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The Role of Aortic Stiffness Parameters in Evaluating 
Myocardial Ischemia
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Abstract

Background: Arterial stiffness is a process resulting in deterioration 
of hemodynamic function of the aorta, a decrease in its compliance 
and elasticity, caused by the proportional change of components of 
the extracellular matrix. Although many researches have been done 
to determine the etiologies of myocardial ischemia in the absence of 
obstructive coronary artery disease, none of them has investigated the 
relation between the parameters of aortic stiffness and the myocardial 
ischemia documented by the exercise stress test. The present cross-
sectional study aimed to investigate the difference of aortic stiffness 
parameters between the groups separated by exercise stress test result 
as positive and negative ischemic findings in the absence of obstruc-
tive coronary artery disease.

Methods: The present study included 79 patients who were admitted 
to Istanbul Faculty of Medicine, Department of Cardiology with com-
plaint of chest pain. Forty patients (21 women and 19 men) have is-
chemic findings on the exercise electrocardiography (ECG) test and 39 
patients (20 women and 19 men) have normal exercise ECG results. The 
patients who have positive exercise ECG findings underwent coronary 
angiography and all the patients had non-obstructive coronary artery 
disease. Demographic features (age, sex and comorbidities) were statis-
tically similar between the groups. Aortic stiffness measurements (pulse 
wave velocity, pulse pressure, aortic augmented pressure, augmentation 
index, systolic pressure-time index, diastolic pressure-time index and 
subendocardial viability ratio) were done with tonometric methods.

Results: There was no significant difference between the two groups 
in terms of the aortic stiffness parameters. Systolic blood pressure (P 
= 0.33), diastolic blood pressure (P = 0.24), pulse pressure (P = 0.60), 
systolic pressure-time index (P = 0.10), diastolic pressure-time index 
(P = 0.91), subendocardial viability ratio (P = 0.19), aortic augmented 
pressure (P = 0.87), augmentation index (P = 0.58) and pulse wave 
velocity (P = 0.56) were detected between the two groups. Biochemi-

cal parameters were found similar between the two groups. Only low-
density lipoprotein levels were slightly higher in patients with nega-
tive exercise stress test result (139 vs. 123 mg/dL, P = 0.02).

Conclusion: There is no finding supporting that the aortic stiffness 
identifies the patients with non-obstructive coronary artery disease 
but with signs of myocardial ischemia and further investigation of 
other causes of myocardial ischemia is required.
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Introduction

Cardiovascular diseases are the leading cause of mortality 
and morbidity in the world [1]. Ischemic heart diseases are 
the largest sub-category of cardiovascular diseases in terms of 
mortality, morbidity, labor and financial losses [2, 3]. The pri-
mary and secondary prevention of ischemic heart diseases is 
an important part of the general health policies in all countries 
in the world [2, 4].

However, atherosclerotic coronary artery disease is a lead-
ing cause, but not the only cause, of ischemic heart disease 
[5, 6]. Myocardial ischemia has a wide variety of etiology but 
shows similar clinical processes and results [3, 7]. Thus, it is 
essential to investigate other causes of myocardial ischemia. 
In the case that the epicardial coronary arteries were found 
structurally normal with conventional coronary angiography, 
then the physiology of coronary blood flow was examined and 
pathological mechanisms, such as microvascular dysfunction 
and coronary vasospasm were frequently held responsible for 
the etiology of myocardial ischemia [5, 8].

Arterial stiffness is a process that results in a decrease in 
the aortic compliance and elasticity due to the change in the ra-
tio of extracellular matrix components of the aortic wall [9, 10] 
for many reasons including advanced age, hypertension (HT), 
diabetes mellitus (DM), hyperlipidemia (HPL), smoking, renal 
failure, etc., leading to the impairment of some hemodynamic 
functions [11, 12].

Arterial stiffness leads to an increase in systolic blood 
pressure, an increase in left ventricle afterload, a decrease 
in diastolic blood pressure and an increase in pulse pressure 
(PP) [13, 14]. These hemodynamic alterations may result in 
increased oxygen demand of myocardial tissue, decreased 
coronary perfusion pressure and decreased oxygen supply to 
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the myocardium, leading to the development of myocardial is-
chemia [9, 15, 16].

