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Chapter 7
Computed Tomography Assessment
of the Tricuspid Valve and the Right Heart

Saurav Uppal, Laurie Bossory, Michael Biersmith, and Thura T. Harfi

Introduction

In recent years, there has been renewed interest in the assessment and management
of tricuspid valve (TV) disease, particularly tricuspid regurgitation (TR). Moderate-
to-severe TR affects nearly 1.6 million patients in the United States, and is indepen-
dently associated with increased cardiac events and overall mortality [1-4]. The
majority of TR is functional in nature, often occurring in the context of left-sided
heart disease, atrial fibrillation, or pulmonary hypertension (PHTN). Untreated
severe symptomatic TR carries a poor prognosis, even after accounting for left-
sided valvulopathy and congenital heart disease (CHD) [5]. Along with the renewed
interest in TV disease, there has also been a growing awareness of right ventricular
(RV) function.

In addition to left ventricular dysfunction, both PHTN and congenital heart dis-
ease can lead to progressive RV dysfunction and TR. With the improvements in the
management of heart failure, patients with left ventricular (LV) dysfunction are
living longer and into more advanced stages of their disease. Similar trends have
been noted in the PHTN and congenital heart disease populations, particularly with
the emergence and growth of dedicated PHTN and adult-congenital heart disease
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subspecialties. The prevalence of PHTN is estimated to be about 127 cases/100,000
population in 2012 based on a cohort study from Canada [6]. As of 2010, an esti-
mated 2.4 million people have CHD in the United States, and this population con-
tinues to grow [7]. Though this increased survivorship is certainly commendable,
there is a pressing need to better understand and mitigate the effects of progressive
right heart failure often noted in these populations. Progressive RV dysfunction and
dilation can lead to annular dilation of the TV causing TR. Many studies have shown
that patients with RV dysfunction and severe TR tend to have worse outcomes [8—
10]. Given the increasing prevalence of right-sided dysfunction and the correlation
with clinical outcomes, it has become prudent to have better assessment of the RV
and right-sided structures including the TV.

In this chapter we will discuss the utilization of multi-detector computed tomog-
raphy (MDCT) as it relates to the assessment of RV function and TV and for plan-
ning various novel transcatheter TV interventions.

The Role of CT in the Assessment of the Right Heart:
General Principles

Given the resurging interest in TV disease, as well as the rapid evolution in trans-
catheter TV devices, high-fidelity imaging assessment of the right heart anatomy is
paramount. The right heart—including the RV, right atrium (RA), TV, and tricuspid
annulus (TA)—is notoriously difficult to image and quantify due to its complex
geometry. There are several imaging modalities used to evaluate the right heart,
each with their own strengths and weaknesses.

Traditionally, echocardiography, particularly transthoracic echocardiography
(TTE), has been the standard imaging modality to evaluate both LV and RV func-
tion. Given its high temporal resolution, TTE provides a good assessment of valvu-
lar function and morphology. Advantages include wide accessibility, relatively low
cost, noninvasive nature, excellent temporal resolution, and shorter length of exam.
Despite these advantages, TTE can be limited by acoustic shadowing secondary to
patient characteristics such as obesity, chronic obstructive pulmonary disease, and
small intercostal spaces. Moreover, the complex geometry of the RV and the TV can
make the assessment more challenging.

Cardiac magnetic resonance (CMR) imaging is the current standard for evalua-
tion of the RV. Despite this, there are several shortcomings that preclude utilization
of this imaging modality for all patient populations. Owing largely to expense, the
accessibility of CMR has traditionally been limited to tertiary-care academic cen-
ters. Additional barriers include longer scan times, patient’s claustrophobia, con-
trast limitations for patients with end-stage kidney disease, and safe and/or effective
image acquisition in patients with metallic implantable devices such as pacemakers
and defibrillators. Due to these limitations, MDCT has emerged as a valuable alter-
nate imaging modality.
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Multi-detector computed tomography has excellent spatial resolution that is
superior to both echocardiography and CMR. Currently, MDCT has spatial resolu-
tion around 0.5 mm in the x, y, and z axes, and continued improvements are expected
with newer scanner technology. This is in contrast to CMR, which has a spatial reso-
lution around 1-2 mm. High spatial resolution is one of the primary strengths of CT
and is exceptionally useful in preprocedural planning for transcatheter valve thera-
pies [11]. Claustrophobic patients can usually tolerate undergoing cardiac CT with-
out difficulty. Additionally, with newer-generation cardiac CT scanners, the
temporal resolution has improved significantly. For example, dual-source CT scan-
ners can obtain images with a resolution <80—100 milliseconds [12]. Such advances
have made it possible to obtain real-time evaluation of cardiac function, including
ejection fractions of LV and RV. Furthermore, cardiac CT imaging is the only imag-
ing modality that affords real 3D (or even 4D) datasets that provide multiplane
reconstruction of images, which can facilitate procedural and surgical planning.

