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Serum nitric oxide levels in patients with coronary artery ectasia
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ABSTRACT

Objective: Serum levels of nitric oxide (NO) are decreased in patients with atherosclerosis and also are a risk factor for the development of
atherosclerosis. Endothelial dysfunction and diffuse atherosclerosis have been proposed for the etiology of coronary artery ectasia (CAE). The
purpose of this clinical trial was to determine the relationship between CAE and serum NO levels.

Methods: This prospective controlled study was conducted between January 2008 and March 2012. Serum levels of NO were compared in 40
patients with CAE (mean age 60.1+7.3 years) and 40 patients with normal coronary arteries (mean age 57.6+5 years) as a control group. CAE was
diagnosed when a segment of coronary artery was more than 1.5 times the diameter of the adjacent healthy segment. Patients with stenotic
atherosclerotic plaques, slow coronary flow, previous history of revascularization, acute coronary syndromes, left ventricular dysfunction,
valvular heart disease, and systemic diseases were not included in the study. The effect of NO on the outcome was studied by constructing
a receiver operating characteristic (ROC) curve with CAE as the primary variable. Effects of different variables on CAE were calculated using
binary logistics regression analysis.

Results: Serum NO concentrations were significantly lower in patients with CAE than in the control group (42.1+20.1 pmol/L vs. 77.3+15.7 pmol/L,
p<0.001). According to the results of the multivariate regression analysis, LDL and NO levels were identified as independent factors associated
with CAE (OR=1.02, 95% CI 1-1.04, p=0.02 and OR=0.88, 95% Cl 0.83-0.93, p=0.001, respectively). ROC analysis revealed that using a cut-off point
of 63.3, NO level predicts CAE with a sensitivity of 87.5% and specificity of 90%.

Conclusion: Our study indicates that decreased levels of NO are present in patients with CAE compared to patients with normal coronary arter-
ies, supporting the hypothesis that decreased levels of NO might be associated with CAE development. (Anatol J Cardiol 2016; 16: 947-52)
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Introduction

Coronary artery ectasia (CAE) is defined as diffuse or local-
ized enlargement of the coronary arteries, with the luminal diam-
eter becoming 1.5-fold larger or more than the normal adjacent
segment (1). It is a relatively rare pathology in all of coronary
artery anomalies, with the incidence varying from 0.3% to 4.9%
in different cardiac catheterization studies (2-5). The etiopatho-
genesis of this clinical entity is poorly understood. However, CAE
is frequently seen in association with atherosclerotic coronary
artery disease (CAD), indicating an overlap in pathogenesis and
risk factors. Despite the fact that atherosclerosis is accepted as
the major clinical factor leading to the development of CAE in
approximately 50% of the patients, connective tissue, inflamma-
tory, and congenital pathologies have been proposed as poten-
tial causes (2, 5-9).

Chest pain is encountered as the main symptom of ectasia;
however dysrhythmias, acute coronary syndromes, and sudden
cardiac death are other possible clinical situations observed in
ectasia (10-12). The most valuable method for diagnosing CEA
is cardiac catheterization. The location, size, and extent of the
pathology can be easily determined by angiography.

The endothelium plays a critical function in regulating vas-
cular structure and physiology, primarily by producing nitric ox-
ide (NO), which protects the vascular system as an endogenous
defense against the development of atherosclerosis and its ad-
verse clinical results. Failure of the physiological integrity of the
endothelium, which is commonly seen as a result of an exposure
to cardiovascular risk factors, results in decreased NO synthesis
from the endothelium (13). Loss of endothelial integrity, charac-
terized by diminished production of NO, is accepted as an impor-
tant factor in the process of atherosclerosis and thrombosis (14).
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Although there are several studies in the literature investigating
that decreased endothelial NO synthase leads to atherosclero-
sis via the proliferation of smooth muscle cells and adhesion of
leukocytes, a direct relationship between CAE and NO levels is
not examined by any previous study. Therefore, the objective of
our study was to conduct a comparative analysis of serum NO
concentrations in subjects with CAE and healthy contrals.

Methods

The study was designed as a prospective protocol. This
study was accepted by the institutional Ethics Committee, and
all participants gave informed consent to participate in the trial.

