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ABSTRACT 
Objectives: This article focuses on unstable angina and non ST segment elevation myocardial infarction. 

The objectives are to clarify different ECG pattern, to correlate it with troponin results, and to evaluate the 

effects of risk factors.    

Methods: Seventy patients with clinical diagnosis of acute coronary syndrome were collected from coronary 

care unit in Ibn Sina Teaching Hospital in Mosul, 20 patients with ST segment elevation were excluded, and 

ECG changes were evaluated. Forty five patients had troponin I test, and the results were compared to their 

ECG changes. The risk factors and their numbers were studied. Data statistically analyzed using Z- 2 

proportion and Chi-square tests.  

Results: Fifty patients with a mean age 57 year (SD 13.2), including 26 males and 24 females, show (in 

order of frequency): ST depression (44%), non-specific ECG (24%), T wave inversion (22%), and BBB 

(10%). Fifteen (33%) had positive troponin test, most of them were males (80%), showed significant 

association with T wave inversion (p value= 0.05). Specific ECG changes were associated with male gender, 

diabetes mellitus, hypertension, and old age (p value<0.03). Troponin positivity was associated with male 

sex (p value=0.003). Male gender and smoking were associated with positive troponin in significant ECG 

group (p value<0.04). All patients with positive troponin had at least two risk factors (p value=0.002). 

Conclusion: ST segment depression was the most common ECG changes in non ST elevation acute 

coronary syndrome, but T wave inversion was more significantly associated with troponin positivity, which 

differs from previous studies. Male gender was the most critical risk factor; this was consistent with previous 

studies. Number of risk factor has important effect on ECG and troponin results.  

 

 في مرضى  Iالعلاقت بين رسم القلب الكهربائي وفحص التروبىنين 

 STرتفاع قطعت الحادة غير المصاحبت لإ المتلازمت التاجيت
 

 الخلاصت

 ُذافلأا.  STسحفاع قطؼت علت القلب غ٘ش الوصاحب لإحخشاء ػإ، ّوغخقشةالػلٔ الٌْبت القلب٘ت غ٘ش حشكض لذساعتُزٍ ا الأهذاف:

 الخطْسة.ػْاهلِ  ّحق٘٘ن،  Iفحص حشّبًْ٘ي إٗجاب٘ت  خخباسإ ،سعن القلب الكِشبائٖغ اًوأ ُٖ حْظ٘ح

الخؼل٘وٖ  ابي عٌ٘ا٘ت فٖ هغخشفٔ قلبالؼٌاٗت ال ّحذة هي جوؼْا حادةالوخلاصهت الخاج٘ت الب شخصْا عشٗشٗا عاعبؼْى هشٗ :تقيالطر

جشٕ أّ ًواغ حغ٘٘شاث سعن القلب لِؤلاء الوشظٔ.أ، حن دساعت  STسحفاع قطؼتحالت هصاحبت لإ 02عخثٌاء إ فٖ الوْصل، بؼذ

. خباس الخشّبًْ٘ي لذِٗن هغ حغ٘٘شاث سعن القلب الكِشبائٖإخ ًخائج ّقْسًج، سبؼْى هشٗعا هٌِنأخخباس الخشّبًْ٘ي لخوغت ّإ

 الب٘اًاث الخشّبًْ٘ي. حللج ًخائج ُزٍخخباس إػلٔ أًواغ سعن القلب الكِشبائٖ ًّخائج  دسعج ػْاهل الخطْسة ّػذدُا ّحأث٘شُا

 .Zخخباسٕ كإ ّإعخخذام ئا بإحصائ٘

 02) :عٌت 75ػواسُن أهخْعػ ST. سحفاع قطؼت بالوخلاصهت الخاج٘ت الحادة غ٘ش الوصاحبت لإ اي هشٗع٘خوغحن حشخ٘ص  النتَائجِ:

، %ST (22) ًخفاض فطؼتإ:  قل شْ٘ػا(لذِٗن الخغ٘٘شاث اٙح٘ت )هي الأكثش الٔ الأ ظِش سعن القلب الكِشبائٖأًثٔ(. أ 02ركشا ّ 

