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Prevalence of aortic root dilation in patients with CT angiography

of the aorta

Iclal Ocak, Joan M. Lacomis, Christopher R. Deible, Barig Tirkbey, Friedrich Knollmann

PURPOSE
To investigate the prevalence of aortic root dilation in patients
who underwent CT angiography of the thoracic aorta.

MATERIALS AND METHODS

In 95 patients, 64-slice multislice computed tomography was
performed for evaluation of the thoracic aorta. Measurements
of the annulus, sinuses of valsalva (SOV), sinotubular junction
(STJ), and maximum ascending aorta (AAo) were made by
double oblique multiplanar reformation (MPR). For the AAo,
STJ, and SOV, dilation was defined as greater than 40 mm; for
annulus, the dilation criterion was greater than 27 mm.

RESULTS

Overall, 52 patients were diagnosed with a dilated AAo. Of
those patients with dilated AAo, 28 patients had a dilated an-
nulus, 27 patients had dilated SOV, and 11 patients had ST)
dilation. Forty-three patients presented with normal AAo; 12
patients had annulus dilation; 12 patients had SOV dilation;
and 4 patients had ST] dilation. In patients with dilated AAo,
38% also had a dilated annulus, 52% showed SOV dilation,
and 21% presented with ST] dilation, compared to 28% an-
nulus dilation, 28% SOV dilation, and 9% ST] dilation in pa-
tients with an AAo of normal caliber.

CONCLUSION
Our data indicate a higher prevalence of aortic root dilation
among patients with dilated AAo.
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order if not diagnosed before the development of dissection and

rupture. TAA is defined as a localized dilation of the aorta to more
than 50% of baseline. The incidence of TAA is estimated at 6 people per
100,000 per year, and the mean age at diagnosis is 60-70 years. (1). Of
all patients presenting with TAA, 60% involve the aortic root and/or
ascending aorta (2). The aortic root is described as the part of the aorta
that supports the aortic valve leaflets, delineated superiorly by the sino-
tubular junction (STJ) and inferiorly by the annulus (3). Determination
of the segment, or segments involved in the dilation has clinical and
surgical significance.

Multi-detector row computed tomography (MDCT) is an emerging
noninvasive tool for the accurate detection and segmentation of TAA.
The current generations of 64-slice scanners, with submillimeter slice
collimation and high temporal resolution, have improved our ability to
identify and localize TAA. Retrospective electrocardiographically (ECG)-
gated MDCT has enabled high quality multiplanar reformation (MPR)
and volume-rendered (VR) images. Thus, visualization of the extension
of the aneurysm as well as estimation of diameter of the aortic annulus,
sinuses of valsalva and sinotubular junction are possible.

Although there have been extensive studies on measurements of the
aortic valve with MDCT, little imaging information is available on the
rate of dilation of the different aortic segments and aortic root structures
(4, 5). Recently, Lu et al. (6) reported normal measurements of the as-
cending aorta (the mean diameters of the coronary sinus, sinotubular
junction and ascending aorta were 34.2 mm, 29.7 mm and 32.7 mm,
respectively) in 78 patients with MDCT. Accordingly, the present study
was undertaken to explore the physical dimensions of the aortic root
and its structures at the level of the sinuses of valsalva, annulus, sinotu-
bular junction, and AAo with MPR in a patient population scanned for
CTA of the aorta.

T horacic aortic aneurysm (TAA) is a potentially life-threatening dis-

Materials and methods
Subjects

The patient population participating in this retrospective study was
comprised of individuals who had been scanned for thoracic aortic an-
eurysm and/or dissection at our institution between December 2005
and January 2007. The study was approved by the institutional com-
mittee on human research. An honest broker prepared and presented
all CT images and medical information in a coded, unidentified man-
ner; the investigators were privy only to the age and sex of individual
patients. The data were retrospectively reviewed to exclude all patients
documented with coexistent proximal aortic pathology or surgery. Pa-
tients with Marfan syndrome, bicuspid aortic valve, or a history of prior



aortic surgery were excluded. The final
study group comprised 95 that had had
multidetector CT angiography (CTA):
the mean age for the group was 64 (age
range, 34-87); the 61 men had a mean
age of 64 (age range, 25-87), and the
34 women had a mean age of 66 (age
range, 29-89).

