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Outflow Tract Anomalies
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Abbreviations

3D	 Three-dimensional
AoV	 Aortic valve
AR	 Aortic regurgitation
AS	 Aortic stenosis
CHD	 Congenital heart disease
CT	 Computed tomography
DCRV	 Double chamber right ventricle
EROA	 Effective regurgitant orifice area
LV	 Left ventricle
LVOT	 Left ventricular outflow tract
MRI	 Magnetic resonance imaging
PISA	 Proximal isovelocity surface area
PR	 Pulmonary regurgitation
PS	 Pulmonary stenosis
PV	 Pulmonary valve
RV	 Right ventricle
RVOT	 Right ventricular outflow tract
TEE	 Transesophageal echocardiography
VSD	 Ventricular septal defect

Key Learning Objectives

•	 Identify congenital and acquired structural lesions of the 
left ventricular outflow tract on transesophageal echocar-
diography (TEE)

•	 Know how to perform pre and postoperative evaluation of 
the left ventricular outflow tract on TEE

•	 Identify congenital and acquired structural lesions of the 
right ventricular outflow tract on TEE

•	 Know how to perform pre and postoperative evaluation of 
the right ventricular outflow tract on TEE

�Introduction

Anomalies of the outflow tracts are usually associated with 
obstruction, regurgitation, and/or aneurysmal dilation of the 
proximal great arteries. Based on an analysis of almost 40 
published articles on the incidence of congenital heart dis-
ease spanning many decades, pulmonary stenosis (PS), the 
most common anomaly of the right ventricular outflow tract 
(RVOT), ranks as the fourth most common congenital heart 
disease (CHD) with a mean incidence of 0.73 per 1000 live 
births, and aortic stenosis (AS), the most common anomaly 
of the left ventricular outflow tract (LVOT), ranks as the sev-
enth most common with a mean incidence of 0.40 per 1000 
live births [1]. Among almost 60,000 patients evaluated at 
the Cardiovascular Program of Children’s Hospital Boston 
from 1988 to 2002, a pulmonary valve (PV) abnormality 
was the fourth most common diagnosis with a frequency of 
5.7%, and an aortic valve (AoV) abnormality was the fifth 
most common with a frequency of 5.5% [2]. A bicuspid 
AoV is in fact the most common CHD with an incidence of 
0.4% to 2% in the general population [3–5]. Because iso-
lated obstruction at the valvar level in both outflow tracts 
is generally treated in the catheterization laboratory rather 
than in the operating room, intraoperative transesophageal 
echocardiography (TEE) is not frequently performed for 
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valvar stenosis. However, if the obstruction occurs at the 
subvalvar or supravalvar level or if the primary lesion is 
regurgitation and/or aneurysmal dilation of the proximal 
great artery, surgical intervention is often necessary, thereby 
requiring intraoperative TEE before and after the surgery.

�Utility of Transesophageal Echocardiography

Patients with significant outflow tract anomalies other than val-
var AS or PS do not usually require surgery during the first year 
of life, and they often do not undergo any intervention until they 
are toddlers, adolescents, or adults. Outflow tract obstruction 
and semilunar valve regurgitation are usually associated with 
a morphologic abnormality at or near the semilunar valves. 
During the preoperative evaluation in the operating room, TEE 
can generally provide information regarding the morphology 
of the outflow tracts in the midesophageal and upper esopha-
geal views, as well as the degree of obstruction and regurgi-

tation, if present, in the deep transgastric (Fig.  13.1, Videos 
13.1a and 13.1b) and midesophageal views [6]. (see Chap. 4) 
Postoperative TEE can evaluate the success of a surgical pro-
cedure and exclude residual obstruction, regurgitation, or other 
potential complications. It is important to note that TEE data 
will always reflect the patient’s hemodynamics, which can be 
affected by general anesthesia, inotropic support, volume status, 
and ventricular function (see Chap. 18). For example, the degree 
of residual obstruction or regurgitation across a semilunar valve 
can be underestimated in the setting of general anesthesia, 
hypovolemia, tachycardia, or poor ventricular function. In con-
trast, the degree of dynamic obstruction, as seen in tetralogy of 
Fallot or hypertrophic cardiomyopathy secondary to muscular 
hypertrophy in the subarterial region, can be overestimated with 
hypovolemia or hyperdynamic ventricular function, especially 
with inotropic support [7]. Occasionally, TEE is necessary out-
side of the operating room for older patients with poor transtho-
racic echocardiographic windows, particularly if the patient has 
undergone prior surgery.

Deep Transgastric 
Right Ventricular Outflow TractDeep Transgastric Five-Chamber

c d

a b

Fig. 13.1  (a) Deep transgastric five-chamber (DTG 5-Ch) view at 0° 
showing the left ventricular outflow tract. (b) Deep transgastric right 
ventricular outflow tract (DTG RVOT) view at 80°-90°. This view 
opens the entire right ventricular outflow tract. (c) Illustration depicting 
how the left ventricular outflow tract is evaluated using the DTG 5-Ch 

view. (d) Illustration depicting how the right ventricular outflow tract is 
evaluated using the DTG RVOT view. (Ao aorta, LV left ventricle, MPA 
main pulmonary artery, RV right ventricle). (c) and (d) from Pulchalski 
et al. [6], used with permission from Elsevier
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�Normal Anatomy

The term conotruncus (from the Greek words conus for cone 
and truncus for trunk or body) represents the outflow tracts of 
both ventricles. It is composed of the subarterial regions, the 
semilunar valves, the great arterial roots, and the proximal 
trunks. The conus (also known as the infundibulum from the 
Latin word for funnel) defines the subarterial muscular cham-
ber, which prevents fibrous continuity between a semilunar 
valve and the corresponding atrioventricular valve. In the 
normal heart, the subpulmonary conus prevents fibrous con-
tinuity between the tricuspid valve and the PV.  The supra-
ventricular crest is the prominent muscular shelf along the 
posterior aspect of the subpulmonary conus, and it is com-
posed of the right ventriculo-infundibular fold separating the 
tricuspid valve leaflets from the PV leaflets, the subpulmo-
nary muscular sleeve supporting the PV leaflets, and the conal 
septum (or infundibular septum) separating the RVOT from 
the LVOT (though its presence in the normal heart has been a 
source of controversy). The subpulmonary conus is separated 
from the trabecular segment of the right ventricular  cham-
ber at the infundibular os, an area defined by the moderator 
band, the septal band (also known as the septomarginal tra-
beculation), and the parietal band of the right ventricle (RV). 
The subaortic conus regresses in utero, resulting in varying 
degrees of fibrous continuity between the mitral valve and 
AoV. This fibrous area, known as the mitral-aortic intervalvu-
lar fibrosa, is measured as the shortest distance from the hinge 
of the anterior mitral leaflet to the base of the non-coronary or 
left coronary AoV leaflet, and it can be elongated in cases of 
subvalvar AS and tetralogy of Fallot.

The normal semilunar valve is a three-dimensional (3D) 
structure where three leaflets or cusps are attached to the 
arterial root and supporting ventricular muscle in a semilu-
nar or crown-like fashion. The leaflets are separated by three 
commissures that extend during diastole from the center of 
the valve at the level of the ventriculo-arterial junction to the 
periphery at the level of the sinotubular junction (Fig. 13.2, 
Video 13.2). It is important to recognize that the semilunar 

“annulus” is in fact a diagnostician construct without a true 
anatomic correlate since the semilunar valve leaflet attach-
ments extend from the anatomic ventriculo-arterial junction 
up to the sinotubular junction; the so-called “annulus” as 
defined in echocardiography represents only the most proxi-
mal attachments of the semilunar valve and not the attach-
ments in their entirety [8] (Fig. 13.3, Video 13.3).

�Left Ventricular Outflow Tract Anomalies

�Valvar Aortic Stenosis

Congenital valvar AS results from a bicuspid or unicuspid AoV, 
a dysplastic tricuspid AoV, or a hypoplastic aortic “annulus”. 
Acquired valvar AS usually results from calcification second-
ary to degenerative or post-inflammatory causes [9], though a 
bicuspid AoV is also a risk factor for calcification [5]. A bicus-

Fig. 13.2  Three-dimensional TEE en face view obtained from the 
midesophageal aortic valve short axis, depicting the three-dimensional 
nature of a normal trileaflet aortic valve (LCL left coronary leaflet, NCL 
non-coronary leaflet, RCL right coronary leaflet)

Aortic annulus

Semilunar Attachments
of the Aortic Valve

Sinutubular
junction

Proximal Aorta

a b

Fig. 13.3  (a) Midesophageal aortic valve long axis view at 120° show-
ing the left ventricular outflow tract. (b) Illustration of the aortic valve 
and its semilunar attachments within the aortic root from the ventriculo-

arterial junction to the sinotubular junction (Ao aorta, LA left atrium, LV 
left ventricle, RV right ventricle)

13  Outflow Tract Anomalies
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pid AoV is the most common cause of valvar AS, although the 
presence of a bicuspid AoV does not necessarily mean a patient 
has (or will develop) valvar AS. As noted previously, a bicus-
pid AoV is the most common congenital heart defect, with an 
incidence of 0.4% to 2% in the general population [3–5]. There 
are several distinct anatomic variations. It is rare to encounter 
a bicuspid AoV with only two well-developed leaflets instead 
of three (Fig.  13.4, Video 13.4); instead, it usually involves 

fusion of two of the three leaflets or underdevelopment of one 
of the commissures (known as a raphe) [10]. It is because of 
the absence of one of the three commissures that the lesion 
is often referred to as a bicommissural AoV.  Among these, 
fusion occurs most commonly at the intercoronary commissure 
between the right and left coronary leaflets with a frequency 
of 70% (Fig. 13.5, Video 13.5), followed by the commissure 
between the right and non-coronary leaflets with a frequency of 
28% (Fig. 13.6, Video 13.6); fusion at the commissure between 
the left and non-coronary leaflets is very rare [11]. In adults, the 
rate of AS progression appears to be higher in those valves with 

a b

Fig. 13.4  Midesophageal aortic valve short axis view at 30° shows a 
true bicuspid aortic valve (AoV) with only two leaflets (the right and left 
coronary leaflets) and absent non-coronary leaflet, in the open (a) and 

closed (b) positions. This gives a “fish mouth” appearance to the valve 
orifice (MPA main pulmonary artery)