There are various methods and parameters for the quanti-
tative evaluation of arterial stiffness and the method considered 
as a gold standard is the tonometrically calculated pulse wave 
velocity (PWV) [17, 18]. It has been shown that an increased 
PWV is a cardiovascular risk factor that predicts mortality in 
renal failure, impaired glucose tolerance, type 2 diabetes mel-
litus or hypertensive patient groups [19, 20].

The tonometrically calculated pulse wave analysis allows 
evaluating other parameters associated with arterial stiffness 
(systolic pressure-time index (SPTI), diastolic pressure-time 
index (DPTI), “augmentation” index (AIx), aortic “augment-
ed” pressure (AP), etc.) [17, 18].

Based on the theoretical information suggesting that aortic 
stiffness may be a cause of myocardial ischemia, studies were 
conducted in the literature to indicate the relationship between 
aortic stiffness and myocardial ischemia [15-17, 21]. These 
studies concluded that aortic stiffness plays an important role 
in the severity of ischemia [21] and the earlier presentation 
of ischemic symptoms [20], and is an important predictor for 
the prognosis of coronary artery disease [15, 20, 22]. Numer-
ous studies were conducted to explain the myocardial ischemia 
documented with the exercise electrocardiography (ECG) test 
in the absence of obstructive coronary artery disease, but no 
other study on the relationship of myocardial ischemia and 
aortic stiffness parameters was found. It could not be argued 
that the only cause of myocardial ischemia is aortic stiffness 
in the patients included in the study, because of the fact that 
the risk factors of aortic stiffness are similar with the causes 
of myocardial ischemia other than atherosclerotic coronary ar-
tery disease. There may be more than one etiological factor 
and such etiologies are not excluded. However, it is possible 
to examine the relationship between myocardial ischemia and 
aortic stiffness in the absence of obstructive coronary artery 
disease.

The aim of the present study was to compare the aortic 
stiffness parameters between the patients who underwent coro-
nary angiography based on their ischemic exercise ECG test 
results and not diagnosed with obstructive coronary artery dis-
ease and those with normal exercise ECG test results.

Materials and Methods

The patients aged 25 - 75 years who applied to the cardiology 
polyclinic for angina pectoris or angina equivalent symptoms, 
underwent exercise ECG test for ischemia included in the 
study after their written consent was obtained. For the study, 
approval was obtained from the ethics committee of the Is-
tanbul Faculty of Medicine. The demographic characteristics 
of the patients were obtained by taking their medical history 
during the examinations. All patients underwent a treadmill 
exercise test (Cardiosoft version 4.14; GE Health-Care Sys-
tem, Freiburg, Germany) by an experienced technician under 
the supervision of a cardiologist in accordance with the Bruce 
protocol. Patients were monitored continuously by simulta-
neous 12-lead ECG before and during exercise and until the 

end of recovery. In synchrony, 12-lead ECG digital data were 
continuously recorded. The medication of the patients, includ-
ing beta-blockers, calcium channel blockers and nitrates was 
stopped 48 h before the tests. Patient symptoms, rest and peak 
heart rate, blood pressure, and any ECG changes were noted. 
The exercise ECG test result positivity was determined based 
on the ECG results rather than the symptoms. The ECG cri-
terion for a positive test was ≥ 1 mm of horizontal or down-
sloping ST-segment deviation (depression or elevation) in any 
lead except aVR for at least 60 - 80 ms after the end of the 
QRS complex, either during or after exercise [23]. The patients 
with positive ECG test results underwent coronary angiogra-
phy. The non-obstructive coronary artery disease by coronary 
angiography was defined by the presence of a plaque with a < 
50% stenosis on epicardial coronary arteries [24]. The patients 
were divided into two groups: those with negative exercise 
ECG result for ischemia, and those with positive exercise ECG 
result for ischemia but had non-obstructive coronary artery 
disease at conventional coronary angiography. The aortic stiff-
ness parameters of 40 patients with positive exercise ECG test 
for ischemia but no angiographic coronary artery disease (21 
women and 19 men) and of 39 patients with negative exercise 
ECG test for ischemia (20 women and 19 men) were evaluated 
by the tonometric method. The tonometric measurements were 
performed under the appropriate physical condition with the 
patients in relaxed and supine positions. Peripheral blood pres-
sure was measured from the patients’ left brachial artery. Left 
radial, left carotid and left femoral arteries were used for the 
tonometric measurements [18]. The exclusion criteria included 
atherosclerotic coronary artery disease; the presence of severe 
ectasi-aneurysm in coronary arteries; heart failure; chronic 
lung disease which may lead to chronic hypoxia; anemia (he-
moglobin < 10 g/dL); active malignancy; active infection; 
morbid obesity; peripheral artery disease; the failure to per-
form measurements technically in the tonometric examination.

