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The role of echocardiography in the management of adult patients
with congenital heart disease following operative treatment
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Abstract: Treatment of congenital heart diseases has significantly advanced over the last few decades. Due
to the continuously increasing survival rate, there are more and more adult patients with congenital heart
diseases and these patients present at the adult cardiologist from the paediatric cardiology care. The aim

of the present review is to demonstrate the role of echocardiography in some significant congenital heart

diseases.
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Introduction

Treatment of congenital heart diseases has significantly
advanced during the last few decades. Due to improving
cardiac surgical techniques and perioperative care, many
children—who would have been considered to be incurable
before—survive to adulthood (1). Surgical techniques
include palliative treatments performed so that the patient
can survive, and curative methods performed to restore
complete anatomical or hemodynamic status. Recently,
curative surgeries performed at the earliest possible are
considered to be the standard procedure (2). Improved
survival rates result in more adult patients with congenital
heart disease who present at the adult cardiologist from
paediatric cardiology care. By the 21" century, there are
more adult patients with congenital heart diseases than
children (3). The adult cardiologist should know the disease,
its natural course, and the principle of the applied surgical
method and the potential long-term complications of adult
congenital heart disease (ACHD) patients for optimal
therapy. In addition, adequate results may be provided only
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if the patient’s condition is evaluated by the proper imaging
modality. Therefore, the treating physician should know the
benefits, disadvantages and clinical indications of the certain
imaging modality. Selecting the proper imaging modality is
essential in determining the severity of the clinical problem
and the necessary interventions (2). In current clinical
practice, the most often used non-invasive imaging method
in this case is echocardiography. Ultrasound methods and
some common congenital heart diseases will be reviewed
below. As most disorders described in this review affect
the right heart, the echocardiography section of this
article will mostly consist of information regarding the
echocardiography of the right heart.

Echocardiographic techniques and modalities

Echocardiography is a non-invasive imaging method that
can be performed bedside, no radiation exposure occurs,
it is an inexpensive method, and it can be repeated at
any time. Echocardiography examines the heart from
several windows [transthoracic echocardiography (T'TE),
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transoesophageal echocardiography (TEE), intracardiac
echocardiography (ICE)] and with several methods
[M mode, two dimensional (2D), colour Doppler, tissue
Doppler, real time three-dimensional (3D) and 3D speckle
tracking] (4). In the routine practice, several transthoracic
echocardiography methods are used for the follow-up of
patients with congenital heart diseases. Two-dimensional
echocardiography is used to measure the size and determine
the location and function of the heart chambers, and to
describe the origin and course of the large vessels. Colour
Doppler echocardiography is indicated to describe flow
parameters, stenoses, regurgitations, and to determine the
severity of the flow abnormality, for example, it can be used
to detect residual stenoses or insufficiencies. Continuous
wave Doppler ultrasound can quantify the stenosis (2,4).
Examination of the right heart is essential in heart diseases
accompanied by pressure or volume overload of the right
heart as the consequence of the primary disease or a residual
lesion (2). Right atrial area, transverse and longitudinal
diameters of the right ventricle, right ventricular function,
diameter of the inferior caval vein and changes in the
diameter of the inferior caval vein with breathing have to be
determined.

TEE is another window to the heart, a semi-invasive
method, nowadays all the above mentioned methods
are available in case of TEE as well. The chambers of
the heart, the septa, the valves and the large vessels are
examined directly from the oesophagus using a transducer
inserted into the oesophagus. There are several valvular
diseases in the diagnosis of which the sensitivity and
specificity of transoesophageal echocardiography is much
better compared with transthoracic echocardiography,
including bicuspid aortic valve, detection of vegetations and
residual septal defects and guiding interventions of these
defects (2,5-7).

From the novel methods, real-time 3D echocardiography
is suitable to visualize anatomical structures while moving
in space. For example, if an ASD is detected with 2D colour
Doppler echocardiography, 3D echocardiography is able to
show the shape of the defect and its location compared with
other anatomical structures, which is helpful in planning
potential interventions or surgeries (7). Spatial visualization
of anatomical structures allows proper evaluation of flow
parameters. Nowadays, 3D echocardiography is routinely
used to evaluate septal defects and coarctation of the aorta
(CoA) (2,7,8). Transoesophageal 3D echocardiography
is especially helpful in describing valve diseases and
intraoperatively, it allows selection of the optimal valve
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plasty and evaluation of the efficacy of the surgery (9). 2D
and 3D speckle tracking (strain) echocardiography is used
for the objective and quantitative evaluation of the function
of the heart chambers. Speckle-tracking echocardiography
can detect impairment of pump function in congenital heart
disease patients early (10-12).

