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Abstract

Background: Limited information is available to guide therapy for aortic dilation (AoD) in the absence of genetic syndromes.

Our aim was to identify aortic diameters that prompted intervention. Methods: We performed a single center retrospective

chart review of patients from birth to 30 years between 2011 and 2017. Advanced imaging [magnetic resonance (MR)/computed

tomography (CT)] and echocardiographic diameters at the sinuses of Valsalva (SoV) and ascending aorta (AAo) were reviewed.

We identified patients on pharmacotherapy and those who underwent aortic surgery. Results: Data from 47 patients was

analyzed (74% male) and included bicuspid aortic valve (BAV, 40%), Marfan syndrome (MFS, 28%), isolated aortic dilation

(21%), Turner syndrome (TS, 4%), and Loeys-Dietz syndrome (LDS, 4%). Family history of AoD, aortic dissection, or vascular

aneurysm was identified in 40%. Medication was initiated at a median echo diameter of 34 mm at the SoV and 32 mm at the

AAo. Patients with genetic conditions (MFS, LDS, TS) were started on medication earlier in the course of SoV dilation by

echocardiography. Patients with BAV were started on medication at a larger AAo diameter compared to patients with genetic

diagnoses and isolated AoD. Five patients underwent aortic surgery at a median age of 20 years (two patients were < 20 years

old at surgery). Conclusion: Patients with genetic conditions were started on medications at an earlier stage of AoD compared

to BAV and those with isolated AoD. Over a third of patients had a significant family history of AoD, aortic dissection, or

vascular aneurysm.

Introduction

Aortic dilation (AoD) at the aortic root and ascending aorta have been identified in isolation and with
genetic anomalies, particularly connective tissue disorders (CTD) [1, 2]. Despite the advances in imaging
technology and aortic disease management, there is a paucity of literature regarding imaging choice, medical
therapy, and appropriate timing for surgical intervention in patients with isolated AoD.

Guidelines do exist to aid clinicians in pharmacotherapy management and surgical intervention in patients
with CTD [3]. Additionally, CTD patients are likely to have aortic root repair or replacement [4] and early
initiation of pharmacotherapy. Identifying patients early with aortopathy and appropriately intervening with
medical therapy to slow the progression of AoD or surgery to prevent aortic dissection is the goal.

Establishing defined ranges of aortic dimensions for which intervention is necessary would be beneficial to
clinicians for guiding imaging choices, medication initiation, and patient counseling. A variety of imaging
modalities have been utilized for measurements of the aorta including two-dimensional echocardiography,
computed tomography (CT), and magnetic resonance (MR) imaging [5]. Currently CT is the gold standard
for aortic visualization and ruling out significant aortic pathology [6]. Clinicians have utilized two-dimensional
echocardiography as a screening tool for aortic pathology, such as AoD, however the literature has shown
low sensitivity when attempting to detect AoD [7].
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Information is limited regarding pharmacotherapy initiation or surgical intervention in patients with iso-
lated AoD, especially when there is discrepancy between echocardiographic and advanced imaging modality
measurements. Studies have compared aortic root size by advanced imaging and echocardiography and
have demonstrated underestimation of the aortic root size by echocardiography and a general trend for the
difference to become greater as the aortic root size increases [8]. Family history of AoD or aortic dissec-
tion may prompt clinicians to monitor patients more closely, obtain advanced imaging as an adjunct to
echocardiography, and when appropriate establish a follow-up program for them [9]. Set diameter cutoffs
have been established for various conditions with respect to when to consider intervention in the setting of
AoD [3]. When patients experience progressive AoD despite pharmacologic therapy or in the presence of
significant family history of aortic dissection, surgical intervention is typically necessary. From a surgical
standpoint, aortic root replacement has been established as a method to prevent aortic dissection and in a
majority of cases be performed in a fashion that preserves the aortic valve (David procedure) [4, 10]. In
regards to patients with CTD (e.g. Ehlers-Danlos syndrome [EDS], Loeys-Dietz syndrome [LDS], or Marfan
syndrome [MFS]), they are more likely to require aortic root replacement surgery compared to patients with
other clinical conditions associated with AoD [11]. The purpose of this study was to describe a single center
experience in identification of aortic dimensions, by multiple modalities, which prompted medical or surgical
intervention. We also describe relationships between each modality at various points of measure of the aortic
root.