Image acquisition

Contrast-enhanced multi-detector
row CT examinations were performed
in the supine position, during a single
breath hold, using a 64-channel multi-
slice system (VCT, GE Healthcare, Mil-
waukee, Wisconsin, USA). All CT scans
were preceded by a scout acquisition.
For bolus tracking, 15 transverse sec-
tions were acquired successively at the
level of pulmonary bifurcation. Scan-
ning began at the same time as intra-
venous administration of the contrast
agent. A total of 15 mL of an iodinated
contrast agent, containing 350 mg of
iodine per milliliter Ioversol (Opti-
ray, Mallinckrodt, St. Louis, Missouri,
USA), was injected at a rate of 5 mL/s,
followed by a bolus of 25 mL saline
solution given at 5 mL/s. A region of
interest was positioned in the aorta
at the level of pulmonary bifurcation
and enhancement values (in Houns-
field units) within this region were
plotted against time; bolus tracking
technique was used to trigger image
acquisition.

Retrospective ECG-gating was per-
formed during continuous CT data ac-
quisition. The slice thickness was 0.63
mm, the gantry rotation speed was
350 ms per rotation, and the tube volt-
age was 120 kV for a current range of
550 to 750 mA (depending on patient
size). ECG-modulated tube current
was used, with the maximum current
applied during 70% to 80% of the car-
diac cycle, and less was applied during
the remainder of the R-R cycle. This
examination was performed by ad-
justing the current setting according
to the patient size. For ECG-control-
led tube current modulation, the tube
output was raised to a preset level for
each cardiac cycle during 70% to 80%
of the diastolic phase; the data were
reconstructed from these phases. Dur-
ing the remaining part of the cardiac
cycle, the tube output was reduced.
When employed for coronary CT an-
giography, this technique has been
shown to achieve an overall ionizing
radiation exposure savings of 30-50%
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without compromising image qual-
ity (7, 8). Depending on the thoracic
dimensions, the scanning time varied
between three and four seconds. Dur-
ing scanning, 50 mL Optiray, a 40-mL
mixture of 50% Optiray/50% saline,
and 50 mL saline were injected at a rate
of 5 mL/s via an 18G right antecubital
catheter. Images were reconstructed
75% into the cardiac cycle.

Post-processing

The CT data sets were transferred
and post-processed at the Advantage
4.3 workstation (GE Healthcare) during
the initial CT examination, and an of-
ficial CT report was produced from the
post-processed information using the
GE tool. Image analysis was performed
both by using trasverse source and
MPR images. All images were reviewed
on a picture archiving and communi-
cations system. All MDCT images were
interpreted at the time of image acqui-
sition by board-certified staff radiolo-
gists. The dimensions of the aortic root
and ascending aorta (AAo) were evalu-
ated in detail with MPR. We measured
four segments in each patient, includ-
ing the annulus, sinuses of valsalva
(SOV), sinotubular junction (STJ), and
the largest diameter of the AAo. For the
AAo, STJ and SOV, we defined dilation
as having a diameter greater than 40
mm, and for the annulus, dilation was
defined as having a diameter greater
than 27 mm.

Statistical analysis

Descriptive exploratory analysis was
performed on the aortic root area. All
statistical analyses were performed us-
ing commercially available software
(SSPS 11.5 for Windows, SPSS Inc.,
Chicago, USA). Data are expressed as
meantstandard deviation (SD), with
ranges provided when appropriate.
The Pearson chi-square test was used
for statistical analysis; P values less
than 0.05 were considered statistically
significant.

Results

Overall, 52 patients had dilation of
the AAo with a mean diameter (MD)
of 50+10 mm. Forty-three patients
had non-dilated AAo with a MD of
33+6 mm. In patients with dilated
AAo, the mean age was 66+16 years;
patients with normal AAo had a mean
age of 62+13 years. The ages of the
two groups were not statistically dif-

