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Acute aortic syndromes (AAS) are often catastrophic and 
have high rates of mortality. Identification of those who 
are most vulnerable to AAS and serial monitoring of these 
patients with multimodality imaging is critical to prevent 
such events. 

The aortic wall is made of a thin endothelium-lined inner 
intimal layer, a thick smooth muscle and elastic laminae-
based media layer, and a thin collagen rich adventitia layer. 
The adventitia also contains the vasa vasorum, which 
provides nutrients to the aortic wall (1). The aorta is divided 

into five anatomical sections (Figure 1): the aortic root 
(comprised of the aortic valve annulus, aortic valve cusps, 
coronary ostia, and sinuses of Valsalva) (3), the tubular 
ascending aorta (from the sinotubular junction to the origin 
of the brachiocephalic artery), the aortic arch (from the 
brachiocephalic artery to the left subclavian artery), the 
descending thoracic aorta (from the left subclavian artery to 
the level of the diaphragm), and the abdominal aorta (from 
the diaphragm to the iliac bifurcation) (1).

In adults, aortic dimensions are strongly related to age 
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and body size (4-10), with men having larger dimensions 
then women for a given age and body size (6,11,12). The 
upper limit of normal aortic diameter is defined as two 
standard deviations above the mean predicted diameter  
(Z score ≥2) (1). 

Thoracic aortic aneurysms (Table 1)

The accepted definition for an aneurysm is a permanent 
focal dilatation of an artery with a ≥50% increase in 
diameter compared to the expected normal diameter (2,15). 
Ectasia is defined as arterial dilatation <150% of the normal 
arterial diameter, while arteriomegaly is diffuse arterial 
dilatation involving several arterial segments, with an 
increase in diameter >50% compared to expected (2). Aortic 
dilatation is a broader term which encompasses ectasia and 
aneurysm. True thoracic aortic aneurysms involve all three 
layers of the aortic wall; 60% affect the aortic root and/or 
ascending aorta, 40% the descending aorta, 10% the arch, 
and 10% the thoracoabdominal aorta (16). Aneurysms may 
be fusiform or saccular in morphology. Fusiform aneurysms 
are a result of diffuse weakening of the aortic wall, leading 
to dilatation of the entire circumference of the aorta, 
while in saccular aneurysms, only a portion of the aortic 
circumference is weakened, leading to a focal ballooning. 

Aortic dimension is the most important predictor of aortic 
rupture or dissection (17). Aneurysms <50 mm in diameter 
have a mean rupture rate of 2%/year, those 50–59 mm in 
size have a rupture rate of 3%/year, and those ≥60 mm have 
a rupture rate 7%/year (17). The average rate of growth for 
ascending aneurysms is 0.07 mm/year, whereas those in the 
descending aorta grow at 1.9 mm/year (18). Those with known 

aneurysms should be monitored closely with serial imaging 
to determine optimal timing of surgical intervention. In 
asymptomatic patients with aneurysms and those approaching 
the threshold for surgical intervention, imaging should be 
performed every 6 months until the surgical threshold is 
reached or the dimensions remain stable (at which time annual 
or less often surveillance is sufficient). Patients with isolated 
arch aneurysms less than 4.0 cm should be monitored with 
cardiac computed tomography (CT) or magnetic resonance 
imaging (MRI) every year, while those with dimensions greater 
than 4.0 cm should have imaging every 6 months (2). 

Aortic sizes are typically indexed to body surface area 
(BSA) (19), though it has been proposed that indexing to 
height may be more appropriate than BSA especially in 
obese subjects. Ascending aorta to height ratio has been 
shown to be independently associated with cardiovascular 
death (20). The latest American College of Cardiology 
(ACC)/American Heart Association (AHA) guidelines 
include a class IIa recommendation for elective aortic 
replacement in those with Marfan syndrome, bicuspid aortic 
valve (BAV), or other genetic diseases when the ratio of 
maximal ascending aorta or aortic root area in cm2 divided 
by the patient’s height in meters is greater than 10 (2). 
Recommendations for use of area/height ratio in patients 
without these conditions are less clear, although a ratio of 
aortic root to height in patients with a tricuspid aortic valve 
has been shown to provide risk stratification for death (21). 