Although it is not part of the routine clinical practice, and
it is available only in specialized laboratories, intracardiac
echocardiography is useful in the check-up of arrhythmia
developing as a consequence of valve diseases and to
explore the anatomy of the heart that has been operated
on and modified even for several times. Intracardiac
echocardiography may help determining the modified anatomy
accompanying a certain arrhythmia substrate, enabling a
potentially successful radiofrequency intervention (13).
Echocardiography of some common congenital heart
diseases will be discussed below. As the majority of the
above described valve diseases lead to the overload of the
right heart in the long-term, examination of the right heart
will be described thoroughly in the methods.

Most important congenital heart diseases
Atrial septal defect (ASD)

ASD is one of the most common congenital heart diseases
characterized by a left to right shunt in the level of the
atria leading to volume overload in the right atrium (14).
The atrial septum consists of two segments, the primum
and secundum septum. None of these segments separate
completely the two atria, by partially overlapping each
other. Depending on the location of the lesion in the atrial
septum, the ASD may be a primum or secundum type
defect. In the long-term, large ASDs may lead to pulmonary
hypertension and the left to right shunt may change and
right to left shunt may develop (2). Echocardiography is a
cardinal imaging method in determining the time and type of
the surgery or intervention. Previously, ASDs were treated
with surgery, recently, transcatheter closure of ASDs is
available (15), for this intervention, thoracotomy or cardiac
pump is not required. This poses a much smaller stress to
the patient, and hospitalization can be significantly shorter.
Size and function of the right heart should be closely
monitored during the follow-up of patients undergoing
transcatheter closure of an ASD to detect right heart
overload developing as a consequence of a potential residual
defect and left to right shunt. The aim of postoperative
follow-up of these patients is to detect residual shunts and
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Figure 1 Atrial septal defect closure device: 2D echocardiography
image from four-chamber view, the arrow shows the atrial septal
defect closure device. LV, left ventricle; LA, left atrium; RV, right
ventricle; RA, right atrium; ASD, atrial septal defect.

Figure 2 Diastolic D sign: the dilated right ventricle deviates
the septum towards the left ventricle in parasternal short axis
view, therefore cross section of the left ventricle is D-shaped
(arrow shows the ventricular septum). LV, left ventricle; RV, right

ventricle, IVS, interventricular septum.

Figure 3 In order to measure the right ventricle, measurements are
performed at the annulus, in the middle section of the ventricle in
transverse direction and from the annulus to the apex of the right ventricle
in longitudinal direction. Arrows show the diameters. LV, left ventricle;
LA, left atrium; RV, right ventricle; RA, right atrium.
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Figure 4 In order to determine the size of the right atrium, the
right atrial area is calculated from the apical four-chamber view
with planimetry (dashed line in the image). LV, left ventricle; LA,
left atrium; RV, right ventricle; RA, right atrium.

to examine the status of the right heart (2). Transthoracic
2D echocardiography may be used to evaluate the location
of the closure device (Figure 1), residual shunts are
detected with colour Doppler method. Volume overload
of the right ventricle may lead to a swift in the ventricular
septum towards the left ventricle, as a consequence, the
left ventricle will not be round-shaped, but will have a
D-shape in parasternal short axis view, this is the so-called
diastolic D sign (Figure 2). 2D echocardiography may be
used to measure the size of the right ventricle, right atrial
area corrected to body surface area, TAPSE (tricuspid
annular plane systolic excursion) (Figures 3-5), the diameter
of the inferior vena cava and changes in the diameter with
breathing, as well as pulmonary arterial pressure. Sensitivity
of TEE is superior in detecting potential residual ASDs
compared with TTE from subcostal view (16). The atrial
septum should be examined from 0-45-60 degrees, and the
bicaval view (90-110 degrees) may also be used.

