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 Introduction

In congenital heart disease (CHD), abnormalities of the great 
arteries and related vascular connections are commonly 
encountered. Transthoracic echocardiography (TTE) serves 
as the initial and primary diagnostic tool for their identifica-
tion and assessment, particularly in the pediatric population. 
Additional complementary and noninvasive imaging modali-
ties, such as cardiac magnetic resonance imaging (MRI) and 

computerized tomography (CT), can also be used to 
 characterize these pathologies further, while at the same time 
providing information regarding related intracardiac and 
extracardiac structures.

In most, if not all, cases, TTE alone or in combination 
with these other imaging studies is able to define fully the 
abnormalities that affect the great arteries and delineate 
abnormal vascular connections. Thus, transesophageal echo-
cardiography (TEE) generally does not play a major diag-
nostic role in these malformations. However despite certain 
challenges, the assessment of the great arteries and vascular 
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anomalies is feasible by TEE. In the operating room setting, 
in addition to providing confirmation of the abnormalities 
affecting these structures, TEE allows for evaluation of asso-
ciated pathology, exclusion of suspected defects, and intra-
operative monitoring. TEE can also provide a method for the 
assessment of an intervention or surgical procedure affecting 
the great arteries or related vascular structures; at the same 
time it serves a very important role in determining the ade-
quacy of repair of any coexisting lesion(s). In this setting, 
TEE functions to identify and correct (or at least limit) resid-
ual pathology of hemodynamic significance that might nega-
tively impact patient outcome.

This chapter addresses selected malformations that pri-
marily affect the great arteries and highlights the most com-
monly found abnormal connections between these vascular 
structures. The discussion focuses on the role of TEE in the 
assessment of these anomalies with an emphasis on periop-
erative applications. As an introduction to the subject, the 
reader is referred to Chap. 4 for a detailed discussion of TEE 
imaging of the great arteries. The overview presented there 
should serve as a foundation for this chapter and will facili-
tate understanding of the lesions/variants discussed. 
Anomalies of venous structures are presented in Chap. 6 and 
will not be addressed here.

 Abnormal Vascular Connections

 Patent Ductus Arteriosus

 Anatomic Features
The ductus arteriosus is a vascular channel that connects the 
pulmonary trunk to the proximal descending aorta. 
Anatomically, the ductus arteriosus typically originates from 
the posterosuperior aspect of the junction between the main 
and left pulmonary artery, and inserts into the anterolateral or 
ventral aspect of the descending thoracic aorta, just distal to 
the origin of the left subclavian artery (Fig. 13.1). Among 
individuals, the ductus arteriosus may vary in its position, 
course, size, and length.

In most patients with a left aortic arch, the ductus arterio-
sus is a left-sided structure. A right or left-sided ductus may 
be present in patients with a right aortic arch. In some cases, 
the ductus arteriosus originates from the innominate or sub-
clavian arteries or may even be duplicated (bilateral ductus). 
Two important issues merit mention: (1) anatomic factors 
such as aortic arch sidedness, aortic arch branching pattern, 
and ductal origin/position may result in anomalies causing a 
vascular ring [1] and (2) an abnormal location, course or 
shape of the ductus arteriosus, as well as bilateral ductus, are 
more likely to occur in the setting of complex CHD.

In the normal fetal circulation, the right ventricle gener-
ates approximately two-thirds of the fetal cardiac output. 

The majority of this blood is ejected into the descending 
aorta through the ductus arteriosus, as only a small fraction 
of the right ventricular output (5–10 %) passes through the 
lungs. Thus, this communication is an essential component 
of normal fetal life, allowing for right ventricular ejection 
into the descending aorta within the context of a high- 
resistance pulmonary circulation.

In the normal full-term infant, functional closure of the 
ductus arteriosus occurs several hours after birth. Anatomic 
closure of this channel takes place in the first few weeks of 
life. Failure of the ductus arteriosus to close, a process not 
completely understood, results in persistent ductal patency 
(patent ductus arteriosus or PDA). As an isolated lesion, it 
accounts for between 4 and 12 % of all cases of CHD.

 Associated Defects
A PDA can be found in isolation or in association with 
other cardiovascular anomalies (e.g., atrial septal defect, 
ventricular septal defect, atrioventricular septal defect, 
coarctation of the aorta). A high incidence is found in 
premature neonates, infants with respiratory distress 
syndrome, patients affected by rubella syndrome, and 
children living at high altitudes. Ductal-dependency for 
either pulmonary or systemic blood flow may be part of 
the physiology of moderate to severe forms of CHD. The 
discussion that follows focuses primarily on the PDA as 
an isolated lesion. The presence and role of the PDA in 
association with other cardiac defects is also briefly 
addressed.

AO

PA
PDA

LPA

Isthmus

LSA

LCCAIA

Fig. 13.1 Patent ductus arteriosus. Graphic depiction of patent ductus 
arteriosus (PDA) as visualized from a left anterior oblique view. The 
typical ductus extends as illustrated from the junction of the main pul-
monary artery (PA) with the left pulmonary artery (LPA) to the descend-
ing thoracic aorta just distal to the left subclavian artery (LSA). AO 
aorta, IA innominate artery, LCCA left common carotid artery 
(Reproduced with permission from Hillman et al. [130])
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 Pathophysiology
In the isolated PDA, shunt magnitude is determined by the 
physical size of the communication (length and internal 
diameter) and the relationship between the systemic and pul-
monary vascular resistances. A small PDA may have little to 
no physiologic impact. However, the hemodynamic effects 
of moderate-to-large communications are those of a classic 
left-to-right shunt manifested by increased pulmonary blood 
flow, resulting in left atrial and left ventricular volume over-
load. In a moderate size PDA, an element of ductal constric-
tion is present, so shunting is restrictive to some extent and 
the pulmonary artery pressure is mildly elevated or may 
even be normal. Large communications are associated with 
a greater degree of pulmonary artery pressure elevation. In 
this setting, shunting can be bidirectional and dictated pri-
marily by the resistances of the vascular beds at either sides 
of the PDA. The increased left atrial pressure associated 
with large shunts may lead to stretching of the foramen ovale 
and result in an additional shunt at this level, further com-
pounding the volume load presented to the pulmonary 
arteries.

 Management Considerations
The management options in the infant beyond prematurity or 
in the older child who requires ductal closure are occlusion 
of the communication in the cardiac catheterization labora-
tory or surgical closure. Various approaches have been used 
for surgical closure of the isolated PDA, including closed 
procedures via thoracoscopy (either robotically or video 
assisted) and open interventions, in most cases, via a 
 thoracotomy. The adult or older patient with a PDA presents 
a challenge as friable tissue, aneurysmal dilation, or duc-
tal calcification increases the likelihood of procedural 
complications.

 Applications of Transesophageal Echocardiography
TEE has been used for diagnostic applications in the detec-
tion and characterization of flow across a PDA [2–8]. 
However, the use of TEE for this sole purpose is relatively 
rare. As previously noted, a ductus or ligamentum arterio-
sum may be part of a vascular ring. In these cases trans-
esophageal instrumentation is generally avoided as probe 
placement or manipulation can lead to airway compromise 
due to compression of the trachea by surrounding vascular 
structures.

In the current era, transcatheter interventions aimed at 
ductal occlusion are guided primarily by fluoroscopy and 
angiography. Although TEE has been used in this setting 
[8, 9], and more recently, three-dimensional (3D) TEE has 
also been applied [10, 11], its role in these procedures is 
limited. The use of TEE has also been documented during 
interventions involving thoracoscopic surgery for the 
PDA, as well as open procedures in both children and 

adults [12–16]. The primary role is that of evaluation of 
shunt flow and magnitude, as well as the success of sur-
gery in obliterating the communication. Currently, TEE is 
not considered an indication solely for monitoring or 
assessing the results of surgical closure of an isolated 
PDA. As such, the discussion that follows is relevant 
mostly to the use of TEE in the evaluation of patients 
undergoing surgical ligation or division of a PDA in the 
setting in which additional cardiac defects are also being 
addressed.

 Goals of TEE Prior to Catheter or Surgical Intervention
Visualization of a PDA and Detection of Ductal Shunting
Direct imaging of the ductus arteriosus to assess patency can 
be challenging by two-dimensional (2D) transesophageal 
imaging alone. The examination of a PDA relies to a signifi-
cant extent on the use of Doppler ultrasound techniques that 
interrogate flow across the pulmonary artery and descending 
aorta. The upper esophageal views, particularly the upper 
esophageal pulmonary artery long axis (UE PA LAX) and 
the upper esophageal aortic arch short axis (UE Ao Arch 
SAX), are essential for this evaluation (Fig. 13.2, Video 
13.1). These views allow direct visualization of the ductal 
communication between the aorta and pulmonary artery. In 
addition, the mid esophageal ascending aortic short axis (ME 
Asc Ao SAX) with probe anteflexion and counterclockwise 
rotation, and the mid esophageal right ventricular inflow- 
outflow (ME RV In-Out) views (Fig. 13.3, Video 13.2), can 
also provide evidence of left-to-right ductal shunting into the 
pulmonary artery. As described below, views of the descend-
ing aorta that allow for the characterization of flow are also 
helpful. The combination of these different TEE views for 
the typical left-sided PDA enables visualization of the 
 communication, including detection of ductal shunting, 

Fig. 13.2 Patent ductus arteriosus. Upper esophageal pulmonary artery 
long axis view demonstrating flow by color Doppler (blue signal away 
from imaging probe) corresponding to left-to-right shunting across a 
patent ductus arteriosus (PDA flow). Ao aorta, MPA main pulmonary 
artery
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determination of shunt direction, and gross estimation of 
shunt magnitude.

Characterization of Flow Across a PDA
In the setting of a restrictive ductus arteriosus and relatively 
normal pulmonary artery pressures, the higher systemic 
arterial pressure results in continuous left-to-right shunting 
into the pulmonary artery throughout the cardiac cycle. 
This communication can be demonstrated by spectral 
Doppler assessment and color flow mapping in the upper 
esophageal, ME Asc Ao SAX, and ME RV In-Out views as 
previously described. Sampling near the pulmonary end in 
this case displays continuous high velocity flow, peaking in 
late systole directed away from the transducer. Color flow 
Doppler mapping increases the sensitivity of the interroga-
tion and demonstrates turbulent or aliased flow (seen as a 
mosaic color pattern) from the PDA into the distal main 
pulmonary artery (Fig. 13.4, Video 13.3). The ductal flow 
can extend to the level of the pulmonary valve, or beyond 
into the right ventricular outflow tract, in the presence of 
pulmonary regurgitation.

