioplasty. Such treatment,
to maximise benefit, must be delivered as early
as possible after the onset of infarction. Other
such patients with chest pain and electrocar-
diographic ST segment elevation may be
suffering from a non-coronary chest discom-
fort syndrome. The correct identification of
these patients-both clinically and electro-
cardiographically-must be made in order to
offer the most appropriate treatments and to
avoid potentially dangerous therapies. The
A&E doctor is frequently the initial clinician
who examines the chest pain patient, interprets
the ECG, and makes these early therapeutic
decisions. Accurate interpretation of the ECG
and the correct diagnosis of AMI among the
numerous causes of ST segment elevation is a
mandatory skill. The ability of the doctor to
correctly interpret the electrocardiographic
findings in such patients directly and immedi-
ately impacts on management decisions as well
as influences patient outcome."A The following
discussion focuses on the differential diagnosis
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of ST segment elevation in the patient with
chest pain.

Case reports
CASE 1
A 38 year old African man presented to the
A&E department with central chest pain. The
pain had started at rest and was associated with
sweating. No past history nor family history of
ischaemic heart disease was noted. Examina-
tion revealed a harsh systolic murmur at the
left sternal edge. The ECG (fig 1) was initially
interpreted as demonstrating ST segment
elevation in leads V1-V3, compatible with
AMI. The patient was prescribed thrombolysis
(streptokinase 1.5 megaunits) and referred to
the coronary care unit. Subsequent evaluation
revealed that he had a significant aortic steno-
sis. No evidence of AMI was found. Repeat
ECGs did not reveal any evolving changes and
cardiac enzymes were never raised. He had no
further chest pain. The initial ECG was
reinterpreted as demonstrating evidence of left
ventricular hypertrophy. The ST segment
elevation in leads V1-V3 was thought to be
entirely compatible with this diagnosis and not
suggestive of an AMI.

Figure 1 Left ventricular hypertrophy: normal sinus rhythm with the cardinalfeatures ofleft ventricular hypertrophy. The
ST segment elevation apparent in leads V1-V2 is compatible with the repolarisation changes of left ventricular
hypertrophy.
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Figure 2 Benign early repolarisation (BER): normal sinus rhythm with ST segment elevation in leads V2 -V4. The ST
segment elevation is concave upwards and, in lead V3, a notch is evident at the point. The ECG changes did not evolve
over time. The final electrocardiographic diagnosis is BER.

CASE 2
A 48 year old man presented in the early hours
of the morning with retrosternal burning
discomfort. The pain had started six hours
previously after a large meal and was unre-
lieved by antacids. The pain had prevented him
from sleeping and he was particularly uncom-
fortable in bed. There was no significant past
medical history apart from an acute attack of
gout three months previously. Clinical exam-
ination was normal. The ECG (fig 2) was
thought to demonstrate ST segment elevation
compatible with an anterior AMI and he was
referred to coronary care for thrombolysis. On
further evaluation, it was thought that the ST
segment elevation was a manifestation of
benign early repolorisation (BER) rather than
AMI. Serial ECGs did not reveal any evolution
of the ST segment elevation and there was no
cardiac enzyme rise. A stress test seven days
after admission did not reveal any significant
ischaemia.

CASE 3
A 64 year old woman presented to the A&E
department with substernal chest pain, similar
to previous attacks of angina. The pain was
associated with nausea and sweating. She had a
past history of AMI, diabetes, and hyper-
tension. A 12 lead ECG showed sinus rhythm
with ST segment elevation in leads III and aVF
consistent with AMI (fig 3). The patient was
referred to the coronary care unit for throm-
bolysis, which was applied without complica-
tion or apparent change in the patient's condi-
tion. Further study of her medical history
revealed past inferior wall AMI with aneurysm.
Serial ECGs did not demonstrate change and
cardiac enzymes did not rise; an echocardio-
gram revealed inferior dyskinesis consistent
with inferior wall aneurysm.

