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Abstract

Objective To investigate the relationship be-
tween coronary tortuosity and impaired left
ventricular relaxation.

Methods One hundred and four subjects who
underwent coronary angiography were included
in the study. Left anterior descending, left
circumflex, and right coronary arteries were
traced. Tortuosity was identified by the finding
of >3 bends (defined as >45° change in vessel
direction) along main trunk of at least one artery.
Study population were divided into tortuosity
(n = 54) and no tortuosity (n = 50) groups. Sub-
jects were all submitted to pulsed-wave Doppler
and two-dimensional echocardiographic examina-
tion to assess left ventricular functions.

Results  For subjects with tortuosity, early trans-
mitral inflow (E) velocity was lower, late transmi-
tral inflow (A) velocity was higher, E/A ratio was
smaller compared with subjects without tortuosity
(P < 0.001). Subjects with tortuosity had longer
deceleration time of E velocity (DT) and isovolu-
mic relaxation time (IVRT) than did subjects
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without tortuosity (P < 0.001). End-diastolic
interventricular septal and left ventricular poster-
ior wall thicknesses were greater in subjects with
tortuosity than those without tortuosity (P = 0.01
and P = 0.005). There was an inverse correlation
between total number of arteries with tortuosity
and E/A ratio (r = =0.750, P < 0.001). Total num-
ber of arteries with tortuosity displayed correla-
tions with DT (r = 0.723, P < 0.001) and IVRT
(r = 0.703, P <0.001).

Conclusions This study depicts that coronary
tortuosity is associated with impaired left ventric-
ular relaxation.Thus, coronary tortuosity might be
an indicator of impaired left ventricular relaxation.

Keywords Angiography - Coronary tortuosity -
Diastolic dysfunction - Echocardiography

Abbreviations

A Peak late mitral inflow
BMI  Body mass index

CI Confidence interval

E Peak early mitral inflow

DT Deceleration time of the E velocity

IVRT Isovolumic relaxation time

IVS Interventricular septal wall thickness at
end-diastole

LAD  Left anterior descending coronary artery

LCX  Left circumflex coronary artery

LVEF Left ventricular ejection fraction

OR Odds ratio
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PW Left ventricular posterior wall thickness
at end-diastole

1 Introduction

Coronary angiography, despite current shortcom-
ings, has been regarded as golden standard for the
evaluation of coronary arteries. Tortuosity of
coronary arteries is a common finding during
angiography and its extent correlates well with
aging [1]. Hemodynamic shearing forces involved
in tortuous arteries may affect the formation and
subsequent rupture of atherosclerotic plaques
giving rise to acute coronary syndromes [2-4].
Echocardiography has likewise maintained its
role as an indispensable diagnostic tool in the
assessment of both systolic and diastolic functions
of the left ventricle. Impaired left ventricular
relaxation detected by echocardiography is a
frequently encountered entity and apart from
coronary artery disease, it is associated with
advanced age [5-7], obesity [8, 9], hypertension
[10, 11], diabetes mellitus [12, 13], and hypercho-
lesterolemia [14]. Nevertheless, to our knowl-
edge, consistent evidence is little about the link
between coronary tortuosity and abnormal left
ventricular relaxation. We therefore conducted a
prospective study to investigate the possible
relationship between tortuosity of coronary arter-
ies and impaired left ventricular relaxation. An
angiographic finding that could help predict those
with a pattern of diastolic dysfunction might
influence management.

2 Methods
2.1 Subjects

This study included 322 consecutive individuals
(aged 27-79 years) who underwent coronary
angiography in our department during a 3-month
period. Clinical cardiologists determined the
indication for angiography. Subjects were ex-
cluded if they had significant coronary artery
disease (presence of at least one lesion causing
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>50% diameter stenosis), previous surgical/per-
cutaneous coronary revascularization, unsatisfac-
tory visualization of the coronary arteries,
electronic cardiac pacemaker, atrial fibrillation,
dilated heart disease, or significant valvular dis-
ease. The remaining 104 participants in this study
were divided into two groups according to the
presence of coronary tortuosity. Group 1 con-
sisted of 54 individuals with tortuosity of coronary
arteries, and group 2 consisted of 50 individuals
without tortuosity of coronary arteries.

2.2 Definition of risk factors

In all subjects, a fasting blood sample was
collected at the beginning of cardiac catheteriza-
tion for detailed lipid analysis. Hypercholesterol-
emia was defined as a total plasma cholesterol
level of 2200 mg/dl or a low-density lipoprotein-
cholesterol level of >130 mg/dl, or using choles-
terol-lowering drugs at the time of the investigation.
Hypertension was defined as systolic blood
pressure of =140 mmHg, or diastolic blood
pressure of 290 mmHg in at least two separate
readings diagnosed as hypertension by a physi-
cian; or taking antihypertensive medication. Dia-
betes mellitus was diagnosed if the fasting plasma
glucose level was =126 mg/dl on two separate
occasions, or if the subject was being treated with
insulin or oral antihyperglycemic agents. Smokers
were defined as those who had been smoking
regularly until admission. Body mass index (BMI)
is defined as weight in kilograms divided by
height in meters squared. Obesity was defined as
a BMI of >30 kg/m”.