Fig. 13.5  Midesophageal aortic valve short axis view at 30° showing a 
bicuspid aortic valve with fusion or underdevelopment of the intercoro-
nary commissure between the left and right coronary leaflets (black 
asterisk) (NCL non-coronary leaflet, LMCA left main coronary artery)

Fig. 13.6  Midesophageal aortic valve short axis view at 30° showing a 
bicuspid aortic valve with fusion or underdevelopment of the commis-
sure between the right and non-coronary leaflets (black asterisk) (LCL 
left coronary leaflet)
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fusion of the intercoronary commissure [12], although studies 
in children have revealed more rapid progression of AS and 
regurgitation as well as shorter time from diagnosis to interven-
tion in valves with fusion of the commissure between the right 
and non-coronary leaflets [13]. Associations with a bicuspid 
AoV include aortic coarctation [3] or interrupted aortic arch, 
subvalvar AS, a ventricular septal defect (VSD), a coronary 
anomaly, Turner syndrome [14], and aortic dilation or aneu-
rysm formation [15–17]. Valvar AS can be progressive, and the 
degree of progression may be associated with age at presenta-
tion and/or severity at the time of presentation [18]. Although 
it occurs rarely, sudden death in this patient population appears 
to be related to significant stenosis and regurgitation [19]. In 
addition, the chronic pressure load experienced by the left ven-
tricle (LV) leads to hypertrophy with the potential for perma-
nent muscular damage and fibrosis. Therefore, management of 
these patients must focus on prevention of these sequelae.

Over the past several decades, transcatheter balloon val-
votomy in the catheterization laboratory has become a more 
popular management approach for patients with valvar AS, 
superseding surgical valvotomy as the primary mode of 
treatment. TEE is not often needed during either of these 
procedures, though occasionally it is helpful in determin-
ing the appropriate intervention and/or assessing its efficacy. 
TEE for valvar AS should always include assessment of the 
leaflets and commissural morphology, degree of obstruc-
tion, degree of LV hypertrophy, ascending aortic size, and 
left atrial dilation. Leaflets and commissural morphology are 
best evaluated in the midesophageal views, usually at 25° 
to 45° for the midesophageal aortic valve short  axis (ME 
AoV SAX) images (Figs. 13.4, 13.5, 13.6, and 13.7, Videos 
13.4, 13.5, 13.6, and 13.7) and at 90° ~ 120° for the mid-

esophageal aortic valve long axis (ME AoV LAX) images 
(Fig.  13.8, Video 13.8). The  midesophageal five-chamber 
(ME 5-Ch) view at 0°–10° is also useful for evaluating the 
aortic valve and LV outflow tract. It is, however, important 
to recognize that pure short and long  axis images are not 
always available by TEE because of the fixed spatial rela-
tionship between the esophagus and the aortic outflow tract. 
When a pure short axis image is available (that is, when the 
AoV annular plane is completely parallel to the axis of the 
ultrasonic beam), the relative sizes of the leaflets should be 
evaluated, and failure of commissural opening in the setting 
of a bicuspid or unicuspid valve can be displayed. Long axis 
imaging of the AoV (that is, when the AoV annular plane is 
90° to the plane of the ultrasonic beam) can reveal thickened 
and doming leaflets. Three-dimensional echocardiography 
has emerged as an important tool for the assessment of aortic 
valve anatomy and pathology (Chaps. 23 and 24).

The degree of obstruction is generally assessed by con-
tinuous wave Doppler interrogation along the aortic outflow 
tract, and this is best performed in the deep transgastric five-
chamber (DTG 5-Ch) view with transducer angle between 
0°–30° (Fig. 13.1a, Video 13.1a), or sometimes from the deep 
transgastric right ventricular outflow tract (DTG RVOT) view 
with transducer angle between 80°–110° (Fig.  13.1b, Video 
13.1b). Because of the distance from the probe to the outflow 
tract, imaging from this view often requires using the lowest 
possible frequency for improved penetration as well as mini-
mizing the image and color sector size. Every effort should be 
made to align the Doppler beam with the LVOT. As an alter-
native, the transgastric long axis view (TG LAX) can be used 
for interrogation of the LVOT because it generally provides 
favorable angles for continuous wave Doppler interrogation 
(Chap. 4) with a shorter distance from the probe to the aortic 
valve. Both peak and mean pressure gradients should be mea-
sured [20–22]. It is important to recognize that echocardiogra-
phy-derived Doppler gradients often do not correspond to the 

Fig. 13.7  Midesophageal aortic valve short axis view at 30° showing a 
dysplastic aortic valve with thickened right and non-coronary leaflets 
(LCL left coronary leaflet, NCL non-coronary leaflet, RCL right coro-
nary leaflet)

Fig. 13.8  Midesophageal aortic valve long axis view at 120° showing 
a dysplastic aortic valve associated with valvar aortic stenosis (Ao aorta, 
LA left atrium, LV left ventricle)
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peak-to-peak gradient measured in the catheterization labora-
tory, a common discrepancy which results from several fac-
tors, including a phenomenon called pressure recovery [23]. 
In addition, severe LV dysfunction in the setting of valvar AS 
is associated with low cardiac output and diminished transval-
var flow, and Doppler interrogation may reveal a low gradient 
despite severe obstruction at the valvar level. Similarly, the 
degree of LVOT obstruction can be artificially decreased in 
the setting of general anesthesia, deep sedation, or hypovole-
mia. In addition to pressure gradient, some use calculated aor-
tic valve area to evaluate the degree of obstruction as derived 
by the continuity equation, which states that the stroke volume 
in the subaortic region is the same as the stroke volume at 
the valvar level (see Chap. 1). Since stroke volume is equal 
to the velocity-time integral multiplied by cross-sectional area 
at a particular location, the effective aortic valve area can be 
calculated if the LVOT cross-sectional area and the velocity-
time integrals at the LVOT and at the aortic valve are known 
[24]. However, the LVOT is frequently not circular in shape, 
precluding accurate assessment of LVOT cross-sectional areas 
using LVOT diameters, and some have suggested that 3D TEE 
may be preferable to two-dimensional imaging for more accu-
rate assessments of aortic valve area [25].

It is important to note that AS represents a disease contin-
uum, and severity cannot be defined by a single value [22]. 
With these considerations in mind, the following echocar-
diographic criteria for classification of AoV stenosis sever-
ity were given by a 2014 American College of Cardiology/
American Heart Association (ACC/AHA) Task Force on 
Valvular Heart Disease [22]:

•	 Mild: peak velocity < 3 m/s, mean gradient <20 mmHg, 
valve area > 1.5 cm2

•	 Moderate: peak velocity 3.0–3.9  m/s, mean gradient 
20–39 mmHg, valve area 1.0–1.5 cm2

•	 Severe: peak velocity > 4 m/s, mean gradient >40 mmHg, 
valve area < 1.0 cm2

Similar guidelines have not been written specifically for 
the pediatric population. At present, the above criteria are 
generally applied to this group of patients as well [26–28]. 
LV hypertrophy is best evaluated in the transgastric basal 
short-axis (TG Basal SAX) and transgastric mid papillary 
short axis (TG Mid Pap SAX) views at 0°, though a quan-
titative assessment of the degree of hypertrophy may not be 
reliable with TEE, again because pure short axis images of 
the LV in transgastric views at 0° may not always be avail-
able. The size of the aortic root and ascending aorta is best 
measured in midesophageal aortic valve long axis (ME AoV 
LAX) and midesophageal ascending aortic long  axis (ME 
Asc Ao LAX) views at 90°–120°; important measurements 
that should be obtained in early to mid-systole include the 
diameters of the aortic valve annulus, aortic root, sinotubular 
junction, and ascending aorta [29]. These measurements are 

analogous to those obtained by transthoracic echocardiogra-
phy, and they can be compared to published normal values 
[30, 31]. Left atrial dilation can be easily visualized in mid-
esophageal four-chamber (ME 4-Ch) and two-chamber (ME 
2-Ch) views at transducer angles of 0° and 90° respectively.

Over the last decade, transcatheter AoV replacement/
implantation, or TAVR/TAVI, has emerged as a non-surgical 
treatment for severe valvar AS (also see Chap. 21). It is per-
formed in the cardiac catheterization laboratory and involves 
the implantation of a bovine or porcine pericardial valve 
mounted upon a metal support frame [32, 33]. Delivered 
transarterially (access by percutaneous femoral or subclavian 
artery, or through the LV apex), the balloon-mounted valve 
is advanced to the AoV position, and the balloon expanded 
within the AoV, displacing the diseased native valve leaflets. 
During the procedure, TEE is utilized and serves a number of 
important functions: (a) pre-procedure evaluation of anatomy 
and function; (b) monitoring of valve implantation; (c) post-
implantation evaluation of valve function and valve regur-
gitation (Fig. 13.9, Video 13.9). The post-implantation TEE 
is particularly useful in that it enables accurate differentia-
tion between transvalvar and paravalvar aortic regurgitation, 
something not easily visualized by angiography or fluoros-
copy [34]. At present, two major valves are available—the 
Edwards SAPIEN 3 heart valve (Edwards Lifesciences Inc., 
Irvine, California) and the Evolut Pro (CoreValve) system 
(Medtronic Inc., Minneapolis, Minnesota)—but a number of 
other valves are undergoing early clinical evaluation [35]. 
While originally reserved for high risk adults with severe 
aortic stenosis [36–38], the recent PARTNER 3 trial dem-
onstrated favorable outcomes with the SAPIEN 3 valve in 
low-risk patients with severe aortic valve stenosis [39].

