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A Study on the Aortic Valves in Indian Population
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Abstract

The aortic valve, which is seen at the root of Aorta possess three semi lunar cusps namely the right
coronary, the left coronary, and the noncoronary. Aortic valves, especially bicuspid and unicuspid valves,
have generated considerable interest among clinicians, largely because the valves are frequently stenotic
or incompetent and also because they may be corrected surgically [1]. Aortic valve malformations may
also affect the wall of the aorta leading to pathological changes like calcification and plague formation
which may ultimately result in ischemia and cerebral infarction. The present study of Aortic valve in
Indian subjects aims in discussing the findings according to the embryological, clinical and surgical
implications. This study will also provide an anatomical basis to assist surgeons in performing safe
vascular surgeries involving the aortic valve, in future.
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Review of Literature

Sir William Osler was one of the first to recognize
the bicuspid aortic valve as a common congenital
anomaly of the heart. Leonardo da Vinci recognized
the superior engineering advantages of the normal
trileaflet valve [2].

Anton E. Becker etal in 1970 studied 100 cadavers
and reported that Bicuspid aortic valve was found in
31 of the 77 cases of group | (40%) and in 15 of the 23
cases of group 11 (65%), an overall incidence of 46%.
In nine cases, this was the only associated anomaly,
while in 37 cases of bicuspid aortic valve, additional
malformations were found [3].

Clinical and necropsy observations are described
by William C. Roberts in 1970 in 85 autopsy cases in
which the subjects had congenially bicuspid aortic
valves. Sixty-one subjects had aortic stenosis with or
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without aortic regurgitation; 11, pure aortic
regurgitation; and 13 had a congenitally bicuspid
aortic valve that apparently had functioned normally
[4].

Clark RE, Finke EH in 1974 performed
measurements of leaflet thickness in relaxed and
stressed states. They showed that human leaflets
thickness varied from 177 to 1.76 um in relaxed state
and from 150 to 1.75im in stressed state [5].

In 1977, J E Davia et al in their study noticed that
three of the seven patients with quadricuspid aortic
valves had aortic insufficiency, while the remaining
four had no other clinical or pathologic evidence of
congenital heart disease except for arteriosclerotic
heart disease with varying degrees of left ventricular
hypertrophy [6].

Aortic stenosis has been reported to occur in as
many as 72 percent of adults with a congenital
bicuspid aortic valve, with peak incidence occurring
in the 5th and 6th decades of life in a study conducted
by JohnJ. Fenoglio Jretal in 1977 [7].

Histologic examination of the ascending aorta
frequently shows loss of smooth muscle cells and
severe degeneration of the medial elastic fibres—so
called “cystic medial necrosis”. This has been
attributed to the increased risk of dissection at least
ninefold in bicuspid aortic valve according to a report
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by Edwards WD, et al in 1978 [8], and dissection
tends to occur in younger patients than in those with
tricuspid aortic valves according to Roberts CS et al’s
study in1991 [9].

34% of 35 Turner patients had isolated,
nonstenotic bicuspid aortic valve in a study
conducted by Martha J. Miller et al in 1983. These
data indicate that bicuspid aortic valve may be the
most common cardiac anomaly in Turner syndrome
[10].

According to Clementi M et al in 1996 and
Huntington K et al in 1997, Bicuspid aortic valve is
the most common congenital cardiovascular
anomaly, occurring in 1-2% of the population. They
also suggest that it may have an autosomal dominant
inheritance, perhaps with variable penetrance, for it
has a male predominance and often occurs in
multiple members of the same family [11,12].

Lin SL et al in 1997 reported that Patients with a
thickened aortic valve had a greater incidence of
Coronary Artery Disease (89/132, 67.4%) than those
without (1417288, 49.0%) (p < 0.05) [13].

Stewart BF et al in 1997) and Otto CM et al in 1999
reported that the prevalence of calcific aortic stenosis
increases with age, being present in 2% to 4% of adults
over age 65 years [14,15].

Clouse WD et al in 1998 and Olsson C et al in
2006,by quoting The Society for Vascular Surgery,
defined aneurysm as a vessel diameter 1.5[5.5 cm]
times normal [3.7cm]. A lower threshold of >4.5cm is
considered to be more appropriate. Aortic dilatation
is defined by a diameter >1.1 times normal on the
basis of age, sex, and body surface area [16,17].
Bonderman D et al in 1999 defined the normal
diameter of the ascending aorta as 20 to 37 mm [18].