Although CMR is still considered the standard for left and right ventricular vol-
ume and ejection fraction measurements, cardiac CT offers accurate assessment of
cardiac chambers comparable to CMR in a fraction of the time [13]. Studies have
shown comparable assessment of ventricular function with CT compared to CMR
[14]. MDCT is an imaging option for RV assessment in patients who have defibril-
lators or cardiac synchronization devices that are non-MRI compatible and offers an
alternative for patients who struggle with anxiety or claustrophobia. The multi-
society guidelines consider cardiac CT an appropriate test for evaluation of right
and left heart function and structure [15].

Two important drawbacks of cardiac CT are the exposure to ionizing radiation
and the use of iodinated contrast media, which are known to be nephrotoxic.
Fortunately, the radiation exposure associated with cardiac CT has dramatically
decreased over the past decade with newer generation CT scanners [16].

Utility of CT in Assessment of Right Heart

CT Acquisition Techniques to Optimize Right
Heart Visualization

The traditional CT protocol for a coronary angiogram utilizes injection of contrast
media followed by a saline bolus. This protocol results in optimal opacification of
the left heart structures, but a varying degree of opacification of the right heart.
Additionally, it leaves significant streaking artifact in the right atrium as the contrast
from the superior vena cava (SVC) mixes with the blood coming from the inferior
vena cava (IVC). In order to optimize left and right heart contrast opacification and
avoid the streaking artifact in the RA, a triphasic contrast injection protocol is rec-
ommended. A triphasic contrast injection protocol includes a 60—65 ml of contrast
media, followed by 20 ml of a 50-50 or 70-30 mixture of contrast—saline mixture
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followed by a 40 ml saline flush. The recommended infusion rate is 5-6 ml per
second. This protocol has been shown to optimize visualization of the TV and
reduce streaking artifact in the RA [17, 18].

Typically, CT coronary imaging can be obtained in a prospective manner; how-
ever, cine images of the tricuspid valve and full RV functional assessments require
retrospective ECG gating [19]. This method of image acquisition increases the radi-
ation exposure to the patient. Dose modulation techniques and iterative reconstruc-
tion should be used and usually mitigate this increased radiation dose received
during retrospective ECG gating.

Assessment of Right Ventricular Size and Function

Assessment of RV function with MDCT involves segmentation of the ventricle
using several phases of the cardiac cycle, often 10 phases with a 64-slice CT scan-
ner, or 20 phases with dual-source CT scanners. The end-systolic and end-diastolic
volumes are determined by evaluating cardiac motion and volume changes by the
reader. The endocardium is manually traced to delineate the RV volumes. Stroke
volume (SV) is calculated from difference of end-diastolic volume (EDV) and end-
systolic volume (ESV). The RV ejection fraction is calculated as the ratio between
SV and EDV. Several studies have shown the high accuracy of MDCT for measure-
ment of RV volume and RV ejection fraction compared to CMR [12, 13, 20, 21].
Automated tracing of the RV endocardial borders is available; however, manual
corrections of the automated tracing are frequently needed due to complex RV
geometry. Multiple views can be reconstructed to view the RV systolic function in
four-chamber, two-chamber, and three-chamber views (Figs. 7.1, 7.2, 7.3, and 7.4).
Global and regional wall motion abnormalities can also be assessed (Videos 7.1,
7.2, and 7.3). Normative values for the CT-derived cardiac chamber size and func-
tion have been reported (Table 7.1) [22].