 حشّبًْ٘ي باسإخخ كاى  ).02% ( BBB حصشالحضٗوتّ) T (00% ط هْجتاؼكًإ ،) %02)حغ٘٘شاث غ٘ش هحذدة فٖ سعن الفلب 

 ت ط هْجاؼكًإ حصائ٘ت هِوت هغإظِشّا ػلاقت أ، ّ(%02)هؼظوِن كاًْا ركْسا ّ ،( %33) هشٗعا خوغت ػشش لذٓ إٗجابٖ
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 .Tظغػ الذم،  سحفاعإالزكش، داء الغكشٕ،  الجٌظ ّجْد حغ٘٘شاث هِوت فٖ سعن القلب الكِشبائٖ بالؼْاهل الخال٘ت: إسحبػ

ظِشث أٗجاب٘ا فٖ الوجوْػت الخٖ إكاى فحص الخشّبًْ٘ي  الزكش. بالجٌظ ت اخخباس الخشّبًْ٘يإٗجاب٘سحبطج إف٘وا ش٘خْخت. الّ

ة سْخط لٖػاه لذِٗن اىك ٗجابٖإظِشّا فحص حشّبًْ٘ي أالزٗي الوشظٔ  لك اث هِوت فٖ سعن القلب فٖ الزكْس ّالوذخٌْى.حغ٘٘ش

 ػلٔ الأقل.

فٖ سعن القلب الكِشبائٖ لوشظٔ الوخلاصهت الخاج٘ت الحادة غ٘ش الوصاحبت الأكثش شْ٘ػاً  كاى الخغ٘ش STالقطؼت  ًخفاضإ الخاتمت:

 .ُّزا هؼاسض لبؼط الذساعاث الغابقت ٗجاب٘ت فحص الخشّبًْ٘ي،ئسحباغا بإأكثش  كاىT ت هْجًؼكاط إ لكي ،STسحفاع قطؼت لإ

، ُّزا كاى هخغقا هغ الذساعاث الغابقت. ػذد ػْاهل ةد  الخاج٘ت الحا فٖ الوخلاصهت جاالأكثش حش ْسةالجٌظ الزكش كاى ػاهل الخط

 ائج فحص الخشّبًْ٘ي. الخطْسة لَ حأث٘ش هِن ػلٔ سعن القلب الكِشبائٖ ًّخ

he term acute coronary syndrome (ACS) 

refers to a range of acute myocardial ischemic 

states. It encompasses unstable angina (US), non 

ST segment elevation myocardial infarction 

(NSTEMI), and ST segment elevation infarction 

(STEMI) 
(1-5)

. 

   The term ACS is useful because the initial 

presentation and early management is frequently 

similar 
(2)

. 

   Unstable angina and NSTEMI are closely related 

conditions with clinical presentations that may be 

indistinguishable. Their distinction depends 

whether the ischemia is severe enough to cause 

myocardial damage and the release of detectable 

quantities of markers of myocyte necrosis. Cardiac 

troponin I and T are the preferred markers as they 

are more specific and reliable than creatine kinase 

or its isoenzyme creatine kinase MB
 (1)

. 

   Troponin (T, I, C) is found in striated and cardiac 

muscle. Because the cardiac and skeletal muscle 

isoforms of troponin T and I differ, they are known 

as "cardiac troponins". They are the preferred 

markers for the diagnosis of myocardial injury. 

They generally had similar sensitivity and 

specificity for the detection of myocardial injury. 

Unlike troponin I levels, troponin T levels may be 

elevated in patients with renal disease, 

polymyositis, and dermatomyositis 
(2,3,6-8)

. The 

cardiac troponins may remain elevated up to two 

weeks after symptoms onset which make them 

useful as late markers of recent acute myocardial 

infarction
(2, 7)

.   

   Acute coronary syndrome should be 

distinguished from stable angina, which develops 

during exertion and resolves at rest. In contrast US 

occur suddenly, often at rest or with minimal 

exertion, or at lesser degrees of exertion than the 

individual's previous angina (crescendo angina). 

New onset angina is also considered US, since it 

suggests a new problem in a coronary artery
(3)

. 