In the setting of pulmonary hypertension, shunting across 
the ductus is continuous and of low velocity, peaking in late 
systole [17, 18]. As the pulmonary artery pressure and pulmo-
nary vascular resistance increase, there will be blunting of the 
left-to-right shunt in diastole, so that systolic left-to-right 
shunting predominates. Further increases in pulmonary artery 
pressure/vascular resistance result in low velocity bidirec-
tional ductal shunting (right-to-left during systole and left-  
to-right in late systole extending into late diastole) [19]. This 
flow pattern can also be seen in ductal-dependent left- sided 
obstructive lesions such as hypoplastic left heart syndrome or 
interrupted aortic arch (see below) and can also be a normal 

finding in the neonate [20]. Increasing levels of pulmonary 
artery pressures and the development of increased pulmonary 
vascular resistance are characterized by blunting of the left-to-
right shunt in diastole. In some cases, exclusive right-to-left 
ductal shunting is present (reverse ductal shunting), peaking 
in early systole; this pattern is generally seen with significant 
elevation in pulmonary artery pressure/vascular resistance 
(such as obstructed total anomalous pulmonary venous 
return), and in many cases can be difficult to detect by TEE. 
Injection of agitated saline into a peripheral or central venous 
catheter while imaging the descending aorta may demonstrate 
microcavitations distal to the level of the left subclavian artery, 
consistent with ductal level right-to left shunting. [6]

Fig. 13.4 Patent ductus arteriosus. Upper esophageal aortic arch short 
axis view with color mapping demonstrating aliased flow from the aorta 
(Ao) into the pulmonary artery (PA) across a patent ductus arteriosus 
(arrows) (Reproduced with permission from Russell et al. [131])

Fig. 13.3 Patent ductus arteriosus. Left panel, two-dimensional image 
of mid esophageal right ventricular inflow-outflow view. Right panel, 
corresponding color Doppler image depicts flow (blue signal) from 

 patent ductus arteriosus (PDA) into main pulmonary artery (MPA). AO 
aorta, LA left atrium, RA right atrium, RV right ventricle
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Doppler Interrogation of Descending Aorta
The presence of a PDA in association with a large amount of 
shunt flow may also be suggested by an increase in the cali-
ber of the descending aortic pulsations. Spectral Doppler 
analysis in the descending aorta demonstrates both antegrade 
systolic flow and diastolic flow reversal. They are best appre-
ciated in the descending aortic short (Desc Ao SAX, 
Fig. 13.5) and long axis (Desc Ao LAX, Fig. 13.6) views, in 
the areas distal to the ductus arteriosus. The retrograde flow 
represents diastolic runoff into the pulmonary circulation 

within the context of low pulmonary artery diastolic pres-
sures (Figs. 13.7 and 13.8). The presence and magnitude of 
holodiastolic flow reversal in the distal descending aorta also 
 provide clues regarding the extent of ductal shunting, as 
increasing degrees of retrograde flow are present with larger 
shunts. A parameter that has been examined by transthoracic 
imaging to estimate shunt size is the ratio of the areas 
 corresponding to retrograde and forward flows [21]. 
Although not yet validated for TEE, this may also provide a 
crude index of shunt magnitude.

Ao

DsAo

Fig. 13.5 Descending aorta. 
Graphic illustration of imaging 
probe position and cross-section 
displayed in the mid esophageal 
descending aortic short axis 
view. Ao ascending aorta, DsAo 
descending aorta (Reproduced 
with permission from Cahalan 
[132])

Ao
DsAo

Fig. 13.6 Descending aorta. 
Graphic illustration of imaging 
probe position and cross-section 
displayed in the mid esophageal 
descending aortic long axis view. 
Ao ascending aorta, DsAo 
descending aorta (Reproduced 
with permission from Cahalan 
[132])
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Estimation of Pulmonary Artery Systolic Pressure  
from the PDA Jet
The use of Doppler ultrasound facilitates the assessment of 
systolic pressure gradients between the systemic and 
 pulmonary circulations and estimation of the pulmonary 
artery systolic pressure (PASP) [22, 23]. This can be 
 accomplished by examining the velocity from the left-to-
right jet across the ductus as follows [24]:

 PASP SBP V= − 4 2  

V, represents the peak flow velocity (in meters per second) 
across the ductus in late systole; SBP, systolic blood pressure

Several limitations have been described in the assess-
ment of PASP using this approach [23]. Although they have 
been reported for transthoracic imaging, these issues are 

also relevant to TEE. These limitations include potential 
errors related to position of the spectral sample volume, 
possible contamination of the continuous wave Doppler sig-
nal by flow from adjacent structures, and a PDA shape that 
does not allow for optimal Doppler cursor alignment for 
determination of maximal flow velocity, resulting in under-
estimation of the true pressure drop across the communica-
tion. This last issue may be more significant during TEE 
imaging, as movement of the probe is confined within the 
esophagus/stomach, in contrast to one’s ability to move a 
transthoracic probe freely across multiple windows to opti-
mize the Doppler evaluation.

Estimation of PASP from the Tricuspid  
Regurgitant Jet Velocity
Right ventricular systolic pressure (RVSP) also can be esti-
mated from the peak velocity of a tricuspid regurgitant jet, if 
present (Fig. 13.9, Video 13.4), using the following 
equation:

 PASP or RVSP V RAp if available= + ( )4 2  

V, represents the peak flow velocity of the tricuspid regurgi-
tant jet (in meters/second); RAp, mean right atrial pressure 
[25].

In the absence of right ventricular outflow tract 
 obstruction, RVSP equals PASP.

Evaluation of Left Atrial and Left Ventricular  
Size for Dilation
In the absence of co-existing structural defects, the size of 
the main pulmonary artery, left atrium, and left ventricle may 
correlate with the degree of the ductal shunting (Fig. 13.10, 
Video 13.5).

Additional Applications
The assessment of associated cardiovascular defects (e.g., 
atrioventricular septal defect, subaortic stenosis) represents 
the main indication for the use of intraoperative TEE in 
patients with a PDA. The approach suggested in Chap. 4 for 
the structural evaluation of the heart by TEE should be 
 followed. Depending upon the nature of the associated 
defects, suitable TEE planes should be obtained to assess 
the details of the anatomy. Aspects to be examined as part of 
a comprehensive examination include (but are not limited to) 
interrogation of atrioventricular and semilunar valves, out-
flow tracts, and assessment of ventricular systolic function. 
However even when evaluation of other defects is the pri-
mary objective, the mid and upper esophageal TEE views (as 
noted above) should still be obtained to evaluate the PDA. Of 
note, it is good practice to utilize these views on a regular 
basis whenever a comprehensive study is performed; occa-
sionally one can discover a PDA that had previously been 
unsuspected.

Fig. 13.8 Patent ductus arteriosus. Spectral Doppler tracing obtained 
by rotating the imaging plane to an orthogonal orientation (mid 
esophageal descending aorta long axis view) with respect to same 
patient and probe position as shown in Fig. 13.7. This view provides a 
more suitable angle for Doppler interrogation and likewise demonstrates 
holodiastolic flow reversal in the distal descending aorta in association 
with a patent ductus arteriosus

Fig. 13.7 Patent ductus arteriosus. Spectral Doppler interrogation in 
the mid esophageal descending aortic short axis view demonstrating 
systolic forward flow as well flow reversal that continues throughout 
diastole in a patient with a patent ductus arteriosus
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Goals of TEE After Catheter or Surgical  
Intervention
Detection of Residual Ductal Shunting
The magnitude of residual ductal shunting during transcath-
eter closure or surgery is likely to be relatively small, if at all 
present. Under these circumstances, a signal representing 
high velocity, disturbed flow with shunting in the left-to- 
right direction may be detected in the distal aspect of the 
main pulmonary artery, near the origin of the left pulmonary 
artery (in the presence of a left aortic arch).

Additional Applications
Depending on the nature of associated cardiovascular lesions 
and the catheter-based or surgical intervention(s) performed, 
TEE should be applied to the post procedure evaluation, as 
pertinent for the pathology as discussed throughout this 
textbook.

 Aortopulmonary Window

Anatomic Features
Aortopulmonary (AP) window, also referred to as 
 aortopulmonary septal defect, aortopulmonary fenestration, 
and aorticopulmonary window/septal defect, is a malforma-
tion characterized by a defect in the wall between the ascend-
ing aorta and the pulmonary artery, creating a communication 
between these structures [26]. It is thought to be the result of 
abnormal development of the AP septum. Anatomically and 
physiologically, an AP window can resemble a truncus arte-
riosus; however unlike, truncus arteriosus, two distinct semi-
lunar valves are present. It represents a rare defect, accounting 
for 0.1 % of all congenital cardiovascular anomalies.

The size and location of the communication can vary 
related to the extent of faulty partitioning of the AP septum. 
Mori and colleagues classified the AP window into three 
types (Fig. 13.11) [27]:
• Type I: found in the proximal aspect of the AP septum, 

located just above the sinuses of Valsalva; it represents 
the most common type of the defect (referred to as proxi-
mal defect)

• Type II: found in the most distal part of the AP septum or 
most superior aspect of the ascending aorta, adjacent to 
the right pulmonary artery (referred to as distal defect)

Fig. 13.9 Tricuspid regurgitation. Mid esophageal four chamber view 
illustrating the jet of tricuspid regurgitation displayed by color flow 
imaging (left panel) and the corresponding spectral Doppler tracing 
(right panel). Note that the peak velocity of the regurgitant jet reaches 

nearly 4 m/s. The peak velocity predicts an elevated right ventricular 
and pulmonary artery pressure in this infant. LA left atrium, LV left 
ventricle, RA right atrium, RV right ventricle

Fig. 13.10 Left heart dilation resulting from a patent ductus arterio-
sus. Image depicts a mid esophageal four chamber view in a patient 
with a volume-loaded left heart corresponding to left-to-right ductal 
level shunting as manifested by dilation of left-sided structures, par-
ticularly the left atrium in this case. A tricuspid valve aneurysm is 
seen. LA left atrium, LV left ventricle, RA right atrium, RV right 
ventricle

13 Great Artery and Other Vascular Abnormalities
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• Type III: a combination of Types 1 and II, involving the 
majority of the ascending aorta (referred to as total 
defect)
In a large review of cases, Kutsche and Van Mierop sug-

gested that different developmental mechanisms likely 
account for the distinct forms of the defect [28]. Their analy-
sis described three morphologic types as follows:
• A defect of small to moderate size with a more or less 

circular border located at the midpoint between the semi-
lunar valves and pulmonary artery bifurcation

• A similarly located defect in which the border represents 
a helix

• A usually large defect without posterior (distal) border
Other classification schemes have been reported for 

anomalies of AP septation [29] and specifically consider the 
various types of AP windows [30].