RV inferior wall

2-Chamber view of the RV

Fig. 7.1 Creating two-chamber view of the RV. From the short-axis view of the heart (panel a)
move the center of the planes inside the RV. Then shift the green plane to cross the anterior (free)
wall of the RV and the inferior (diaphragmatic) wall of the RV (panel b). Then in the modified
four-chamber, have the green plane cross the RA (panel b). A two-chamber view of the RV will
appear (panel ¢). RV right ventricle, RA right atrium, LV left ventricle
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A - e
4-Chamber view of the RV

Fig. 7.2 Creating four-chamber view of the LV and RV. From the short-axis view of the heart
(panel a), place the center planes inside the center of the left ventricle then orientate the red plane
to cross the RV at its largest dimension. Next, place the red plane toward the LV apex (panel b).
This will create a four-chamber view of the right and left ventricle (panel ¢). LV left ventricle, RV
right ventricle, LA left atrium, RA right atrium

3-Chamber view of the RV

Fig. 7.3 Creating three-chamber view of the RV (RV inflow and outflow view). Move the center of
the planes to be inside the center of the RV in the four-chamber view (panel a), then move the green
plane extend along the long axis of the RV into the RVOT (panel b), optimize the planes to show
both the pulmonic valve and the tricuspid annulus (three-chamber view) (panel ¢). Note the lack of
tricuspid/pulmonic valve continuity which makes RVOT obstruction very rare in TV intervention.
The area between the pulmonic valve and the tricuspid annulus is near the noncoronary aortic sinus.
RV right ventricle, RVOT right ventricular outflow tract, TV tricuspid valve, SVC superior vena cava

Fig. 7.4 Measuring of the right ventricular volumes using cardiac CT. Tracing the RV endocardial
border to assess RV volume for assessment of EDV and ESV to calculate the RV ejection fraction.
Notice the difference in the myocardial wall thickness and size of the right atrium in end diastole
(left panel) and end systole (right panel). Only one slice in shown; however, ES and ED volumes
measurement requires tracing the RV endocardial border on multiple slices. RV right ventricle, LV
left ventricle, LA left atrium, RA right atrium, EDV end diastolic volume, ESV end systolic vol-
ume, ES end systolic, ED end diastolic
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Table 7.1 Normative values for the CT-derived right ventricle chamber size, volume, and function

End-systolic End-diastolic
Mean | 95% Mean | 95% Mean | 95%
RV dimensions (SD) CI SD CI Other RV measures | (SD) CI
Linear (n = 103) Remodeling
Mid-cavity, 29.6 19.2- |37.0 25.8— | RV free wall 2.4 1.0-
septal-medial (5.3) 40.0 (5.7) 48.2 thickness 0.7) 3.8
(mm)
Mid-cavity, 57.9 422 |72.6 55.0—
anterior—inferior | (8.0) 73.6 (9.0) 90.2
(mm)
Apical-annular | 62.0 44.8- | 777 57.3-
length (mm) (8.8) 79.2 (10.4) 198.1
3D (n = 85) Functional
measures
3D volume (ml) |82.1 24.9- |1749 80.0— | Tricuspid annular | 29.6 19.2—
(29.2) |139.2 |(48.0) 269.0 |excursion (mm) (5.3) |40.0
3D volume index 93.3 53.5- | 3D RVEF (%) 57.9 42.2—
(m'/m?) (20.3) | 133.1 (8.0) 73.6

RV right ventricle, RVEF right ventricular ejection fraction
Reproduced from Lin et al. [22], Copyright 2008, with permission from Elsevier