   The cardinal symptom of decreased blood flow to 

the heart is chest pain experienced as tightness 

around the chest and radiating to the left arm and 

left angle of the jaw
(3)

. 

   In the setting of acute chest pain the 

electrocardiogram (ECG) is the investigation that 

most reliably distinguishes between various 

causes
(3,9)

. If this indicate acute heart damage 

(elevation in ST segment or new left bundle branch 

block), angioplasty or thrombolysis is indicated 

immediately. In the absence of such changes, it is 

not possible to distinguish between US and 

NSTEMI
(3)

. If the ECG does not show typical 

changes, the term "non ST segment elevation 

ACS" (NSTE-ACS) is applied
(3)

. They may rather 

have persistent or transient ST segment 

depression or T wave inversion, flat T wave, 

pseudo-normalization of T wave, or non-specific 

ECG changes. They may also have a normal ECG 

at presentation. ST segment shift and T wave 

changes are the most reliable ECG indicators of 

unstable coronary disease 
(10,11)

. Transient 

episodes of bundle branch block (BBB) 

occasionally occur during ischemic attack. 

   Different ways have been used to stratify risk in 

ACS patients. Simple risk stratification has been 

proposed in, according to the presence or absence 

of some key prognostic factors. These include 

older age, markers of severe ischemia (positive 

troponin, dynamic ST segment changes, ischemic 

recurrences on adequate treatment), signs of 

hemodynamic and electrical instability, signs of 

myocardial dysfunction, and co morbidities like 

diabetes mellitus (DM)
(12)

. 

   The study objectives are to record different ECG 

changes in patients with NSTE- ACS, to study the 

positivity of serum troponin I in them, and to find 

T 
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the relation between these data. The effects of risk 

factors on the ECG changes and troponin positivity 

will be evaluated.      
 

PATIENTS AND METHODS 

Seventy patients with acute ischemic chest pain 

were collected from CCU in Ibn Sina teaching 

hospital in Mosul. Inclusion criteria included: recent 

destabilization of pervious stable angina, anginal 

pain at rest, and new onset angina. At time of 

admission ECG was conducted to all of these 

patients, those with ST elevation or Q wave were 

excluded from the study. 

   Fifty patients were diagnosed as acute coronary 

syndrome without ST elevation (NSTE-ACS); after 

taking their consent, ECG records were carefully 

analyzed and classified into four groups: 

 Normal or non-specific ECG changes. 

 ECG with significant ST depression i.e. ST 

segment depression > 1 mm in two or more 

contiguous leads, (J point horizontal or down 

sloping depression considering PT as 

isoelectrical line) with or without associated T 

wave inversion
(10)

. 

 Inverted T waves > 1 mm in leads with 

predominant R waves and deep symmetrical 

inversion of the T waves in the anterior chest 

leads. 

 New BBB. 

   At least 6 hours following the attack of chest 

pain, forty five patients with non ST elevation ACS 

(NSTE-ACS) had serum trponin I measurement in 

Ibn Sina laboratory. Results were considered 

either as troponin positive (> 0.01mg/dl) or troponin 

negative (< 0.01mg/dl).   

   Detailed history was taken with emphasis on 

diabetes mellitus, hypertension, current smoking, 

and known hyperlipidrmia. Also previous history of 

coronary or cerebrovascular disease, and positive 

family history of vascular disease. Although fasting 

blood sugar and lipid profile was tested at time of 

admission but it was not included in the study 

because of the possible effects of the new 

ischemia on their results.  

   The relation between ECG changes and tropnin 

positivity was studied, and compared in both male 

and female. 

   The effects of risk factors including male gender, 

DM, hypertension, current smoking, dyslipidemia, 

age above 60 years, and previous personal or 

family history of vascular diseases on both ECG 

changes and troponin positivity were studied.  

   The number of risk factors in NSTE-ACS patients 

was compared in both ECG groups and troponin 

results. 
 

Statistics  

Z-2 proportion test was applied to study the p 

value and 95% confidence interval was calculated 

for all values.  Chi square test also used to study 

the effect of number of risk factors on ECG 

changes and troponin positivity.  

   For both tests P value equal to or less than 0.05 

is considered significant.    
 