ferent. We also compared the two
groups in terms of gender distribution:
the male:female ratios were 16:27 and
17:35 in the groups with normal and
dilated AAo, respectively. There was
no statistically significant difference in
terms of gender distribution in these
groups. Patients were matched for age
(P =0.205) and sex (P = 0.645) across
the two groups. Of those patients with
dilated AAo, 28 patients had a dilated
annulus (mean diameter [MD]£SD,
32+4 mm), 27 patients had a dilated
SOV (MD, SD: 47 mm, 8 mm), and 11
patients had STJ dilation (MD, 4343
mm) (Tables 1-3). We observed nor-
mal dimensions for the ascending aor-
ta in 43 patients, and of those patients
with normal caliber ascending aorta,
12 had annulus dilation (MD, 2748
mm), 12 had SOV dilation (MD, 48+10
mm), and 4 patients had STJ dila-
tion MD, 51£11 mm) (Fig. 1). Higher
prevalence of aortic root dilation was
observed in patients with dilated AAo.
In patients with dilated AAo, we ob-
served that 38% had annulus dilation,
52% had a dilated SOV, and 21% had
STJ dilation, compared to 28%, 28%,
and 4% for annulus, SOV and STJ di-
lation, respectively, in patients with a
normal ascending aorta (Tables 1-3).
We found a statistically significant dif-
ference in the incidence of SOV dila-
tion in the patient population with
the dilated AAo compared with the
normal AAo (P =0.018). There were no
statistically significant differences in
terms of annulus (P = 0.645) and ST]J
(P = 0.279) dilation between the two
groups (Fig. 2).

Discussion

There are numerous approaches to
the diagnosis of dilation of the AAo
and aortic root, including echocardi-
ography, computed tomography, and
magnetic resonance imaging. How-
ever, ECG-gated CTA has an impor-
tant advantage compared with other
imaging modalities. Especially at the
level of the aortic root, heartbeat-re-
lated artifacts are the most prominent
and challenging problem for accurate
measurements of the annulus, SOV,
and STJ. The addition of ECG-gating to
CTA significantly reduces this motion
artifact and thus enabled us to measure
root diameters precisely (9). This is es-
pecially important in the planning of
endovascular procedures where precise
sizing of the graft is required.
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Figure 1. a—d. Sinuses of
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enhanced, retrospectively
ECG-gated multi-detector
row CT (a) demonstrates
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Table 1. Distribution of ascending aorta and annulus dilation

Ascending aortic dilation

Annulus dilation Absent Present

Absent 31 (72%) 32 (62%)
Present 12 (28%) 20 (38%)
Total 43 (100%) 52 (100%)

Table 2. Distribution of ascending aorta and sinus of valsalva dilation

Ascending aortic dilation

SOV dilation Absent Present

Absent 31 (72%) 25 (48%)
Present 12 (28%) 27 (52%)
Total 43 (100%) 52 (100%)

Table 3. Distribution of ascending aorta and sinotubular junction dilation

Ascending aortic dilation

Sinotubular junction dilation Absent Present

Absent 39 (91%) 41 (79%)
Present 4 (9%) 11 (21%)
Total 43 (100%) 52 (100%)
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R-R interval, dilation in the
annulus (b) (2.8 cm) and SOV
(c) (4.1 cm); a normal-sized
ascending aorta (d).

Feuchtner et al. and Alkadhi et al.
(10, 11) have shown that MDCT can
be used for anatomic delineation of the
aortic valve area by performing MPR of
axial images using a 16-channel ECG-
gated CTA during coronary imaging.
We used 75% of the R-R interval to
generate MPR using 64-channel MDCT
during CTA of the aorta. The annulus,
SOV, STJ, and AAo diameters measured
from the MPR images were unaffected
by heart beat-related motion artifacts.

Dilation of the sinuses of valsalva
can severely impair aortic valve com-
petence (5, 12). Palmieri et al. (12) ex-
amined the relationships between SOV
dilation and aortic regurgitation in
2096 hypertensive and 361 normoten-
sive participants. They found a strong
association between SOV dilation and
the degree of aortic regurgitation. Ac-
cordingly, we observed 52% SOV dila-
tion, with a mean diameter of 48 mm,
in patients with dilated AAo and 28%
SOV dilation, with a mean diameter of

Ocak et al.
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Figure 2. Diagram of the percentages of aortic root dilation (A_dIl, SOV_dI, and ST|_dI are
patients with ascending aortic aneurysm; A_ndl, SOV_ndl, ST|_ndl are patients with normal
ascending aortas) (A, annulus; SOV, sinuses of valsalva; ST, sinotubular junction; dl, dilated
ascending aorta; ndl, non-dilated ascending aorta).

