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Case
A 29-year-old gentleman presented with atypical chest pain 
associated with shortness of breath, but no nausea or diapho-
resis. He also reported a history of palpitations since age 16, 
but no cyanosis. Physical exam revealed normal rate, regular 
rhythm with widened split S1, a 2/6 early systolic ejection 
murmur at the mid sternal border, and no gallop or friction 
rub. His abdomen was normal. Examination of his extremi-
ties revealed no signs of cyanosis or edema. Electrocardiogram 
was normal sinus rhythm with incomplete right bundle 
branch block, troponin within reference range, and chest 
radiograph showed cardiomediastinal silhouette within nor-
mal limits.

In the course of his workup, he underwent transthoracic 
echocardiogram (TTE) that demonstrated blood flow through 
mainly the upper portion of the interatrial septum, suggesting 
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a wide atrial septal defect (ASD) with superior extension 
(Fig.  3.1a) and concern for minimal to no tissue rim at the 
superior aspect; the right ventricular systolic pressure 
(Fig. 3.1b) was 28 mmHg (including a right atrial pressure of 
5 mmHg). The right ventricle (RV) appeared mildly dilated 
(diastolic internal diameter 4.5 cm and indexed 2.25 cm/m2) 
but still with preserved function (Figs. 3.2 and 3.3).

a

b

Figure 3.1 (a) Modified four-chamber view showing the atrial sep-
tal defect with colour Doppler flow coming from left atrium into 
right atrium. (b) Continuous-wave Doppler of tricuspid regurgitant 
jet for calculating the right ventricular systolic pressure by modified 
Bernoulli equation (23 mmHg), plus estimated right atrial pressure 
5 mmHg, to get 28 mmHg

E. L. Posada-Martinez et al.
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Because of the importance of the anatomic evaluation of 
the defect, the patient underwent cardiovascular magnetic 
resonance (CMR) imaging, which visualized a secundum 
ASD seen in the superior portion of the interatrial septum 
(Fig. 3.4). The ASD measured 1.4  cm in the superior-infe-
rior axis (Fig. 3.5); there was approximately half a centime-

a

b

Figure 3.2 (a) Tricuspid annular plane systolic excursion (TAPSE) 
>1.7 cm. (b) Doppler tissue imaging-derived tricuspid lateral annu-
lar systolic velocity wave (S′) >9.5 cm/s

Chapter 3. Multimodality Imaging of the Right Heart
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tre of surrounding tissue rim superiorly and the Qp:Qs was 
2.3:1 (Fig. 3.6), consistent with a hemodynamically signifi-
cant left- to- right shunt. The systemic and pulmonary venous 
return was normal. There were no atrioventricular or ven-
tricular defects found. There was moderately enlarged right 
ventricular size (end-diastolic volume 342 mL and indexed 
173 mL/m2) with normal right ventricular systolic function 

a

b

Figure 3.3 Fractional area change (FAC) >35%. (a) End-diastolic 
area. (b) End-systolic area

E. L. Posada-Martinez et al.
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with right ventricular ejection fraction (RVEF) of 52%. 
Tricuspid regurgitation (TR) was mild (regurgitant fraction 
14%), and right atrium (RA) was moderately enlarged. 
There was no delayed enhancement.

Given that there was a sizeable ASD with hemodynamic 
left-to-right shunting with enlarged right heart size but still 
normal right ventricular function, it was felt that it was time 
to intervene, and close the defect before the development of 

Figure 3.4 Cine imaging in the short-axis orientation at the level of 
the atria depicts the secundum atrial septal defect (arrow) with a 
small rim of superior septal tissue that was sufficient for placement 
of percutaneous septal occluder device

Chapter 3. Multimodality Imaging of the Right Heart
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right ventricular dysfunction and subsequent right heart fail-
ure. The patient underwent transoesophageal echocardio-
gram (TOE) in order to characterize the defect and assess if 
he was a candidate for a percutaneous septal occluder device. 
The TOE confirmed a large secundum ASD, measuring 
5 × 2.5 cm with adequate tissue rim at the superior aspect. He 
was referred to the Structural Heart Interventional Cardiology 
team for closure.