�Subvalvar Aortic Stenosis

Subvalvar AS is rarely diagnosed in utero or in the newborn 
period, prompting many people to classify this lesion as an 
acquired heart disease rather than a congenital one [40, 41]. 
It is a progressive disease, particularly in children, and some 
have suggested that its development might involve the fol-
lowing mechanisms: abnormal LVOT morphology leads to 
increased septal shear stress, which because of some genetic 
predisposition leads in turn to cellular proliferation [42, 43]. 
Some of the abnormalities in LVOT morphology that are asso-
ciated with subvalvar AS include a steep aorto-septal angle 
(Fig. 13.10a, Video 13.10), an elongated mitral-aortic interval-
vular fibrosa, exaggerated aortic override [44, 45] prominent 
LVOT muscle bundles, and abnormal mitral valve attachments 
to the ventricular septum. In addition, the distance from the 
level of the obstruction to the AoV appears to be one of the 
major predictors of significantly progressive obstruction [46] 
(Fig. 13.10b, Video 13.10). Subvalvar AS can occur with or 
without a VSD. Examples of subvalvar AS in the absence of 
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Fig. 13.9  Transcatheter aortic valve replacement/implantation (TAVR/
TAVI). (a) Shows the Edwards SAPIEN 3 valve (Edwards Lifesciences 
Inc., Irvine, California), a bovine pericardial valve mounted on a bal-
loon expandable cobalt-chromium frame. (b) Shows the same valve 
mounted on a balloon catheter that is used for valve delivery. (c–e) are 
transesophageal echocardiographic images obtained from the mid-

esophageal aortic valve long axis view at 120°-130°. (c) Shows the bal-
loon being inflated (device indicated with arrow), and (d) Shows the 
valve (arrow) after implantation. In (e), following valve implantation 
color flow Doppler shows two small jets of regurgitation: one a central 
transvalvular jet, the other a peripheral paravalvular jet

a b

Fig. 13.10  Midesophageal five-chamber view with probe anteflexion 
to visualize the left ventricular outflow tract, showing a subaortic fibro-
muscular ridge associated with subvalvar aortic stenosis. The two fig-
ures depict (a) a steep aortoseptal angle (dashed red lines), and (b) the 

distance between the ridge and the aortic annulus (black asterisk) and 
extension of the fibromuscular ridge to the anterior mitral leaf-let (white 
asterisk) (Ao aorta, LA left atrium, LV left ventricle, RV right ventricle)

13  Outflow Tract Anomalies
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a VSD include: (a) a discrete fibrous or fibromuscular sub-
aortic ridge protruding from the ventricular septum and some-
times extending to the anterior mitral leaflet (Fig.  13.10b, 
Video 13.10); (b) an extensive muscular shelf creating a 
tunnel-like LVOT; (c) hypertrophic cardiomyopathy with 
dynamic obstruction secondary to diffuse septal hypertrophy 
and systolic anterior motion of the mitral valve and/or its ten-
sor apparatus. Subvalvar AS without a VSD can also develop 
postoperatively after mitral valve replacement with a mechan-
ical prosthesis [47–49]. The most common type of subvalvar 
AS in the setting of a VSD occurs with posterior deviation of 
the conal septum, a lesion that is often associated with aor-
tic coarctation or interrupted aortic arch [50, 51] (see Chap. 
16). Other examples include endocardial folds or fibromus-
cular ridges at the crest of the muscular septum, often without 
significant obstruction [52], and abnormal mitral valve attach-
ments to the ventricular septum, often in the setting of an atrio-
ventricular canal (atrioventricular septal) defect (see Chap. 8) 
Aside from a VSD, subvalvar AS can also be associated with 
a bicuspid AoV, a double chamber RV (DCRV) [53], and aor-
tic regurgitation (AR). In fact, the risk for rapidly progressive 
AR is frequently the reason that children with subvalvar AS 
require early surgical intervention [54], although AR in adults 
with subvalvar AS is rarely progressive [55, 56].

Preoperatively, TEE is especially useful in delineating the 
mechanism of obstruction in patients with subvalvar AS.  A 
fibromuscular ridge with or without extension to the ante-
rior mitral leaflet, posterior deviation of the conal septum, a 
tunnel-like LVOT, and abnormal mitral valve attachments to 

the ventricular septum can usually be characterized in the ME 
4-Ch, ME 5-Ch (Fig. 13.10, Video 13.10), and ME AoV LAX 
(at ~120°) views (Fig. 13.11, Video 13.11) or in the DTG 5-Ch 
view at 0°–30° and DTG RVOT view at 80–110°. In addition, 
the distance from a fibromuscular ridge to the AoV leaflets 
can be measured in these views (Fig. 13.10b). The degree of 
AR can usually be assessed in multiple midesophageal and 
deep transgastric views (as discussed later in this chapter). 
The AoV cusp and commissural morphology should always 
be evaluated in the ME AoV SAX view at ~30° (Figs. 13.4, 
13.5, 13.6, and 13.7), especially in the setting of significant 
AR.  The utility and limitations of the DTG 5-Ch view at 
0°–30° in quantifying the degree of obstruction have been dis-
cussed previously. Occasionally a ME Asc Ao LAX view at 
~120°, or higher view such as the upper esophageal aortic arch 
long axis (UE Ao Arch LAX) at 0° or upper esophageal aortic 
arch short axis (UE Ao Arch SAX) at ~70°–90° can provide an 
adequate Doppler angle to measure the gradient arising from 
the subaortic region. In some instances of subvalvar AS, a 
favorable angle for spectral Doppler interrogation can even be 
obtained from a modified ME 4-Ch view, though care must be 
taken not to contaminate the continuous wave Doppler tracing 
with a mitral regurgitation jet present along the same scan line. 
After mitral valve replacement with a mechanical prosthesis, 
the midesophageal window can be ineffective because the 
mechanical prosthesis is located between the TEE probe and 
the LVOT, and acoustic interference by the prosthesis can par-
tially or completely inhibit visualization of the outflow tract. 
In these instances, the TG LAX and deep transgastric views 

Fig. 13.11  Midesophageal aortic valve long axis view at 120° show-
ing a subaortic fibromuscular ridge (black asterisk) and a dysplastic 
aortic valve resulting in combined subvalvar and valvar aortic stenosis 
in addition to a small membranous ventricular septal defect (not well-

seen on the image, but readily visible on Video 13.12). The fibro-
muscular ridge is located at the crest of the muscular septum. (Ao aorta, 
LA left atrium, LV left ventricle)
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(DTG 5-Ch, DTG RVOT) can be particularly useful since the 
probe is positioned beyond the prosthesis, allowing for unob-
structed imaging and Doppler interrogation. Associations 
such as a VSD or a DCRV should be excluded, and these are 
usually visualized in the midesophageal views: the ME 4-Ch 
view at 0° and the midesophageal right ventricular inflow-out-
flow (ME RV In-Out) at 50°–70°. On the postoperative TEE, 
residual LVOT obstruction should be excluded qualitatively in 
the ME AoV LAX and midesophageal long axis (ME LAX) 
views (transducer angle for both at ~120°), and quantitatively 
in the DTG 5-Ch, DTG RVOT, and TG LAX views. The AoV 
leaflets should be re-evaluated in the ME AoV SAX view at 
30°–45°, and the presence of post-interventional AR should 
be assessed in multiple midesophageal and deep transgastric 
views. Finally, inadvertent VSD creation and/or mitral valve 
injury are known complications following surgical interven-
tion of subvalvar aortic stenosis [57–59]. See Chap. 10, Case 
Study #2 for an example of inadvertent VSD creation fol-
lowing subaortic stenosis resections. These areas should be 
evaluated carefully using a variety of midesophageal and deep 
transgastric views, as described above and in Chap. 4.

�Supravalvar Aortic Stenosis

Supravalvar AS is the least common type of LVOT obstruc-
tion, representing only 7% of all patients undergoing surgical 
repair for LVOT obstruction at Children’s Hospital Boston 
from 1956 to 1976 [60]. Although it occasionally presents 
as a familial autosomal dominant lesion or as a sporadic 
idiopathic disorder, it is usually associated with Williams 
syndrome, a constellation of clinical features which include 
developmental delay, calcium metabolism problems, failure 
to thrive, and abnormal facial features [61]. Supravalvar AS 
results from a mutation or deletion of the elastin gene on chro-
mosome 7 [62, 63]. The obstruction occurs at the sinotubular 
junction, and three anatomic subtypes have been described: 
the hourglass type (most common) involving dilation of the 
aortic root proximal to the narrowing and the ascending aorta 
distal to the narrowing (Fig. 13.12, Video 13.12), the mem-
branous or diaphragmatic type, and the rare tubular type with 
diffuse hypoplasia of the ascending aorta [64, 65]. Patients 
with Williams syndrome can also have branch pulmonary 
artery stenosis, aortic coarctation, and renal artery stenosis 
in addition to supravalvar AS.  Other associations include 
subvalvar AS, an abnormal AoV, and coronary abnormali-
ties such as coronary artery dilation, coronary thickening, 
ostial stenosis, and ostial entrapment by a tethered AoV 
(Fig. 13.12). Obstruction can occur at more than one level, 
and the degree of obstruction usually progresses over time. 
Surgical intervention is generally undertaken when signifi-
cant obstruction is present in order to prevent irreversible LV 
myocardial damage. In many cases, TEE is superior to trans-
thoracic echocardiography in the evaluation of the entire 