Associated Defects
An AP window may occur in isolation, but more than half of 
the cases are associated with other cardiovascular malforma-
tions. Coexistent anomalies include PDA, septal defects at 
the atrial and/or ventricular levels, tetralogy of Fallot, double 
outlet right ventricle, type A interrupted aortic arch [31], 
right aortic arch, anomalous origin of the left coronary artery 
from the pulmonary artery [32], and coarctation of the aorta.

Pathophysiology
The magnitude of the shunt across an AP window relates to 
factors such as the size of the defect, pulmonary artery pres-
sures, and relative resistances of the pulmonary and systemic 
circulations. Left-to-right shunting across the communica-
tion results in increased pulmonary blood flow, pulmonary 
hypertension, left-sided volume overload, and congestive 
symptoms. This condition is similar to the hemodynamic 
consequences of any other large abnormal vascular connec-
tion such as a PDA. An uncorrected communication can lead 
to the development of pulmonary vascular disease relatively 
early in life.

Management Considerations
Although successful transcatheter closure of an AP window 
has been reported [33–36], the standard treatment for this 
congenital lesion is considered to be surgical. The approach 
to this defect has evolved considerably over the years. In the 
past, simple ligation or division by suture closure was advo-
cated [29, 37]; however, most centers now perform patch 
closure of the communication, using a median sternotomy 
and cardiopulmonary bypass (Fig. 13.12) [38, 39].

Applications of Transesophageal Echocardiography
As in many structural defects, the diagnosis of an AP win-
dow in the majority of cases is established by TTE alone 
[40–45]. Recently, the utility of 3D echocardiography has 
also been reported in the assessment of this anomaly [46]. 

Anatomical classification of aortopulmonary window

Type I Proximal defect Type II Distal defect Type III Total defect

Fig. 13.11 Aortopulmonary 
window. Classification of 
aortopulmonary window as per 
Mori et al. (refer to text) 
(Reproduced with permission 
from Gaynor [133])

Fig. 13.12 Aortopulmonary window. Intraoperative photograph 
depicting the anatomical findings of an aortopulmonary (AP) window 
from a surgical perspective. AO aorta, PA pulmonary artery. Image ori-
entation: I inferior, L left, R right, S superior

W.C. Miller-Hance
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Rarely, additional imaging studies are required to further 
characterize the defect. TEE has been shown to be of benefit 
in the perioperative management of patients with AP com-
munications such as an AP window [47].

Goals of TEE Prior to Surgical Intervention
Identification of an AP Window
The AP window is displayed by 2D imaging as a direct com-
munication between the arterial trunks. It appears as a defi-
ciency or absence (echocardiographic “dropout”) of the wall 
normally interposed between the great arteries. The 
 communication is usually large and frequently located along 
the anterior and leftward aspect of the aorta in the region 
where the great arteries are normally in apposition. The loca-
tion and size of the defect, as well as its proximity to the 
semilunar valves are best evaluated in multiple views. 
Suggested TEE cross-sections to characterize an AP window 
are the UE PA LAX, UE Ao Arch SAX, and ME Asc Ao 
SAX views (Fig. 13.13 left panel, Video 13.6). The region of 
interest is the area of overlap between the great arteries or 
where they are seen in close proximity. The comprehensive 
evaluation of this defect may require the use of additional or 
non-standard TEE imaging planes, as may also be the case 
with other defects discussed throughout this textbook. For 
example, from the mid esophageal aortic valve long axis 
(ME AV LAX), mid esophageal long axis (ME LAX), mid 
esophageal ascending aortic long axis (ME Asc Ao LAX), 
and their respective modified views, the probe can be with-
drawn slowly and sweeps performed by rotating the trans-
ducer in clockwise and counterclockwise fashions to display 

the great arteries and the communication (Fig. 13.14, Video 
13.7). The deep transgastric long axis (DTG LAX) and sagit-
tal (DTG Sagittal) views, as well as modified respective 
views that display the great arteries as they cross each other, 
provide complementary information. It is important to note 
that an AP window would represent an extremely rare new 
finding on TEE; therefore, when a presumptive AP window 
has been identified for the first time on a TEE study, it is 
important to exclude potential diagnostic pitfalls that can 
mimic this defect, such as false echocardiographic dropouts 
in this region. Confirmatory information should be obtained, 
as discussed below.

Fig. 13.13 Aortopulmonary window. Mid esophageal ascending aorta 
short axis view in infant with an aortopulmonary window. Note the 
echocardiographic drop out in the region between the arterial roots 

(arrow) corresponding to faulty aortopulmonary septation (left panel) 
and shunting across this region by color Doppler (right panel). Ao 
aorta, PA pulmonary artery

Fig. 13.14 Aortopulmonary window. View of the ascending aorta 
obtained at the upper esophageal level depicting an aortopulmonary (AP) 
window (arrow). AO aorta, PA pulmonary artery, RV right ventricle
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Characterization of Shunting Across AP Window
Color Doppler plays a very important role in the echocar-
diographic evaluation of an AP window. It verifies and char-
acterizes the flow across the communication, providing 
qualitative information regarding shunt direction and mag-
nitude. The same TEE views described in the identification 
of the defect can be used for this evaluation (Fig. 13.13 
right panel, Videos 13.6 and 13.7). The spectral Doppler 
examination demonstrates antegrade continuous forward 
flow into the pulmonary artery near the area of the defect 
(Fig. 13.15). The presence of pulmonary hypertension at or 
near systemic levels is the norm for most large defects. In 
this case, low velocity, laminar, bidirectional (predomi-
nantly left-to-right) shunting across the communication 
reflects the negligible systolic pressure gradient between the 
systemic and pulmonary beds. This condition may render 
the identification of shunting somewhat difficult. Adjustment 
of the Nyquist limit for the color Doppler scale enhances the 
detection of  low velocity flows and can be used to facilitate 
the detection of shunting across the communication. It is 
important to distinguish the low velocity color flow signal 
across an AP window from the “bleeding” of color flow 
sometimes seen across the walls of the aorta and pulmonary 
artery in a normal heart. Interrogation of the ascending aorta 
near the communication or of the descending thoracic aorta 
may display diastolic flow reversal in the presence of low 
pulmonary vascular resistance. It is similar to the nature of 
descending aortic flow in a moderate to large-sized PDA, 
and serves as indirect evidence of the presence of an AP 
communication, although it is not specific of the type. 
Smaller, restrictive defects can display a turbulent color 
flow Doppler pattern that corresponds to high velocity, con-
tinuous left-to-right shunting across the area.

Estimation of Pulmonary Artery Systolic Pressure
As indicated, flow across large communications displays 
low velocity consistent with elevated pulmonary artery 
pressures. Smaller defects result in pressure restriction, 
displaying flow aliasing (mosaic pattern) by color Doppler 
and high velocity flow by spectral Doppler. The peak 
velocity of the continuous wave Doppler signal can be 
used to estimate PASP (as described for a PDA). The peak 
velocity of the tricuspid regurgitant jet, if present, can 
also be applied to estimate RVSP, as noted previously. 
Additional findings that may provide insight into the 
extent of pulmonary artery pressure elevation include: 
motion and configuration of the interventricular septum, 
right ventricular wall thickness, and degree of right ven-
tricular dilation.

Additional Applications
Depending on the presence of associated defects, additional 
aspects of the anatomy should be examined using corre-
sponding TEE views as necessary. The hemodynamic effects 
of the volume load result in dilation of the pulmonary arter-
ies and left-sided cardiac structures. The nature of the runoff 
associated with an AP window may result in low systemic 
diastolic pressures, low coronary perfusion pressures, and 
the potential for coronary ischemia and/or myocardial 
 dysfunction. Thus, it is essential to assess both global and 
segmental left ventricular systolic function in the preopera-
tive evaluation. This assessment is best performed in the 
transgastric mid short axis (TG Mid SAX), transgastric basal 
short axis (TG Basal SAX), transgastric two chamber (TG  
2 Ch), mid esophageal four chamber (ME 4 Ch), mid esoph-
ageal two chamber (ME 2 Ch), and ME LAX views (also 
refer to Chap. 5).

Intraoperative Monitoring
In rare cases, depending upon the location of the AP win-
dow and other factors such as the size and length of the 
communication, consideration may be given to using a 
surgical approach that obliterates the communication 
without the need for cardiopulmonary bypass. In this set-
ting, TEE is valuable for intraoperative monitoring and 
assessing the results of surgery. In addition, TEE is 
extremely useful for evaluating global and segmental ven-
tricular function as well as left ventricular preload, and 
also for excluding the presence of intracardiac/intravascu-
lar air.

Goals of TEE After Surgical Intervention
Assessment of the Repair
Obliteration of the abnormal AP connection in most cases 
requires patch closure (Fig. 13.16, Video 13.8). The post-
repair TEE assessment should explore potential residual 
shunting and patency of the arterial roots to exclude 

Fig. 13.15 Aortopulmonary window. Spectral Doppler tracing 
obtained in the same patient and same view as shown in Fig. 13.14. 
Note the systolic flow and continuous forward flow during diastole into 
the pulmonary artery
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 obstruction of either the aorta or pulmonary artery. This 
represents the primary reason for morbidity in this lesion 
[48]. Semilunar valve competence also should be exam-
ined, as regurgitation can result from the repair, particularly 
if the AP window is proximally located near the semilunar 
valves.

Additional Applications
The adequacy of the surgical intervention with regard to 
coexistent lesions should also be examined thoroughly, as 
well as other relevant aspects of any postbypass evaluation 
(e.g., ventricular systolic function, atrioventricular and semi-
lunar valve regurgitation).

