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Original article

Background/Objectives. Rapid risk stratification 
of the patient with acute chest pain is essential 
to select the best management. We investigated 
the value of the ECG at first medical contact to 
determine size of the ischaemic myocardial area 
and thereby severity of risk.
Methods. In 386 patients with acute chest pain, 
ECG findings were correlated with the coron-
ary angiogram. Using ST-segment deviation 
patterns the location of the coronary culprit le-
sion was predicted and thereby size of the area 
at risk. Four groups of patients were present. 
Those with a narrow QRS and a total 12-lead 
ST-segment deviation score of ≥5 mm (group 
1) or ≤4 mm (group 2); a QRS width of ≥120 
ms (group 3), and patients with previous coron- 
ary bypass grafting (CABG) or percutaneous 
coronary intervention (PCI) (group 4).
Results. Correct coronary culprit lesion locali-
sation was possible in 84% of the 185 patients 
in group 1, 40% of the total cohort. Accurate 
prediction was not possible in most patients in 
groups 2, 3 and 4, in spite of extensive coronary 
artery disease in group 3 and 4. 
Conclusions. Using the 12-lead ECG the size 
of the myocardial area at risk can be accurate-
ly predicted when the total ST-segment devi-

ation score is ≥5 mm, allowing identification of 
those in need of a PCI. In most patients with 
bundle branch block, previous CABG or PCI, 
the ECG can not localise the culprit lesion. This 
approach simplifies and accelerates decision-
making at first medical contact. (Neth Heart J 
2010;18:301-6.)
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In acute cardiac ischaemia the size of the cardiac 
area at risk is related to the site of occlusion of the 

culprit coronary artery. The closer to the origin of 
the coronary vessel the larger the jeopardised area. 
Therefore the purpose of our study was to find out 
how good the ECG is at the time of first medical 
contact to give information about the size of the 
area at risk, helping decision-making about the best 
and quickest way to prevent myocardial damage.
	 The initial ECG changes in acute cardiac isch-
aemia take place in the ST segment with ST-seg-
ment elevation and depression in the different 
leads. Specific patterns of ST-segment deviations in 
the 12-lead ECG allow a more accurate localisation 
of the occlusion site in the culprit coronary artery, 
giving a better estimate of the size of the area at 
risk.1-16 

Methods
From January 2006 to September 2008, 400 pa-
tients with acute chest pain were taken by ambu-
lance to the Marienhospital of the Med Klinik II 
of the Ruhr University in Herne, Germany. A 12-
lead ECG was recorded outside the hospital and a 
coronary angiogram performed within one hour. 
To predict the location of the coronary culprit le-
sion, an algorithm was developed based on earlier 
described ECG characteristics16 and results from a 
retrospective study during 2004 and 2005 in 499 
patients with acute chest pain admitted to the Isala 
Clinics in Zwolle, the Netherlands. 
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The algorithm uses computer-assisted ST-deviation 
measurements in the 12 ECG leads at 60 ms after 
the J point with the TP segment as the reference 
line, measuring both ST elevation and ST depres-
sion. The direction of ST-segment deviation indi-
cates the occlusion site in the coronary artery (figure 
1).16-19 To differentiate lesions in the proximal and 
distal right coronary artery and the circumflex ar-
tery11,12 lead V4R was recorded instead of lead V4, 
after we found that ST deviation in lead V4 is the 
mean of ST deviations in leads V3 and V5. Apart 
from ST-segment deviation measurement (elevated, 
isoelectric or depressed) in the individual lead, the 
sum of deviations in all leads was determined and 
measured in mm’s, resulting in the total ST-segment 
deviation score. Therefore, in each patient both the 
total ST-segment deviation score and the ST-seg-
ment deviation direction were determined.
	 The culprit lesion sites suggested by the al-
gorithm are: left main; proximal left anterior de-
scending (LAD), either proximal to the first sep-
tal branch, the first diagonal branch or proximal 
to both; distal LAD, distal to first septal and first 
diagonal; proximal right coronary artery (RCA), 
proximal to the right ventricular branch; distal 
RCA, distal to the right ventricular branch; cir-
cumflex coronary artery (Cx); multivessel disease; 
or no localisation possible. The characteristics of 
ST-segment deviations in these different coronary 

occlusion sites are given in references 16 and 19.
	 The coronary angiogram, taken within one 
hour after the ECG, was analysed by two investiga-
tors, unaware of the ECG findings. For this study 
the exact sites of occlusion or severe coronary nar-
rowing (>70%) were described.