Figure 3.5 First-pass perfusion imaging with real-time injection 
of contrast depicts the ASD (arrow) with left-to-right shunting 
(non- contrast- mixed blood from the left atrium shunting across 
the ASD to the right atrium containing contrast-mixed blood, 
yielding a “negative contrast” void). The length of the ASD mea-
sures up to 1.4 cm

E. L. Posada-Martinez et al.
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3.1  Echocardiographic Assessment of RV 
Function

3.1.1  RV Systolic Function

The complex crescent shape of the RV hinders its evaluation, 
therefore in some cases a multimodality approach with echo-
cardiography, cardiac computed tomography and CMR is 
required. The echocardiogram is the first step in the imaging 
evaluation of right heart pathology [1]. The systolic function 
of the RV is an important parameter in clinical practice that 
has shown its usefulness in the whole spectrum of cardiac 

Figure 3.6 PC-CMR performed in the pulmonary artery (red con-
tour) and the ascending aorta (green contour) to measure the 
respective flows. There was no significant pulmonic or aortic regur-
gitation. The absolute flow detected in the pulmonary circulation as 
evidenced in the pulmonary artery (Qp) is 160 mL and in the sys-
temic circulation as evidenced in the ascending aorta (Qs) is 
70 mL. Thus, the ratio (Qp:Qs) is 160 mL/70 mL, which is 2.3, signi-
fying a significant left-to- right shunt

Chapter 3. Multimodality Imaging of the Right Heart
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pathology: ischemic cardiomyopathy, non-ischemic heart fail-
ure, congenital heart disease, and pulmonary hypertension 
(PH), as well as prior to cardiac surgery, and in recent years, 
percutaneous transcatheter cardiac interventions [2, 3].

The systolic function of the RV can be evaluated through 
different echocardiographic parameters; including tricuspid 
annular plane systolic excursion (TAPSE), RV myocardial 
performance (RIMP) or Tei index, fractional area change 
(FAC), Doppler tissue imaging (DTI)-derived tricuspid lat-
eral annular systolic velocity wave (S′), and with novel echo-
cardiographic techniques such as global longitudinal strain 
(GLS) and three-dimensional (3D) RVEF [1, 4].

The TAPSE represents a measure of RV systolic longitudi-
nal function. According to the recommendations, it is mea-
sured in the apical RV-focused four-chamber view [5] by 
M-mode with the cursor positioned in the tricuspid lateral 
annulus; it measures the distance between end-diastole and 
peak systole in millimetres. TAPSE is a straightforward 
parameter that is easy to perform; however, it is angle- 
dependent and may be affected by the cardiac translation. The 
cut-off value for RV dysfunction by TAPSE is <17 mm [4].

Similarly to TAPSE, peak systolic velocity of tricuspid 
annulus (S′) is a measure of the systolic longitudinal function 
of the RV. S′ is measured from the apical four-chamber view 
by pulsed-wave DTI in cm/sec. This parameter is also easy to 
measure and reproducible, but it has the main disadvantage 
of being angle-dependent [4]. An S′ velocity <9.5 cm/s indi-
cates RV systolic dysfunction.

The FAC is the percentage of area change in systole with 
respect to diastole and is also measured in a RV-focused api-
cal four-chamber view. It is calculated subtracting end- systolic 
area (ESA) from end-diastolic area (EDA) divided by EDA: 
FAC = [(EDA – ESA)/EDA] × 100. This parameter includes 
the longitudinal and radial function of the RV. Thus, it is con-
sidered a parameter of global systolic function. This is still a 
single-plane measure of the RV function and has a fair inter- 
observer reproducibility. A value <35% indicates systolic 
dysfunction of the RV [4].

E. L. Posada-Martinez et al.
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The RIMP or Tei index can be measured using either 
pulsed-wave (PW) spectral Doppler or DTI velocity of the 
lateral tricuspid annulus. It is calculated by adding the isovolu-
mic contraction time (IVCT) to the isovolumic relaxation 
time (IVRT) divided by the ejection time (ET) interval: 
RIMP = [(IVCT + IVRT)/ET]. This parameter is considered 
also a measure of global RV performance since it includes 
parameters of systolic function and also the isovolumic relax-
ation. A RIMP >0.43 by PW Doppler and >0.54 by DTI sug-
gests RV dysfunction. Tei index is unreliable when the right 
atrium (RA) pressure is high, which will shorten the IVRT [4].