Ventricular septal defect (VSD)

The ventricular septum has a muscular and membranous
part. Depending on the location of the defect, there are
membranous (subaortic), muscular and subpulmonary
VSDs. Defects may be located in the inflow tract, near the
tricuspid valve. Left to right shunt develops in the level of
the ventricles. Potential complications include pulmonary
hypertension and Eisenmenger’s syndrome. In order to
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prevent these complications, large VSDs have to be closed
in time (2). VSDs are most commonly closed by surgery
with the implantation of a patch, or interventionally by
an occluder, rarely small membranous defects are closed
with direct sutures. During the follow-up of these patients,
the position of the patch and potential residual defects
can be visualized (Figure 6). Hemodynamic consequences
of the disease, including the size of the right heart (right
atrial area, transverse and longitudinal diameter of the
right ventricle, diameter of the inferior vena cava and
changes of the diameter with breathing, as well as flow in
the hepatic veins) and the function of the right ventricle
[TAPSE or FAC (fractionated area change)] have to be

evaluated. Gradients measured in the residual VSD using

Figure 5 Tricuspid annular plane systolic excursion (TAPSE): in
the apical four-chamber view, the excursion of the tricuspid annular
plane is calculated measuring the distance of the tricuspid annular
movement between end-diastole to end-systole in M-mode image

(arrow in the image).

LS
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continuous Doppler echocardiography well characterize the
hemodynamic status and the extent of the shunt. A large
maximum gradient above 100 mmHg suggests a left to right
shunt and normal right ventricular pressure. Decreasing
gradient or change in the direction of the shunt (right
to left shunt) confirms progression of the disease. Shunt
volume may be determined with Doppler echocardiography,
although image quality may be poor in certain patients,
which significantly increases the risk of false results, one
mm error in distance measurement leads to a multiplied
error, as the following equitation is used to calculate shunt
volume:

Qp = VITyyor x 7 x (dryor/2)% Qs = VIyor x 7 x (diyor/2)?

where the diameter (d) of the right ventricular outflow
tract (RVOT), velocity time integral (V'TT) of the flow via
the RVOT, the diameter of the left ventricular outflow
tract (LVOT) and the VTI of the LVOT are determined
using 2D echocardiography and pulsed wave Doppler
method respectively. Currently, cardiac MRI is the optimal
method to measure Qp/Qs. If Qp/Qs >1.5, shunt volume is
haemodynamically significant (17).

Tetralogy of Fallot (TOF)

Tetralogy of Fallot is the most common cyanotic congenital
heart disease (18). It is characterized by VSD, overriding
aorta, stenosis of the RVOT (that can be infundibular or
valvular) and consequent right ventricular hypertrophy.
The so called “blue baby syndrome” may clinically vary
from slight to severe cyanosis. The first palliative surgery

+ Vel 534 cmis
PG 114 mmHg

Figure 6 A membranous VSD is visible in the image. (A) Parasternal long axis view; (B) the same view with colour Doppler method; (C)
pressure gradient between the two ventricles with continuous wave Doppler. LV, left ventricle; LA, left atrium; RV, right ventricle; IVS,

interventricular septum; VSD, ventricular septal defect.
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Figure 7 Parasternal short axis view of patient with tetralogy of Fallot
who had cardiac surgery before shows turbulent flow in the right
ventricular outflow tract with colour Doppler method. The gradient is

determined with continuous wave Doppler echocardiography.

Figure 8 Suprasternal 2D image showing the aortic arch with laminar
flow. The right pulmonary artery with turbulent flow is visualized
below the aorta. AoA, aortic arch; RPA, right pulmonary artery.

Figure 9 Pulmonary stenosis and insufficiency in surgically
corrected tetralogy of Fallot. Continuous wave Doppler ultrasound
is used in the right ventricular outflow tract. Doppler curve below
the baseline shows restenosis, the curve above the baseline is