RESULTS  

Fifty patients with ACS without ST elevation were 

collected, including 26 male and 24 female, aged 

between 30-92 years (SD 13.2), with mean age 57 

year old. Twelve patients (24%) showed non-

specific changes, the other 38 patients showed in 

order of frequency: ST depression 44%, T 

inversion 22% and BBB 10%.  

  The 45 patients with NSTE-ACS had troponin 

test, 15 (33%) showed positive results and 

considered as NSTEMI, 30 (67%) patients were 

troponin negative and considered as unstable 

angina.  80% of troponin positive patients were 

males, while 60% of troponine negative patients 

were females (p value =0.01), (Table 1). 

   No special ECG pattern was associated with 

troponin positivity in general, except for male 

patients who show significant association between 

T inversion and troponin positivity (p value= 0.05), 

(Table 2). 
 

 

Table 1. ECG pattern in patients with NSTE-ACS. 

No. of  
patients 50 (%) 

ECG changes 
F 

24 (48%) 
M 

26 (52%) 

12 
24% 

Non-specific changes 
6 

50% 
6 

5% 

22 
44% 

ST depression 
11 

50% 

11 
50% 

11 
22% 

T inversion 
5 

46% 

6 
54% 

5 
10% 

New BBB 
2 

46% 

3 
54% 
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   The following risk factors were detected in 

patients with ACS, in order of frequency: 

hypertension (51%), previous history of vascular 

disease (42%), DM (40%), age> 60 years (31%), 

current smoking and hyperlipidemia (11%) and 

family history (9%). Only (4%) of them had no risk 

factors, (Table 3). 

 
 

Table 2. Relation between ECG changes and troponin result. 

P value 
Troponin negative 

30 (67%) 
Troponin positive 

15 (33%) 
No. of patients  

45 (100%) 
ECG changes 

0.01** 
F 

18 (60%) 
M 

12 (40%) 
F 

3 (20%) 
M 

12** (80%) 
F 

21 (47%) 
M 

24 (53%) 

1 
8 

27% 

4 
27% 

12 
27% 

Non-specific changes 

0.28 0.3 
5 

63% 

3 
37% 

1 
25% 

3 
75% 

6 
50% 

6 
50% 

0.11 
15 

50% 

4 
27% 

19 
42% 

ST depression 

0.053 0.7 
8 

53% 

7 
47% 

1 
25% 

3 
75% 

9 
47% 

10 
53% 

0.2 
5 

17% 

5 
33% 

10 
22% 

T inversion 

0.4 0.050* 
4 

80% 

1 
20% 

1 
20% 

4* 
80% 

5 
50% 

5 
50% 

0.5 
2 

7% 

2 
13% 

4 
9% 

New BBB 

0.3 0.2 
1 

50% 

1 
50% 

0 
2 

100% 

1 
25% 

3 
75% 

** Chi square test. Significant p=<0.05.* Z-2 proportion test. Significant p=<0.05.95% confidence interval 0.05%-46%. 
 

Table 3. Effects of risk factors on ECG patterns and troponin positivity. 
P value= 0.001  

CI 95%= (-52%)-(-13%) 
Troponin negative 

30 (67%) 
Troponin positive 

15 (33%) 
No. of patients 

45 (100%) Risk 
factors 

1 1 
NS ECG 
8 (18%) 

SIG ECG 
22 (49%) 

NS ECG 
4 (9%) 

SIG ECG 
11 (24%) 

P value 
CI 95% 

NS ECG 
12 (27%) 

SIG ECG 
33 (73%) 

