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Coronary Artery Anomalies: A New Facet of Bicuspid Aortic Valve?

Anomalias coronarias: ;Una nueva arista de la valvula adrtica bicuspide?
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ABSTRACT

Background: Bicuspid aortic valve (BAV) is conceived as a valvuloaortopathy, but its association with coronary artery anomalies has
not been deeply investigated.

Objective: The aim of this study was to identify the association between coronary artery anomalies and BAV in adult patients using
transthoracic echocardiography (TTE) and cardiac computed tomography (CCT) scan compared with patients with tricuspid aortic
valve (TAV).

Methods: Consecutive patients with BAV undergoing CCT scan between 2018 and 2019 were analyzed and compared with patients
with TAV matched for age and gender. All patients underwent TTE. Aortic diameters, aortic valve calcium score and coronary cal-
cium score were estimated and the presence of fibrosis of the aortic valve was evaluated.

Results: A total of 87 patients were included in the study (42 in the BAV group and 45 controls with TAV). Mean age was 46.8 *
16.8 years and 74.7% were men. Coronary artery anomalies were identified by CCT scan in 11 patients (26.1%) with BAV and in 1
patient with TAV (2.2%), p = 0.001.

High take-off of the left main coronary artery from the ascending aorta was the most common anomaly (4 cases). Two patients pre-
sented interarterial course. High take-off was not associated with greater aortic root diameters.

Conclusions: Coronary artery anomalies were mostly benign and more common in patients with BAV than with TAV. Their correct
diagnosis is important to achieve an adequate surgical planning.
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RESUMEN

Introduccion: La valvula aértica bictispide (VAB) es concebida como una valvulo-aortopatia. Su asociacién con anomalias coronarias
no ha sido estudiada en profundidad.

Objetivo: Reconocer la asociacion de anomalias coronarias con VABen pacientes adultos con ecocardiograma transtoracico (ETT)y
tomografia cardiaca (T'C) en comparacién con pacientes con valvula aértica trivalva (VAT).

Material y métodos: Se incluyeron pacientes con VAB consecutivos a los que se les realizé TC entre 2018 y 2019 y se los comparé con
pacientes con VAT de edad y género similares. En todos se realizé también ETT. Se realizaron mediciones de aorta, score de calcio
valvular aértico y coronario, e identificacién de fibrosis adrtica.

Resultados: Se incluyeron 87 pacientes (42 del grupo con VAB y 45 controles con VAT), edad media 46,8 *= 16,8 afios, un 74,7% hom-
bres. La TC permiti6 identificar anomalias coronarias en 11 pacientes (26,1%) con VAB y en 1 paciente con VAT (2,2%), p = 0,001.
El origen alto del tronco de la coronaria izquierda al nivel de la aorta ascendente fue la anomalia més frecuente (4 casos). Dos pa-
cientes mostraron trayecto interarterial. El origen alto de arterias coronarias no se asocié a mayores didmetros de la raiz aértica.
Conclusiones: Las anomalias coronarias (en su mayoria benignas) fueron mas frecuentes en pacientes con VAB que en VAT. Su co-
rrecto diagndstico tiene importancia a la hora de lograr una correcta planificacién quirtargica.

Palabras clave: Valvula aértica bictispide - Anomalias coronarias - Tomografia cardiaca.

Abbreviations

BAV Bicuspid aortic valve RCA Right coronary artery

CCT Cardiac computed tomography TTE  Transthoracic echocardiography

IQR  Interqueartile range TAV  Tricuspid aortic valve

LCA Left coronary artery TAVR Transcatheter aortic valve replacement

NC Noncoronary cusp
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INTRODUCTION

Bicuspid aortic valve (BAV) is the most common
congenital heart defect, affecting 1%-2% of the
population. (1) Aortic valve dysfunction due to pro-
gressive valve calcification with development of
aortic stenosis, and aortopathy, are the most com-
mon complications. (2-5) The anomalous origin of
the coronary arteries is rare. The association of this
defect with BAV has not been emphasized and there
has been little information on the possible clinical
consequences of this combination of congenital de-
fects. (6) The differences in the distribution of coro-
nary arteries in patients with BAV have been oc-
casionally reported with specific surgical strategies
to treat them. (3, 7) However, no systematic data
analysis has been performed on the prevalence of
coronary artery anomalies in this population and
on the frequency of specific variations of coronary
artery circulation in patients with BAV compared
with tricuspid aortic valve (TAV).

