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ARTICLE INFO ABSTRACT

Introduction: Transcatheter aortic valve implantation (TAVI) has emerged as a less invasive treatment than surgical
aortic valve replacement in patients with aortic stenosis. Understanding the anatomy of aortic valve complex may
help in optimal positioning of prosthetic valve and circumvent complications that can arise during its implantation.
Material and methods: The anatomy of aortic root was studied in 30 formalin-fixed cadavers. Aortic root and left
ventricular cavity was opened to measure the diameter at the base of aortic root and sinotubular junction (ST]);
distance of coronary ostia from base of aortic root and STJ; height and width of aortic valve leaflets; length and
thickness of membranous septum (MS).

Results: The diameter of aorta at the base of aortic root and ST] was 22.4+2.1 mm and 21.84-2.4 mm, respectively.
The height of aortic leaflets was smaller than the width. The right and left coronary ostia were 10.74+1.9 mm and
10.54+1.9 mm above the base of aortic root. Membranous septum was 4.7+1.23 mm (range 2.9-6.1 mm) long
and formed part of the wall of aortic root in 40% (12/30) cases.

Conclusions: Low lying coronary ostia speculate the use of a small prosthesis size to avoid or reduce the degree of
coronary compression. Length of MS may help in deciding the extent of devise penetration into left ventricular out-
flow tract to avoid conduction block. Membranous septum forming wall of aortic root increases the risk of aortic root
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rupture and iatrogenic membranous defect during TAVI.
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1. Introduction

Transcatheter aortic valve implantation (TAVI) is increasingly being
used to treat severe aortic stenosis in high surgical risk patients [1].
Despite its many advantages, TAVI is associated with some procedure
related complications. The anatomic proximity of the aortic valve to
the conducting system carries the risk of mechanical trauma to atrioven-
tricular node and bundle of His, which may necessitate placement of per-
manent pacemaker [2,3]. Coronary flow impairment due to obstruction of
coronary ostia is another major issue encountered in TAVI. Coronary ostia
may be obstructed either due to direct blocking by the implanted aortic
valve stent or the sewing cuff; from the native aortic leaflets immobilized
against the ostia; or by the displacement of the calcified native aortic leaf-
lets toward the coronary ostia [4-6]. Moreover the stentless bioprosthetic
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valves are potentially prone to coronary occlusion during the procedure
as the space between the transcatheter heart valve stent and the sinuses
of valsalva is not protected by the struts [7]. Modern TAVI prosthesis are
provided in a limited number of sizes, therefore prosthesis size — annulus
mismatch, or underestimated prosthesis size, has been related to
paravalvular aortic regurgitation, valve migration and aortic root rupture
[8-10]. Assessment of the dimensions and anatomy of aortic root with
respect to the coronary arteries and the conducting system is mandatory
to choose a suitable size for the prosthetic aortic valve and avoid pros-
thesis related complications of TAVI [9]. Thus, the purpose of this study
is to provide a detailed morphometric description of the aortic root.

2. Material and methods

The present study was conducted on 30 human hearts obtained from
adult Northwest Indian individuals of both sexes (14 male, 16 female)
aged 20-55 years. (mean 31.6413.1 years). Hearts with any gross abnor-
malities, pathological changes of aortic valves and/or history of any other
cardiac disease were excluded from the study. The aortic root and the
cavity of left ventricle were opened longitudinally. The aortic root
extends from the aortic annulus to the sinotubular junction and is an
ensemble of the aortic valve leaflets, the leaflet attachments, the sinuses
of Valsalva, the interleaflet trigones, the sinotubular junction (STJ) and
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Fig. 1. Opened aortic root and the cavity of left ventricle showing measurements of
(a) distance between aortic root and STJ, 1; (b) height of aortic valve leaflet, 2; (c) width
of aortic valve leaflet, 3; (d) distance of coronary ostia from the ST], 4; (e) distance of
coronary ostia from aortic leaflet, 5; (f) distance of coronary ostia from aortic root, 6;
(g) length of MS, 7. STJ, Sinotubular Junction; MS, Membranous septum.

the annulus. The aortic annulus forms the base of the aortic root and is
defined at the level of the basal attachment of the aortic valve leaflets.
The STJ is the interface between the aortic root and the tubular ascending
aorta. The structures forming the aortic root complex and membranous
septum (MS) were identified. We used transillumination to define the
boundaries and extent of MS. The circumference of the base of the aortic
root and STJ was measured using a thread. Linear measurements were
taken with the help of digital Vernier caliper.

