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Abstract

Background: The implication of the shape of ST segment in acute phase of myocardial infarction (MI) remains
unclear.

Objectives: Myocardial ischemia is clinically expressed by chest pain and various ST segment patterns on ECG. 
It was categorized into three grades. Type 1 shows only hyper acute T waves, type 2 shows hyper acute T waves
+ST segment elevation and in type 3 tombstone appearance having distortion of terminal portion of ST. We had 
assumed that there was maximum reduction of Left ventricular (LV) function in Type 3. Our objective was to see this 
correlation between type of acute ST segment in anterior wall myocardial infarction on ECG and LV function on 
echocardiography.

Study design: Non probability purpose sampling. Duration: Jan 2017 to Mar 2017 in the CCU of Jinnah Hospital
Lahore.

Results: We examined 50 patients with anterior wall myocardial infarction (MI) presenting within 12 hours
symptoms, thrombolyzed by streptokinase. We determined the correlation between types of ST elevations of acute
anterior wall MI assessed on ECG with the LV function assessed on echocardiography. 50% were found between
the 46 to 60 years, while 34% were below 45 years and 16% were above 65 years. Mean age was 52.66+ SD10.87.
Male and female distribution was 88% and 22% respectively with 20% having DM and 45% having hypertension.
There were 20 (40%) patients who were falling in the category 1 with the mean EF 48.25+ 8.926, while 11 (22%)
patients in type 2 and mean EF was 35.45-+6.502 while 19 (38%) patients fell in type 3 group having maximum
decrease in EF with mean 31.05+7.375.

Conclusion: LV function was preserved in type 1, intermediate damage in type 2 and maximum damage in type
3. This simple classification is useful for the prediction of left ventricular function at discharge.

Keywords: ST segment elevation anterior wall MI;
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Introduction
ST-segment elevation myocardial infarction (STEMI) is the most

severe form of acute coronary syndrome (ACS) after sudden cardiac
death. In USA at present, approximately 25% to 40% of all MI
presentations [1] are of STEMI. Acute myocardial infarction (MI)
resulting from an occlusive thrombus is recognized on an
electrocardiogram by ST-segment elevation [2]. The Universal
Definition of Myocardial Infarction is: a new ST elevation at the J point
in at least two contiguous leads of ≥ 2 mm (0.2 mV) in men or ≥ 1.5
mm (0.15 mV) in women in leads V2–V3 and/or of ≥ 1 mm (0.1 mV)
in other contiguous chest leads or the limb leads [3]. Anterior wall
contributes maximum to the ejection fraction and similarly when it is
damaged it may cause maximum damage to the heart.

Ischemia produced by obstruction in coronary artery, if is
prolonged can produce infarction. An increase in demand is

manifested by changes not only in the ST segments but a decrease in
perfusion can produce a wide range of changes in the ST segments, T
waves, and QRS complexes [4,5].

Sclarovsky and Birnbaum have developed a method for classifying
the gradation of changes (Figure 1) observed in decreased supply [6].
According to them, in grade/type 1 there are changes only in T wave
and the ST segment is of concave type, in type 2 there are changes not
only in T wave but also in ST segment which becomes straight type
and the last type 3 which includes the changes in T wave, ST segment
and QRS complex that makes the shape as convex type or tombstone
appearance.

In earlier studies, epicardial and precordial mapping showed that
the amount of ST segment elevation reflects the extent of myocardial
injury [7-10]. So, ST segment elevation was used to define subsets of
ischemic patients benefitting most from early reperfusion therapy
[11-13]. The amount of ST elevation is influenced not only by the
extent and severity of the ischemia, but also by variation in the shape
and size of the chest and by localization of infarction [14]. Birnbaum et
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al. [4,15] observed that on admission ECG, distortion of the terminal
portion of the QRS complex was associated with larger infarct size and
increased mortality.

Figure 1: Gradation of  STchanges.

Figure 2: Gender representation.

In a study by Kosuge et al. [16], the correlation between infarct size
and shape of ST elevation in total 77 patients who had anterior wall
myocardial infarction and reperfusion was done within 6 hours of
onset of symptoms. The calculated ejection fraction on left
ventriculography after 14 days was 58% for concave type, 48% for
straight type and 41% for convex type (P<0.05; concave type versus the
other 2 types).

The current study is carried to find out the same relation of type of 
ST segment in acute infarction with the changes in LV function after 
thrombolysis.

Material Methods

Inclusion criteria
Both males and females, of age above 15 yrs having typical ischemic

chest pain fulfilling the ECG criteria for acute anterior wall MI (as new
ST elevation at the J point in at least 2 contiguous leads of ≥ 2 mm (0.2
mV) in men or ≥1.5 mm (0.15 mV) in women in leads V2–V3 and/or
of ≥ 1 mm (0.1 mV) in other contiguous chest leads or the limb leads 3
as per operational definition).

Exclusion criteria
Following were excluded from the study.

