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Background: Acute type A aortic dissection (AAAD) is a pathological process that implicates the ascending 
aorta and represents a surgical emergency burdened by high mortality if not promptly treated in the first 
hours of onset. Despite best efforts, the annual incidence rates of aortic dissection has remained stable over 
the past decades. We measured aortic dimensions (aortic diameters, area, length and volume) using 3D 
multiplanar reconstruction imaging with the purpose of refining the risk- morphology for AAAD. 
Methods: Computerized tomography angiography studies of three groups were compared retrospectively: 
patients affected by AAAD (AAAD group; n=71), patients affected by aortic aneurysm and subsequently 
subjected to ascending aorta replacement (Aneurysm, n=77) and a healthy aorta’s group (Control, n=75).
Results: Mean diameters of AAAD (4.9 cm) and Aneurysm (5.1 cm) aortas were significantly larger than 
those of the control group (3.4 cm). In AAAD patients, an ascending aorta diameter greater than 5.5 cm was 
observed in 18% of patients. Multiple comparisons showed statistically significant differences among mean 
of the ratio of aortic root area to height between the three groups (P<0.001). In frontal and sagittal planes, 
the length of the ascending aorta was significantly greater in patients affected by aortic pathology (AAAD 
and aneurysm) than in the control group (P<0.001). Significant differences were confirmed when indexing 
the aortic length to patient’s height and BSA, and the aortic volume to patient’s BSA.
Conclusions: Maximum transverse diameter, considered separately, is not the best predictor of aortic 
dissection. In our opinion, the introduction into clinical practice of measurements of the area, length, and 
volume of the aorta, as absolute or indexed values, could improve the selection of patients who would benefit 
from preventive surgical aortic replacement.
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Introduction

Acute type A aortic dissection (AAAD) is a pathological 
process that affects the ascending aorta and represents 
a surgical emergency burdened by high mortality if not 
promptly treated in the first hours of onset. Even in case 
of favorable outcome because of a successful surgery or 
an evolution into a chronic phase, the patient remains at 
risk of major complications. In fact, the progression of the 
pathological process and the persistence of false lumen 
at the level of the distal aorta (1) is the most important 
determinant of long-term survival. In addition, the duration 
of hospitalization, health costs, reduced quality of life and, 
often, the need for re-operations are all factors that affect 
long-term survival of most patients. 

Recent publications have focused on identifying new 
morphological predictors or morphological risk factors with 
the purpose to improve screening and prevention of AAAD 
since the simple reduction of the maximum aortic diameter 
cut-off value would not necessarily imply a net benefit in 
terms of mortality (2-6). 

In this retrospective cohort study, we identified three 
groups of patients in order to assess and to compare 
the morphology of dissected, aneurysmatic and healthy 
aortas based on an analysis of the computed tomography 
angiography studies.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-21-119).

Methods 

Patients’ groups and clinical data

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The National 
Code on Clinical Trials has declared that ethics approval is 
not necessary for real retrospective studies. All our patients 
sign a consent for medical/surgical treatment, privacy 
terms, future studies and participate in research. This study 
represents a retrospective observational analysis of three 
groups of patients. We identified all patients admitted to 
our center diagnosed with AAAD from December 2005 to 
March 2020 (302 patients). The exclusion criteria were: (I) 
unavailability or inadequacy of CTA studies; (II) chronic, 
retrograde, traumatic, iatrogenic or postoperative AAAD; 
(III) lack of anthropometric data (weight and height); (IV) 
connective tissue disorders; (V) patients diagnosed with 
intramural hematoma or penetrating aortic ulcer. A total 

of 71 patients with AAAD formed a subgroup in which 
radiological studies (CTA) were available and adequate for 
the purpose of this study. In the second group we identified 
patients affected by ascending aortic aneurysm and who 
subsequently underwent cardiac surgery (234 patients) with 
the availability of CTA scan images (n=77) and control 
patients suffering from heart disease and undergoing 
cardiac surgery not involving the thoracic aorta (n=75). 
The following demographical and clinical parameters were 
collected: age at admission, gender, weight, height and 
diagnosis of arterial hypertension, atherosclerosis (coronary 
or other arterial districts), type 2 diabetes mellitus, 
bicuspid aortic valve, bovine aortic arch. Hypertension 
was diagnosed on the basis of the presence of one or more 
antihypertensive drugs in the chronic medications: central 
and peripheral vasodilators and calcium channel blockers, 
angiotensin converting enzyme inhibitors, angiotensin II 
receptor antagonists, β-blockers but not diuretics.