Ward C in 2000, Edwards W.D et al in 1978 and
Gersony W.M in 1993 studied Bicuspid aortic valve
and opinioned that eventhough it is often considered
abenign lesion early in life, complications of Bicuspid
Aortic Valve, including aortic stenosis, aortic
regurgitation, infective endocarditis, and aortic
dilation and dissection, result in considerable
morbidity and mortality later in life [19-21].

In 2002, Paladini D et al in their study demonstrated
that aortic valve anatomy can be satisfactorily
assessed in fetuses with and without left heart
obstructive lesions by a detailed echocardiography
[22]. According to Paul W.M. Fedak et al’s work in
2002,Bicuspid aortic valves(BAV) develop when
adjacent cusps fuse to form a single aberrant cusp,
larger than its counterpart yet smaller than 2 normal
cusps combined. It is likely the result of a complex
developmental process, not simply the fusion of 2

normal cusps [23]. The conclusions of their study were:
(1) The BAV is the most common congenital cardiac
abnormality and may result from defects in genes that
encode matrix elements; (2) BAV malformations are
inherited, particularly in males, and
echocardiographic screening of his children is
appropriate; (3) the BAV is a disease of the entire aortic
root and has a propensity for both valvular and aortic
complications, often requiring surgery; (4)
endocarditis is a devastating complication that can
be prevented by antibiotic prophylaxis; (5) early
referral to a cardiac surgeon can facilitate a plan for
surgery that may prevent life-threatening
complications [24].

In2003, C A Warnes in their study quoted the strong
association between bicuspid aortic valve and aortic
medial abnormalities which have been proved in
many reports decades ago [25].

JW Roos-Hesselink et al in 2003 reported that aortic
valve [especially bicuspid] and aortic arch pathology
are commonly encountered in patients with previous
coarctation repair. In 60 patients (48%) they found
aortic pathology. Dilatation of the ascending aorta
was found in 35 patients (28%) and this was
particularly prominent in patients with a bicuspid
valve [26].

Linda Cripe et al in 2004 suggested the high
heritability of Bicuspid aortic valve in their study
population. The heritability of BAV plus other
cardiovascular anomalies suggests that valve
malformation can be primary to defective
valvulogenesis or secondary to other elements of
cardiogenesis [27].Rosario V. Freeman and Catherine
M in 2005 reported that calcific valve disease is an
active disease process akin to atherosclerosis with
lipoprotein deposition, chronic inflammation, and
active leaflet calcification [28].

BAV has been identified at a prevalence of 4.6
cas-es per 1000 live births. The prevalence of BAV
according to sex has been found to be 7.1 cases per
1000 among male neonates, and 1.9 per 1000 among
female neonates according to a study by Tutar E et al
in 2005 [29].

Bicuspid Aortic Valve has been recognized as a
syndrome incorporating aortic valve disorders and
aortic wall abnormalities by Shi-Min Yuan and Hua
Jing’s work in 2010. Congenital or hereditary
dis-eases such as ventricular septal defect, patent
ductus arteriosus, coarcta-tion of the aorta, Turner’s
syndrome, Marfan’s syndrome etc. may fre-quently
be associated with Bicuspid Aortic Valve [30].

Both pediatric [Beroukhim RS etal in 2006, Warren
AE et al in 2006, Holmes KW in 2007] [31,32,33] and
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adult [Davies RRet al in 2007, Yasuda H et al in 2003]
[33] studies have demonstrated significantly faster
aortic dilatation with BAV versus TAV.According to
studies by La Canna G et al in 2006 and Davies RR et
alin 2007, the age at presentation of aortic dilatation
was significantly younger with BAV versus TAV
(mean, 49 versus 61 to 64 years old) [33]. Beroukhim
RS et al (2006),Warren AE et al (2006) and Holmes
KW et al (2007) were of the opinion that the prevalence
of ascending aortic dilatation among those with BAV
increases with age, beginning in childhood and
continuing throughout life [31-33].

Mohamed A in 2006 reviewed previous studies
and reported that coarctation of aorta is associated
with various cardiac and noncardiac abnormalities
in up to 50 % of patients, the prevalence of bicuspid
aortic valve being 50% [34].

According to Della Corte A in 2007, study of
prevalence by age quintile showed dilatation in 56%
of those aged <30 years old, up to 88% of those aged
>80 years old [34]. Davies RR et al in 2007 studied the
known association of bicuspid aortic valve with
ascending aortic aneurysms which has been
associated with a higher risk for aortic growth (0.19
cm/y versus 0.13 cm/y in nonbicuspid [34].