Patient with previous documented infarction, ascites by history, 
physical examination and laboratory investigations, prior cardiac 
surgery, history of stroke (ischemic or hemorrhagic), any malignancy 
bleeding diathesis , pregnancy, active peptic ulcer, valvular heart 
disease, AV malformation diagnosed on computed tomography (CT) 
scan, renal failure, Left ventricular aneurysm on the basis of history, 
previous echo reports and electrocardiogram.

Data collection procedure
Total 50 patients, with non-probability purposive sampling 

technique, presenting in the cardiology emergency department and 
fulfilling the clinical and ECG criteria were included in the study. All of 
these patients were thrombolysed with streptokinase (SK) and shifted 
to cardiology ward. To rule out other co-morbid conditions, a 
thorough clinical examination (to rule out the secondary causes of 
pseudo ST elevations or previous history of infarction) and all other 
necessary investigations (Chest X-ray, CT Brain and abdomen where 
required, laboratory investigations including renal profile, liver profile, 
bleeding profile etc.) were also done. Standard settings and protocol 
(paper speed of 25 mm/sec and voltage of 10mm/mv) was opted to do 
the ECG by a single technician. Three groups depending on the 
morphology of ST segment were assigned. Group 1-Hyperacute T 
waves, Group 2-ST elevation >0.1 mV without distortion of the 
terminal portion of the QRS, Group 3-ST elevation with distortion of 
the terminal portion of the QRS (emergence of the J point >50% of the 
R wave in leads with qR configuration, or disappearance of the S wave 
in leads with an Rs configuration. They were anonymized, read by 2 
experienced observers, blinded to all other study characteristics and 
outcomes. Similarly when patients were shifted to cardiology ward, 
their ECHO was done on 4th to 5th post admission day, by a single 
expert consultant and on same echocardiography machine i.e., Gee 
Machine model Vivid 7, to minimize inter observer variability. Ejection 
fraction was calculated by using M- mode on parasternal long axis, 
parasternal short axis and then Simpson method (by measuring 
LVIDD, LVIDS Septal and posterior wall thickness etc.). The average of 
the three values was taken the final and recorded.

Results
Variables like age was presented by calculating their mean and 

standard deviation and frequency. Qualitative variables like gender and 
true positive cases were presented as frequency and percentage. Anova 
test was applied that showed significant P value (P= .000). In this study, 
a total of 50 patients were recruited that were fulfilling the inclusion/
exclusion criteria to determine the correlation between type of ST 
elevation in acute anterior wall myocardial infarction and ejection 
fraction on echocardiography.

Age Frequency Percentage

30-45 years 17 34.0

46-60 years 25 50.0

61-75 years 8 16.0

Total 50 100.0

Table 1: Age distribution.
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This research work shows majority of the patients between 45-65
years of age 50% (n=25), while 34% (n=17) patients were found
between 30 to 45 years and 16% (n=08) were found between 61 to 75
year (Table 1).

Mean and standard deviation was found on 52.66+10.873.

When age distribution of patients was calculated it was found that 
88% were males and only 22% were females who presented with 
anterior wall myocardial infarction (Figure 2).

Regarding risk factor assessment, 20% of the participants were
diabetic, 45% were hypertensive while 10% were having positive family

history (1st degree relative having coronary artery disease with female
having <50 years of age and male <40 years of age).

When analysis of correlation between type of ST segment elevation 
and EF was made, it showed that 20 (40%) patients presented with 
concave type 1 ST segment elevation and their mean EF was 48.25%
+8.926, a minimum decrease in EF, while mean EF of the 22% of 
patients who presented with straight type (type 2) ST elevation (n=11) 
was 35.45%+ 6.502 and large decrease in the EF was noticed in type 3 
(38%) which showed mean EF of 31.05%+7.375(n=19) showing a P 
value of .000 (Table 2).

N Frequency Mean EF P Value

Concave Type 1 20 40% 48.25% .000

11 22% 35.45%

19 38% 31.05%

50 100%

Table 2: Correlation between ST Segment type and EF.

Discussion
Clinical outcome after AMI largely depends on the final size of 

infarct [17-19], rendering a need for early and timely need for 
reperfusion therapy. An ability to estimate the ischemic area at risk and 
the severity of ischemia immediately on admission may enable 
physicians to identify patients in whom reperfusion could not be 
expected to salvage myocardium and conversely, those who might 
benefit from reperfusion even if much time has elapsed from onset of 
symptoms. Imaging methods like ECHO, thallium spect. scan can 
quantify the extent of ischemia and infarct size but on the same time 
delaying the treatment. So various ECG patterns/criterias have been 
proposed in the early recognition and sorting out of high and low risk 
patients for prioritizing the reperfusion therapy.

Some investigators [20-22] have found a correlation between the 
number of leads with ST segment elevation and infarct size or 
mortality. Some have studied the magnitude of ST elevation with 
mortality [23,24] Our study is done in correlation with a study done by 
Birnbaum et al. [25] showing a relation of initial ST segment pattern 
with in-hospital mortality in a first anterior wall myocardial infarction. 
Studies of the ability to estimate the area at risk or final infarct size by 
the admission ECG have conflicted results [26-28].

