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Abstract

Background Impairment of the release of endothelium

and platelet derived-nitric oxide (NO) increases thrombus

formation that is rich in platelets in non-ST elevation acute

coronary syndromes (NSTE-ACS). Since intracoronary

thrombus formation and distal embolization increases risk

of myocardial injury, we studied the relationship between

NO levels and Tn-I in patients with NSTE-ACS.

Methods Nitric oxide and Tn-I levels of 234 consecutive

patients with NSTE-ACS were measured from venous

samples at admission. The 137 patients whose Tn-I levels

were below 0.20 ng/ml grouped as Tn-I negative and 97

patients whose Tn-I levels were equal to and above

0.21 ng/ml were grouped as Tn-I positive. Presence of

visible thrombus, degree of flow in Thrombolysis in

Myocardial Infarction (TIMI), and morphology of the

lesion were evaluated with coronary angiographies.

Results Presence of coronary thrombus, impaired TIMI

flow, frequency of complex lesions, angina and ST-T

changes were more frequent and associated with Tn-I

levels in Tn-I positive patients. NO levels were lower in

patients who were Tn-I positive, had angina and ST-T

changes. NO levels were similar between patients with

simple or complex lesions, but lower in patients who had

coronary thrombus or TIMI flow grade <2. There was a

negative correlation between levels of Tn-I and NO (r = –

0.87, P < 0.001). Logistic regression analysis revealed that

NO levels were independent predictors in the differentia-

tion of Tn-I negatives and positives (r = 0.527, P < 0.001).

Conclusion This study revealed that NO levels are asso-

ciated with myocardial injury in patients with NSTE-ACS.

Keywords Coronary diseases � Nitric oxide �
Myocardial injury

Introduction

Non-ST elevation acute coronary syndrome (NSTE-ACS)

is a heterogeneous disease. Rupture of intracoronary plaque

and additional thrombosis accompany the clinical syn-

drome in most cases. Increased troponin levels are inde-

pendent predictors of negative consequences, particularly

of following myocardial infarctions and sudden death in

these patients [1, 2]. It has been reported that increased

troponin levels indicate presence of platelet-rich thrombus

in the culprit lesion [3, 4], and that the cause of this in-

crease was an indicator of myocardial injury due to distal

vascular embolism of the thrombus [5, 6]. However, it is

still unclear why coronary thrombus and distal embolism

does not occur in troponin negative NSTE-ACS patients

despite the similarity of all risk factors.

In NSTE-ACS, platelets, which are bound with suben-

dothelium, are activated following the rupture of plaque, and

further stimulate thrombus formation by producing throm-

boxane A2 (TxA2) and increasing thrombin formation.

Endothelial products such as prostacyclins and nitric oxide

(NO) play an important role in the regulation of platelet

activation and aggregation [7]. Previous studies have shown

that NO reversed the activation of glycoprotein IIb/IIIa, and

prevented thrombosis by inhibiting platelet adhesion and

aggregation [8]. However, in patients with ACS, not only the

release of NO from endothelium is decreased, release of NO

from platelets themselves is also impaired [9, 10]. Since
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platelet activation is the initial step in thrombus formation,

and since intracoronary thrombus formation and its distal

embolization increases the risk of myocardial injury, we

planned to investigate the relationship between NO and Tn-I

levels in patients with NSTE-ACS.

Methods

Patient selection

A total of 296 consecutive patients, who were admitted to

our department with the complaint of chest pain and diag-

nosed as NSTE-ACS, were included in the study. NSTE-

ACS was diagnosed with the presence of newly-onset

severe or increasing angina, and rest angina within 48 h.

These symptoms were taken into account when there were

concomitant ECG changes indicative of ischemia (at

admission or follow-up, transient or permanent >0.1 mV

pathological ST depression or T negativity, absence of Q

wave in at least 2 consecutive derivations). Measurements

of CK and CK-MB levels at admission and during the

following 3 days were used for diagnostic enzyme coding

of WHO. Eight patients diagnosed with myocardial

infarction at admission or follow-ups according to WHO

criteria, 21 patients with cardiomyopathy, heart failure,

CABG, or PTCA and renal failure, as well as 23 patients

who received nitrate therapy within 48 h, and 10 patients in

whom coronary angiography could not be performed were

excluded from the study. Consequently, 234 patients par-

ticipated in study analysis. Following the diagnosis aspirin,

clopidogrel, low molecular weight-heparin and beta-blocker

were begun in all patients. Venous blood samples were

obtained in order to determine Tn-I levels at admission, in

addition to 12 and 24 h after the onset of symptoms, which

is the most appropriate time interval to identify myocardial

injury. Coronary angiography was performed within 48 h

following admission. All patients were informed verbally

and their written consents were obtained.