The major risk factors for development of thoracic 
aortic aneurysms are hypertension, smoking, and chronic 
obstructive pulmonary disease (COPD). Common genetic 
causes of aneurysms are further discussed below. Per the 
ACC/AHA guidelines, in asymptomatic patients with 

Figure 1 Normal aortic dimensions in males and females. With dimensions based on Hiratzka et al. (2).
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Table 1 Guideline recommendations for thoracic aortic disease adapted from the American College of Cardiology (ACC)/American Heart 
Association (AHA) and the European Society of Cardiology (ESC)

Type of disease and associated 
conditions

ACC/AHA 2010/2016, (2) ESC 2014, (13)

Ascending aorta without associated condition

Surgical evaluation ≥5.5 cm (consider <5.5 cm if growth rate  
≥5.5 cm)

≥5.5 cm

AVR indicated Replace aorta if ≥4.5 cm Replace aorta if ≥4.5 cm

Descending thoracic aorta ≥5.5 cm, endovascular preferable (not in genetic 
conditions), if not feasible then surgery if ≥6 cm

≥5.5 cm, endovascular preferable (not in 
genetic conditions), if not feasible then 
surgery if ≥6 cm

Bicuspid aortic valve associated aortopathy

Surgical evaluation ≥5.5 cm (consider at 5 cm if risk factors—family 
history of dissection, growth ≥0.5 cm/year or 
low risk patient at experienced aortic center); 
aortic area/height ratio >10 cm2/m (14)

≥5.5 cm (consider ≥5 cm if risk factors—
family history, hypertension, coarctation of 
the aorta or growth rate >3 mm/year)

AVR indicated ≥4.5 cm ≥4.5 cm

Genetic/connective tissue disease

Marfan syndrome

Surgical evaluation Consider between 4–5 cm (lower threshold if 
growth <0.5 cm/year, family history of dissection 
or significant aortic regurgitation): aortic area/
height ratio >10 cm2/m

≥5 cm (consider ≥4.5 cm if family history 
of dissection, growth >3 mm/year, severe 
aortic regurgitation)

Women contemplating pregnancy ≥4 cm ≥4 cm

Loeys-Dietz syndrome

Surgical evaluation ≥4.2 cm by TEE (internal diameter) or ≥4.4– 
4.6 cm by CT/MRI (external diameter); aortic 
area/height ratio >10 cm2/m

Same as Marfan syndrome

Turner syndrome

Surgical evaluation 4–5 cm; aortic area/height ratio >10 cm2/m Consider surgery if indexed aortic diameter 
of 27.5 mm/m 

AVR, aortic valve replacement; CT, computed tomography; MRI, magnetic resonance imaging; TEE, transesophageal echocardiogram.

ascending aorta or sinus diameter greater than 5.5 cm, 
surgery should be considered. In those who have growth 
rate of more than 0.5 cm/year, surgery may be considered 
even if dimensions are less than 5.5 cm (1,2). For patients 
who are undergoing aortic valve surgery, concomitant aortic 
root repair or replacement should be considered in those 
with dimensions greater than 4.5 cm (2). 

BAV (Figure 2)

BAV is the most common congenital cardiac abnormality, 
with a prevalence of 0.46% to 1.37% in the population  

(22-25). BAV is associated with an increased risk of ascending 
aortic aneurysms, with prevalence ranging from 7.5% to 
59% at the annulus, 16% to 78% at the Sinus of Valsalva, 
15% to 79% at the sinotubular junction, and 35% to 68% 
at the proximal ascending aorta (26-29). Aortic dilatation 
increases with age, with dilatation noted in 56% of those less 
than 30 years of age, but in up to 88% of those >80 years  
of age (30). This burden of BAV aortopathy leads to 
prophylactic ascending aorta replacement in approximately 
one-fourth of BAV patients (31), with a surgical expense in 
the US alone exceeding 1 billion dollars/year (32). 