The rate of increase in ventricular pressure (dP/dt) is a con-
tractility index, which measures the rate of increase in the ven-
tricle’s pressure during the period of isovolumic contraction, 
when atrial pressure remains relatively constant and changes 
in the regurgitant flow velocity reflects the ventricular con-
tractility [6]. In the right side, dP/dt measures the time required 
for the TR velocity to increase from 1–2 m/s. The increase in 
pressure (dP) is calculated using the modified Bernoulli prin-
ciple (P = 4 V2), where V is the maximal velocity of the TR jet 
in meters per second (m/s); therefore 4 (2)2 = 16 and 4(1)2 = 4, 
so dP = 16–4; dP = 12 mmHg. The time interval (dt) is mea-
sured between 1 and 2 m/s. Finally, the dP/dt is calculated as 
12 mmHg divided by this time (in seconds). The recommenda-
tion for dP/dt of the RV has been defined as the lower normal 
limit to be approximately 400 mmHg/s [1, 7]. The main limita-
tion of this parameter is its load-dependency.

3.1.2  RV Diastolic Function

The parameters for the assessment of the RV diastolic function 
are basically those used for the left side; however, important 
considerations should be addressed. The parameters should be 
acquired from the apical four-chamber view and must be taken 
at held expiration or the average of at least five consecutive 
beats due to respiratory variation. Moreover, these parameters 
can be affected by age, respiration, heart rate, and loading 

Chapter 3. Multimodality Imaging of the Right Heart
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conditions. Assessment of RV diastolic function is carried out 
by pulsed Doppler of the tricuspid inflow (E and A waves), 
tissue Doppler of the lateral tricuspid annulus (e′ and a′ 
waves), pulsed Doppler of the hepatic vein, and measurements 
of IVC size and collapsibility. The quantification of RV dia-
stolic function include the following parameters: E/A ratio 
(1.4 ± 0.3), E wave deceleration time (180 ± 31 ms), e′/a′ ratio 
(1.18 ± 0.33), e′ (14.0 ± 3.1 cm/s) and E/e′ ratio (4.0 ± 1.0) [4]. 
In addition, estimation of RA pressure by measurement of 
IVC diameter and collapse with inspiration should be consid-
ered in the determination of RV diastolic function. According 
to guidelines for the echocardiographic assessment of the right 
heart in adults by the American Society of Echocardiography, 
the RV diastolic dysfunction should be graded as follows: tri-
cuspid E/A ratio <0.8 suggests impaired relaxation, a tricuspid 
E/A ratio of 0.8–2.1 with an E/e′ ratio >6 or diastolic flow 
predominance in the hepatic veins suggests pseudonormal fill-
ing, and a tricuspid E/A ratio >2.1 with a deceleration time 
<120 ms suggests restrictive filling [1].

There are few studies that have evaluated the clinical 
impact of RV diastolic dysfunction. The E/e′ has a high sensi-
tivity and specificity for predicting RA pressure ≥10 mmHg 
in non-cardiac surgery and in cardiac transplantation [8, 9]. In 
patients with PH and chronic heart failure, diastolic dysfunc-
tion was associated with worse functional class and was an 
independent predictor of mortality [10, 11]. In addition, dia-
stolic RV dysfunction may be considered a marker of early 
RV dysfunction because it is often present before systolic 
function drops [1].

3.2  Echocardiographic Assessment of RV 
Size and Hemodynamics

3.2.1  RV Chamber Assessment

The RV is a crescent-shaped structure, anteriorly located, and 
smaller than the left ventricle but with a thinner free wall that 

E. L. Posada-Martinez et al.
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receives venous circulation through the vena cava and contin-
ues with the pulmonary artery [12, 13]. The RV is divided in 
three components based on their embryological origins: the 
inlet (which includes tricuspid valve, tendinous chords, and 
papillary muscles); the apex (a portion very trabeculated); 
and the infundibulum or conus (which includes the pulmo-
nary valve). The crista supraventricularis separates the RV 
inlet and outlet portions.