Tonometric measurements

The tonometric measurements were performed using a Sphyg-
moCor (AtCor Medical Pty. Ltd, Sydney) branded tonometry 
device. This device is the most preferred device for this pur-
pose since it can measure the central blood pressure (aortic or 
carotid) and was used in large clinical studies [18, 25]. This 
device records the arterial pulse (firstly carotid then femoral) 
through a piezoelectric sensor in synchronization with ECG.

The central and peripheral artery pressure traces were 
transferred to the computer environment by the device over 
the radial artery. The systolic blood pressure, diastolic blood 
pressure, average blood pressure, PP, heart rate, SPTI, DPTI, 
subendocardial viability ratio (SEVR), aortic AP and AIx pa-
rameters were calculated via the “pulse wave analysis” soft-
ware (Fig. 1) based on these traces. Then, the distance between 
the points on carotid and femoral arteries, where the pulses 
were taken and the measurements were performed, was meas-
ured. As specified in the published consensus report [26], the 
distance was calculated by the “direct measurement” method 
(direct carotid-femoral artery distance × 0.8). This distance 
was divided by the delay time between carotid and femoral 
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artery to find “PWV” [17, 18] (Fig. 2).

Parameters calculated by tonometry

PWV

PWV is obtained by dividing the distance measuring by meter 

(ΔD) between the transcutaneous projections of the regions 
where measurements are made, by the transit time (Δt) be-
tween pulse wave graphs obtained from these regions [26]. 
This measurement allows evaluating the aortic stiffness lo-
cally. Aortic PWV is usually measured by the carotid-femo-
ral artery. PWV is not the same at every point of the arterial 
system and increases towards peripheral arteries [27]. As the 
severity of arterial stiffness, the PWV value is expected to in-
crease [15].

Figure 1. Pulse wave analysis.

Figure 2. Pulse wave velocity measurement.
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PWV = ΔD/Δt
PWV is now regarded as the gold standard for the measure-
ment of aortic stiffness [26, 27]. It was shown that the PWV 
calculated based on the measurements at the carotid and fem-
oral arteries is an independent risk factor for cardiovascular 
mortality and morbidity [28].

Pulse wave analysis parameters

To examine the final state of the pulse wave formed by the 
combination of forward wave and reflected wave, some terms 
should be explained at first. The terms are shown in Figure 3.

1) AIx

The AIx is calculated by dividing the amplitude difference in 
systolic blood pressure (AP) at the pulse wave, by the PP [27, 
29].

AIx = AP/PP
If reflected wave combines with forward wave in the early 

systolic phase, the systolic blood pressure increases. This in-
crease is associated with how early the waves encounter, and 
the magnitude of the reflected wave [30]. The AIx is a useful 
parameter to quantify the role of wave reflection on the high 

systolic blood pressure values [30, 31].
This index increases due to the impairment of elastic fibers 

on artery wall secondary to mechanical stress, and is used as a 
marker for aortic stiffness [11, 28].

Heart rate is an important parameter affecting AIx. An in-
crease in heart rate by 10 beats/min causes a decrease in AIx 
by 3.9%. Thus, to avoid the effect of heart rate, the AIx should 
be normalized to a standard heart rate [14].

The following formula should be used to normalize the 
AIx value to a rate of 75 beats/min.

AIx@75 = AIx - 0.39 × (75 - heart rate)

2) PP

PP is the difference between systolic blood pressure and dias-
tolic blood pressure [29]. An increase in systemic vascular re-
sistance causes an increase in both systolic and diastolic blood 
pressure. While increased arterial stiffness causes an increase 
in PP [32]. PP was determined as an independent predictor for 
cardiac mortality and stroke [9].