The pathophysiology of aortopathy in BAV is related 
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Figure 2 Screening and management of bicuspid valve related aortopathy. 

to medial degeneration, with the distance between elastic 
lamellae in BAV being greater than in tricuspid aortic 
valves, while the lamellae are also thinner and more 
fragmented (33-35). BAV patients have also been shown to 
have higher rates of vascular smooth muscle cell apoptosis 
even in those without aortic dilation (33,36,37). BAV aortic 
tissue has been shown to have decreased fibrillin-1 content, 
leading to smooth muscle cell detachment from elastin 
and collagen that results in apoptosis and worse structural 
integrity. Matrix metalloproteins are also overexpressed 
and have increased activity in BAV aneurysms compared to 
idiopathic aneurysms (38-42). 

Prior studies have shown the rate of ascending aorta growth 
in BAV patients to be 0.2 to 1.9 mm/year (17,29,43-45),  
with an exponential growth curve (43,46-48). The increase in 
aortic dimensions in BAV has been shown to be significantly 
faster (17,49) and the age of presentation of aortic dilation 

is significantly younger in those with BAV compared to 
tricuspid aortic valve (17,44).   

The rates of dissection and rupture of BAV-associated 
ascending aortic aneurysms are comparable to aneurysms of 
other etiologies (50-52). Studies in patients with BAV have 
shown that there is an 8 to 9 times higher risk of dissection in 
those with BAV compared to the general population (31,53). 

Per the 2016 ACC/AHA clarification statement, elective 
surgical repair of the aortic root or ascending aorta is indicated 
when dimensions reach 5.5 cm (14). This differs from prior 
statements, when surgery at 5.0 cm was recommended (54). 
Given somewhat conflicting evidence on when the risk of 
aortic dissection increases greatly, the recommendations 
are now more conservative. In those with root or ascending 
aorta dimensions 5.0 cm or greater or with an additional risk 
factor such as family history of dissection or aortic growth 
of ≥0.5 cm/year, or in a low-risk patient at an experienced 
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surgical center, surgery is reasonable (2) (Figure 2). In 
those undergoing aortic valve replacement (AVR) for BAV  
stenosis or regurgitation, ascending aorta replacement is 
reasonable at 4.5 cm. According to the American Society 
of Echocardiography (ASE)/European Association for 
Cardiovascular Imaging (EACVI) guidelines, if there is no 
aortopathy noted by transthoracic echocardiography (TTE), 
repeat TTE should be done every 3–5 years to assess root 
and proximal aortic size, and tomographic imaging with 
cardiac CT or MRI should be done every 3–5 years to assess 
the arch and descending aorta (1). Once aortic dimensions 
are noted to be >4.0 cm in a BAV patient, at least annual 
monitoring of aortic dimensions are indicated. Specifically, 
repeat imaging should be done 6 months after initial 
identification of ascending aortic enlargement. If aortic 
size is stable, <45 mm, and there is no personal or family 

history of dissection, annual imaging is recommended (1). 
Given these recommendations, accurate measurement of 
aortic dimensions using multi-modality imaging is critical 
to identify patients who should undergo surgical repair. 

Connective tissue diseases (Figure 3)

Marfan syndrome, an inherited connective tissue disease 
caused by a mutation in the fibrillin (FBN1) gene, is 
primarily associated with dilatation or dissection of the 
aortic root or proximal ascending aorta (1,2). In those 
Marfan syndrome patients with aortic root enlargement, 
repeat imaging in 6 months is recommended (Figure 3). 
If the size is stable and <45 mm on this repeat study with 
no family or personal history of dissection, annual aortic 
imaging should be pursued (2). Higher risk patients, such 