Image analysis

CTA studies  were  analyzed and processed us ing 
the HorosTM superscr ipted PACS-Viewer (Horos 
Pro ject ,  Mary land,  United  States ) .  To v i sua l ize 
the aorta, multiplanar reconstructions were used. 
A l l  measurements  were  per formed manua l ly  by 
applying the software’s graphical measurement tools  
(Figure 1). For reporting the measurement of the aortic 
diameters, international guidelines were followed (7,8). 
Diameters were measured using the inner edge to inner 
edge technique. In the axial planes, the diameters of the 
ascending and descending sections of the thoracic aorta were 
measured at the height of the bifurcation of the pulmonary 
artery (PA). In the transverse planes, we measured the aortic 
root diameter and area. In order to avoid any overestimation 
of such measures, the “double-oblique technique” was 
used (9). The length of the ascending aorta was measured 
along the central line of the aorta, in frontal and sagittal 
planes, as the distance between the aortic valve plane and 
the emergence of the brachiocephalic trunk. Although 
the ascending aorta is traditionally defined as the segment 
running from the sinotubular junction to the anonymous 
artery, in AAAD and ascending aortic aneurysms, the 
sinotubular junction is often lost or difficult to identify, 
hence the choice of using the aortic annulus as a proximal 
reference point provides more reproducible measurements. 
On the frontal plane, the planes at the level of the “virtual 
basal ring” and the origin of the brachiocephalic trunk 
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were marked; with the use of these landmarks, the length 
of the ascending aorta was measured using the graphical 
measurement tools. An identical approach was used in 
the sagittal plane. Aortic volume was calculated using the 
tool provided by the software (Figure 1). In particular, the 
contours of the ascending aorta were manually selected, thus 
tracing the “Region Of interest” ROIs, on various sections 
following the axial axis from the plane passing just above 
the coronary ostia to the emergence of the brachiocephalic 

trunk. When it was necessary, the contours were manually 
corrected. Subsequently, through the automatic tracking 
of ROIs along the aorta (voxel of the same enhancement), 
with the use of an algorithm provided by the software, the 
segmentation volume was automatically calculated.

Statistical analysis

SSPS (SSPS 20.0, IBM Corp., Armonk, NY, USA) and 

A

B

C

Figure 1 Measurements of aortic diameters, length, area and volume. (A) Diameter of the ascending and the descending aorta at the height 
of the PA, double-oblique technique. (B) Ascending aorta length in frontal plane and sagittal plane: Distance between the virtual basal ring 
and the BCT at the central line. (C) Aortic area defining “ROI”s and ascending aorta volume rendering.
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Excel (MS Excel 2010, Microsoft, Redmond, WA, USA) 
were used for all data analysis and presentation. Continuous 
quantitative variables are described as the mean ± standard 
deviation and presented with box-and-whiskers plots. 
Categorical data are described as percentages. To describe 
the correlation between the continuous variables, we used 
the Pearson coefficient and the Independent Samples t-test 
for categorical variables. For comparing groups, the analysis 
of variance (ANOVA) was first carried out using the Levene 
test to verify the homogeneity of the variables within the 
groups. Subsequently, a robust Welch and Brown-Forsythe 
test was used in the case of significance of the Levene test 

and the classic ANOVA test in the opposite case. Multiple 
comparisons were performed by Bonferroni t-test in the 
case of the Anova test and Tamhane test to evaluate the 
results of the Welch and Brown-Forsythe test. All reported 
P values are 2-sided and P values ≤0.05 were considered 
indicative of statistical significance.

Results

Demographic and clinical data are presented in Table 1. 
The data show a correspondence between the groups in 
terms of age, gender, weight and BSA. Significantly major 
height was observed in patients with AAAD compared with 
the aneurysms and controls group. The mean age ± STD 
at presentation was 69.0±13.5 years in the control group, 
69.1±9.9 years in the aneurysm group, and 65.5±12.3 years 
in patients with AAAD. 

