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ABSTRACT

Background: The enlargement of the ascending aorta (AA) is a frequent finding in clinical practice. Age, gender, and body
size have been shown to be important determinants of AA diameter. One of the most prevalent congenital heart conditions is
bicuspid aortic valve (BAV) disease, which primarily affects male subjects and has a population prevalence of 0.5% to 2.0%.
Purely severely stenotic BAVs developed a moderate dilation of the aorta at an early age, while TAVs (Tricuspid Aortic Valves)
did not. This study aims to compare BAV and TAV as risk factors for aortic dilatation.

Methods: A systematic literature search was conducted in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines by using PubMed/Medline, Scopus, and ScienceDirect databases according
to PICO. The studies obtained were adjusted to the eligibility criteria. We conducted a journal appraisal assessment using the
CASP 2024 tools for the 10 included studies. Meta-analysis was performed using Review Manager 5.4.

Result: Out of 208 studies, 10 studies are included for a systematic review according to eligibility criteria. From the baseline
characteristics, BAV with aortic dilatation is often seen at a younger age compared to TAV. 5 studies are analyzed for the
incidence risk of aortic dilatation between BAV and TAV group (OR 5.16; 95% (I 2.69, 9.92; p<0.001) and 6 studies are
analyzed for the aortic diameter between BAV and TAV group (OR 0.55; 95% (I -1.37, 2.46; p<0.58).

Conclusion: Our systematic review-meta-analysis study found that there is an increase in ithe ncidence risk of aortic
dilatation in BAV patients compared to TAV patients. Our study result supports the guideline designed by the American
Association for Thoracic Surgery that suggests patients undergoing concurrent heart surgery, concomitant ascending aorta/
root repair should be actively performed when the aortic diameter is 45 mm.
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INTRODUCTION (BAV) disease, which primarily affects

The enlargement of the ascending aorta
(AA) is a frequent finding in clinical
practice. Age, gender, and body size have
been shown to be essential determinants
of AA diameter.! Ascending aortic
dilation is defined as an aortic diameter of
>4.0 cm, and the risk of aortic dissection
significantly increases when the aortic
diameter is >4.5 cm. Normalized aortic
diameters are based on patient height,
body surface area, or a cross-sectional
aortic area-to-height ratio to define
surgical thresholds in patients who are
either shorter or taller than average.”

One of the most prevalent congenital
heart conditions is bicuspid aortic valve

male subjects and has a population
prevalence of 0.5% to 2.0%. Although most
individuals experience issues like aortic
dilatation and aortic valve malfunction,
other people may never experience any
symptoms. BAV sufferers’ lives may be at
risk if their aortic dilatation develops into
an aortic aneurysm an aortic dissection, or
rupture.’

BAV with significant AS is present in
the majority of younger patients compared
with tricuspid aortic valve (TAV).* A study
on the aorta dimensions of patients with
purely severely stenotic BAVs revealed
that these patients developed a moderate
dilation of the aorta at an early age, while
controls that had TAVs did not.’

METHODS
A systematic literature search was
conducted in accordance with the

Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)
guidelines

Search Strategy

Studies from 2014 - 2024 in Pubmed (incl.
MEDLINE), Scopus, and ScienceDirect
were searched from databases. We used
a combination of aged, bicuspid aortic
valve, aortic aneurysm, aortic dilatation,
and aortic dissection by using the Boolean
operators “AND”, “OR’, and “NOT”.
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Eligibility Criteria

Two independent researchers (R.A. and
I.D.) screened all citations yielded by the
search according to a predefined protocol.
Eventual disagreements were discussed
and resolved by consensus with a third
researcher (D.A). All comparative studies,
comparing bicuspid aortic valve (BAV)
and tricuspid aortic valve (TAV), also
aortic dilatation and no aortic dilatation,
were included. In vitro or animal studies
were excluded. If studies reported the
same set of patients, only the most recent
study was included. In order to evaluate
risk of bias, we collected information on
methodology for every included study
(study type, method of patient selection
and enrolment, way of outcome retrieval
and registration, inclusion and exclusion
criteria, and statistical methods). CASP
2024 was used according to the appraisal
of each study.

Data Extraction

The following baseline data were
extracted from the included papers:
patient demographics including gender,
age, and body surface area (BSA), and
comorbidities including: hypertension,
history of smoking, and diabetes. The
primary outcome was the incidence of
aortic dilatation and the diameter of
aortic. The outcome was determined
by echocardiography, Cardiac CT, and
Cardiac MRI. There is no secondary
outcome in our study.

Data Analyses

Primary data were extracted and reported,
continuous data in median (interquartile
range) or mean (standard deviation),
and categorical data in frequency (%).
Review Manager Version 5.4 is used in the
relevant study for meta-analysis. We used
random effect models with generic inverse
variance, presenting the risk ratio with
a 95% confidence interval. Forest plots
were given, and the funnel plot was used
for publication bias. Heterogeneity was
reported as low (I2 = 0-40%), moderate
(I2 = 30-60%), substantial (12 = 50-90%),
and considerable (I12 = 75-100%).

RESULT

Complete search results are shown in
Figure 1. Out of 208 studies, 2 studies are

Identification of studies via databases and registers

)

.E Records identified from*: Records removed before
b Medline (n = 182) screening:
= Scopus (n=11) Duplicate records removed
% ScienceDirect (n=15) (n=2)
=2
Records excluded**
Rec‘;‘;]d‘i ;ggf“ed Inappropriate title (n = 149)

Inappropriate abstract (n = 20)

|

Reports sought for retrieval
(n=137)

Reports not retrieved
No full text (n=12)

!

Screening

Reports assassed for eligibility
(n=25)

Reports excluded:
Wrong population (n = 3)
Wrong outcome (n = 9)
Wrong study design (n=3)
etc.

[

Y

Studies included in systematic
review
(n=10)

Included

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the

total number across all databases/registers).

**f automation tools were used, indicate how many records were excluded by a human and how many were excluded by

automation tools.

Figure 1. PRISMA 2020 flow diagram.

excluded for duplication, 149 studies are
excluded for irrelevant title, 20 studies
are excluded for irrelevant abstract, 12
studies have no full text, and some studies
are excluded due to wrong population (3
studies), wrong outcome (9 studies), or
wrong study design (3 studies). 10 studies
are included for a systematic review
according to eligibility criteria.