The information about the association of coro-
nary artery anomalies and BAV is controversial.
Some reports suggest that BAV may coexist with a
coronary artery anomaly. (3, 7, 8) The incidence of
left dominance has been reported to be higher in pa-
tients with BAV compared with those with TAV. (9)
A genetic association between BAV and coronary ar-
tery anomalies has not been established. (10) Naito
et al. reported a significantly increased prevalence
of coronary artery anomalies in BAV patients when
compared with their TAV counterparts. (11) In addi-
tion, patients with diagnosed coronary artery anoma-
lies had more postoperative ischemic cardiac events.
On the other hand, Michalowska et al. reported that
the frequency of coronary artery anomalies in BAV
patients was similar when compared with their TAV
counterparts. (9)

Contrast-enhanced cardiac computed tomography
(CCT) scan offers excellent spatial resolution and
identifies most anomalies of the coronary arteries in
their origin and course, in addition to its superiority
over echocardiography for measuring the aorta and
determining the calcium score. (9, 12, 13) As many pa-
tients with BAV will undergo surgical or transcatheter
aortic valve replacement (TAVR), there is a potential
risk of coronary artery injury during the procedure.
Nowadays, most patients with BAV undergo CCT scan
or cardiac magnetic resonance imaging (MRI) before
surgery. This multimodality imaging approach can
add useful information about aortic dimensions and
aortic valve anatomy in relation to the coronary arter-
ies. (2)

In patients with newly diagnosed BAYV, it is advisa-
ble to perform a three-dimensional imaging technique
(MRI or CCT scan) to rule out a significant underesti-
mation of the aortic diameter. (12, 14)

We designed this prospective and comparative
study to identify the association between BAV and
coronary artery anomalies, compared with TAV.

METHODS

Population

We designed a prospective comparative study of consecutive
patients with BAV who underwent transthoracic echocardi-
ography (TTE) and CCT scan to evaluate the aortic valve,
coronary arteries, and the aorta. The maximal time inter-
val between both tests was 6 months. The control group
included patients with TAV matched for age and sex, who
underwent a CCT scan during the same period for evalua-
tion of the pulmonary veins before catheter ablation of ar-
rhythmias.

All patients were being followed up in our Health Net-
work (ICSI, Sanatorio Las Lomas and Centro Médico Nor-
delta, 2 secondary and tertiary community-based health care
centers, respectively).

Patients >18 years who signed the informed consent
form were included in the study. Exclusion criteria were:
history of cardiac surgery, complex congenital heart defects
and genetic aortic diseases (Marfan syndrome, Loeys-Dietz
syndrome, etc.), nephropathy (serum creatinine level >150
mmol/L), known hypersensitivity to iodinated contrast me-
dia, and untreated hyperthyroidism.

Study protocol and outcomes

The study protocol was approved by the Institutional Eth-
ics Committee, which granted access to the health records
and imaging data. The following data were recorded: demo-
graphic and anthropometric data, cardiovascular risk fac-
tors (hypertension, diabetes mellitus, smoking habits or dys-
lipidemia), history of cardiac procedures, BAV in first-degree
relatives, cardiovascular symptoms (dyspnea, syncope, and
angina), cardiac medication, blood pressure, auscultatory
findings and echocardiographic parameters. Body surface
area was calculated using the DuBois method [BSA (m2) =
0.007184 X height (cm) 0.725 X weight (Kg) 0.425]. (15)

Transthoracic echocardiography

All patients underwent complete transthoracic echocardi-
ography (TTE) using Vivid S5 (GE® Vingmed Ultrasound,
Israel or T8; GE® Vingmed Ultrasound, China) ultrasound
machines. The diagnosis of BAV was based on a systolic el-
liptical valvular opening and existence of only 2 commis-
sures delimiting only 2 aortic valve leaflets, (4, 16) In all the
patients, BAV was confirmed by CCT scan. The Schaefer
classification was used. (16) Aortic stenosis and aortic regur-
gitation were classified based on standard criteria of current
international guidelines. (17, 18)