Methods

A single center descriptive retrospective chart review for patients age birth to 30 years old was conducted
from 2011 to 2017. The records were obtained using an institution managed academic health center data
shelter. This study was reviewed and approved by the University of Minnesota Institutional Review Board
and the study protocol conforms to the ethical guidelines of the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.

Inclusion criteria included patients on medication for AoD, surgical intervention for AoD, and patients who
had both echocardiogram and advanced imaging (MR/CT). International Classification of Diseases (ICD)-
9 and ICD-10 codes were used to identify all patients with AoD and who were prescribed beta-blockers,
Angiotensin-converting enzyme inhibitors (ACEi) and Angiotensin II Receptor Blockers (ARB) in addition
to patients who underwent surgery for AoD. Medical records were reviewed for demographic information
and clinical course. Exclusion criteria included patients with conotruncal defects, absent medication start
dates, and when echocardiogram and advanced imaging was performed more than 6 months apart.

Statistical Methods

Demographic information and absolute imaging diameters at the level of the sinuses of Valsalva (SoV) and
ascending aorta (AAo) were obtained. All echocardiogram Z-scores were either obtained directly from the
reports or calculated [12, 13]. For advanced imaging where bi-orthogonal measurements were obtained, the
largest diameter was used in the analysis. Data was also analyzed by dividing the patients into two groups:
birth -16 years of age and 17-30 years of age (Tables 5-6). Genetics diagnoses were obtained from laboratory
reports or documentation from the cardiac geneticist or primary cardiologist (Table 2). Echocardiographic
aortic dimensions were analyzed using median and interquartile ranges. Pearson correlation was used to
compare echocardiography and advanced imaging aortic dimensions and p-values calculated using R? (R
Project for Statistical Computing, version 3.5.1). Bland-Altman (B-A) analysis plots [14] were created to
compare differences of measurements between echo and advanced imaging at the SoV and AAo using R?.

Results

Eighty patients were identified with AoD. Table 1 presents population characteristics of the forty-seven (47)
patients with complete data who met inclusion criteria. Thirty-five patients (74%) who were started on
medication were male and White/Caucasian. A BAV was diagnosed in 40%, MFS was diagnosed in 28%,
isolated AoD in 21%, TS in 4%, and LDS in 4%.
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Thirty patients had genetic testing, of which 20 (67%) had a genetic anomaly identified (Table 2). Family
history was significant in 40% of patients including AoD, aortic dissection, or vascular aneurysm.

Majority of patients were started on Losartan (51%), Atenolol (32%), Metoprolol ( 13%), and Lisinopril
(4%). Four patients (9%) had a documented diagnosis of hypertension at the time of initiation of medication
for AoD. Only one patient was not on medication at the time they underwent surgery.

IMAGING

There were 47 patients with echo and advanced imaging data. Thirty patients (64%) had AoD at the level
of the sinuses of Valsalva by echocardiography. Thirty-seven patients (77%) had MR and 11 patients (23%)
had CT performed. BAV (n=19) were started on medications at a diameter of 35mm [IQR: 29, 42] at the
SoV and 34.5 mm [IQR: 30, 44] at the AAo. The median Z-score for patients with BAV at the SoV was
2.77 [IQR: 1.9, 4.3] and at the AAo was 5.38 [IQR: 3.4, 6.6]. Patients with genetic syndromes (MFS [n=13],
LDS [n=2], TS [n=2]) were started on medication at the median diameter of 32 mm [IQR: 28, 36] at the
SoV and 27 mm at the AAo [IQR: 25, 30]. The median Z-score for patients with genetic syndromes at the
SoV was 2.96 [IQR: 1.9, 4.9] and at the AAo was 1.95 [IQR: 0.8, 3.7]. Patients without a genetic diagnosis
and isolated AoD (n=10) were started on medications at a diameter of 34 mm [IQR: 31, 37] at the SoV and
27 mm [IQR: 24, 33] at the AAo. The median Z-score for patients with isolated AoD at the SoV was 3.13
[IQR: 2.2, 4.8] and at the AAo was 1.75 [IQR: -0.1, 2.6].