MDCT Assessment of the Tricuspid Annulus

Functional TR occurs in the setting of right ventricular enlargement and annular
dilation. In the assessment of functional TR, it is necessary to have accurate mea-
surement of the TA and leaflet coaptation for possible procedural planning. MDCT
TA measurements are taken during diastole at the leaflets most basal attachments
(Fig. 7.5). In healthy individuals, the TA is oval shaped and appears approximately
30% longer in the medial to inferolateral direction. The average diameter of TA is
4.0 £ 0.7 cm. The TA area changes by 30% during the cardiac cycle [23-25]. In
patients with mild or trace TR, the tricuspid annulus maintains its elliptical shape.
In moderate to severe TR, the annulus becomes more circular [26]. As may be
expected, the TA area becomes larger with worsening regurgitation and is propor-
tional to TR severity [27]. MDCT can also measure the distance between each leaf-
let commissure, tethering heights, and tethering angles of each leaflet, each
correlating to severity of TR and with prognostic value in patients with severe TR
[28]. Tethering height is the distance of commissural displacement into the RV in
patients with TR. Tethering area is the area between the annular plane of the TV and
the displaced leaflets of the TV. Tethering area greater than 1.6 cm? and leaflet coap-
tation distance greater than 8 mm represent significant tethering and are significant
predictors of recurrent TR following TV annuloplasty [29].
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Fig. 7.5 Tricuspid valve
annulus with associated
tricuspid valve leaflets
orientation. Leaflet
coaptation lines are marked
by the black lines. Note
that the largest leaflet is the
anterior leaflet. Note the
proximity of the RCA
(heavily calcified) to the
annulus. The red line
represents the perimeter of
the annulus. RCA, right
coronary artery

Assessment of Right Ventricular Strain with CT

Right ventricular strain is a term that is often used to describe the magnitude of right
ventricular myocardial deformation. Excessive strain can be caused by acute pul-
monary embolism, PHTN, chronic lung disease, or RV infarction. Right ventricular
strain has been studied for its prognostic value in patients with heart failure and
acute pulmonary embolism and often helps guide management [30, 31]. Both CT
and echocardiography can be used to assess RV strain. Right ventricular strain by
echocardiography is often measured with either tissue doppler imaging or 2D
speckle tracking. Using CT, RV strain is identified using RV-to-LV diameter ratio
calculated from a four-chamber image, measuring the maximum distance from the
interventricular septum to the endocardium. A normal RV / LV ratio is 0.9-1, mod-
erate RV dilation corresponds to a RV/LV diameter ratio of >1.3 [32, 33]. Additional
studies have shown that even in patients with a normal RV/LV ratio, an RV size
greater than 45 mm on CT predicts the presence of increased RV strain in patients
with acute PE and identifies a subset of patients with poorer overall outcomes [34].

Utility of CT in Emerging Transcatheter Tricuspid
Valve Interventions

Traditionally, surgical management of TR had limited scope owing to early data
suggesting that isolated left-sided valve repair or replacement led to improvement
of TR, and thus, addressing the TV through surgical means was seldom necessary
[35]. This was further supported by surgical case series where tricuspid valvulec-
tomy without valve replacement in the setting of recurrent endocarditis led to a low
incidence of ensuing treatment-refractory right heart failure [36]. Right ventricular
dysfunction, liver cirrhosis, and renal disease are common comorbidities in patients
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with severe TR and isolated TV repair or replacement confers an operative mortality
on the order of 8-11% [37]. Due to this high perioperative risk and uncertainty sur-
rounding patient selection, surgical volumes have remained low with approximately
5000 cases performed annually [37, 38]. However, more recent appreciation of the
morbidity and mortality associated with severe TR has led to expanded surgical
indications [39]. This paradigm shift in management has occurred in concert with
rapid advances in transcutaneous valve repair and replacement devices that offer
promising alternatives to surgical approaches.

Multimodality imaging has been essential to successful left-sided transcatheter
interventions, and these imaging techniques are being adapted for use during right-
sided procedures. While echocardiography is the cornerstone of preoperative and
intraoperative imaging, MDCT has proven to be an important adjunctive modality
as it offers an accurate assessment of TA and right chamber dimensions, landing
zone geometry, caval size assessment, and analyses of possible anatomic impedi-
ments to intervention [40]. Two-dimensional (2D) echo and transesophageal echo-
cardiography may provide incomplete assessments of right-sided cardiac structures
owing to the unique geometry of the right ventricle, relative anterior positioning,
and potential for acoustic shadowing in certain patient populations. MDCT is not
bound by these restrictions and offers high-fidelity volumetric assessments via pla-
nimetered axial slices. Compared with CMR, MDCT offers superior spatial resolu-
tion and comparable chamber quantification when retrospective ECG-gated
protocols are employed [41]. Lastly, CT data can be employed in 3D printing soft-
ware applications to recreate the tricuspid valve apparatus as an adjunct to interven-
tion planning [42].