 Anomalies of the Branch Pulmonary Arteries

 Anomalous Origin of the Left Pulmonary 
Artery from the Right Pulmonary Artery

Anatomic Features
In this vascular anomaly, also referred to as a pulmonary 
artery sling [49], the left pulmonary artery originates abnor-
mally from the proximal right pulmonary artery [50]. The 
course of the left pulmonary artery is such that it arises from 
the posterior aspect of the right pulmonary artery, crosses 
above the right mainstem bronchus, and travels posteriorly 
between the trachea and esophagus towards the left hilum 
(Fig. 13.17). Hypoplasia of the left pulmonary artery often 
is seen, whereas some degree of dilation of the right pulmo-
nary artery is the norm. The boundaries of the trachea in this 

setting consist of the main pulmonary artery anteriorly, the 
left pulmonary artery to the right and posteriorly, and the 
ductus or ligamentum arteriosum to the left. In contrast to 
other vascular anomalies such as a double aortic arch or 
right aortic arch with a left ductus/ligamentum, a pulmonary 
artery sling, does not represent a true complete anatomic 
ring. However, this lesion is frequently considered within 
the context of vascular anomalies causing a ring. The 
pathology is attributed to a developmental malformation, 
although several instances have been reported in patients 
with a relatively recently described genetic syndrome 
(Mowat-Wilson) [51, 52].

Associated Defects
A significant number of patients with this malformation 
(more than 50 %) have complete tracheal rings and/or other 
tracheobronchial abnormalities (Fig. 13.18) [53, 54]. This 
condition is associated with tracheal narrowing, and, if sig-
nificant, the stenosis can result in airway obstruction [53, 
55–57]. Tracheomalacia is present in nearly all patients. 
Additional cardiovascular pathology also is a frequent find-
ing. The most commonly associated defects include intracar-
diac communications at either the atrial or ventricular levels, 
PDA, and tetralogy of Fallot [57–59]. Other extracardiac 
abnormalities, such as hypoplasia and agenesis of the right 
lung, have also been reported [53].

Fig. 13.16 Aortopulmonary window. Postoperative transesophageal 
echocardiogram in the mid esophageal ascending aortic long axis view 
depicts the bright region along the wall of the ascending aorta (Asc AO) 
by two-dimensional imaging corresponding to the pericardial patch 
(arrows) utilized to close the aortopulmonary defect in the patient 
depicted in Figs. 13.14 and 13.15. AO aortic

Esophagus

Trachea

LPA

MPA
RPA

LPA

Fig. 13.17 Pulmonary artery sling. Graphic depiction of a pulmo-
nary artery sling. LPA left pulmonary artery, MPA main pulmonary 
artery, RPA right pulmonary artery. Inset, lateral view of anterior 
compression of esophagus (Reproduced with permission from 
Backer et al. [134])
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Pathophysiology
Although a pulmonary artery sling may present as an inci-
dental finding, the unusual course of the anomalous vessel 
behind the trachea or right bronchus frequently leads to dis-
tortion of the tracheobronchial tree, airway compression, and 
respiratory symptoms in early infancy. The airway compro-
mise occurs regardless of the presence of associated congen-
ital tracheal stenosis. In some cases, the anomalous left 
pulmonary artery displays stenosis and/or hypoplasia. The 
clinical manifestation of this defect can be influenced signifi-
cantly by the presence of coexistent anomalies.

Management Considerations
The high incidence of tracheal anomalies in this lesion requires 
comprehensive airway assessment to formulate suitable man-
agement plans [53, 60]. The surgical approach in most cases 
consists of left pulmonary artery division and reimplantation 
into the main pulmonary artery, allowing for the vessel to be 
positioned anterior to the trachea. This procedure is now 
accomplished at most centers via a median sternotomy 
approach using cardiopulmonary bypass [53, 61]. Concomitant 
repair of tracheal stenosis and associated intracardiac anoma-
lies is performed as indicated [62–65]. If short-segment tra-
cheal stenosis is present, resection of the involved region is 
performed; while the trachea is divided, the left pulmonary 
artery can be translocated anterior to the trachea, obviating the 
need for surgical division and left pulmonary artery 
reimplantation.

Applications of Transesophageal Echocardiography
In addition to TTE, other imaging modalities such as chest 
CT scanning and MRI play important roles in identifying 

and defining the details of the anatomy in the patient with a 
pulmonary artery sling prior to surgical intervention [54, 60, 
66–74]. At the same time, these additional imaging studies 
allow for the airway to be examined. The characteristic find-
ing is that of the abnormal origin and course of the vessel. 
Depending on the particular diagnostic study, an anterior 
indentation of the esophagus is seen, in contrast to other 
types of vascular rings, which produce a posterior indenta-
tion of the esophagus.

Because of concerns related to frequently associated air-
way pathology and potential for respiratory decompensation 
due to esophageal instrumentation, serious consideration of 
the risk-benefit ratio should be given prior to the use of TEE 
in affected patients, particularly considering that the ana-
tomic abnormalities usually have been thoroughly outlined. 
Epicardial imaging should be considered a potentially safer 
alternative in this case. Another reason for hesitation relates 
to possible alterations in pulmonary blood flow caused by 
vascular compression of the anomalous vessel, which can be 
impinged between the trachea and the esophageal probe. All 
these factors have discouraged the routine use of TEE in 
this anomaly and likely account for the limited experience. 
The discussion that follows highlights known or potential 
 applications of TEE when used in this setting.

Goals of TEE Prior to Surgical Intervention
Characterization of the Anomaly
TEE can confirm or refine the preoperative diagnosis in 
patients undergoing surgical repair of a pulmonary sling, 
particularly if concomitant defects are present. The ME Asc 
Ao SAX and UE PA LAX views using sweeps of the imag-
ing plane obtained by clockwise-counterclockwise rotation 

Fig. 13.18 Pulmonary artery sling. Three-dimensional rendered 
images obtained by computed tomography in a patient with anomalous 
origin of the left pulmonary artery from the right pulmonary artery. Left 
panel, anomalous left pulmonary artery (LPA) as it arises from the pos-
terior aspect of the right pulmonary artery (RPA) and courses behind the 
trachea (T) and anterior to the esophagus (E) to reach the left hilum. 

Examples of associated tracheobronchial anomalies that can be seen in 
this vascular anomaly include a “corkscrew-type” (arrow) deformity 
(middle panel) and complete tracheal rings with absence of the mem-
branous trachea causing airway narrowing (right panel). Both of these 
entities frequently result in airway compromise. MPA main pulmonary 
artery (Images by courtesy of Rajesh Krishnamurthy, MD)
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to  visualize the main and branch pulmonary arteries should 
display the vascular anomaly. In this interrogation, only the 
right pulmonary artery origin from the main pulmonary 
artery is visualized if one scans proximally, in contrast to the 
normal pulmonary artery bifurcation. If the right pulmonary 
artery is examined slightly more distally, the origin of the left 
pulmonary artery might be seen posteriorly (Fig. 13.19, 
Video 13.9). Although the pulmonary artery bifurcation may 
appear to have moved rightwards, this finding should not be 
interpreted as normal. The 2D examination should allow for 
measurements to be made of the pulmonary arteries to assess 
for the degree of vessel dilation, stenosis, or possible associ-
ated hypoplasia. Doppler interrogation using spectral and 
color flow modalities facilitates characterization of the 
anomaly (Fig. 13.20, Video 13.10). In addition to the cross-
sections described above, deep transgastric imaging (DTG 
LAX and DTG Sagittal views) may on occasion assist in the 
evaluation of a vascular sling, particularly if scanning sweeps 
are performed.

The findings in a pulmonary artery sling should not to be 
confused with those of an early takeoff of the right upper 
lobe pulmonary artery or other vascular anomalies in which 
the left pulmonary artery originates from the systemic circu-
lation (to be discussed in the section that follows). The dem-
onstration of the origin and course of the left pulmonary 
artery is essential in this distinction. On TTE, a PDA or left 
atrial appendage can be mistaken for a normal pulmonary 
artery, leading to a diagnostic error [67], and it may also con-
found the TEE evaluation. Partial forms of pulmonary artery 
sling have been described in which the left pulmonary artery 

arises from the bifurcation normally, but one of the left lobar 
branches originates from the right pulmonary artery and 
courses in anomalous fashion similar to that of the classic 
form of pulmonary artery sling [75, 76]. This lesion has been 
identified by transthoracic imaging and, although not yet 
documented, TEE may also be able to assist in the character-
ization of this malformation. The finding of a ‘normal bifur-
cation’ in this defect may also confound the examination of 
a partial sling if the echocardiographer is not familiar with 
this anomaly and the more distal right pulmonary artery is 
not examined to identify the anomalous origin of the lobar 
branch.

TEE has been shown to be of benefit in the identifica-
tion of the abnormal origin and unusual path of the left 
pulmonary artery in this lesion, but some limitations have 
been identified [77]. Although color Doppler echocar-
diography enhances the assessment, the origin of an 
anomalous vessel or entire course behind the trachea may 
not be readily delineated, even using the combination of 
standard and modified scanning planes. Spectral Doppler 
can be used to provide information regarding severity of 
pulmonary artery  obstruction if present. The caveat to this 
approach is that optimal beam alignment may not be fea-
sible, and the severity of the obstruction can be underesti-
mated if flow to the distal pulmonary vascular bed is 
limited.

Additional Applications
TEE in this setting is of value in the evaluation of associated 
defects (such as tetralogy of Fallot) and for intraoperative 
monitoring [78].

Goals of TEE After Surgical Intervention
Postsurgical Assessment
If TEE is used, the postoperative study should assess the 
repair by examining the anastomotic connection of the left 

Fig. 13.19 Pulmonary artery sling. Upper esophageal pulmonary 
artery long axis view of a pulmonary artery sling. The image demon-
strates the abnormal takeoff of the left pulmonary artery (LPA) from the 
right pulmonary artery (RPA). Note the lack of a normal main pulmo-
nary artery bifurcation that typically would occur more proximally rela-
tive to the pulmonary valve (approximate expected site of normal LPA 
origin noted). The anomalous course of the LPA with respect to the 
trachea (white asterisk) is shown. AO aorta, MPA main pulmonary 
artery

Fig. 13.20 Pulmonary artery sling. Color Doppler image of the same 
cross-section depicted in Fig. 13.19 obtained in a zoom mode. Note 
flow into the left pulmonary artery (LPA) as it arises from the right 
pulmonary artery (RPA). AO aorta, MPA main pulmonary artery
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pulmonary artery to the main pulmonary artery and the 
nature of blood flow across the corresponding site. This 
assessment is important considering that tension can be cre-
ated at this site or a left pulmonary arterioplasty may be 
required to address associated branch hypoplasia. The results 
of additional surgical interventions for coexistent defects 
should also be examined.