The baseline characteristics of each
study are shown in Table 1. Most of the
studies are cohort studies that compare
BAV and TAV. Only 2 studies are
comparing aortic dilatation and no aortic
dilatation.>” BAV patients are often seen
at a younger age. All the studies have
hypertension as their comorbidities.

Aortic Dilatation

5 studies are analyzed for the incidence
risk of aortic dilatation between the BAV
and TAV groups. Figure 2 shows the forest
plot between the two groups. There is a
significant effect to measure the outcome
between BAV and TAV for aortic dilatation
(OR 5.16; 95% CI 2.69, 9.92; p<0.001).

The funnel plot is relatively symmetrical
(Figure 3).

Aortic Diameter

6 studies are analyzed for the diameter
of aortic between BAV and TAV groups.
Figure 4 shows the forest plot between the
two groups. There is no significant effect
to measure the outcome between BAV and
TAV for aortic diameter (OR 0.55; 95%
CI -1.37, 2.46; p<0.58). The funnel plot is
relatively symmetrical (Figure 5).

DISCUSSION

A bicuspid aortic valve (BAV) is a common
congenital heart disease.®'® It is observed
in 1-2% of the entire populationl and
in 31.9% of individuals with aortic valve
disorders.”** Aortic dilation begins at
an early age in the BAV patients and is
usually characterized by “mid-ascending”-
type dilation. The dilation process can be
observed even in patients with normally
functioning BAVs.1>1?

An aorta diameter of 24.0 cm is
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Baseline Characteristics

Table 1.

Diabetes
(%)

History of
Smoking (%)

Hypertension
(%)

BSA
TAV

Age (years)
TAV BAV TAV BAV
57.6 £ 67.48
10.1

Male sex (%)

BAV

Population

Sample
(n)

Study (Year)

13

10

63

12.8

19

Aortic Replacement

Surgery

100

Heng (2015)®

10

47

2.1%0.2

77%

Aortic Dilatation

Swahn (2023)°

20.5

86

80 (71-86)

66.1

Aortic Aneurysm

1677

Kassis (2020)”

41.4

50

81.1

2+ +

55.4

71.6

270 Aortic Valve Surgery

Boudoulas (2015)°

19.7

39.4

1.46 £ 0.18 75

1.48 £ 0.40

77+7

52.5

76.5

AS or AR

76

Nakamura

(2014)"

23

1.60 £ 0.19 58

31 66.0 = 752 % 1.54 £ 0.19

60

AS

276

8.0
64.0 10

10.8

Fujiwara (2022)*

55

71

22.2 56x11

53

Aortic Aneurysm

Billaud (2017)"

2.03+0.2 45

16.4 + 64+12 2.00+0.2

61.1

AS

152

Jackson (2014)"?

2.05+0.22 83.9 16.1 21.8

64.0 1.95+ 0.18

Aortic Dilatation 64.8 81.8 60.5

87

Haunschild

(2017)"

14.2

1.97 £ 0.20 544

1.92 +0.20

64.6 714
[65.8,
77.3]

77.4

73%

AS

169

[51.1,

Singh (2019)™

69.7]

Abbreviation in table: BAV: Bicuspid Aortic Valve; TAV: Tricuspid Aortic Valve; BSA: Body Surface Area; AS: Aortic Stenosis; AR: Aortic Regurgitation

considered to be ascending aortic
dilatation, and an aortic diameter of >4.5
cm considerably raises the risk of aortic
dissection. In order to establish surgical
thresholds for patients who are either
shorter or taller than usual, normalized
aortic diameters are determined using
the patients height, body surface area,
or a cross-sectional aortic area-to-height
ratio.

Age, gender, and body size are known
determinants of ascending aortic (AA)
diameter.! Also, bicuspid aortic valve
(BAV) disease and some other hereditary
conditions have been associated with AA
dilation.’®'” Prior literature consistently
reveals that patients with bicuspid aortic
valves are at increased risk for aortic
aneurysm and dissection.>'®” Some
of these findings suggest that BAV is
responsible for the dilatation of the AA as
reported in the prior studies.’®**?* A study
on the aorta dimensions of patients with
purely severely stenotic BAVs revealed
that these patients developed a moderate
dilation of the aorta at an early age, while
controls that had TAVs did not.*

Aortic dilatation in patients with
a bicuspid aortic valve is due to
abnormalities in the medial architecture
of the aortic wall, where there is a loss of
smooth muscle cells and fragmentation
of elastin fibers, resulting in progressive
aortic dilatation.*** The mechanism of
aortic dilation can be caused by several
changes. Genetics (different expression
of antiapoptotic bcl-2, causes apoptosis
of Vascular Smooth Muscle Cells/
VSMCs) causes decreased production of
Extracellular Matrix/ECM proteins.?®2%-33
It also produces microvesicles and
exosomes that cause calcification.’*
Proteoglycan deposition in the aortic
wall  causes  nidus/attachment for
calcification.’*” Hemodynamic factors
cause increased wall shear stress, ECM
dysregulation, and finally, aortopathy.**-*
The environmental cause of aortic
dilatation is the response to oxidative stress
(versus TAV), lipid peroxidation, which
disrupts plasma membrane homeostasis,
cell death, especially in VSMC that causes
cystic medial degeneration.'"***> These
factors as a whole in BAV patients cause
hemodynamic/mechanical  disturbances
in the medial architecture of the aortic
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BAV TAV Odds Ratio 0Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Billawd 2017 53 75 28 55 24.9% 2.32[1.12, 4.80] ——
Bowdoulas 2015 26 95 6 175 20.8% 10.61 [4.18, 26.92] e
Heng 2015 53 &0 18 24 16.0% 2.52 [0.75, §.50] B
Jacksgn 2014 127 286 38 355 31.5% 6.66 [4.42, 10.03] o
Nakamura 2014 4 17 1 589 &7% 17.85[1.84,173.15] —_——*
Total (95% CI) 533 668 100.0% 5.16 [2.69, 9.92] ‘
Totl events 263 91
Heterogenehy: Taw® = 0.31; ChF = 10.80, df = 4 (P = 0.03); F = 63% bei o1 1o 100
Test for overall effect: Z = 4.93 (P < 0.00001} i Favours [TAV] Favours [BAV]
Figure 2.  Forest plot of aortic dilatation between the BAV and TAV groups.
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Figure 3.

