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ABSTRACT
Objective: We aim to examine the prevalence and characteristics of ascending aorta (AA) dilatation in pediatric patients, specifically focusing on its relation-
ship with the bicuspid aortic valve (BAV) and aortic valve stenosis (AS). We also seek to identify potential risk factors and clinical implications of AA dilatation 
within this population.

Materials and Methods: In this retrospective cross-sectional study, 71 pediatric patients who underwent echocardiography between 2010 and 2022 were 
analyzed. AA dilatation is seen in connective tissue disorders and in BAV. Our objective was to look at the potential diagnoses for pediatric AA dilatation, 
focusing on associated aortic valve diseases. Patients with genetic syndromes, congenital heart defects, or other cardiac conditions were excluded. Aortic 
measurements were taken using standard techniques, and z-scores were calculated. Statistical analyses were performed to evaluate associations between 
aortic dilatation, valvular conditions, and other variables.

Results: The median age of 71 patients was 9 years (1 day–18 years). AA dilation was common in patients with AS (36%) and BAV (47%). Isolated aortic root 
dilation was observed in 49% of cases. AA z-scores were statistically higher in BAV patients (p=0.034), but no difference was found in aortic root z-scores be-
tween BAV and non-BAV patients (p=0.117). AA z-scores correlated with aortic root z-scores and BAV presence (p=0.037, p=0.033). Patients with AS had smaller 
aortic root z-scores compared to those without AS (p=0.003). Smaller aortic root z-scores were also found in patients with both AS and BAV compared to those 
without either condition (p=0.0001). We could not find a statistically significant difference in AA dilatation in patients with and without AS.

Conclusion: AA dilatation is a significant concern in pediatric patients with BAV, especially when AS is present. Routine echocardiography is essential for mon-
itoring and early detection of aortic dilatation. Further studies are needed to understand the long-term implications and to optimize diagnostic approaches.
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INTRODUCTION
Congenital heart defects (CHDs) are a prominent cause of 
ascending aorta (AA) dilatation, although other conditions 
can also contribute.[1–4] The most common CHD, bicuspid aor-
tic valve (BAV), shares histological abnormalities in the AA 
similar to those found in connective tissue disorders such as 
Marfan syndrome, Loeys-Dietz syndrome, and Ehlers-Dan-

los syndrome type IV. These syndromic conditions are asso-
ciated with AA dilatation, leading to aortic dissection. Unlike 
aortic valve stenosis (AS) and regurgitation, de novo AA dil-
atation is typically observed in the presence of BAV.[5–7] Nu-
merous biological variables, including exercise capacity, are 
correlated with AA dilatation, acting as potential confound-
ers or contributors in patient evaluation.[8] Accurate assess-
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ment of pathologic AA dilatation thus requires consideration 
of biological variables such as age, height, body surface area 
(BSA), and gender to eliminate the influence of known con-
founders. However, the literature on the differential diagno-
sis of AA dilatation in children is limited.

This study aims to examine the prevalence and characteris-
tics of AA dilatation in pediatric patients, focusing on its rela-
tionship with BAV and AS. We also seek to identify potential 
risk factors and clinical implications of AA dilatation within 
this population.

MATERIALS and METHODS
Our study is a single-center, retrospective, cross-sectional 
analysis conducted between 2010 and 2022. We included 71 
patients for whom echocardiographic imaging and medical 
records were available in the hospital database. The study 
received approval from the Clinical Research Ethics Commit-
tee of Uskudar University (Date: April 28, 2023, No: 61351342/
Nisan 2023-08) and adhered to the Helsinki Declaration.

Exclusion Criteria
Patients with genetic syndromes, CHDs, a history of coro-
nary artery disease, endocarditis, autoimmune illness, or 
hypertension under medical treatment were excluded. Ad-
ditionally, those diagnosed with Marfan, Loeys-Dietz, or 
Ehlers-Danlos syndromes during the follow-up period were 
also excluded. We received professional assistance from 
hospital data-recording staff.

Inclusion Criteria
We analyzed echocardiographic reports of patients with AS, 
BAV, and small patent foramen ovales. Due to the study’s 
retrospective nature, individual patient consent was not re-
quired. All data were de-identified to protect patient privacy.

Data Collection
Measurements were taken from the initial echocardiograph-
ic reports of patients diagnosed with AA dilatation, following 
the guidelines of the American Society of Echocardiography.
[9,10] The aortic annulus was measured in systole, while the 
aortic root and proximal AA were measured in diastole, us-
ing the leading-edge-to-leading-edge technique. Due to the 
lack of a standardized aortic root measurement protocol for 
the pediatric population, we adopted this approach.[9,10] BSA 
was calculated using Haycox’s formula.[11]

Outcome Measures
We assessed the aortic root, AA, and z-scores for each pa-
tient. Z-scores were calculated using online calculators 

based on nomograms by Gautier et al.[10] AA dilatation was 
defined as an AA measuring 1.1–1.5 times the normal size.