The homogeneity among groups was also observed for 
the diagnosis of arterial hypertension, diabetes mellitus, 
atherosclerosis and the presence of the anatomical variant 
of the bovine aortic arch. In the ascending aortic aneurysm, 
the prevalence of bicuspid aortic valve was significantly 
higher (17 patients, 22.1%) than in the control group (5 
patients, 6.7%) and AAAD (1 patient, 1.4%) (P<0.001).

The heart diseases for which control group patients 
were referred to our center are presented in Table 2. The 
most frequently observed diagnosis in the control group 
was severe aortic stenosis, present in 45.3% of cases, 
followed by ischemic heart disease (26.6 %) and mitral valve 
regurgitation (14.6%).

Table 1 Demographic and clinical variables in the study groups

Variables Control (n=75) Aneurysm (n=77) AAAD (n=71) P

Age (years) 69.0±13.5 69.1±9.9 65.5±12.3 0.127

Male 47 (62.7%) 49 (63.6%) 50 (70.4%) 0.564

Height (cm) 168.5±9.9 168.2±9.2 172.9±9.5 0.005

Weight (kg) 73.5±13.4 74.81±13.9 76.4 ±12.3 0.431

BSA (m2) 1.83±0.19 1.84±0.2 1.89±0.21 0.106

Hypertension 60 (80%) 63 (88.3%) 63 (88.7%) 0.23

Type 2 diabetes mellitus 15 (20%) 8 (10.4%) 7 (9.9%) 0.124

Atherosclerosis 31 (41.3%) 22 (28.6%) 30 (42.3%) 0.161

BAV 5 (6.7%) 17 (22.1%) 1 (1.4%) <0.001

Bovine aortic arch 10 (13.3%) 11 (14.3%) 11 (15.5%) 0.933

BAV, bicuspid aortic valve; BSA, body surface area; AAAD, acute type A aortic dissection.

Table 2 Cardiopathies and percentages of the control group

Cardiopathy N (%)

Severe aortic stenosis 34 (45.3)

Ischemic heart disease 20 (26.6)

Mitral regurgitation 11 (14.6)

Aortic regurgitation 10 (13.3)

Bacterial endocarditis 8 (10.6)

Mitral stenosis 1 (1.3)

Renal tumors with IVC thrombosis 1 (1.3)

Pericardial effusion 1 (1.3)

Thoracic trauma 1 (1.3)

Abnormal origin of the right coronary artery 1 (1.3)

IVC, inferior vena cava.
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Control group analysis

The diameters of aortic root (Figure 2A), ascending aortic 
length (Figure 2B), in both frontal and sagittal planes, and 
ascending aorta volume (Figure 2C) were significantly 
higher in males in the control group.

The length of the ascending aorta, in frontal and sagittal 
planes, showed a moderate correlation with the BSA  

(Figure 3) (r=0.3, P<0.005 in both planes) and with the 
patient’s height (Figure 3) (r=0.34 in the frontal plane 
and 0.35 in the sagittal plane, P<0.002). No significant 
correlation with age was found (Figure 3). The volume of 
the ascending aorta showed a moderate correlation with 
age (r=0.3, P<0.005) (Figure 3) in the absence of correlation 
with BSA and height.

Figure 2 Box-and-whiskers plots presenting control group results. (A) Aortic diameters (cm) by gender: greater aortic diameters of aortic 
root were observed in males, (B) ascending aorta length (cm) in both, frontal and sagittal, planes by gender: in both planes, ascending aorta 
was longer in males. (C) Ascending aorta volume (cm3) by gender: ascending aorta volume was significantly higher in males in the control 
group.
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Figure 3 Scatter plots of age (A,D), height (B) and BSA (C) and the selected aortic dimensions.
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Aortic diameters

The mean diameter of the ascending aorta at the bifurcation 
of the PA (Table 3) in the control group was 3.4±0.3 cm. 
The maximum value found was 4.65 cm and the rest of 
the patients had a diameter of less than 4.3 cm. In the 
aneurysm group, the mean diameter of the ascending aorta 
was 5.1±0.7 cm. Moreover, 23 of 77 patients (29%) had 
a diameter greater than 5.5 cm. Patients with BAV had a 
diameter greater than 4.5 cm, and 36.6% of patients with a 
tricuspid aortic valve had a diameter greater than 5.5 cm. In 
the AAAD group, the mean diameter of the ascending aorta 
was 4.9±0.8 cm. The maximum diameter found was 7.6 cm.  