Figure 3 Screening and management of connective tissue disease-related aortopathy and other non-connective tissue disorder-related 
aortopathies.
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as those with a measurement >4.5 cm or with significant 
growth, should be monitored every 6 months (2). Patients 
with Marfan syndrome who are considering pregnancy 
can be considered for surgery if root or ascending aorta 
diameter is greater than 4.0 cm (2). Otherwise, surgical 
repair is usually performed at a threshold of 5.0 cm, given 
the relatively low risk of dissection at lower diameters 
(2,55,56). At an experienced center of excellence, elective 
surgical repair may be considered in Marfan syndrome 
when the thoracic aortic dimension exceeds 4.5 cm. In those 
who have had ascending aorta repair, continued monitoring 
of the arch and descending aorta is still recommended.  

Loeys-Dietz syndrome is caused by a gene mutation in 
transforming growth factor beta (TGFβ1 or 2) and has an 
autosomal-dominant inheritance pattern (57). The majority 
of Loeys-Dietz patients have aortic root aneurysms and may 
also have aneurysms of other aortic segments and tortuous 
vessels (57,58). Dissection can occur at smaller dimensions 
in Loeys-Dietz patients compared to other connective tissue 
diseases and thus monitoring should occur every 6 months 
rather than annually (2). Furthermore, patients with Loeys-
Dietz syndrome are recommended to have yearly MRI 
imaging from the cerebrovascular circulation to the pelvis (2).  
Surgical repair is reasonable at 4.2 cm by transesophageal 
echocardiogram (TEE) or 4.4 to 4.6 cm by CT/MRI (2). At 
an experienced center of excellence, elective surgical repair 
may be considered in Loeys-Dietz syndrome, when the 
thoracic aortic dimension reaches 4.5 cm or greater.

Ehlers-Danlos syndrome type IV (vascular form) 
is an autosomal dominant disorder associated with 
arterial dilatation and rupture (2). Recommendations for 
monitoring of aortic dimensions are not clear, as surgery is 
high risk due to tissue fragility. Patients with Ehlers-Danlos 
of the non-vascular form often have aortic root dilation but 
progression to dissection is uncommon (59,60).

Multimodality imaging of thoracic aortic disease 
(Figure 4)

TTE

The cornerstone of cardiac imaging remains the TTE, 
which is often the first test used to screen for and measure 
aortic dilatation. TTE can provide clear visualization 
of the aortic root and proximal ascending aorta. The 
best windows to measure the proximal ascending aorta 
are the left and right parasternal long axis views, with 
measurements taken perpendicular to the plane of the 

aorta (1). The ascending aorta can also be visualized in 
the apical three-chamber and apical five-chamber views. 
Standard convention is to measure leading edge to 
leading edge in end diastole (2,61,62), which is how most 
reference values have been reported. This was primarily 
chosen due to initial challenges in identifying the tissue 
blood interface (63) on echocardiography; however, the 
technology has improved enough since, and this is less of 
a limitation now. The current ASE guidelines, however, 
still advocate for end-diastolic leading edge to leading 
edge measurements perpendicular to the long axis of the 
aorta (1). Recent ACC/AHA guidelines (2), on the other 
hand, recommend measuring from inner edge to inner 
edge. While two-dimensional (2D) TTE reference values 
for inner edge to inner edge measurements of the aorta 
have now been published based on large adult population 
studies (64), measurement using the leading edge to leading 
edge technique continues to be most common method of 
determining aortic measurements by 2D TTE. 

Measurements by TTE should be made from 2D images 
rather than M-mode, which can underestimate dimensions 
by 1 to 2 mm (62). The aortic annulus should be measured 
at the hinge points of the aortic valve cusps (inner edge 
to inner edge) in the parasternal long axis view during 
systole (62). The sinuses and sinotubular junction should be 
measured at end diastole as previously described. The aortic 
arch is best visualized from the suprasternal window, where 
portions of the ascending and descending aortas are also 
seen. Evaluation of the descending thoracic aorta may be 
challenging by TTE. 