Unlike the left ventricle, the RV has only two myocardial 
layers, the superficial and subendocardial. The superficial RV 
layer (approximately 25% of wall thickness) is arranged cir-
cumferentially in a parallel direction with the atrioventricular 
groove, and extends toward the left ventricle and contributes 
along with the septum to the biventricular interdependence 
[14]. On the other hand, the subendocardial RV layer 
(approximately 75% of wall thickness) has the myocytes 
arranged in a longitudinal direction and contributes in 
greater proportion to the systolic function of the RV [14, 15].

Because of the complexity of the RV geometry, the RV size 
is often evaluated by conventional 2D echocardiography 
through multiple acoustic windows; however, the accuracy of 
these parameters may be limited when the free wall is not well 
defined, such as in patients with dilated RVs. RV-focused apical 
four-chamber view is considered the best approach for these 
measurements. Recent studies have shown ultrasound enhanc-
ing agents improve the visualization of RV endocardial borders 
by decreasing inter-observer variability and resulting in more 
accurate evaluation of RV size and function [16, 17]. The refer-
ence values commonly used in 2D echocardiography to indicate 
RV dilation are: diameter >41 mm at the base and >35 mm at 
the midlevel in the RV-focused four- chamber view [4].

3.2.2 Right Heart Pressures Assessment

Echocardiography allows estimation of the right ventricular 
systolic pressure (RVSP), which in the absence of pulmonary 
stenosis will be the same as pulmonary artery systolic pressure 
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(PASP). The RVSP is determined from the TR jet using contin-
uous-wave Doppler plus the right atrial pressure (RAP). The 
peak pressure gradient (ΔP) is calculated through the modified 
Bernoulli equation: ΔP = 4 V2 as described above [1]. The RAP 
is determined by the diameter of the inferior vena cava (IVC) 
evaluated in a subcostal view, 1–2 cm from the IVC-RA junc-
tion and its percentage of collapsibility during an inspiratory 
sniff [4]. According to these parameters the values for the RAP 
are as follows: IVC diameter <2.1 cm with collapse >50% sug-
gest mean RAP of 3 mm (range between 0 and 5 mmHg); IVC 
diameter >2.1 cm with collapse <50% suggests mean RAP of 
15 mmHg (range between 10 and 20 mmHg); for the remaining 
combinations an intermediate mean value of 8 mmHg (range 
between 5 and 10 mmHg) may be assumed.

3.3  Novel Echocardiographic Assessment 
of the RV

3.3.1  Speckle Tracking/Strain

The study of myocardial fibers has been carried out with dif-
ferent techniques by echocardiography. Nowadays, the most 
widely used technique is speckle tracking on the basis of dis-
placement measurements. Speckle tracking analyses different 
parameters of cardiac mechanics such as displacement, veloc-
ity, strain, and strain rate. Strain is the fractional change in the 
length of a myocardial segment, expressed as a percentage, 
unitless, and can analyse these changes in the longitudinal, 
circumferential, and radial direction. The GLS, which is the 
average of the segmental strain, is the parameter most widely 
used and has shown the most clinical implications [18]. The 
RV GLS, measured in the RV-focused four-chamber view, is 
calculated as the average of the three segments of the free 
wall (basal, mid, and apical) or can include the three seg-
ments of the septal wall and be calculated as the average of 
the six segments. Most of the studies showing the clinical 
applications of RV GLS measured the free wall longitudinal 
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strain (FWGLS) because it is considered that the septal wall 
is mostly affected by LV mechanics; however, both methods 
seem to have excellent agreement [19]. This technique is con-
sidered angle-independent and reproducible, but it is influ-
enced by load conditions, image quality, and artefacts. An 
important limitation for this technique is the variability 
among vendors and the lack of multiple studies with larger 
populations to determine normal values [20, 21]. The current 
cutoff value established by the guidelines for RV GLS is 
>−20 (<20 magnitude with the negative sign) [4].