Aortic Stenosis Classification
If the peak Doppler gradient was unavailable, AS was cate-
gorized as trivial (gradient ≤15 mm Hg), mild (15–35 mm Hg), 
moderate (35–65 mm Hg), or severe (gradient >65 mm Hg) 
based on the echocardiographic report.

Statistical Analysis 
All data were analyzed using SPSS 17 (version 17; SPSS Inc., 
Chicago, IL, USA). For continuous variables, overall statistics 
were expressed as the median and interquartile range (first 
quartile, third quartile), and for categorical variables, fre-
quency and percentage. The Shapiro-Wilk test was used to 
determine whether the data was normal. The median (inter-
quartile range) is displayed individually for data that are not 
normally distributed. Independent t-tests and Mann-Whitney 
tests are utilized for normally distributed and non-normally 
distributed data, respectively. The Mann–Whitney U test was 
used to examine the distributions of continuous variables 
among severity groups, and the Chi-square test was used to 
evaluate the proportions of categorical variables. Statistics 
were considered significant at p=0.05.

RESULTS
Data were collected from 71 patients (73.2% male) out of 
1,245 charts reviewed. The median age, according to echo-
cardiography was 9 years, ranging from 1 day to 18 years.

Aortic Dilatation Characteristics
AA dilatation was observed in association with AS in 36% 
(26/71) of cases and with BAV in 47% (34/71) of cases (Fig. 1). 
Isolated aortic root dilatation was seen in 49% (35/71) of pa-
tients. AA z-scores were significantly higher in patients with 
BAV compared to those without (p=0.034) (Fig. 2), but there 
was no significant difference in aortic root z-scores between 
these groups (p=0.117).

In a univariate analysis among the 71 individuals with AA 
dilatation, no demographic or clinical characteristic cor-
related with the severity of dilatation (z-score). AA z-scores 
were, however, correlated with aortic root z-scores and BAV 
(p=0.037 and p=0.033, respectively) (Table 1).

Aortic root z-scores were significantly smaller in patients 
with AS than in those without AS (p=0.003). Furthermore, 
patients with both AS and BAV showed significantly small-
er aortic root z-scores than those without either condition 
(p<0.0001). Aortic root z-scores correlated with AA z-scores 
and AS (p=0.037 and p=0.003, respectively).
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DISCUSSION
Our study shows that 47% of children with BAV experience 
AA dilatation during follow-up, as indicated by a z-score 
>2. The severity of dilatation tends to worsen in the pres-
ence of AS. BAV was the most common diagnosis associ-
ated with AA dilatation in our study. Given its prevalence 
of 1–2% in the general population, BAV is considered the 
most common congenital heart defect (CHD), affecting 
over 70% of cases in men.[12,13] Patients with BAV should 
be regularly monitored for valve stenosis, insufficiencies, 
and AA size, as they are at risk for serious complications 
like aortic dissection and rupture.[14] Consistent with ex-
isting literature, our study had a high proportion of male 
subjects (73.2%).[15]

AA Dilation

We found that children with BAV showed elevated z-scores 
for AA dilatation, specifically limited to the aortic root. Re-

search by Blais et al.[16] demonstrated that AA dilatation in 
BAV patients progresses gradually during childhood but at a 
rate without significant clinical implications, except in cases 
of aortic valve dysfunction. Valve dysfunction significantly 
increased the rate of dilatation; for those with mild regur-
gitation, the likelihood of developing a considerably dilated 
AA increased more than 3.5-fold. In our study, we found that 
patients with BAV had more dilated AA than those without 
BAV, although we lacked longitudinal data. Monitoring BAV 
patients for AA dilatation is crucial.

Existing data on the relationship between adult BAV and AA 
dilatation are inconsistent.[16,17] While Nistri et al.[18] report 
minimal dilatation of the aortic annulus, sinuses, and sino-
tubular junction in adults with BAV, Hahn et al.[19] observed 
increased dimensions in these areas. Few studies have ex-
plored the causes of proximal aorta dilatation in children. 
Warren et al.[20] analyzed 88 patients and found a mean ad-
vancement rate of 0.390 z-score units/year for AA dilatation 

Table 1. Echocardiographic and clinical data of the patients with ascending aorta dilatation

	 Total	 Normal aortic valve	 Bicuspid valve	 Aortic valve stenosis 
	 n	 median (25–75th)	 median (25–75th)	 median (25–75th)

Patients (n)	 71	 35	 34	 26

Age (year)		  10 (0.35–12.0)	 8.5 (1.87–11.25)	 9.25 (1.5–12.25)