Several transcatheter tricuspid valve repair and replacement devices have been
developed and are in various phases of clinical testing. Broadly speaking, these
systems target coaptation, annular reduction, leaflet edge-to-edge repair, hetero-
topic caval valve implantation, and orthotopic valve replacement (Fig. 7.6) [43, 44].
The complex and dynamic nature of the tricuspid valve apparatus and neighboring
critical structures demand the high spatial resolution imaging afforded by CT. These
anatomic considerations influence the choice in transcatheter device. In approxi-
mately two-thirds of patients with significant TR, the right coronary artery (RCA)
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Fig. 7.6 Major categories of transcatheter tricuspid valve repair technologies including direct
suture annuloplasty, direct ring annuloplasty, indirect annuloplasty, coaptation enhancement, and
valve replacement. TV tricuspid valve. (Reprinted with permission from Kuwata et al. [44])
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courses within the atrioventricular groove adjacent to the anterior and posterior
regions of the TA. In the remaining population, the RCA either courses superior to
the tricuspid valve or crosses the horizontal plane of the TA [45]. The mean horizon-
tal distance from the annulus to the RCA at the level of the anterior and posterior
tricuspid leaflets is 6.8 mm and 2.1 mm, respectively [46]. The close proximity of
RCA to the annulus poses a risk of coronary impingement and acute ischemia, par-
ticularly with the deployment annular reduction devices and when the RCA courses
<2.0 mm from the annular ring [45]. As the noncoronary sinus of Valsalva is adja-
cent to the anteroseptal commissure, there is a risk of aortic perforation should a
device be anchored at this level. The His bundle is located approximately 3—5 mm
posterior to the anteroseptal commissure adjacent to the TV septal leaflet attach-
ment on the membranous septum posing a risk of conduction block should this
region be damaged. The TA sizing is important for plication, annular reduction, and
valve replacement systems. Defining RV anatomy including RV apex-tricuspid
annular distance is important for proper deployment of spacer devices. Delineating
the caval borders is essential for sizing of heterotopic caval implants (Fig. 7.7) [45].
In transcatheter mitral valve replacement, left ventricular outflow obstruction is a
feared complication and a major focus in preoperative CT imaging [41]. Unlike the
continuity between the aortic valve and anterior leaflet of the mitral valve, the tri-
cuspid and pulmonary valves are separated by a ventriculo-infundibular fold. This
separation minimizes the risk of neo-right ventricular outflow obstruction during
tricuspid valve replacement [41]. While no established imaging guidelines exist,

Fig. 7.7 Multi-planar CT reconstructions planes for assessment of the IVC dimensions prior to
heterotopic caval implantation. (a) Orthogonal axial views of the right ventricular apex and the
coronary sinus. (b) Single-oblique sagittal and coronal (c¢) views, aligned along the transition of
right atrium and inferior vena cava parallel to the basal part of the coronary sinus to reconstruct a
double-oblique transverse plane of the IVC at the entrance into the right atrium (d). Axial recon-
structions positioned at the lower level of the IVC. The distance between the IVC at that point and
the first hepatic vein can be measured (e). Using the single-oblique sagittal (f) and coronal (g)
views, a double-oblique transverse plane of the IVC can be reconstructed to measure the maximal
and minimal diameter, perimeter and area (h). IVC inferior vena cava. (Reprinted by permission of
Oxford University Press from van Rosendael et al. [45])
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device-specific CT imaging considerations are summarized in Table 7.2 and
described in detail below [40]. Of note, interventions employing leaflet edge-to-
edge repair devices such as Mitral Clip (Abbott, Abbott Park, IL) are heavily reliant
on echocardiography and CT has a limited role in the preoperative planning.