extent of the ascending aorta. Preoperatively the aortic root 
and ascending aorta are best assessed by TEE in a ME 5-Ch 
view or ME AoV LAX view at ~120°, wherein the long axis 
of the proximal aorta can be displayed (Fig.  13.12, Video 
13.12). During probe withdrawal in this view, the ascend-
ing aorta can be further evaluated with the ME Asc Ao LAX 
view. The degree of obstruction can be quantified with DTG 
5-Ch (Fig. 13.13, Video 13.13), DTG RVOT, and TG LAX 
views. Occasionally, withdrawing the probe to an UE Ao 
Arch LAX or UE Ao Arch SAX view will provide an ade-
quate Doppler angle of interrogation to quantify the degree of 
obstruction. The TEE examination (using two-dimensional 
imaging, color mapping, and Doppler interrogation) should 
also exclude other associations such as subvalvar AS (ME 
4-Ch, ME AoV LAX views), an abnormal AoV (ME AoV 
SAX, ME AoV LAX views), and coronary artery dilation 
and coronary ostial obstruction (ME AoV SAX, ME AoV 
LAX views). Evaluation for possible coronary ostial obstruc-
tion is best performed with color mapping, looking for turbu-
lence in the area of stenosis [66–68]. The TG Mid Pap SAX 
and TG Basal SAX views can also be used to evaluate for 
segmental wall motion abnormalities, supporting the possi-
bility of coronary artery obstruction. The branch pulmonary 
arteries should also be evaluated for possible stenosis using 
the midesophageal ascending aorta short axis (ME Asc Ao 
SAX), upper esophageal pulmonary artery (UE PA), and UE 

Fig. 13.12  Midesophageal aortic valve long axis view at 120° show-
ing discrete narrowing at the sinotubular junction resulting in supraval-
var aortic stenosis and entrapment of the right coronary ostium (AAo 
ascending aorta, AoV aortic valve, LV left ventricle, RCA right coronary 
artery)
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Ao Arch SAX views. The branch pulmonary arteries can be 
difficult to evaluate by TEE, although color mapping can be 
quite helpful in ascertaining the presence and location of 
branch pulmonary artery stenosis (Chaps. 4 and 16).

Postoperative residual supravalvar aortic obstruction 
should be excluded by TEE qualitatively in the ME AoV 
LAX and ME Asc Ao LAX views (transducer angle for both 
at ~120°), and quantitatively in the DTG 5-Ch, DTG RVOT, 
and TG LAX views. The AoV leaflets should be re-evaluated 
in the ME AoV SAX view at 30° to 45°. Using the mul-
tiple midesophageal and deep transgastric views mentioned 
above, a thorough search should be performed for other pos-
sible levels of stenosis that could have been masked in the 
presence of distal obstruction.

�Aortic Regurgitation

Isolated congenital AR, defined loosely as diastolic flow 
from the aortic root into the LV, is a rare lesion [69]. 
Congenital etiologies causing AR in childhood include a 
bicuspid or quadricuspid AoV, (Fig.  13.14, Video 13.14) 

a dysplastic tricuspid AoV, an aortico-LV tunnel, absence 
of one or more AoV leaflets, a coronary-cameral fistula 
into the LV, and a ruptured sinus of Valsalva aneurysm 
into the LV. Occasionally AR occurs in the setting of sub-
valvar AS (as discussed previously), AoV prolapse into a 
perimembranous VSD or a doubly-committed subarterial 
VSD, a ruptured sinus of Valsalva aneurysm into the right 
atrium (Fig. 13.15, Videos 13.15a and 13.15b) . It can also 
be seen with aortic root dilation in neonatal Marfan syn-
drome, tetralogy of Fallot, or truncus arteriosus. Acquired 
AR generally occurs with endocarditis, rheumatic fever, or 
after surgical or transcatheter balloon valvotomy for valvar 
AS. In general, AR is a progressive disease. The increased 
volume load on the LV initially results in compensatory 
hypertrophy, although the degree of hypertrophy becomes 
inadequate as regurgitation worsens (decompensated AR). 
Increasing LV volume associated with decreasing ven-
tricular wall thickness results in increased afterload, and 
eventually there is myocardial damage and diminished con-
tractility secondary to the increased afterload. In an effort 
to prevent irreversible myocardial damage, some echocar-
diographic guidelines have been established regarding the 

a b

Fig. 13.13  Deep transgastric five-chamber view at 30° showing discrete narrowing of the sinotubular junction resulting in supravalvar aortic 
stenosis (a) two-dimensional imaging and (b) color flow mapping (AAo ascending aorta, AoV aortic valve, LA left atrium, LV left ventricle)

N. Choueiter et al.
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timing for intervention. In 2014, the American College of 
Cardiology and American Heart Association Task Force on 
Practice Guidelines recommended an end-diastolic diam-
eter of 65 mm and an end-systolic diameter of 55 mm (as 
measured in transthoracic parasternal short axis views of 
the LV) as thresholds for intervention in asymptomatic 
adults with significant AR [22]. Comparable guidelines for 
the pediatric population have not yet been established.

The utility of transthoracic echocardiography in assess-
ing the degree of AR and the appropriate timing for inter-
vention has been discussed extensively [70]. Once a patient 
is in the operating room, the goals of the preoperative TEE 
are to assess: a) the mechanism for AR, b) the degree of aor-
tic regurgitation, and c) LV size and function. Whether the 
AR is secondary to annular dilation, cusp prolapse (in the 
setting of a VSD), or cusp deficiency as in a bicuspid AoV 
or in rheumatic heart disease [71] is especially important 
if surgical repair of the valve is a consideration, as valves 
with bicuspid morphology and those after rheumatic fever 
tend to be better candidates for surgical repair [72] . TEE 
should evaluate the AoV and aortic root morphology in mul-
tiple midesophageal views, including the ME 5-Ch view at 
0°–10°, and the ME LAX and ME AoV LAX at 120°–140°. 
The ME AoV SAX view at 30°–45° will display abnormali-
ties in AoV commissural morphology, discrepancies among 
the individual leaflet sizes, absence of one or more of the 
leaflets, dilation of a coronary artery in the setting of a sig-
nificant coronary-cameral fistula into the LV, disruption of 
one or more AoV leaflets (flail segment) secondary to endo-
carditis or after valvotomy, or rupture of a sinus of Valsalva 
into one of the intracardiac chambers (Fig.  13.15a, Video 
13.15a). The ME AoV LAX view at ~120° and ME RV 

In-Out view between 60°–90° will also display a ruptured 
sinus of Valsalva aneurysm (Fig.  13.15b, Video 13.15b). 
These orthogonal views will also be useful for evaluat-
ing other causes of AR, such as an abnormally thickened 
AoV leaflets after rheumatic fever, or an aortico-LV tunnel 
(Fig.  13.16, Video 13.16). The location of the regurgitant 
jet should be assessed from multiple TEE windows, includ-
ing the midesophageal (ME AoV SAX, ME AoV LAX, ME 
LAX), deep transgastric (DTG 5-Ch, DTG RVOT), and 
transgastric (TG LAX) views. Narrow angle 3D TEE imag-
ing with adequate frame rate and color mapping can help in 
the assessment of the mechanism and degree of regurgita-
tion. Biplane two-dimensional imaging allows two views to 
be obtained at the same time and can thus save time.

When assessing the severity of AR, a 2017 report from 
the American Society of Echocardiography Task Force on 
Valvular Regurgitation suggests that a vena contracta width 
for the regurgitant jet >0.6 cm and a ratio between the vena 
contracta width and the LV outflow tract diameter  >  65% 
represent severe AR [72]. Both of these measurements are 
best obtained from the ME AoV LAX view. In keeping with 
these recommendations, the 2014 ACC/AHA guidelines and 
the 2017 American Society of Echocardiography guidelines 
[72] listed the following echocardiographic criteria for clas-
sification of AR:

•	 Mild: Vena contracta width  <  0.3  cm, jet width/LVOT 
diameter < 25%

•	 Moderate: Vena contracta width 0.3–0.6  cm, jet width/ 
LVOT diameter 25–65%

•	 Severe: Vena contracta width > 0.6 cm, jet width/LVOT 
diameter > 65%

Fig. 13.14  Quadricuspid aortic valve as seen from the midesophageal aortic valve short axis view, in systole (left figure) and diastole (right 
figure)
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Other supportive data that can indicate at least moder-
ate AR include prominent retrograde diastolic flow in the 
descending aorta, as noted by both color mapping and pulsed 
wave Doppler interrogation [20, 21, 73]. This can best be 
evaluated using a combination of upper esophageal (UE Ao 
Arch LAX, SAX) and descending aorta long axis (Desc Ao 
LAX) and descending aortic short axis (Desc Ao SAX) views. 
There are few data on the utility of TEE to evaluate other indi-
ces of AR severity such as pressure half-time (which reflects 
the rate of equalization of aortic and LV diastolic pressures in 
the setting of AR), especially since this index can be affected 
by LV compliance, LV diastolic pressures, aortic compliance, 

and any therapy which changes ventricular afterload [73, 74]. 
In general, a pressure half-time > 500 ms is usually compat-
ible with mild AR, while a value < 200 ms is consistent with 
severe AR [72]. Methods that have been discussed in other 
sources, but are rather difficult and time-consuming to per-
form in the intraoperative setting, include the calculation of 
effective regurgitant orifice area (EROA) by the flow conver-
gence method (proximal isovelocity surface area or PISA) 
[72, 75]. If used, the following grading system (EROA in 
cm2) has been suggested: mild AR <0.10, moderate AR 0.10–
0.30 severe AR > 0.30 [22]. It should be noted that the degree 
of AR can be difficult to assess by TEE, particularly in the 

a

b

Fig. 13.15  (a) Midesophageal aortic valve short axis view at 45° dis-
playing an en face view of the aortic valve and a ruptured non-coronary 
sinus of Valsalva aneurysm (asterisk) into the right atrium; (b) Modified 
midesophageal right ventricular inflow-outflow view at 90° showing the 

same ruptured of sinus of Valsalva aneurysm into the right atrium (Ao 
aorta, AoV aortic valve, LA left atrium, LCL left coronary leaflet, NCL 
non-coronary leaflet, RA right atrium, RCL right coronary leaflet)