Himanshu J. Patel and G. Michael Deeb in 2008
opinioned that for those patients with aortic stenosis
and bicuspid aortic valve disease, the risk for rupture,
dissection, or death was higher than in those without
aortic stenosis [35].

Thomas M. Tadros et al in 2009 reported that
ascending aortic dilatation occurs more frequently
and at a younger age in patients with bicuspid aortic
valves (BAV) than it does in patients with normal
trileaflet aortic valves (TAV). The clinical significance
of this correlation is based on the following- First;
BAV is the most common congenital cardiac
abnormality, occurring in 0.46% to 1.37% of the
population. Second, aortic dilatation has a propensity
for dissection and rupture, making it a potentially
lethal disease. For these reasons they warrant frequent
monitoring in cases of ascending aorta dilatation with
bicuspid aortic valve, with possible early
prophylactic surgical intervention to prevent
dissection or rupture [35].

The first detectable macroscopic changes in the
leaflets, according to Nalini M. Rajamannan’s work
in 2011, is seen as calcification, or focal leaflet
thickening with normal valve function, which is
termed as aortic valve sclerosis. Disease
progression is characterized by a process of
thickening of the valve leaflets and the formation
of calcium nodules which are concentrated near
the aortic surface.

Materials and Methods

Study Design

The present study was done as a cross sectional
study

Study Setting

The study was conducted in the Department Of
Anatomy, Govt.Medical College Thrissur ,
Department Of Forensic Medicine, Govt.Medical
College Thrissur,Department Of Obstetrics and
Gynaecology,Govt.Medical College Thrissur

Study Duration

The total duration of the present study was one
and a half years.

12 months were allotted for data collection starting
from April 2012 -March 2013

Sample Size

Sample size was calculated using the formula
P =prevalence of variation

Q =100-P

d =allowable error[20% of P]

Here P is taken as 50 from a study by Mohamed A
(2006) .The study was on coarctation of aorta and
associated cardiac and noncardiac abnormalities and
the prevalence of bicuspid aortic valve,one of the
determinants of present study was found to be 50%.%

So, applying to the above formula

4 % 50 x (100 — 50)

20 50)2 =100

Hence the sample size was taken as 100.

Sampling Technique

The sampling was done based on the Non-
probability technique

3 months were allotted for each department

April 2012 —June 2012 > Department Of Forensic
medicine

July 2012 — September 2012 > Department of
Anatomy

October 2012 — December 2012 > Department of
0&G

January 2013 — March 2013 > Department of
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Anatomy (for histological study).
Selection of Study Subjects

All cadavers available in the Department of
Anatomy during the study period [n = 25]

Foetuses collected from labour room during the
study period [n =25]

Postmortem specimen collected from Forensic
Department during the period of study [n=50]

The specimens were of different age groups ranging
from 14 weeks of intrauterine life to 85 years

Inclusion Criteria

Cadaver, autopsy specimen and Foetus with intact
thoracic cage.

Exclusion Criteria

Any surgeries done on the arch of aorta,aortic valve
and its branches

Tumours or growths hindering the view of aortic
arch, aortic valve and the arch of aorta

Analysis
The continuous variables are expressed in mean

Table 1: Thickness of Aortic Valves in the Study Subjects

with standard deviation

The qualitative variables are expressed in
frequency & proportions

Correlation of various factors are done using
appropriate statistical tests.

Study Methodology-Method of Collection of Data

In the autopsy room ,after opening the thoracic
cavity,the arch of aorta along with the aortic valve
and ascending aorta was dissected out.Similarly the
specimens were collected from the cadavers and
foetuses.The specimens were fixed in 10% Formaline.

Results

A. Anomalous Valve

A total of 5 cases of anomalous bicuspid Aortic
valves were noted in the study subjects.? of the 5 cases
belonged to foetal group [14-39wKks], 2 were from 21-
40 yr age group and the remaining 1 from 41-60 yrs.

