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The population of adults with congenital heart disease (ACHD) is increasing constantly due to medical, surgical
and interventional successes and the input from advanced cardiovascular imaging. ACHD patients are at continu-
ing risk of residua and sequelae related to their CHD contributing to significant morbidity and mortality. Conse-
quently, lifelong expert surveillance is recommended for most patients. Healthcare providers are still working
out how best to achieve this objective, how to train enough experts to provide high quality care, and how to or-
ganize the delivery of care.
Echocardiography is crucial to clinical surveillance providing a comprehensive assessment of cardiac morphology,
physiology, pathophysiology, and function. Thus it contributes significantly to the overall clinical management of
ACHD patients. The International Society for Adult Congenital Heart Disease (ISACHD; www.isachd.org) is the
leading organization of professionals worldwide dedicated to the pursuit of excellence in the care of ACHD patients.
Recognizing the critical role of imaging in the diagnosis andmanagement of ACHD, ISACHD established a task force
to provide guidance on echocardiographic studies and reporting. The rationale is that standardization of echocardio-
graphic imaging and reporting carries the potential to improve the overall quality of these exams around theworld
and facilitate collaborative multicenter research.
The standardized ACHD protocols provided by the ISACHD task force (found in the appendices) include specific
recommendations for data acquisition and reporting for each of the major adult congenital heart lesions. These
protocols give a comprehensive and structured approach in the evaluation of ACHD patients and help to ensure
excellent patient care.

© 2018 Published by Elsevier B.V.
1. Background

In developed countries, the number of adults with congenital heart
defects (ACHD) continues to grow because of historical, surgical, medi-
cal, and more recently interventional successes as well as the contribu-
tion from other advanced cardiovascular imaging. Indeed, the number
of adult patients with CHD now exceeds the number of pediatric
refield NHS Foundation Trust,

ensus recommendations for
diol (2018), https://doi.org/1
patients in many countries [1]. Few have been cured, and most are at
continuing risk of residua and sequelae related to their CHD contribut-
ing to significantmorbidity andmortality. Consequently, lifelong expert
surveillance including regular imaging assessment is recommended for
most patients [2]. Excellent echocardiography data acquisition and in-
terpretation are essential if excellent patient care is to be provided. Sub-
optimal echo studies and reports jeopardize patient outcomes. While
the needs are often not recognized, these patients also require adult-
appropriate diagnostic protocols and expertise for echocardiography
applied during surgery, cardiac catheterization and electrophysiology.
Diagnostic studies in ACHD also need to differ from both pediatric
echocardiography in adults with congenital heart defects from the
0.1016/j.ijcard.2018.07.058

http://guide.medlive.cn/

http://www.isachd.org
https://doi.org/10.1016/j.ijcard.2018.07.058
w.li@rbht.nhs.uk
Journal logo
https://doi.org/10.1016/j.ijcard.2018.07.058
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/ijcard
https://doi.org/10.1016/j.ijcard.2018.07.058
wuyingying
英文

http://guide.medlive.cn/
http://guide.medlive.cn/


2 W. Li et al. / International Journal of Cardiology xxx (2018) xxx–xxx
cardiac patients and from general adult cardiology patients. More ex-
perts in ACHD imaging are needed.

The International Society for Adult Congenital Heart Disease (ISACHD;
www.isachd.org) recognizes the critical role of echocardiography in the
diagnosis and management of ACHD, and the need to provide guidance
on echocardiographic studies and reporting. The rationale is that stan-
dardization of echocardiographic imaging and reporting carries the po-
tential to improve the overall quality of these exams around the world
and facilitate collaborative multicenter research. Thus, the ACHD echo
protocols published in this issue of the International Journal of Cardiology
reflect one important step in the maturation of the field of ACHD.
2. Why do we need specific ACHD echocardiography expertise
and protocols?