2.3 Coronary angiography

Selective coronary angiography was performed
with the standard technique using an Infinix-CC
(Toshiba Corp., Tokyo, Japan) X-ray system. The
left anterior descending coronary artery (LAD),
the left circumflex coronary artery (LCX), and
the right coronary artery were traced, and tortu-
osity was determined in right/left anterior oblique
and anteroposterior views with various cranial
and caudal angulations. Tortuosity was identified
by the finding of >3 bends (defined as >45° change
in vessel direction) along the main trunk of at
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least one artery, present both in systole and in
diastole [15] (Fig. 1).

2.4 Echocardiography

Resting transthoracic echocardiography was
done using a Vivid 4 (GE/VingMed, Horten,
Norway) ultrasound system, equipped with a
multifrequency  (1.5-3.6 MHz)  phased-array
transducer. One of two experienced operators
blinded to all clinical and angiographic data
perfomed echocardiographic examination, which
comprised standard two-dimensional imaging
and pulsed-wave Doppler evaluation of the
mitral inflow [16, 17]. Images were acquired in

Fig. 1 Coronary angiograms showing tortuosity in ante-
roposterior view with cranial angulation (a) Left anterior
descending and left circumflex coronary arteries (b) Right
coronary artery

left lateral recumbent position. Left ventricular
ejection fraction (LVEF) was calculated offline
with the use of area-length method. Interven-
tricular septal wall thickness at end-diastole
(IVS) and left ventricular posterior wall thick-
ness at end-diastole (PW) were measured as
well. All Doppler echocardiographic recordings
were obtained during quiet breathing. Measure-
ments were averaged over three sequential
cardiac cycles for each Doppler parameter.
From apical window, pulsed-wave Doppler sam-
ple volume was placed at the mitral leaflet tips.
The mitral inflow velocity was traced and the
following variables were derived: peak early (E)
and late (A) transmitral inflow velocities, the
ratio of early to late peak velocities (E/A), and
deceleration time of the E velocity (DT). In
order to treat the E/A ratio as a continuous
variable, subjects with a restrictive pattern (E/A
>2), or with suspected pseudonormalization
(during phase 2 of the Valsalva maneuver; E/
A <1, or the E/A ratio decreased by >25%
[18]) were excluded from the study. Using
pulsed-wave Doppler echocardiography, the
cursor was positioned midway between the left
ventricular outflow and the mitral inflow to
record the isovolumic relaxation time (IVRT)
(Fig. 2). Both inter- and intraobserver variations
for echocardiographic measurements were < 5%
in 20 randomly selected participants.

2.5 Statistical analysis

SPSS Version 10.0 for Windows (SPSS Inc., Chi-
cago, IL, USA) was used to perform all statistical
calculations. Continuous variables were expressed
as arithmetic mean + standard deviation, and cat-
egorical variables as percentages. Comparisons of
continuous variables between the two groups were
carried out by Mann-Whitney U test. Categorical
variables were compared by chi-square test. Spear-
man’s coefficients were employed for correlation
analysis. Multivariate logistic regression analysis
was used to find out variables for tortuosity status.
For multivariate regression, variables with a P
value of < 0.1 in univariate analysis were selected.
For all tests, a two-tailed P value of < 0.05
indicated statistical significance.
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Fig. 2 Measurement of pulsed-wave Doppler echocardio-
graphic parameters (a) Mitral inflow variables are shown.
(b) Isovolumic relaxation time is shown

3 Results

Of 322 individuals who underwent coronary
angiography, 218 were excluded: 6 subjects (2%)
had angiograms with unsatisfactory visualization,
141 subjects (44%) had significant de novo
coronary artery disease, 35 subjects (11%) had
previous coronary revascularization, 3 subjects
(1%) had electronic cardiac pacemaker, 10 sub-
jects (3%) had atrial fibrillation, 10 subjects (3%)
had dilated cardiomyopathy, 13 subjects (4%)
had significant valvular disease. There were 69
(66%) men (age, 54 = 11 years; range, 27—
76 years) and 35 (34%) women (age, 55 +
10 years; range, 35-79 years) in the study.
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Baseline clinical characteristics of subjects with
and without tortuosity were similar (Table 1).
The two groups were not significantly different in
terms of age, and gender, as well as hypertension,
diabetes mellitus, insignificant coronary artery
disease, smoking, hypercholesterolemia, and
obesity (P > 0.05 for all variables).