TEE

Due to higher frequency transducers and proximity of the 
esophagus to the thoracic aorta, TEE can often provide 
superior assessment of the thoracic aorta compared to TTE (1). 
One major advantage of TEE is that almost the entire thoracic 
aorta can be imaged except for a small area of the distal 
ascending aorta near the innominate artery. The ascending 
aorta is best visualized in the mid-esophageal long axis view 
at 100° to 140°, a view analogous to the parasternal long-axis 
view. Short-axis views of the aortic root and ascending aorta 
can be obtained at 45° to 60° with anteflexion of the probe. 
The descending thoracic aorta can be visualized in short axis by 
rotating posteriorly from a mid-esophageal four chamber view 
at 0°. Withdrawal of the probe allows for imaging of the more 
proximal descending aorta and aortic arch. Adjusting the angle 
to 90° results in a short-axis view of the transverse arch (65).  
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Figure 4 Thoracic aortic measurements by echocardiography, cardiac CT, and MRI. (A) Transthoracic echography parasternal long-axis 
view, showing aortic sinus leading edge to leading edge measurement. (B) Transthoracic echocardiography-parasternal short-axis view at 
the aortic valve/root level, showing sinus measurement. (C) Cardiac CT aortic root coronal view. (D) Cardiac CT aortic root sagittal view. 
(E) CT aortic root short-axis view derived from double oblique planes (shown in C and D). Measurements show sinus to sinus (*) and sinus 
to commissure measurement methods. (F) Transthoracic echocardiography parasternal long-axis view, showing aortic sinus and sinotubular 
junction measurements. (G) Transthoracic echocardiography parasternal short-axis view, showing a bicuspid aortic valve with fusion between 
the left and right coronary cusps. (H) Cardiac CT scan image demonstrating a bicuspid aortic valve with fusion between the left and right 
coronary cusps. (I) MRI coronal view of the ascending aorta. (J) MRI sagittal view of the ascending aorta. (K) MRI short-axis view derived 
from double oblique planes (shown in I and J). CT, computed tomography; MRI, magnetic resonance imaging.
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While visualization of aortic segments is typically easy by 
TEE, evaluation can be limited in the setting of significant 
aortic tortuosity. Furthermore, TEE can sometimes be prone 
to artefacts, such as linear horizontal lines that move in parallel 
with the aorta or a pseudo-double barrel aorta (66). 

3D echocardiography

3D TTE or TEE can help to determine if 2D measurements 
represent the maximal dimensions of the aorta. 3D techniques 
can help ensure that the correct non-foreshortened cross-
sectional planes are measured and allows for confirmation 
that 2D measurements represent maximal dimensions (67).  
Use of 3D multiplanar reconstruction to determine maximal 
dimensions allows for very accurate analyses of most 
segments and can help account for asymmetry in portions 
of the thoracic aorta (67). 3D TEE based measurements 
have been shown to have strong agreement with contrast 
CT aortic measurements (68) and may be especially useful 
in those patients who cannot receive contrast. The major 
limitation of 3D echocardiography is that 3D acquisition 
quality depends on 2D image quality and thus may not be 
optimal in all patients. Accurate 3D measurements also 
require familiarity with the techniques and thus should 
be obtained whenever feasible so that cardiovascular 
imaging specialists can gain expertise in interpreting these 
images. Given the potential additional information that 
can be obtained from 3D echocardiography in addition to 
standard 2D echocardiography, the use of 3D techniques is 
recommended with echocardiography (both TTE and TEE) 
for the most accurate results. 

CT

Electrocardiographically (ECG)-gated computed tomographic 
aortography (CTA) using a multidetector CT (MDCT) 
scanner with ≥64 detector rows is the preferred CT imaging 
method for the thoracic aorta. MDCT can provide high 
spatial resolution images with modest radiation exposure, 
with a scan time of only a few seconds (2,69). In addition, 
CTA allows for simultaneous imaging of vascular structures 
such as the vessel wall (70). In some cases, ECG-gated 
CTA allows for high quality ascending aorta imaging with 
concurrent evaluation of the coronary arteries. ECG-gating 
also eliminates motion and other artifacts, increasing the 
accuracy of diagnosis and allowing for measurement of 
maximal dimensions (71).  