Aortic valve prolapse was defined when one or more aor-
tic cusps showed backward bowing towards the left ventricle
>1 mm. (19, 20) Aortic diameters were measured according
to current recommendations. (21) Aortic aneurysm was de-
fined as an aortic diameter =45 mm. (4,5) Aortopathy was
defined according to the classification of Verma and Siu. (2)

Cardiac computed tomography scan
All patients underwent contrast-enhanced CT scan of the
thoracic aorta with a dual-source 128-row system (Somatom
Definition, Siemens Healthcare) using a retrospective elec-
trocardiogram-gated protocol. Before the contrast agent
was administered, calcium scoring was determined in 3-mm
contiguous axial slices between the aortic arch and the dia-
phragm. (22) A non-ionic iodinated contrast material was
injected intravenously, and the bolus-tracking program was
used to start the scan.

To evaluate aortic valve morphology, reconstructions
were created from 0 to 90 % (10% to 40% for the systolic
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window and 60% to 80% for the diastolic phase). All the im-
ages were post-processed and analyzed using syngo.via (Sie-
mens®) imaging software. (9)

Definition of coronary artery anomalies

Coronary artery anomalies were defined using the definition

by Naito et al. (11)

- Separate ostium: Absence of the left main coronary ar-
tery and separate ostia of the left anterior descending
artery and the left circumflex artery.

- Anomalous origin: Origin of the right coronary artery
(RCA) from the left coronary sinus or the left coronary
artery (LCA) from the right coronary artery sinus, as
well as anomalous coronary ostium location outside the
sinus of Valsalva, including the left ventricle, ascending
aorta (high take-off) and aortic arch.

- Anomalous course: When the course of the coronary ar-
tery is different from the normal course, particularly if
this is an interarterial course (between the aorta and the
pulmonary artery).

Statistical analysis

Continuous variables are expressed as mean and standard
deviation, or median and interquartile range (IQR), accord-
ing to their distribution. Discrete variables are expressed
as frequencies and percentages. Continuous variables were
compared using a two-tailed Student's t test or the Mann-
Whitney U test, as applicable. Categorical variables were
compared using the chi-square test with Yates’s correction
or Fisher's exact test, as applicable according to the distribu-
tion and number of patients.

The correlations between continuous variables were
evaluated using Pearson's r or Spearman's rho correlation
coefficient. A p value < 0.05 was considered statistically sig-
nificant.

All the statistical calculations were performed using R
Project software package under Windows operating system.

Ethical considerations

Patient identity was preserved ensuring privacy and confiden-
tiality of the information. The study protocol was approved
by the institutional Teaching and Research Committee. All
the patients signed an informed consent form. The study was
conducted following the recommendations of the Declaration
of Helsinki and Good Clinical Practice Guidelines.

RESULTS

Population

Between January 2018 and November 2019, 87 pa-
tients with mean age 46.8 = 16.8 years and 74.7%

men were included in the study. Forty-two patients
had BAV (Figure 1) and 45 belonged to the control
group (TAV). The demographic data of both groups
(BAV and TAV) are shown in Table 1.

The mean time interval between the CCT scan and
TTE was 4 = 2.6 months. In the BAV group, 7 (16.7%)
patients presented significant aortic stenosis and
18 (42.8%) had some degree of aortic regurgitation.
There were no differences in the severity of valvular
dysfunction between men and women.

Coronary artery anomalies

Coronary artery anomalies were identified by CCT
scan in 11 patients (26.1%) with BAV and in 1 patient
with TAV (2.2%), p = 0.001. The distribution of the
type of coronary artery anomalies are described in Fig-
ure 2. Anomalous origin of the LCA from the ascend-
ing aorta (high take-off of the LCA) was the most com-
mon anomaly, observed in 4 patients (9.5%) (Figure
3). Three patients (7.1%) presented anomalous origin
of the RCA ostium arising from the ascending aorta
(high take-off of the RCA) (Figure 4). Two patients
(4.8%) had anomalous origin and course, with ectopic
RCA originating from the left sinus of Valsalva as a
separate vessel with interarterial course. The anatom-
ic characteristics of all the coronary artery anomalies
diagnosed are shown in Table 2 and Figures 3 and 4.