CASE 4
A 43 year old female without a past medical
history presented with left chest pain. The pain

Figure 3 Left ventricular aneurysm: normal sinus rhythm with ST segment elevation in leads III and aVFI Comparison
with serial ECGs as well as a previous ECG did not demonstrate any change. Review ofpast medical records revealed a
history of inferior wallAMI with aneursym.
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Figure 4 Acute pericarditis: widespread ST segment elevation is seen in leads V2 to V6 as well as the inferior leads. The
initial up-sloping portion of the ST segment is concave, suggesting a non-infarction cause of the electrocardiographic
abnormality. Additionally, PR segment depression is seen in leads II, III, and aVF Reciprocal changes are noted in lead
a VR: PR segment elevation and ST segment depression.

had appeared approximately two to three days
before arrival; the pain was worsened upon
inspiration, assuming the supine position, and
with upper extremity movement; no other
associated symptoms were noted. The patient
had recently experienced an upper respiratory
infection. The physical examination was nor-
mal; no chest wall tenderness was found. An
ECG (fig 4) revealed normal sinus rhythm with
widespread ST segment elevation. The pa-
tient's pain lessened considerably on treatment
with a non-steroidal anti-inflammatory agent
and morphine sulphate. The patient was
admitted to the cardiology service for 24 hour
observation and discharged without incident.

Table 1 Clinical
syndromes in the chest pain
patient which may casue
STsegment elevation

Acute myocardial infarction
Variant angina
Acute pericarditis
Benign early repolarisation
Left ventricular hypertrophy
Bundle branch block
Cardiomyopathy
Acute myocarditis
Left ventricular aneurysm
Pre-excitation syndromes
Hyperkalaemia
Hypothermia
Central nervous system

Discussion
In the evaluation of patients with chest pain,
the A&E doctor uses three principle tools: the
history of the event, the 12 lead ECG, and
serum markers of myocardial injury. The clini-
cal history is the most vital assessment tool, yet
the ECG is an important adjunct and may
influence clinical management. ST segment
elevation is perhaps the "most demanding" of
the electrocardiographic features seen in the
chest pain patient; it is "demanding" in that its
presence must be explained and, if the
aetiology involves AMI, urgent therapeutic
decisions must be made.

.l

+
AMI Pericarditis

Unfortunately, ST segment elevation is a not
uncommon finding on the ECG of the patient
with chest; its cause infrequently involves AMI.
In fact, such patients may present electrocar-
diographically with ST segment elevation
because of either AMI, confounding patterns,
and/or masquerading syndromes. In most
instances, ST segment elevation resulting from
AMI is easily noted. Confounding patterns
such as left bundle branch block, ventricular
paced rhythms, and left ventricular hypertro-
phy may obscure the typical electrocardio-
graphic findings of AMI as well as produce
non-infarctional ST segment elevation which
may lead the uninformed doctor astray. Other
ST segment elevation patterns, including be
BER and acute pericarditis, occur in the
individual with chest discomfort and may sug-
gest the incorrect diagnosis of AMI. Refer to
fig 5 for a depiction of ST segment elevation
types for various clinical syndromes and tables
1 and 2 for a listing of these syndromes.
The occurrence of numerous other non-

infarctional ST segment elevation syndromes
only reinforces the point that ST segment
elevation is an insensitive marker ofAMI.s One
pre-hospital study of adult chest pain patients
in North America demonstrated that the
majority of patients manifesting ST segment
elevation on the ECG did not have AMI as a

4A

BER BBB LVH V paced
events

Acute abdominal disorder Figure 5 Electrocardiographic syndromes presenting with ST segment elevation (AMI = acute myocardial infarction;
BER = benign early repolarisation;BBB = bundle branch block; LVH = left ventricular hypertrophy).
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Table 2 Causes ofST segment elevation among patients
with chest pain in the emergency department: 902 patients
presented with chest pain; 202 (22%) patients showed ST
segment elevation on the ECG; the responsible aetiologies
are listed below'

Syndrome Patients (0o)

Left ventricular hypertrophy 25
Left bundle branch block 15
Acute myocardial infarction 15
Benign early repolarisation 12
Right bundle branch block 5
Intraventricular conduction delay 5
Aneurysm 3
Pericarditis 2
Undefined 1 8

~LLL
aVR VI V4

2fW~~~~~~V

Figure 6 ECG demonstrating left ventricular hypertrophy related repolarisation ch
particularly ST segment elevation in leads Vl-V3 with ST segment depression in ti
lateral distribution. Prominent ST segment elevation is seen in the right to mid-prec
leads; the initial up-sloping portion of the ST segment is concave, which suggests a
non-infarction cause of the ST segment change.

B.

_TI

C

Figure 7 (A) and (B) Right precordial leads with pronounced ST segment elevat,

concave ST segment morphology. (C) The concept of appropriate discordance in thi

with left ventricular hypertrophy who has had an ECG states that the terminal por,

the QRS complex (arrowed B) and ST segmentIT wave (arrowed A) are located o:

opposites sides of the isoelectric baseline. In the right to mid-precordial leads, QS co?