3) Ejection time

Ejection time is defined as the period during which the aortic 
valve remains open during systole [29].

Figure 3. Pulse wave velocity parameters. SBP: systolic blood pressure; DBP: diastolic blood pressure; PP: pulse pressure; 
ESBP: end-systole blood pressure; AP: augmented pressure; Pi: junction point; Ti: encounter time; dPi: pulse pressure in Ti; 
MAP: mean arterial pressure; MPP: mean pulse pressure; MSBP: mean systolic blood pressure; MDBP: mean diastolic blood 
pressure; SPTI: systolic pressure-time index; DPTI: diastolic pressure-time index; R-R: R-R interval (cardiac cycles).
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Shortening of the left ventricle ejection time is related to 
a decrease in aortic distensibility, and increased PWV second-
ary to this [29, 32]. If the systolic ejection time shortens at a 
certain heart rate, then the left ventricle has to do its duty in 
a shorter time but with a higher force [32]. The left ventricle 
will tend to increase its contractility or heart rate to maintain 
stroke volume. The increase in heart rate will cause a shorten-
ing of both systole time and diastole time (more apparently in 
diastole time) [29].

4) SPTI

SPTI is the area under the curve in the pressure-time graph 
during the systole time of the left ventricle or aorta pressure 
waveform, i.e. the time from the onset of ventricular systole to 
the dichrotic notch [29]. It defines the left ventricle afterload. 
If the mean arterial pressure is high in the ascending aorta in 
the systole phase, then the left ventricle should contract with 
a greater force to maintain stroke volume [31]. Therefore, the 
SPTI is directly related to the myocardial oxygen demand. It 
depends on ejection time, ejection pressure and myocardial 
contractility [9, 32].

5) DPTI

DPTI is the area under the curve in the left ventricle pressure-
time graph during diastole time [29]. It represents the coronary 
blood flow and the subendocardial blood presentation during 
diastole [14, 32].

6) SEVR (Buckberg index)

SEVR is a parameter that is obtained by proportioning the ar-
eas under the curve of systolic and diastolic components of the 
central aortic pulse wave [33]. According to the conventional 
definition, SEVR is the pressure-time integral ratio derived 
from the pressure values measured at the aorta and the left 
ventricle [34]. The numerator of the ratio is the DPTI, which 
is the area under the curve in the pressure-time graph during 
diastole. The denominator of the ratio is the SPTI, which is 
the area under the curve in the same graph during systole [27]. 
Shortly, it is the balance between the oxygen demand and de-
livery of subendocardial tissue [18].

The critical value of SEVR was determined as 0.45. Be-
low this value, the subendocardial and subepicardial blood 
flow ratio decreased. Above this value, we cannot speak of a 
direct relation between SEVR and coronary blood flow due to 
coronary autoregulation [34]. Another factor that affects oxy-
gen delivery as much as the coronary blood flow is the oxygen 
content of coronary arterial blood. In cases of serious anemia 
or hypoxemia, even if the coronary flow does not change, the 
subendocardial oxygen delivery will decrease [34]. To cal-
culate the corrected SEVR value under these conditions, the 
hemoglobin value, partial oxygen pressure and oxygen satura-
tion (O2Sat) should be adapted to the formula [14]. For the 

corrected SEVR calculated based on this formula, the critical 
value is 9.

Arterial oxygen content = 1.34 × Hemoglobin value  
× O2Sat + 0.003 (pO2)

Corrected SEVR = Arterial oxygen content  
× (DPTI/SPTI)

Statistical analysis

In the data analysis, the descriptive statistics were presented 
with mean and standard deviation values. The Mann-Whitney 
U test was used to compare differences between the patient 
groups with positive and negative exercise ECG test results 
with respect to systolic blood pressure, diastolic blood pres-
sure, PP, SPTI, DPTI, SEVR, aortic AP, AIx, PWV, age, es-
tiamted glomerular filtration rate (eGFR), creatinine, hemo-
globin and low-density lipoprotein (LDL) measurement value. 
The Chi-square (χ2) analysis was made to investigate the pres-
ence of any accompanying disease such as HT, DM in the pa-
tient groups with negative and positive exercise ECG test in 
the study. In the study, the P value below 0.05 was regarded as 
statistically significant. The analyses were made using SPSS 
22.0 package program.