Examples of commonly encountered issues and challenges for echo-
cardiographers based in adult and pediatric echocardiography laborato-
ries are summarized in Table 1. Pediatric echocardiography departments
generally benefit from team members that understand CHD and have a
high volume of CHD patients. Staff in these laboratories are very familiar
with the parameters pertinent to the lesions at hand; the associated le-
sions and anatomic variants; and the surgical/interventional repairs
and their later outcomes. They know what to look for and what they
are looking at even when the anatomy is challenging. The staff can, at
times, utilize atypical views to better visualize pertinent structures or as-
sess function of a valve or ventricle.

The staff in adult echocardiography departments are typically chal-
lengedwhen imaging CHD patients because of a low volume of CHDpa-
tients, especially complex CHD. Usually staff in adult settings are experts
in assessing LV function and regionalwallmotion; thequantitative anal-
ysis of valvular function; have regular experience with the use of echo-
cardiography contrast agents and the use of stress echocardiography. In
addition, their measurements and reporting are guided by published
adult clinical echo guidelines [3–6]. Such guidelines are also available
for pediatric patients [7]. The protocols published here reflect the need
for this new ACHD echo guidance.

Image orientation from the apical window can be different in adults
with CHD compared to those with acquired heart disease and, as a re-
sult, adult sonographers may be challenged. Adult sonographers try to
apply adult logic and quantification to ACHD patients when at times
this is inappropriate (e.g. in assessing a subaortic right ventricle,
sonographers should not use standard LV measurements, since the ref-
erence ranges are not applicable). In complex congenital pathologies,
the ACHD sonographer must place more emphasis on comparing
Table 1
Common examples where ACHD echocardiography protocols may benefit both adult and pedi

Benefits of ACHD echocardiography protocols

To an adult echocardiography laboratory To a

• A low volume of ACHD patients may make the anatomic diagnoses unfamiliar. • Co
ab
suf

• The sequential segmental analysis approach needed for ACHD patients is not
routine.

• Sta

• Congenital mitral valve disease may be unfamiliar. • De
(b

• Z scores are not routinely used. While not routinely recommended in these
protocols, they may sometimes be useful.

• Ge
rou

• Extrapolation of measurements used in the diseased structurally normal heart
may be inappropriate in ACHD patients

• Co
in
lim

• Specific, surgically created structures and their variations such as tunnels, baffles
and conduits require specific, unconventional views and familiarity with them.

• Dia
in
(co

• Ventricular function assessment requires appreciation of not only left and right
morphology but also their subpulmonary and systemic ventricular position

• AC
an
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standardizedmeasurements to the previous examination than compar-
ing standard measurements against the reference ranges.

There are very few conferences aimed at building expertise in ACHD
echocardiography and fewer opportunities to formally train in ACHD
echocardiography. Adult sonographers are trained for adult echocardi-
ography through didactic courses and exams, but ACHD sonographers
more typically just get “exposed”. ACHD clinical meetings tend to bias
any imaging sessions towards cardiovascular magnetic resonance
(CMR) imaging, but in practice most patients undergo echocardiogra-
phy; certainly more frequently than CMR. There are ACHD specialists
and echocardiography specialists but relatively few professionals who
combine these essential skills; lesion-specific protocols and reporting
outline templates as described here can help. Functional assessment
should be reported in the samewaywhenever possible to enable the se-
rial comparison and quantitative measures used to reduce misinforma-
tion that may arise from qualitative data.

3. General considerations

This document introduces a Digital Acquisition Protocol for Adult
Congenital Transthoracic Echocardiography and includes in supple-
ments 12 additional supplementary protocols for 12 individual lesions
intended to guide echocardiography studies and data to be included in
reports in different types of ACHD patients. The supplementary sections
give a comprehensive and structured approach to the evaluation of pa-
tients with ACHD that is based on pathology and surgical repair, and in-
clude key imaging questions, clinical considerations and technical
advice. This will help to ensure important anatomical and functional in-
formation is notmissed. One of themost important initial steps in imag-
ing a CHD patient is the sequential segmental approach. Fortunately,
once the baseline anatomy and physiology has been described and con-
firmed this helps dictate the frequency and detail needed at subsequent
follow up. It may not be necessary at follow-up echocardiograms to re-
peat the full sequential anatomical evaluation in any detail unless there
have been intervening therapeutic changes. Follow-up echocardio-
grams will focus more on functional information with quantitative
and/or semiquantitative assessments.