While cardiac CT does have the disadvantages of 

ionizing radiation use and use of iodinated contrast, careful 
acquisition methods can reduce the amount of radiation 
received by the patient, and proper hydration and choice 
of low-osmolar contrast can reduce the risk of contrast 
associated nephropathy (72,73). Non-contrast CT may also 
be sufficient for monitoring of aortic dimensions. However, 
especially in young male and premenopausal female 
patients, use of MRI or echocardiography may be preferred 
for serial monitoring scans. 

CTA clearly shows the aortic wall and thus measurement 
of both inner-inner and outer-outer diameters are possible. 
Similar to echocardiographic measurements, there is some 
inconsistency between recommendations on measuring 
aortic dimensions using CTA. While the ACC/AHA and 
Society of Thoracic Surgeons (STS) guidelines recommend 
using outer to outer dimensions (2,74), the ASE guidelines 
advocate for inner-to-inner measurements for the ascending 
aorta and outer to outer for the descending aorta (1). The 
most precise method for measurement relies on the use 
of multiplanar reconstruction of the axial data to create 
aortic images perpendicular to the aortic lumen (the 
double-oblique method). This method accounts for shape 
distortions and allows measurement of both major and 
minor dimensions. 

There has been some degree of inconsistency in the timing 
of thoracic aortic measurement by cardiac CT and also how 
these measurements should be optimally made. Thoracic 
aortic diameters are largest in end systole (5,75) but images 
at end diastole are less prone to motion artifact (76). Further, 
a consensus has not been reached whether MDCT/MRI 
measurements should be made from sinus to sinus or sinus to 
commissure. Sinus to sinus measurements have been shown 
to be about 2 mm larger than sinus to commissure in a study 
of 70 patients, though patients with sinus asymmetry were 
excluded from this study (77). Sinus asymmetry is especially 
common in those with a BAV, with the non-coronary sinus 
being frequently larger (78). 

MRI

MRI can provide reliable information on thoracic aortic 
dimensions without ionizing radiation and in many cases, 
without gadolinium-based contrast. MRI remains a versatile 
modality to image the thoracic aorta and is a particularly 
attractive option for younger patients requiring surveillance 
for aortic disease due to the absence of ionizing radiation. 
Non-contrast techniques were the first sequences used 
with early ECG-gated spin-echo sequences, having the 
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ability to accurately measure thoracic aortic dimensions 
and detect dissection (79). Breath holding is now standard 
which reduces respiratory motion and subsequent artefact. 
These “black blood” images are often performed first to 
determine aortic shape and size, and with nulling of signal 
from moving blood, the aortic wall can be delineated 
clearly (13,80). This sequence can also detect slow flow 
such as within a false lumen in a dissection (13). Non-
contrast aortic imaging has seen ongoing development and 
improvement with balanced steady-state free-precession 
(bSSFP) sequences which utilize intrinsic differences of T2/
T1 ratios in various tissue (81). Since blood has a high T2/
T1 ratio compared to other tissue, this technique allows 
for bright-blood images without contrast administration, 
although this will occur in both the arterial and venous 
systems. This technique may be limited in areas of high 
turbulence which creates a heterogenous blood pool and 
resultant artefact (80). 3D rendering can also be obtained in 
this sequence, similar to contrast-enhanced (CE) magnetic 
resonance angiography (MRA), and has comparable 
accuracy (82).

