MULTIMODALITY IMAGING
COMPLEMENTARY ROLE OF MAGNETS, X-RAYS, AND ISOTOPES
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INTRODUCTION

CASE PRESENTATION

Ebstein anomaly (EA), a congenital heart disease with an anatomic
malformation of the tricuspid valve (TV) and right ventricular (RV)
myopathy, can present in both children and adults. There is
incomplete delamination of the TV from the RV endocardium,
resulting in adherence of components of the TV to the RV wall.
This usually manifests as apical displacement of the septal leaflet
hinge point but can also involve the anterior and posterior leaflets,
resulting in the formation of an atrialized portion of the RV that is
thin and dilated. The apical displacement of the septal leaflet by at
least 8 mm/m? is the most sensitive and specific echocardiographic
finding for the diagnosis of EA and is often best seen in the apical
4-chamber view.' There is vast anatomic heterogeneity in EA due
to varying degrees of delamination of the TV and RV atrialization,
which can cause a leftward shift of the interventricular septum and
can compromise the left ventricular (LV) geometry and hemody-
namics, all of which can contribute to a patient’s clinical decline.
There is also frequent association with other congenital cardiac
lesions such as patent foramen ovale, atrial septal defect, mitral
valve prolapse, pulmonic stenosis, and pulmonary artery hypopla-
sia.? In addition to these structural lesions, there is a high incidence
of tachyarrhythmias, especially related to accessory atrioventricular
(AV) pathways.” Complex TV and ventricular anatomy and
associated lesions can make traditional transthoracic imaging views
challenging to interpret and utilize for clinical decision-making.
Therefore, multimodality imaging with transthoracic echocardiog-
raphy (TTE), transesophageal echocardiography (TEE), and
cardiovascular magnetic resonance imaging (CMR) or contrast-
enhanced cardiac computed tomography is important in the
assessment of EA to assess the anatomic and functional status of
the TV and right ventricle (RV), identify associated lesions, and
plan for operative repair. Even after repair, multimodality imaging
is an important tool in the follow-up of these patients for continued
surveillance of the repaired or replaced TV and assessment of
ventricular function.
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A 57-year-old woman with a history of breast cancer now in remission
after chemotherapy presented with progressive dyspnea on exertion
and palpitations. They were told as a teenager that they had a heart
murmur, but they never required any cardiac intervention. The pa-
tient has 3 adult children and reported no complications or heart fail-
ure symptoms during any of their pregnancies. Although the patient
plays golf weekly, they had noted an increase in dyspnea when climb-
ing stairs and when bending down to tie their shoes. They had noted
palpitations for several years and were started on beta adrenergic
blockade by a prior provider. The patient denied syncope, lighthead-
edness, dizziness, orthopnea, paroxysmal nocturnal dyspnea, and
lower extremity edema.

On exam the patient’s blood pressure was 116/72 mm Hg,
heart rate was 63 beats per minute, and resting oxygen saturation
was 99% on room air. They appeared stated age and were in no
distress. There was a holosystolic murmur on exam heard across
the precordium without gallops. There was no jugular venous
distension or edema. The lungs were clear bilaterally. An electro-
cardiogram showed low-voltage complexes, normal sinus rhythm
with left-axis deviation, and right bundle branch block (Figure 1).
There was no delta wave. ATTE was performed; the LV was small
and compressed with normal systolic function, and the RV was at-
rialized with severe (30 mm/m?, normal <8 mm/m?) apical
displacement of the septal leaflet of the TV (Figure 2, Videos |
and 2). There was at least moderate tricuspid regurgitation (TR)
and an estimated RV systolic pressure of 22 mm Hg. Severe RV
dysfunction was seen, and no atrial septal defect was noted on co-
lor-flow Doppler. Holter monitor was prescribed given the history
of palpitations, and it showed rare premature ventricular contrac-
tions. Of note, the patient did not report any symptoms while
wearing the Holter monitor. Given the patient’s progressive symp-
toms, an exercise stress test was performed, during which the pa-
tient was noted to have a peak exercise oxygen saturation of 99%
on room air, suggesting that they did not have intracardiac shunt-
ing. However, during testing the patient developed symptomatic
ventricular tachycardia at 120 bpm with no associated hypoten-
sion that spontaneously converted to sinus rhythm (Figure 1). It
was noted that the patient developed their symptom of dyspnea
with low levels of exertion before they developed ventricular
tachycardia. They were admitted to the hospital given the
arrhythmia in the setting of EA. The patient underwent an electro-
physiology study, which demonstrated normal sinus and AV node
function. Atrioventricular reentrant tachycardia was induced, and
the accessory pathway was ablated. Upon follow-up they noted
that their palpitations had resolved since ablation.