Results
A total of 400 patients entered the study. In 14 
patients the ECG could not be accepted because 
of artifacts (13) or lead misplacement (1). Of the 
remaining 386 patients, 280 were men (mean age 
61.8±13.2 years), and 106 women (mean age 
69.3±13.4 years). Forty-four patients had under-
gone previous coronary artery bypass grafting 
(CABG) or a percutaneous coronary intervention 
(PCI), and 53 patients had a QRS width of more 
than 120 ms. The 289 patients with a narrow QRS 
during sinus rhythm were divided into 185 with a 
total ST-segment deviation score of ≥5 mm, and 
104 patients with a score of ≤4 mm.
	 Table 1 gives the findings in the 185 patients with 
a total ST-deviation score of at least 5 mm (group 1). 
The ECG algorithm correctly predicted the occlu-
sion site in almost all patients with a proximal occlu-
sion (left main, proximal LAD, proximal RCA). Sev-
en out of the 185 patients with ≥5 mm ST deviation 
(varying from 6 to 14 mm) had no coronary heart 
disease. All were men, aged 27 to 50 years. One had 

Figure 1. An example of the ST-segment deviation behaviour in a patient with an acute anterior wall myocardial infarction because 
of an occlusion in the left anterior descending coronary artery proximal to the first septal and the first diagonal branch. On the left 
the 12-lead ECG, on the right the ST-segment deviation axis in the frontal plane. The axis goes from the leads showing ST-segment 
depression to the leads showing ST-segment elevation.
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severe hypertension, two a dilated cardiomyopathy 
and four early repolarisation changes on the ECG. 
Therefore, in patients with acute chest pain and an 
ECG with a total ST-deviation score of ≥5 mm the 
coronary occlusion site was identified correctly in 
156 of the 185 patients (84.3%).
	 In contrast, in the 104 patients with ≤4 mm 
(group 2), the location of the culprit lesion could 
not be predicted from the ST-segment deviation. 
Table 2 gives the ECG and coronary angiographic 
findings.
	 In 53 patients a widened QRS complex (of 
≥120 ms) was present. Twelve patients had both 
a previous CABG/PCI and a widened QRS. Right 
bundle branch block (RBBB) was present in 24 pa-

tients, with two patients having no coronary artery 
disease. In 11 out of 13 RBBB patients with a total 
ST-segment deviation score of ≥5 mm the coronary 
occlusion site was correctly predicted; all patients 
had a proximal LAD occlusion.
	 Left bundle branch block (LBBB) was present 
in 25 patients, with 22 having severe, usually multi-
vessel, CAD. Three LBBB patients had no CAD 
(hypertension in one, severe aortic stenosis in one, 
and a dilated cardiomyopathy in one). In three 
patients the wide QRS was caused by frequent 
episodes of non-sustained ventricular tachycardia. 
One patient had a paced QRS complex.
	 Therefore, in LBBB patients the culprit lesion 
could not be predicted.

Table 1. Correlation between coronary angiographic and ECG algorithm findings in 185 patients with ST-deviation score of 
5 mm or more.

Site of coronary occlusion according to ECG algorithm

LM Prox LAD Dist LAD Prox RCA Dist RCA CX Multi-
vessel

No location 
possible

Correct 
diagnosis

%

CA diagnosis  

Left main 13 1 13/14 93

Prox LAD 1 54 1 54/56 96

Dist LAD 1 22 1 22/24 92

Prox RCA 36 36/36 100

Dist RCA 1 1 10 10/12 83

CX 1 1 1 12 1 12/16 75

Multi-vessel 2 1 1 9 9/13 69

Coronary 
narrowing

3 1 2 1 0/7 0

No occlusion 2 3 1 1 0/7 0

CA=coronary angiogram, LM=left main artery, LAD=left anterior descending, RCA=right coronary artery, CX=circumflex artery.