BAV TAV

Funnel plot of aortic dilatation between the BAV and TAV groups.

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bllaud 2017 43 43 &3 52 5.2 106 16.8% -0.61[-0.93, -0.29] i

Fulwara 2022 40.8 1.75 122 34.88 0.88 154 16.8% 4.42 [3.98, 4.86] -
Haundschikd 2017 49.04 0.83 54 54 1.75 33 16.5% -3.91[-4.64,-3.17] e

Jackson 2014 38 5 6 35 6 162 164X  0.67 [-0.15, 1.48]

Nakamura 2014 41.86 421 17 362 3138 59 166X 1.57 [0.97, 2.18] -
Singh 2019 36.4 5.22 63 31.42 413 106 16.8% 1.09 [0.75, 1.42] -

Total (95% CI) 325 620 100.0% 0.55 [-1.37, 2.46]

Heterogeneity: Tau® = 5.63; Chi = 500.99, df = 5 (P < 0.00001); ¥ = 99%

Test for overall effect: Z = 0.56 (P = 0.58)

Figure 4.

wall (loss of Smooth Muscle Cells/SMCs
and fragmentation of the elastin fibers
of the medial layer of the aortic wall),
pathological stiffness and decreased
elasticity of the aortic wall, which in
turn causes aortic stiffness and serve as
mechanical driving force for development
into aneurysm and remodeling.***¢-¢!

In our study, we found an increase in
the incidence risk of aortic dilatation in
BAV patients compared to TAV patients
(OR 5.16; 95% CI 2.69, 9.92; p<0.001)
as depicted in the forest plot (Figure
2). We also found that the standardized
mean difference of aortic diameter in
BAV patients is higher compared to
TAV patients (SMD 0.55; 95% CI -1.37,

40 5% 5 1b
Favours [TAV] Favours [BAV]

Forest plot of aortic diameter between the BAV and TAV groups.

2.46; p=0.58), although the result is not
statistically significant. Nevertheless, our
study concluded to support the idea and
findings that BAV tends to cause aortic
dilatation more than TAV.

The highlight is that the BAV study
population  exhibited more aortic
valve stenosis than did the TAV group.
Theoretically, this fact may give rise to a
notion that the BAV group was generally
more susceptible to calcifying processes
than were the patients with TAV. However,
although they cannot rule out this as a
possibility per se, they are unaware of
pathologic mechanistic studies to support
this hypothesis.”* Approximately 27% of
patients with aortic stenosis and a bicuspid

aortic valve required concomitant surgery
for thoracic aortic aneurysm as compared
to only approximately 3% of patients with
aortic stenosis and a tricuspid aortic valve.
Thus, thoracic aortic aneurysm is mostly
seen in patients with a bicuspid aortic
valve, while it is unusual in patients with
aortic stenosis and a tricuspid aortic valve.’

In terms of clinical decision-
making, there has always been a debate
between active surgical intervention and
conservative follow-up.> The latest 2018
guidelines from the American Association
for Thoracic Surgery (ATS) on BAV-related
aortopathy define intervention indications.
For patients undergoing concurrent heart
surgery, concomitant ascending aorta/root
repair should be actively performed when
the aortic diameter is 45 mm (class IIa/B).
Among patients with moderate aortic
root dilatation (4.5-5.0 cm) undergoing
concurrent surgery, simultaneous
complete aortic root replacement is
justified for patients with mechanical valve
selection. Most of the current guidelines
for the establishment of intervention
indications are based on retrospective
studies, and there is a lack of large-scale
and long-term longitudinal studies to
provide support for indications.**

The limitations of our study are the
number of studies included, the number
of samples of each study included, and
the lack of subgroup analysis conducted
because of the limited time of our research
and the inability to retrieve the primary
data from the original researcher of each
study included in our systematic review
and meta-analysis study. Nonetheless,
to the best of our knowledge, there has
not been a systematic review and meta-
analysis study conducted in the same
area that we studied. We hope to give new
perspectives and evidence of BAV, TAV,
and aortic dilatation in their causality as to
help in building guidelines and decision-
making, especially the consideration for
surgery and the basis for future and more
detailed research.

CONCLUSION

Bicuspid Aortic Valve (BAV) is one of
the most prevalent congenital heart
conditions. Many prior studies have
tried to identify that BAV has causality
relationship with aortic dilatation, more

30
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Figure 5.

often than Tricuspid Aortic Valve (TAV).
Our  systematic  review-metaanalysis
study found that there is an increase in
the incidence risk of aortic dilatation in
BAV patients compared to TAV patients.
Our study result supports the guideline
designed by the American Association for
Thoracic Surgery that suggests patients
undergoing concurrent heart surgery,
concomitant ascending aorta/root repair
should be actively performed when the
aortic diameter is 45 mm. There is still a
need to be a larger and more detailed study
to better identify the causality relationship
between BAV, TAV, and aortic dilatation.

CONFLICT OF INTEREST

All author declares there is no conflict of
interest regarding the publication of the
study.

FUNDING

None.

AUTHOR CONTRIBUTION

All authors contributed to the manuscript
writing and agreed on the final version of
the manuscript for publication.

ETHICAL CONSIDERATION

Not mandatory.

5 10

Funnel plot of aortic diameter between the BAV and TAV groups.

REFERENCES
L.

