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Abstract
Introduction: Longitudinal stretching of the aorta due to systolic heart motion contributes to the stress in the wall of the ascending aorta. The objective
of this study was to assess longitudinal systolic stretching of the aorta and
its correlation with the diameters of the ascending aorta and the aortic root.
Material and methods: Aortographies of 122 patients were analyzed. The
longitudinal systolic stretching of the aorta caused by the contraction of the
heart during systole and the maximum dimensions of the aortic root and
ascending aorta were measured in all patients.
Results: The maximum dimension of the aortic root was on average 34.9
±4.5 mm and the mean diameter of the ascending aorta was 33.9 ±5.4
mm. The systolic aortic stretching negatively correlated with age (r = –0.49,
p < 0.001) and the diameter of the tubular ascending aorta (r = –0.44,
p < 0.001). There was no significant correlation between the stretching and
the dimension of the aortic root (r = –0.11, p = 0.239). There was a statistically significant (p < 0.001) difference in the longitudinal aortic stretching values
between patients with a normal aortic valve (10.6 ±3.1 mm) and an aortic
valve pathology (8.0 ±3.2 mm in all patients with an aortic valve pathology;
7.5 ±4.3 mm in isolated aortic stenosis, 8.5 ±2.9 mm in the case of isolated
insufficiency, 8.2 ±2.8 mm for valves that were both stenotic and insufficient).
Conclusions: Systolic aortic stretching negatively correlates with the diameter of the tubular ascending aorta and the age of the patients, and does not
correlate with the diameter of the aortic root. It is lower in patients with an
aortic valve pathology.
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Introduction
The maximum diameter and the rapid growth of the aortic dimensions are the main factors considered when qualifying patients for surgery [1–3]. Other risk factors such as a family history of aortic dissection,
genetic disorders and severe uncontrollable hypertension also are used
to assess the risk of aortic complications [2]. It is believed that the risk
of aortic dissection rapidly increases when the diameter of the vessel
exceeds 50–60 mm [4]. On the other hand, a recently published multicenter study proved that most aortas had a diameter roughly 40 mm
shortly before dissection [5]. The dissection led to a significant increase
in the vessel diameter up to 50–60 mm. Hence, patients with moderately
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dilated aortas are also at risk of aortic dissection.
People who are genetically predisposed to aortic
dissection can be offered preventive surgery at an
early stage [2, 6]. However, considering the risk of
aortic operations, not all patients with moderately
dilated aortas should undergo this type of surgery
[7]. A new diagnostic tool is necessary to select
patients who are at risk of dissection and thus
require more aggressive treatment among those
whose aortas are moderately dilated.
Aortic wall stiffness is a factor that is believed
to contribute to a higher risk of dissection [8, 9].
The circumferential stress that is predominantly
caused by blood pressure can be assessed through
measuring the aortic distensibility and pulse wave
velocity. However, to date, no diagnostic examinations have been used to measure the longitudinal
stiffness of the wall of the ascending aorta.
There are three main dynamic mechanical factors that contribute to stress in the ascending
aorta: arterial blood pressure, the characteristics
of the blood flow and systolic up-and-down movement of the aorta (systolic aortic stretching – SAS)
during the heart cycle [10]. The latter is believed
to significantly impact longitudinal stress of the
ascending aorta [11]. However, there are no clinical studies that assess the correlation of this parameter with the aortic diameter, aortic wall stiffness or incidence of acute aortic syndromes.
The aim of this study was to define the normal
values of the up-and-down movement of the aorta during the heart cycle (SAS) and to analyze how
the aortic diameter, patient age, height and aortic
valve pathology correlate with this parameter.

Material and methods

ment of the diaphragm, bad visualization of the
aorta) were excluded. One hundred and twenty
two patients, mainly with aortic valve stenosis
(n = 43, 35%) and/or coronary artery disease
(n = 38, 31%) were eligible for the final analysis.
The gender, age, body surface area (BSA) and clinical data (aortic valve pathology, left ventricular
ejection fraction) were collected by retrospective
review of patient records.

Methods
The aortographies were measured at a projection resembling the one used in the transcatheter aortic valve implantation – all three
sinuses were visible at the same level (LAO ≈
10, caudal ≈ –10). The examinations were performed by injecting 40 ml of the Iomeron 350
contrast agent (Bracco Imaging S.p.A., Bioindustry Park, Via Ribes 5, 10010 Colleretto Giacosa,
Italy) directly into the aortic root. The radiation
dose for the aortography ranged from 5 to 10
mGy. The diameters were measured at the level
of the aortic root, sinotubular junction (STJ) and
tubular ascending aorta. A systolic-diastolic longitudinal translocation of the aorta (systolic aortic stretching – SAS) caused by the contraction
of the heart during systole was measured at the
level of the ventriculo-aortic junction (Figure 1).
This was correlated with the maximum dimension of the aortic root and ascending aorta, the
patient age, the body surface area (BSA) and the
left ventricular ejection fraction (EF). Moreover,
the systolic aortic stretching was compared between patients with and without an aortic valve
pathology.