B. Thickness of Aortic Valves
The thickness of the three Aortic valves, anterior, right

Anterior Aortic Valve
Mean £ SD(mm)

Age Group (yrs)

Right posterior Aortic Valve

Left Posterior Aortic Valve

Mean £ SD(mm) Mean £ SD(mm)

(min-max) (min-max) (min-max)
0-20 0.69 +0.74(0.43-2.55) 0.58 +0.44(0.43-1.7) 0.80 + 1.05(0.43-3.4)
21-40 0.43* 0.43* 0.43*
41-60 0.57 +0.60(0.43-3.83) 0.67 +£0.67(0.43-3.4) 0.59 +0.57(0.43-2.98)
61-80 0.54 +0.33(0.43-1.7) 0.54 +0.33(0.43-1.7) 0.51 +0.32(0.43-1.7)
>80 0.43** 0.43** 0.43**

*SD = 0, min=max.

** *single observation, hence mean, SD, min, max cannot be calculated

posterior and left posterior were studied and the mean
ranged from 0.54-0.69mm [anterior], 0.54-0.67mm [right
posterior] and 0.51-0.80mm [left posterior] respectively.
The minimum thickness was found to be the sameinall
the three types and was 0.43mm.The maximum

thickness of the anterior valve was 3.83mm [41-60 yrs]
Right posterior vale had a maximum thickness of
3.4mm [41-60yrs] and left posterior had a maximum
thickness of 3.4mm [0-20yrs].

C. Relation between Anomalous Valve and Diameter of Aorta

Table 2: Relation between Anomalous valve and Diameter of Aorta in the study subjects

ANV N Mean Std. Deviation
DOA Yes 3 2.0533 .28919
No 72 2.0276 .52914
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DOA-Diameter of Aorta, ANV-Anomalous Valve

The diameter of Aorta in subjects with anomalous
valve was compared with those having normal valve.
The mean diameter of Aortawas found to be 2.05 (SD
+0.29) in the subjects with anomalous valve compared
to the normal group (2.02+0.53). This was statistically
analysed using T-test. t = 0.144; p = 0.89. Hence the
relation was found to be not significant.

Discussion

A total of 5 cases of anomalous bicuspid Aortic
valves were noted in the studied samples. 2 of the 5
cases belonged to foetus group (14-39weeks) ,2 were
from 21-40yrs and the remaining 1 from 41-60yr age
group. 2 cases of bicuspid Aortic valves from foetus
had associated congenital malformations. A 40yr old
female had bicuspid aortic valve and variation of the
arch, and she died of cardiac tamponade following
aortic dissection. A 35yr old male also had a similar
history. Ward C, Edwards W.D et al and
Gersony W.M in 1993 studied Bicuspid aortic valve
and opinioned that eventhough it is often considered
abenign lesion early in life, complications of Bicuspid
Aortic Valve, including aortic stenosis, aortic
regurgitation, infective endocarditis, and aortic
dilation and dissection, result in considerable
morbidity and mortality later in life . This proved to
be true in the present study.

Anton E. Becker et al studied 100 cadavers and
reported that Bicuspid aortic valve had an overall
incidence of 46% and in 37 cases of bicuspid aortic
valve, additional malformations were found.
According to Clementi M et al in 1996 and
Huntington, K et al, Bicuspid aortic valve is the most
common congenital cardiovascular anomaly,
occurring in 1-2% of the population.These two studies
contradicts the present findings where the incidence
is only 5%. According to Paul W.M. Fedak et al ‘s
work, Bicuspid aortic valves (BAV) develop when
adjacent cusps fuse to form a single aberrant cusp,
larger than its counterpart yet smaller than 2 normal
cusps combined. This is found to be true in the present
case.

The diameter of Aorta in subjects with anomalous
valve was compared with those having normal valve.
The mean diameter of Aorta was found to be
2.05 + 0.29cm in the subjects with anomalous valve
compared to normal group (2.02+0.53cm). But the
relation was found to be not significant.

The thickness of the Aortic valves was studied. The
thickness of the anterior valve ranged between

0.43-3.83mm, the maximum thickness of 3.83mm
noted in 41-60yr age group. The thickness of the right
posterior Aortic valve was noted and ranged between
0.43-3.4mm, the maximum thickness of 3.4mm was
noted in 41-60yr age group. The thickness of left
posterior Aortic valve ranged between 0.43-3.4mm,
the maximum thickness of 3.4mm was noted in O-
20yr age group. Clark RE, Finke EH performed
measurements of leaflet thickness in relaxed and
stressed states. They showed that human leaflets
thickness varied from 177 to 1.76im in relaxed state
and from 150 to 1.75um in stressed state.This study
shows a little disparity with the present study where
the minimum thickness was 0.43mm and the reasons
may be due to the hardening effects of formalin or the
technique used. 13 cases out of 100 samples had
atheromatous plaques over the interior of Aorta.
Among them majority (27.8%) belonged to 21-40yr
age group. This may be because of the fact that most
of the post-mortem cases were from road traffic
accidents where younger age groups are involved and
often the elderly and diseased were not taken into
consideration. So this fact cannot be taken as an
extrapolation of the whole population.