Turkbey EB, Jain A, Johnson C, Redheuil A, Arai
AE, Gomes AS, et al. Determinants and normal
values of ascending aortic diameter by age,
gender, and race/ethnicity in the Multi-Ethnic
Study of Atherosclerosis (MESA). ] Magn
Reson Imaging. 2013/05/16. 2014;39(2):360-8.
Available from: https://pubmed.ncbi.nlm.nih.
gov/23681649

Isselbacher EM, Preventza O, Black JH,
Augoustides JG, Beck AW, Bolen MA, et
al. Correction to: 2022 AHA/ACC/HFSA
Guideline for the Management of Heart Failure:
A Reportofthe American College of Cardiology/
American Heart Association Joint Committee
on Clinical Practice Guidelines. Circulation.
2022;146(13). Available from: http://dx.doi.
org/10.1161/cir.0000000000001097

Wang ], Deng W, Lv Q, Li Y, Liu T, Xie M.
Aortic Dilatation in Patients With Bicuspid
Aortic Valve. Front Physiol. 2021;12:615175.
Available from: https://pubmed.ncbi.nlm.nih.
gov/34295254

Fujiwara J, Orii M, Takagi H, Chiba T, Sasaki T,
Tanaka R, et al. Aortic Elongation in Bicuspid
Aortic Valve with Aortic Stenosis Assessed by
Thin-Slice Electrocardiogram-Gated Computed
Tomography. Int Heart J. 2022;63(2):319-26.
Available  from: http://dx.doi.org/10.1536/
ihj.21-244

Yasuda H, Nakatani S, Stugaard M, Tsujita-
Kuroda Y, Bando K, Kobayashi J, et al. Failure
to Prevent Progressive Dilation of Ascending
Aorta by Aortic Valve Replacement in Patients
With Bicuspid Aortic Valve: Comparison
With Tricuspid Aortic Valve. Circulation.
2003;108(10_suppl_1). Available from: http://
dx.doi.org/10.1161/01.cir.0000087449.03964.fb
Swahn E, Lekedal H, Engvall ], Nystrém FH,
Jonasson L. Prevalence and determinants of
dilated ascending aorta in a Swedish population:
a case-control study. Eur Hear ] open.

10.

11.

12.

13.

14.

15.

16.

2023;3(5):0ead085-0ead085. Available from:
https://pubmed.ncbi.nlm.nih.gov/37767013
Kassis N, Saad AM, Ahuja KR, Gad MM,
Abdelfattah OM, Isogai T, et al. Impact
of thoracic aortic aneurysm on outcomes
of transcatheter aortic valve replacement:
A nationwide cohort analysis. Catheter
Cardiovasc Interv. 2020;97(3):549-53. Available
from: http://dx.doi.org/10.1002/ccd.29195
Heng E, Stone JR, Kim JB, Lee H, MacGillivray
TE, Sundt TM. Comparative Histology of Aortic
Dilatation Associated With Bileaflet Versus
Trileaflet Aortic Valves. Ann Thorac Surg.
2015;100(6):2095-101. Available from: http://
dx.doi.org/10.1016/j.athoracsur.2015.05.105
Boudoulas KD, Wolfe B, Ravi Y, Lilly S,
Nagaraja HN, Sai-Sudhakar CB. The aortic
stenosis complex: aortic valve, atherosclerosis,
aortopathy. ] Cardiol. 2015;65(5):377-82.
Available from: http://dx.doi.org/10.1016/j.
jicc.2014.12.021

Nakamura Y, Ryugo M, Shikata F, Okura M,
Okamura T, Yasugi T, et al. The analysis of
ascending aortic dilatation in patients with
a bicuspid aortic valve using the ratio of the
diameters of the ascending and descending
aorta. J Cardiothorac Surg. 2014;9:108.
Available from: https://pubmed.ncbi.nlm.nih.
gov/24947564

Billaud M, Phillippi JA, Kotlarczyk MP, Hill
JC, Ellis BW, St Croix CM, et al. Elevated
oxidative stress in the aortic media of patients
with bicuspid aortic valve. ] Thorac Cardiovasc
Surg.  2017/05/25.  2017;154(5):1756-62.
Available from: https://pubmed.ncbi.nlm.nih.
gov/28651938

Jackson V, Eriksson M]J, Caidahl K, Eriksson P,
Franco-Cereceda A. Ascending aortic dilatation
is rarely associated with coronary artery disease
regardless of aortic valve morphology. ] Thorac
Cardiovasc  Surg. 2014;148(6):2973-2980.el.
Available from: http://dx.doi.org/10.1016/j.
jtcvs.2014.08.023

Haunschild J, Schellinger IN, von Salisch
S, Bakhtiary F Misfeld M, Mohr FW, et al.
Granular Media Calcinosis in the Aortic Walls
of Patients With Bicuspid and Tricuspid Aortic
Valves. Ann Thorac Surg. 2017;103(4):1178-85.
Available from: http://dx.doi.org/10.1016/j.
athoracsur.2016.07.018

Singh A, Horsfield MA, Bekele S, Greenwood
JP, Dawson DK, Berry C, et al. Aortic stiffness
in aortic stenosis assessed by cardiovascular
MRI: a comparison between bicuspid and
tricuspid valves. Eur Radiol. 2018/11/28.
2019;29(5):2340-9. Available from: https://
pubmed.ncbi.nlm.nih.gov/30488106

Yuan S-M, Jing H, Lavee J. The bicuspid
aortic valve and its relation to aortic dilation.
Clinics (Sao Paulo). 2010;65(5):497-505.
Available from: https://pubmed.ncbi.nlm.nih.
gov/20535368

Michelena HI, Khanna AD, Mahoney
D, Margaryan E, Topilsky Y, Suri RM, et
al. Incidence of Aortic Complications in
Patients With Bicuspid Aortic Valves. JAMA.
2011;306(10):1104.  Available from: http://
dx.doi.org/10.1001/jama.2011.1286