(predominantly negative QRS complexes), pronounced ST segment elevation is enc,

as predicted by the concept of appropriate discordance. The initial, up-sloping portic

ST segmentIT wave is concave (small arrows), which suggests a non-infarction cau~

ST segment elevation.

zanges,

final hospital diagnosis; rather, left ventricular
hypertrophy and left bundle branch block
accounted for the majority of the cases.6
Further, in a North American review of adult
patients presenting to the emergency depart-
ment with chest pain and ST segment
elevation on the ECG, ST segment elevation
resulted from AMI in only 15% of this popula-
tion; left ventricular hypertrophy, seen in 30%
of adult chest pain patients, was the most
frequent cause of this ST segment elevation (W
J Brady. Abstract presented at International
Emergency Medicine Conference, Vancouver,
Canada, 26 March 1998). In the coronary care
unit population, Miller et al demonstrated that
ST segment elevation was diagnostic for acute
infarct in only half of patients with a past
history of ischaemic heart disease with such ST
segment changes.7 These syndromes causing
ST segment elevation not related to AMI are
not infrequently misdiagnosed as acute infarc-
tion, which then may subject the patient to
unnecessary and potentially dangerous treat-
ments and procedures. For example, a report
by Sharkey et al noted that 11% of patients
receiving thrombolytic agent were not experi-
encing AMI. The electrocardiographic syn-
dromes producing this pseudoinfarct ST seg-
ment elevation included BER (30%), left
ventricular hypertrophy (30%), and various
intraventricular conduction abnormalities
(30%).8

be LEFT VENTRICULAR HYPERTROPHY
ordial Electrocardiographic changes related to left

ventricular hypertrophy are uncommonly en-
countered in the A&E chest pain patient. ST
segment elevation is seen frequently in patients

v,\ with pre-hospital chest pain and, in fact, is the
\et leading cause of such non-infarctional ST seg-

ment change.6 Among patients with chest
A discomfort, left ventricular hypertrophy is

responsible for approximately 25% of non-
infarctional ST segment elevation (W J Brady.

\ Abstract presented at International Emergency
B Medicine Conference, Vancouver, Canada, 26
B March 1998). Its presence on the ECG,

particularly the repolarisation changes that
alter the morphology of the ST segment and/or
the T wave, may confound the early evaluation

\ of the chest pain patient. Larsen et al have
shown that the electrocardiographic pattern

A consistent with left ventricular hypertrophy is
encountered in approximately 10% of adult
chest pain patients initially diagnosed with

\ acute ischaemic heart disease.9 After hospital
admission and more extensive evaluation, only

B one quarter of these patients were found to
have AMI. The remainder of the patients-the
vast majority-were ultimately diagnosed with
non-ischaemic syndromes. The physicians car-
ing for the patients in this study incorrectly
interpreted the ECGs more than 70% of the

*ion and time. They frequently did not identify the left
e patient ventricular hypertrophy pattern and therefore
tion of attributed the ST segment/T wave changes to
mplexes ischaemia or infarction-when in fact the
ountered observed ST segment/T wave changes resulted
se of the from repolarisation abnormality associated

with left ventricular hypertrophy.9

A

A
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Figure 8 Various electrocardiographic complexes
demonstrating BER. In each case, ST segment elevation is
seen with prominent Jpoint elevation and concavity of the
ST segment.

In patients with left ventricular hypertrophy,
ST segment/T wave changes are encountered
in approximately 70% of cases, resulting from
altered repolarisation of the ventricular
myocardium.10 These ST segment/T wave
abnormalities are the new "norm" in patients
with electrocardiographic left ventricular
hypertrophy and may mask and/or mimic the
early findings consistent with acute coronary
ischaemia.11 Left ventricular hypertrophy is
associated with poor R wave progression and
loss of the septal R wave in the right to
mid-precordial leads, most commonly produc-
ing a QS pattern. In general, these QS
complexes are located in leads Vi and V2,
rarely extending beyond lead V3 (figs 1, 6, and
7A, B). As predicted by the concept of
appropriate discordance (that is, the terminal
portion of the QRS complex and ST
segment/T wave are located on opposites sides
of the isoelectric baseline; fig 7C), ST segment
elevation is encountered in this distribution
along with prominent T waves. The ST
segment elevation seen in this distribution may
be greater than 5 mm in height (figs 6 and 7A,
B). The initial, up-sloping portion of the ST
segment/T wave complex is frequently concave
in left ventricular hypertrophy compared with
the either flattened or convex pattern observed
in the AMI patient (fig 7C).1" This morpho-
logical feature is imperfect; early AMI may
reveal such a concave feature. Another feature
of left ventricular hypertrophy related ST
segment/T wave change is its relative perma-
nence; these changes are very unlikely to
change during the initial evaluation. This rela-
tive difference in the longevity of the ST
segmentVT wave changes in the two syndromes
lends itself to differentiation using serial
electrocardiographic monitoring.