A CMR was obtained due to persistent symptoms and demon-
strated severe EA with severe TR and a regurgitant fraction of
63% (Figure 3, Videos 3 and 4). The anterior leaflet was tethered
to the free wall of the RV with multiple attachments, and the septal
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VIDEO HIGHLIGHTS

Video 1: TTE, apical 4-chamber view of the LV, demonstrates
small compressed LV due to severely enlarged atrialized portion
of the RV. The LV systolic function appears normal by visual
assessment.

Video 2:TTE, apical 4-chamber view of the RV, demonstrates
severe apical displacement of the septal leaflet hinge point
(30 mm/m?). The RV function is challenging to estimate but
appears moderately reduced visually.

Video 3: CMR imaging, 4-chamber view. The anterior leaflet
has multiple attachments to the RV free wall. The septal leaflet is
tethered to the septal wall, and the hinge point is severely
apically displaced.

Video 4: CMR imaging, short-axis view of small and tethered
septal leaflet and anterior leaflet of TV with multiple attach-
ments to the anterior wall without coaptation causing severe TR
jet. Large thin walled “atrialized” RV is seen. Small LV cavity is
seen with normal function.

Video 5: CMR imaging view of anterior leaflet demonstrates
attachment to the RV free wall through multiple tether points as
well as a large mobile posterior leaflet. The RV inflow points
toward the RV outflow instead of the RV apex.

View the video content online at www.cvcasejournal.com.

leaflet was small and tethered while the posterior leaflet was
normal in size with unrestricted motion (Figure 4, Video 5). The
RV systolic function was moderately reduced, with an RV ejection
fraction of 39%. The LV was compressed and had normal systolic
function, with an LV ejection fraction of 58%. The patient under-
went right heart catheterization to evaluate hemodynamics, espe-
cially cardiac output, RV end-diastolic and right atrial (RA)
pressure, and pulmonary vascular resistance for surgical planning.
On right heart catheterization the RA pressure was 15 mm Hg,
RV end-diastolic pressure was 15 mm Hg, and mean pulmonary ar-
tery pressure was 20 mm Hg with precapillary wedge pressure of
15 mm Hg. The FICK calculated cardiac output was 2.8 L/min,
and cardiac index was 1.7 L/min/m?% The calculated pulmonary
vascular resistance was less than 2 Woods units. The patient is
currently undergoing planning for TV repair.

DISCUSSION

Since severity in EA is varied, there is a wide clinical presentation of
these patients. Those who survive to adulthood, especially prior to
diagnosis, generally have less severe forms of the anomaly.
However, while they often do well for many years, over time they
are at risk for developing heart failure symptoms as well as arrhyth-
mias as demonstrated by our patient case. Heart failure and arrhyth-
mias are the leading causes of morbidity and mortality in the
population of adult patients with EA.* Ebstein anomaly is associated
with accessory pathways, especially those located along the posterior
and septal border of the TV where the valve leaflets are most
abnormal, which can increase the risk of malignant ventricular ar-
rhythmias. Due to this, electrophysiologic evaluation is necessary in
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all patients with EA preoperatively. Patients with EA who are pregnant
are especially at risk of developing these symptoms and complications
during their pregnancy or peripartum. Within the population of preg-
nant patients with EA, there is also a higher risk of low birth weight and
spontaneous abortion.”