Published by the Indonesian Vascular Access Association | Journal of Indonesia Vascular Access 2025; 5(2): 27-33 | DOI : 10.51559/jinava.v5i2.65 31


http://dx.doi.org/10.51559/jinava.v5i2.65
https://pubmed.ncbi.nlm.nih.gov/3776701
http://dx.doi.org/10.1002/ccd.29195
http://dx.doi.org/10.1016/j.athoracsur.2015.05.105
http://dx.doi.org/10.1016/j.athoracsur.2015.05.105
http://dx.doi.org/10.1016/j.jjcc.2014.12.021
http://dx.doi.org/10.1016/j.jjcc.2014.12.021
https://pubmed.ncbi.nlm.nih.gov/24947564
https://pubmed.ncbi.nlm.nih.gov/24947564
https://pubmed.ncbi.nlm.nih.gov/28651938
https://pubmed.ncbi.nlm.nih.gov/28651938
http://dx.doi.org/10.1016/j.jtcvs.2014.08.023
http://dx.doi.org/10.1016/j.jtcvs.2014.08.023
http://dx.doi.org/10.1016/j.athoracsur.2016.07.018
http://dx.doi.org/10.1016/j.athoracsur.2016.07.018
https://pubmed.ncbi.nlm.nih.gov/30488106
https://pubmed.ncbi.nlm.nih.gov/30488106
https://pubmed.ncbi.nlm.nih.gov/20535368
https://pubmed.ncbi.nlm.nih.gov/20535368
http://dx.doi.org/10.1001/jama.2011.1286
http://dx.doi.org/10.1001/jama.2011.1286
https://pubmed.ncbi.nlm.nih.gov/23681649
https://pubmed.ncbi.nlm.nih.gov/23681649
http://dx.doi.org/10.1161/cir.0000000000001097
http://dx.doi.org/10.1161/cir.0000000000001097
https://pubmed.ncbi.nlm.nih.gov/34295254
https://pubmed.ncbi.nlm.nih.gov/34295254
http://dx.doi.org/10.1536/ihj.21-244
http://dx.doi.org/10.1536/ihj.21-244
http://dx.doi.org/10.1161/01.cir.0000087449.03964.fb
http://dx.doi.org/10.1161/01.cir.0000087449.03964.fb

ORIGINAL ARTICLE

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Chironi G, Orobinskaia L, Mégnien J-L,
Sirieix ~ M-E, Clément-Guinaudeau S,
Bensalah M, et al. Early thoracic aorta
enlargement in asymptomatic individuals at
risk for cardiovascular disease: determinant
factors and clinical implication. ] Hypertens.
2010;28(10):2134-8. Available from: http://
dx.doi.org/10.1097/hjh.0b013e32833cd276
Keane MG, Wiegers SE, Plappert T, Pochettino
A, Bavaria JE, Sutton MGS]J. Bicuspid Aortic
Valves Are Associated With Aortic Dilatation
Out of Proportion to Coexistent Valvular
Lesions.  Circulation. ~ 2000;102(suppl_3).
Available  from:  http://dx.doi.org/10.1161/
circ.102.suppl_3.iii-35

Nistri S, Sorbo MD, Marin M, Palisi M,
Scognamiglio R, Thiene G. Aortic root dilatation
in young men with normally functioning
bicuspid aortic valves. Heart. 1999;82(1):19-22.
Available from: https://pubmed.ncbi.nlm.nih.
gov/10377302

Siu SC, Silversides CK. Bicuspid Aortic Valve
Disease. ] Am Coll Cardiol. 2010;55(25):2789-
800. Available from: http://dx.doi.org/10.1016/j.
jacc.2009.12.068

Nkomo VT, Enriquez-Sarano M, Ammash
NM, Melton LJ, Bailey KR, Desjardins V, et al.
Bicuspid Aortic Valve Associated With Aortic
Dilatation. Arterioscler Thromb Vasc Biol.
2003;23(2):351-6. Available from: http://dx.doi.
org/10.1161/01.atv.0000055441.28842.0a

Debl K, Djavidani B, Buchner S, Poschenrieder
F, Schmid F-X, Kobuch R, et al. Dilatation of the
ascending aorta in bicuspid aortic valve disease:
a magnetic resonance imaging study. Clin Res
Cardiol. 2008;98(2):114-20. Available from:
http://dx.doi.org/10.1007/s00392-008-0731-0
Morgan-Hughes GJ, Roobottom CA, Owens
PE, Marshall AJ. Dilatation of the aorta in pure,
severe, bicuspid aortic valve stenosis. Am Heart
J. 2004;147(4):736-40. Available from: http://
dx.doi.org/10.1016/j.ahj.2003.10.044

Tadros TM, Klein MD, Shapira OM. Ascending
Aortic Dilatation Associated With Bicuspid
Aortic Valve. Circulation. 2009;119(6):880-90.
Available  from:  http://dx.doi.org/10.1161/
circulationaha.108.795401

Padang R, Bagnall R, Richmond D, Bannon P,
Semsarian C. Rare Non-synonymous Variations
in the Transcriptional Activation Domains of
GATAD5 in Patients with Bicuspid Aortic Valve
and its Associated Aortopathy. Hear Lung Circ.
2012;21:5270. Available from: http://dx.doi.
0rg/10.1016/j.hlc.2012.05.662

Fedak PWM, de Sa MPL, Verma S, Nili
N, Kazemian P, Butany ], et al Vascular
matrix remodeling in patients with bicuspid
aortic valve malformations: implications for
aortic dilatation. J Thorac Cardiovasc Surg.
2003;126(3):797-805. Available from: http://
dx.doi.org/10.1016/50022-5223(03)00398-2
Nordon I, Brar R, Taylor J, Hinchliffe R,
Loftus IM, Thompson MM. Evidence from
cross-sectional imaging indicates abdominal
but not thoracic aortic aneurysms are
local manifestations of a systemic dilating
diathesis. ] Vasc Surg. 2009;50(1):171-176.el.
Available from: http://dx.doi.org/10.1016/j.
jvs.2009.03.007

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

Pepe G, Nistri S, Giusti B, Sticchi E, Attanasio
M, Porciani C, et al. Identification of fibrillin 1
gene mutations in patients with bicuspid aortic
valve (BAV) without Marfan syndrome. BMC
Med Genet. 2014;15:23. Available from: https://
pubmed.ncbi.nlm.nih.gov/24564502

Grewal N, Gittenberger-de Groot AC, Poelmann
RE, Klautz RJM, Lindeman JHN, Goumans M-]J,
et al. Ascending aorta dilation in association
with bicuspid aortic valve: A maturation defect
of the aortic wall. ] Thorac Cardiovasc Surg.
2014;148(4):1583-90. Available from: http://
dx.doi.org/10.1016/j.jtcvs.2014.01.027
McKellar SH, Tester DJ, Yagubyan M, Majumdar
R, Ackerman MJ, Sundt TM. Novel NOTCH1
mutations in patients with bicuspid aortic
valve disease and thoracic aortic aneurysms. J
Thorac Cardiovasc Surg. 2007;134(2):290-6.
Available from: http://dx.doi.org/10.1016/j.
jtcvs.2007.02.041