RV strain has shown prognostic value in different clinical 
scenarios such as heart failure [22–24] or myocardial infarc-
tion [25, 26]. In the PH setting, a RV GLS <10% of the basal 
segment of the RV free wall was a predictor of poor prog-
nosis [27]. In addition, RV strain predicts RV failure after 
extracorporeal membrane oxygenation [28] as well as being 
a predictor of worse outcomes in patients who undergo car-
diac surgery [29, 30].

3.3.2  3D Echocardiography

Although the above mentioned parameters have shown 
their usefulness in assessing and predicting outcomes 
in different cardiac pathologies, they are based on geo-
metrical assumptions of the RV and do not include the 
complete analysis of all parts of the RV (inlet, apex, and 
the infundibulum). The TAPSE, S′, RIMP, and RV FWGLS 
are focused on the longitudinal function and lacking in the 
evaluation of transverse (radial) function. On the other 
hand, the FAC can determine the RV function in both 
directions; however, it does not include the infundibular 
portion of the RV, which accounts for around 20% of the 
end-diastolic volume [31]. So far 3D echocardiography has 
become the most accurate tool for the evaluation of RV 
function and has been validated against CMR, which is 
considered the gold standard for measuring volumes and 
EF [32]. Despite this, few studies have analysed the clinical 
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impact of 3D RV volumes and RVEF [33, 34]. This may be 
due to less availability of the software and the lack of train-
ing in the acquisition and analysis of 3D data. Nevertheless, 
3D RV analysis is a promising tool in patients with right 
heart disease.

3.4  The Role of Cardiac MRI 
in Investigating the RV

3.4.1  Function/Volume Assessment

CMR is a non-invasive 3D tomography technique consid-
ered the standard of reference for the evaluation of cardiac 
volumes and systolic function [35]. In the right heart, CMR 
has demonstrated to be accurate and reproducible for the 
quantification of RV function including volumes and EF 
[36–38]. In addition, CMR allows for the assessment of mor-
phology, quantification of RV mass, tissue characterization 
and valvular function through the analysis of transvalvular 
flows [39, 40].

In general, CMR scans include different phases. First, the 
cine sequence allows the assessment of morphology and the 
calculation of volumes, size, and EF [41]. Next, the phase con-
trast (PC) is useful in the analysis of valvular function such as 
quantification of TR or pulmonic regurgitation (PR) severity. 
Ultimately, post-contrast sequences can be performed. 
Delayed enhancement with gadolinium (DEG) imaging is a 
very useful technique that can evaluate myocardial scar or 
fibrosis [35].

CMR cine imaging allows hemodynamic evaluation 
of the RV through the quantification of end-diastolic, 
end-systolic, and stroke volumes, and ultimately RVEF. 
Additionally, right-sided cardiac output can be calculated 
by multiplying the stroke volume by the heart rate. Cine 
imaging allows for evaluation of right heart morphology 
and identification of RV hypertrophy [36], RA enlargement 
[42], and RV wall motion abnormalities. For example, in 
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patients with inferior myocardial infarction with extension 
to the RV or septal abnormalities due to volume overload 
(flattening or leftward bowing during diastole) or pressure 
overload (flattening or leftward during systole) that may 
suggest associated PH. Septal bowing is indicative of PASP 
≥67 mmHg, leading to impaired filling and reduced LV end 
diastolic volume and decreased cardiac output [42, 43]. The 
RV volumes measured by CMR are an important predic-
tor of outcomes in patients with right side pathology [44]. 
For example, patients with repaired tetralogy of Fallot, who 
frequently have PR, severe RV dilation (RV end-diastolic 
volume index ≥160  mL/m2, or RV end-systolic volume 
index ≥80 mL/m2, or RV end- diastolic volume ≥2× LV end-
diastolic volume) aids in the timing of pulmonary valve 
replacement [45] as discussed in Chap. 4, Born with a Failing 
Right Heart. RV volumes have shown to be an independent 
risk factor of cardiac tachyarrhythmia in those patients [46]. 
Additionally, the function of the RV is a predictor of out-
comes in chronic systolic heart failure [47] and non-ischemic 
dilated cardiomyopathy [48].