“Fresh blood imaging” is another non-contrast technique 
where two ECG triggered 3D fast (turbo) spin-echo 
sequences are performed, with the first gated to systole 
and the second to diastole and resultant subtraction of the 
systolic acquisition yielding an arterial-only dataset (83). 
This technique relies on fast arterial flow losing signal during 
systole compared to the constant signal from slow diastolic 
flow and the constant bright venous flow which lacks 
pulsatility (84). Bright-blood MRA is then obtained through 
subtraction which is dependent on adequate ECG gating 
and timing, but can be difficult to achieve in patients with 
arrhythmia. Another common technique used to image the 
aortic lumen is CE-MRA which utilizes gadolinium-based 
contrast through peripheral injection with preferential arterial 
enhancement (85). Breath-holding for 20 seconds is ideal, 
and the ability to construct a 3D angiogram is particularly 
useful with multiplanar analysis being able to accurately 
measure aortic diameter in a true perpendicular plane (80). 
One additional method for aortic imaging is non-contrast 
3D whole heart MRA, which is a respiratory and cardiac 
gated, fat-suppressed, 3D-balanced SSFP sequence (86).  
This technique has been shown to have 100% diagnostic 
accuracy and similar reader confidence compared with CE-
MRA of the thoracic aorta, with superior image quality at 
the aortic root and ascending aorta (82,86-88). Given the 
reliability of these sequence for diagnostic evaluation without 
the need for contrast, non-contrast 3D whole heart MRA 

should be considered the standard MRA sequence for most 
patients. Finally, phase contrast sequences can be used to 
quantify aortic flow, and relies on the principle that protons 
passing through a magnetic field undergo phase change 
relative to velocity (89). This allows functional assessment 
and quantification of aortic valve pathology (stenosis and 
regurgitation), coarctation and other valvular regurgitation 
if necessary. With ongoing developments in MRI techniques 
particularly non-contrast methods, shorter acquisition times 
and improved spatial resolution, MRI remains an important 
modality for aortic assessment. 

Comparisons between imaging modalities (Table 2)

To assess for the presence of thoracic aortic aneurysms 
or to get the most accurate measurements of the thoracic 
aorta, CTA or MRA are the preferred imaging modalities, 
as they both image all of the segments of the thoracic 
aorta. With CTA and MRA, the use of multiple planar 
views leads to the most accurate imaging assessment of 
aortic dimensions. The sensitivity and specificity of these 
two methods are similar (16,90), with the main advantages 
of MRA being lack of ionizing radiation and no need 
for iodinated contrast. However, CTA is more readily 
available and has shorter acquisition time compared to 
MRA and is typically the imaging technique of choice for 
staging and surveillance of the aorta. If the area of interest 
is the aortic root, TTE may provide optimal imaging as 
motion artifact on non-gated CTA often precludes optimal 
root assessment. If agreement between aortic root and 
proximal ascending aorta dimensions by TTE and CTA/
MRA has been established, serial TTE can be used for 
monitoring. 

Given the need for repeated aortic measurements over 
time, it is important to optimize protocols with the goal 
of minimizing inter-reader and intra-reader variability. 
A study of multimodality imaging from the GenTAC 
registry (consisting of 965 studies of subjects with genetic 
conditions predisposing to aortic aneurysm, rupture, or 
dissection) showed that the variability in initial reads was 
higher for CT and MRI compared to echocardiography (91), 
primarily due to lack of consistent ECG gating. Specifically, 
TTE was more reproducible at the proximal segments, 
while CT and MRI were more reproducible at the arch 
and descending segments. Measurements should be made 
relative to anatomical landmarks to ensure reproducibility. 
The authors call for unified acquisition protocols for CT 
and MRI, which currently do not exist across different 
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Table 2 Comparison of imaging modalities for assessment of aortic dimensions

Modality Strengths Weakness

Transthoracic 
echocardiogram (TTE)

Clear visualization of the aortic root Cannot reliably image ascending aorta, arch, or 
descending aorta

Readily available

No radiation

Excellent reproducibility of measurements

Transesophageal 
echocardiogram (TEE)