A diameter greater than 5.5 cm was observed in 18% of 
patients. In the only case of BAV, the diameter was 5.8 cm.

As expected, the differences in the diameter of the 
ascending aorta were shown to be statistically significant 
when comparing the AAAD and aneurysms groups to the 
control group (Figure 4). In particular, compared to patients 
without aortic pathologies, this difference was 1.6 cm in 
the case of aneurysm and 1.4 cm in the case of AAAD. 
Differences in aortic root diameter (Figure 4) were also 
significant with larger diameters in patients with ascending 
aortic aneurysm or AAAD compared to the control group 
(P<0.001) (Table 3). In particular, 5 patients with aortic 
AAAD (7%) and 4 (5.1%) patients with ascending aortic 

Table 3 Aortic dimensions

Aortic dimensions Control group (n=75) Aneurysm (n=77) AAAD (n=71) P

Ascending aorta diameter (cm) 3.4±0.3 5.1±0.7 4.9±0.8 0.001

Descending aorta diameter (cm) 2.5±0.2 3.0±0.7 3.0±0.4 0.107

Aortic root diameter (cm) 3.3±0.5 4.0±0.7 4.2±0.7 0.0001

Aortic root area/height 5.7±1.0 8.0 ±2.7 11.23±3.9

Ascending aorta length (cm)

Frontal plane 9.3±1.1 11.2±1.1 11.51±1.47

Sagittal plane 9.99±1.1 11.2±1.0 11.5±1.4

Ascending aorta volume (cm3) 46.3±15.8 106.5±48.7 106.8±43.8

AAAD, acute type A aortic dissection.

Figure 4 Box-and-whiskers plots presenting aortic diameters in the AAAD, Aneurysm and control groups. AAAD, acute type A aortic dissection.
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aneurysm had an aortic root diameter >5.5 cm. The mean 
diameter of the descending aorta was comparable in the 
AAAD and “aneurysms” groups (3.0 cm) and slightly 
smaller in the control group (2.5 cm) (P=0.1) (Figure 4).

Aortic root area/height

Multiple comparisons of aortic root area/height among 
the three groups (Figure 5) showed significant differences 
between patients with aneurysm and AAAD compared 
to the control group (P<0.001) and between patients 
with aneurysm compared to AAAD (P<0.001). The mean 
Svensson index in the control group was 5.7±1.0 cm2/m,  
8.0±2.7 cm2/m in the aneurysm patients and 11.23±3.9 cm2/m  
in the AAAD group (Table 3).

Ascending aorta length

In the frontal plane, the length of the ascending aorta was 
significantly greater in patients affected by aortic pathology 
(AAAD and aneurysm) than in the control group (P<0.005 
in both comparisons) (Figure 6A). In particular, compared 
to healthy aortas, this difference amounted to 2.1 cm in 
the aortas in case of AAAD and 1.8 cm in those affected by 
aneurysm.

This difference was also significant in the sagittal plane 
(P<0.005) (Figure 6A) with 2.1 cm longer aortas in the 
AAAD group and 2.0 cm in the aneurysm group compared 
to the control group.

No significant differences were found when comparing 
the length of the ascending aorta, in both planes, of patients 
with aortic aneurysm and AAAD (P=0.4 in the frontal plane 
and P=1 in the sagittal plane). Aortas affected by dissection 
or aneurysm, when compared to the healthy aortas, showed 

statistically significant differences in aortic lengths in both 
planes indexed to the patient’s height and BSA (Figures 6B,C).