Measurement of serum Tn-I levels

Serum obtained from venous blood samples were used for

measurements. Tn-I levels were measured quantitatively

with the IMMULYTE Analyzer (EUROAPCUK) kit. Since

levels below 0.20 ng/ml could not be measured quantita-

tively with the kit, these levels were considered to be

negative. Tn-I levels ‡0.21 ng/ml were determined quan-

titatively and considered to be positive. Quantitatively

measured Tn-I levels were divided into 4 groups (Group

I = Tn-I < 0.20, Group II = 0.21 < Tn-I < 1.0, Group

III = 1.0 < Tn-I < 2.0, Group IV = Tn-I > 2.0).

Measurement of NO production

Nitric oxide production was assayed indirectly by mea-

suring nitrite production. The amount of NO induced in

plasma was quantitated by the Griess reagent method [11].

Briefly, equal volumes of plasma and the Griess reagent

(1% sulfanilamide, 0.1% naphthylethylene diamine dihy-

drochloride, 2.5% H3PO4) (50 ll each) were mixed in 96-

well plates, and the absorbance associated with color

change was measured within 10 min at a 550-nm wave-

length in a microplate auto reader spectrophotometer.

Nitrite concentration was determined with reference to a

standard curve by using concentrations sodium nitrite in

plasma.

Angiographic analyses

Angiographic images were evaluated visually by two

experienced cardiologists and one cardiovascular surgeon,

who were blinded to clinical information and Tn-I or NO

levels of the patients. Angiographies were classified

according to Thrombolysis in Myocardial Infarction

(TIMI) flow, morphology of causative lesion and presence

of visible thrombus. Classification by lesion morphology

was performed according to Ambrose and Israel [12] and

American Heart Association/American College of Cardi-

ology (AHA/ACC) criteria, and all stenoses with a diam-

eter loss of more than 30% were evaluated. First, lesions

were classified as simple or complex. Following charac-

teristics were accepted as complexity criteria: 1. Edges

with irregular morphology or notches or both, 2. Lesions

with sudden indentations into vascular wall, 3. Ulcerations,

4. Filling defect compatible with intracoronary thrombus.

Filling defects or haziness observed in at least two images

were evaluated as coronary thrombus. On the other hand,

lesions that did not comply with criteria of complex lesions

were accepted as simple lesions. ACC/AHA lesion types

(A, B1, B2, and C) were classified according to morpho-

logic characteristics including angulation, bifurcation,

calcification, long lesion more than 20 mm in length,

eccentricity, irregularity, ostial lesion, thrombus-containing

lesion, and chronic total lesion. Coronary vessels were

divided into 16 segments and patients were classified as

one-vessel, two-vessel or three-vessel-disease patients

according stenoses more than 50% at these segments.

Statistical analysis

Continuous variables were expressed as mean ± SD. Stu-

dent’s t-test was used in the evaluation of continuous

variables that showed normal distribution. Since NO did

not show normal distribution, Mann–Whitney U test was

used in the comparison of two groups and Kruskal–Wallis
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variance analysis and Mann–Whitney U test with Bonfer-

roni correction were used in the comparison of more than

two groups. Significance levels were accepted as P < 0.05

for Mann–Whitney U test and Kruskal–Wallis variance

analysis, and P < 0.016 for Mann–Whitney U test with

Bonferroni correction. Chi-square test was used to evaluate

differences between groups with non-continuous variables.

Correlation between the continuous variables was evalu-

ated using Spearman Correlation Analysis. Exponential

regression analysis was performed to evaluate whether NO

levels had predictive value in determining Tn-I levels, and

logistic regression analyses was performed to evaluate

whether NO levels were independent predictors in differ-

entiation of Tn-I positive and negative cases.

Results

Among 234 patients included in study analysis, 97 (41.5%)

were determined to be Tn-I positive and 137 (58.5%) Tn-I

negative. Baseline clinical characteristics of the patients

are presented in Table 1. There was no significant differ-

ence between groups in terms of the frequency of risk

factors of coronary artery disease and timing of catheteri-

zation.

There was no significant difference between Tn-I posi-

tive and negative groups in terms of the distribution of

culprit lesions or multi-vessel disease. Angiographic

complex lesions were more prevalent in Tn-I positive

patients, however the two groups were found to have

similar A, B1, B2, and C type lesions. No patient with a

TIMI flow grade of 0 was found in either of the groups.