3.4.2  Flow Analysis

PC velocity mapping (PC-CMR) is used to analyse blood 
flow velocity through the cardiac chambers and vessels. In the 
right side, the peak velocity of TR can be used to calculate the 
RVSP based on the modified Bernoulli equation, similar to 
the method used in echocardiography. In the setting of con-
genital heart disease with PH, CMR allows the quantification 
of cardiac shunts with the pulmonary-to-systemic flow ratio 
(Qp:Qs) by performing PC-CMR at the main pulmonary 
artery and ascending aorta [36], which is an important param-
eter in the timing of shunt closure. PC-CMR is also able to 
assess coronary perfusion and identify ischemia of the RV 
not only in patients with coronary artery disease but also in 
PH patients [41]. Moreover, the evaluation of the systolic 
flow in the right coronary artery (RCA) has been reported, 
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and it is related to RV mass and RV pressure [49]. Intracardiac 
shunts can also be visualized in a real-time fashion with first- 
pass perfusion imaging with injection of contrast.

3.4.3  Tissue Characterization

Because of its high definition and ability to characterize 
myocardial tissue [36], in addition to the quantification of 
RV volumes, CMR can identify intramyocardial edema and 
fibrosis, which play an important role in the differential 
diagnostic work-up of cardiomyopathies. The pattern of 
fibrosis on DEG imaging can give clues about the differen-
tiation between ischemic and non-ischemic cardiomyopathy. 
Subendocardial to transmural DEG with a location that is in 
keeping with an epicardial coronary artery territory is typi-
cally described as an ischemic pattern, whereas mid-wall or 
epicardial DEG (with sparing of the subendocardium) are 
typically described as a non-ischemic pattern.

Myocardial fibrosis is common in patients with right heart 
disease; therefore, DEG has an invaluable role in the identi-
fication of RV pathology. In patients with PH, DEG located 
at the right ventricular insertion sites with the interventricu-
lar septum (IVS) near the basal segments [50–52] has been 
related with parameters of RV dysfunction [52]. In Ebstein’s 
anomaly, myocardial fibrosis has been associated with worse 
clinical status [53].

3.5  The Role of Multi-Detector Computed 
Tomography

Multi-detector computed tomography (MDCT) is considered 
the reference standard for anatomical information. Current 
CT scanners have evolved to more detector rows (up to 128-, 
256-, and 320 slice) and dual-source, leading to higher spatial 
and temporal resolution [54]. This newer generation of scan-
ners has increased the z-axis coverage allowing shorter 
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breath-hold duration and lower radiation dose, as well as con-
trast volume with an excellent spatial resolution [55]. However, 
the images can be suboptimal with fast and irregular cardiac 
rhythms. MDCT scans include non-contrast high- resolution 
CT and contrast-enhanced CT angiography (CTA) [56].

Evaluation of volumes and function of the cardiac cham-
bers by CTA involves semiautomated segmentation of the 
ventricles, using at least ten phases of the cardiac cycle 
(5–95% phase of the R-R interval) [57, 58]. ECG-gated CTA 
allows the evaluation of RV function and size, including 
chamber dilation and wall thickness hypertrophy [59]. The 
correlation between CT, CMR, and echocardiography modal-
ities has been investigated. MDCT volumes are slightly 
higher (4%) compared with CMR [32]. Therefore, MDCT is 
an alternative for the evaluation of RV volumes in patients 
with devices (cardiac defibrillators or resynchronization 
therapy) who cannot readily undergo CMR scanning.

Because of its invaluable differentiation of anatomic struc-
tures in patients with PH and RV dysfunction, MDCT is most 
indicated to assess the cardiopulmonary structures in order to 
investigate the underlying cause of PH (e.g., lung disease, 
pulmonary embolism, left-to-right shunt as a patent ductus 
arteriosus or atrial and ventricular septal defect, rheumato-
logic diseases) and also the secondary changes, allowing for 
the evaluation of disease severity [60, 61].

In the setting of acute pulmonary embolism, the IVS 
deviation, RV diameter/LV diameter ratio and the main pul-
monary artery diameter (MPAD)/ascending aorta diameter 
(AOD) ratio evaluated by MDCT can be useful for predict-
ing right ventricular dysfunction [62].