 Anomalous Origin of a Branch 
Pulmonary Artery from the Aorta

Anatomic Features
Anomalous origin of a branch pulmonary artery branch from 
the aorta is a rare congenital malformation. In this anomaly, 
a main pulmonary segment arises normally from the right 
ventricle, but only one branch emerges from the pulmonary 
artery confluence, and the controlateral branch originates 
from the ascending aorta, resulting in discontinuity between 
the pulmonary arteries.

Several theories have been proposed to explain the devel-
opmental alterations leading to this anomaly, but no consen-
sus has been reached [79–81]. Although this malformation 
has also been referred to as hemitruncus, anatomically it 
should be distinguished from truncus arteriosus because, in 
contrast to a single semilunar valve, two semilunar valves are 
present in this setting. This anomaly represents less than 
0.1 % of all CHD.

Although the anomaly described above of an aortic ori-
gin of a branch pulmonary artery represents the most com-
mon form of this lesion [82], the anomalous vessel can 
originate elsewhere [83]. In some cases, the pulmonary 
artery originates from unusual locations, particularly in the 
context of complex cardiovascular malformations [84]. It 
has been  proposed that proximal anomalous origin of a pul-
monary artery from the ascending aorta and anomalous ori-
gin from the innominate artery, also referred to as absent or 
occult pulmonary artery [85, 86], are two distinct and 
 separate  entities from the standpoint of embryology, 
 clinical presentation, and treatment [87–89].

In a review of the pathologic anatomic features and 
associated cardiovascular anomalies of patients with 
anomalous origin of one pulmonary artery, the following 
observations were made: (1) in most cases, the anomalous 
origin was that of the right pulmonary artery and (2) the 
anomalous right pulmonary artery typically arose from the 
posterior aspect of the ascending aorta in immediate prox-
imity to the aortic valve, or, less commonly, the vessel 
originated from the lateral aspect of the ascending aorta 
just proximal to the innominate artery [79]. The anomalous 
vessel may arise from the left, anterior, or posterior wall of 
the ascending aorta, innominate/subclavian artery, ductus 
arteriosus, aortopulmonary collateral vessel, or descending 
aorta [90].

The discussion that follows focuses primarily on anoma-
lous origin of the pulmonary artery from the ascending aorta, 
the malformation that most likely benefits from TEE, and 
briefly addresses related lesions or variants as described 
above.

Associated Defects
When the right pulmonary artery arises from the ascending 
aorta, in most instances there is a left aortic arch. In contrast, 
in the case of an anomalous left pulmonary artery, frequently 
the arch is right-sided [79]. Associated defects include sim-
ple lesions such as a PDA and more complex defects include 
conotruncal anomalies [91]. Tetralogy of Fallot and aortic 
arch anomalies have been frequently found in anomalous 
origin of the left pulmonary artery [79, 90, 92]. Normal car-
diac anatomy has been reported in some cases.

Pathophysiology
The clinical features of anomalous origin of a branch pulmo-
nary artery from the ascending aorta usually are those char-
acteristic of pulmonary overcirculation and congestive heart 
failure [93]. In most infants, evidence of pulmonary hyper-
tension is seen [94]. It is of interest that pulmonary artery 
pressures are at systemic or suprasystemic levels not only in 
the bed perfused by the anomalous vessel but also in the con-
trolateral lung supplied by the pulmonary artery that arises 
from the right ventricle. The rapid development of pulmo-
nary vascular disease, although recognized as a major cause 
of morbidity in the past [95], rarely occurs in the current era 
because symptoms prompt medical attention in most affected 
infants.

If the anomalous pulmonary artery arises near the innomi-
nate/subclavian artery, a high incidence of stenosis at the 
 origin of vessel has been observed [82]. If the anomalous 
vessel has a ductal origin, eventual isolation occurs at the 
time of ductal closure. The clinical presentation in the latter 
case varies and may represent an incidental finding in some 
patients; for example, it may be diagnosed after evaluation of 
an abnormal chest radiograph in children or it may be identi-
fied later in life.

Management Considerations
The management of this malformation depends on the nature 
of the pathology. If the anomalous vessel arises proximally 
in the ascending aorta and there is no restriction to blood 
flow, as is usually the case, early surgical intervention is 
 indicated [91, 94, 96–98]. Primary repair involves reimplan-
tation of the anomalous pulmonary artery into the pulmonary 
trunk (Fig. 13.21) [90, 99].

If there is evidence of restriction to blood flow and/or 
associated hypoplasia, or isolation of the vessel, various 
strategies have been used in order to attempt to ‘resuscitate’ 
the anomalous vessel. The main goal is to restore normal 
antegrade flow to the pulmonary artery [100, 101]. The 
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approach might involve resection of a stenotic segment and/
or placement of an interposing aortopulmonary graft to pro-
mote growth, followed by eventual takedown of the anoma-
lous vessel and reestablishment of continuity between the  

pulmonary arteries. In some cases of focal stenosis at the 
vessel origin, a single-staged approach can be used by resect-
ing the stenotic segment and incorporating the anomalous 
vessel into the main pulmonary artery.

LPA

MPA

RPA

SVC
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RPA

Ao

MPA
LPA

RV
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c

Fig. 13.21 Aortic origin of pulmonary artery. Graphic depiction of sur-
gical repair for aortic origin of right pulmonary artery (RPA). Panel a 
displays the anomaly after cannulation for cardiopulmonary bypass. 
Panel b shows detachment of the RPA from the aorta (Ao) and patch 

closure of the ensuing wall defect. Panel c illustrates the direct anasto-
mosis of the RPA into the main pulmonary artery (MPA) to establish 
continuity with the left pulmonary artery (LPA). RV right ventricle, SVC 
superior vena cava (Reproduced with permission from Gaynor [133])
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Applications of Transesophageal 
Echocardiography
In the classic form of this lesion, the diagnosis usually is 
established by transthoracic imaging [41, 95, 102]. If the 
anomalous pulmonary artery cannot be identified by echocar-
diography, as may be the case in older children with isolation 
of the aberrant vessel or in adult patients, additional imaging 
studies are undertaken to confirm the diagnosis and to attempt 
to delineate the vessel. In some cases, this approach may 
include cardiac catheterization and angiography [100].

Goals of TEE Prior to Surgical Intervention
Characterization of the Anomaly
In this malformation, 2D TEE demonstrates two distinct out-
flow tracts and semilunar valves. This condition can be 
assessed in a combination of planes allowed by the UE PA 
LAX, mid esophageal aortic valve short axis (ME AV SAX), 
ME AV LAX, ME LAX, and ME RV In-Out views. In the 
normal heart, the pulmonary artery bifurcation typically is 
seen in the ME Asc Ao SAX, UE PA LAX, and transgastric 
views (Figs. 13.22 and 13.23; Videos 13.11 and 13.12). In 
the setting of anomalous origin of a pulmonary artery from 
the ascending aorta, the bifurcation is absent and only a sin-
gle branch arises from the pulmonary trunk (Fig. 13.24, 
Video 13.13).

When the anomalous branch originates near the aortic 
valve or from a relatively proximal site in the aortic root, its 
origin and immediate proximal course can be demonstrated 
in the ME AV LAX, ME Asc Ao LAX, ME Asc Ao SAX, or 
equivalent views if a biplane probe is used (Fig. 13.25, 
Videos 13.14 and 13.15). In some cases, as the probe is with-
drawn from the ME LAX to the ME Asc Ao LAX, a rela-

tively distal origin of an anomalous vessel can be seen 
(Fig. 13.26, Video 13.16). If the anomalous pulmonary 
branch originates from the innominate or subclavian arteries 
or elsewhere, TEE is not adequate to define or characterize 
the pathology in detail.

The exam is facilitated by color Doppler flow mapping, 
displaying discontinuity between the pulmonary artery 
branches and flow from the aorta into the anomalous branch 
(Fig. 13.26, Video 13.16). Sampling of the aorta distal to the 
communication demonstrates retrograde flow in diastole, 
consistent with the runoff physiology.

Fig. 13.22 Main pulmonary artery bifurcation. Normal branching of 
the main pulmonary artery (MPA) into the right (RPA) and left (LPA) 
pulmonary arteries as imaged from the upper esophageal pulmonary 
artery long axis view. AO aorta

Fig. 13.23 Main pulmonary artery bifurcation. Modified deep trans-
gastric image obtained in an infant with double outlet right ventricle 
and a subaortic ventricular septal defect to demonstrate the normal 
main pulmonary artery bifurcation as seen in cross-section from this 
window. AO aorta, LA left atrium, LPA left pulmonary artery, RA right 
atrium, RPA right pulmonary artery

Fig. 13.24 Absent main pulmonary artery bifurcation in aortic origin 
of right pulmonary artery. Upper esophageal pulmonary artery long 
axis view displaying the left pulmonary artery (LPA) as it arises from 
the main pulmonary artery (MPA). Note the absence of the normal pul-
monary artery bifurcation in this patient with anomalous origin of the 
right pulmonary artery from the aorta (AO)
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The echocardiographic features of anomalous origin of a 
pulmonary artery from the ascending aorta should be 
 distinguished from those of other lesions. In the case of an AP 
window, a normal main pulmonary artery bifurcation is present 
and continuity between the pulmonary arteries is seen. This 
observation is in contrast to the lack of a pulmonary artery con-
fluence seen when a branch pulmonary artery arises elsewhere. 
When a pulmonary artery arising anomalously from the aorta 
is the lone defect, there will still be two arterial roots and two 
semilunar valves present. This contrasts to truncus arteriosus, 
in which a single semilunar valve, corresponding to a single 
arterial root, gives rise to the systemic, pulmonary, and coro-
nary circulations. It is important to remember that discontinu-
ous pulmonary arteries can also exist in the setting of truncus 
arteriosus, specifically Type A3 of the Van Praagh classifica-
tion (Chap. 12) in which the right pulmonary artery arises from 

the truncus arteriosus, but the left  pulmonary artery arises from 
a ductus arteriosus. This  underlines the importance of deter-
mining whether one or two semilunar valves are present.