We did not find a significant association between
BAV phenotype and coronary artery anomalies. To
rule out that the high take-off could be due to an an-
eurysm or aortic root dilation, the aortic root diame-
ters were compared in patients with and without high
take-off. There were no differences in the aortic root
diameter (36.1 mm * 4.6 mm in the group of patients
with high take-off vs. 35.9 mm * 4.4 mm in the rest
of the patients, p = 0.58). Only one patient with high
take-off of coronary arteries had aortic root diameter
indexed to body surface area >21 mm/m?2.

Right coronary dominance was observed in 24
(80.9%) patients in the BAV group and in 36 (80%) in
the TAV group, p = 0.5. In the BAV group, left domi-
nance occurred in 7 (16.7%) patients and 1 patient
(2.3%) presented codominance. There were no differ-
ences in coronary dominance according to the BAV
phenotype (right dominance 80.7% en type I vs. 85.1%

Fig. 1. Cross sectional com-
puted tomography recon-
struction through the aortic
valve plane showing the el-
liptical opening of 2 bicuspid
aortic valves (BAV). A: BAV
with thick free edges and
fusion of the right and left
coronary cusps with raphe; B:
BAV with fibrosis and thick-
ened free edges correspond-
ing to fusion of the right cor-
onary cusp and noncoronary
cusp with raphe
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BAV

n=42
Age (years) 439+ 15.1
Men (%) 30 (71.4%)
BSA Dubois (m?) 1.93+0.25
LVEF (%) 642 +59
LA volume index (mL/m?) 274 +52
Age of BAV diagnosis (years) 35.7+8.1
Without CV risk factors, n (%) 28 (66.6%)
Hypertension, n (%) 7 (16.6%)
Smoking habits, n (%) 7 (16.6%)
Dyslipidemia, n (%) 6 (14.2%)
DLP (radiation) 776 £ 106
Aortic valve calcium score (AU) 0 (0-457)
Coronary artery calcium score (AU) 0 (0-0)
Aortic diameter >21 mm/m? 15 (35.7%)
Aortic aneurysm (>45mm) 4(9.5%)

BAV: bicuspid aortic valve; TAV: tricuspid aortic valve; BSA; body surface area; LVEF: left ventricular ejection
fraction; LA: Left atrial; CV: cardiovascular; DLP: dose-length product; AU: Agatston units

Table 1. Baseline population

TAV p s
n =45 characteristics
51.5+£17.1 0.07
35(77.7%) 0.6
1.96 +0.27 0.1
63.2+6.3 0.1
269+59 0.07
28 (62.2%) 0.8
10 (22.2%) 0.59
11 (24.4%) 0.43
10 (22.2%) 0.41
798 + 129 0.08
0 (0-68) 0.5
0(0-82) 0.07
4(8.8%) 0.003
0 (0%) 0.05

High take-off of both coronary arteries
Separate ostia of the left circumflex coronary artery and -

left anterior descending coronary artery

Right coronary artery from left sinus of Valsalva

High take-off of the LMCA

High take-off of the right coronary artery _

2 2,5 3 35 4 4,5

Fig. 2. Frequency (in abso-
lute numbers) of coronary
artery anomalies detected by
computed tomography scan.
High take-off of the left main
coronary artery (LMCA) was
the most common coronary
anomaly detected

in type II, p = NS). Left dominance was observed in 3
patients with coronary artery anomalies (27.2%) but
was not statistically more common than in patients
without coronary artery anomalies.

The surgical strategy was modified in 2 patients
with coronary artery anomalies. One patient with
symptomatic severe aortic regurgitation and anoma-
lous origin and course of the RCA underwent aortic
valve replacement with ligation of the proximal RCA
and bypass graft from the right internal thoracic ar-
tery to the RCA. Selective angiography of the RCA
was not possible in another patient with dyspnea
and severe aortic regurgitation with high take-off of
the RCA. Computed tomography angiography helped
guide and plan the strategy, thus avoiding the section
of the RCA and reinsertion of the coronary ostium.

Additional information provided by CCT scan

In the BAV group, the aortic valve calcium score was 0
AU in 25 patients (59.5%). As expected, this score sig-
nificantly correlated with age (r = 0.47, p = 0.0002).
Mean aortic valve thickness was greater in patients

with BAV (0.25 * 0.05 cm vs. 0.11 = 0.03 cm, p <
0.001).