Following measurements were made (Fig. 1):

(i) Gircumference at the base of aortic root and STJ (The diameter was
calculated using the mathematical formula: circumference /)
(ii) Distance between aortic root and ST]
(iii) Distance of coronary ostia from the base of aortic root, STJ and free
margin of the aortic leaflet
(iv) Height and width of aortic valve leaflets
(v) Length and thickness of MS

The data was presented as mean values with their corresponding
standard deviations (SD) or as number and percentages.

3. Results

The diameter of the aorta at the base of aortic root was 22.4+2.1 mm
(range 17.5-24.2 mm), and at the STJ was 21.842.4 mm (range
15.2-22.4 mm). The vertical separation between the base of the aortic
root and the ST] was 15.542.0 mm (range 14.4-20.7 mm). The maximum
average height of right coronary, non-coronary, and left coronary aortic
leaflet was 10.04-1.8 mm, 10.94-1.3 mm and 9.94-1.1 mm, respectively.
The maximum average width of right coronary, non-coronary, and
left coronary aortic leaflet was 19.6+3.6 mm, 18.4+3.6 mm and 17.8+
2.7 mm, respectively.

The right coronary ostia and left coronary ostia were 10.741.9 mm
(8.3-15.1 mm) and 10.54+1.9 mm (7.9-13.6 mm) above the base of aortic
root. The right coronary ostia was at the level of STJ in 33.3% (10/30) cases
and 2.0+1.8 mm below ST] in the remaining 66.7% (20/30) of cases,
the left coronary ostia was at the level of STJ in 56.7% (17/30) cases and
1.540.9 mm below ST]J in the remaining 43.3% (13/30) of cases (Fig. 2).
The aortic leaflet partly overlapped the right and left coronary ostia in
26.7% (8/30) cases, and 33.3% (10/30) cases, respectively (Fig. 2a). In
the remaining 73.3% (22/30) of cases and 66.6% (20/30) cases, the right
and left coronary ostia were 3.05+2.15 mm and 1.844-0.86 mm above
the free margin of the aortic leaflet, respectively (Fig. 2b).

The length and thickness of the MS was 4.74+1.23 mm (range
2.9-6.1 mm) and 0.884+0.18 mm, respectively. The membranous
septum had variable relationship with the components of aortic root.
In 60% (18/30) cases, MS did not extend into the aortic root and was
located below aortic annulus (Fig. 3a).It crossed the annulus, forming

Fig. 2. The right coronary ostia and left coronary ostia located (a) below STJ and partly overlapped by the aortic leaflet; (b) at the level of STJ and above the free margin of the aortic leaflet.

STJ, Sinotubular Junction.
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Fig. 3. Membranous septum (MS) (a) located below the aortic annulus(b) projected into the interleaflet triangle between right coronary and noncoronary sinus; (c) projected into the

noncoronary sinus deep to the aortic leaflet.

part of the wall of aortic root by projecting into the interleaflet triangle
between right coronary and noncoronary sinus in 13.3% (4/30) cases;
and projected into the noncoronary sinus deep to the aortic leaflet in
the remaining 26.6% (8/30) of cases (Fig. 3b, c). (See Fig. 4.)

4. Discussion

The aortic root dimensions are the most relevant anatomical struc-
ture for the appropriate prosthesis selection in patients undergoing
TAVI [9]. Migration of the device, when the prosthesis size is too small,
or rupture of the aortic valve annulus with large prosthesis size are
two potential procedural complications that can be avoided by selecting
the best possible size and type of the valve [8,11]. A cadaveric study
reported the diameter of aortic annulus to be 20.64+2.2 mm [12].
Another MDCT study on Japanese population reported the diameter
of the aorta at the STJ and basal ring to be 22.1+1 mm and 22.6+
2.7 mm, respectively [6]. The diameter of aortic annulus (22.4+
2.1 mm) and STJ (21.8+2.4 mm) reported in the present study is in con-
cordance with the values of these earlier studies. According to the cur-
rent sizing information, the annulus measuring between 18 mm and
27 mm are appropriate for the Edwards Sapien valve and Core
Valve devices [11].In the present study the diameter of the basal ring

is about 22 mm which indicates the suitability of the currently available
implant devices for TAVI in Northwest Indian population.