Echocardiography with all its modalities, including advanced tech-
niques such as real time3Dand speckle tracking, provides comprehensive
assessment of cardiac morphology, physiology, pathophysiology and
function and contributes significantly to the clinical management of
adult patientswith CHD. It can provide detailed information about cardiac
remodeling and ventricular function following surgical repair or catheter
intervention and contributes significantly to clinical management during
long-term follow-up. Increasingly, studies have demonstrated the
atric laboratories.

pediatric echocardiography laboratory

nventional coronary artery disease assessment is less familiar; e.g. regional wall motion
normalities defined by the 17 segmentmodel and use of stress echo, both of which require
ficient practice volume for quality assurance
ff may not be familiar with relevant adult guidelines.

generative valvular change may be rarely seen. Valve areas are used in adult patients
ut not in children), supplementing peak and mean systolic gradients.
nder-based assessment is less common in pediatric practice though BSA indexing is
tine.
ntrast echocardiography (seldom used in pediatric laboratories) can be very helpful
evaluating chamber sizes, systolic function, and excluding thrombi in patients with
ited acoustic windows.
stolic dysfunction requires routine assessment in ACHD patients, but not necessarily
children. Right atrial pressure may less commonly be assessed in pediatric practice
operation) but is routine for ACHD
HD patients may have received newer treatments e.g. MitraClip, TAVI, TMVR devices
d assessment for suitability or complications of these may be less familiar.

echocardiography in adults with congenital heart defects from the
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Table 2
Standard digital acquisition protocol for ACHD transthoracic echocardiography.

ISACHD standard echo acquisition protocol

Subcostal views
to establish situs, heart position and apex direction, and IVC-RA connection
Subcostal 4 chamber
• 2D overview, 2D Zoom & CFI IAS • CFI & CW RV outflow tract
Subcostal short axis
• 2D LV, AoV level & RV outflow tract
• 2D & M-mode of IVC long axis (with sniff)

• 2D & CFI abdominal aorta
• PW abdominal aorta

Parasternal views
2D to confirm VA connection, 2D to establish dominant ventricle where relevant
Parasternal long axis
• 2D overview, M Mode LV
• Septal motion assessment
• 2D LV end-diastolic & end-systolic dimen-
sions & wall thickness measurements

• 2D zoom AoV & measure LVOT
dimension

• 2D upper ascending aorta &
measure

• CFI MV
• CFI AoV

Parasternal RV inflow
• 2D & CFI right ventricular inflow • CW TR velocity if present
Parasternal RV outflow
• 2D right ventricular outflow including pul-
monary valve and bifurcation

• CFI from pulmonary valve to
bifurcation

• CW Doppler
Parasternal short axis
• 2D LV function – sweep from MV to apical
level

• 2D AoV level, zoom & CFI
• 2D pulmonary valve & PA bifurcation
• CFI PA bifurcation/PV

• PW RVOT, CW PV peak ± mean
gradient

• CW PR early and end-diastolic
velocities

• CFI TV, CW TR velocity
• CFI MV, CFI septal integrity
(atria to apex sweep)

Apical views
2D view to establish AV connection, 2D with anterior tilt to establish VA connection
Apical 4 & 2 chamber, & long axis views
• 2D overview including aorta
• LA biplane volumes
• LV reduced depth loop for RWMA assessment
• LV Simpson's biplane EF
• 2D LA & RA area and volume measurement
• CFI MV, CWMR velocity
• PW and measure MV inflow
• PW and measure pulmonary vein

• DTI septum, measure E′ & S′,
lateral wall, measure E′ & S′

• PW LVOT VTI for stroke volume
calculation

• CFI Ao and AV CW peak± mean
gradients

• CFI TR, CW TR
• 2D RV focussed view & measure
dimensions

• RV TAPSE, RV DTI, measure S′, RV
FAC

Suprasternal views
2D to determine innominate artery branching pattern
Suprasternal long axis
• 2D overview
• CFI & CW descending aorta