A B C

Figure 9 A comparison ofSTsegment elevation in (A) pericarditis, (B) BER, and (C)
AMI. (A) Acute pericarditis is seen here with STE and PR segment depression. (B) BER
with ST segment elevation starting at the point. (C) AMI with convex ST segment
elevation. Note the concave nature of the ST segment elevation in acute pericarditis and
BER compared with the convex elevation in AMI.

BENIGN EARLY REPOLARISATION
The syndrome of BER, first described in 1936
by Shipley and Hallaran, is felt to be a normal
variant, not indicative of underlying cardiac
disease.'2 BER has been reported to occur in
approximately 1% of the general population, in
persons of all age groups and varying racial and
ethnic backgrounds."3 In a large population
based study, the mean age of patients with
BER was 39 years with a range of 16-80 years.
BER was seen predominantly in those patients
less than age 50 years and rarely encountered
in individuals over age 70 years (3.5%)." Men
manifest BER significantly more often than
women." For unknown reasons, BER is more
often encountered in black men age 20-40
years,'4 though some dispute this finding."3
An ECG of BER (figs 2, 8, and 9B) includes

diffuse or widespread ST segment elevation
(fig 2), upward concavity of the initial portion
of the ST segment (figs 2, 8, and 9B), notching
or slurring of the terminal QRS complex (fig 2;
lead V3) , and symmetric, concordant T waves
of large amplitude (figs 9, upper and middle
examples, and 9B)." The ST segment eleva-
tion begins at the "J" (or junction point of the
QRS complex and ST segment). The degree of
ST segment elevation encountered in BER is
usually less than 2 mm but may approach 5
mm in certain individuals. Eighty to ninety per
cent of individuals show ST segment elevation
less than 2 mm in the precordial leads and less
than 0.5 mm in the limb leads; only 2% of
cases of BER manifest ST segment elevation
greater than 5 mm."3 16 The ST segment looks
like it has been lifted upwards evenly from the
isoelectric baseline at the J point, preserving
the normal concavity of the initial, up-sloping
portion of the ST segment/T wave complex
(figs 2, 8, and 9B)." This ST segment elevation
morphology is a very important feature that
distinguishes BER related ST segment eleva-
tion from that associated with AMI. The J
point itself is frequently notched or irregular in
contour and is considered highly suggestive-
but not diagnostic-ofBER (fig 2; lead V3)."'3
The degree of J point elevation is usually less
than 3.5 mm." Prominent T waves of large
amplitude and slightly asymmetric morphol-
ogy are also encountered; the T waves may
appear "peaked," suggestive of the hyperacute
T wave encountered in AMI. The prominent T
waves are concordant with the QRS complex
and are usually found in the precordial leads.
The height of the T waves in BER ranges from
approximately 6.5 mm in the precordial distri-
bution to 5 mm in the limb leads."'5
The degree of ST segment elevation in BER

is usually greatest in the mid to left precordial
leads (leads V2 -V5), and less often found in
the limb leads. One large series reported that
the limb leads show ST segment elevation in
only 45% of cases of BER. "Isolated" BER in
the limb leads (no ST segment elevation in the
precordial leads) is a very rare finding." 16 Such
"isolated" ST segment elevation in the inferior
(II, III, and aVF) or lateral (I and aVL) leads
should prompt consideration of another expla-
nation for STE.
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LEFT VENTRICULAR ANEURYSM
Left ventricular aneurysm (LVA), also de-
scribed as dyskinetic ventricular segment, is
defined as a localised area of infarcted myocar-
dium which bulges outward during both
systole and diastole. LVAs most often are noted
after large anterior wall events but may also be
encountered after inferior and posterior wall
AMIs. In most cases, the LVA is manifested
electrocardiographically by varying degrees of
ST segment elevation, which may be difficult
to distinguish from ST segment changes due to
AMI-particularly in the patient with chest
pain with known past AMI." The actual ST
segment elevation itself is felt to result from
either a current of injury originating from
viable yet ischaemic myocytes in the aneurysm
or from mechanical wall stress caused by trac-
tion on the normal, adjacent myocardium.
LVA is characterised electrocardiographi-