Summary and Conclusion

= The thickness of the Aortic valves was: the
anterior valve ranged between 0.43-3.83mm, the
right posterior Aortic valve ranged between 0.43-
3.4mm and the left posterior Aortic valve ranged
between 0.43-3.4mm.

= Thediameter of Aortain subjects with anomalous
valve was compared with those having normal
valve and the relation was found to be not
significant.

= Acase of valvular anomaly which can be detected
easily should undergo a thorough cardiology
workup to prevent complications like Aortic
dissection, Cardiac tamponade which may prove
fatal later in life.

References

1. Hurwitz LE, Roberts WC. Quadricuspid semilunar
valve. Am J Cardiol 1973; 31:623.

2. Bayne EJ. Bicuspid Aortic Valve Follow-up. http://
www.emedicine. Medscape.com/article/893523-
overviewy (accessed 15 july 2013).

3. Becker AE, Becker MJ, Edwards JE. Anomalies
associated with coarc tation of Aorta particular

Indian Journal of Anatomy / VVolume 6 Number 2 / April - June 2017



130

10.

11.

12.

13.

14.

15.

16.

17.

Rosemol Xaviour & Rajendraprasad V.K. / A Study on the Aortic Valves in Indian Population

reference to infancy. Circulation 1970; 41:1067-1075.

Roberts WC. The congenitally bicuspid aortic valve:
A study of 85 autopsy cases. The American Journal
of Cardiology 1970; 26(1):72-83.

Clark RE, Finke EH Scanning and light microscopy
of human aortic leaflets in stressed and relaxed
states.J Thorac Cardiovasc Surg 1974; 67(5):792-804.

Davia JE ,Fenoglio JJ,DeCastro CM,McAllister HA,
Cheitlin MD. Quadricuspid semilunar valves. Chest
1977;72;186-189.

Fenoglio JJ ,McAllister HA ,DeCastro CM, Davia JE,
Cheitlin MD. Congenital bicuspid aortic valve after
age 20.The American Journal of Cardiology 1977;
39(2):164-169.

Edwards WD, Leaf DS, Edwards JE. Dissecting aortic
aneurysm associated with congenital bicuspid aortic
valve. Circulation 1978; 57:1022-5.

Roberts CS, Roberts WC. Dissection of the aorta
associated with congenital malformation of the aortic
valve. ] Am Coll Cardiol 1991; 17:712-6.

Miller MJ, Geffner ME, Lippe BM, Itami RM, Kaplan
SA, DiSessa TG et al.Echocardiography reveals a high
incidence of bicuspid aortic valve in Turner
syndrome. The Journal of Pediatrics 1983; 102(1):47-
50.

Clementi M, Notari L, Borghi A. Familial congenital
bicuspid aortic valve: a disorder of uncertain
inheritance. Am J Med Genet 1996; 62:336-8.

Huntington,K, Hunter AG, Chan KL. A prospective
study to assess the frequency of familial clustering
of congenital bicuspid aortic valve. J Am Coll
Cardiol 1997; 30:1809-12.

Lin SL, Liu CP, Chen CY, Ger LP, Chiang HT.The
relation between thickened aortic valve and
coronary artery disease. Zhonghua Yi Xue Za Zhi
(Taipei) 1997; 60(2):92-7.

Stewart BF, Siscovick D, Lind BK, Gardin JM,
Gottdiener JS, Smith VE et al. Clinical factors
associated with calcific aortic valve disease:
Cardiovascular Health Study. J Am Coll Cardiol 1997;
29:630-634.

Otto CM, Lind BK, Kitzman DW, Gersh BJ, Siscovick
DS. Association of aortic-valve sclerosis with
cardiovascular mortality and morbidity in the
elderly. N Engl J Med 1999; 341:142-147.

Clouse WD, Hallett JW, Schaff HV, Gayari MM,
listrup DM, Melton LJ. Improved prognosis of
thoracic aortic aneurysms: a population-based study.
JAMA 1998; 280:1926 —1929.