Based on Pearson correlation coefficient analysis, diameters between echocardiography and MR were rel-
atively well correlated at the SoV and AAo. Echocardiographic and CT diameters at the SoV were also
well correlated (Table 3). Echo SoV and AAo Z-scores were plotted by age and diagnosis at initiation of
medication (Figures 1). The Kruskal-Wallis test show that the median Z-score differed by diagnosis for
AAo (p = 0.013), but not for SoV (p = 0.604). A Dunn’s post-hoc test revealed that the BAV group had
significantly higher AAo Z-scores than MFS (p = 0.045). B-A analysis and distribution plots were used to
compare diameters obtained by echocardiography and advanced imaging modalities. Thirty-six (36) patients
were included in B-A analysis for Echo vs. MR at the SoV and nineteen (19) patients were included for
Echo vs. MR at the AAo. Ten (10) patients were included in the B-A analysis for Echo vs. CT at the SoV
(Figures 2).

SURGICAL PATIENTS

Five patients underwent surgical intervention with a median age at surgery of 20 years (range 10-22). The
median diameters at the time of surgery by echocardiography at the SoV was 47 mm (median Z-score: 7.2),
and at the AAo was 36 mm (median Z-score: 6.4). Three out of the five patients underwent valve sparing
aortic root surgery, one had aortic valve and root replacement, and one patient underwent Ross procedure.
The two patients with MFS with aortic root dilation underwent valve sparing aortic root replacement. Three
patients had BAV with aortic root dilation and AI. One patient with BAV underwent valve sparing aortic
root replacement, one underwent Ross procedure, and the last patient had aortic valve and root replacement.

Discussion

In our study, we found that patients with a genetic diagnosis (MFS, LDS, TS) were started on medications
at lower severity of AoD at the SoV compared to patients without a genetic diagnosis. Patients with BAV
were started on medication at a larger AAo diameter compared to patients with genetic diagnoses and
isolated AoD. Additionally, over a third (40%) of patients in our study had family members with AoD,
aortic dissection, or vascular aneurysm. Only two patients with genetic diagnoses (1 TS, 1 MFS) had
documentation of family members with aortic aneurysms during the study period. Our cohort represents
a limited number of patients with both echocardiography and advanced imaging. From this data, there
were similar findings across each modality with good correlation coefficients and reasonable 95% limits of
agreement on the B-A plot analyses. There were no patients identified with aortic dissection in our study
population.

The incidence of isolated AoD in the pediatric population is low and those patients requiring intervention,
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whether medically or surgically, is dependent on the aortic diameter, progression of AoD, associated genetic
conditions, and family history [15]. Aortic dissection in children and young adults is even rarer [16, 17]. Even
among patients with CTDs, aortic dissection is rare in the pediatric population. However, progressive AoD
can occur at any period in time, even outside the years of normal growth in children and adolescence. In the
study by Wozniak-Mielczarek et al., they compared children and adults with MFS and they found that the
largest aortic diameters were identified between ages 18 and 29 years [18]. Monitoring patients with AoD
becomes crucial to ensure appropriate management and education regarding modification of cardiovascular
risk factors, including hypertension and smoking.

In a recent study by Bon et al. investigating screening for aortic pathology in patients [?] 15 years of age, a
large percentage of patients (60%) had a family history of thoracic aortic pathology. They also found that
close to 20% had a suspicion of a syndrome associated with aortic pathology [7]. This also raises the topic
of which patients should be screened and once AoD is identified how should each patient be followed and
managed. Even in MFS, there has been limited data looking at patients who develop rapid AoD. In recent
literature evaluating patients who met Ghent criteria for MFS, there were no prolific findings that would
predict rapid aortic root dilation that could be used to indicate which patients would need referral for aortic
surgery [19]. This information further emphasizes the importance of obtaining an extended family history
in patients with a diagnosis of AoD.