cally by persistent ST segment elevation seen
several weeks after AMI. Because of the
frequent anterior location of LVA, ST segment
elevation is most often observed leads I, aVL,
and V1-V6. Of course, the inferior wall LVA
would be manifested on the surface ECG by
ST segment elevation in the inferior leads as
seen in case 3 (fig 3); such ST segment
elevation, however, is usually less pronounced
than the ST segment changes seen in the ante-
rior leads. The actual ST segment abnormality
due to the LVA may present with varying mor-
phologies, ranging from obvious, convex ST
segment elevation (fig 3) to minimal, concave
elevations (fig 10). The distinction from ST
segment elevation in the AMI patient may be
difficult." Reciprocal change, which is a not
infrequent electrocardiographic feature of
AMI, strongly suggests that the current ST
segment changes results at least in part from
acute infarction. Patients with LVA, usually the
result of extensive anterior wall infarction, will
frequently also have significant Q waves in the
same distribution. The simultaneous appear-
ance of the Q wave is not a feature that
unquestionably supports the electrocardio-
graphic diagnosis of LVA; the doctor must
recall that Q waves may appear as early as two
hours after the onset of transmural AMI. The
dynamic nature of AMI related ST segment
elevation compared with the often static ST

V /1I
Figure 11 Acute pericarditis with ST segment elevation in all three examples (upper lead
III (left), middle lead V2 (middle), and lower lead V4 (right)) as well as PR segment
depression in the upper (left) and lower (right) examples. Once again, note the concave
morphology of the ST segment elevation, suggesting a non-infarction cause of the ST
segment change. The shaded areas refer to the concave portion of the ST segment; the
arrows indicate the PR segment depression.

segment character in LVA makes both a
comparison with past ECGs as well as the use
of serial ECGs of considerable diagnostic
value.

ACUTE PERICARDITIS
Acute pericarditis, a diffuse inflammation of
the pericardial sac and superficial myocar-
dium, has a number of underlying causes
including infections, immunological disorders,
uraemia, trauma, malignancy, cardiac ischae-
mia, AMI, as well as a multitude of other aeti-
ologies. The clinical presentation of acute peri-
carditis can be confused with acute coronary
ischaemia. The difficulty in distinguishing
acute myopericarditis from AMI, coupled with
an increasing emphasis on rapid revascularisa-
tion treatments in patients with acute infarc-
tion, has led to inadvertent administration of
thrombolytic agents to patients with acute
pericarditis.7 18

It has been reported that up to 90% of
patients with acute myopericarditis have ab-
normalities on the ECG.'9 Classically, several
stages of electrocardiographic change have
been described involving ST segment eleva-
tion, PR segment depression, T wave inver-
sion, and normalisation." In general, stages
1-3 are seen over hours to days but stage 4 may
not be reached for several weeks. Further,
patients may not manifest all characteristic
electrocardiographic features of pericarditis-
that is, the chest pain patient may present with
stage 1 findings with progression directly to
stage 4. Fewer than half of the patients with
acute myopericarditis, however, evolve through
all stages.20
ST segment elevation seen in patients with

stage 1 pericarditis is usually less than 5 mm in
height, observed in numerous leads, and char-
acterised by a concavity to its initial up-sloping
portion (fig 4). In some instances, the ST seg-
ment elevation may actually be obliquely flat
(inferior leads of fig 4). The ST segment eleva-
tion caused by acute pericarditis is usually
noted in all leads except VI (fig 4); reciprocal
ST segment depression is also seen in lead aVR
(fig 4) and occasionally in lead V1. The ST
segment elevation is most often seen in many
leads simultaneously, though it may be limited
to a specific anatomic segment. If the process is
focal, the inferior wall is often involved with
leads II, II, and aVF commonly affected.
PR segment depression associated with peri-

carditis perhaps is the most helpful feature in
arriving at the correct electrocardiographic
diagnosis; such a finding has been described as
"almost diagnostic" for acute pericarditis (figs
4 and 1 1; upper and lower examples)." Recip-
rocal PR segment elevation is seen in lead
aVR-and may be easier to view in certain
cases (fig 10).

OTHER SYNDROMES
Numerous other clinical syndromes may
present with electrocardiographic ST segment
elevation, including the various ventricular
paced rhythms, cardiomyopathies, acute myo-
carditis, hypothermia, hyperkalaemia, pre-
excitation syndromes, and acute abdominal

Figure 10 Left ventricular
aneurysm in lead V2 with
concave ST segment
elevation.

WI.d..
/.
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and central nervous system disorders. These
syndromes will be discussed in future reports;
left bundle branch block has been discussed in
an earlier report.
Conflict of interest: none.
Funding: none.
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