However the prevalence of patients with TIMI flow grade

<2 was significantly higher in Tn-I positive group as

compared to Tn-1 negative group. Angiographically visible

thrombus was observed in 24.7% in Tn-I positive group

and in 7.3% in Tn-I negative group, and there was a sig-

nificant difference between the two groups in terms of the

frequency of thrombus observation (x2 = 5.3, df = l,

P < 0.012, OR = 2.1 (1.06 < OR < 3.8) (Table 2).

We observed that as Tn-I levels increased, the preva-

lence of visible coronary thrombus and complex lesions

also increased, whereas TIMI flow grade decreased sig-

nificantly. A similar association was also determined be-

tween Tn-I levels and patients who had chest pain and ST

changes at admission (Table 3).

Nitric oxide levels were not different in comparison of

patients have or not traditional coronary risk factors

(Table 4). Baseline levels of NO in Tn-I positive patients

were significantly lower than those of Tn-I negatives

(16.4 ± 9.8 lM vs. 52.6 ± 15.0 lM, P < 0.001). NO levels

of patients whose Tn-I levels were equal to or above

Table 1 Clinical baseline characteristics

Troponin negative

(n = 137)

Troponin positive

(n = 97)

P

Age, years 61.5 ± 5 60.1 ± 9 0.73

Male sex, % 57.7 69.2 0.81

Cholesterol (mg/dl) 206.27 ± 38.5 212.31 ± 36.6 0.24

HDL cholesterol

(mg/dl)

34.6 ± 3.5 38.4 ± 3.8 0.22

LDL cholesterol

(mg/dl)

163.5 ± 24.2 167.9 ± 22.4 0.26

Triglycerides (mg/dl) 179.21 ± 13.4 178.7 ± 18.6 0.36

Onset to

catheterization

time, h

39.7 ± 7.1 37.6 ± 8.2 0.14

Coronary risk factors, %

Family history 35.8 32.6 0.61

Diabetes mellitus 32.6 41.1 0.24

Hypertension 34.3 35.4 0.91

Current smoker 34.4 37.1 0.39

At admission, %

ST depression 41.6 57.7 0.005

Angina 36.4 63.6 0.001

Table 2 Angiographic findings

Troponin negative

(n = 137)

Troponin positive

(n = 97)

P

Visible

thrombus, %

7.3 24.7 0.012

Culprit lesion location, %

LAD 31.4 38.1 0.87

LCx 46.0 34.0

RCA 22.6 27.8

Number of diseased vessels, %

Single

vessel

34.3 22.7 0.14

Double

vessel

35.0 39.2

Triple

vessel

30.7 38.1

Lesion morphology, %

Simple 48.1 36.2 0.045

Complex 51.4 63.8

AHA/ACC classification, %

Type A 27.0 33.0 0.18

Type B1 30.7 32.0

Type B2 29.9 26.8

Type C 12.4 8.2

TIMI flow, %

Grade 1 13.9 43.3 0.001

Grade 2 9.5 13.4

Grade 3 76.6 43.3
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2.0 ng/ml (5.3 ± 2.5 lM) were different from those of

patients whose Tn-I levels were below 0.20 ng/ml

(52.6 ± 15.0 lM, P < 0.001) or between 0.21–0.99 ng/ml

(26.2 ± 4.8 lM, P < 0.001). However, NO levels of pa-

tients, whose Tn-I levels were equal to or above 2.0 ng/ml

did not differ from those of patients with Tn-I levels

between 1.0 and 1.99 ng/ml (11.9 ± 2.1 lM, P > 0.17)

(Fig. 1).

Nitric oxide levels of patients whose TIMI flow grade

was 3 (45.1 ± 19.1 lM) were found to be higher as com-

pared to patients whose TIMI flow grade was 2

(28.7 ± 20.4 lM, P < 0.001) or 1 (20.9 ± 18.5 lM,

P < 0.001). There was no significant difference between

NO levels of patients whose TIMI flow grade was 2 or 1

(P > 0.019) (Fig. 2).