indicating insufficiency.
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was performed on the 29 November 1944, the procedure
was called Blalock Taussig-Thomas shunt. During this
procedure, the hypoperfused pulmonary circulation is
resolved with a systemo-pulmonary shunt providing
perfusion in the pulmonary circulation. There are other
systemo-pulmonary shunts, such as Pott’s shunt or
Waterston-Cooley shunt. Later, complete reconstruction
surgery was performed during which the VSD is closed,
the RVOT is reconstructed with the implantation of
a homograft or a patch (18). Echocardiography is the
recommended tool for the long-term follow-up of these
patients in the clinical practice, the size and function
of the right heart and potential progression of stenosis
and insufficiency of the pulmonary valve are evaluated
(Figures 7-9). During the check-up examination, the diameter
and length of the right ventricle, TAPSE characterizing
the function of the right ventricle FAC and right atrial
area have to be determined using echocardiography
in addition to evaluating the clinical parameters of the
patients. Furthermore, diameter of the inferior vena cava
and changes of the diameter with breathing, as well as flow
in the hepatic veins measured from subcostal view provide
important information (2). Dilated inferior vena cava
above 20 mm in diameter, and a diameter not changing
with breathing suggest increased pulmonary pressure.
Follow-up of the right ventricular pressure calculated
from the tricuspid insufficiency using continuous wave
Doppler echocardiography is also important. Right heart
dilatation and hypertrophy may develop as a consequence
of residual pulmonary stenosis or insufficiency (2).
Right atrial strain may be detected using 3DSTE
(Figure 10). In the long-term, the treating cardiologist has
to decide whether and when a reoperation is required,
changes in the above parameters are very important factors
in this decision. Therefore, these parameters have to be
measured regularly, and have to be evaluated together with
the functional status and complaints and symptoms. If
progression is detected in the echocardiography parameters,
cardiac MRI is recommended, the sensitivity and specificity
of MRI is superior compared to echocardiography in
evaluating the morphology and function of the right
heart (2). Cardiac MRI can be used to determine right
ventricular volumes in ml and pulmonary insufficiency can
be quantified in % (19).

Dextro-transposition of the great arteries (TGA)

(Dextro-)T'GA is a very severe, complex congenital heart
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disease (20). In congenital TGA, the aorta arises from
the right ventricle, while pulmonary artery from the left
ventricle. Accordingly, there are two non-communicating
circulations. This condition is compatible with life only
if there is a connection between the two circulations,
such as in the presence of an ASD, VSD, persistent
ductus arteriosus or their combination (21). The primary
treatment of TGA is to create or keep communication
between the two circulations in early infancy (22). The so-
called Rashkind’s septostomy may be used to connect the
two circulations, during this method, the atrial septum is

fenestrated by a catheter balloon (23) immediately after

Figure 10 3DSTE right atrial modelling and measurements from
apical four-chamber (A) and two-chamber (B), as well as from cross
sectional (C: C3-5-7) views. (D) 3D model of the right atrium, (E)
measured right atrial volumetric data, (F) measured right atrial

longitudinal strain curves of each segment.
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birth. Reconstruction surgeries performed since the late
1960s created a communication in the level of the atria (22).
After these operations, the blood from the SVC and
IVC is redirected to the left atrium and morphologically
left (subpulmonary) ventricle, while blood from the
pulmonary veins is channelled to the right atrium and
morphologically right (systemic) ventricle. Notably, the
right ventricle is pumping the blood to the aorta. The atrial
switch surgeries had two surgical techniques, Senning-
and Mustard surgeries. If a large VSD and stenosis of the
RVOT, the pulmonary valve and/or pulmonary artery
were also associated with TGA, Rastelli-surgery is also an
available option (24). During this procedure, the body of
the right ventricle is connected to the transected pulmonary
artery via a conduit, and the VSD is closed using a patch
so that the aorta is originating from the left ventricle. As
a result, the deoxygenated blood from the right ventricle
gets to the pulmonary artery via the conduit, while the
oxygenated blood is pumped from the aorta to the systemic
circulation. Several questions have to be answered with
echocardiography. In the atrial baffles, stenosis or leakage
may occur, therefore follow-up echocardiography has to
thoroughly evaluate flow in these structures (Figure 11). The
“weaker” right ventricle has to provide the blood supply
for the systemic circulation, therefore its pump function is
an important data. TAPSE and FAC are those parameters
that can be used to characterize the right ventricular
function along with the dP/dt value in case of tricuspid
insufficiency. dP/dt value characterizes the systolic function
of the ventricle. From the 1990s, the above mentioned
procedures have been replaced by the neonatal arterial
switch surgery, where the two great arteries are transected

Figure 11 Status after Senning surgery. (A) Apical four-chamber view demonstrating a dilated, trabecularized right ventricle with a

rudimentary left ventricle and the baffle; (B) apical four-chamber view with colour Doppler echocardiography. LV, left ventricle; LA, left

atrium; RV, right ventricle; RA, right atrium.