CT Imaging of Transcutaneous Spacer Devices

Spacer devices, such as the Forma Repair System (Edwards Lifesciences, Irvine,
CA), occupy the TV regurgitant orifice area to increase native leaflet coaptation,
thereby reducing regurgitant volume (see Figs. 7.6 and 7.8) [47]. This particular
device is a foam-filled polymer balloon spacer that is advanced via the left subcla-
vian or axillary vein and placed through the TA over a rail that is subsequently
anchored at the septal portion of the right ventricular apex. As detailed in early
feasibility studies, ECG-gated MDCT is used to measure TA dimensions, RV diam-
eters, TA—RV apex distance, and subclavian and axillary vein dimensions to ensure
compatibility with the device and introducer sheath [47]. The configuration of the
subvalvular apparatus including papillary muscles, the moderator band, and posi-
tioning of pacing leads (if present) are also assessed. Anchoring targets are selected
by drawing a perpendicular line between the tricuspid plane and the RV septal free
wall groove in a sagittal MDCT reconstruction perpendicular to the TA (Fig. 7.9).
Based on this projection, fluoroscopic angles of coplanarity to the TA are created to
assist in preoperative planning. Lastly, CT is also used in follow-up assessments to
confirm rail system integrity and positioning [48].

CT Imaging of Transcutaneous Annular Reduction Devices

Annular reduction devices currently under investigation include the TriCinch (4Tech
Cardio Ltd., Galway, Ireland), Millipede IRIS (Millipede, Inc., Santa Rosa, CA),
Cardioband (Edwards Lifesciences, Irvine, CA), Trialign (Mitralign, Inc.,
Tewksbury, MA), and transatrial intrapericardial tricuspid annuloplasty (TRAIPTA)
systems (see Fig. 7.6). Computed tomography has an important role in defining the
course and distance of the RCA in relationship to the annulus as well as optimizing
target positioning through short axis, long two- and four-chamber axis, and volume-
rendered reconstruction views [45]. Damage to the RCA with annuloplasty devices
is proportional to the distance and course of the RCA with respect to the annulus.
The TriCinch system is comprised of a stainless-steel corkscrew that is anchored
in the anterior—posterior TA and linked via a Dacron band to a self-expanding niti-
nol stent deployed in the IVC between the hepatic and right renal veins. When ten-
sion is applied, the septal-lateral annular dimensions are reduced improving the
degree of functional TR. First-in-human and feasibility studies have employed CT
to identify the optimal anchoring site at the anterior aspect of the TA between the
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Fig. 7.8 The FORMA
Repair System [47]. A
foam-filled polymer
balloon spacer that is
advanced via the left
subclavian vein and placed
within the tricuspid
annulus anchored at the
septal portion of the right
ventricular apex.
(Reprinted from Campelo-
Parada et al. [47],
Copyright 2015, with
permission from Elsevier)

Fig. 7.9 Contrast
CT—derived
reconstructions of the right
heart in preparation for
FORMA device placement.
Sagittal reconstruction
delineating the annular
plane (white arrows) and
the planned anchoring site
(yellow arrow). (Reprinted
from Perlman et al. [48],
Copyright 2017, with
permission from Elsevier)

RCA and anterior leaflet hinge point to avoid coronary impingement. CT is also
used to ensure appropriate IVC stent sizing (see Fig. 7.7) [49, 50].

The Millipede IRIS transcatheter system consists of a semi-rigid closed annular
ring anchored via stainless steel screws on the atrial aspect of the TA. Once placed,
adjustable sliding collars are cinched over the collapsible zig-zag nitinol frame to
reduce the annular dimension. Initially, the device was surgically placed in the
mitral position with the subsequent development of a transcatheter delivery system
[51]. The device has since been surgically implanted in the tricuspid valve position
and a dedicated transcatheter delivery catheter is currently under development [52].
MDCT is used to define pre- and post-procedure atrial and ventricular volumes as
well as annular dimensions (see Fig. 7.6).

The Cardioband system consists of a contraction wire embedded in a polyester
sleeve implanted on the atrial side of the TA from the anteroseptal to the septo-
posterior commissures via a series of anchors. Once the device is placed, the con-
traction wire is then cinched, decreasing annular dimensions and reducing TR
mimicking the surgical placement of an incomplete annuloplasty ring [53]. Based
on initial imaging experience in the mitral space, CT-guided preoperative planning
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has been adopted in the tricuspid valve for use in assessing annular size and width,
planning of fluoroscopic views, and mitigating risk to injury to the RCA [54, 55].