N. Choueiter et al.
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a

b

Fig. 13.16  Aortico-left ventricular tunnel. (a) Shows a midesophageal 
aortic valve long axis view, with the aortico-left ventricular tunnel 
(arrow) anterior to the right coronary cusp. There is significant regurgi-
tation from the aorta (AO) to the left ventricle (LV) through this tunnel 

in diastole. (b) Taken from a midesophageal aortic valve short axis 
view, this image shows the aortic valve (AoV) en face as well as the 
tunnel (arrow) anterior to the right coronary cusp. (LA, left atrium, RA, 
right atrium, RV, right ventricle)
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operating room in which changing hemodynamics and gen-
eral anesthesia could artificially alter its severity. However, 
in a cohort of pediatric patients who had undergone aortic 
valve repair, Honjo et al. found that, using the jet width/LVOT 
criteria, there was reasonable agreement between the degree 
of AR found by intraoperative TEE and subsequently by pre-
discharge transthoracic echocardiogram [76]. In addition to 
the evaluation of AR, LV size and function should be assessed 
qualitatively in the transgastric short axis views (TG Mid Pap 
SAX, TG Basal SAX) at 0°. Associated abnormalities such as 
subvalvar AS, a VSD, and aortic dilation can be assessed in 
multiple views as discussed above.

Surgical intervention generally involves aortic valvulo-
plasty (occasionally involving the use of autologous peri-
cardium), Ozaki procedure,  a Ross procedure (involving 
replacement of the aortic root with the patient’s pulmonary 
root and placement of a homograft from the RV to the pul-
monary artery), or AoV replacement with a mechanical valve, 
bioprosthesis, or homograft valve. The postoperative TEE 
should exclude residual LVOT obstruction using the transgas-
tric LAX and deep transgastric views: DTG 5-Ch at 0 – 30°, 
and DTG RVOT view at ~90°. Residual AR can be evaluated 
in multiple midesophageal, transgastric, and deep transgastric 
views. After aortic valvuloplasty, a systolic maximum instan-
taneous gradient > 45 mmHg and degree of AR ≥ moderate are 
considered indications to return to cardiopulmonary bypass 
for a repeat AoV repair or replacement [77]. Coaptation asym-
metry after AoV repair assessed from a short axis view of the 
AoV on postoperative TEE is a predictor of early reoperation 
for residual AR after AoV surgical repair [78]. After a Ross 
procedure, any neo-AR is a highly sensitive predictor of ≥ 
moderate neo-AR at the time of hospital discharge [79]. If a 
prosthetic AoV is present, symmetric motion of the valve leaf-
lets can usually be seen in the midesophageal views, particu-
larly the ME AoV SAX and ME AoV LAX views (Fig. 13.17, 
Video 13.17), though this can become difficult secondary to 
acoustic interference from the prosthetic valve annular ring. 
The transgastric and deep transgastric views are helpful here: 
because they visualize the valve from the LV aspect, they 
avoid shadowing and reverberation artifacts, allowing evalua-
tion of the “upstream” portion of the prosthetic valve and leaf-
let motion. Doppler evaluation of the prosthetic valve should 
be performed from the transgastric or deep transgastric views, 
as described above and discussed in Chap. 19.

�Aneurysm of the Proximal Aorta

Formation of an aortic root aneurysm and aneurysmal dila-
tion of the proximal aorta result from an intrinsic aortopathy, 
usually involving smooth muscle cell loss and extracellular 
matrix disruption (cystic medial necrosis). These structural 
abnormalities in the muscular and elastic components lead to 

thinned and weakened aortic walls. As seen in supravalvar AS, 
abnormalities in elastin homeostasis may play a major role in 
the development of aortic root aneurysms and a dilated proxi-
mal aorta. For example, Marfan syndrome, with its predilection 
for aortic root dilation, is caused by mutations in the fibrillin 
gene on chromosome 15 [80], and fibrillin is an important gly-
coprotein necessary for elastin production and maintenance 
[81]. Associations with dilation of the proximal aorta include 
Marfan syndrome, Loeys-Dietz syndrome, Ehlers-Danlos syn-
drome, Turner syndrome, a bicuspid AoV, systemic hyperten-
sion, and aortic coarctation. Congenital cardiac defects known 
to be associated include tetralogy of Fallot, transposition of 
the great arteries, and truncus arteriosus [82]. Because of the 
intrinsic weakness in the aortic wall, a sinus of Valsalva aneu-
rysm is at risk for rupture into the right and left heart chambers 
(most frequently into the RV) [83] (Fig. 13.15, Videos 13.15a 
and 13.15b), and a dilated aortic root (Fig. 13.18, Video 13.18) 
or ascending aorta is at risk for dissection and rupture [84] 
(Fig. 13.19, Video 13.19). Both of these problems are frequently 
associated with AR [85, 86]. In addition, aortic root aneurysms 
can be associated with a VSD [83]. Generally, these patients 
undergo cross-sectional imaging using computed tomography 
(CT) or magnetic resonance inaging (MRI) in order to evalu-
ate completely the aortic valve, aortic root, and ascending/
descending aorta. TEE is frequently superior to transthoracic 
echocardiography in the evaluation of the entire extent of the 
proximal aorta, particularly in older children and in adults, and 
occasionally a TEE study is performed before the decision to 
intervene surgically is made. Midesophageal views at multiple 
angles can display a sinus of Valsalva aneurysm as well as its 
spatial relationship to surrounding cardiac structures. Color 

Fig. 13.17  Midesophageal aortic valve long axis view at 120° show-
ing a prosthetic aortic valve with symmetric positioning of the pros-
thetic hemidisc leaflets (asterisks) (Ao aorta, LA left atrium, LV left 
ventricle)

N. Choueiter et al.
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mapping can easily display the continuous restrictive jet of a 
ruptured aneurysm into the right atrium, RV, and left atrium; 
when the aneurysm ruptures into the LV, color mapping can 
display the diastolic jet. The location and degree of AR can 
also be evaluated with color mapping in multiple midesopha-
geal views. Aneurysmal dilation of the aortic root and ascend-
ing aorta is best evaluated with ME Asc Ao LAX view between 
90° to 130° (Fig. 13.18, Video 13.18). One should always look 
for the characteristic parallel lines of dissection along the aor-
tic wall in these patients from multiple midesophageal views 
(Fig. 13.19, Video 13.19), and color mapping will occasion-
ally show the connection between the dissection and the aortic 
lumen. The more superior portion of the ascending aorta, as 
well as aortic arch and proximal descending aorta, can also be 
evaluated for dilation and possible dissection using the upper 

esophageal TEE views (UE Ao Arch SAX at 70°–90°, UE Ao 
Arch LAX at 0°). See Chap. 20 for further discussion on the 
TEE evaluation of aortic dissection.

�Right Ventricular Outflow Tract Anomalies

�Valvar Pulmonary Stenosis

Valvar PS is one of the most commonly occurring types of   
CHD [1, 2]. It can present either as thin but doming leaflets 
with tricuspid or bicuspid morphology or as dysplastic leaf-
lets with thickened edges. The former represents the more 
common presentation and is often associated with post-ste-
notic dilation of the main pulmonary trunk (Fig. 13.20, Video 
13.20). Because one or more of the commissures can be par-
tially or completely fused or underdeveloped (with forma-
tion of a raphe), the thickened raphe can appear tethered to 
the arterial wall at the sinotubular junction, giving the lesion 
the appearance of supravalvar narrowing (Fig. 13.20, Video 
13.20). As discussed previously, the semilunar valve attach-
ments extend up to the sinotubular junction [86] (Fig. 13.3b), 
and this particular variant of valvar PS can sometimes be 
difficult to distinguish from discrete narrowing of the pul-
monary sinotubular junction (supravalvar stenosis) without 
valvar obstruction. Because of the underdeveloped distal 
segments of the commissures, the leaflets are often attached 
in a more circular fashion at the pulmonary root rather than 
the normal semilunar arrangement discussed previously 
[87]. The dysplastic form of valvar PS is not as common and 
is often associated with pulmonary annular hypoplasia and 
a small pulmonary trunk. The leaflets are usually attached 
to the pulmonary root in a semilunar fashion. Occasionally 
there is separate but discrete narrowing of the pulmonary 
sinotubular junction resulting in combined valvar and supra-
valvar PS. Valvar PS places excess pressure load on the RV, 

Fig. 13.18  Markedly dilated aortic root as seen from the midesophageal aortic valve long axis view without color mapping (left panel) and with 
color mapping, showing central aortic regurgitation (right panel). (Ao aorta, LV left ventricle)

Fig. 13.19  Midesophageal ascending aortic long axis view at 120° 
showing a markedly dilated aortic root and ascending aorta with associ-
ated aortic dissection along the anterior wall of the ascending aorta (the 
double linear density representing the aortic dissection along the ante-
rior ascending aortic wall is indicated by the asterisk) in a patient with 
Marfan syndrome (AAo ascending aorta)

13  Outflow Tract Anomalies

https://doi.org/10.1007/978-3-030-57193-1_20


440

often resulting in significant RV hypertrophy, which in turn 
can contribute to the total obstruction along the RVOT. An 
atrial septal defect or patent foramen ovale is also commonly 
found in these patients [88].