Results

The demographic and biochemical data of 40 patients with 
positive exercise ECG test and 39 patients with negative exer-
cise test are given in Table 1.

In the study, no difference was determined between the 
patient groups with positive and negative exercise ECG test 
results with respect to age (P = 0.71, P > 0.05), eGFR measure-
ments (P = 0.54, P > 0.05), creatinine values (P = 0.4, P > 0.05) 
and hemoglobin values (P = 0.06, P > 0.05).

In the study, it was determined that there was a statistically 
significant difference between the patient groups with positive 
and negative exercise ECG test results with respect to LDL 
measurements, and that, on the contrary, the average LDL lev-
el was higher in the patients with negative exercise ECG test 
results (139.95 mg/dL) than the patients with positive exercise 
ECG test results (123.15 mg/dL) (P = 0.02, P < 0.05).

No statistically significant difference was determined be-
tween the study groups with respect to the presence of HT (P = 
0.89), DM (P = 0.18) and HPL (P = 0.74).

There was no statistically significant difference between 
the study groups with respect to the use of angiotensin con-
verting enzyme (ACE) inhibitor (P = 0.54), beta-blocker (P = 
0.26), calcium channel blocker (CCB, P = 0.59), oral antidia-
betic drug-insulin (P = 0.27) and statin (P = 0.84). The statisti-
cal analysis of the patient groups with respect to the presence of 
accompanying disease and the drug usage is shown in Table 1.

In present the study, no statistically significant difference 
was determined between the patient groups with positive and 
negative exercise ECG test results with respect to systolic 
blood pressure (mm Hg) (P = 0.33, P > 0.05), diastolic blood 
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pressure (mm Hg) (P = 0.24, P > 0.05), PP (mm Hg) (P = 0.60, 
P > 0.05), SPTI (P = 0.10, P > 0.05), DPTI (P = 0.91, P > 0.05), 
SEVR (P = 0.19 , P > 0.05), aortic AP (mm Hg) (P = 0.87, P > 
0.05), AIx (P = 0.58, P > 0.05) and PWV (cm/s) (P = 0.56, P > 
0.05). The statistical analysis of aortic stiffness parameters in 
the study groups is shown in Table 2.

Discussion

Angina pectoris is one of the most common reasons to apply to 
polyclinics [4]. The prevalence of angina pectoris was evalu-

ated by examining the data from 199,494 women and 201,821 
men in 31 countries. While there were significant differences 
between the populations, the average value was determined as 
6.7% in women and 5.7% in men [35]. Other causes of myo-
cardial ischemia should be investigated in the patient group 
with angina pectoris and had no obstructive coronary artery 
disease but exercise ECG result being positive. In a previous 
study, during the 5-year follow-up, in patients with normal 
coronary arteries at angiography or plaque without significant 
stenosis, the incidence of a major cardiovascular event was 
determined 2.5% higher in the patient group compared to the 
normal population. During the10-year follow-up of them, 

Table 1.  Clinical Characteristics of the Patients With Positive and Negative Exercise ECG Results

Parameters Positive exercise ECG (n = 40) Negative exercise ECG (n = 39) P value
Age, years 53.25 ± 10.01 52.33 ± 11.64 0.71
Male, n (%) 19 (47.5) 19 (48.7) 0.84
Hypertension, n (%) 16 (40) 15 (38.5) 0.89
Diabetes mellitus, n (%) 17 (42.5) 11 (28.2) 0.18
Hyperlipidemia, n (%) 8 (20) 9 (23.1) 0.74
Current smoker, n (%) 12 (30) 10 (25.6) 0.39
eGFR, mL/min/m2 99.1 ± 22.78 102.13 ± 20.87 0.54
Medical treatment
  ACEI, n (%) 16 (40) 13 (33.3) 0.54
  Beta-blockers, n (%) 9 (22.5) 5 (12.8) 0.26
  CCB, n (%) 8 (20) 6 (15.4) 0.59
  Statin, n (%) 10 (25) 9 (23.1) 0.84
  OAD/insulin, n(%) 16 (40) 11 (28.2) 0.27
Serum biomarkers
  Creatinine, mg/L 0.80 ± 0.19 0.76 ± 0.16 0.40
  Hemoglobin 13.16 ± 1.48 13.81 ± 1.6 0.06
  LDL, mg/dL 123.15 ± 31.25 139.95 ± 31.09 0.02