Based on clinical documentation and excluding genetic syndromes, factors that influenced the decision to
initiate medication in our cohort included family history, concern for CTD, or progression of AoD. Risk
factors (smoking and hypertension) were limited in our cohort and no patients in our analysis experienced
aortic dissection. Close to two-thirds of patients in our study had genetic testing performed if there was
concern for a genetic anomaly or CTD. It is well known that several genes associated with aortopathy exists
and have significant familial inheritance [20–23]. Interestingly, we identified several patients with genetic
results of unknown clinical significance in our study. Patel et al. in an abstract yielded similar findings
and showed that 10 out of 25 patients with aortic root dilation and phenotypic findings in their study had
mutations of unknown clinical significance [24]. Although rare, some patients are diagnosed with aortic
dissection at relatively small aortic dimensions especially in very specific conditions such as Ehlers-Danlos
syndrome [25]. In these patients it is imperative to manage them conservatively and maintain a low index of
suspicion for aortic dissection. Clinicians must be mindful that aortopathy is a dynamic process, where aortic
tissue is structurally weakened and the association between AoD and cystic medial necrosis/degeneration
has been demonstrated [26]. Additionally, even if some patients with AoD do not meet clinical criteria or
have a genetic diagnosis consistent with CTD, they may fall in the category of familial aortic aneurysm
syndrome [27].

Due to the variety of etiologies and presentations of pediatric patients with AoD, there has been literature
detailing algorithms and proposed strategies for evaluating patients with AoD [11]. Echocardiography serves
as a cost-effective first line screening for AoD in suspected individuals. In some conditions, such as TS
and EDS, MRI has been the imaging modality of choice especially when evaluating other cardiovascular
abnormalities [28]. Several studies have compared aortic dimensions obtained by echocardiography and
advanced imaging in TS and reasonable agreement between echocardiographic and MRI measurements has
been shown. Literature also shows overestimation of aortic dimensions at the aortic root and underestimation
at the level of the ascending aorta by echocardiography [28, 29]. When examining patients with BAV,
the pattern of aortic valve cusps fusion will determine the geometry of AoD [30], which could influence
the diameter reported depending on the angle and level of interrogation by echocardiogram. Advanced
imaging does address the issues of angle and level of interrogation by utilizing bi-orthogonal measurements.
Unfortunately, the factors of patient cooperation, exposure to radiation, and sedation does determine which
type of advanced imaging modality is used (CT or MR). Shorter scanning protocols and reduction of ionizing
radiation exposure has made advanced imaging a more feasible modality for evaluating younger patients,
especially when considering candidacy for surgery.

Surgical intervention is performed for patients that have progressive AoD despite appropriate medical man-
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agement or who meet published recommendations for intervention due to an increased risk of aortic dissection.
There was a relatively small percentage of patients who met inclusion criteria and underwent surgical inter-
vention in our study. In a study by Ono et al. the authors reported the indications for surgery were maximal
diameter of 200% of normal for isolated aneurysms, and 160% of normal in case of associated aortic valve
dysfunction or patients who were symptomatic [15]. In a recent study of MFS patients age 6 months-25
years of age, a change in aortic root Z-score of 0.72 SD units/year had 42% sensitivity and 92% specificity
for predicting referral for aortic surgery. The same study demonstrated that a change in aortic root diameter
of 0.34 cm/year had 38% sensitivity and 95% specificity for predicting referral for aortic surgery, however
no new predictors of rapid AoD or referral to surgery were found [19]. This data emphasizes that surgery
should be employed for those at highest risk for aortic dissection based on risk factors, clinical diagnosis,
and family history.

Limitations

There were several limitations to our study. First, this was a retrospective study in a single center and there
were patients who did not have complete information available for analysis and were excluded, incurring
potential sampling bias.