Evaluation of most segments of thoracic aorta 
possible

Invasive, requires sedation

Distal ascending aorta may be sub-optimally visualized

Difficult to reproduce images for serial monitoring

Multidetector CT (MDCT) All segments of aorta well visualized Radiation exposure

Contrast enhanced studies very accurate for 
measurements

Often done with iodinated contrast

Relatively quick study Motion related artifacts can degrade quality

Magnetic resonance 
imaging (MRI)

No ionizing radiation Longer acquisition time

Often no need for iodinated contrast May not be possible in patients with certain devices

centers. Ideally, serial monitoring should be performed with 
the same imaging modality to allow for direct comparisons 
of dimensions over time. If possible, interpretation 
of the studies by the same reader further minimizes 
variability in the reads over time. While this may not be 
logistically feasible, clearly reporting the method used for 
measurements can help make future reads more consistent.  

Several studies have assessed how imaging modalities 
compare to each other for aortic measurements. It has 
been stated that the best agreement between TTE and 
CTA is with TTE end diastolic leading edge to leading 
edge measurements and CTA diastolic inner edge to inner 
edge measurements for the sinus and ascending aorta (77). 
However, the use of inner edge to inner edge measurements 
on echocardiography has also previously been shown to 
be similar to CT (8,77) and MRI (5,77) inner edge to 
inner edge measurements. In a study which performed 
head-to-head comparisons of thoracic aortic aneurysm 
measurements by TTE and MDCT within 7 days of each 
other in 50 patients with known ascending aortic dilation 
or aneurysm (92), echocardiography underestimated 
all measurements except for the ascending aorta using 
the standard techniques of end diastolic leading edge 
to leading edge by echocardiography and inner edge to 
inner edge by MDCT. Use of inner edge to inner edge by 
echocardiography was on average 2 mm less than leading 

edge to leading edge and thus further underestimated 
dimensions (92).  

Multiple studies have compared echocardiographic 
and CT measurements with direct surgical annular sizing. 
In a study of 26 patients, end-systolic echocardiographic 
measurements (both by TTE and TEE) were shown to 
have the best correlation to intraoperative sizing, with 
effective CT diameter, defined as the diameter of a disk 
with the same circumference-based area of the annulus, 
having a higher correlation with direct sizing compared to 
minimum, maximum, or mean diameters (93). All of these 
measurements also had high cross-correlation. In those with 
an oval shaped annulus, TTE underestimated size, while 
TEE and CT were more accurate (93). For pronounced oval 
annular shape, CT was the most reliable imaging method. A 
subsequent larger study of 227 patients comparing preoperative 
CTA and TEE images with annular sizing showed that TEE 
may underestimate annular diameter, especially when deriving 
measurements from 2D images (94). Use of 3D multiplanar 
reconstruction can help address this issue and allow for more 
accurate measurements (94). CTA, on the other hand, was 
seen in this study to often overestimate annular diameter; 
the combination of TEE and CT measurements had the 
best predictive power (94). Unfortunately, similar studies 
comparing dimensions by imaging versus surgical sizing in 
other in parts of the thoracic aorta are not available. 
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Conclusions

Serial imaging of the thoracic aorta by echocardiography, 
cardiac CT, and MRI is commonly performed for various 
conditions associated with thoracic aortic ectasia, and 
precise measurements are crucial in identifying when 
patients should be considered for surgery to prevent serious 
complications, such as aortic dissection or rupture. There 
is still considerable variability in the various methods used 
for measuring thoracic aortic dimensions. A multimodality 
imaging strategy incorporating both echocardiography 
and tomographic imaging (either cardiac CT or MRI) is 
ideal for many patients to definitively establish thoracic 
aortic dimensions and for serial monitoring. Both 
echocardiographic studies and tomographic imaging should 
make use of 3D and multiplanar techniques to obtain the 
most accurate thoracic aortic measurements. Until clear 
recommendations are available to standardize imaging 
protocols across institutions, it is critical for cardiovascular 
imaging specialists to be explicit about how thoracic aorta 
measurements are derived to allow for reproducibility in 
future studies. 
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