Ascending aorta volume

Multiple comparisons showed a significant difference 
between the AAAD and aneurysm groups compared to the 
control group of 60 cm3 (P<0.001 in both comparisons) 
(Figure 7A). Conversely, no significant differences were 
documented comparing AAAD patients to the aortic 
aneurysm group (Figure 7A). The differences were also 
confirmed to be significant for the aortic volume values 
indexed to the BSA with a mean difference, compared to 
the control group, of 31.5 cm3/m2 in the AAAD group and 
of 34.6 cm3/m2 in the aneurysm group (Figure 7B).

Discussion

In the absence of connective tissue disorder, international 
guidelines (7,8) recommend prophylactic replacement of 
the ascending aorta for diameters greater than 55 mm, a 
cut-off considered to be the most important morphological 
risk factor for AAAD. In case of bicuspid aortic valve or in 
presence of elastopathy, the threshold recommended by 
international guidelines is ≥45–50 mm (7,8). 

Despite several improvements concerning primary 
and secondary prevention, pharmacological therapy and 
diagnostic prevention strategies, the annual incidence rates 
of aortic dissection remained stable over the past decades, 
ranging from 2.9 to 4.4 per 100,000 per year (10-12).  
Reported incidence reached 6/100,000/year (13) and 
12.46/100,000/year (14).

According to an International Registry of Acute Aortic 
Dissections (IRAD) study, nearly 60% of cases of AAAD 
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had an ascending aortic diameter of less than 5.5 cm at the 
time of diagnosis (15), representing the so called “aortic size 
paradox” (15-17).

The threshold value of aorta’s diameter, requiring 
preventive surgery, is largely based on the publications 
of Elefteriades (18,19), Davies (20) and Ergin (21) and 

guidelines have remained unchanged for a long time (7,8). 
These studies were based on imaging data collected in the 
1990s and early 21st century. At that time, measurements of 
aorta were performed mainly on axial images and therefore 
only two-dimensional (2D) images and measurements. In 
comparison, in the last 10 years, technological advances 

Figure 6 Box-and-whiskers plots presenting ascending aortic length, in both frontal and sagittal planes, in the AAAD, aneurysm and control 
groups. (A) Ascending aortic length. (B) Ascending aortic length indexed by height. (C) Ascending aortic length indexed by BSA. AAAD, 
acute type A aortic dissection; BSA, body surface area.
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have allowed the acquisition of multilayered and high-
resolution CT and MRI images as well as the possibility of 
obtaining detailed three-dimensional (3D) reconstructions 
of the human arterial system.

Another issue to be considered is the changes of 
the aortic diameter when dissection occurs. The aortic 
circumference increases significantly due to the aortic 
dissection itself and the cases, studied retrospectively, could 
involve aortas with smaller diameters than in natural history 
analysis (17,22,23).

Our results showed that the mean diameter of the 
ascending aorta, measured in patients with AAAD was 
4.9±0.8 cm with only 18 of 71 patients (25.3%) having a 
diameter greater than the cut-off value. Beside these results, 
if adjusted to pre-dissection diameters as described by 
Rylski et al. (17), none of 71 patients would have presented 
an ascending aortic diameter that exceeded the cut-off 

defined by international guidelines. Our results are similar 
to the data of the International Registry of Acute Aortic 
Dissection (IRAD) (15) and from other observational 
studies (16,17).

Since AAAD occurs by diameters lower than this 
threshold value, we could conclude that the maximum 
transverse diameter is not an optimal value to detect aortas 
at risk of dissection. Therefore, it becomes of primary 
importance the identification of other morphological 
parameters able to expand and make more accurate 
stratification of acute aortic dissection risk.

In 2010, the use of the ratio of maximal ascending 
aorta/aortic root area divided by the patient’s height 
was introduced in the international guidelines (8). More 
particularly, a cut-off of aortic area/height >10 cm2/m 
has been shown to be associated with AAAD in patients 
with Marfan syndrome and bicuspid aortic valve (24,25). 

Figure 7 Box-and-whiskers plots presenting ascending aortic volume in the AAAD, aneurysm and control groups. (A) Ascending aortic 
volume. (B) Ascending aortic volume indexed by BSA. AAAD, acute type A aortic dissection; BSA, body surface area.
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However, there is a lack of large-scale data evaluating the 
prognostic utility of this index in the context of aortic root 
or ascending aortic aneurysms in patients with tricuspid 
aortic valve. In our results, multiple comparisons of the 
Svensson index showed significant differences in patients 
affected by ascending aorta aneurysm and AAAD compared 
to healthy aortas. This significance was also confirmed by 
comparing aneurysmal aortas with AAAD.