© Cardiovascular Diagnosis and Therapy. All rights reserved.

cdt.amegroups.com

Cardiovasc Diagn Ther 2018;8(6):771-779



Cardiovascular Diagnosis and Therapy, Vol 8, No 6 December 2018

TIS0.9 MI1.0

777

TIS0.6 MI0.1 TIS0.8 MI1.3

M3 M4

‘ \ ;
Diastolic
\ ,run-off”
Systolic
' Igr'az'iién't' "75mmis’ " 74bpm

L e
— Y T 74bpm

Figure 12 Restenosis of coarctation of the aorta after surgery. (A) Suprasternal view with 2D echocardiography and colour Doppler

echocardiography demonstrating restenosis after surgery; (B) pressure gradient may be measured with continuous wave Doppler

echocardiography and a slight run off phenomenon is visible; (C) real-time 3D echocardiography visualizing the spatial location and

morphology of the restenosis.

and interchanged, then the coronary arteries are replaced to
the pulmonary artery supplying the systemic circulation (25).
In the long-term, increased stress of the pulmonary
valve below the systemic pressure may pose a problem.
Insufficiency and stenosis may develop. Echocardiography
is important to regularly check the potential complications,
including, but not limited to the function of these valves,
the status of the coronary anastomoses.

Coarctation of the aorta (CoA)

CoA is a relatively common congenital heart disease
characterized by the pressure overload of the left ventricle.
There are different morphologies, the most common form
is the focal stenosis of the aorta in the level of the isthmus.
Pressure is elevated proximally to the stenosis, while it is
decreased distally within the aorta. Rarely, the disease affects
the abdominal aorta. It is often accompanied by bicuspid
aortic valve, VSD, patent ductus arteriosus and aneurysm
of the basal cerebral arteries, arteries of the circle of Willis.
The severity of the disease is varying, the patient may have
no complaints or symptoms, but the disease may present as
a very severe interruption of the aortic arch. Different types
of operation are performed: end to end anastomosis, patch
plasty repair or graft implantation; subclavian flap aortoplasty;
jump grafts, bypassing the coarctation. In other cases,
balloon dilatation and stent implantation is performed (26).
During the follow-up, evaluation of complaints and
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symptoms, as well as physical examination and regular
blood pressure measurement (on the left and right arm),
blood pressure response on exertion and echocardiography
are essential. Besides recurrent or residual arterial
hypertension, most common long-term complications
include recurrence of the stenosis and aneurysm at the
surgical site. Sensitivity of transthoracic echocardiography
in detecting these lesions is approximately 76%, sensitivity
may be increased to even 90% using colour Doppler and
continuous wave Doppler methods (27). Recurrent stenosis
may be visualized with 2D echocardiography using colour
Doppler imaging from suprasternal view as turbulent
flow (Figure 12). The diameter of the ascending aorta, the
supraaortic segments, and the consequent left ventricular
hypertrophy can be measured with 2D echocardiography. In
case of restenosis, continuous wave Doppler method may be
used to measure the gradient from the velocity, although it
should be noted that the continuity equation was validated
in case of focal valvular stenoses (28). Recurrent coarctation
may be longer, tubular, and spatial rotation may be present,
therefore the severity of the stenosis cannot be determined
safely with echocardiography in all cases. From suprasternal
view, the diastolic “run-off” phenomenon (gradient that
can be detected during diastole as well) suggesting severe
restenosis can be detected with continuous wave Doppler
echocardiography. Real time 3D echocardiography may
help detecting the length and spatial location of the
stenosis. During the follow-up, another imaging modality

Cardiovasc Diagn Ther 2018;8(6):771-779
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is recommended for at least once in every patient who had
surgery or intervention due to coarctation: MR angiography
or CT angiography. Transthoracic echocardiography
is suitable to detect the consequent left ventricular
hypertrophy (2).

Summary

Echocardiography is a very useful, easily accessible and
reproducible non-invasive imaging method in the follow-up
of adult patients with congenital heart diseases. The method
is able to detect residual heart disorders and to quantify
these lesions. Knowing the benefits and limitations of each
method, the special echocardiography method that provides
adequate answers to the clinical question during the follow-
up can be selected. It is important to know the limitations of
each method as well, so the clinician knows when MRI, CT
or invasive method is required to resolve a certain problem
or to optimize therapy. Clinical symptoms and the clinical
status of the patient have to be considered when deciding
whether another intervention or surgery is indicated and
in selecting the intervention or surgical technique to be
performed. During the follow-up, it is important to evaluate
the patient’s complaints, clinical status and other diseases,
as well as the results of adequately selected and interpreted
imaging studies.
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