Male/female	 52/19	 28/9	 24/10	 18/8

Aortic root z scores		  1 (1.00–1.7)	 1 (1.0–1.18)	 1 (1.0–1.0)*β

Ascending aorta z scores		  2.1 (1.5–2.72	 2.35 (2.0–3.1)&	 2.35 (2.1–2.85)

*: Mann Whitney U test used for comparison of patients with and without stenotic aortic valve p=0.003; β: Mann Whitney U test used for comparison of patients with 
aortic stenosis and bicuspid aortic valve with patients having normal aortic valve anatomy; &: Mann Whitney U test used for comparison of patients with and without 
bicuspid aortic valve p=0.034.  Z scores were measured according to the nomograms provided from Gautier M, et al. Nomograms for aortic root diameters in children 
using two-dimensional echocardiography. Am J Cardiol 2010;105:888–94.

Figure 1. Proportions of aortic valve stenosis among tricuspid and bicuspid aortic 
valve patients
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in children with BAV, concluding that dilatation is progres-
sive, a finding consistent with our results.

Aortic Root Dilatation and AS
We found that patients with aortic stenosis (AS) had small-
er aortic root z-scores than those without stenosis. In ad-
dition, individuals with both AS and BAV had significantly 
lower aortic root z-scores than those without either con-
dition. In our study, aortic root z-scores were correlated 
with AA z-scores and AS. We could not find a statistically 
significant difference in AA dilatation in patients with and 
without AS. Blais et al.[16] reported that among juvenile BAV 
patients – the largest cohort studied with long-term fol-
low-up – the rate of AA dilatation significantly increased 
with valvular dysfunction. They projected that the likeli-
hood of developing a significantly dilated AA rose more 
than 3.5-fold with severe regurgitation and more than 
9-fold when AS and BAV were present.

This contrasts with other studies claiming that AA dilatation 
is not correlated with the severity of stenosis. We believe the 
discrepancy arises from the methodology. Instead of using 
absolute aortic diameters or measurements adjusted for 
body size, which can introduce significant biases, we utilized 
z-scores, shown to be uncorrelated with age and body size.[21]

Our study, being a retrospective cross-sectional design, of-
fers a snapshot in time and uses transthoracic echocardiog-
raphy (TTE) as the primary imaging method. TTE is conve-
nient and cost-effective but may have limitations in image 

quality. While cardiac computed tomography angiography is 
often used for thoracic aorta studies due to its higher quality, 
it comes with the disadvantage of radiation exposure.[22] Car-
diovascular magnetic resonance offers even higher-quality 
imaging without radiation exposure but is more expensive 
and less accessible.[23]

Ascending aortic dilatation that extends to aneurysms may 
be fatal due to their liability to dissect or rupture.[24] The as-
cending part of the aorta is more elastic than the descend-
ing part due to its greater concentration of elastic fibers. An 
ascending aortic aneurysm is an enlargement (in width and/
or in length) of a weakened area in the AA and is mostly 
associated with degenerative changes in elastic media. The 
aortic wall then loses its strength and elasticity, becoming 
aneurysmal; it may then dissect or rupture.

There’s also a link between ascending aortic aneurysms and 
abnormal aortic valves, like bicuspid or unicuspid types.[25] 
These valve anomalies and the tendency for aneurysm de-
velopment may stem from the same developmental irregu-
larities. The aneurysms are further exacerbated by post-ste-
notic dilation in those with stenotic bicuspid or unicuspid 
aortic valves.[26] Given that there were no cases of aortic 
dissections, ruptures, or interventions in our dataset, our 
study offers valuable insights but lacks longitudinal data 
for drawing more comprehensive conclusions, which is the 
limitation of this study. The choice of imaging technique can 
have implications for both diagnosis and longitudinal track-
ing, and there’s no universal “gold standard,” which presents 
a challenge for comparing results across studies.

CONCLUSION
We examined AA dilatation in pediatric patients with a fo-
cus on BAV and AS. Using a retrospective design and echo-
cardiography, we found that 47% of children with BAV had 
AA dilatation. AA dilatation was more severe when AS was 
also present. However, AS alone did not show a statistically 
significant correlation with AA dilatation. Our study high-
lights the need for ongoing monitoring of pediatric patients 
with BAV for the risks of AA dilatation and potentially severe 
complications like aortic dissection or rupture. We suggest 
that the choice of imaging technique can influence diagnosis 
and tracking, underscoring our study’s limitations, including 
its cross-sectional nature and absence of longitudinal data. 
Overall, our study appears to make a significant contribution 
to the existing body of literature, highlighting the prevalence 
and risks of AA dilation in children with BAV and emphasiz-
ing the need for ongoing monitoring.

Figure 2. Graphical illustration of ascending aorta z-scores 
according to anatomy of aortic valve
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