The Trialign system is a transcutaneous mimic of the modified Kay procedure
that leads to bicuspidization of the tricuspid valve via pledgeted sutures that are
subsequently cinched to decrease annular dimensions (see Fig. 7.6). First-in-human
and early feasibility studies did not rely heavily on CT imaging; however, CT can
be used as an adjunctive modality to define tricuspid anatomy and to localize the
RCA course to avoid injury [41, 56, 57].

The TRAIPTA device is an indirect annuloplasty system that consists of a nitinol
loop introduced inside the pericardium via the right atrial appendage, and encircling
the heart along the atrioventricular groove to reduce annular dimension. Preclinical
animal testing studies utilized CT to study the presence of a discrete right atrial lobe
to facilitate access, clearly demarcate the atrioventricular groove, and define coro-
nary artery course to assess deployment feasibility [58, 59].

CT Imaging of Heterotopic Caval Valve Implantation

Heterotopic caval valve implantation involves the deployment a bioprosthetic valve
in the IVC and/or SVC and has been demonstrated to reduce venous pressure over-
load and to improve clinical symptoms [60]. Commercially available balloon
expandable transcatheter aortic valve replacement (TAVR) valves have also been
employed for this purpose with the assistance of pre-implantation caval stents to
ensure stable positioning [61]. Compared with patients who have mild-to-moderate
TR, those with severe TR can have variably larger IVC diameters that may not be
compatible with these repurposed devices [45]. Diameters of the IVC and SVC may
reach 35 and 40 mm, respectively, and the mean distance between the inferior
cavoatrial junction and the most superior hepatic vein is 14.1 = 5.4 mm, which is
shorter than the width of some existing TAVR valves [62-64]. Thus, tailored bio-
prosthetic caval implants, that is, TricValve (P&F Products & Features Vertriebs
GmbH, Vienna, Austria), have been developed. With these systems, CT plays an
important role in caval dimension assessments to assist in prosthetic device custom-
ization, if needed, and to avoid complications such as hepatic vein obstruction or
device embolization. Necessary imaging information includes obtaining IVC maxi-
mal and minimal diameter, perimeter, and area at the cavoatrial junction and at the
level of the first hepatic vein as well as the distance between these two anatomical
landmarks during mid-diastole (see Fig. 7.7). In the SVC, the diameter of the vein
is measured at the superior cavoatrial junction. These dimensions can be obtained
via double-oblique transverse and single-oblique sagittal reconstructions at these
three respective anatomical positions [45].
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Fig. 7.10 NaviGate-valved stent (a) ventricular side and (b) lateral view showing nitinol frame
with atrial winglets and ventricular graspers to secure positioning. (Reprinted with permission
from Navia et al. [67])

CT Imaging of Orthotopic Transcatheter Tricuspid
Valve Implantation

Total transcatheter bioprosthetic valve replacement represents an exciting evolution
in the management of structural heart disease. For the tricuspid valve, this option
had previously been limited to patients who had a prior surgical TV repair with a
ring (valve-in-ring) and those with prior bioprosthetic TV (valve-in-valve) implants
for failed TV annuloplasty and degenerative bioprosthetic valves, respectively.
Cross-sectional imaging with CT has been variably used in these procedures [65,
66]. This area is rapidly evolving with the advent of dedicated fully orthotopic trans-
catheter tricuspid valve replacement options, that is, Navigate (NaviGate Cardiac
Structures, Lake Forest, CA). This device consists of a self-expanding tapered niti-
nol stent with atrial winglets and ventricular graspers to allow for secure anchoring
in the tricuspid annulus (Fig. 7.10). First-in-human studies detail the importance of
CT in the pre- and postoperative assessments [67]. Four-dimensional (respiration-
correlated) CT provides a phase-resolved visualization of tissue motion, effectively
providing 3D cine imaging. This can be used to create a 3D printing model of right
heart structures to simulate procedural implantation. As with other transcutaneous
devices, CT is used to assess chamber quantification, tricuspid annulus, and vascu-
lar assess structures. Similar to heterotopic caval devices, CT image acquisition
may include short axis views of the TA and RVOT, long-axis two- and four-chamber
views, volume-rendered reconstructions, and sagittal- and double-oblique recon-
structions (see Figs. 7.1, 7.2, and 7.3). Multiple additional devices are in develop-
ment and various stages of clinical testing [40, 43].
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