Atotal of 3658 consecutive selective coronary angiograms were
retrospectively evaluated between January 2008 and March 2012.
The patients’ coronary angiograms were performed who presented
to our outpatient clinic in Cardiology Department of Ankara Uni-
versity School of Medicine because of stable angina pectoris. We
decided whether the patient had undergone coronary angiography
according to a positive noninvasive test or high pretest probability
for CAD. Totally, the total number of patients with CAE was 298, and
258 patients with CAE were excluded. Forty consecutive patients
with CAE and without stenotic plaques as a study group (31 male
and 9female; mean age 60.1+7.3 years) and 40 patients with normal
coronary angiographic findings as a control group (29 men and 11
women; mean age 57.6+5 years) were included in the study. Patients
with stenotic atherosclerotic plagues and slow coronary flow were
not included in the study. Stenotic plaques were accepted as le-
sions causing at least 50% obstruction in one of the coronary arter-
ies. The other exclusion criteria were as follows: previous history of
revascularization, acute coronary syndromes, LV dysfunction (LVEF
<50%) and hypertrophy, valvular heart disease, cardiac rhythm oth-
er than sinus, history of liver (ALT and AST levels more than twice
the upper limits) or renal pathology (serum creatinine >1.4 mg/dL),
and active malignancy or systemic diseases.

Baseline characteristics, vital signs, laboratory findings, and
coronary angiogram and echocardiography results were obtained
from the hospital records. All patients were asked questions re-
garding any cardiovascular drug use and smoking habit prospec-
tively. The body mass index (BMI) was recorded for all patients.

We categorized our patients as hypertensive if the blood pres-
sure was >140/90 mm Hg or if they used antihypertensive medica-
tions. Chronic obstructive pulmonary disease was characterized
as necessity medical therapy for chronic pulmonary pathology
accompanied by moderate to severe obstruction. Diabetes melli-
tus and family history for CAD were also examined in all patients.

Laboratory analyses

Approximately 10 mL of venous blood sample was collected
from each patient after a 12-h fasting period by venipuncture
to analyze total blood counts, biochemical parameters, and NO
levels 1 day after coronary angiography. Complete blood count,
glucose, urea, creatinine, uric acid, and lipid profile were deter-
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mined by standard methods.

For the vast majority of convenient methods, it is impossible
to detect NO because of its volatile and transient character.
However, as a result of NO oxidizing to nitrite (NO?") and nitrate
(NO*"), we used these anions’ concentrations as a quantitative
measurement of NO production. We performed the spectropho-
tometric measurement of NO>~ by performing the Griess Reac-
tion after the conversion of NO* to NOZ

NO can be determined via this assay, which is achieved by
nitrate reductase activity converses nitrate to nitrite. After the
reaction, nitrite is detected by colorimetric methods as an azo
dye product of the Griess reaction. NO concentration is indi-
rectly measured by identifying both nitrite and nitrate levels in
the specimen.

Coronary angiography

Standard selective coronary angiography was performed
in all patients in the study. The coronary angiographies of the
patients were evaluated by two experienced interventional con-
sultants who were completely blind to the study. CAE was diag-
nosed when a segment of the coronary artery was more than 1.5
times the diameter of the adjacent healthy reference segment by
visual assessment. The quantitative assessment was used very
rarely, particularly in controversial cases.

Statistical analyses

Analyses were performed using the Statistical Package for
the Social Sciences (SPSS) 13.0 (SPSS Inc., Chicago, IL, USA).
Categorical variables were summarized as percentages, contin-
uous variables were defined as meantstandard deviation (SD),
and skewed data were reported as median (interquartile range).
Groups were compared using chi-square tests for categorical
variables, independent-samples student t-tests for normally dis-
tributed continuous variables, and Mann—Whitney U tests when
the distribution was skewed. Pearson’s or Spearman’s correla-
tion tests were used to evaluate correlations. The effect of NO
on the outcome was studied by constructing a receiver operat-
ing characteristic (ROC) curve with CAE as the primary variable.
Effects of different variables on CAE were calculated using bina-
ry logistics regression analysis. Variables that had an unadjusted
p value <0.1 in binary logistic regression analysis were identi-
fied as potential risk markers and included in the full model. The
model was reduced using stepwise multivariate logistic regres-
sion analyses, and we eliminated potential risk markers using
likelihood ratio tests. A p value <0.05 was considered statistically
significant, and the confidence interval was 95%.