ECG: electrocardiography; eGFR: estiamted glomerular filtration rate; ACEI: angiotensin converting enzyme inhibitor; CCB: calcium channel blocker; 
OAD: oral antidiabetic; LDL: low-density lipoprotein.

Table 2.  Tonometric Measurement Parameters of Patients With Positive and Negative Exercise ECG Results

Parameters Positive exercise ECG (n = 40) Negative exercise ECG (n = 39) P value
SBP (mm Hg) 129.75 ± 22.17 129.75 ± 22.17 0.33
DBP (mm Hg) 86.85 ± 8.63 70.74 ± 10.21 0.24
PP (mm Hg) 55.9 ± 19.35 53.82 ± 15.71 0.60
  SPTI 2,297 ± 502 2125 ± 399 0.10
  DPTI 3,252 ± 413 3,239 ± 517 0.91
SEVR (%) 146 ± 30 156 ± 30 0.19
Aortic AP (mm Hg) 12.45 ± 8.44 12.77 ± 8.48 0.87
AIx @ HR75% 24.78 ± 11.18 23.33 ± 11.68 0.58
PWV (cm/s) 9.09 ± 2.44 8.75 ± 2.69 0.56

ECG: electrocardiography; SBP: systolic blood pressure; DBP: diastolic blood pressure; PP: pulse pressure; SPTI: systolic pressure-time index; 
DPTI: diastolic pressure-time index; SEVR: subendocardial viability ratio; AP: augmented pressure; AIx: augmentation index; PWV: pulse wave 
velocity.
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cardiovascular death and myocardial infarction developed in 
6.7% of the patients in the group with normal coronary arter-
ies, and in 12.8% of the patients in the group with minimal 
coronary artery disease [36]. Also, frequent admission to an 
emergency department for chest pain, hospitalization and re-
peated angiography interventions adversely affect the quality 
of life and increase the financial burden of health services [4, 
37]. In another study, epicardial or micro-vascular coronary 
dysfunction was determined in approximately 60% of the pa-
tients with angina pectoris and structurally normal coronary 
arteries at coronary angiography [7]. However, as with using 
the term ischemic heart disease synonymously with the term 
atherosclerotic obstructive coronary artery disease, it is not 
suitable to consider any detected myocardial ischemia and ob-
served angina pectoris in the absence of obstructive coronary 
artery disease, as “micro-vascular” disease or microvascular 
angina.

Other causes of myocardial ischemia (micro-vascular cor-
onary artery disease, endothelial dysfunction, arterial stiffness, 
etc.) may be concurrent and in such a case, it is not possible 
to clearly state which of them is the main cause of myocardial 
ischemia [8]. However, the examination of aortic stiffness pa-
rameters in the patients with myocardial ischemia but had no 
obstructive coronary artery disease may give an insight into 
this subject.

Arterial stiffness is a process that results in deterioration 
of certain hemodynamic functions with reduced aortic compli-
ance and elasticity due to the factors such as advanced age, 
HT, DM, HPL, smoking and renal failure [16]. In the previous 
studies, it was indicated that arterial stiffness was shown to be 
an independent predictor for cardiovascular mortality and all-
cause deaths [9, 15, 20, 22, 28]. Development of aortic stiff-
ness leads to an increase in central systolic blood pressure, a 
decrease in diastolic blood pressure and hence an increase in 
PP with multiple mechanisms. Such hemodynamic changes 
can affect cardiac function and myocardial metabolism with 
several mechanisms [12-14]. It was found that short term blood 
pressure changes may lead to heart failure, and may be associ-
ated with poor prognosis in patients with reduced ejection frac-
tion [38]. Consequently, blood pressure disorder increases the 
cardiac workload, thus increasing the oxygen demand of the 
subendocardial tissue. Arterial stiffness is expected to cause or 
exacerbate the existing myocardial ischemia in terms of hemo-
dynamic consequences.