Although no significant difference was present
between the groups concerning LVEF; for sub-
jects with tortuosity, the E velocity was lower, the
A velocity was higher, and thus the E/A ratio was
smaller compared with subjects without tortuosity
(P < 0.001). Subjects with tortuosity had signifi-
cantly longer DT and IVRT than did subjects
without tortuosity (P < 0.001). Furthermore, IVS
and PW were both found to be greater in subjects
with tortuosity compared with those without
tortuosity (P =0.01 and P = 0.005) (Table 2).
Particularly, there was a strong inverse correla-
tion between the total number of arteries with
tortuosity and the E/A ratio (r=-0.750,
P <0.001). In addition, the total number of
arteries with tortuosity displayed significant cor-
relations with DT (r =0.723, P < 0.001) and
IVRT (r = 0.703, P < 0.001).

Multivariate logistic regression analysis was
used to ascertain variables involved in tortuosity
status. Following variables were used: Age, male
gender, hypertension, diabetes mellitus, insignifi-
cant coronary artery disease, smoking, hypercho-
lesterolemia, obesity, the E/A ratio, DT, IVRT,
IVS, PW and LVEF. The E/A ratio (odds ratio
[OR] = 0.005;95% confidence interval [CI], 0.001-
0.906; P = 0.046) and IVRT (OR = 1.362;95% CI,
1.057-1755; P = 0.017) were the only variables
associated with tortuosity status (Table 3).

4 Discussion

The key finding of our study is that impaired left
ventricular relaxation is more prominent in indi-
viduals with tortuosity of coronary arteries than in
individuals without tortuosity of coronary arter-
ies. Of note, the total number of coronary arteries
with tortuosity is shown to be correlated with the
changes in Doppler echocardiographic indices
(the decrease of the E/A ratio, and the increase
of DT and IVRT) reflecting impaired left ven-
tricular relaxation.
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Table 1 Baseline clinical characteristics of subjects with
and without tortuosity

Characteristic Tortuosity No tortuosity P
(n=54) (n =50) value
Age (years)* 56+ 8 53+13 0.321
Gender (male) 36 (67%) 33 (66%) 0.999
Hypertension 38 (710%) 28 (56%) 0.283
Diabetes mellitus 11 20%) 8 (16%) 0.763

Insignificant coronary 27 (50%)
artery disease

24 (48%)  0.999

Smoking 10 (18%) 17 (34%) 0228
Hypercholesterolemia 24 (44%) 26 (52%) 0.392
Obesity 14 (26%) 19 (38%)  0.249

* Data are presented as arithmetic mean + standard
deviation

1 Presence of at least one lesion causing < 50% diameter
stenosis

Table 2 Echocardiographic parameters of subjects with
and without tortuosity*

Parameter Tortuosity No tortuosity P value
(n=54) (n = 50)

E velocity 67 + 18 90 + 16 < 0.001
(cm/s)

A velocity 89 + 19 68 + 15 < 0.001
(cm/s)

E/A ratio  0.76 + 0.22 1.3 +0.18 < 0.001

DT (ms) 303 + 60 206 + 13 < 0.001

IVRT (ms) 150 + 25 99 + 11 < 0.001

IVS (mm) 11.6=+15 10.7 £ 1.5 0.01

PW (mm) 109+ 1.1 9.8 £ 1.6 0.005

LVEF (%) 61x6 62 +7 0.575

* Data are presented as arithmetic mean + standard
deviation. A, peak late mitral inflow; E, peak early mitral
inflow; DT, deceleration time of the E velocity; IVRT,
isovolumic relaxation time; IVS, interventricular septal
wall thickness at end-diastole; LVEF, left ventricular
ejection fraction; PW, left ventricular posterior wall
thickness at end-diastole

There are some determinants for tortuosity of
coronary arteries. Differences in tortuosity have
been observed between systole and diastole, and
between circumferentially and longitudinally ori-
ented coronary arteries. It has been demonstrated
that tortuosity increases during systole and is
more pronounced in circumferentially (LCX)
than in longitudinally (LAD) running arteries in
hypertensive patients [19].

Similarly, changes in left ventricular geometry
due to chronic left ventricular pressure and
volume overload influence tortuosity of coronary

arteries, so that concentric hypertrophy seems to
cause an increase in tortuosity [19, 20]. One
probable interpretation includes here the possi-
bility that associated abnormal left ventricular
relaxation might be linked to coronary tortuosity.
This is also concordant with our finding that both
IVS and PW were greater among subjects with
tortuosity than among those without tortuosity.
Hypertension may lead to both tortuosity and
impaired diastolic left ventricular function. It has
been documented that impaired left ventricular
relaxation detected by echocardiography is asso-
ciated with hypertension [10, 11]. Hypertrophy
basically induces an increase in tortuosity prob-
ably due to angiogenetic factors, which may be
mediated through blood flow, wall stress, or
growth factors [21, 22].