On the basis of current guidelines, surgical repair or reoperation for
adults with EA and significant TR is recommended when there are
associated heart failure symptoms, worsening exercise capacity,
and/or progressive RV systolic dysfunction.® Recent data show an
11% cumulative mortality for patients with mild EA, which is higher
than that of the general population.”” Those with complex EA have
higher rates of mortality closer to 17%, and those with severe EA
have higher rates of early mortality.* Overall, patients benefit from sur-
gical intervention, with high survival rates reaching 70% to 80% up to
40 years postoperatively* and nearly 90% of patients having an
improvement in their functional status postoperatively.® Given this,
it is important to correctly identify the appropriate clinical window
for surgical intervention, which can be difficult given the wide spec-
trum of disease.

Multimodality imaging is important in the initial assessment of pa-
tients with EA as well as in the surgical planning for valve repair or
replacement. With multiple and more dense attachments of the ante-
rior and septal leaflets, TV repair becomes challenging, so it is impor-
tant to fully assess the anatomy and characterize the function of all TV
leaflets. Echocardiography is often the first-line diagnostic tool used.
Quantitative criteria for diagnosis of EA are the apical displacement
of the septal leaflet hinge point at least 8§ mm/ m? or an absolute dis-
tance in AV valve offsetting by 20 mm in adults as seen in the apical 4-
chamber view."” Sweeps in the 4-chamber view anteriorly and poste-
riorly and subcostal short- and long-axis sweeps can help evaluate for
TV attachments.'® In particular, it is important to identify the leaflet at-
tachments, size, and mobility as this can have implications for surgical
repair.

Ebstein anomaly is not just a TV issue and is truly a cardiomyopa-
thy, so functional assessment of the RV and TV also needs to be per-
formed prior to surgical intervention. Assessment of TR by TTE alone
is difficult in this patient population for a myriad of reasons. For
example, leaflet orientation is not the same in patients with EA
compared with those without EA, there may be multiple jets of TR,
and flow can be laminar in nature due to relatively normal RV systolic
pressure in the majority of patients.' Imaging with TEE can be useful in
analyzing the valve directly in different views (especially transgastric
views), but subsequent imaging with CMR, as suggested in the guide-
lines,® provides quantifiable data to fill in gaps from echocardiography.
With CMR, accurate quantitative assessment of TR severity can be
accomplished along with quantitative assessment of RV size and func-
tion as was seen in our patient case. To accurately obtain RV volumes,
an axial stack series may need to be utilized instead of relying solely on
the short-axis stack because in this patient population the RV inflow
can be rotated and angulated toward the RV outflow instead of the
RV apex. In addition, detailed images of the TV leaflets can also be ac-
quired, allowing for further characterization of the anterior leaflet mo-
tion, size, and attachments.

Several classification systems have been developed to describe the
wide spectrum of severity so that the appropriate surgical technique
can be chosen. A commonly used system to determine severity is
the Celermajer index, which uses the ratio of the functional RA to
the sum of the remaining chambers. The functional RA is composed
of the anatomic RA and atrialized portion of the RV. If this index is
greater than 1.0, it is a poor prognostic factor. This index was originally
developed for use in echocardiography but in recent years has been
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Figure 1 (A) Baseline electrocardiogram with normal sinus rhythm and right bundle branch block and (B) stress electrocardiogram
with development of sustained monomorphic ventricular tachycardia 5 minutes into exercise (black line).

applied to CMR as well since CMR can provide accurate quantitative
data. Another commonly used system is the Carpentier classification
system, which uses anatomic features of the TV to classify differing de-
grees of valve malformation from class A to D.!! Class A patients, who
have moderate apical displacement with preserved leaflet mobility,
require only minimal mobilization of the leaflets without need for
plication of the small atrialized RV."" On the other end of the spec-
trum, in class D, the leaflets are adherent to the RV except in the infun-
dibular area, and there is a large atrialized RV, which is severely

dysfunctional. Some patients with class D anomaly may not be a
candidate for certain surgical repairs.''" These features, as well as fea-
tures necessary for other classification systems such as the Celermajer
index, require both qualitative and quantitative data derived from
both echocardiography and CMR.