Results

A comparison of patients with CAE (n=40) and those with
normal angiographic findings (n=40) regarding baseline charac-
teristics and laboratory findings is demonstrated in Table 1 and
Table 2. There were no significant differences between the two



Anatol J Cardiol 2016; 16: 947-52

Table 1. Baseline characteristics of the study and control group. Groups
were compared using chi-square tests for categorical variables,
independent-samples student t-tests for normally distributed continuous
variables, and Mann—-Whitney U tests when the distribution was skewed

Variable Patients with CAE | Control group | P
(n=40) (n=40)
Age, years 60.1+7.3 57.6+5 0.07
Male gender, % 31(77.5%) 29(72.5%) |0.61
Hypertension, % 24 (60%) 27 (67.5%) |0.48
COPD, % 3(7.5%) 4(10%) 0.69
Diabetes mellitus, % 6 (15%) 8(20%) 0.56
Current smoker, % 13 (32.5%) 16 (40%) 0.48
Family history of CAD, % 9(22.5%) 5(12.5%) 0.24
Body mass index, kg/m? 29.1+4.2 28.6+4.3 0.61
Beta blocker use, % 22 (55%) 20 (50%) 0.65
ACE-1 use, % 20 (50%) 19(47.5%) (0.82
ARB use, % 5(12.5%) 8(20%) 0.36
Statin use, % 8(20%) 9(22.5%) 0.78
ASA use, % 2(5%) 5(125%) 043
ACE-I - angiotensin-converting enzyme inhibitors; ARB - angiotensin Il receptor block-
ers; ASA - acetylsalicylic acid; CAD - coronary artery disease; CAE - coronary artery
ectasia; COPD - chronic obstructive pulmonary disease

Table 2. Baseline laboratory findings of the study and control group.

Groups were compared using chi-square tests for categorical variables,
independent-samples student t-tests for normally distributed continuous
variables, and Mann-Whitney U tests when the distribution was skewed

Variable Patients with CAE| Control group P
(n=40) (n=40)

SBP. mm Hg 108.1£19.3 113.9£21.7 0.28

DBP mm Hg 59.7+9.2 63.4+12.8 0.15

FPG, mg/dL 105 (84-128) 105 (87-144.75) | 0.27

LDL, mg/dL 97.7+31.9 88.8+44.2 0.33

HDL, mg/dL 38 (28.25-51.75) 36 (33-39) 0.32

Triglycerides, mg/dL 127 (87-194) (114 (110.5-141.25)| 0.92

Hemoglobin, mg/dL 14.5+1.7 15.2+1.9 0.1
MPV, fL 8.8 (8.5-9.3) 8.65 (8.5-9) 0.35
Platelet count, x 109/ L 217.8+48.9 227.6+34.3 0.46
Uric acid, mg/dL 6.3+1.6 7+1.8 0.07
Urea, mg/dL 13 (12-17) 145(12-19.75) | 0.38
Creatinine, mg/dL 0.79(0.74-1.14) | 0.84(0.79-0.92) | 0.35
NO level, pM 42.1+20.1 77.3£15.7 P<0.001
LVEF, % 56.3+10.4 57.1+9.2 0.73

DBP - diastolic blood pressure; FPG - fasting plasma glucose; HDL - high-density lipopro-
tein cholesterol; LDL - low-density lipoprotein cholesterol; LVEF - left ventricular ejection

fraction; MPV - mean platelet volume; NO - nitric oxide; SBP - systolic blood pressure

groups in terms of age, sex, presence of hypertension, chronic
obstructive pulmonary disease, smoking, diabetes mellitus, fam-
ily history of CAD, BMI, and cardiovascular drug use. In addition,
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Table 3. Correlation between serum NO level and baseline
characteristics and laboratory parameters of patients. Pearson’s or
Spearman’s correlation tests were used to evaluate correlations