Aortic dilation

As expected, aortic dilatation was more common in pa-
tients with BAV (35.7% vs. 8.8%, p = 0.003). The phe-
notypes of aortic dilation were mixed dilation (involv-
ing the ascending tubular aorta and the aortic root)
in 8 patients (19%), isolated aortic root dilation in 5
patients (11.9%) and isolated ascending tubular aorta
dilation in 2 patients (4.7%). Four patients presented
aneurysm of the ascending aorta (diameter >45 mm),
more common in BAV with raphe (p = 0.006). There
were no significant differences in the prevalence or
types of aortic dilation between BAV phenotypes (fu-
sion of the right and left coronary cusps or fusion of
the right coronary and noncoronary cusps).

DISCUSSION

Our study showed a high prevalence of coronary ar-
tery anomalies in patients with BAV compared with
patients with TAV matched for sex and age. Most cas-
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Fig. 3. Coronary artery anom-
alies detected by computed
tomography scan in patients
with bicuspid aortic valve.
From left to right, top to bot-
tom: A: High take-off of the
left main coronary artery and
right coronary artery above
the sinotubular junction. B:
Separate origin of the left
anterior descending coronary
artery and left circumflex cor-
onary artery. C and D: High
take-off of the left main cor-
onary artery in patients with
calcification of the bicuspid
aortic valve.

Fig. 4. Coronary artery anom-
alies detected by CT in pa-
tients with BAV. From left to
right, top to bottom: A: High
take-off of the right coronary
artery and left main coronary
artery with calcified bicuspid
aortic valve. B: Three-dimen-
sional reconstruction of the
aorta and coronary arteries
showing a right coronary ar-
tery emerging anteromedial
to the left coronary sinus as
an independent vessel with
interarterial course. C: High
and angular take-off of the
left main coronary artery. D:
Reconstruction with volume
rendering showing a right
coronary artery emerging
from the left sinus of Valsal-
va with interarterial course.
E: High take-off of the right
coronary artery. F: High take-
off of the left main coronary
artery. Abbreviations: CT:
Computed tomography; BAV:
bicuspid aortic valve.
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Table 2. Coronary artery anomalies identified in 12 patients (11 with BAV and 1 with TAV)

Age Sex Typeof Aortic Aortic Coronary  Aortic Aortic  Sinuses Ascending Coarctation Raphe Coronary artery Coronary
BAV  stenosis regurgitation artery valve valve of aorta of the anomaly dominance
(Mod/S) (Mod/S  calcium calcium thickness Valsalva  (mm) aorta
score score (cm) (mm)
(AU) (AU)
#1 60 F I (R-L) Yes No 0 2062 0.29 35 38.7 No Yes Separate ostium LAD Left
and CX
#2 65 M I(R-D) Yes No 124 2016 0.26 38.3 39.5 No Yes  High take-off of the LMCA Right
#3 27 M I(R-L) No Yes 0.6 0 0.23 36.6 33 No Yes High take-off of RCA Right
#4 75 M 1 (R-NC)  No Yes 0 2145 0.27 31.2 32.7 No Yes  High take-off of the LMCA Left
#5 55 M I (R-L) No No 0 48 0.29 40.4 40 Yes Yes High take-off of RCA Right
#6 48 F I (R-L) No Yes 0 3.5 0.25 329 43.1 No Yes High take-off of LCA Right
#7 20 M I(R-D) No No 0 0 0.17 29.6 25 No Yes Origin and course: RCA Right
originating from the left
sinus of Valsalva with
interarterial course
#8 42 M I(R-D) No No 0 259.6 0.30 31.8 34.2 No Yes High take-off of LMCA Right
and RCA
#9 34 M I (R-L) Yes Yes 0 3097 0.29 34.5 37.5 No Yes Origin and course: RCA  Codominance
originating from the left
sinus of Valsalva with
interarterial course

#10 49 F I (R-L) No Yes 0 0 0.24 30.6 33.1 No Yes High take-off of RCA Left
#11 68 M I (R-NC) Yes No 605 4353 0.32 41.3 39.6 No Yes  High take-off of the LMCA Right
#12 48 M TAV No No 0 0 0.11 34.7 33.1 No = Separate ostium LAD Right

and CX

Abbreviations: CX: circumflex; LAD: left anterior descending, RCA: Right Coronary Artery; LMCA: Left main coronary artery; R-L: fusion of the right
and left coronary cusps; R-NC: fusion of the right coronary cusp and noncoronary cusp; F: female; M: male; Mod: moderate; S: severe; AU: Agatston

units; BAV: bicuspid aortic valve; TAV: tricuspid aortic valve.

es were benign anomalies, with relevance for planning
procedures, but with no significant clinical impact.
Furthermore, aortic valve fibrosis was prevalent in
patients with BAV, even before significant valve dys-
function developed.