48 mm, in the patient population with
normal AAo. These findings might be
important in terms of early diagnosis
of aortic regurgitation in this patient
population. Isolated SOV dilation was
observed in six cases. However, concur-
rent dilation of the SOV and annulus
was the most frequent combination.

The sinotubular junction is a circu-
lar structure composed of elastic tissue
that supports peripheral attachment of
aortic valve leaflets (13). Aneurysmatic
dilation of the STJ is also the major
cause of aortic valvular incompetence,
even when the leaflets remain structur-
ally intact. Dilation of the STJ pulls the
commissures of the aortic valve apart,
preventing the cusps from coapting
and leading to central aortic insuf-
ficiency. Aortic valve-sparing opera-
tions are an alternative to aortic root
replacement in patients with STJ aneu-
rysms. In this study, we observed an
occurrence of 21% STJ dilation in pa-
tients with AAo, while 9% of patients
with normal AAo had STJ] dilation.
Isolated STJ dilation was not observed
in our study; STJ dilation generally oc-
curred in conjunction with dilation of
the SOV and annulus.

The aortic annulus is described as
the area of collagenous condensation
at the point of valve leaflet attach-
ment (13). Dilation of the annulus
results in non-coaptation of the aortic
cusps and, eventually, in aortic insuf-
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ficiency. Dilation of the annulus may
cause the aortic insufficiency more
frequently than dilated STJ (14). In
this study, 28% of patients with nor-
mal caliber ascending aorta and 38%
of patients with dilated AAo had an-
nulus dilation. Concurrent dilation of
the annulus and SOV was observed in
most cases; hence, dilation of the an-
nulus, SOV and STJ were often seen to-
gether rather than individually.

In this study, we observed that a di-
lated AAo was associated with a slightly
higher prevalence of annulus, SOV and
STJ dilation. However, annulus, SOV,
and STJ dilation was also observed in
patients with an ascending aorta of
normal caliber. This finding could be
important for early diagnosis of isolat-
ed aortic root dilation. Idiopathic aor-
tic root dilation is the most common,
definable cause of severe aortic regurgi-
tation (15). High prevalence of root di-
lation in this study could be due to the
older age of the patient population. It
might be also due to our selection of
a patient population with predisposed
clinical risk factors. In the studies of
Agmon et al. and Cassottana et al. (16,
17), age-appropriate dilation of the
aortic root, ascending and descending
aorta has been reported. However, our
cut-off value for dilation was higher
than for the expected age-appropriate
dilations. In our study, the age differ-
ence between patient populations with

and without an aneurysm was not sta-
tistically significant. It has been also
shown that aortic size is greater in men
than women; however, the distribu-
tion of males and females was homo-
geneous for the two groups.

Our study had several limitations.
First, we only included patients who
had predisposing factors for the root
dilation. This potentially could have
led to an inclusion bias, because all of
the patients in our study population
had undergone CTA for either thoracic
aortic aneurysm or dissection. Anoth-
er important limitation is the level of
radiation exposure with ECG-gated
MDCT and the injection of potentially
nephrotoxic contrast material. As a re-
sult, MDCT probably will not become a
first-line diagnostic tool for the assess-
ment of aortic root pathologies. Our
findings should be confirmed with a
longitudinal study on the manage-
ment and development of aortic insuf-
ficiency in these patients.

Our data reveal a statistically sig-
nificant association between AAo and
SOV dilation. Therefore, SOV dilation
and loss of leaflet coaptation can re-
sult in significant aortic regurgitation
in such patients. This finding is par-
ticularly important for surgical plan-
ning, which is mainly affected by the
status of the aneurysm to the other
segments of the thoracic aorta. Mod-
ern valve-sparing procedures for aortic
insufficiency associated with root en-
largement require resection of the di-
lated sinuses, followed by remodeling
of the aortic root or re-implantation of
the aortic valve inside a Dacron tube
graft (2, 18, 19).

In conclusion, measurement of the
aortic root using MPR in patients
scanned for TAA is of clinical and sur-
gical importance. These measurements
are necessary for early diagnosis and
follow-up in patients presenting with
aortic root dilation and for planning
the surgical approach. Because aor-
tic root repair surgeries have become
more popular, ECG-gated MDCT angi-
ography with concomitant planimet-
ric measurements of the aortic root
structures would be an excellent tool
for accurate assessment of root anato-
my and dimension in routine clinical
assessments.
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