Additional Applications
As mentioned, pulmonary hypertension (in both lungs) is a 
common finding in patients with proximal aortic origin of a 
branch pulmonary artery. As this is the most frequent variant of 
this class of defects, the TEE examination should utilize 2D 
and spectral Doppler to attempt to estimate the pulmonary 
artery pressures (Fig. 13.9, Video 13.4). This determination can 
be accomplished by assessing the flow velocities correspond-
ing to the tricuspid or pulmonary regurgitant jets, the gradient 
across the junction of the aorta and anomalous vessel, the con-
figuration of the interventricular septum, and the thickness of 
the right  ventricular wall. Additional benefits of TEE include 
intraoperative monitoring and evaluation of associated defects.

Goals of TEE After Surgical Intervention
Postsurgical Assessment
After the anomalous branch pulmonary artery has been reim-
planted, the TEE evaluation should focus on 2D imaging and 
Doppler analysis of the main pulmonary artery, region of 
newly created confluence, and both branches, particularly the 
reconstructed anomalous vessel. The same TEE views used 
for the presurgical examination can be applied. It is impor-
tant to document patency of the vessel and characterize the 
nature of the flow both at the site of anastomosis and further 
distally. If there was significant preoperative pulmonary 
hypertension, an attempt should be made to reassess the pul-
monary artery pressures following surgery, using the meth-
ods outlined above. The adequacy of interventions  performed 
for concomitant pathology should also be assessed. All of the 
standard postoperative monitoring evaluations previously 
mentioned—such as cardiac function, intracardiac air, ven-
tricular filling—should be carefully performed.

The postoperative assessment can be particularly chal-
lenging in the case of a hypoplasic anomalous pulmonary 
artery. This may be due to factors such as the relatively small 
size of the vessel, even after arterioplasty, and/or distortion 
of mediastinal structures due to underdevelopment of the 
lung parenchyma, that may not allow for optimal 2D imag-
ing. Color Doppler can enhance this examination, although 
the frequently associated collateral circulation to the corre-
sponding distal pulmonary vasculature can confuse the char-
acterization of flow related to the reconstructed vessel.

 Anomalies of the Aortic Arch

When used in patients with aortic arch anomalies, the primary 
goal of TEE is the evaluation of coexistent defect(s), rather 
than to focus on the aortic arch pathology itself, because of 

Fig. 13.25 Aortic origin of right pulmonary artery. Image obtained in 
a long axis plane using a biplane transesophageal probe displaying 
anomalous origin (arrow) of the right pulmonary artery (RPA) from the 
aorta (AO). LA left atrium, RA right atrium, RV right ventricle

Fig. 13.26 Aortic origin of right pulmonary artery. Mid esophageal 
ascending aortic long axis view with color Doppler displaying anoma-
lous origin of right pulmonary artery from the ascending aorta (AO). 
Note the more distal origin of the anomalous vessel (arrow) as compared 
to that seen in the patient shown in Fig. 13.25. PA main pulmonary artery
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the limitations of the imaging modality. The difficulty stems 
from the anterior position of the air-filled trachea relative to 
the esophagus making the comprehensive examination of the  
distal ascending aorta and proximal aortic arch challenging, if 
not impossible. Despite these shortcomings, the discussion 
that follows highlights the role of TEE in patients with coarc-
tation of the aorta and interrupted aortic arch. Other aortic 
arch abnormalities/variants are not discussed in this chapter 
because the applications of TEE for their specific assessment 
are limited, have not been described, or the use of this imag-
ing approach is considered contraindicated. These anomalies 
include vascular rings (e.g. double aortic arch), cervical aortic 
arch, and anomalous origin of a subclavian artery. For these 
lesions, modalities such as TTE, MRI, chest CT, and angiog-
raphy are considered diagnostic. In the case of aortic arch 
laterality variants such as a right aortic arch, although TEE 
can define/confirm aortic arch sidedness this does not repre-
sent a major application of the technology. The branching 
pattern cannot be well defined due to the fact that the arch 
vessels are difficult to image adequately and consistently.

 Coarctation of the Aorta

Anatomic Features
In coarctation of the aorta (CoA), there is narrowing of the 
aortic lumen, most frequently in the region of insertion of the 
ductus arteriosus/ligamentum arteriosum. This defect 
accounts for 5–8 % of all congenital cardiovascular patholo-

gies and has a higher prevalence in males. The constriction in 
CoA may take the form of a discrete infolding-like posterior 
shelf or a diffuse hourglass narrowing of the distal arch. An 
elongated, narrowed aortic outflow tract is often associated 
with hypoplasia of the transverse arch and aortic isthmus, in 
which case other structural cardiac malformations can be 
present. Thus, CoA is considered to represent a disease spec-
trum. This malformation occurs in sporadic fashion; how-
ever, genetic factors are implicated because CoA is present 
in more than a third of females with Turner syndrome.

Traditionally, CoA was classified into two types, the pre-
ductal (infantile) or postductal (adult) forms (Fig. 13.27). 
The infantile type of CoA referred to the lesion in the neo-
nate characterized by a long, tubular hypoplastic segment of 
the aortic arch and large ductus supplying the distal descend-
ing aorta. The adult form, presenting after infancy, was 
described as a shelf-like infolding of the posterior aortic wall 
into the lumen either at or distal to the ligamentum. This dis-
crete obstructive shelf represents the most common form of 
this lesion, affecting the region where the isthmus, ductus 
arteriosus, and descending aorta join together; it is currently 
referred to as juxtaductal CoA.

Associated Defects
CoA may be seen in isolation (with or without PDA), in 
which case it is referred to as simple CoA, or coexisting with 
other defects, also known as complex CoA. Associated mal-
formations include ventricular septal defect(s), bicuspid aor-
tic valve, aortic stenosis, atrioventricular septal defect, double 

Ao

PA

Coarctation

Ao

PA

Ligamentum
arteriosum

Coarctation

PDA

a b

Fig. 13.27 Coarctation of the aorta. Graphic illustration of coarctation 
of the aorta. (a) Infantile, or “preductal”, coarctation of the aorta. The 
patent ductus arteriosus (PDA) provides the majority of blood flow to 
the descending aorta. There is tubular narrowing of the transverse arch 
and a small aortic isthmus. (b) Adult, or “postductal”, coarctation of the 

aorta. The area of narrowing is actually juxtaductal and consists of a 
prominent posterior ridge projecting into the lumen. The ductus arterio-
sus has closed and is now a ligamentum arteriosum. Ao aorta, PA pul-
monary artery (Reproduced with permission from Backer et al. [135])
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outlet right ventricle, transposition of the great arteries, mitral 
valve abnormalities, and various other types of left-sided 
obstructive lesions. Some investigators have proposed that 
the etiology and pathophysiology of bicuspid aortic valve 
and CoA are closely related and represent a spectrum of a 
more generalized arteriopathy rather than discrete patholo-
gies [103]. Dilated aortic root and intracranial aneurysms are 
known to be associated with coarctation [104]. CoA may also 
be part of the constellation of defects identified in Shone’s 
complex, characterized in addition by subaortic obstruction, 
parachute mitral valve, and supravalvar mitral ring [105].

Pathophysiology
The hemodynamic repercussions of this lesion relate to 
obstruction of systemic blood flow. The main physiologic 
consequence being that of increased left ventricular afterload 
and stroke work. The clinical features of patients with CoA 
vary relative to the timing of presentation (early versus late). 
An early presentation is considered that in the neonate/infant, 
whereas a presentation later in life refers to that in childhood, 
adolescence or adulthood. In the neonatal period, a clinical 
picture of hemodynamic instability/shock and ductal depen-
dence for systemic blood flow is consistent with a severe or 
critical CoA. In this setting an element of ventricular dys-
function is frequently present, in many cases, severe. Infants 
with CoA typically demonstrate evidence of right ventricular 
dilation and congestive symptoms. Ductal constriction or 
lack of patency, within the context of severe aortic narrow-
ing, is associated with arterial hypertension proximal to the 
site of obstruction and an upper to lower extremity blood 
pressure gradient. In the older child or adult, the diagnosis 
may follow evaluation for a murmur, upper extremity hyper-
tension, headache, exercise intolerance or leg fatigue. The 
progressive development of collateral circulation around the 
region of CoA is typically found with longstanding pathol-
ogy. In some cases, particularly with significant collateral 
development, even in the presence of severe aortic arch 
obstruction, the patient may remain asymptomatic.

Management Considerations
Because the management options in CoA depend on the ana-
tomical features and the presence of coexistent cardiovascu-
lar malformations, no single approach is suitable in all 
patients [106]. Catheter-based interventions consist of bal-
loon angioplasty with or without stent placement. Surgical 
strategies have evolved over the years and include subclavian 
flap repair, patch aortoplasty, resection and end-to-end anas-
tomosis, extended end-to-end repair, and aortic arch advance-
ment. The use of prosthetic material such as interposition 
grafts or extra-anatomical bypass grafts is less favored today, 
particularly in young children, because of the need for 
replacement with somatic growth. The optimal strategy for 
the treatment of native CoA (balloon angioplasty versus sur-
gery) remains a matter of debate.

The surgical approach to alleviate the obstruction in most 
cases involves a lateral thoracotomy or median sternotomy, 
depending on the anatomic details and the planned proce-
dure. In regards to the timing of surgery, early interventions 
are undertaken in neonates with critical disease and more 
likely in those with associated aortic arch hypoplasia and 
symptomatic infants; elective procedures are considered in 
patients with CoA encountered later in life.

Applications of Transesophageal Echocardiography
It is rare that TEE is required for evaluation of an isolated 
CoA. Imaging modalities such as TTE, MRI, CT, and car-
diac catheterization/angiography are better suited to define 
the site, extent of the aortic narrowing, and severity of 
obstruction than is TEE. Several case reports have docu-
mented the use of TEE in the assessment of CoA; most 
of these data have been in reference to the adult patient  
[107–109]. The limited experience indicates that 2D TEE 
assisted by color and spectral Doppler can aid in the identi-
fication and characterization of CoA. Although TEE has 
been able to recognize some complications related to the 
native pathology [110] or treatment [111], it has significant 
limitations [112]. The approaches to this pathology in the 
cardiac catheterization laboratory are guided by fluoros-
copy and angiography; thus, the use of TEE is unlikely in 
this setting.