0.003* 
13%-66% 

12 
40% 

12* 
80% 

24 
53% 

Male 

0.1 
0.009 

10-45% 
3 

38% 
9 

41% 
3 

75% 
9* 

82% 
0.003 
9-44% 

6 
13% 

18* 
40% 

1 
12 

40% 

6 
40% 

18 
40% 

DM 

0.6 0.7 
3 

38% 

9 
41% 

2 
50% 

4 
36% 

0.03 
1-33% 

5 
11% 

13 
29% 

0.6 
16 

53% 

7 
47% 

33 
51% 

HT 

1 0.6 
4 

50% 
12 

55% 
2 

50% 
5* 

45% 
0.006 
7-41% 

6 
13% 

17* 
38% 

0.2 
2 

7% 

3 
20% 

5 
11% 

Smoking 

0.1 
0.04* 

0.1-22% 
2 

25% 
0 0 

3 
27% 

0.6 
2 

4% 
3 

7% 

0.3 
8 

27% 

6 
40% 

14 
31% 

Age>60 

1 0.3 
2 

25% 
6 

27% 
1 

25% 
5* 

45% 
0.16 

3-32% 
3 

7% 
11* 
24% 

0.5 
2 

7% 

2 
13% 

4 
9% Family 

history 
0.1 0.1 

2 
25% 

0 0 
2 

18% 
--- 

2 
4.5% 

2 
4.5% 

0.8 
13 

43% 

6 
40% 

19 
42% 

Previous 
vascular 
diseases 0.6 0.6 

3 
38% 

10 
45% 

2 
50% 

4 
45% 

0.16 
3-36% 

5 
11% 

14 
31% 

0.4 
4 

13% 

1 
8% 

5 
11% 

Lipids 

1.0 1 
2 

25% 
2 

9% 
0 

1 
2% 

0.6 
2 

4% 
3 

7% 

--- 
2 

7% 
0 

2 
4% 

No risk 
  0 

2 
9% 

0 0 0.1 0 
2 

4% 

SIG= significant, NS=non-specific, DM= diabetes mellitus, HT= hypertension. 
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   There was significant association between 

specific ECG changes and male sex (p value= 

0.003), diabetes mellitus (p value = 0.03), 

hypertension (p value = 0.006), and older age (p 

value = 0.01).  

   NSTEMI (trponin positivity) was more common in 

males 80% (p value= 0.027).  

   Those with NSTEMI who showed specific ECG 

changes were more likely to be male (p value= 

0.009) and smokers (p value= 0.04).  

   Patients with non-specific ECG changes who 

have positive troponin test, had the following risk 

factors: 75% were males, 50% had DM, HT, or 

previous history of vascular disease. 

   All patients with NSTEMI (troponin positive) had 

at least two risk factors, while 70 % of unstable 

angina (troponin negative) had 2 or more risk 

factors (p value= 0.002), (Table 4).   

 

Table 4. Effects of number of risk factors on ECG patterns and troponin results. 

 

Troponin positive 
15 

Troponin negative 
30 Total 

45 Significant ECG 
11 

Non-specific ECG 
4 

Significant ECG 
22 

Non-specific ECG 
8 

≥2 RF 

15 
100% 

21 
70% 

36 
11 

100% 
4 

100% 
14 

63% 
7 

87% 

<2RF 

0 
9 

30% 
9 

0 0 
7 

32% 
2 

25% 

P value* 0.002 

* Chi square test. Significant p=<0.05. 
 

DISCUSSION 

The NSTE-ACS which is a life threatening disorder 

is a major cause of emergency medical care 

admissions in USA
(7,13)

, nearly 60% of these 

admissions are among persons greater than 65 

years old, and almost half occur in women
(7)

. In our 

study 14 (31%) patients with NSTE-ACS were 

more than 60 year of age, the number of male and 

female patients was nearly equal. 

   There was no difference between male and 

female in their ECG pattern. ST segment 

depression was the most common ECG changes 

in this syndrome, followed by non-specific 

changes, T wave inversion, and lastly BBB. The 

predictive value of the ECG varies markedly, 

depending on the baseline risk (pretest probability) 

for coronary artery disease in a given patient. The 

number and magnitude of ECG abnormalities also 

affect sensitivity and specificity
(2)

. 

   The magnitude of an ECG abnormality affects 

diagnostic accuracy. One group of investigators
 

(14)
,
 
found that the diagnosis of NSTEMI is more 

likely in patients with chest pain who's ECG 

showed ST segment depression in three or more 

leads or ST segment depression greater than or 

equal to 0.2 mv
(2,14)

. Subendocardial ischemia 

classically results in ST segment depression and T 

wave inversion
(2,15)

. In contrast our study showed 

that although ST segment depression was the 

more frequent form of ECG changes in NSTE-

ACS, there was no significant difference in 

troponin positivity in them, nevertheless T wave 

inversion was significantly associated with troponin 

positivity in male patients. Some studies have cast 

doubt on the prognostic value of isolated T wave 

inversion
(10, 16)

. These differences can be explained 

by the site of the lesion, as the proximal left 

anterior descending artery lesions usually produce 

deep T wave inversion in chest leads
(5)

.  