Nitric oxide levels of patients with one-vessel

(35.7 ± 22.8 lM), two-vessel (35.7 ± 19.4 lM) or three-

vessel (40.3 ± 25.9 lM) disease were found to be similar

(P > 0.13) (Fig. 3A). Similarly, there was no significant

difference between NO levels of patients with type A

(39.4 ± 20.1 lM), type Bl (37.7 ± 23.6 lM), type B2

(35.2 ± 23.0 lM) and type C (38.7 ± 21.1 lM) lesions

(P > 0.81) (Fig. 3B). Moreover, NO levels of patients who

had angiographically complex (34.0 ± 23.5 lM) or simple

(40.5 ± 20.5 lM) lesions were also similar (P < 0.032).

Nitric oxide levels of patients who were found to have

intracoronary thrombus were significantly lower than those

without coronary thrombus (20.8 ± 15.6 lM vs.

45.6 ± 20.2 lM, P < 0.001). NO levels of patients who

had chest pain at admission were lower as compared to

patients who had not (28.3 ± 7.9 lM vs. 49.4 ± 8.2 lM,

P < 0.001). Similarly, NO levels of patients who showed

Table 3 Comparison of angiographic and clinical findings of patients

who were classified according to Troponin I levels

% £ 0.20

ng/ml

0.21–0.99

ng/ml

1.0–1.99

ng/ml

‡2.0

ng/ml

P

n = 137 n = 43 n = 27 n = 27

Thrombus 7.3 9.2 29.6 44.4 0.001

TIMI flow grade 1 13.9 4.7 48.1 63.0 0.001

TIMI flow grade 2 9.5 16.3 22.2 22.6 0.001

TIMI flow grade 3 76.6 79.1 29.6 14.8 0.001

Complex lesion 30.2 40.4 66.7 74.1 0.001

Angina 41.6 58.1 85.2 98.7 0.001

ST-T depression 36.4 40.1 81.5 92.0 0.001

Table 4 The relation between NO levels and coronary risk factors

NO levels (lM)

Family history

Absent 34.7 ± 22.4

Present 29.6 ± 16.7

P value 0.128

Diabetes mellitus

Absent 36.4 ± 21.2

Present 30.4 ± 18.3

P value 0.096

Hypertension

Absent 35.6 ± 20.4

Present 33.4 ± 19.8

P value 0.346

Current smoker

No 33.4 ± 16.4

Yes 28.8 ± 13.4

P value 0.088

Hyperlipidemia

Absent 36.4 ± 24.3

Present 30.3 ± 21.6

P value 0.101

Fig. 1 Comparison of NO Levels according to percentiles of

Troponin I levels (*P < 0.001 vs. Tn £ 0.20 ng/ml and

Tn = 0.21–0.99 ng/ml)

Fig. 2 Comparison of NO Levels according to TIMI flow grading

(*P < 0.001 vs. Tn £ 0.20 ng/ml and Tn = 0.21–0.99 ng/ml)
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ischemic ST-T changes at admission were lower than pa-

tients who did not show any such changes (32.8 ± 9.4 lM

vs. 42.5 ± 11.9 lM, P < 0.001).

Spearman correlation analysis revealed that there was a

negative correlation between quantitative Tn-I and NO

levels in Tn-I positive patients (r = –0.87, P < 0.001).

Logistic regression analyses showed that NO levels in

patients with NSTE-ACS were independent predictors in

the differentiation of Tn-I positives and negatives

(r = 0.527, P < 0.001). In addition, exponential regression

analyses demonstrated that NO levels had substantial pre-

dictive value in determining Tn-I levels (r = 0 85,

r2 = 0.72, P < 0.0001).

Discussion

In this study we determined that NO levels of Tn-I positive

NSTE-ACS patients at admission were significantly lower

than those of Tn-I negative patients. It is known that

endothelium and platelet dependent NO impairment is

common in the presence of coronary risk factors and ACS in

the presence of atherosclerotic diseases [8–10]. However

our study was first to show the negative relationship be-

tween levels of Tn-I and NO in patients with NSTE-ACS.

We demonstrated that NO levels had significant predictive

value in determining Tn-I levels and differentiating Tn-I

positives and negatives in NSTE-ACS patients. Presence of

complex lesions was more prevalent among Tn-I positive

patients as compared to Tn-I negatives, however there was

no significant difference between NO levels of patients with

complex or simple lesions in both Tn-I positives and neg-

atives. Similar findings were also observed in single-vessel

or multi-vessel disease patients. NO levels, however, were

found to be associated with high vascular risk such as im-

paired TIMI flow and presence of coronary thrombus. This

suggests that increased Tn-I levels may be related with NO

levels, rather than the severity of coronary artery disease.