Inappropriate height of the transcatheter aortic valve device might
lead to suboptimal positioning which could lead to paravalvular regur-
gitation, embolization into the aorta, perforation of MS or even conduc-
tion block [13]. The vertical separation between the basal ring and ST]
represents the height of the aortic root complex, and according to our
data 1.5 to 2 cm high implant would be suitable for successful TAVI
implantation in our population. The height of the aortic root observed
in our study (15.54£2.0 mm.) is lower than reported by a cadaveric
study (22.6 mm) and another MDCT study (18 mm) [6,14].

Ventricular septal defect is a rare periprocedural complication of
TAVI [1]. In the present study the membranous septum was 0.88+
0.18 mm thick and formed the wall of aortic root by projecting above
the level of aortic annulus into the interleaflet triangle and noncoronary
aortic sinus in 40% of cases. This may form a potentially weak point
in the aortic wall in these cases, resulting in aortic root rupture and
iatrogenic membranous defect during TAVL

Low lying coronary ostia in relation to the aortic annulus may be
occluded by the displacement of the native aortic cusps during TAVI.
There have also been reports of coronary artery obstruction following
TAVI due to displacement of previously deployed and degenerated
aortic prosthetic valve [15,16]. Pre-procedural evaluation of position of

Fig. 4. Cases depicting (a) maximum, 6.1 mm and (b) minimum, 2.9 mm length of the MS. MS, Membranous septum.
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coronary ostia relative to the aortic annulus and aortic leaflet may avoid
this fatal complication [6]. The currently recommended minimum
height of the coronary ostia from the aortic annulus is 10 mm to proceed
safely with the TAVI procedure [17]. AMDCT study on Japanese popula-
tion reported the incidence of low take off coronary arteries, and
observed that the distance of coronary orifice from aortic annulus was
<10 mm in 9.8% of cases and <5 mm in 1.3% of cases [6].

In the present study, the height of right and left coronary ostia from
the aortic annulus was 9 mm in 13.3% of cases and 30% of cases, and
8 mm in 6.67% and 10% of cases, respectively, and may bear the risk of
coronary obstruction by the implant device. The distance of the right
and left coronary ostia from the basal ring was >10 mm in 80% and
60% of cases, respectively, and would not suffer from the complication
of the post-TAVI coronary obstruction. Okuyama et al. (2013) reported
a case of coronary occlusion in which coronary ostium was located
sufficiently high from aortic annulus, but had a long leaflet compared
to the height of aortic sinus. The ratio between the aortic leaflet length
and height of aortic sinus may be a novel predictor of coronary artery
obstruction [4]. In the present study, the ratio between the height of
aortic leaflet and aortic sinus was less than 1in all the cases, which indi-
cates smaller height of aortic leaflets than height of aortic sinus and no
risk of coronary occlusion by the aortic valve leaflet during TAVI.
Muriago et al. (1997) in a cadaveric study described the location of
coronary arterial orifices in relation to the aortic valve in 23 cases.
They observed the ostium of right and left coronary artery below the
STJ in 78% of cases and 69% of cases; above or at the level of STJ in 22%
of cases and 31% of cases, respectively [18]. In the present study the
coronary ostia were located either below the STJ (right coronary ostia,
66.7% of cases; left coronary ostia, 43.3% of cases) or at the level of ST]
(right coronary ostia, 33.3% of cases; left coronary ostia, 56.7% of cases).

Bundle of His running between the lower margin of MS and the sum-
mit of muscular interventricular septum, may get damaged during
aortic valve implantation which may result in conduction injury, requiring
permanent pacemaker implantation [3,19]. Due to the proximity of the
aortic root to the left bundle branch and the atrioventricular node,
these structures are subjected to direct pressure during the deployment
of the bioprosthetic valve over the usually heavily calcified native valve,
resulting in significant damage to the conduction system. Injury to left
bundle branch along with the previously present right bundle branch
block, may favor the development of complete bundle branch block
[20]. The left bundle branch block is the most common (10.5%) conduc-
tion defect following TAVI [21]. TAVI device implantation within the
length of the aortic root, with little penetration beyond the hinge lines
of the aortic leaflets into the left ventricle outflow tract is associated
with a lower incidence of conduction abnormality [22]. High degree
atrioventricular block was seen in 13 cases in which implantation
depth of TAVI was greater than the length of MS. A longer MS length
indicates a greater separation of aortic annulus from the His bundle,
which may allow safe device penetration without any conduction
abnormality [3]. In a CT study, the average length of MS was 7.5 mm
in patients undergoing transcatheter aortic valve replacement, which
is higher than the value observed in the present cadaveric study (4.7
+1.23 mm).Valve deployment at a depth of <6 mm below the aortic
annulus is associated with a lower rate of permanent pacemaker
implantation after TAVI [23].We noted that the bundle of His was
located at a safe distance (26 mm) from the aortic root in 30% of
cases, and does not bear the risk of injury to the conducting system.
The length of MS ranged between 3-5.9 mm in 50% of cases, and was
<3 mm in the remaining 20% of cases, which should undergo lesser
penetration of the implant device to avoid any conduction abnormality.