Age per se is also a determinant for tortuosity
of coronary arteries. However, previous studies
have pointed out that the correlation between
tortuosity and age was weak although significant.
The reason for this increase in tortuosity with age
is not clear but may be dependent on left
ventricular hypertrophy and concomitant im-
paired relaxation, which have been found to be
more common in elderly people. In this context,
tortuosity is the result of structural and opera-
tional alteration of the heart and may represent
an adaptive mechanism to allow the heart to
change its size and function.

Besides, a unique feature of coronary vascula-
ture that differs from all other arterial sites is the
repetitive flexion during each cardiac contraction.
Such cyclic flexion producing shear stresses,
especially at tortuous sites, may bring about tissue
fatigue and endothelial injury, allowing adhesions
of platelet thrombi and deposition of cholesterol
particles that can contribute to the initiation and
progression of atheromatous plaques [23].

4.1 Limitations of our study

Due to strict inclusion criteria for minimizing
effects of confounding factors on outcomes we
had to include only a limited number of subjects
in stable conditions, presumably not representa-
tive of the status of more general populations
referred for clinical management. Hence, the
link between impaired left ventricular relaxation
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Table 3 Multivariate =y op)e Wald chisquare OR  95% CI P value
logistic regression analysis
of selected variables for Age 1.858 0903  0.781-1.046 0173
tortuosity status Male gender 0.082 2522 0.005-14.161  0.774
Hypertension 2.501 55.715 0.370-83.137  0.116
Diabetes mellitus 2.175 42,010 0.911-184.640 0.147
Insignificant coronary artery disease 0.009 1.139  0.072-17.888  0.926
Smoking 3.933 75905 0.355-162.943 0.114
Hypercholesterolemia 2.469 0.007  0.001-3.586 0.119
Obesity 0.610 0.940  0.804-1.098  0.434
E/A ratio 5.612 0.005  0.001-0.906  0.046
DT 0.091 1014 0925-1.111  0.764
, IVRT 5.687 1362 1.057-1.755  0.017
OR, odds ratio; CI, IS 0.004 1139 0.0204.544  0.950
confidence interval. Other PW 2432 24.017 0.036-162.280 0.140
%btgrlegatlons as in LVEF 3.987 0.558  0.344-1.904  0.088
able

and tortuosity of coronary arteries observed in
our study was in part dependent on the close
relationship in this group of participants. Due to
proven relationship between hypertension and
vessel tortuosity it is also important to mention
that a numeric trend was present (70% vs. 56%)
which did not attain significance most probably
because of small number of subjects studied. A
relatively substantial proportion of individuals
were a priori excluded for technical limitations of
Doppler echocardiography. The aim of the study
was to analyze the potential role of coronary
tortuosity as an indirect marker of impaired left
ventricular relaxation, and this information ap-
pears particularly useful for those without reliable
Doppler information. Thus, this unavoidable
drawback should be acknowledged in the clinical
application of our data.

Dependence of left ventricular relaxation on
loading conditions was not taken into account.
Moreover, indices of left ventricular relaxation
were derived from Doppler echocardiography for
practical reasons and no invasive pressure moni-
toring was performed, whereas cardiac catheteri-
zation remains the most invaluable technique for
direct assessment of diastolic function. However,
Doppler parameters have been extensively vali-
dated to correlate with hemodynamic findings [24].

Flow pattern, length and shear stress of coro-
nary arteries were not measured. Coronary flow is
another factor which may have an impact on
tortuosity. An increase in flow, as is seen in left
ventricular hypertrophy, might stimulate not only
growth in caliber but also in length, as with
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collateral growth. Tortuosity of coronary arteries
may also be influenced by the shape of the heart,
that is, by the geodesic curves of coronary
arteries. This effect, on the other hand, appears
to be small because these curves are relatively
larger compared with tortuosity of the vessel. It
should be borne in mind that this is an observa-
tional study with a real risk of resultant statistical
associations occurring that are due to probability
alone.

Consequently, these results indicate that, tor-
tuosity of coronary arteries is associated with
impaired left ventricular relaxation, suggesting
the presence of a tentative common pathophys-
iological pathway leading to reciprocal interac-
tion. Then, coronary tortuosity might conceivably
possess an adjunctive merit in estimating left
ventricular filling pattern and have promising
implications for discerning persons who require
meticulous follow-up. We think that it may be an
interesting tool for future cardiovascular imaging
research and further studies are needed to con-
firm a causal relation.
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