• 2D view innominate artery
bifurcation

• CFI on pulmonary branches & CW
if relevant

AF – atrial fibrillation, Ao – aorta, AoV – aortic valve, CFI – color flow imaging, CW – contin-
uous wave (Doppler), DTI – Doppler tissue imaging, EF – ejection fraction, FAC – fractional
area change, IAS – interatrial septum, IVC – inferior vena cava, LA – left atrium, LV – left ven-
tricle, LVOT – left ventricular outflow tract, MV – mitral valve, PA – pulmonary artery,
PLAX – parasternal long axis view, PV – pulmonary valve, PW – pulsed wave (Doppler),
RA – right atrium, RV – right ventricle, RVOT – right ventricular outflow tract, RWMA – re-
gional wall motion abnormalities, SAX – short axis view, SR – sinus rhythm, TAPSE – tricus-
pid annular plane systolic excursion, TR– tricuspid regurgitation, TV – tricuspid valve, VSD –
ventricular septal defect, 2D – 2 dimensional imaging.
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prognostic value of echocardiography measures in specific ACHD condi-
tions; accordingly, echocardiography can be used for guiding optimal
treatment. As themanagement of CHD continues to evolve, so echocardi-
ography will continue to expand its current applications and remain a
pivotal tool in managing adult congenital heart disease patients.

4. Standard digital acquisition protocol for ACHD transthoracic
echocardiography (Table 2, Figs. 1–2)

4.1. Image optimization

Standard image optimization techniques should be employed with
transducer frequency, image depth, gain and focal zone settings ad-
justed to optimize image quality. Color flow images should be captured
with the highest possible frame rate, aiming for a minimum of 20 Hz
using the minimum width necessary. Spectral Doppler images should
be appropriately optimized with sample volume size adjusted for
flow, choosing the correct baseline, scale and gain settings.

This protocol represents a minimum data set for a standard ACHD
echocardiogram. Additions specific to each ACHD lesion such as the
use of a non-imaging probe are discussed under lesion-specific proto-
cols appended.

4.2. Measurements

It is recommended that all measurements be performed at the time
of recording and stored digitally to allow easy viewing for subsequent
reviewers (such as the referring medical team) [8]. It is recommended
to also digitally store report pages.

Pediatric echocardiography services favor the use of Z scores which
are more infrequently used by ACHD clinicians. The authors are per-
suaded that Z scores are not routinely required in ACHD echocardiogra-
phy reports.

4.3. Other considerations

It should also be noted that inclusion of all potential deviations from
the standard protocol according to the pathology encountered is outside
the scope of this document. Use of off-axis imaging, non-conventional
imaging windows and non-imaging transducers is frequently required.
In complex pathologies, some standard measurements may not be rele-
vant and may be misleading e.g. septal DTI in the presence of a VSD
patch. In other cases, e.g. a systemic right ventricle, standard measure-
ments may have value in serial assessment to follow progression of
disease; however, clinically useful lesion specific reference ranges are
still not available.

5. Special considerations when assessing ACHD patients with
echocardiography

5.1. Ventricular function

5.1.1. Morphologic (sub-aortic) left ventricular function
Conventional methods and standard criteria have been applied for

assessing left ventricular global and regional systolic function in thenor-
mally connected heart.