Variable NO level

r P
Age -0.06 0.61
Gender 0.01 0.95
Hypertension 0.09 0.43
Diabetes mellitus 0.03 0.78
COPD 0.01 0.99
Current smoking 0.06 0.59
Family history of CAD -0.14 0.23
Body mass index 0.07 0.54
Beta blocker use -0.08 0.47
ACE-I use 0.01 0.97
ARB use -0.02 0.86
Statin use 0.15 0.19
ASA use 0.14 0.22
SBP 0.21 0.07
DBP 0.1 0.35
FPG 0.04 0.75
LDL 0.08 0.47
HDL -0.02 0.88
Triglycerides -0.07 0.56
Hemoglobin 0.17 0.14
MPV 0.01 0.91
Platelet count 0.1 0.37
Uric acid 0.1 0.36
Urea 0.02 0.84
Creatinine -0.07 0.5
LVEF 0.09 0.4
ACE-| - angiotensin-converting enzyme inhibitors; ARB - angiotensin |l receptor blockers;
ASA - acetylsalicylic acid; CAD - coronary artery disease; COPD - chronic obstructive
pulmonary disease; DBP - diastolic blood pressure; FPG - fasting plasma glucose; HDL -
high-density lipoprotein cholesterol; LDL - low-density lipoprotein cholesterol; LVEF - left
ventricular ejection fraction; MPV - mean platelet volume; SBP - systolic blood pressure

systolic and diastolic blood pressure; fasting plasma glucose;
total LDL and HDL cholesterol; triglyceride and hemoglobin lev-
els; platelet count; mean platelet volume; urea; creatinine, and
uric acid levels; and LVEF did not significantly differ between the
groups. However, serum NO concentrations were significantly
lower in patients with CAE than in the control group (42.1+20.1
pmol/L vs. 77.3+15.7 pmol/L, p<0.001; Table 2).

There were no significant correlations between the mean
serum NO level and the other data categories (p>0.05) (Table 3).

In binary logistic regression analysis, age (OR=1.17, 95% Cl
0.98-1.39, p=0.09), LDL level (0R=1.02, 95% CI 1-1.04, p=0.07), and
serum NO level (OR=0.88, 95% CI 0.82-0.93, p=0.001) revealed
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Table 4. Binary logistics regression analysis of possible predictors
of coronary artery ectasia. Effects of different variables on CAE were
calculated using binary logistics regression

Binary logistics regression analysis
Variable OR 95% CI P
Age 1.17 (0.98-1.39) 0.09
Gender 1.42 (0.13-15.4) 0.77
Hypertension 0.37 (0.04-3.46) 0.38
Diabetes mellitus 0.51 (0.05-5.23) 0.57
Family history of CAD 0.68 (0.05-8.88) 0.77
Current smoking 0.21 (0.02-2.51) 0.22
Body mass index 1.09 (0.88-1.34) 0.43
SBP 1.01 (0.96-1.05) 0.73
DBP 0.94 (0.86-1.03) 0.19
LDL level 1.02 (1-1.04) 0.07
HDL level 1.02 (0.98-1.06) 0.23
NO level 0.88 (0.82-0.93) 0.001

CAD - coronary artery disease; DBP - diastolic blood pressure; HDL - high-density lipo-
protein; LDL - low-density lipoprotein; NO - nitric oxide; SBP - systolic blood pressure
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Figure 1. Receiver operating characteristic (ROC) curve for the determi-
nation of the cut-off for the NO level and coronary artery ectasia

a significant correlation with CAE. When these three variables
were included in a multivariate regression model, LDL and NO
levels remained as independent factors associated with CAE
(OR=1.02, 95% CI 1-1.04, p=0.02 and OR=0.88 95% CI 0.83-0.93,
p=0.001, respectively) (Table 4).

ROC analysis revealed that using a cut-off point of 63.3, NO
level predicted CAE with a sensitivity of 87.5% and specificity of
90%. The area under the curve for this relationship was 0.93, and
the 95% Cl was 0.87-0.98 (Fig. 1).

Discussion

Our study demonstrates for the first time that serum concen-
trations of NO are decreased in patients who have CAE compared
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with control subjects. We also found that decreased NO levels
remained as an independent risk factor associated with CAE.

The endothelium of the vascular tissue is involved in many
different aspects of vascular physiology for the continuation of
normal physiology. Endothelium-derived NO is a potent endog-
enous vasodilator, acting through the activation of the soluble
guanylate cyclase by producing cyclic GMP (15-17). NO, playing
a crucial role in flow-mediated vasodilation, is released from the
endothelium mainly by the effect of endothelial shear stress.