Pisano C, Maresi E, Balistreri CR, Candore
G, Merlo D, Fattouch K, et al. Histological
and genetic studies in patients with bicuspid
aortic valve and ascending aorta complications.
Interact Cardiovasc Thorac Surg. 2011/12/22.
2012;14(3):300-6.  Available from: https://
pubmed.ncbi.nlm.nih.gov/22194275

Cotrufo M, Corte A Della, De Santo LS, Quarto
C,De Feo M, Romano G, et al. Different patterns
of extracellular matrix protein expression in the
convexity and the concavity of the dilated aorta
with bicuspid aortic valve: Preliminary results.
J Thorac Cardiovasc Surg. 2005;130(2):504.
el-504.€9. Available from: http://dx.doi.
0rg/10.1016/j.jtcvs.2005.01.016

Schmid F-X, Bielenberg K, Schneider A,
Haussler A, Keyser A, Birnbaum D. Ascending
aortic aneurysm associated with bicuspid and
tricuspid aortic valve: involvement and clinical
relevance of smooth muscle cell apoptosis and
expression of cell death-initiating proteins. Eur
J Cardio-Thoracic Surg. 2003;23(4):537-43.
Available  from: http://dx.doi.org/10.1016/
$1010-7940(02)00833-3

Kapustin AN, Chatrou MLL, Drozdov I, Zheng
Y, Davidson SM, Soong D, et al. Vascular
Smooth Muscle Cell Calcification Is Mediated
by Regulated Exosome Secretion. Circ Res.
2015;116(8):1312-23. Available from: http://
dx.doi.org/10.1161/circresaha.116.305012
Proudfoot D. Molecular mechanisms of
arterial calcification. Artery Res. 2009;3(4):128.
Available  from: http://dx.doi.org/10.1016/j.
artres.2009.10.001

Raaz U, Zollner AM, Schellinger IN, Toh
R, Nakagami F, Brandt M, et al. Segmental
aortic stiffening contributes to experimental
abdominal aortic aneurysm development.
Circulation. 2015/04/22. 2015;131(20):1783-
95. Available from: https://pubmed.ncbi.nlm.
nih.gov/25904646

Moaref A, Khavanin M, Shekarforoush
S. Aortic distensibility in bicuspid aortic
valve patients with normal aortic diameter.
Ther Adv Cardiovasc Dis. 2014;8(4):128-
32. Available from: http://dx.doi.
org/10.1177/1753944714531062

Mahadevia R, Barker AJ, Schnell S, Entezari
P, Kansal P, Fedak PWM, et al. Bicuspid

39.

40.

41.

42.

43.

44,

45.

46.

47.

aortic cusp fusion morphology alters aortic
three-dimensional outflow patterns, wall
shear stress, and expression of aortopathy.
Circulation. 2013/12/17. 2014;129(6):673-82.
Available from: https://pubmed.ncbi.nlm.nih.
gov/24345403

Della Corte A, Bancone C, Conti CA, Votta
E, Redaelli A, Del Viscovo L, et al. Restricted
cusp motion in right-left type of bicuspid aortic
valves: A new risk marker for aortopathy. J
Thorac Cardiovasc Surg. 2012;144(2):360-369.
el. Available from: http://dx.doi.org/10.1016/j.
jtcvs.2011.10.014

Guzzardi DG, Barker AJ, van Ooij P, Malaisrie
SC, Puthumana JJ, Belke DD, et al. Valve-
Related Hemodynamics Mediate Human
Bicuspid Aortopathy: Insights From Wall
Shear Stress Mapping. ] Am Coll Cardiol.
2015;66(8):892-900. Available from: https://
pubmed.ncbi.nlm.nih.gov/26293758

Phillippi JA, Klyachko EA, Kenny 4th JP,
Eskay MA, Gorman RC, Gleason TG. Basal
and oxidative stress-induced expression of
metallothionein is decreased in ascending aortic
aneurysms of bicuspid aortic valve patients.
Circulation. 2009/04/27. 2009;119(18):2498-
506. Available from: https://pubmed.ncbi.nlm.
nih.gov/19398671

Tsamis A, Phillippi JA, Koch RG, Chan PG,
Krawiec JT, DAmore A, et al. Extracellular
matrix fiber microarchitecture is region-
specific in bicuspid aortic valve-associated
ascending aortopathy. ] Thorac Cardiovasc
Surg. 2016/02/13. 2016;151(6):1718-1728.e5.
Available from: https://pubmed.ncbi.nlm.nih.
gov/26979916

Phillippi JA, Green BR, Eskay MA, Kotlarczyk
MP, Hill MR, Robertson AM, et al. Mechanism
of aortic medial matrix remodeling is
distinct in patients with bicuspid aortic
valve. ] Thorac Cardiovasc Surg. 2013/06/12.
2014;147(3):1056-64. Available from: https://
pubmed.ncbi.nlm.nih.gov/23764410

Tsamis A, Phillippi JA, Koch RG, Pasta S,
D’Amore A, Watkins SC, et al. Fiber micro-
architecture in the longitudinal-radial and
circumferential-radial planes of ascending
thoracic aortic aneurysm media. ] Biomech.
2013/09/11. 2013;46(16):2787-94. Available
from: https://pubmed.ncbi.nlm.nih.
gov/24075403

Pichamuthu JE, Phillippi JA, Cleary DA, Chew
DW, Hempel J, Vorp DA, et al. Differential
tensile strength and collagen composition in
ascending aortic aneurysms by aortic valve
phenotype. Ann Thorac Surg. 2013/09/07.
2013;96(6):2147-54. Available from: https://
pubmed.ncbi.nlm.nih.gov/24021768

Pasta S, Phillippi JA, Gleason TG, Vorp
DA. Effect of aneurysm on the mechanical
dissection properties of the human ascending
thoracic aorta. J Thorac Cardiovasc Surg.
2011/08/25.2012;143(2):460-7. Available from:
https://pubmed.ncbi.nlm.nih.gov/21868041
Phillippi JA, Eskay MA, Kubala AA, Pitt BR,
Gleason TG. Altered oxidative stress responses
and increased type I collagen expression in
bicuspid aortic valve patients. Ann Thorac Surg.