In our population the diameter of the aorta was similar to the
Japanese population while the height of the aortic root was found to
be less than that of Japanese and Caucasian population. The present
study found a high (40%) incidence of low take off left coronary arteries,
with less than 9 mm distance between the coronary orifice and aortic
annulus [6,14].

5. Conclusions

Preoperative radiological assessment of each case is essential.
Despite the availability of individual data by modern radiological
methods, the knowledge of base line data for the dimensions of the
aortic root would be helpful in TAVI planning and decreasing the number
of undersized prosthesis implantations. Ventricular septal defect may be
a periprocedural complication of TAVI in 40% of cases, in which membra-
nous septum formed the wall of aortic root; 70% of cases have MS length
<6 mm, and bear the risk of conduction disturbance by greater penetra-
tion of the implant device. Low lying right and left coronary ostia in rela-
tion to aortic annulus in 20% of cases and 30% of cases, respectively, may
bear the risk of coronary occlusion during TAVI.

6. Limitations

The shrinkage effects of formalin fixation may result in under-
estimating the dimensions of aortic root observed in the present study.
This fact further increases the safety margin available to the surgeon.
We have not analyzed our data age wise because the sample size is
small for that purpose. Due to non-availability of the hearts with aortic
stenosis, the authors could not include them in the present study to assess
anatomic remodeling induced by aging and abnormal aorta flow.

References

[1] Gerckens U, Latsios G, Pizzulli L. Percutaneous treatment of a post-TAVI ventricular
septal defect: a successful combined procedure for an unusual complication. Catheter
Cardiovasc Interv 2013;81:E274-7.

[2] Piazza N, de Jaegere P, Schultz C, Becker AE, Serruys PW, Anderson RH. Anatomy of

the aortic valvar complex and its implications for transcatheter implantation of the

aortic valve. Circ Cardiovasc Interv 2008;1:74-81.

Hamdan A, Guetta V, Klempfner R, Konen E, Raanani E, Glikson M, et al. Inverse

relationship between membranous septal length and the risk of atrioventricular

block in patients undergoing transcatheter aortic valve implantation. JACC

Cardiovasc Interv 2015;8:1218-28.

Okuyama K, Jilaihawi H, Makkar RR. Leaflet length and left main coronary artery

occlusion following transcatheter aortic valve replacement. Catheter Cardiovasc

Interv 2013;82:E754-9.

Dvir D, Leipsic ], Blanke P, Ribeiro HB, Kornowski R, Pichard A, et al. Coronary

obstruction in transcatheter aortic valve-in-valve implantation: preprocedural

evaluation, device selection, protection, and treatment. Circ Cardiovasc Interv

2015;8(1).

Tatsuishi W, Nakano K, Kubota S, Asano R, Kataoka G. Identification of coronary

artery orifice to prevent coronary complications in bioprosthetic and transcatheter

aortic valve replacement. Circ J 2015;79:2157-61.

[7] Reul RM, Ramchandani MK, Reardon M]. Transcatheter aortic valve-in-valve proce-
dure in patients with bioprosthetic structural valve deterioration. Methodist
Debakey Cardiovasc ] 2017;13(3):132-41.

[8] O'Sullivan CJ, Stortecky S, Buellesfeld L, Wenaweser P, Windecker S. Pre interven-
tional screening of the TAVI patient: how to choose the suitable patient and the
best procedure. Clin Res Cardiol 2014;103:259-74.

[9] Buellesfeld L, Stortecky S, Kalesan B, Gloekler S, Khattab AA, Nietlispach F, et al.
Aortic root dimensions among patients with severe aortic stenosis undergoing trans-
catheter aortic valve replacement. JACC Cardiovasc Interv 2013;6:72-83.

[10] Tarantini G, Basso C, Fovino LN, Fraccaro C, Thiene G, Rizzo S. Left ventricular outflow
tract rupture during transcatheter aortic valve implantation: anatomic evidence of
the vulnerable area. Cardiovasc Pathol 2017;29:7-10.