Secondly, not all patients had both SoV and AAo dimensions measured, in which case only the measurement
available was documented. In regard to imaging, there is an inherent difference in the methods used to
measure aortic diameters between echocardiography and advanced imaging modalities. This problem is fur-
ther compounded by inter-reader variability and technique in both echocardiographic and advanced imaging
interpretation. Aortic diameters were not re-measured by the authors since the original measurements were
used by clinicians during their decision-making process. Furthermore, the comparison and correlation be-
tween advanced imaging, including CT and MR, and echocardiographic measurements has been thoroughly
investigated in the literature [8, 31–34].

Lastly, our study population was relatively homogenous in terms of ethnicity and a more diverse sampling
could aid in defining patterns of AoD. A well-designed, multi-center prospective study evaluating AoD at the
time of diagnosis, initiation of medication, and surgery could provide a greater yield of data in determining
imaging strategies among patients and circumvent some of these limitations.

Conclusions

Based on this retrospective descriptive analysis, we observed that patients with a genetic diagnosis (including
MFS, LDS, TS) were started on medications at lower severity of AoD at the SoV compared to patients
without a genetic diagnosis or isolated AoD. Patients with BAV were started on medication at a larger
AAo diameter compared to patients with genetic diagnoses and isolated AoD. Although echocardiographic
aortic dimensions were relatively comparable to advanced imaging measurements in our study, multimodality
imaging should be utilized especially when guiding decisions for AoD intervention. Genetic evaluation should
be considered in patients with isolated AoD, family history of AoD, or clinical suspicion of CTD despite
absence of clinical or phenotypic findings. Additional prospective studies may aid in further understanding
progression of AoD in patients with and without genetic abnormalities and significant family history.
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n (%)

Sex
Male 35 (74.5)
Female 12 (25.5)
Race
White/Caucasian 35 (74.5)
Asian 4 (8.5)
Hispanic 3 (6.4)
African American 2 (4.3)
Unknown 3 (6.4)
Diagnosis
BAV 19 (40.4)
MFS 13 (27.7)
Isolated AoD 10 (21.3)
TS 2 (4.3)
LDS 2 (4.3)
Anatomic Site of AoD
Aortic root 31 (66.0)
AAo 7 (14.9)
Aortic root & AAo 9 (19.1)
Medication
Losartan 24 (51.1)
Atenolol 15 (31.9)
Metoprolol 6 (12.8)
Lisinopril 2 (4.3)
Family History
Aortic dissection 7 (14.9)
BAV 5 (10.6)
AoD 8 (17.0)
MFS 4 (8.5)
Vascular aneurysm 4 (8.5)

Table 2. Genetic Anomalies Identified in Cohort
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Pt Sex

Anatomic
Site of
AoD

Associated
Diagnoses

Stated
Indication
for
Initiation
of
Medication

Genetic
Findings

Family
History of
aortic
pathol-
ogy/connective
tissue
disor-
der/CHD

1 F AAo TS
Hypertension

Mildly
dilated AAo
and BP
control.
Patient was
switched
from HCTZ
to
Metoprolol.

Chromosome
analysis:
Female
karyotype
with
Monosomy
X

-

2 M Aortic Root BAV AS AI FH of
sudden
death due to
aortic
dissection in
father (47
yo). Pt did
not meet
Ghent
criteria for
MFS.
Possibly has
one of the
familial
thoracic
aortic
aneurysm
and
dissection
syndromes

TAAD
Panel:
Hemizygous
for FNLA
gene splice
variant of
unknown
clinical
significance
(c.116-3
C>A,
Variant
IVS1-3
C>A)

Father
(Aortic
dissection)

3 M Aortic Root Suspicion for
CTD

Aortic
dimensions
above the
95th
percentile
for BSA;
Father died
of thoracic
aortic
dissection
(38 yo)

SMAD 3
analysis:
c.394A>G
transition in
exon 4 of
SMAD3
gene of
unknown
clinical
significance
Negative
TGFBR2,
FBN1,
MYH11