Measurement of LV systolic function by shortening fraction assumes
a circular geometry with homogenous contraction, conditions that are
seldom met in patients with ACHD. The Simpson's biplane method is
preferred when technically feasible. Measurements of LV volumes and
EF by 3D echocardiography are preferred over 2D measurements [9].
In patients with a compressed LV due to severe RV dilatation (such as
repaired Fallot with severe pulmonary regurgitation), non-geometric
indices of longitudinal LV functionmeasured by Tissue Doppler or strain
and strain rate measured from speckle tracking have been shown to be
associated with outcomes [10].
Please cite this article as: W. Li, et al., Consensus recommendations for
International Society of Adult Con..., Int J Cardiol (2018), https://doi.org/1
Although methods and criteria for ventricular diastolic dysfunction
are well established for the general cardiac population [11], there is
still a lack of reliable parameters for assessing LV diastolic function in
ACHD. Criteria used in the general cardiac population such as E/E′
ratio may not be accurate in all congenital heart patients as reduced E′
can be the result of localized surgical scarring in the septum or LV free
wall rather than impaired global LV diastolic function [12].
echocardiography in adults with congenital heart defects from the
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Fig. 1. Subcostal view: Abdominal situs. In echocardiography, abdominal situs is best
determined by subcostal views with the transducer transecting the abdomen (deep
angle of insonation) and the transducer marker at 3 o'clock [transverse view]. As atrial
situs is nearly always concordant with abdominal situs, we can use the location of the
IVC & aorta relative to the spine to determine situs, however chest x-ray remains the
definitive test for establishing situs. In echo, the spine should be central in the image
and situs is defined by the relative positions of the aorta and major vein (IVC or where
interrupted, the azygos vein). A. Situs solitus. The aorta (red flow) is to the left of the
spine and the IVC is to the right of the spine. B. Situs inversus – the aorta (red flow) is to
the right of the spine. C. Situs ambiguous - left atrial isomerism. Both vessels are on the
same side of the spine and the aorta is the anterior vessels. The IVC is interrupted with
azygous continuation (not seen here) and the hepatic veins directly enter into the right-
sided left atrium. D. Situs ambiguous - right atrial isomerism. Both vessels lie on the
same side of the spine with the IVC being the anterior vessel. Can also appreciate this in
the subcostal long axis view, where both vessels are seen in long axis with the IVC being
anterior to the aorta. (For interpretation of the references to color in this figure legend,
the reader is referred to the web version of this article.)

Fig. 2. Atrioventricular connections and ventriculo-arterial connections. Atrioventricular
connections are best identified from a standard 4-chamber view. Here are some of the
most common malformations. A i. Normal AV concordance with the tricuspid valve on
the right side and slightly displaced towards the apex and a biventricular connection.
ii. AV discordance. iii. Complete AVSD with biventricular connection. iv. Double inlet
with univentricular atrioventricular connection. v. Absent left AV connection/mitral
atresia. vi. Absent right AV connection/tricuspid atresia. In adults, ventriculo-arterial
connections are best identified from a combination of parasternal views (B i–iii) and
apical (B iv–vi). As both arterial valves are normally tri-leaflet, definitive identification of
the ventriculo-arterial connection requires demonstration of pulmonary artery
bifurcation. Theposition of the arteries relative to eachother, i.e., left/right or anterior/pos-
terior can also be useful in describing the VA connection. B i. Normally related great vessels
with the aorta (Ao) in short axis and the pulmonary artery (PA) in a longitudinal plane. ii.
Aorta anterior and to the right of the PA as seen in TGA. iii. Ao anterior and to the left of PA
as commonly seen in double discordance (ccTGA). iv. VA concordant. v. VA discordant as
great arteries seen together and in parallel in TGA. vi. Single outlet as aorta overrides the
ventricular septum and receives blood from both ventricles.

4 W. Li et al. / International Journal of Cardiology xxx (2018) xxx–xxx
5.1.2. Morphological (sub-pulmonary) right ventricular dimension and
function

Echocardiographic assessment of right ventricular (RV) size and func-
tion is more difficult, in part because of the shape of the RV [13]. Indirect
measures of right ventricular function such as fractional area change
(FAC) and tricuspid annular plane systolic excursion (TAPSE) from a
four- chamber view are widely used [14, 15] although these techniques
exclude assessment of the outflow tract, which plays a major role in
some conditions. Tricuspid annular plane systolic excursion represents
Please cite this article as: W. Li, et al., Consensus recommendations for
International Society of Adult Con..., Int J Cardiol (2018), https://doi.org/1
longitudinal contractile function of the RV, is reproducible, and easy to
measure though it may be influenced by tricuspid regurgitation, abnor-
mal ventricular geometry, and recent surgical procedures. Moreover,
TAPSE has prognostic value, for example, in Eisenmenger syndrome
[16]. TissueDoppler imaging ofmyocardial velocities and speckle tracking
for myocardial deformation have both been applied in ACHD for regional
echocardiography in adults with congenital heart defects from the
0.1016/j.ijcard.2018.07.058
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and global ventricular myocardial deformation assessment but their clin-
ical application to the RV in ACHD remains to be elucidated [10, 17]. 3D
echo is now available to measure right ventricular volume and function
and can be used to study RV regional as well as global function [18, 19].
RV diastolic dysfunction can be assessed from the presence of pre-
systolic forward flow on the pulmonary Doppler “a”wave, by specific he-
patic venousflowpattern abnormalities (dominant diastolicflowwith in-
creased retrograde flow during atrial contraction) and IVC and right atrial
dilatation [20, 21].
5.1.3. Systemic (sub-aortic) right ventricular size and function
There are 2 different congenital anatomic conditions in which the