To better understand the pathogenesis of aortic 
dissection, the aortic wall composition, stress and 
compliance must be considered. 

Given that rupture is a multifaceted biological process 
involving biochemical, cellular, and proteolytic influences, in 
addition to biomechanics factors it would be of paramount 
importance to identify novel targets to monitor growth 
rate and treat aneurysms before they rupture. Moreover, 
although it was previously believed that aneurysms simply 
represented a form of atherosclerosis, aortic aneurysmal 
disease is now recognized as a multifaceted distinct 
degenerative process involving all layers of the vessel 
wall. It is well known that the pathophysiology of aortic 
aneurysms is marked by several events boosting each other: 
the vessel inflammation, the infiltration of the aortic wall by 
lymphocytes and macrophages; the progressive destruction 
of elastin and collagen in the media and adventitia by 
proteases, including matrix metalloproteinases; the loss 
of smooth-muscle cells with weakening of the media; the 
derangement of the notch pathway (26-33).

Vascular smooth muscle cells, loss and fragmentation 
of elastin fibers and/or Mucoid Extracellular Matrix 
Accumulation (cystic medial necrosis and medionecrosis) 
are the main abnormalities of the ascending aorta wall 
described in case of bicuspid aortic valve and Genetic 
diseases (Marfan syndrome, Ehlers-Danlos syndrome Type 
IV A, Loeys-Dietz syndrome) (34).

On the other side, from the literature, it appears that the 
circumferential component of the wall stress and its stiffness 
are the main determinants in the pathogenesis of type aortic 
dissection. However, the axial component of the wall stress 
and the resulting longitudinal dilation or elongation of 
the ascending aorta have been ignored in the pathogenetic 
and pathophysiological models of aortic dissection. In fact, 
according to a recent study that examined an healthy aorta 
compliance in an ex vivo porcine model (35), it has been 
shown that at the level of the ascending aorta, longitudinal 
compliance is distributed asymmetrically (greater at the 
level of the external curvature than the internal one) and 
that the longitudinal compliance exceeds the circumferential 

one (2). The study also highlighted, that the tensile strength 
of the aortic tissue in the longitudinal direction is less than 
the circumferential direction (2). These, along with other 
results in the literature (36-41), may explain the most 
frequently observed horizontal direction of an AAAD entry 
(intimal tear) (42).

In our analysis, the aortas in the case of AAAD 
and aneurysm, in the frontal and sagittal planes, were 
significantly longer when compared with the control group. 
The differences are confirmed also by indexing the length 
to the patient’s height and BSA. Heuts et al. (43) reported 
that, after retrospective correction in order to obtain the 
“predicted” dimensions as reported by Rylski et al. (17), 
the ascending aorta was longer and dilated in patients with 
AAAD than in healthy controls (78.6±8.8 vs. 68.9±7.2 mm, 
P<0.001, 34.4±3.2 vs. 39.4±5.7 mm, P<0.001, respectively). 

In addition, the length and diameter of the ascending 
aorta were independent predictors for aortic dissection 
(Or=5.3, P<0.001 and Or=8.6, P=0.001, respectively) (43). 

In a risk stratification, ascending aorta length values, 
ranging between 11.5 and 12.0 cm and between 12.5 
and 13.0 cm, were associated with a large increase in the 
possibility of adverse aortic acute events (6). An ascending 
aorta length ≥13 cm was associated with an average annual 
rate of adverse aortic events nearly 5 times higher than a 
size <9 cm and 32 times higher than a size <7 cm (6).

The ascending aorta length showed a moderate, 
even imperfect, correlation with the height and BSA of 
the patients. Ascending aorta length had been strongly 
correlated with age (2). The lack of correlation in our 
results could be basically linked to three factors: (I) the 
small number of the control group; (II) the asymmetric 
age distribution in the control group (85% of patients 
were over 60 years); and (III) the control group patients 
were patients affected by heart disease and 45.3% of them 
were diagnosed with severe aortic stenosis. The last factor, 
although it contributes in part to the failure correlation of 
aortic parameters with age, only confirms our hypothesis 
since an aortic elongation of the aorta has been described in 
pathological conditions such as aortic stenosis (44).