32

Published by the Indonesian Vascular Access Association | Journal of Indonesia Vascular Access 2025; 5(2): 27-33 | DOI : 10.51559/jinava.v5i2.65


http://dx.doi.org/10.51559/jinava.v5i2.65
http://dx.doi.org/10.1097/hjh.0b013e32833cd276
http://dx.doi.org/10.1097/hjh.0b013e32833cd276
http://dx.doi.org/10.1161/circ.102.suppl_3.iii-35
http://dx.doi.org/10.1161/circ.102.suppl_3.iii-35
https://pubmed.ncbi.nlm.nih.gov/10377302
https://pubmed.ncbi.nlm.nih.gov/10377302
http://dx.doi.org/10.1016/j.jacc.2009.12.068
http://dx.doi.org/10.1016/j.jacc.2009.12.068
http://dx.doi.org/10.1161/01.atv.0000055441.28842.0a
http://dx.doi.org/10.1161/01.atv.0000055441.28842.0a
http://dx.doi.org/10.1007/s00392-008-0731-0
http://dx.doi.org/10.1016/j.ahj.2003.10.044
http://dx.doi.org/10.1016/j.ahj.2003.10.044
http://dx.doi.org/10.1161/circulationaha.108.795401
http://dx.doi.org/10.1161/circulationaha.108.795401
http://dx.doi.org/10.1016/j.hlc.2012.05.662
http://dx.doi.org/10.1016/j.hlc.2012.05.662
http://dx.doi.org/10.1016/s0022-5223(03)00398-2
http://dx.doi.org/10.1016/s0022-5223(03)00398-2
http://dx.doi.org/10.1016/j.jvs.2009.03.007
http://dx.doi.org/10.1016/j.jvs.2009.03.007
https://pubmed.ncbi.nlm.nih.gov/24564502
https://pubmed.ncbi.nlm.nih.gov/24564502
http://dx.doi.org/10.1016/j.jtcvs.2014.01.027
http://dx.doi.org/10.1016/j.jtcvs.2014.01.027
http://dx.doi.org/10.1016/j.jtcvs.2007.02.041
http://dx.doi.org/10.1016/j.jtcvs.2007.02.041
https://pubmed.ncbi.nlm.nih.gov/22194275
https://pubmed.ncbi.nlm.nih.gov/22194275
http://dx.doi.org/10.1016/j.jtcvs.2005.01.016
http://dx.doi.org/10.1016/j.jtcvs.2005.01.016
http://dx.doi.org/10.1016/s1010-7940(02)00833-3
http://dx.doi.org/10.1016/s1010-7940(02)00833-3
http://dx.doi.org/10.1161/circresaha.116.305012
http://dx.doi.org/10.1161/circresaha.116.305012
http://dx.doi.org/10.1016/j.artres.2009.10.001
http://dx.doi.org/10.1016/j.artres.2009.10.001
https://pubmed.ncbi.nlm.nih.gov/25904646
https://pubmed.ncbi.nlm.nih.gov/25904646
http://dx.doi.org/10.1177/1753944714531062
http://dx.doi.org/10.1177/1753944714531062
https://pubmed.ncbi.nlm.nih.gov/24345403
https://pubmed.ncbi.nlm.nih.gov/24345403
http://dx.doi.org/10.1016/j.jtcvs.2011.10.014
http://dx.doi.org/10.1016/j.jtcvs.2011.10.014
https://pubmed.ncbi.nlm.nih.gov/26293758
https://pubmed.ncbi.nlm.nih.gov/26293758
https://pubmed.ncbi.nlm.nih.gov/19398671
https://pubmed.ncbi.nlm.nih.gov/19398671
https://pubmed.ncbi.nlm.nih.gov/26979916
https://pubmed.ncbi.nlm.nih.gov/26979916
https://pubmed.ncbi.nlm.nih.gov/23764410
https://pubmed.ncbi.nlm.nih.gov/23764410
https://pubmed.ncbi.nlm.nih.gov/24075403
https://pubmed.ncbi.nlm.nih.gov/24075403
https://pubmed.ncbi.nlm.nih.gov/24021768
https://pubmed.ncbi.nlm.nih.gov/24021768
https://pubmed.ncbi.nlm.nih.gov/21868041

ORIGINAL ARTICLE

48.

49.

50.

51.

52.

53.

2010;90(6):1893-8. Available from: https://
pubmed.ncbi.nlm.nih.gov/21095332

‘Wu D, Shen YH, Russell L, Coselli JS, LeMaire
SA. Molecular mechanisms of thoracic
aortic dissection. ] Surg Res. 2013/06/29.
2013;184(2):907-24. Available from: https://
pubmed.ncbi.nlm.nih.gov/23856125
Griendling KK, Touyz RM, Zweier JL, Dikalov
S, Chilian W, Chen Y-R, et al. Measurement of
Reactive Oxygen Species, Reactive Nitrogen
Species, and Redox-Dependent Signaling in the
Cardiovascular System: A Scientific Statement
From the American Heart Association.
Circ Res. 2016/07/14. 2016;119(5):e39-75.
Available from: https://pubmed.ncbi.nlm.nih.
gov/27418630

Hill BG, Haberzettl P, Ahmed Y, Srivastava §,
Bhatnagar A. Unsaturated lipid peroxidation-
derived aldehydes activate autophagy in
vascular smooth-muscle cells. Biochem J.
2008;410(3):525-34. Available from: http://
dx.doi.org/10.1042/bj20071063

Cabre A. Cytotoxic effects of the lipid
peroxidation  product  2,4-decadienal in
vascular smooth muscle cells. Atherosclerosis.
2003;169(2):245-50. Available from: http://
dx.doi.org/10.1016/s0021-9150(03)00196-5
Holvoet P, Collen D. Oxidation of low
density lipoproteins in the pathogenesis of
atherosclerosis. Atherosclerosis. 1998;137:533-
8. Available from: http://dx.doi.org/10.1016/
s0021-9150(97)00305-5

Holvoet P, Mertens A, Verhamme P, Bogaerts
K, Beyens G, Verhaeghe R, et al. Circulating
Oxidized LDL Is a Useful Marker for Identifying
Patients With Coronary Artery Disease.