Olsson C, Thelin S, Stahle E, Ekbom A, Granath F.
Thoracic aortic aneurysm and dissection: increasing
prevalence and improved outcomes reported in a
nationwide population-based study of more than 14
000 cases from 1987 to 2002. Circulation 2006;
114:2611-2618.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Bonderman D, Gharehbaghi-Schnell E, Wollenek G,
Maurer G, Baumgartner H, Lang IM. Mechanisms
underlying aortic dilatation in congenital aortic
valve malformation. Circulation 1999; 99:2138-2143.

Ward C.Clinical significance of the bicuspid aortic
valve. Heart 2000; 83(1):81-85.

Edwards WD, Leaf DS, Edwards JE.Dissecting aortic
aneurysm associated with congenital bicuspid aortic
valve. Circulation 1978; 57:1022-1025.

Gersony WM, Hayes CJ, Driscoll DJ.Bacterial
endocarditis in patients with aortic stenosis,
pulmonary stenosis, or ventricular septal defect.
Circulation 1993; 87:1121-1126.

Paladini D, Russo MG, Vassallo M, Tartaglione A,
Pacileo G, Martinelli P et al.UIltrasound evaluation
of aortic valve anatomy in the fetus. Ultrasound
Obstet Gynecol 2002; 20(1):30-4.

Fedak PWM,Verma S,David TE,Leask RL,Weisel
RD,Butany J. Clinical and Pathophysiological
Implications of a Bicuspid Aortic Valve Circulation.
2002; 106:900-904.

Warnes CA.Bicuspid aortic valve and coarctation:
two villains part of a diffuse problem. Heart 2003;
89:965-966.

Roos-Hesselink JW,Scholzel BE,Heijdra RJ,Spitaels
SEC,Meijboom FJ et al. Aortic valve and aortic arch
pathology after coarctation repair. Heart 2003;
89:1074-1077.

Cripe L,Andelfinger G, Martin LJ,Shooner K,Benson
DW,Bicuspid aortic valve is heritable free.J Am Coll
Cardiol 2004; 44(1):138-143.

Freeman RV,0tto CM. Spectrum of Calcific Aortic
Valve Disease: Pathogenesis, Disease Progression,
and Treatment Strategies. Circulation 2005; 111:
3316-3326.

Tutar E, Ekici F, Atalay S, Nacar N. The prevalence of
bicuspid aortic valve in newborns by
echocardiographic screening. Am Heart J 2005;
150(3):513-5.

Yuan SM,Jing H. The bicuspid aortic valve and related
disorders. Sao Paulo Med J 2010; 128(5):296-301.

Beroukhim RS, Kruzick TL, Taylor AL, Gao D,
Yetman AT. Progression of aortic dilation in children
with a functionally normal bicuspid aortic valve.
Am J Cardiol 2006; 98:828-830.

Warren AE, Boyd ML, O’Connell C, Dodds L.
Dilatation of the ascending aorta in paediatric
patients with bicuspid aortic valve: frequency,rate
of progression and risk factors. Heart 2006; 92:
1496 -1500.

Holmes KW, Lehmann CU, Dalal D, Nasir K, Dietz
HC, Ravekes W/ et al.Progressive dilation of the
ascending aorta in children with isolated bicuspid
aortic valve. Am J Cardiol 2007; 99:978-983.

Davies RR, Kaple RK, Mandapati D, Gallo A, Botta

Indian Journal of Anatomy / VVolume 6 Number 2 / April - June 2017



34.

Rosemol Xaviour & Rajendraprasad V.K. / A Study on the Aortic Valves in Indian Population 131

DM, Elefteriades JA et al. Natural history of
ascending aortic aneurysms in the setting of an
unreplaced bicuspid aortic valve. Ann Thorac Surg
2007; 83:1338-1344.

Yasuda H, Nakatani S, Stugaard M, Kuroda TY, Bando
K,Kobayashi J, et al. Failure to prevent progressive
dilation of ascending aorta by aortic valve
replacement in patients with bicuspid aortic valve:

35.

comparison with tricuspid aortic valve. Circulation
2003; 108:11291-11294.

La Canna G, Ficarra E, Tsagalau E, Nardi M,
Morandini A, Chieffo A, et al.Progression rate of
ascending aortic dilation in patients with normally
functioning bicuspid and tricuspid aortic valves.Am
J Cardiol 2006 ; 98:249-253.

Indian Journal of Anatomy / VVolume 6 Number 2 / April - June 2017