These results allow us to hypothesize and speculate 
that aortic elongation may be another risk factor for the 
development of AAAD. The pronounced aortic elongation 
in aneurysmal aortas compared to healthy aortas supports 
this hypothesis. Our results, in accordance with the 
results of Krüger (2,3,5), Lescan (4), Heuts (43), Wu (6) 
et al. showed that the length of the ascending aorta could 
represent another milestone for the recommendation of 
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elective and preventive replacement of the ascending aorta.
The monitoring of aneurysmal evolution on the basis of 

diameters presents a high risk of inter-observer variability 
since measurements are often carried out at different 
levels or angles. Furthermore, the measurements of the 
maximum diameter have an additional disadvantage: it does 
not describe the aortic growth that constitutes a three-
dimensional process. The elongation and deformation of 
the cylindrical structure of the ascending aorta are two 
scenarios of positive remodeling that are not necessarily be 
associated with an increase in transverse diameters (45,46). 

In this regard, we performed the measurement of the 
volumes of the ascending aorta since these are a function 
of the diameter and length of the aorta. A measurement 
that, as mentioned by literature, increases the reliability of 
monitoring of aortic morphological changes with computed 
tomography scans (47). 

The aortic volume showed a moderate correlation 
with age in the control group. Multiple comparisons of 
aortic volumes as absolute and indexed values for the BSA, 
showed significantly higher values in the case of ascending 
aortic aneurysm and AAAD compared to the control 
group. A possible criticism of the use of volume to track 
the growth of an aneurysm is that the diameter may be a 
better predictor of the risk of rupture than the volume; 
given the dependence of wall tension on diameter and since 
a long thin aorta may be less at risk than a short aorta of 
the same volume. However, the measurement of the aortic 
volume showed excellent reproducibility in the follow-
up of ascending thoracic aortic aneurysms (48). For this 
purpose, the measurement of the aortic area and volume 
could represent a tool of paramount importance for the 
description of the three-dimensional phenomenon of aortic 
growth and aneurysmatic evolution.

Conclusions

In the present study, we demonstrated that aortic diameter, 
considered separately, is not an optimal predictor of aortic 
dissection. We have also shown that, in the case of an aortic 
aneurysm or dissection, the ratio of maximal ascending 
aorta/aortic root area divided by the patient’s height, aortic 
length and volume are increased compared to healthy 
aortas. A limitation of our study is represented by the fact 
that our dataset is not adequate to identify independent 
risk factors for AAAD or to quantify the risk. However, 
in our opinion, the introduction into clinical practice 
of measurements of the area, length and volume of the 

aorta, as absolute or indexed values, could improve the 
selection of patients who would benefit from preventive 
aortic replacement. We believe that developing algorithm-
based risk scores that contemplate all these variables 
would allow for prompt identification of patients at risk. In 
addition, recently introduced techniques in clinical practice, 
such as four-dimensional flow MRI (4D) and positron 
emission tomography (PET) (49), that allow the analysis 
of hemodynamic and inflammatory processes underlying 
the progression of an aneurysm, in addition to genetic and 
molecular investigations (32,33), could further improve the 
prevention of acute aortic dissections.

Limitations

This study has two main limitations:
(I) The retrospective nature of the study makes it 

unsuitable for identifying risk factors. A prospective 
study, however, would be particularly complicated, 
given the need for a long and indefinite follow-
up time for subjects ascertained to be at risk and is 
ethically problematic due to the inevitable exposure 
of the subjects to radiation and iodinated contrast 
media. In our opinion, the design of this study, like 
others in the literature, represents an equally valid 
alternative method.

(II) CT studies, dating back to 15 years, have been 
included. Therefore, not all studies were of optimal 
quality, although adequate. Also, motion artifacts, 
particularly in the aortic root, can impede accurate 
measurement. Mostly of the CT exams were 
performed in peripheral centers and patients were 
subsequently transferred to our center to undergo 
emergency surgery. These problems may be solved 
using ECG-gated techniques and latest generation 
scanners.
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