Patients
The aortographies of 310 patients were selected for primary assessment and those that were
difficult to assess objectively (arrhythmia, not
enough contrast, aortic motion due to the move-

A

Statistical analysis
The normality of distribution was assessed using the Shapiro-Wilk test. The Pearson correlation
was used for variables with a normal distribution
and the Spearman rank R correlation was used for

B

Figure 1. Angiograms of the aorta (aortography) during diastole (A) and systole (B). The measurements were taken
at the level of the aortic root, sinotubular junction and ascending aorta (red arrows on the A). The systolic aortic
stretching (SAS) is the distance in mm that the virtual basal ring is pulled by the heart from diastole (dotted green
line on the A) to peak systole (solid green line on the B)
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Figure 2. Scatterplot presenting the correlation between age of patients and systolic aortic stretching
(SAS)

variables without a normal distribution. The differences in SAS between patients with and without an aortic valve pathology were assessed using Student’s t-test. All analyses were performed
using Dell Statistica 12 software (Dell, USA). The
study was approved by the ethics committee of
Wroclaw Medical University.
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Figure 3. Scatterplot presenting the correlation between patient height and systolic aortic stretching
(SAS)
Table I. Characteristics of patients
Parameter

Value

Age [years]

70.5 ±13

Gender

54 (44%)
males

Patient height [cm]

168.1 ±7.5

Results

Patient weight [kg]

72.3 ±13.2

The mean age of the patients was 70.5 ±13
years and 54 (44%) patients were male. The aorta
was stretched longitudinally during systole (SAS)
by 9.6 ±3.4 mm. The SAS did not differ between
males and females (9.7 ±3.6 mm vs. 9.6 ±3.2 mm,
p = 0.89) and it negatively correlated with age
(r = –0.49, p < 0.001) (Figure 2). There was a statistically significant correlation between SAS and
patient height (r = 0.2, p = 0.038) (Figure 3). However, no significant correlations between SAS and
weight (r = 0.0212, p = 0.828), body mass index
(r = –0.08, p = 0.407), and BSA (r = 0.099, p =
0.309) were observed. The patient characteristics
are presented in Table I.

Body surface area [m2]

1.85 ±0.16

Body mass index [kg/m2]

26.6 ±4.5

Left ventricular ejection fraction (%)

53 ±7.7

Dimension of aortic root [mm]

34.9 ±4.5

Diameter of ascending aorta [mm]

33.9 ±5.4

exceeding 40 mm (9.04 ±2.89) and measuring
40 mm or less (9.7 ±3.5 mm).

Left ventricular ejection fraction
The mean left ventricular ejection fraction
(LVEF) was 53 ±7.7%. A statistically significant

Diameters of the aorta

18
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r = –0.44, p < 0.001, n = 122

14
SAS [mm]

The maximum dimension of the aortic root was
on average 34.9 ±4.5 mm and the mean maximum
diameter of the ascending aorta was 33.9 ±5.4 mm.
There was a significant negative correlation between SAS and the diameter of the ascending aorta (r = –0.44, p < 0.001) (Figure 4) but no significant
correlation between SAS and the dimension of the
root (r = –0.11, p = 0.239) was observed (Figure 5).
There was a statistically significant difference
(p = 0.015) in SAS values between patients with
an ascending aorta diameter exceeding 40 mm
(7.7 ±2.6 mm) and those with an ascending aorta diameter of 40 mm or less (9.9 ±3.4 mm). No
significant difference (p = 0.52) was observed
between patients with an aortic root dimension
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Figure 4. Scatterplot presenting the correlation between diameter of the ascending aorta and systolic
aortic stretching (SAS)
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Figure 5. Scatterplot presenting the correlation
between diameter of the aortic root and systolic
aortic stretching (SAS)

Figure 6. Scatterplot presenting the correlation between left ventricular ejection fraction and systolic
aortic stretching (SAS)

correlation was observed between SAS and the
left ventricular ejection fraction (r = 0.307, p =
0.001) (Figure 6). Moreover, there was a statistically significant difference (p = 0.002) between
the patients with normal ejection fraction (LVEF
> 50%; 10.04 ±3.4 mm) and those with impaired
EF (7.4 ±2.4 mm).

atively correlated with age and the diameter of
the ascending aorta. One of the explanations for
this phenomenon is that the contracting heart is
not able to pull and stretch the stiffer aorta to the
same distance as in the case of a normal elastic
aorta. Surprisingly, no correlation was found between SAS and the aortic root dimension. This
may be explained by the fact that the aortic root
is a complex structure with aortic valve leaflets
and coronary ostia and its biomechanical properties significantly differ from those of the tubular
ascending aorta [15].
Patients with an aortic valve pathology had
lower SAS values than patients with a normal
aortic valve function. This phenomenon may be
caused by the fact that aortic stenosis was the
predominant aortic valve pathology. Aortic stenosis may have caused concentric left ventricular hypertrophy, which may have reduced the distance
the heart pulled the aorta during systole.
A weak correlation (r = 0.2, p = 0.038) was
found between SAS and patient height. This finding may be explained by the fact that taller people
usually have bigger hearts and longer ascending
aortas. No significant correlation was observed
between SAS and patient weight, body surface
area or body mass index.