Father
(Aortic
dissection)
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Pt Sex

Anatomic
Site of
AoD

Associated
Diagnoses

Stated
Indication
for
Initiation
of
Medication

Genetic
Findings

Family
History of
aortic
pathol-
ogy/connective
tissue
disor-
der/CHD

4 M Aortic Root AI FH and
concern for
genetic
abnormality

CGH: het-
erozygous
deletion of
one FBN1
allele; Copy
Number
LOSS in
15q21.1 -
q21.3

Father (AoD
- SoV 47
mm);
Father’s
cousin died
during
weight
lifting from
”rupture of
some sort”

5 F Aortic Root MFS Aortic root
dimension at
the 95th
percentile
for BSA ;
started due
to aortic
root size and
mitral
regurgitation

1 base pair
deletion in
the fragment
containing
axon 44 and
flanking
sequences of
FBN1 gene

-

6 M Aortic root MFS MFS FBN1 gene
c.2054G>A
transition in
exon 16

-

7 M Aortic Root MFS Atrial
Tachycardia

SoV greater
than the
95th
percentile
for BSA

FBN1 exon
11 mutation

Father
(MFS)

8 M Aortic Root MFS
Hypertension

MFS FBN1 Exon
41 c.5071 -
5073delAGA
(heterozygous)

Mother,
Sister
(MFS)
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Pt Sex

Anatomic
Site of
AoD

Associated
Diagnoses

Stated
Indication
for
Initiation
of
Medication

Genetic
Findings

Family
History of
aortic
pathol-
ogy/connective
tissue
disor-
der/CHD

9 M Aortic root Suspicion of
CTD

Concern for
possible
CTD. Aortic
root size in
the upper
normal
limits, also
dilation of
the proximal
descending
aorta

SMAD 3
Exon 4
sequencing
analysis:
SMAD3
variant of
unknown
significance
at
c.394A>G
(mother and
brother with
same
variant)

Father
(Aortic
dissection)
Brother
(AoD)
Mother,
Brother
(Same
genetic
mutation
variant as
pt)
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Pt Sex

Anatomic
Site of
AoD

Associated
Diagnoses

Stated
Indication
for
Initiation
of
Medication

Genetic
Findings

Family
History of
aortic
pathol-
ogy/connective
tissue
disor-
der/CHD

10 M Aortic root
AAo

BAV AI FH
concerning
for a
potential
genetic
etiology for
cardiac
findings, at
risk for
progression
of AoD
given FH

CGH: 7q31.3
copy number
loss; Adams-
Oliver
syndrome
and
Aarskog-
Scott
syndrome,
which were
negative by
next-
generation
sequencing
of FDG1
and
NOTCH1;
TAAD panel
pending;
WAS,
DOCK8,
GATA1,
STAT3 and
WIPF1:
negative;
ASXL1p.P1137L
variant
(unknown
significance);
KMT2Cp.R1095g
variant
(unknown
significance)

Maternal
GF (BAV,
Aortic root
aneurysm
requiring
surgery)
Maternal
great GF
(brain
aneurysm)
Paternal
uncle
deceased at
1 day of age
(CHD)

12



P
os

te
d

on
A

u
th

or
ea

20
A

p
r

20
20

—
C

C
B

Y
4.

0
—

h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
58

7
3
99

53
.3

13
29

16
2

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
as

n
ot

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

at
a

m
ay

b
e

p
re

li
m

in
ar

y.