Table 2. Coronary angiographic and ECG findings in 104 patients with ST-segment deviation of 4 mm or less.

Coronary angiographic findings

No CAD Coronary occlusion Coronary narrowing >70%
ECG findings

Q-wave MI 18 20

Negative T-waves 6 11

ST depression 1 2

No abnormalities 25 6 15

Total 25 31 48

CAD=coronary artery disease, MI=myocardial infarction.
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Forty-four patients had a previous CABG or PCI. 
In 27 patients the ST-segment deviation score was 
≤4 mm. In eight of the 17 patients with an ST-
deviation score of ≥5 mm the occlusion site in the 
coronary artery was correctly predicted by the al-
gorithm.

Discussion 
The early ECG changes during cardiac ischaemia 
take place in the ST segment. When thrombolytic 
agents were introduced, they were most successful 
when given during the stage of ST-segment devi-
ation before the development of Q waves and T-
wave inversion.20 That reperfusion therapy should 
be applied as soon as possible, preferably during the 
stage of ST-segment deviation, is clearly stressed in 
the current guidelines.21,22 When possible, ECG in-
formation should already be obtained during the 
first patient contact outside hospital.23

	 Unfortunately, in many countries this is cur-
rently possible in only a limited number of pa-
tients.24 By determining the pattern of ST-segment 
deviations in the different ECG leads one may be 
able to risk stratify the chest pain patient accord-
ing to the size of the jeopardised area, and a com-
puterised ECG analysis to obtain that information 
has been suggested.25 However, validation of this 
concept requires a short interval between ECG and 
coronary arteriogram, as in our study.
	 So far, no information was available on how 
much 12-lead ST-segment deviation is required 
to use the ST-segment deviation direction to cor-
rectly predict the location of the culprit lesion. We 
also investigated the value of the ECG in chest pain 
patients with bundle branch block or a previous 
CABG or PCI.
	 Our results suggest that four patient categories 
can be recognised for rapid decision-making in 
acute chest pain: 1) patients with a narrow QRS 
and an ST-segment deviation score of ≥5 mm; 2) 
patients with a narrow QRS and an ST-segment de-
viation score of ≤4 mm; 3) patients with a widened 
QRS (≥120 ms); and 4) patients with a previous 
CABG or PCI.

Narrow QRS and ST-segment deviation score of 
≥5 mm
Present in 185 of the 386 patients (47%), narrow 
QRS and an ST-segment deviation score of ≥5 mm 
allowed recognition of the high-risk patients because 
of a proximal coronary occlusion; 93% of left main, 
96% of proximal LAD, and 100% of proximal RCA 
occlusion were correctly identified. In inferoposter-
ior MI lead V4R was very helpful to differentiate be-
tween a proximal RCA, distal RCA or a circumflex 
occlusion. Of interest is the finding that all seven of 
the 184 patients without coronary heart disease were 
men, five patients were ≤40 years with four having an 
early repolarisation pattern on their ECG.

Narrow QRS and ST-segment deviation score of 
≤4 mm
Of the 104 patients with a narrow QRS and an 
ST-segment deviation score of ≤4 mm (29% of the 
386), 25 had no coronary artery disease. As shown 
by Macfarlane, a limited amount of ST-segment ele-
vation may be present in healthy people.26 In 31 pa-
tients an occluded coronary artery and in 48 patients 
coronary narrowing was present. Most patients with 
CAD had Q waves or inverted T waves in two or 
more consecutive leads. In 12 out of the 14 patients 
with a coronary occlusion in whom the time interval 
between onset of chest pain and ECG recording was 
known that value exceeded 12 hours. Therefore, in 
most patients with coronary heart disease and an ST-
deviation score of ≤4 mm the culprit lesion can not 
be localised using the 12-lead ECG. Q waves and/
or inverted T waves suggest either an old myocardial 
infarction or a long interval between onset of chest 
pain and the ECG. Those patients are less likely to 
benefit from a rapid reperfusion attempt.