54,

55.

56.

57.

58.

Arterioscler Thromb Vasc Biol. 2001;21(5):844-
8. Available from: http://dx.doi.org/10.1161/01.
atv.21.5.844

Shimoni S, Bar I, Zilberman L, George J.
Autoantibodies to Oxidized Low-Density
Lipoprotein  in  Patients ~with  Aortic
Regurgitation: Association with Aortic Diameter
Size. Cardiology. 2014;128(1):54-61. Available
from: http://dx.doi.org/10.1159/000357835
Fruhwirth GO, Moumtzi A, Loidl A, Ingolic
E, Hermetter A. The oxidized phospholipids
POVPC and PGPC inhibit growth and induce
apoptosis in vascular smooth muscle cells.
Biochim Biophys Acta - Mol Cell Biol Lipids.
2006;1761(9):1060-9. Available from: http://
dx.doi.org/10.1016/j.bbalip.2006.06.001

Forsell C, Bjorck HM, Eriksson P, Franco-
Cereceda A, Gasser TC. Biomechanical
Properties of the Thoracic Aneurysmal Wall:
Differences Between Bicuspid Aortic Valve and
Tricuspid Aortic Valve Patients. Ann Thorac
Surg. 2014;98(1):65-71. Available from: http://
dx.doi.org/10.1016/j.athoracsur.2014.04.042
Branchetti E, Poggio P, Sainger R, Shang E, Grau
JB, Jackson BM, et al. Oxidative stress modulates
vascular smooth muscle cell phenotype via
CTGEF in thoracic aortic aneurysm. Cardiovasc
Res. 2013/08/28. 2013;100(2):316-24.
Available from: https://pubmed.ncbi.nlm.nih.
gov/23985903

Cecconi M, Nistri S, Quarti A, Manfrin M,
Colonna PL, Molini E, et al. Aortic dilatation in
patients with bicuspid aortic valve. ] Cardiovasc
Med. 2006;7(1):11-20. Available from: http://
dx.doi.org/10.2459/01.jcm.0000199777.85343.
ec

59.

60.

61.

62.

Bonderman D, Gharehbaghi-Schnell E,
Wollenek G, Maurer G, Baumgartner H, Lang
IM. Mechanisms Underlying Aortic Dilatation
in Congenital Aortic Valve Malformation.
Circulation. 1999;99(16):2138-43. Available
from: http://dx.doi.org/10.1161/01.
€ir.99.16.2138

Dalsgaard M, Kjaergaard J, Pecini R, Iversen
KK, Kober L, Moller JE, et al. Predictors of
exercise capacity and symptoms in severe aortic
stenosis. Eur ] Echocardiogr. 2010;11(6):482-7.
Available  from:  http://dx.doi.org/10.1093/
ejechocard/jeq002

Dalsgaard M, Kjaergaard ], Pecini R, Iversen KK,
Kober L, Moller JE, et al. Left Ventricular Filling
Pressure Estimation at Rest and During Exercise
in Patients With Severe Aortic Valve Stenosis:
Comparison of Echocardiographic and Invasive
Measurements. ] Am Soc Echocardiogr.
2009;22(4):343-9. Available from: http://dx.doi.
org/10.1016/j.ech0.2009.01.007

Borger MA, Fedak PWM, Stephens EH,
Gleason TG, Girdauskas E, Ikonomidis JS,
et al. The American Association for Thoracic
Surgery consensus guidelines on bicuspid aortic
valve-related aortopathy: Executive summary. J
Thorac Cardiovasc Surg. 2018;156(2):473-80.
Available from: https://pubmed.ncbi.nlm.nih.
gov/30011756

Ermn

This work is licensed under a Creative Commons Attribution

Published by the Indonesian Vascular Access Association | Journal of Indonesia Vascular Access 2025; 5(2): 27-33 | DOI : 10.51559/jinava.v5i2.65 33


http://dx.doi.org/10.51559/jinava.v5i2.65
https://pubmed.ncbi.nlm.nih.gov/21095332
https://pubmed.ncbi.nlm.nih.gov/21095332
https://pubmed.ncbi.nlm.nih.gov/23856125
https://pubmed.ncbi.nlm.nih.gov/23856125
https://pubmed.ncbi.nlm.nih.gov/27418630
https://pubmed.ncbi.nlm.nih.gov/27418630
http://dx.doi.org/10.1042/bj20071063
http://dx.doi.org/10.1042/bj20071063
http://dx.doi.org/10.1016/s0021-9150(03)00196-5
http://dx.doi.org/10.1016/s0021-9150(03)00196-5
http://dx.doi.org/10.1016/s0021-9150(97)00305-5
http://dx.doi.org/10.1016/s0021-9150(97)00305-5
http://dx.doi.org/10.1161/01.atv.21.5.844
http://dx.doi.org/10.1161/01.atv.21.5.844
http://dx.doi.org/10.1159/000357835
http://dx.doi.org/10.1016/j.bbalip.2006.06.001
http://dx.doi.org/10.1016/j.bbalip.2006.06.001
http://dx.doi.org/10.1016/j.athoracsur.2014.04.042
http://dx.doi.org/10.1016/j.athoracsur.2014.04.042
https://pubmed.ncbi.nlm.nih.gov/23985903
https://pubmed.ncbi.nlm.nih.gov/23985903
http://dx.doi.org/10.2459/01.jcm.0000199777.85343.ec
http://dx.doi.org/10.2459/01.jcm.0000199777.85343.ec
http://dx.doi.org/10.2459/01.jcm.0000199777.85343.ec
http://dx.doi.org/10.1161/01.cir.99.16.2138
http://dx.doi.org/10.1161/01.cir.99.16.2138
http://dx.doi.org/10.1093/ejechocard/jeq002
http://dx.doi.org/10.1093/ejechocard/jeq002
http://dx.doi.org/10.1016/j.echo.2009.01.007
http://dx.doi.org/10.1016/j.echo.2009.01.007
https://pubmed.ncbi.nlm.nih.gov/30011756
https://pubmed.ncbi.nlm.nih.gov/30011756