Pt Sex

Anatomic
Site of
AoD

Associated
Diagnoses

Stated
Indication
for
Initiation
of
Medication

Genetic
Findings

Family
History of
aortic
pathol-
ogy/connective
tissue
disor-
der/CHD

11 F Aortic Root MFS
History of
VT and
Palpitations
treated with
Sotalol (Dis-
continued
when started
on Losartan)

MFS, SoV
increased by
1 mm in 6
months

Heterozygous
likely
pathogenic
missense
variant
detected in
the FBN1
gene;
c.6569G>T
(p.Cys2190Phe),
heterozy-
gous, exon
54

-

12 M Aortic Root Suspicion for
CTD

Concern for
MFS (Aortic
root increased
from 30 to 37
mm in 2 years)

TAAD panel:
Heterozygous
FBN2 c.1644
T>G,
pAsp548Glu
(D548E),
variant of
unknown
significance.
Negative
FBN1,
TGFBR1 and
TGFBR2.
Plasma
homocysteine:
normal

Brother
(Pectus
abnormality)
Father (high
arch palate)

13 M Aortic Root Hypertension aortic root
dilation, BP
control

CGH: Copy
number gain
within
16p13.11;
16p13.1
duplication,
including
MYH11
gene

-
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Pt Sex

Anatomic
Site of
AoD

Associated
Diagnoses

Stated
Indication
for
Initiation
of
Medication

Genetic
Findings

Family
History of
aortic
pathol-
ogy/connective
tissue
disor-
der/CHD

14 M Aortic Root MFS MFS FBN1 &
TGFBR2
analysis:
FBN1 gene
mutation
exon 25
c.3146G>A

-

15 M Aortic Root - FH, echocar-
diogram
with aortic
root
dimensions
above the
95th
percentile
for BSA,
decrease
rate of
growth of
aortic
sinuses

TAAD
Panel:
Variants of
unknown
significance
COL3A1
c.203A>G,
pAsp68Gly
(D68G),
Heterozy-
gous
COL5A2
c.3316C>T,
pArg1106Trp
(R1106W),
Heterozygous

Father
(severe
aortic regur-
gitation,
AAo
aneurysm
with
dissection
s/p
mechanical
aortic valve,
hyperten-
sion)
Brother
(BAV)

16 F Aortic Root
AAo

BAV AS AI Aortic
dimensions
above the
95th
percentile
for BSA

FBN1 &
TGFBR2
analysis:
FBN1
negative;
TGFBR2
exon 4
c.610G>A
transition
(unknown
significance,
most likely
polymorphism)

Unknown,
Adopted
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Pt Sex

Anatomic
Site of
AoD

Associated
Diagnoses

Stated
Indication
for
Initiation
of
Medication

Genetic
Findings

Family
History of
aortic
pathol-
ogy/connective
tissue
disor-
der/CHD

17 F Aortic Root
AAo

BAV TS MRA
confirmed
AoD, patient
started on
medication

Chromosome
analysis: 45,X
(Monosomy X)

Maternal GF
(Aortic
Aneurysm)
Maternal uncle
(MVP)
Maternal
cousin
(BAV/AI)

18 F Aortic Root MFS MFS,
considered
to have mild
aortic root
enlargement

FBN1 &
TGFBR2
analysis:
FBN1 exon
23
c.2849G>C;
TGFBR2
negative

Maternal
aunt (MVP)
Brother
(SVT)

19 M Aortic Root LDS Type 4 LDS Level 2
sequencing:
TGFB2
c.1210G>A
(p.Ala404Thr)
variant,
heterozygous

-

20 F Aortic Root LDS Type 2 LDS Next
Generation
Sequencing:
TGFBR2
1336G>A
(p.Asp446Asn)
variant, het-
erozygous
(Mutation in
mosaic state
in father)

Father
(Genetic
mutation)

AI = Aortic insufficiency; AS = Aortic stenosis; BSA = Body surface area; CGH = Comparative genomic
hybridization; CHD = Congenital heart disease; FH = Family History; HCTZ = Hydrochlorothiazide; Pt =
Patient; SVT = Supraventricular tachycardia

Table 3. Correlation between Echo and Advanced Imaging
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Comparison N r p-value Median difference (mm) IQR

Comparison N r p-value Median difference (mm) IQR

Echo-MR SoV 36 0.90 <0.001 1.0 -0.25, 2.25
Echo-CT SoV 10 0.82 0.004 0 -0.75, 1
Echo-MR AAo 18 0.91 <0.001 1.0 0, 2
Echo-CT AAo 4 0.99 0.006 -0.3 -1, 0.55

p -value is in reference to correlation coefficient “r”