Because the majority of these patients undergo interven-
tion when necessary in the catheterization laboratory, TEE 
is rarely needed to evaluate the PV morphology and degree 
of obstruction. However, TEE is frequently used during 
transcatheter device closure of atrial septal defects, and the 
excess pulmonary blood flow associated with these lesions 
often results in turbulence across the PV without true val-
var PS (relative PS). TEE performed in the catheterization 
laboratory can help determine whether intervention is nec-
essary at the  PV.  The RVOT, and particularly the  PV, can 
easily be evaluated in ME AoV SAX at 0° and a modified 
ME AoV LAX at 90° with leftward probe rotation to visual-
ize the pulmonary outflow tract (Fig.  13.20, Video 13.20). 
Occasionally, a higher esophageal view, such as ME Asc Ao 
SAX or upper esophageal view (UE PA at 0°, UE Ao Arch 
SAX at 90°), is necessary in patients with an elongated sub-
pulmonary conus. Quantitative assessment of the degree of 

valvar PS can be performed from the DTG RVOT view at 
90° (Fig. 13.1b, d; Video 13.1b) in the same way that LVOT 
obstruction is evaluated by Doppler interrogation, usually 
requiring a counterclockwise rotation of the probe (to the 
left) from the LVOT to the RVOT. The degree of valvar PS 
can also be assessed in the ME Asc Ao SAX or UE PA view 
at 0° by interrogating the high velocity flow into the main 
pulmonary trunk (Figs. 13.21 and 13.22, Video 13.21). This 
view also allows for measurements of the main and proxi-
mal branch pulmonary artery diameters. In many instances, 
these views or the UE Ao Arch SAX provides an excellent 
angle for Doppler interrogation of the high velocity jet aris-
ing from the PV. (Video 13.20)

There are a number of congenital heart defects in which 
pulmonary stenosis (subvalvar, valvar, and sometimes supra-
valvar) is a frequent finding. At times, pulmonary outflow 
obstruction is an important and integral part of the anatomic 
spectrum of the cardiac defect. Examples of such anoma-
lies include tetralogy of Fallot, double outlet right ventricle, 
tricuspid atresia, and transposition of the great arteries, and 
these cardiac defects are discussed in other chapters in this 
textbook. Nonetheless, the TEE evaluation of the pulmo-
nary outflow tract in those conditions mirrors that described 
in this chapter, and should be performed using a similar 
approach.

�Subvalvar Pulmonary Stenosis 
(Double Chamber Right Ventricle)

A double chamber right ventricle (DCRV) is a type of RVOT 
obstruction involving anomalously prominent RV muscle 
bundles that divide the RV into two chambers: a proximal 
high-pressure inflow chamber and a distal low-pressure 
outflow chamber (Figs. 13.23 and 13.24, Videos 13.22 and 
13.23). Some prefer to use the term divided RV for this 
lesion [89], although a divided RV does not always involve 
anomalous RV muscle bundles [90]. The division in a DCRV 
usually occurs at the infundibular os, with the distal outflow 
chamber corresponding to a well-developed subpulmonary 
infundibulum. Like subvalvar AS, the obstruction associated 
with a DCRV is not always present early in life, prompting 
some people to classify the lesion as an acquired disease [91]. 
However, others suggest that a congenital anatomic substrate 
for a DCRV is present before obstruction develops and can 
actually be predicted echocardiographically by measuring 
the distance from the moderator band to the PV [92]. In this 
setting, a DCRV is thought to result from superior displace-
ment and hypertrophy of the moderator band, contributing to 
progressive obstruction at the infundibular os. Others suggest, 

Fig. 13.20  Midesophageal aortic valve long axis view with transducer 
angle at 90° and slight leftward probe rotation. This image shows valvar 
pulmonary stenosis with thin but doming pulmonary valve leaflets abut-
ting against the sinotubular junction and post stenotic dilation of the 
main pulmonary artery (Ann pulmonary annulus, LV left ventricle, MPA 
main pulmonary artery, RVOT right ventricular outflow tract, STJ pul-
monary sinotubular junction)

N. Choueiter et al.



441

Fig. 13.21  Upper esophageal pulmonary artery view at 0° showing the 
main pulmonary artery in the setting of mild valvar pulmonary stenosis 
with thin doming pulmonary valve leaflets, and minimal flow accelera-

tion across the valve. In this image the bifurcation of the branch pulmo-
nary arteries can also be seen (LPA left pulmonary artery, MPA main 
pulmonary artery, RPA right pulmonary artery, RV right ventricle)

a b

Fig. 13.22  Spectral Doppler recordings of flow across the pulmonary 
valve, as obtained from the upper esophageal pulmonary artery view at 
0°. In: (a), there is normal, low velocity laminar flow seen in the main 

pulmonary artery through a normal pulmonary valve. (b), high velocity 
flow (4.2 meters/sec, 69  mm Hg) is obtained by continuous wave 
Doppler across a pulmonary valve that is stenotic
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Fig. 13.23  Midesophageal right ventricular inflow-outflow view at 
60° showing a double chamber right ventricle with prominent muscle 
bundles at the infundibular os (asterisk) separating the proximal right 
ventricular chamber from the well-developed right ventricular infun-

dibular chamber and resulting in subvalvar pulmonary stenosis (the pul-
monary annulus is within normal limits in size). Moderate tricuspid 
regurgitation is also present. (Ann pulmonary annulus, MPA main pul-
monary artery, RA right atrium, RV right ventricle)

Fig. 13.24  Deep transgastric right ventricular outflow tract view at 90° 
showing a double chamber right ventricle with prominent muscle bun-
dles at the infundibular os (asterisk) separating the proximal right ven-
tricular chamber from the well-developed right ventricular infundibular 

chamber and resulting in subvalvar pulmonary stenosis (the pulmonary 
annulus is within normal limits in size); this is an ideal view to measure 
the gradient along the right ventricular outflow tract. (Ann pulmonary 
annulus, MPA main pulmonary artery, RV right ventricle)

N. Choueiter et al.
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however, that the anomalously prominent muscle bundles in 
a DCRV are in fact distinct from the moderator band since 
the septal attachment of a normal moderator band is located 
more apically than the usual attachments of these anoma-
lous muscle bundles [93]. The most common association is 
a VSD, usually a small or moderate perimembranous VSD, 
occurring in at least 67% of these patients [94]. It can be pres-
ent in up to 10% of patients who require VSD surgery [95], 
necessitating careful assessment of the RVOT in all patients 
with a VSD. Another common association is a fixed subaortic 
ridge or echodense area at the crest of the ventricular septum, 
occurring in up to 88% of patients with a DCRV and a VSD, 
although some degree of subvalvar AS is present in only a 
quarter of these patients [53]. A DCRV must be distinguished 
from tetralogy of Fallot, wherein anterior and superior devia-
tion of the conal septum results in a large VSD and an under-
developed subpulmonary infundibulum.

The RVOT obstruction in DCRV is usually progressive, 
presenting during childhood or adolescence, although cases 
of adult presentation have been reported [94, 96]. Almost 
all cases require surgical intervention. TEE is useful in the 
preoperative evaluation, and the infundibular os and RVOT 
are easily visualized in the ME RV In-Out view with trans-
ducer angle between 60°–90°. However, the anterior loca-
tion of the prominent muscle bundles and their proximity to 
the probe often makes qualitative assessment of the extent 
of the muscle bundles difficult. Thus, this area should be 
examined carefully as it is easy to overlook RVOT obstruc-
tion at this level. In addition, the orientation of blood flow 
across the muscle bundles is often directly perpendicular to 
the echocardiographic beam in midesophageal views, pre-
cluding adequate color mapping and quantitative spectral 
Doppler interrogation of the area (Fig. 13.23, Video 13.22). 
Quantitative assessment of the degree of RVOT obstruc-
tion is best performed in the DTG RVOT view at 90° as 
discussed in the previous section (Fig. 13.24, Video 13.23). 
Postoperative evaluation after resection of the muscle bun-
dles should exclude residual obstruction in the DTG RVOT 
view at 90°; the TEE study should evaluate for the develop-
ment of pulmonary regurgitation in multiple midesophageal 
views. Occasionally, resection of the muscle bundles results 
in the development of tiny coronary-cameral fistulae along 
the RV anterior free wall, and these are easily visualized with 
color mapping in multiple midesophageal views.

�Pulmonary Regurgitation

Pulmonary regurgitation (PR) is a common finding during 
routine echocardiographic evaluation with a prevalence of up 
to 88% in normal healthy children and up to 68% in healthy 
adults [97]. The prevalence may decrease later in adulthood, 
although this trend may be more related to technical limita-

tions in adults with poor echocardiographic windows rather 
than a true decrease in the frequency of the lesion. Among 
the 3370 subjects with pulmonary outflow tract anoma-
lies evaluated by echocardiography at Children’s Hospital 
Boston from 1988 to 2002, over 40% (1403) had PR and 
almost 24% of these (335) had ≤ mild PR without associated 
cardiac structural abnormalities [98]. Isolated PR as a con-
genital anomaly is extremely rare and has been associated 
with aneurysmal dilation of the pulmonary arteries secondary 
to cystic medial necrosis (as seen in the aortopathy of Marfan 
syndrome and bicuspid AoV) [99]. Many of these patients do 
not require intervention, unless the severity of the PR results 
in significant RV dilation and dysfunction. Occasionally, iso-
lated PR with idiopathic dilation of the pulmonary arteries 
is associated with absence of one or more PV leaflets [99, 
100]. Although this is seen more frequently in the setting of 
tetralogy of Fallot with absent or dysplastic PV leaflets, it 
can occur as an isolated abnormality, and marked dilation of 
the pulmonary arteries can also occur, resulting in significant 
airway compression that requires surgical intervention.