Bicuspid aortic valves are the result of abnormal
aortic cusp formation during valvulogenesis and of a
complex developmental process rather than the sim-
ple fusion of 2 normal cusps. (3) Thus, heart defects
often affect not only the valve, but also the aorta and
eventually the coronary arteries.

A coronary anomaly should be defined as any coro-
nary pattern with a feature “rarely” encountered in the
general population. When these anomalies occur, they
are usually an ectopic origin of the right or left coronary
artery from the aorta. Most coronary artery anomalies
are benign and, accordingly, are only identified as in-
cidental findings during diagnostic tests for other rea-
sons. Coronary artery anomalies can rarely lead to poor
myocardial perfusion with devastating clinical conse-
quences. According to the literature, they can be found
incidentally in 1% of the general population. This per-
centage is obtained from coronary angiographies per-

formed for suspected coronary artery disease. (23) The
incidence varies and depends on the methods used for
detection (autopsy, surgery, coronary angiography, CCT
scan) and ranges from 0.7% to 6.6% in CT coronary an-
giography. (24) Angelini et al. evaluated 1950 coronary
angiographies and found an incidence of coronary ar-
tery anomalies in 5.6% of cases. (23)

There is little information about the association
between coronary artery anomalies and BAV. In our
population, coronary artery anomalies were signifi-
cantly more common than in the normal population.
Our results are consistent with those reported by
Naito et al. (11) Most cases showed benign anomalies,
as high take-off and rotation. However, Michalowska
et al. have reported a prevalence of coronary artery
anomalies similar to that of the general population.
(9) High take-off and separate ostia of the coronary
arteries should be considered when aortic valve re-
placement, aortic surgery or TAVR is required in pa-
tients with BAV, for adequate planning of the proce-
dure. This frequent association could suggest that this
valvuloaortopathy could also affect the origin of the
coronary arteries.
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Naito et al. reported that patients with BAV and
coronary artery anomalies had more postoperative is-
chemic cardiac events after aortic valve surgery. (11)
Nowadays, as most patients with BAV will undergo
CCT scan or MRI before surgery, this multimodality
imaging approach could help to identify coronary ar-
tery anomalies and surgery or TAVR planning.

In our study population, the incidence of right
dominance and left dominance was 80.9% and 16.7%,
respectively. These results are comparable to those re-
ported by Michalowska et al. (9) Nevertheless, some
authors have found left dominance in 57% of patients
with BAV.

Despite the combined multimodality imaging ap-
proach represents the standard of care for patients
with BAV in developed countries, in less privileged
settings, such as our country, not all patients with
BAV are evaluated with CCT scanning. Besides pro-
viding the evaluation of the coronary arteries, CCT
scan allows the examination of the aorta in segments
where TTE has limitations, such as the distal tubular
portion. In our study, the diagnosis of aortic dilation
was made by CCT scan in 3 cases that were not identi-
fied by TTE. Since CCT scan involves radiation and
requires infusion of iodinated contrast, these aspects
should be considered.

Although our study has several limitations, it pro-
vides evidence that not only the aortic valve and aorta
may be involved in patients with BAV, but also the cor-
onary arteries. This association could correspond to
specific genetic abnormalities and opens an interest-
ing path for further studies, including genetic tests. In
addition to coronary anatomy, CCT can provide useful
information about leaflet fibrosis with aortic valve cal-
cium score, valve thickness, and aortic valve anatomy
(valvular phenotype). (22)

Study limitations

Some limitations of this study should be mentioned.
Firstly, the number of patients included. Secondly,
the time interval between TTE and CCT scan was 4
months and, ideally, both studies should be performed
within a shorter interval; however, for the purpose of
the diagnosis of coronary artery anomalies, this in-
terval does not affect the result. Thirdly, CCT scan
involves exposure to radiation that should be consid-
ered. Finally, the "control" population was made up of
patients undergoing CCT scanning for some underly-
ing cardiac condition that required the imaging test;
thus. it is difficult to find a completely normal popula-
tion to constitute the control group and compare the
findings.