A genetic deficiency or pharmacological inhibition of endo-
thelial NO synthase (eNOS) can give rise to decreased endothe-
lium-dependent vasodilation, leading to an increase in vascular
resistance (18-20). Vascular actions of NO not only include regu-
lating the vascular tone but also suppressing vascular smooth
muscle proliferation, inhibiting platelet adhesion to the vascu-
lar endothelium, and interfering with leukocyte-endothelial cell
interaction (21-26). In the process of vascular pathology, de-
creased NO activity is the precursor event leading to abnormal
vasoconstriction and ischemia (27).

Apart from the direct measurement of NO, the serum con-
centrations of asymmetric dimethylarginine (ADMA), an en-
dogenous competitive inhibitor of NO synthase, are studied as
a novel risk factor for endothelial dysfunction in recent clinical
trials. Increased ADMA levels are associated with reduced ac-
tivities of NO synthase because NO synthesis from L-arginine is
inhibited by endogenous methylated L-arginine analogues such
as ADMA (28).

It has been shown that ADMA was elevated in young hyper-
cholesterolemic individuals, and elevation of ADMA was associ-
ated with impaired endothelium-dependent vasodilatation in the
forearm and reduced urinary nitrate excretion (29). Our study
results also demonstrate that LDL levels remained as indepen-
dent factors associated with the development of CAE as well as
decreased NO levels. However, in our study, there was no signifi-
cant difference between the groups concerning hyperlipidemia
and cholesterol levels.

ADMA levels-CAE relationship has also been reported. In-
creased levels of ADMA are present in patients with CAE com-
pared with patients with normal coronary arteries, supporting
the hypothesis that ADMA might be a determinant factor of en-
dothelial and structural dysfunction in the process of CAE devel-
opment (28).

A polymorphism in the eNOS gene might be a contributing
factor for the development of coronary heart diseases by reduc-
ing eNOS activity. Although the association of eNOS gene poly-
morphisms with the development and progression of CAD has
been evaluated in several studies, data regarding its role in CAE
are very scarce.

The ¢.894G>T polymorphism has been investigated in pa-
tients with CAE among the Turkish population (30). However, in
this clinical trial, the effect of polymorphism on serum NO con-
centrations, which are believed to resect endogenous produc-
tion of NO, is not mentioned. In our study, direct measurements
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of serum NO levels are performed rather than investigating the
possible responsible gene polymorphisms.

On the contrary, chronic overstimulation of the endothelium
by NO is accepted as a causative mechanism in the development
of CAE. Enhanced NO production is supplied by some chemical
compounds that inhibits acetylcholinesterase, resulting in in-
creased levels of acetylcholine and NO production (31). In these
clinical entities, NO production is provided by the INOS pathway;
however, our trial results demonstrate that decreased NO levels
in CAE patients occur because of the decreased eNOS activity
associated with endothelial dysfunction.

The evidence for a causal association between oxidative
stress and CAE development has been found in another study
(32). The total anti-oxidant status decreased in patients with
CAE, and it was also observed that the total oxidant status and
the oxidative status index values were significantly higher in the
study group than in the control group. Increased NO synthesis
by directly enhancing the expression and activity of eNOS has
been shown to significantly reduce oxidative stress and improve
endothelial dysfunction (33).

The specific causative mechanisms of CAE are essentially
unknown. However, CAE can be accepted as a type of athero-
sclerotic CAD because endothelial dysfunction plays a major
role in the development of CAE. In contrast, NO is a protective
agent against inflammation, oxidative stress, and endothelial
dysfunction, which are possible causative entities in the patho-
genesis of CAE. Therefore, increased bioavailability of NO can
play a critical role in the prevention of CAE development.

Study limitations

This resultis not supported by any clinical test demonstrating
the relationship between endothelial dysfunction and decreased
serum NO levels. Additionally, the small patient population is
another limitation of this study. The diagnosis and exclusion of
patients were performed mainly by visual assessment rather
than using any quantitative methods such as intravascular ul-
trasound. We did not study any additional inflammatory markers
such as CRP to analyse whether there is a correlation between
the formation of CAE and inflammatory status.

Conclusion

In conclusion, our study indicates that decreased levels of
NO are present in patients with CAE compared with those in pa-
tients with normal coronary arteries, supporting the hypothesis
that decreased levels of NO might be associated with CAE devel-
opment. These results provide the rationale for further studies
with larger sample sizes that investigate the prognostic evalu-
ation of decreased NO levels in patients with CAE during long-
term follow-up.
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