Quantification of PR is not as well established by echo-
cardiography (either transthoracic or transesophageal). 
Doppler methods, both color flow and spectral, are gener-
ally used, though variable hemodynamic conditions (RV 
diastolic properties and filling pressures, driving pressure 
between pulmonary artery and RV, etc.) will influence the 
Doppler evaluation. Pulsed wave Doppler assessment of 
the forward and reverse flow in the main pulmonary artery 
(using the velocity time integral) could theoretically be 
used to estimate the percent and volume of regurgitant flow; 
however, this method has not been standardized and also is 
not valid in patients with valvar PS. Criteria for vena con-
tracta width (which would seem to be more accurate than jet 
width) and regurgitant orifice area width to assess PR sever-
ity have not been well established [73]. Indirect evidence of 
PR severity can be obtained by evaluating RV size and func-
tion, though this can be more challenging by echocardiogra-
phy due to the more complex shape of the RV. Also, the RV 
diastolic properties (specifically the stiffness) can affect the 
degree of RV dilation. Some of the features commonly used 
to grade PR severity are listed in Table 13.1 [72]. Overall, 
it is clear that the grading of PR severity is more difficult 
because standards for its quantification are less well defined 
than for AR [72, 101]. Thus, when assessing severity of PR, 
an integrated approach is probably best, utilizing color map-
ping, continuous and pulsed wave Doppler interrogation, as 
well as evaluations of the PV and RV sizes and RV function 
[76].

The most common scenarios for significant PR occur 
after some type of intervention: after surgical repair of 
tetralogy of Fallot (Fig. 13.25, Video 13.24), after surgical 
or transcatheter balloon valvotomy for valvar PS, and after 
surgical placement of a homograft from the RV to the pul-
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monary artery for lesions such as tetralogy of Fallot (with 
or without pulmonary atresia), truncus arteriosus, trans-
position of the great arteries with a VSD, and pulmonary 
atresia with intact ventricular septum. As in patients with 
significant AR, significant PR is associated initially with 
an increase in RV end-diastolic volume, followed by an 
increase in RV end-systolic volume, followed by a decrease 
in RV function and contractility. Symptoms of right-sided 
heart failure appear, portending  the development of irre-
versible RV myocardial damage. In many postoperative 
instances, there are markedly akinetic segments of the RV 

due to outflow tract patch augmentation and aggressive 
muscular resection, contributing to the progressive RV sys-
tolic and diastolic dysfunction. In addition, newly acquired, 
significant postoperative PR is not well tolerated by older 
patients, unlike neonates and children who respond bet-
ter to this postoperative problem. Strategies for timing of 
intervention in these patients necessarily involves echocar-
diographic evaluation, and some of the echocardiographic 
indices for PR include pressure half-time of the regurgitant 
jet, presence of flow reversal in the branch pulmonary arter-
ies, and RV size and function [102]. Restrictive RV physi-
ology can also be identified when diastolic forward flow is 
seen in the main pulmonary artery during atrial systole by 
Doppler interrogation [103]. Currently, cardiac MRI and its 
ability to quantitatively assess RV size and function have 
superseded echocardiography in determining the timing of 
intervention [104–106].

Intraoperative assessment of PR by TEE involves color 
mapping in midesophageal views along multiple planes 
such as the ME AoV SAX and ME RV In-Out views 
(Fig. 13.25, Video 13.24). Occasionally a somewhat higher 
esophageal view, such as the ME Asc Ao SAX and upper 
esophageal views (UE PA, UE Ao Arch SAX), can provide 
better color mapping display of the to-and-fro flow across 
the PV.  These views can also display diastolic reversal 
in the proximal branch pulmonary arteries by color map-
ping and pulsed wave Doppler interrogation. The DTG 
RVOT view at 90° can also display the PR, especially since 
the direction of flow is parallel to the echocardiographic 

Table 13.1  Echocardiographic and Doppler parameters used in grad-
ing pulmonary regurgitation severity

Parameter Mild Moderate Severe
Pulmonic valve Normal Normal or 

abnormal
Abnormal or 
may not be 
visible

RV size Normala Normal or 
dilated

Dilated 
(exception: 
Acute PR)

Jet size by color 
flow Dopplerb

Thin (usually 
<10 mm in 
length) with a 
narrow origin

Intermediate Broad origin, 
variable depth 
of penetration

Ratio of PR jet 
width/pulmonary 
annulus

>0.7 (identifies 
a CMR-derived 
PR fraction 
≥40%)

Jet density and 
contour—CW

Soft Dense Dense; early 
termination of 
diastolic flow

Deceleration time 
of the PR spectral 
Doppler signalc

Short, < 
260 msec

Pressure half-time 
of PR jet

<100 msecd

PR indexe <0.77 >0.77
Diastolic flow 
reversal in the 
main or branch 
PAs (PW)

Prominent

Pulmonic systolic 
flow compared to 
systemic 
flow—PWf

Slightly 
increased

Intermediate Greatly 
increased

RFg <20% 20%–40% >40%

CMR cardiac magnetic resonance, CW continuous wave Doppler, PR 
pulmonary regurgitation, PW pulsed wave Doppler, RA right atrium, RF 
regurgitant fraction, RV right ventricle
aUnless there are other reasons for RV enlargement
bAt a Nyquist limit of 50–70 cm/s
cSteep deceleration is not specific for severe PR
dNot reliable in the presence of high RV end diastolic pressure
eDefined as the duration of the PR signal divided by the total duration of 
diastole, with this cutoff identifying a CMR-derived PR fraction >25%
fCut-off values for regurgitant volume and fraction are not 
well-validated
gRegurgitant fraction data primarily derived from CMR with limited 
application by echocardiography
Table reprinted from Zoghbi WA et al (72) with permission from Elsevier

Fig. 13.25  Midesophageal right ventricular inflow-outflow view at 
60° showing free pulmonary regurgitation in the setting of tetralogy of 
Fallot repair with a transannular right ventricular outflow tract patch. 
(MPA main pulmonary artery, RV right ventricle)
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beam. However, the distance from the probe to the RVOT 
often limits color mapping in this view for larger patients. 
Following implantation of a PV, the postoperative TEE 
examination should exclude residual PR in multiple mid-
esophageal views and in the DTG RVOT view at 90°. The 
new PV, whether it is a mechanical prosthetic valve, a bio-
prosthetic valve, or part of a valved homograft, should also 
be evaluated in midesophageal views using multiple planes 
such as the ME RV In-Out and MV AoV LAX with slight 
leftward rotation of the probe. The deep transgastric views 
(DTG RVOT and DTG 5-Ch) can also be useful in evaluat-
ing the flow across the PV, both with color mapping and 
spectral Doppler interrogation.

�Summary

This chapter discusses the common congenital defects affect-
ing the RV and LV outflow tracts in both children and adults. 
While the semilunar valves are most commonly involved, 
pathology can occur at any level—subvalvar, valvar, supraval-
var, or a combination of one or more levels. Stenosis and/or 
regurgitation at either or both outflow tracts can occur. Thus, 
a careful echocardiographic evaluation must be undertaken to 
define precisely the nature, location, and severity of the abnor-
mality/abnormalities. For evaluation of the outflow tracts, TEE 
excels by providing excellent anatomic imaging and color 
mapping. It plays a vital role in the perioperative evaluation 
of outflow tract abnormalities with precise characterization of 
the pathology preoperatively and assessment of the adequacy 
of surgical repair postoperatively. It is also important in the 
evaluation of interventional procedures such as transcatheter 
pulmonary and AoV implantation. In addition, TEE can also 
be valuable in the ambulatory setting, such as the assessment 
of subaortic stenosis in older patients. Thus, for the assess-
ment and treatment of outflow tract abnormalities, TEE serves 
as an important and extremely valuable tool.

�Case-Based Examples 

Case #1

Subject:  Subaortic membrane.

Clinical History:  A 5 year-old boy presents to the pediatric 
cardiology clinic for the evaluation of a cardiac murmur. The 
mother reports the history of a “hole in the heart” that has 
closed spontaneously. She reports that he has recently been 
unable to keep up with other children his age in kindergarten, 
yet denies syncope or presyncope. On physical examination, 
he is growing along the 50th percentile for height and weight, 
HR 92 bpm, BP 90/56 mmHg, RR 24 breath/min, oxygen 
saturation 99%. He has a normal S1 and S2. A Grade 3/6 
low-pitched ejection systolic murmur is appreciated in the 
second and third left intercostal spaces, and radiates to the 
suprasternal notch. He has no clicks or gallops. He has nor-
mal and symmetric upper and lower extremity pulses.

After initial evaluation patient was referred for surgi-
cal repair and the following preoperative TEE images 
(Fig. 13.26, Videos 13.25 and 13.26) are shown.

TEE Findings:
Midesophageal long axis views of the aortic valve (~120°) 
show a discrete subaortic ridge located at the crest of the 
muscular septum, resulting in subaortic stenosis. Flow tur-
bulence is seen starting at the level of the subaortic ridge on 
color mapping.

Discussion:  Subvalvar aortic stenosis, also called subaortic 
stenosis, is a rare disorder seen in infants and children. In 
most cases, there is a membrane (usually muscular) just 
below the aortic valve, which causes a fixed obstruction to 
the blood flow across the left ventricular outflow tract. It can 
also be secondary to a fibromuscular ridge, a diffuse tunnel 
narrowing in the left ventricular outflow tract, or accessory 

a b

Fig. 13.26  Case #1. Subaortic stenosis seen from midesophageal aortic valve long axis view. (a) Shows two-dimensional image. (b) Shows tur-
bulent color flow Doppler through the subaortic area. Ao aorta, LA left atrium, LV left ventricle, RV right ventricle. See text for details
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mitral valve tissue. Congenital subaortic stenosis is rare, and 
progresses gradually. It is associated with a VSD, bicuspid 
aortic stenosis, double chamber right ventricle, and coarcta-
tion. It can result in aortic valve regurgitation. Management 
is surgical and depends on the type of subvalvar aortic resec-
tion. It can range from removal of the membrane to extensive 
ring resection, with or without ventricular septal myectomy. 
Discrete subaortic membranes have a high rate of postopera-
tive recurrence.
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	2.	 Sigfusson G, Tacy TA, Vanauker MD, Cape 

EG. Abnormalities of the left ventricular outflow tract asso-
ciated with discrete subaortic stenosis in children: an echo-
cardiographic study. J Am Coll Cardiol. 1997;30:255–9.