CONCLUSIONS

In our study, coronary artery anomalies were more
common in patients with BAV than with TAV. Al-
though in most cases these anomalies were benign,
their correct diagnosis is important achieve an ad-
equate surgical planning. Moreover, CCT adds com-

plementary information to echocardiography not only
for the evaluation of the coronary arteries, but also
in relation to valvular fibrosis/calcification and aortic
diameters. Cardiac computed tomography scan is rec-
ommended for patients with BAV, although radiation
and the need for contrast agent should be considered.

Acknowledgments

We thank our patients, who are our fundamental motivation
to improve our practice every day; our families, for unders-
tanding and supporting us in the difficult task of the inde-
pendent researcher, and the entire team of Instituto Car-
diovascular San Isidro, for encouraging us to face greater
challenges.

Conflicts of interest
None declared.

(See authors’ conflicts of interest forms on the website/
Supplementary material)

Sources of funding
None.

REFERENCES

1. Hoffman JIE, Kaplan S. The incidence of congenital heart disease.
J Am Coll Cardiol 2002;39:1890-900. https://doi.org/10.1016/s0735-
1097(02)01886-7

2. Verma S, Siu SC. Aortic Dilatation in Patients with Bicuspid Aor-
tic Valve. N Engl J Med 2014; 370:1920-9. https://doi.org/10.1056/
NEJMral207059

3. Fedak PWM, Verma S, David TE, Leask RL, Weisel RD, Butany
dJ. Clinical and Pathophysiological Implications of a Bicuspid Aor-
tic Valve. Circulation 2002;106:900-4. https://doi.org/10.1161/01.
CIR.0000027905.26586.E8

4. 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; 06:1104-13. https://doi.
org/10.1001/jama.2011.1286.

5. Michelena HI, Prakash SK, Della Corte A, Bissell MM, Anavekar
N, Mathieu P, et al. Bicuspid Aortic Valve: Identifying Knowledge
Gaps and Rising to the Challenge From the International Bicuspid
Aortic Valve Consortium (BAVCon). Circulation 2014;129:2691-704.
https://doi.org/10.1161/CIRCULATIONAHA.113.007851

6. Palomo AR, Schrager B, RA Chahine. Anomalous origin of the
right coronary artery from the ascending aorta high above the left
posterior sinus of Valsalva of a bicuspid aortic valve. Am Heart J.
1985;109:902-4. https://doi.org/10.1016/0002-8703(85)90657-x

7. Barriales-Villa R, Penas-Lado M, Moris C. Bicuspid Aortic Valve
and Coronary Anomalies. Circulation 2003;107:e105. https:/doi.
org/10.1161/01.CIR.0000067687.37985.C4.

8. Doty DB. Anomalous origin of the left circumflex coronary ar-
tery associated with bicuspid aortic valve. J Thorac Cardiovasc Surg
2001;122:842-3. https://doi.org/10.1067/mtc.2001.118043

9. Michatowska IM, Hryniewiecki T, Kwiatek P, Stoktosa P, Swoboda-
Rydz U, Szymanski P Coronary Artery Variants and Anomalies in
Patients With Bicuspid Aortic Valve: J Thorac Imaging 2016;31:156-
62. https://doi.org/10.1097/RTI1.0000000000000205.

10. Morris G, Innasimuthu A, Fox J, Perry R. The Association of
Heart Valve Diseases with Coronary Artery Dominance. J Heart
Valve Dis 2010;19:389-93.

11. Naito S, Petersen J, Reichenspurner H, Girdauskas E. The im-
pact of coronary anomalies on the outcome in aortic valve surgery:
comparison of bicuspid aortic valve versus tricuspid aortic valve
morphotype. Interact Cardiovasc Thorac Surg 2018;26:617-22.
https://doi.org/10.1093/icvts/ivk396

12. 2014 ESC Guidelines on the diagnosis and treatment of aortic
diseases: Document covering acute and chronic aortic diseases of the
thoracic and abdominal aorta of the adultThe Task Force for the
Diagnosis and Treatment of Aortic Diseases of the European Soci-



CORONARY ANOMALIES IN BICUSPID AORTIC VALVE / Maria C. Carrero et al

189

ety of Cardiology (ESC). Eur Heart J 2014;35:2873-926. https://doi.
org/10.1093/eurheartj/ehu281