Figure 1. Echo SoV and AAo Z-scores by Age and Diagnosis at Initiation of Medication (see attached file)

Figure 2. Bland-Altman Analyses of Echo and Advanced Imaging (see attached file) –

Dotted lines Represent 95% CI of Bias

Table 4. Operative Details

Operative
Patient
Details

Operative
Patient
Details

Operative
Patient
Details

Operative
Patient
Details

Operative
Patient
Details

Operative
Patient
Details

Age at
surgery
(years)

Diagnoses Level of
aortic
dilation

Aortic
diameters by
echo (mm)
at Surgery

Surgery Family
History

22 MFS Aortic root SoV 55 (Z-score:
6.2)

Valve sparing
aortic root and
ascending aorta
replacement

MFS

21 BAV Moderate
AI

Aortic root SoV 53 (Z-score:
8.2)

Valve sparing
aortic root
replacement and
aortic valve
repair

-

20 BAV Mild AS
Moderate AI

Aortic root SoV 40 (Z-score:
4.5) AAo 48
(Z-score: 8.1)

Ross procedure
and replacement
of ascending
aorta

-

14 BAV Severe AS
Mild AI

Ascending aorta AAo 36 (Z-score:
4.7)

Aortic valve,
root, and
ascending aorta
replacement

-

10 MFS Aortic root SoV 41 (Z-score:
9.4)

Valve-sparing
aortic root
replacement

-

AI = Aortic insufficiency; AS = Aortic stenosis

Table 5. Percentage of Diagnosis by Age Group
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Age Group Age Group

Diagnosis 0 - 16 (N = 10) 17 - 30 (N = 37) Total (N = 47)
Isolated AoD Isolated AoD Isolated AoD Isolated AoD

2 (20.0%) 8 (21.6%) 10 (21.3%)
BAV BAV BAV BAV

5 (50.0%) 14 (37.8%) 19 (40.4%)
LDS LDS LDS LDS

2 (20.0%) 0 (0.0%) 2 (4.3%)
MFS MFS MFS MFS

1 (10.0%) 12 (32.4%) 13 (27.7%)
Concern CTD Concern CTD Concern CTD Concern CTD

1 (10.0%) 7 (18.9%) 8 (17.0%)
TS TS TS TS

1 (10.0%) 1 (2.7%) 2 (4.3%)

Table 6. Echo Aortic Dimensions (Median and IQR) at Initiation of Medication

Age Group Age Group

0 - 16 (N = 10) 17 - 30 (N = 37) Total (N = 47)
Echo BSA
Median (IQR) 1.1 (1.0, 1.3) 1.7 (1.5, 1.9) 1.6 (1.3, 1.8)
Echo SBP
Median (IQR) 106.0 (98.2, 109.0) 114.0 (104.0, 119.2) 109.5 (101.8, 118.0)
Echo DBP
Median (IQR) 65.0 (62.2, 72.5) 70.5 (64.0, 78.2) 70.0 (63.2, 77.8)
Echo SoV (mm)
Median (IQR) 27.0 (26.0, 29.8) 35.0 (31.0, 39.5) 34.0 (29.0, 38.2)
Echo SoV (Z-score)
Median (IQR) 2.9 (2.7, 4.3) 2.9 (1.9, 4.5) 2.9 (2.0, 4.4)
Echo STR (mm)
Median (IQR) 23.7 (21.0, 25.5) 27.0 (24.5, 29.0) 26.0 (24.0, 28.8)
Echo STR (Z-score)
Median (IQR) 2.5 (2.1, 3.5) 2.3 (1.6, 3.6) 2.4 (1.7, 3.6)
Echo AAo (mm)
Median (IQR) 29.5 (27.0, 33.5) 33.0 (27.0, 34.8) 32.0 (27.0, 35.0)
Echo AAo (Z-score)
Median (IQR) 3.4 (2.9, 5.4) 2.5 (1.0, 4.5) 3.3 (1.2, 4.6)
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