[11] Delgado V, Ewe SH, Messika-Zeiton D, Bax JJ, Vahanian A. Measuring aortic valve
annulus size for transcatheter aortic valve implantation — 2D or 3D imaging tech-
niques? Interv Cardiol Rev 2011;6:161-4.

[12] Udhayakumar S, Yasawardene SG. Aortic annular measurements in fresh post-
mortem hearts: a study in Sri Lankans. Ceylon Med ] 2015;60:148-51.

[13] Sawaya FJ, Spaziano M, Lefevre T, Chevalier B. The role of valve implantation height.
Are we measuring depth the right way? ] Am Coll Cardiol Intv 2016;9:1307-10.

[14] de Kerchove L, Jashari R, Boodhwani M, Duy KT, Lengele B, Gianello P, et al. Surgical
anatomy of the aortic root: implication for valve-sparing reimplantation and aortic
valve annuloplasty. ] Thorac Cardiovasc Surg 2015;149:425-33.

[15] Barge-Caballero G, Salgado-Fernandez ], Vazquez-Gonzalez N. Acute coronary
artery occlusions complicating a valve-in-valve-in-valve procedure. Heart
2013;99:591-2.

[16] Patel AD, Haldis T, Al Balbissi K, Paul T. Neo left main channel creation using double
stenting alongside a Sapien 3 aortic valve bioprosthesis for left main coronary
obstruction following valve-in-valve transcatheter aortic valve replacement: a case
report with review of literature. ] Investig Med High Impact Case Rep 2018;6
[2324709618767696].

[17] Clayton B, Morgan-Huges G, Roobottom C. Transcatheter aortic valve insertion
(TAVI): a review. Br ] Radiol 2014;87:20130595.

i3

[4

5

[6


http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0005
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0005
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0005
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0010
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0010
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0010
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0015
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0015
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0015
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0015
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0020
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0020
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0020
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0025
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0025
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0025
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0025
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0030
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0030
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0030
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0035
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0035
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0035
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0040
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0040
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0040
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0045
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0045
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0045
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0050
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0050
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0050
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0055
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0055
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0055
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0060
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0060
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0065
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0065
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0070
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0070
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0070
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0075
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0075
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0075
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0080
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0080
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0080
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0080
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0080
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0085
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0085

A. Randhawa et al. / Cardiovascular Pathology 40 (2019) 19-23 23

[18] Muriago M, Sheppard MN, Ho SY, Anderson RH. Location of the coronary arterial
orifices in the normal heart. Clin Anat 1997;10:297-302.

[19] Randhawa A, Gupta T, Aggarwal A, Sahni D, Singh RS. Histological topography of the
atrioventricular node and its extensions in relation to the cardiothoracic surgical
landmarks in normal human hearts. Cardiovasc Pathol 2017;30:38-44.

[20] Fraccaro C, Buja G, Tarantini G, Gasparetto V, Leoni L, Razzolini R, et al. Incidence, pre-
dictors, and outcome of conduction disorders after transcatheter self-expandable
aortic valve implantation. Am ] Cardiol 2011;107:747-54.

[21] Nazif TM, Williams MR, Hahn RT, Kapadia S, Babaliaros V, Rodés-Cabau J, et al.
Clinical implications of new-onset left bundle branch block after transcatheter

[22]

[23]

aortic valve replacement: analysis of the PARTNER experience. Eur Heart ]
2014;35:1599-607.

Lee MY, Yeshwant SC, Chava S, Lustgarten DL. Mechanisms of heart block after trans-
catheter aortic valve replacement - cardiac anatomy, clinical predictors and mechanical
factors that contribute to permanent pacemaker implantation. Arrhythm Electrophysiol
Rev 2015;4:81-5.

Kammler ], Blessberger H, Fellner F, Kypta A, Lambert T, Engl M, et al. Implantation
depth measured by 64-slice computed tomography is associated with permanent
pacemaker requirement following transcatheter aortic valve implantation with the
core valve system. ] Cardiol 2016;67:513-8.


http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0090
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0090
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0095
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0095
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0095
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0100
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0100
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0100
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0105
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0105
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0105
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0105
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0110
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0110
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0110
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0110
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0115
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0115
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0115
http://refhub.elsevier.com/S1054-8807(18)30247-3/rf0115

	Description of the aortic root anatomy in relation to transcatheter aortic valve implantation
	1. Introduction
	2. Material and methods
	3. Results
	4. Discussion
	5. Conclusions
	6. Limitations
	References