Aortic valve pathology
Forty-three (35%) patients had an aortic valve
pathology (aortic insufficiency: 11 (9%) patients;
aortic stenosis: 14 (11%) patients; aortic stenosis
with aortic insufficiency: 18 (15%) patients). There
was a statistically significant (p < 0.001) difference
in the SAS values between patients with a normal
aortic valve (10.6 ±3.1 mm) and an aortic valve pathology (8.0 ±3.2 mm). Mean SAS values in patients
with isolated aortic stenosis, isolated aortic insufficiency, and in patients whose aortic valves were
both stenotic and insufficient were 7.5 ±4.3 mm,
8.5 ±2.9 mm and 8.2 ±2.8 mm, respectively.

Discussion
This is the first study that assesses the correlation between the systolic stretching of the ascending aorta (SAS) and the diameters of the aorta, patient age, height, weight and left ventricular
ejection fraction. The findings of this study can be
summarized as follows: (i) systolic aortic stretching negatively correlates with the diameter of the
tubular ascending aorta and patient age, (ii) SAS
correlates with patient height and the left ventricular ejection fraction, (iii) SAS does not correlate
with the maximum dimension of the aortic root
and patient weight, (iv) SAS is lower in patients
with an aortic valve pathology.

Relationship to previous studies
The aorta loses its elasticity and increases in
diameter with age [12–14]. In our study, SAS neg-
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Aortic wall elasticity
There are a few parameters that are taken into
account when qualifying patients with dilated
aortas for surgery. The most important of these
is the diameter of the aorta, its relation to the patient height and body surface area, as well as the
increase in the diameter over a specific period of
time [2]. However, recent studies suggest that the
aortic diameter alone is not a good predictor of
the risk of an aortic dissection. New parameters
such as blood flow patterns, the geometry of the
proximal segments of the aorta, i.e. the angles between its segments, or aortic elongation are stud-
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ied to define new risk factors for aortic dissection
[16–18]. One of these parameters – impaired
aortic wall elasticity and subsequent increase in
aortic wall stress – may be crucial to aid in the
diagnosis of patients with potentially “high risk
aortas”.
The intimal layer can be damaged and lead to
dissection when the stress in the aortic wall exceeds its tensile strength. The stress can be elevated due to the increase in aortic wall stiffness
or blood pressure. According to LaPlace’s law, the
circumferential tension in the vessel wall is directly proportional to its radius. Therefore, the tension
and stress in the wall of an aneurysm are higher than in the non-dilated vessel under the same
pressure. It is hypothesized that the intima is more
likely to rupture when the vessel loses its elasticity
and cannot adapt to the pulsatile blood pressure.
One of the methods to assess arterial stiffness
is the measurement of pulse wave velocity using
applanation tonometry [19] and echocardiography
[20]. The regional circumferential stiffness in the
ascending aorta can be measured using magnetic
resonance imaging [21]. Potentially, such measurements could also be performed on aortas using
the speckle-tracking analysis in echocardiography,
similarly to the measurements of left ventricular
strain [22, 23]. Aortic stiffness is higher in patients
predisposed to aortic aneurysms and dissection
compared to healthy subjects [24, 25]. Moreover,
according to the results of a meta-analysis, aortic
stiffness measured by pulse wave velocity (PWV)
is an independent predictor of adverse cardiovascular events and all-cause mortality [26]. In addition, it can be a predictor of the risk of aortic
dilatation and dissection in patients with Marfan
syndrome [8]
All the above-mentioned diagnostic methods
assess circumferential stiffness/elasticity. The
aortic wall is also subjected to longitudinal stress,
caused by the longitudinal up-and-down movement of the heart [11, 27]. A biomechanical study
by Beller et al. suggested that the longitudinal
aortic root motion had a bigger impact on wall
stress in the ascending aorta and aortic root than
blood pressure [27]. To date, there is no commonly used diagnostic parameter that corresponds to
the longitudinal aortic stiffness. Such a parameter
could help in the assessment of the risk of aortic
dissection. In most patients, the intimal tears are
circumferential and are most likely caused by longitudinal stretch of the aorta [27, 28].
In our opinion, SAS may be an important parameter for the assessment of longitudinal aortic
wall stiffness. This statement is supported by the
biomechanical studies which suggest that a lack
of aortic wall elasticity and high circumferential
stress caused by longitudinal stretch of the aorta
may play a role in type A aortic dissection [11, 27].

The SAS was measured based on aortographies. Aortography is an invasive method and is
not routinely performed in all patients. A study
that analyzes the SAS with noninvasive diagnostic methods, i.e. magnetic resonance imaging or
echocardiography, is necessary to translate the
study into clinical practice. Moreover, a larger population-based study is necessary to determine
normal values for specific age groups, gender,
height/body surface area and aortic diameter.
In conclusion, systolic aortic stretching negatively correlates with the diameter of the tubular
ascending aorta and age and does not correlate
with the diameter of the aortic root. The SAS is
lower in patients with aortic valve pathologies.
Further studies are needed to assess systolic aortic stretching in aortic aneurysms, its correlation
with aortic wall stiffness and the incidence of aortic dissection.
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