In a study by Kosuge et al. in 2001 [29] they compared the type of 
ST-T changes in lead aVR with the LV function on echocardiography 
in 105 patients who had anterior wall MI and had gone successful 
reperfusion within 6 hrs. In group A they included those patients who 
had ST segment elevation > or = 0.5 mm, in group B they included 
those patients who did not have ST deviations and in group C they 
included those patients who had ST segment depression > or = 0.5 mm 
in aVR. They concluded that EF was maximally decreased in those 
patients who had type C changes on ECG and ST-T changes in lead 
aVR is a good predictor of infarct size and LV function before 
discharge. In another study by Kosuge et al. [16] in 1999 also showed 
maximum loss of EF in type C. Birnbaum, et al. [30] found that 
patients with terminal QRS distortion on admission ECG in STEMI

have worse prognosis, larger infarct size and less benefit from
thrombolysis.

Another report by Birnbaum, et al. [4,5,31,32] also predicted the
same results of final infarct size by the admission ECG based on the
type of ST Elevation. In the TIMI-4 trial, patients having Type C ST
Elevation on admission had a larger infarct as assessed by creatine
kinase (CK) release over 24 hours, and a larger cardiac defect size
shown by predischarge 99mTc sestamibi [4]. It was also found that final
QRS Selvester score was less by thrombolytic therapy only among
patients with Type B (Type 2 in our study) ST, but not Type C (Type 3)
ST segment, having first anterior myocardial infarction [5]. Overall,
final QRS Selvester score was higher for patients with grade C than
grade B ST segment, both in those who either received or not receive
thrombolytic therapy. In the GUSTO I angiographic substudy, patients
with grade B Pattern ECG had higher left ventricular ejection fraction
at 90 minutes than patients with grade C ECG pattern [31]. So, it’s the
amount and severity of ischemia in grade C which is causing this
difference, rather due to the amount of the area at risk or duration of
ischemia [31]. They also showed that patients with grade C (type 3)
pattern on enrollment have larger final infarct size, but not larger
initial ischemic area at risk [32]. In addition, same patients are less
likely to get benefit from thrombolytic therapy than patients with
grade B ST [5].

Birnbaum et al analyzed 2603 patients with acute myocardial
infarction who received thrombolytic therapy as reperfusion strategy
within six hours of the onset of symptoms showing comparable results
regarding the In-hospital mortality when treated within 02 hours from
onset of symptoms between patients with grade C and grade B.
However, If the time interval of treatment exceeded more than two
hours after onset of symptoms, mortality increased to 7.4% in patients
with grade C as compared to 3.6% in patients with grade B type,
showing that the beneficial effect of salvaging myocardium with
reperfusion therapy is lost after two hours due to a more rapid rate of
progression of necrosis in Grade C patients [15].

Findings from the AMISTAD study also confirmed the same
hypothesis of more necrosis progression in grade C patients as

Citation: Hasan A, Muzamil M, Aftab U, Javed A, Ullah I, et al. (2018) Correlation of Type of ST Segment Elevation in Acute Anterior Wall
Myocardial Infarction on Electrocardiogram with Left Ventricular Ejection Function. J Interv Gen Cardiol 2: 116. 

Page 3 of 5

J Interv Gen Cardiol, an open access journal Volume 2 • Issue 2 • 1000116

Straight Type 2

Convex Type 3

Total



compared to grade B confirmed by 99mTc sestamibi SPECT
myocardial perfusion scan on admission as well as pre-discharge. It
also showed that in patients with grade C necrosis progresses rapidly
and less myocardial preservation is expected, and patients with grade
C ST Segments usually have larger infarct size [32].

Patients with grade 3 (Type 3) on the admission ECG have a higher 
mortality [33,34] and re-infarction rate [4,25], reduce risk of re-
infarction but no effect on reduction of mortality, regardless of the 
treatment strategy, either primary angioplasty or the thrombolysis, 
shown by GUSTO IIb [33].

The Purkinje system is less sensitive than the myocytes in resisting 
ischemia [35,36]. Hence, only a very severe and long term ischemia 
that affects the Purkinje fibers could alter the terminal portion of the 
QRS complex [37,38] also showing that type C (Type 3) pattern is well 
correlated with the severe form of ischemia.

The limitation of our study is a small sample size but keeping in
mind the results of previously conducted studies and duplication of the
same result in our population, it appears that we can safely endorse to
our emergency physicians, to promptly recognize and stratify the high
risk patients depending upon the shape of the acute ST Segment.
Another difference between other studies and our study was that for
the calculation of EF they used ventriculography, that was done after
14 days of infarction but in our study EF was calculated by
echocardiography which is more sensitive method for calculation of EF
strengthening the current study protocol.

Conclusion
We conclude that those patients that showed type 3 or convex type

ST elevation with terminal distortion showed the maximum damage of
EF which may lead to future grave cardiovascular sequels, so require
prompt diagnosis and early activation of Cath lab as the first line
reperfusion strategy.
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