   Non-specific or normal ECG was found in 24% of 

patients, equally distributed in male and female. 

27% of them were troponin positive. Troponin 

positivity in patients with normal or non-specific 

ECG was significantly associated with male 

gender. According to randomized trial, males 

having chest pain with normal or non-diagnostic 

ECG are at higher risk for having ACS than 

women
(3,17)

.
 

In several studies, around 5% of 

patients with normal ECG who were discharged 

from the emergency department were ultimately 

found to have either an acute MI or unstable 

angina
(10,18,19)

. It should be appreciated that a 

completely normal ECG in patients presented with 

suspicious symptoms does not exclude the 

possibility of ACS. 
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   New BBB block was found in 9% of patients with 

ACS and half of them were troponin positive.  All of 

those with troponin positive BBB were males. It is 

known that transient episodes of BBB can 

occasionally occur during ischemic attack 
(10)

.
 
 

   A number of risk scores have been developed to 

predict short and midterm outcomes in patients 

with ACS
(12,20,21)

. Several variables have been 

associated with higher ischemic risk in different 

scoring systems
(12)

. Old age, heart failure, ST 

segment deviation and elevated cardiac markers 

were selected as independent risk factors by most 

predictive models
(12)

. The most popular risk scoring 

systems in clinical practice have been the TIMI risk 

score
(12,22)

, the GRACE risk scores
(12,20,23)

, and to a 

lesser extent, the OURSUIT risk score
(12,24)

. 

   In our study, the appearance of specific ECG 

changes in patients with ACS was statistically 

associated with male sex, DM, hypertension, old 

age and previous history of vascular disease, (p 

value <0.03). Although the presence of current 

smoking was more common in patients who show 

specific ECG changes, but it was statistically not 

significant (Table 3). Age and male sex are 

associated with more severe coronary artery 

disease and consequently with an increased risk of 

unfavorable outcome
(10)

. Previous manifestations 

of coronary artery disease are also associated with 

more frequent subsequent events, also DM and 

hypertension
(10)

. Indeed most of the well-known 

risk factors for CAD are also risk indicators for a 

worse prognosis in unstable coronary artery 

disease
(10, 25)

.   

   Positive troponin test was significantly more 

detected in male (p value 0.003). Association of 

specific ECG changes and positive troponin was 

stronger in male (p=0.009) and smoker patients (p 

value = 0.04).  

    These findings were comparable to a study of 

1576 patients 
(17)

, including 132 with ACS. Patients 

with ACS were older, more likely to be a man, 

hypertensive and an ex-smoker.  The presence of 

DM was traditionally known to cause silent 

ischemia 
(2, 7)

, which explains the lesser effects as 

a risk factor in our study because the selection of 

patients depends on the presence of typical 

anginal chest pain. 

   Troponin positivity, and appearance of specific 

ECG changes were significantly affected by the 

number of risk factors that victim harbors (p 

value=0.002), all patients with troponin positive, 

and most patients with significant ECG changes 

(75%) had two or more risk factors.   
 

CONCLUSION 

The most common ECG changes in patients with 

NSTE-ACS was ST segment depression, followed 

by T wave inversion. About one fourth of patients 

with clinical diagnosis of NSTE-ACS, had a normal 

or non-specific ECG changes. Two third of patients 

had a negative troponin test. In our study NSTEMI 

(positive troponin test) was more frequently 

associated with T wave inversion, while in previous 

studies
(10,14,16)

, ST depression was the more 

frequent ECG pattern in NSTEMI. Specific ECG 

changes were associated with male gender, 

diabetes mellitus, hypertension, and old age. Male 

gender was associated with specific ECG changes 

and troponin positivity. The number of risk factors 

had an important effect on ECG changes and 

troponin results.    
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