13. Michalowska IM, Kruk M, Kwiatek P, Hryniewiecki T, Kowal-
ski M, Furmanek MI, et al. Aortic Pathology in Patients With Bi-
cuspid Aortic Valve Assessed With Computed Tomography Angiog-
raphy: J Thorac Imaging 2014 ;29:113-7. https://doi.org/10.1097/
RT1.0000000000000055

14. Vis JC, Rodriguez-Palomares JF, Teixid6-Tura G, Galian-Gay L,
Granato C, Guala A, et al. Implications of Asymmetry and Valvu-
lar Morphotype on Echocardiographic Measurements of the Aor-
tic Root in Bicuspid Aortic Valve. J Am Soc Echocardiogr Am Soc
2019;32:105-12. https://doi.org/10.1016/j.ech0.2018.08.004.

15. Du Bois D, Du Bois EF. A formula to estimate the approximate
surface area if height and weight be known. 1916. Nutr Burbank
1989;5:303-11.

16. Schaefer BM, Lewin MB, Stout KK, Gill E, Prueitt A, Byers PH,
et al. The bicuspid aortic valve: an integrated phenotypic classifica-
tion of leaflet morphology and aortic root shape. Heart 2008;941634.
https://doi.org/10.1136/hrt.2007.132092.

17. Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP
3rd, Fleisher LA, et al. 2017 AHA/ACC Focused Update of the 2014
AHA/ACC Guideline for the Management of Patients With Valvu-
lar Heart Disease: A Report of the American College of Cardiol-
ogy/American Heart Association Task Force on Clinical Practice
Guidelines. Circulation 2017;135e1159-95. https://doi.org/10.1161/
CIR.0000000000000503

18. Dahiya A, Bolen M, Grimm RA, Rodriguez LL, Thomas JD, Mar-
wick TH, et al. Development of a consensus document to improve
multireader concordance and accuracy of aortic regurgitation sever-

ity grading by echocardiography versus cardiac magnetic resonance
imaging. Am J Cardiol. 2012;110:709-14. https://doi.org/10.1016/;.
amjcard.2012.04.052

19. Evangelista A, Gallego P, Calvo-Iglesias F, Bermejo dJ, Roble-
do-Carmona J, Sanchez V, et al. Anatomical and clinical predic-
tors of valve dysfunction and aortic dilation in bicuspid aortic
valve disease. Heart 2018;104:566-73. https://doi.org/10.1136/
heartjnl-2017-311560.

20. Shapiro LM, Thwaites B, Westgate C, Donaldson R. Prevalence
and clinical significance of aortic valve prolapse. Heart 1985;54:179-
83. https://doi.org/10.1136/hrt.54.2.179.

21. Lang RM, Badano LB, Mor-Avi V, Afilalo J, Armstrong A, Ernande
L, et al. Recommendations for cardiac chamber quantification by
echocardiography in adults: an update from the American Society
of Echocardiography and the European Association of Cardiovascu-
lar Imaging. J Am Soc Echocardiogr 2015;28:1-39 el4. https://doi.
org/10.1016/j.ech0.2014.10.003.

22. Pawade T Clavel MA, Tribouilloy C, Dreyfus J, Mathieu T,
Tastet L, et al. Computed Tomography Aortic Valve Calcium Scor-
ing in Patients With Aortic Stenosis. Circ Cardiovasc Imaging 2018;
11:e007146. https://doi.org/10.1161/CIRCIMAGING.117.007146

23. Angelini P, Villason S, Chan AV. Normal and Anomalous Coro-
nary Arteries in Humans. Coronary Anery Anorulies: A Comprehen-
sive Approach, edited by P Angelini. Philadelphia: Lippincott Wil-
liams & Wilkins, 1999: 53.

24. Cheng Z, Wang X, Duan Y, Wu L, Wu D, Liang C, et al. Detec-
tion of coronary artery anomalies by dual-source CT coronary an-
giography. Clin Radiol 2010;65:815-22. https://doi.org/10.1016/;.
crad.2010.06.003



	Botón 409: 
	Botón 410: 
	Botón 411: 
	Botón 412: 
	Botón 413: 
	Botón 414: 
	Botón 417: 