Increased Tn-I levels in NSTE-ACS patients are asso-

ciated with the increase in vascular risk [3, 4] as well as high

risk of cardiac events [1, 2]. In our study the presence of

angiographically visible thrombus and impaired TIMI flow

in Tn-I positive NSTE-ACS patients has been shown to be

more prevalent and related with Tn-I levels. This was

consistent with results of previous studies [13, 14]. In

addition, previous studies demonstrated that impaired TIMI

flow could be corrected with Glycoprotein IIb/IIIa antago-

nists without any coronary intervention in Tn-I positive

NSTE-ACS patients [15–17]. Results of angioscopy have

revealed that the most distinctive event in the differentiation

of Tn-I positive and negative patients was the presence of

coronary thrombus [5]. Such platelet-rich thrombi lead to

embolism to distal vascular beds, which is among the

causative mechanisms of myocardial injury defined by high

levels of Tn-I in NSTE-ACS patients [3, 5, 6].

Presence of platelet-rich thrombus in the causative le-

sion indicates active thrombotic process, and evidence has

shown that platelet-rich thrombus is more common in Tn-I

positive NSTE-ACS patients as compared to Tn-I negatives

[13, 14]. Despite similar mechanisms, cause of this dif-

ference is unclear. Our results suggest that this differ-

ence—at least partially—is related with NO levels of

patients. The importance of platelet activation in NSTE-

ACS was supported with definite clinical benefits provided

by Glycoprotein IIb/IIIa antagonists and aspirin. Activa-

tion, adhesion and aggregation of platelets may follow

plaque rupture in these patients, and these results in for-

mation of platelet-rich thrombus. NO inhibits platelet

aggregation and accumulation in the growing thrombus [7,

8]. Since platelet accumulation is the main event in in-

creased intracoronary thrombus and distal embolism, it

may be concluded that decreased NO levels are associated

with myocardial injury in patients with NSTE-ACS.

Previous studies have demonstrated that NO reversed

Glycoprotein IIb/IIIa activation and prevented thrombosis

by inhibiting adhesion and aggregation of platelets [8–10].

Chronic inhibition of NO formation is related with active

thrombotic processes such as the increase in thrombin and

Fig. 3 Comparison of NO Levels according to number of diseased

vessel (A) and angiographically lesion type (B)
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tissue factor in addition to the impairment in fibrinolysis

[18]. On the other hand, NO is synergistic with prostacy-

clin, which is a potent vasodilator and anti-aggregative, and

prostacyclin behaves as a biologic antagonist of TxA2 [7].

Platelets produce NO themselves and inhibit platelet acti-

vation via negative feedback mechanism [9, 10]. However,

not only release of NO from endothelium is impaired, but

production of platelet derived NO is also diminished in

patients with ACS [9, 10]. Parallel with these, it has been

shown that aggregated platelets in patients with ACS pro-

duced less NO, and this led to an increase in thrombus

formation, contributed to the development of ACS [9, 10]

and is associated with poor prognosis [19]. Besides, NO

inhibits the activation of leucocytes, which play a role in

the interaction between platelets and vascular wall. This

inhibition may limit the development of intracoronary

thrombus. All of these results and our data support our

hypothesis that, thrombi large enough to occlude distal

vascular bed and cause myocardial injury may be related

with NO levels of the patients.

Since increased troponin levels indicate poor microvas-

cular perfusion [15, 20], we suggest that high NO levels

determined in Tn-I negative NSTE-ACS patients probably

improve microvascular perfusion. Administration of NO

during experimental ischemia reperfusion models and car-

diac surgery has decreased myocardial injury [21–23]. This

effect was found to be related with the improvement in car-

diac perfusion due to known vasodilator and anti-aggrega-

tive properties of NO [21–23]. In addition, nitrovasodilators

demonstrated beneficial anti-thrombotic effects in combi-

nation with prostacyclin. Nitrovasodilator agents with

known clinical efficacy show their effects after being con-

verted into NO. It has been shown in various studies that

positive effects of these agents on angina and ischemic ST-T

changes in patients with ACS were related with the

improvement in cardiac perfusion [23, 24]. This also clini-

cally supports the low NO levels that we determined in pa-

tients who had chest pain and ST-T changes at admission.

As a result, our study has demonstrated that NO levels

might be related with myocardial injury developed in pa-

tients with NSTE-ACS. Moreover, NO levels were related

with high vascular risks such as impaired TIMI flow and

presence of coronary thrombus, rather than the severity of

coronary artery disease. This shows that NO may be a

proper target in the treatment of high-risk NSTE-ACS

patients with increased Tn-I levels.
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