Although it seems theoretically possible that aortic stiff-
ness can lead to myocardial ischemia, clinical evaluation of the 
hemodynamic effects of aortic stiffness in the presence of other 
factors that lead to myocardial ischemia is not straightforward. 
In the previous studies, it was determined that aortic stiffness 
is a cause of myocardial ischemia [10, 16, 20, 21, 34]. In a 
study examining the early occurrence of ischemic ECG signs 
in patients with atherosclerotic obstructive coronary artery 
disease in the presence of aortic stiffness, the duration of ST-
segment depression developed during the exercise ECG test 
and aortic stiffness parameters were evaluated. Patients with 
coronary stenosis of 50% or more detected angiographically 
in single vessel, two vessels and three vessels were included in 
the study. Maximum stenosis (critical stenosis) in coronary ar-
teries was specified as 84±17% and the ST-segment depression 

occurrence duration was found to be inversely proportional to 
the maximum stenosis and the severity of aortic stiffness rather 
than the prevalence of coronary artery disease (single-vessel, 
two-vessel and three-vessel) [21].

In our study, the aortic stiffness parameters in the groups 
with positive and negative exercise ECG test results were ex-
amined, and also it was investigated whether the parameters 
evaluated were significant in favor of arterial stiffness in the 
group with positive exercise ECG test result compared with 
the group with negative exercise ECG test result.

In a study conducted with 74 patients, PWV and AIx pa-
rameters were evaluated in hypertensive patients with and 
without temporary myocardial ischemia by monitoring the 
ambulatory blood pressure and ST-segment on a 24-h basis, 
and the PWV value was found to be significantly higher in the 
group with temporary myocardial ischemia (10.6 ± 2.4 to 9.5 
± 1.9, P = 0.036) [20].

In our study, the average PWV was determined to be 9.09 
± 2.44 in the group with positive exercise ECG test result and 
8.75 ± 2.69 in the group with negative exercise ECG test re-
sult, thus no statistically significant difference was found (P = 
0.56).

Myocardial ischemia can be evaluated quantitatively on 
the pressure-time curve by the ratio of the areas of the diastolic 
and systolic intervals under the curve (DPTI/SPTI). This ratio 
is referred as SEVR [33]. In the literature, in a study conducted 
with hypertensive patients having ischemic symptoms but no 
coronary artery disease, the relationship between SEVR and 
coronary flow reserve was investigated, and it was determined 
that mean SEVR decreased in the group with decreased coro-
nary flow reserve compared to the group with normal coronary 
flow reserve [34]. In our study, mean SEVR in the group with 
positive exercise ECG test result was found to be 146 ± 30, 
while 156 ± 30 in the group with negative exercise ECG test 
result (P = 0.19) and the statistical difference was not signifi-
cant.

Conclusion

In the present study, we have demonstrated that in patients 
with non-obstructive coronary artery disease but with signs 
of myocardial ischemia, it is important to investigate the fac-
tors that cause myocardial ischemia other than coronary artery 
stenosis. It may be beneficial to examine the hemodynamic 
effects of aortic stiffness parameters after the elimination of 
other ischemia causes in patients without anatomic coronary 
artery disease. Further investigation of other causes of myo-
cardial ischemia is required in patients with coronary ischemia 
but no obstructive coronary artery disease.

Limitation

One of the major limitations in our study is the lack of inves-
tigation of microvascular dysfunction that may lead to myo-
cardial ischemia in the patient group with a positive exercise 
ECG test result but angiographically normal coronary arter-
ies. In this patient group, microvascular dysfunction may lead 



Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   www.cardiologyres.org 335

Kumrular et al Cardiol Res. 2020;11(5):328-336

to ischemic findings in the exercise ECG test. Another major 
limitation is that the number of patients was low in terms of 
sample size in the groups. Besides, it was assumed that the 
patients with negative exercise ECG test results had no ob-
structive coronary artery disease since coronary angiography 
was not performed. Because of the sensitivity of the exercise 
ECG test result was approximately 68%, it was possible that 
some patients with negative exercise ECG test result also had 
obstructive coronary artery disease [39].
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