Depending upon the surgical approach (thoracotomy 
versus sternotomy) and the need to address associated 
defects, TEE may be considered in the patient undergoing 
CoA repair. If a thoracotomy is planned, TEE rarely is nec-
essary and, if so, its indication is primarily to evaluate ven-
tricular function during the aortic cross-clamp application; 
however, even then the need for TEE would be unusual. On 
occasion, if concerns remain regarding the intracardiac 
anatomy, a TEE examination might be undertaken in the 
operating room prior to a planned thoracotomy procedure; 
once the study is completed, the imaging probe often is 
removed.

If the intervention is performed via a median sternotomy 
approach, TEE can be used whether the planned intervention 
is solely to address the CoA or also to repair associated 
defects. In the former setting, the primary goal of TEE is 
intraoperative monitoring and, in some cases, reevaluation of 
the anatomy and hemodynamics of left-sided structures once 
the distal aortic arch obstruction has been relieved and the 
ductus has been ligated. If surgery is also undertaken to 
repair coexistent anomalies, TEE can be applied to the pre- 
bypass and postbypass assessments, particularly for ensuring 
the adequacy of the intervention(s) and for intraoperative 
monitoring.

The long-term surveillance of complications related to 
native pathology, residual disease, or problems as a result of 
catheter or surgical interventions requires imaging  modalities 
other than TEE [113].
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Goals of TEE Prior to Surgical Intervention
Evaluation of CoA
As previously noted, despite the limitations of TEE, this 
modality has been applied in the evaluation of CoA in adult 
patients. Anatomic and hemodynamic information may be 
obtained by a combination of multiple planes that display the 
aorta in long and short axis views [108, 114]. This examina-
tion is accomplished by rotating the imaging probe posteri-
orly behind the heart and advancing the transducer from the 
upper esophagus to mid esophageal levels. Pertinent cross- 
sections include the UE Ao Arch SAX, upper esophageal 
aortic arch long axis (UE Ao Arch LAX), and ME Desc Ao 
SAX and LAX views (Fig. 13.28, Video 13.17). Sweeps of 
the TEE imaging probe are also helpful to delineate the 

 anatomy (Fig. 13.29, Video 13.18). Color flow mapping of 
the descending aorta can display aliasing in the affected 
region of the thoracic aorta, or identify turbulent, high veloc-
ity jets around the area of obstruction. Changes in these flow 
patterns can be confirmed after the repair is completed. 
Continuous flow from collateral vessels may also be identi-
fied in this region.

Although optimal alignment of the Doppler beam with 
the direction of blood flow may not be feasible, precluding 
an accurate estimation of a peak instantaneous pressure gra-
dient across this region by the simplified Bernoulli equation 
(∆P = 4V2, V = velocity in meters per second), flow accelera-
tion may be detected in this region. A pressure gradient can 
be obtained across the area of narrowing, with an antegrade 
spectral flow pattern that extends into diastole, with increas-
ing severity of the obstruction [107]. Blunting of the arte-
rial systolic upstroke and a delay in the mean acceleration 
rate can also be detected by sampling the descending aorta 
using the Desc Ao LAX at the level of the abdomen. In some 
infants a similar evaluation might on occasion be possible 
using the deep transgastric approach by sampling descend-
ing aortic flow at or below the level of the diaphragm.

Characterization and Hemodynamic Assessment  
of Associated Defects
TEE also can be beneficial in the morphologic and hemody-
namic assessment of associated lesions such as a bicuspid 
aortic valve, ventricular septal defect, left ventricular out-
flow, or inflow-related pathology [115]. The particular views 
of interest are dictated by the specific anatomic abnormali-
ties. The reader is referred to other chapters in this textbook 
that specifically focus on each of the associated pathologies.

Fig. 13.29 Coarctation of the aorta. Left panel, upper esophageal aor-
tic arch short axis view with leftwards transducer rotation demonstrat-
ing the descending aorta (AoDT) displayed longitudinally as well as the 
left pulmonary artery (LPA). A discrete area of narrowing is noted 

(arrows) corresponding to the area of aortic obstruction. Right panel, 
color Doppler imaging displays turbulent flow across the region of 
obstruction. These images were obtained in an infant with a ductal-
dependent coarctation

Fig. 13.28 Coarctation of the aorta. Mid esophageal descending aorta 
long axis view depicting narrowing at the level of the thoracic descend-
ing aorta (arrow) (Reproduced with permission from Russell et al. [131])
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Additional Applications
TEE in this setting allows for intraoperative monitoring, 
evaluation of the left ventricular size and function,  estimation 
of pulmonary artery pressure, and identification of additional 
anatomic and hemodynamic abnormalities.

Goals of TEE After Surgical Intervention
Postsurgical Assessment
As with the other congenital malformations discussed 
throughout this textbook, TEE plays an important role in the 
assessment of the surgical repair, serving to evaluate any 
hemodynamically significant residual pathology. This 
should be the focus of the examination. As previously noted, 
TEE is usually unnecessary for evaluation of aortic arch 
obstruction alone. However, in postoperative patients with 
CoA in whom a TEE is performed for evaluation of associ-
ated defects, the aortic arch and descending aorta can be 
investigated both by 2D imaging and color flow Doppler, 
using TEE views similar to those used in the preoperative 
evaluation. While these views are not always optimal, they 
can sometimes provide useful information about the status 
of the aortic arch/coarctation repair.

 Interrupted Aortic Arch

Anatomic Features
Interrupted aortic arch (IAA) is characterized by discontinu-
ity between the proximal and distal segments of the aortic 

arch. This defect is relatively rare, accounting for less than 
1.5 % of all congenital heart defects. The malformation was 
once thought to result from altered fetal hemodynamics and 
consequent abnormal development of the aortic arch [116]. 
The fact that IAA is seen in children with DiGeorge syn-
drome and related conditions associated with deletions of the 
chromosome 22q11 [117] has brought into question the the-
ory of fetal hemodynamics and suggested a genetic etiology.

The site of interruption is variable, and as classified by 
Celoria and Patton [118], may occur at any of three levels as 
follows (Fig. 13.30):
• In type A, the interruption occurs distal to the left subcla-

vian artery at the aortic isthmus. In this case, all the aortic 
arch vessels are proximal to the interruption, and blood 
flow in the descending aorta depends on ductal patency. 
A severe form of aortic coarctation resembles this lesion.

• In type B, the interruption occurs at the distal aortic arch 
between the left common carotid artery and left subcla-
vian artery. It is the most common type of IAA and the 
one associated with DiGeorge syndrome (at least 15 % of 
patients).

• In type C, the interruption takes place in the proximal aor-
tic arch between the innominate artery (brachiocephalic 
trunk) and left common carotid artery. This type is quite 
rare.

Associated Defects
Regardless of the type of interruption, IAA defects are 
always ductal-dependent lesions, thus ductal patency is 

Innominate artery

Left common carotid artery

Left subclavian artery

LCCA
LSA

DA

IA

DA

LSA

LCCA

Ao AoAo

Main pulmonary artery

a b c

Proximal
descending

aorta
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Prx Desc Ao MPA Prx Desc Ao
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Ductus
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Fig. 13.30 Interrupted aortic arch. Graphic depiction of the various 
anatomic types of interrupted aortic arch, as described by Celoria and 
Patton. (a) Type A, interruption distal to the left subclavian artery. (b) 
Type B, interruption between the left carotid and left subclavian  arteries. 
(c) Type C, interruption between the innominate and left carotid  arteries. 

Ao aorta, DA ductus arteriosus, IA innominate artery, LCCA left com-
mon carotid artery, LSA left subclavian artery, MPA main pulmonary 
artery, Prx Desc Ao proximal descending aorta (Reproduced with per-
mission from Jonas [136])
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required for perfusion of the descending aorta and any 
accompanying head and neck vessels arising from the 
descending aorta. IAA is almost always associated with 
other intracardiac anomalies such as a ventricular septal 
defect and subaortic stenosis [119]. A significant number 
of patients (over 80 %) will have a concomitant ventricular 
septal defect; this defect is typically large and unrestric-
tive. The characterization of the ventricular septal defect in 
this lesion is that of a ‘malalignment-type’ of defect; the 
conal (infundibular) or outlet muscular septum is posteri-
orly deviated relative to the remaining ventricular septum, 
leading to crowding of the left ventricular outflow tract 
and resultant variable degrees of subaortic obstruction.  
It may be present within the context of a bicuspid aortic 
valve, as well as hypoplasia of the aortic annulus and root. 
Other important associated lesions include truncus 
 arteriosus, AP, double outlet right ventricle, transposition 
of the great arteries, and single ventricle malformations. In 
many of these associated defects, IAA is frequently seen 
within the context of narrowing or stenosis of the aortic 
outflow tract; thus the finding of aortic tract narrowing 
should always prompt a search for arch obstruction/
interruption.

An aberrant subclavian artery (arising from the descend-
ing thoracic aorta, distal to the PDA) represents a frequent 
finding in IAA, occurring in approximately 25–30 % of cases 
[120]. Aortic arch sidedness anomalies can also be seen. In 
the setting of a left aortic arch, an aberrant subclavian artery, 
if present, originates distal to the site of interruption as the 
last vessel (anomalous right subclavian artery). In a right 
aortic arch, the anomalous subclavian, if present, is the left 
subclavian artery.

Pathophysiology
The clinical presentation of IAA typically is in the first few 
days of life. The scenario varies but usually is that of a 
 neonate with respiratory distress, heart failure, cyanosis, or 
poor cardiac output and impending or overt cardiovascular 
collapse. Cardiovascular decompensation is the result of 
ductal closure leading to hypoperfusion of major organs and 
vascular beds distal to the obstruction. Without treatment, 
such patients generally expire soon after presentation. 
Intravenous prostaglandin E1 therapy is usually necessary to 
maintain systemic blood flow. In very rare cases, the ductus 
arteriosus fails to close and patients can survive (clinically 
undetected) into childhood or beyond.