morphological right ventricle supports the systemic circulation: congen-
itally corrected transposition of the great arteries (ccTGA) and TGA after
atrial switch (Mustard or Senning) repair. Because of complex geometry
and positional variation, the assessment of systemic RV dimensions and
function by echocardiographyhas remainedmostly qualitative. However
quantitative parameters including tricuspid plane systolic excursion,
fractional area change and tissue Doppler velocity should be routinely
used [22–24] for serial assessment.

By analogy with the LV, RV ejection fraction (RVEF) is the marker of
RV function. However, the shape of the RV does not allow the use of geo-
metric formulae to calculate the RVEF. Therefore two-dimensional as-
sessment of RVEF has been problematic. FAC measured in the four-
chamber view has been shown to be the best conventional variable to
correlate with EF measured by CMR [25]. Using a more advanced echo-
cardiography technique - speckle tracking imaging, derived two-
dimensional strain and strain rate of systemic right ventricle have
been shown to be feasible and associated with adverse clinical outcomes
[26, 27]. Real time (RT) three-dimensional echocardiography (3DE),
can overcome the problem of geometric assumptions and apical
foreshortening and allows accurate acquisition of RV volume and calcu-
lated RVEF. Study has shown good correlation between RT3DE and
CMR for RVEF in the subpulmonary RV but a large underestimation of
RV volumes by echocardiography, especially in severely dilated RVs,
with great difficulties in encompassing the entire RV in the pyramidal
sector size. Presumably the same limitationswould be faced for assessing
a systemic RV with this technique.

There is lack of the standard echocardiography criteria for diastolic
function in a systemic RV at present. In patients with TGA after atrial
switch repair, abnormal filling of the ventricles was not only related to
impaired diastolic properties of the ventricles, but also to the filling ab-
normalities through the noncompliant surgical baffles [28, 29], these
decrease the capacity of the systemic venous atrium and diminish the
ability of atrial contraction to boost ventricular filling.
5.1.4. Single ventricular function
Systemic ventricular geometry and contractility are significantly dif-

ferent in patients with univentricular physiology compared to patients
with normal biventricular physiology [30]. Thus, assessment of ventric-
ular function remains important yet challenging.

Although echocardiography is a mainstay for the serial clinical as-
sessment of ventricular function in this population, standard protocols
primarily rely on qualitative assessment due to the complex types of
ventricular chamber geometry encountered. Assessment of diastolic
dysfunction in this setting is also important but challenging [31–33].
Three-dimensional echocardiography has been shown to be highly fea-
sible in pediatric patients [34, 35].

A recent study has shown that atrioventricular valve systolic to
diastolic ratio as a non-geometric parameter correlated well with
systemic ventricular end-diastolic pressure and predicted patient
outcome [36, 37]. Incorporation of such newer quantitative echocar-
diographic parameter into clinical practice may aid in identifying ab-
normalities in ventricular function.
Please cite this article as: W. Li, et al., Consensus recommendations for
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5.1.5. Asynchrony
Echocardiography is the imaging method of choice for detecting

asynchrony and thus assists decision-making for pacing and other ar-
rhythmia intervention [38].