In the new era of percutaneous transcatheter interventions 
for valvular disease, specifically in TR, multimodality cardiac 
imaging is a vital component in the selection of the patient 
and for procedure planning. MDCT is the preferred modality 
for the anatomic evaluation of the tricuspid annulus, subvalvu-
lar apparatus, trabeculations, coronary visualization, vena 
cava, and femoral venous access, also in addition to right heart 
size and function [63]. Finally, even though direct quantification 
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of tricuspid valvular insufficiency is not feasible with CTA, 
there are anatomical surrogates of valvular regurgitation 
severity that can be derived, such as the measurement of ana-
tomic regurgitant orifice area during systole and quantifica-
tion of the tricuspid annular area in diastole [64].

3.6  The Complementary Role 
of Radionuclide Scan and PET-CT

Radionuclide imaging was the first non-invasive modality for 
the evaluation of RV function [65]. However, the advent of 
other non-invasive imaging methods and their technological 
advances have displaced radionuclide scintigraphy as the first 
line test in diagnostic work-up. Nevertheless, this technique is 
able to assess RV function, perfusion, and metabolism, which 
can provide a comprehensive evaluation of the RV and also 
be integrated with other non-invasive imaging methods. 
Through molecular imaging, RV oxygen consumption has 
been measured with positon emission tomographic (PET) 
imaging to gain insight onto the pathophysiology of right 
heart dysfunction [66, 67]; however, the clinical importance of 
these findings needs to be further assessed.

Case Conclusion
The presented case of a 29-year-old male with diagnosis of 
secundum ASD shows the important role of multimodal 
imaging evaluation. The TTE diagnosed the ASD, assessed 
the RV function, and ruled out PH, which would have been 
contraindication for the closure of the defect. Next, CMR 
confirmed the dilation of right heart cavities but still normal 
RV function, determined significant left-to-right shunting, 
and visualized the defect from multiple views, providing evi-
dence of feasibility of a percutaneous approach. Tissue 
 characterization showed no ventricular DEG.  Additional 
visualization by both CMR and TOE (Figs. 3.7, 3.8, and 3.9) 
provided more detailed anatomical information about the 
defect, complementary imaging of the superior rim, and 
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ruled out any other associated congenital heart disease, in 
order to provide the highest confidence that the patient was 
a candidate for  percutaneous closure of the defect. Ultimately, 
the patient underwent successful percutaneous device clo-
sure of the defect, avoiding the risks of an open surgery.

a

b

Figure 3.7 Transoesophageal echocardiogram (a) 2D Mid-
oesophageal 0° view showing the ASD measuring 2.0  cm without 
anterior border. (b) 2D colour at mid-oesophageal 0° view showing 
the flow through the ASD

Chapter 3. Multimodality Imaging of the Right Heart
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Clinical Pearls
 1. The right ventricle has a complex shape and structure, 

making it challenging to image and assess; as a result, more 
than one modality may be needed for evaluation.

 2. Transthoracic echo remains first-line for cardiac imaging of 
the right side.

a c

b

Figure 3.8 Three-dimensional transoesophageal echocardiogram. 
(a) Planimetry of the ASD measuring 2.1 cm in the major diameter 
and 1.6  cm in the perpendicular diameter. (b) 3D short axis at 0° 
showing the jet trough the ASD. (c) 3D short axis at 0° showing the 
ASD from left atrium (left) and right atrium (right)

a b

Figure 3.9 Transoesophageal echocardiogram during the ASD clo-
sure. (a) Bi-plane imaging at 65° and 155° showing when the device 
is being placed. (b) 3D imaging after the deployment of the device 
from the left atrium (left) and the right atrium (right)
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 3. Magnetic resonance and transoesophageal echo are often 
subsequently pursued for complementary information 
regarding size, function, tissue characterization, and plan-
ning for invasive therapeutic procedures.

 4. In select cases, additional imaging by computed tomogra-
phy offers incremental information on structural relation-
ships and procedural planning.

 5. Moving forward into the future, emerging and novel 
parameters of echo and CMR are attempting to further 
provide new ways to assess the right ventricle as part of 
diagnostic and prognostic work-up.
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