Management Considerations
The definitive surgical management of this lesion consists 
of arch reconstruction, at which time associated defects 
also are addressed [121]. In the current surgical area, the 
preferred approach is that of a single-stage procedure in the 
neonate in which aortic continuity is established by end-to-
end anastomosis of the proximal and distal arch segments 

[122, 123]. Patch closure of the ventricular septal defect is 
accomplished via a transatrial or transpulmonary approach. 
Depending on the severity of the obstruction, interventions 
may be required to enlarge the left ventricular outflow tract. 
This is usually performed by resection of the muscular out-
let septum. However in some instances more extensive sur-
gery, such as a Konno-type procedure, Yasui procedure or 
aortic root replacement, might be necessary to alleviate the 
subaortic obstruction and/or aortic root hypoplasia [122]. 
In some patients, the anatomy is not suitable for a biven-
tricular approach and a single ventricle strategy must be 
undertaken.

Late issues that can lead to morbidity and in some 
cases require reintervention include outflow tract prob-
lems, aortic arch obstruction, and residual intracardiac 
shunts.

Applications of Transesophageal Echocardiography
In almost all neonates with IAA, TTE provides accurate 
diagnosis and definition of the anatomic abnormalities, 
and is sufficient for surgical planning. Occasionally, addi-
tional imaging in the form of MRI or chest CT is performed 
to further delineate the anatomy, particularly details of 
extracardiac structures such as the aortic arch (sidedness, 
aberrant subclavian artery, and site of interruption) or 
associated anomalies [124]. As such, TEE is rarely used 
strictly for diagnostic evaluation of the great artery abnor-
malities. However, as is the case with many of the other 
congenital heart defects discussed in this chapter and 
throughout this textbook, TEE still plays a significant role 
in the perioperative setting. Although TEE has limited util-
ity for the assessment of the aortic arch and its reconstruc-
tion, it is extremely helpful in the evaluation of the 
pathologies frequently associated with IAA. These are 
 discussed below.

Goals of TEE Prior to Surgical  Intervention
Characterization of the Ventricular Septal Defect
The interventricular communication should be defined in 
terms of size, location, flow direction, and velocity. In 
addition, the presence of additional ventricular septal 
defects should be considered. The approach described in 
detail in Chap. 9 for the comprehensive evaluation of the 
ventricular septum is recommended. Particular cross-sec-
tions of interest are those allowed by the ME 4 Ch, ME AV 
SAX, and ME LAX views. The orientation of the outlet 
septum with respect to the trabecular interventricular sep-
tum should be explored to evaluate for potential posterior 
septal malalignment and concomitant subaortic obstruc-
tion. TEE views that allow for this assessment include the 
ME 4 Ch with probe anteflexion to bring the aorta into 
view, ME LAX, ME AV LAX,  transgastric long axis (TG 
LAX), and DTG LAX, and DTG Sagittal views (Figs. 13.31, 
13.32, and 13.33; Videos 13.19, 13.20, and 13.21). Multiple 
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sweeps of the ventricular septum are suggested to evaluate 
the anatomy fully.

Characterization of the Subaortic Region
The left ventricular outflow tract should be fully character-
ized in terms of size, nature of flow (laminar versus turbu-
lent), and patency. This is best accomplished by a combination 
of mid esophageal (ME AV LAX, ME LAX) and deep 
 transgastric imaging (Figs. 13.32 and 13.33; Videos 13.20 
and 13.21). Doppler interrogation (both pulsed and continu-
ous wave Doppler) should be applied to define the level and 
severity of an obstruction, if present. The deep transgastric 
windows provide an optimal angle for spectral Doppler 
interrogation (Fig. 13.34). This evaluation should include 
determination of peak and mean velocities for estimation of 
peak and mean gradients. A caveat to be considered is that 

flow velocities may underestimate the severity of the obstruc-
tion due to: (1) reduced prograde flow across these structures 
related to the interruption, (2) the presence of left-to-right 
shunting across the ventricular septal defect, and (3) associ-
ated impaired ventricular systolic function. Detailed mea-
surements of the subaortic region, aortic valve annulus, and 
root should be obtained in multiple views, as this informa-
tion can impact the surgical intervention and dictate the need 
for more complex procedures as previously noted (Figs. 13.32 
and 13.33). In addition, the information can help to predict 
left ventricular outflow obstruction after repair of the defect. 
Parameters that may determine either the likelihood of 

Fig. 13.31 Interrupted aortic arch. Two-dimensional mid esophageal 
four chamber image (left panel) and corresponding color flow mapping 
(right panel) in an infant with interrupted aortic arch demonstrating a 
large posteriorly malaligned ventricular septal defect as marked by the 

arrowheads. The hypoplastic subaortic region and aortic annulus are 
also shown (asterisk). AO aorta, LA left atrium, LV left ventricle, RV 
right ventricle

Fig. 13.32 Interrupted aortic arch. Mid esophageal aortic valve long 
axis view obtained from the same infant as shown in Fig. 13.31, dem-
onstrating the ventricular septal defect (VSD) and marked discrepancy 
in the sizes of the arterial roots. AO aorta, MPA main pulmonary artery

Fig. 13.33 Interrupted aortic arch. Deep transgastric long axis image 
from infant with interrupted aortic arch demonstrating the ventricular 
septal defect and subaortic narrowing. The figure indicates measure-
ment of the aortic annulus

13 Great Artery and Other Vascular Abnormalities



364

 postoperative subaortic obstruction in IAA (left ventricular 
outflow tract area <0.7 cm/m2) or need for a single ventricle 
strategy (subaortic diameter <3 mm) have been derived from 
preoperative TTE imaging [125–128]. TEE allows for these 
measurements to be confirmed and provides further informa-
tion that could influence the surgical options or predict long-
term outcome.

Characterization of the Aortic Valve
The aortic valve should be evaluated to determine morphol-
ogy, number of cusps, mobility, and competence. The ME AV 
SAX and LAX, as well as the ME RV In-Out view, are par-
ticularly suited for this evaluation. The ME Asc Ao SAX 
(Video 13.22) and LAX views facilitates the  assessment of 
the ascending aorta. Although pulsed and continuous Doppler 
analysis allow for determination of flow velocities across the 
aortic valve, the potentially associated subvalvar narrowing 
and the presence of an adjacent ventricular septal defect may 
render this evaluation challenging. As previously noted, these 
factors could interfere with the assessment of the separate 
contributions of annular size or concomitant valve pathology 

to the outflow obstruction. Thus, to a great extent, this deter-
mination is qualitative in nature and based primarily on mor-
phologic findings as  demonstrated by 2D imaging.

Additional Applications
The prebypass evaluation should include examination of 
the atrial septum for the presence of a communication, 
assessment of atrioventricular valve morphology and flows, 
and baseline determination of ventricular systolic 
function.

Goals of TEE After Surgical Intervention
Detection of Residual Intracardiac Shunts
The postoperative TEE examination should include 2D 
and Doppler interrogation for residual VSD patch leaks or 
other residual shunts at either the atrial or ventricular level 
(Fig. 13.35, Videos 13.23 and 13.24). The size and direction 
of blood flow across the communication, as well as hemo-
dynamic significance of any residual intracardiac defect, 
should be ascertained. The same TEE views described in 
the preoperative examination should be utilized.

Fig. 13.34 Interrupted aortic arch. Spectral Doppler tracing obtained in the deep transgastric window across the left ventricular outflow tact cor-
responding to the patient depicted in Fig. 13.33
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Assessment of Residual Subaortic Obstruction
In all patients, and particularly in those with concerns regard-
ing left ventricular outflow tract obstruction, a comprehensive 
multiplane TEE examination should be undertaken after the 
surgical repair. The same approach applies to the patient under-
going reintervention for residual or recurrent subaortic obstruc-
tion in the prebypass and postbypass settings. It is imperative 
to assess the severity of the left ventricular outflow tract 
obstruction by both qualitative and quantitative methods 
(Videos 13.23 and 13.24). The same TEE views used for pre-
operative 2D evaluation of the subaortic region, and for opti-
mal Doppler assessment, should also be used postoperatively 
to facilitate this interrogation.

Aortic Arch Evaluation
As with CoA surgery, in some cases portions of the aortic arch 
and descending aorta can be visualized both by 2D imaging 
color flow Doppler, using a combination of upper and mid 
esophageal TEE views (outlined in the CoA section above). 
Again, while these views are not optimal, they can sometimes 
provide useful information about the status of the aortic arch 
repair.

Additional Applications
In the postbypass examination, atrioventricular valve compe-
tence and systolic ventricular function should be examined 
and compared to the preoperative findings (Video 13.25). 
Patch closure of the VSD may require a radial incision along 
the tricuspid valve annulus to enhance surgical exposure of 
the defect. Although on follow-up this intervention has not 
been associated with tricuspid valve dysfunction [129], the 
postoperative TEE should evaluate flow across the tricuspid 

valve to ensure the absence of obstruction and/or regurgita-
tion, or any other changes from the baseline examination. 
The follow-up assessment and long-term surveillance of 
 aortic arch reconstruction requires modalities other than 
TEE to exclude recurrent obstruction.

 Summary

Congenital anomalies that affect the great arteries and related 
vascular structures are identified and well defined by non- 
invasive imaging modalities. High-resolution transthoracic 
imaging represents the initial, and often the sole, diagnostic 
approach required to outline medical and surgical manage-
ment plans in affected patients. In view of limitations related to 
the TEE imaging approach, which in some cases will not allow 
adequate or comprehensive definition of vascular structures, 
the diagnostic role of this modality can be somewhat limited. 
However, this does not negate the value of TEE in such 
patients. In the intraoperative setting, TEE may still be able to 
confirm the presence of abnormal vascular structure(s) or 
connection(s). Frequently, the malformations that affect the 
great arteries are associated with coexistent pathology, and not 
uncommonly these malformations are of a complex nature. 
TEE facilitates the detailed evaluation of these defects in terms 
of anatomic and hemodynamic assessment while playing a 
major role in surgical planning. This imaging modality also 
provides for intraoperative monitoring, assessment of the ade-
quacy of the surgical intervention(s), and guidance of the revi-
sion if required. As such, TEE can provide significant 
contributions in patients with great artery and other vascular 
anomalies.

Fig. 13.35 Interrupted aortic arch. Intraoperative images in orthogo-
nal planes (left and right panels) obtained following aortic arch 
advancement, subaortic resection, and ventricular septal defect closure 
in the infant with interrupted aortic arch shown in Figs. 13.31 and 

13.32. Note the large pericardial patch across the ventricular septal 
defect (VSD patch) and the relatively small subaortic area, aortic 
 annulus, and aortic root. AO aorta, LA left ventricle, LV left ventricle, 
PA main pulmonary artery, RV right ventricle
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