	3.	 Stassano P, Di Tommaso L, Contaldo A, et al. Discrete 
subaortic stenosis: long-term prognosis on the progres-
sion of the obstruction and of the aortic insufficiency. 
Thorac Cardiovasc Surg. 2005; 53:23–7.

	4.	 Mukadam S, Gordon BM, Olson JT, Newcombe JB, 
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Surg. 2018 Sep;9(5):522–528.

Case #2

Subject:  Pulmonary stenosis.

Clinical History:  A 7-year-old girl presents with a secun-
dum atrial septal defect and is found to have pulmonary ste-
nosis on TEE imaging (Fig. 13.27, Video 13.27).

TEE Findings:
Midesophageal aortic valve long axis view with trans-
ducer angle 90° and slight leftward probe rotation, showing 
the RVOT. This video shows valvar pulmonary stenosis with 
thin but doming pulmonary valve leaflets, and post-stenotic 
dilation of the main pulmonary artery.

Fig. 13.27  Case #2. Valvar pulmonary stenosis seen from midesopha-
geal aortic valve long axis view with transducer angle 90° and slight 
leftward probe rotation, showing the right ventricular outflow tract and 

turbulent flow across the pulmonary valve. LA left atrium, LV left ven-
tricle, PA pulmonary artery. See text for details
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Discussion:  Valvar pulmonary stenosis is one of the most 
commonly occurring congenital heart lesions (~10%). It 
can present as thin doming valve leaflets or as dysplastic 
leaflets. Most cases are treated by balloon valvotomy. TEE 
is rarely needed during balloon valvotomy unless, as in this 
case, it was needed for transcatheter atrial septal defect clo-
sure. Dysplastic valves are less amenable to balloon val-
votomy and often require a surgical valvotomy, sometimes 
a partial pulmonary valvectomy, and possibly a transannu-
lar  RVOT patch. The PV  is best evaluated from the ME 
AoV SAX view, the ME RV In-Out view, and a modified 
ME AoV LAX view at 90° with leftward probe rotation to 
visualize the pulmonary outflow tract. Quantitative assess-
ment of the degree of valvar PS can be performed in the 
DTG RVOT view at 90°.

Suggested Reading/References
	1.	 Martinez RM, Anderson RH. Echocardiographic features 

of the morphologically right ventriculo-arterial junction. 
Cardiol Young. 2005;15 Suppl 1:17–26.
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normal pulmonary root compared with that in isolated 
pulmonary valvu-lar stenosis. J Am Coll Cardiol. 
1998;31:1420–5.

	3.	 Sommer RJ, Rhodes JF, Parness IA. Physiology of critical 
pulmonary valve obstruction in the neonate. Catheterization 
cardiovascular interventions. 2000;50:473–479

Table 13.1 reprinted from Zoghbi WA et al. [72], with per-
mission from Elsevier

�Questions and Answers

	1.	 A 20 year old male patient presents with sudden onset of 
severe dyspnea, palpitations, and deterioration in exercise 
capacity. On admission a grade 4/6 continuous murmur is 
heard over the right midsternal border. A transthoracic 
echocardiogram was performed that showed a dilated 
right atrium and right ventricle and possible aortic regur-
gitation. The aortic valve was not well visualized. Based 
on the TEE images (Fig. 13.28, Video 13.28). What is the 
most likely diagnosis?
	a.	 Aortic regurgitation
	b.	 Left ventricular to aortic tunnel
	c.	 Left ventricular to right atrial shunt
	d.	 Ruptured sinus of Valsalva aneurysm

Answer: d

Fig. 13.28  Question #1. See Question for details
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Explanation: This is a midesophageal right ventricu-
lar inflow-outflow view (transducer angle 58°) showing 
a short axis view of the aortic valve and a ruptured non-
coronary sinus of Valsalva aneurysm into the right atrium. 
Sinus of Valsalva aneurysm is a rare cardiac anomaly, 
and arises mainly from a congenital defect of the aortic 
media or may follow bacterial endocarditis. It occurs 
in between 0.09 and 0.15% of cases, and comprises up 
to 3.5% of all congenital cardiac anomalies. Coexisting 
cardiac lesions, especially a ventricular septal defect or 
aortic valve regurgitation, can be present in about 30 to 
40% of patients. The aneurysms originate predominantly 
from the right coronary sinus (70%), and are more preva-
lent in males. Most aneurysms rupture into the right-sided 
heart chambers; rarely, they can rupture into the left-sided 
heart chambers, pericardium, and pulmonary artery or 
superior vena cava. Echocardiography, especially TEE, 
is important for diagnosing ruptured and non-ruptured 
aneurysms. It allows accurate evaluation of the involved 
sinus, the presence of a left-to-right shunt or associated 
cardiac lesions. Magnetic resonance imaging might be 
useful in diagnosing certain coexisting cardiac lesions 
more precisely. Cardiac catheterization is currently only 
performed to evaluate coronary anatomy prior to surgery. 
The optimal management for a ruptured sinus of Valsalva 
aneurysm is surgical repair.

	2.	 A 15 year old male patient who recently immigrated to 
the United States presents with a murmur and a history of 
a ventricular septal defect surgically closed at 6 months 
of age.

On examination he has a heart rate of 80 bpm, blood pres-
sure in the right upper extremity is 110/70 mmHg, respiratory 
rate is 18 breaths/mm and oxygen saturation is 98%. Cardiac 
auscultatory findings: S1 and S2 are normal without a loud 

pulmonary component or systolic click. A 5/6 systolic ejec-
tion murmur increasing with inspiration is present along the 
left mid-sternal border. Chest is clear. There is no hepato-
splenomegaly. Extremities are warm and well perfused, there 
are easily palpable femoral pulses with no radial-femoral 
delay.

Based on the TEE images in Fig. 13.29 what is the most 
likely diagnosis:

	a.	 Pulmonary stenosis
	b.	 Double chamber right ventricle
	c.	 Pulmonary hypertension
	d.	 Tetralogy of Fallot

Answer: b
Explanation: This is a TEE deep transgastric RVOT 

view (transducer angle approximately 70°) showing a dou-
ble chamber right ventricle with prominent muscle bundles 
at the infundibular os separating the proximal right ventricu-
lar chamber from the distal, well-developed right ventricu-
lar infundibular chamber, resulting in subvalvar pulmonary 
stenosis. Color flow Doppler demonstrates significant turbu-
lence across the area. (LV left ventricle, PA main pulmonary 
artery, RV right ventricle).

	3.	 A 5 year old girl was referred for surgical resection of a 
fibromuscular subaortic membrane that resulted in subaor-
tic stenosis (peak pressure gradient 64 mmHg on transtho-
racic echocardiogram). She has moderate left ventricular 
hypertrophy and normal global systolic function. The pre-
operative TEE shows a fibromuscular ridge in the subaor-
tic region with a peak pressure gradient ~40 mmHg.

What is the next best step?
	a.	 Surgical resection of the subaortic membrane
	b.	 Hold off surgical repair since the subaortic stenosis is 

not severe

Fig. 13.29  (a, b) Question 2. See Question for details

a b
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	c.	 Review the transthoracic echocardiogram findings at 
the next diagnostic error review session

	d.	 Repeat the TEE while the patient is awake

Answer: a
Explanation: Based on the transthoracic echocardiogram 

findings, the patient qualifies for surgical resection. The 
discrepancy between the transthoracic echocardiogram and 
TEE is secondary to the alteration in the hemodynamic status 
of the patient after the administration of general anesthesia. 
The degree of left ventricular outflow tract obstruction can 
be difficult to assess by TEE, particularly in the operating 
room. It can be artificially decreased in the setting of general 
anesthesia, deep sedation, or hypovolemia.

	4.	 What is the best TEE view to quantify the degree of resid-
ual left ventricular outflow tract obstruction post subval-
var aortic stenosis surgical repair
	a.	 Midesophageal aortic valve long axis (ME AoV LAX)
	b.	 Midesophageal ascending aorta (ME Asc Ao) views
	c.	 Deep transgastric five-chamber (DTG 5-Ch)
	d.	 Midesophageal aortic valve short axis (ME AoV SAX)

Answer: c
Explanation: The DTG 5-Ch views provides the best 

Doppler angle of interrogation for the left ventricular outflow 
tract, and is therefore the best of these choices for quantifica-
tion of the degree of left ventricular outflow tract obstruction.

	5.	 TEE is most valuable for the postoperative or post-
intervention assessment of the following surgery/
intervention:
	a.	 Ross procedure for aortic regurgitation
	b.	 Aortic valve balloon valvotomy for aortic stenosis
	c.	 Pulmonary valve balloon valvotomy for pulmonary 

stenosis
	d.	 Surgical end to end anastomosis of a coarctation

Answer: a
Explanation: TEE is most valuable for the postoperative 

evaluation of the Ross procedure, mainly for the follow-
ing: evaluation of the pulmonary homograft for stenosis or 
regurgitation, assessment of the degree of neo-aortic valve 
regurgitation, and monitoring of ventricular function. TEE 
is rarely used in transcatheter aortic and pulmonary bal-
loon valvotomy. In a coarctation the aortic isthmus (i.e. the 
region of interest) is generally not visualized completely by 
TEE. The adequacy of a coarctation repair can be performed 
by direct pressure measurements of the arch intraoperatively 
before and after the site of repair. Transthoracic echocar-
diography and cardiac MRI/CT are the imaging modalities 
used in the assessment of the arch after coarctation repair.
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