5.2. Valve function

Echocardiography is very useful for assessing valvular anatomy and
function (e.g. severity of regurgitation and obstruction) and the hemo-
dynamic consequences (atrial or ventricular dilatation and dysfunction)
[39–41]. In congenital heart disease, obstruction may also occur at sub-
or supra-valvular level such as in parachute mitral valve or tunnel like
sub-aortic stenosis. Careful examination by 2D and/or 3D imaging is
crucial for accurate diagnosis [42]. Pulmonary valve regurgitation (PR)
in repaired tetralogy of Fallot patients and after pulmonary valvotomy
for congenital pulmonary stenosis is a common residual lesion with
proven detrimental hemodynamic consequences [43]. Quantification
of pulmonary regurgitation can be achieved by using 2D, color and
Doppler measures (PR index, Pressure half time, M-mode PR index)
[44–46]; all of which are needed to improve the accuracy of diagnosis
[47].

6. Assessment of specific anatomy including following ACHD
intervention

6.1. Coarctation of the aorta

The characteristic Doppler profile across a coarctation is usually diag-
nostic with a high peak systolic flow velocity and holodiastolic tail. In ex-
tremely severe cases, peak flow velocity across the coarctation may be
very low, but flow becomes continuous. On the other hand, the severity
of a long tubular segmental narrowing may not be accurately estimated
by the modified Bernoulli equation. Flow in the abdominal aorta shows
reduced pulsatility and increased diastolic component in significant co-
arctation with established collaterals [48].

6.2. RV to PA conduits

Creation of an extracardiac RV to PA conduit is often required in pa-
tients with pulmonary atresia or transposition of great arteries with se-
vere pulmonary stenosis. The position of these conduits are frequently
anterior, some of them immediately behind the sternum, therefore un-
conventional views are needed. Color flowmapping is helpful in identi-
fying their location and the continuouswave Doppler probe can be used
to detect the peak flow velocity [49]. The pressure gradient calculated
by the modified Bernoulli equation using peak flow velocity may not
be accurate if there is a long tubular narrowing.

6.3. Venous pathways in transposition of great arteries after atrial redirection
surgery (Mustard and Senning operation)

Venous pathway obstruction can be assessed using 2D, color flow
mapping and Doppler. Low-scale (lowering the Nyquist limit) color
Doppler should be used. Given imaging is of a venous pathway, flow
velocity N1.6 m/s is suggestive of pathway obstruction. In severe ob-
struction, flow can become continuous with very low or even undetect-
able velocity with Doppler. Venous pathway (baffle) leak is common,
and mixed saline contrast is useful in detecting the site and severity of
the shunt.

6.4. Branch pulmonary arteries for transposition of the great arteries after
arterial switch repair

Branch pulmonary artery stenosis is one of the common complica-
tions after arterial switch repair for TGA especially when the LeCompte
maneuver has been used [50]. The obstruction is usually very difficult to
echocardiography in adults with congenital heart defects from the
0.1016/j.ijcard.2018.07.058
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visualize on standard 2D views. High parasternal and suprasternal
views are often needed. In these patients, increased tricuspid regurgita-
tion flow velocity can be an indirect sign of distal pulmonary stenosis
which will more frequently be the explanation than increased pulmo-
nary vascular resistance, although the latter can also occur.

7. Conclusion

The strengths of echocardiography include its ease-of-use, portability,
and accuracy in assessing cardiac anatomy and function. Consequently, it
is themost commonly used tool for diagnosis and follow-up of ACHD pa-
tients. Echocardiographywith all its modalities and advanced techniques
such as real-time 3D and speckle tracking provides a comprehensive as-
sessment of cardiac morphology, physiology, pathophysiology, and
function - and thus contributes significantly to the clinical management
of adult patients with CHD. Echocardiography can provide detailed infor-
mation regarding cardiac remodeling and ventricular function following
surgical repair or catheter intervention. Echocardiographic data has prog-
nostic significance. It is thus extremely important that sonographers and
echocardiographers alike have a solid knowledge and a specific approach
to data acquisition and reporting for the major categories of congenital
heart defects seen in adult patients. The protocols provided in this issue
of the International Journal of Cardiology provide recommendations to
guide the performance of echocardiograms on ACHD patients performed
in either pediatric or adult laboratories.
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