Widened QRS (≥120 ms)
Fifty-three patients (13 % of the 386) fell into the 
widened QRS category. Forty-nine patients had 
either right or left bundle branch block. There 
were four important findings: 1) 11 had a previous 
CABG/PCI; 2) severe CAD was present in 44 of 
the 49; 3) in case of RBBB the culprit lesion could 
be localised if a total ST-segment deviation score 
of ≥5 mm was present; and 4) in LBBB patients 
the coronary occlusion site could not be identified. 
This is not surprising because LBBB, in contrast to 
RBBB, results in marked changes in the left ven-
tricular depolarisation pattern and therefore also in 
an abnormal pattern of repolarisation. 

Previous CABG or PCI
Of the 44 patients with previous CABG or PCI 
(11% of the 386), 27 had an ST-deviation score 
of ≤4 mm, making localisation of the culprit lesion 
impossible in the majority of these patients, in spite 
of extensive coronary artery disease.

Limitations
There are many different non-coronary causes 
leading to ST-segment deviation, stressing the im-
portance of using the algorithm diagnosis only in 
case of acute chest pain. 
	 Unfortunately we do not have information 
about the time interval between the onset of chest 
pain and the ECG for most patients. Less or ab-
sent ST-segment deviation suggests a long inter-
val between the coronary occlusion and the ECG. 
Also, as pointed out already, in coronary-related 
chest pain ST-segment deviation may not indicate 
the culprit coronary artery during abnormal ven-
tricular depolarisation, previous cardiac damage or 
a previous coronary intervention.
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The practical approach
After being questioned about the duration of pain 
and presence or absence of a previous myocardial 
infarction, CABG or PCI, patients with acute chest 
pain can be divided into four groups: 1) Patients 
with a 12-lead ECG with a narrow QRS and an 
ST-segment deviation score of ≥5 mm. In those pa-
tients, the ECG algorithm is able to identify those 
patients with a very proximal coronary occlusion, 
at a time that they will benefit from an early reper-
fusion intervention. Preferably they should go to a 
PCI centre, even after fibrinolysis has been given, 
because of a long distance to the PCI centre.27 2) 
Patients with a narrow QRS and a total ST-segment 
deviation score of ≤4 mm. Then the ECG is usually 
not helpful to indicate the location of the culprit 
lesion. These patients have either no coronary ar-
tery disease, coronary narrowing or in a number 
of cases a coronary occlusion of longer duration. 
The specific lead location of Q waves and inverted 
T waves is a better marker for the site of cardiac 
damage. 3) Patients with a QRS width of ≥120 ms. 
Especially in patients with LBBB the presence of 
abnormal left ventricular activation and repolari-
sation make the pattern of ST-segment deviation 
unreliable to indicate the location of the culprit le-
sion. Since most of these patients were found to 
have severe coronary artery disease, rapid referral 
to a PCI centre, where therapy can be based upon 
the coronary angiogram, is advisable.
	 There is a fourth group of patients in whom 
the ECG usually does not indicate the culprit le-
sion. These are the patients with known coronary 
artery disease who have had a previous myocardial 
infarction or a previous intervention, either CABG 
or PCI. Coronary angiography will be required to 
determine the culprit lesion and rapid referral to a 
PCI centre should be the preferred mode of man-
agement.28 

Conclusion
In the patient with acute chest pain the ECG, us-
ing the ST-segment deviation direction, is of value 
to accelerate decision-making outside hospital by 
identifying patients most likely to profit from a 
rapid percutaneous coronary intervention, such as 
those with a proximal coronary lesion, or bundle 
branch block. Culprit lesion location can not usu-
ally be predicted by the ECG in patients with a pre-
vious coronary occlusion, PCI or CABG.  n
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