There are several surgical options available for this patient popula-
tion. Single-ventricle repair is generally performed in children with se-
vere EA with a severely dysfunctional RV when a biventricular repair
is not possible. Surgical intervention in the adult population generally
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Figure 2 TTE, apical 4-chamber (4C) view at end systole with
50 mm (30 mm/m?) apical displacement of the septal leaflet
hinge point (red arrow) in relation to the left AV valve (green
arrow).

focuses on a 2-ventricle repair with TV repair or replacement. Most
modern repairs revolve around the cone reconstruction, where de-
laminated valve tissue is used to create a cone of tricuspid leaflet tissue
that is reattached at the true TV annulus such that leaflet tissue coapts
to leaflet tissue, although more conventional monocuspid techniques
are still used.®'? The RV is also plicated to reduce the size of the func-
tional RV and TV annulus.®'? Replacement of the TV can be per-
formed instead of a repair but is generally reserved for older
patients when repair is not feasible or satisfactory."'? In patients
with a small RV with severe dysfunction, preserved LV function,
and normal pulmonary vascular resistance, a cavopulmonary connec-
tion (Glenn shunt) can also be performed to offload the RV for what is
commonly called a one and a half ventricular repair.'” Late outcomes
of operative intervention are good overall, but these patients can
develop valve deterioration as well as heart failure and arrhythmias,
which may require reoperation or even consideration of transplant,
particularly if there is LV dysfunction.®'? Both echocardiography
and CMR or cardiac computed tomography provide useful informa-
tion on the postoperative evaluation of these patients including func-
tion of the repaired or replaced TV, RV, and LV function.

CONCLUSION

There is a wide spectrum of disease in patients with EA, making med-
ical management as well as surgical planning difficult. Multimodality
imaging plays an important role in diagnosis, follow-up, surgical plan-
ning, and postsurgical care of patients with EA.
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Figure 3 CMR imaging short-axis view of TV in systole with se-
vere TR jet (red arrow) due to lack of coaptation of small septal
(vellow arrow) and tethered anterior leaflets (green arrow).
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Figure 4 CMR imaging with view of multiple attachment points (yellow arrows) between anterior leaflet in diastole (left) and RV free wall
and large mobile posterior leaflet in systole (between red arrows, right).

REFERENCES

L.

Cetta F, Eidem BW. Ebstein anomaly, tricuspid valve dysplasia, and right
atrial anomalies. In: Lai WW, Mertens LL, Cohen MS, Geva T, editors.
Echocardiography in Pediatric and Congenital Heart Disease: from
fetus to adult. Chichester, West Sussex: John Wiley & Sons Ltd; 2016:
231-42.

. Attenhofer Jost CH, Connolly HM, Edwards WD, Hayes D, Warnes CA,

Danielson GK. Ebstein’s anomaly—review of a multifaceted congenital car-
diac condition. Swiss Med Wkly 2005;135:269-81.

. Walsh EP. Ebstein’s anomaly of the tricuspid valve: a natural laboratory for

re-entrant tachycardias. JACC Clin Electrophysiol 2018;4:1271-88.

. Eckerstrom F, Dellborg M, Hjortdal VE, Eriksson P, Mandalenakis Z. Mor-

tality in patients with Ebstein anomaly. ] Am Coll Cardiol 2023;81:
2420-30.

. Katsuragi S, Kamiya C, Yamanaka K, Neki R, Miyoshi T, Iwanaga N, et al.

Risk factors for maternal and fetal outcome in pregnancy complicated by
Ebstein anomaly. Am ] Obstet Gynecol 2013;209:e1-6.

. Stout KK, Daniels C], Aboulhosn JA, Bozkurt B, Broberg CS, Colman |M,

et al. 2018 AHA/ACC guideline for the management of adults with
congenital heart disease: a report of the American College of Cardiol-

ogy/American Heart Association task force on clinical practice guidelines.
Circulation 2019;139:€698-800.

. Pasqualin G, Boccellino A, Chessa M, Ciconte G, Marcolin C, Micaglio E,

et al. Ebstein’s anomaly in children and adults: multidisciplinary insights
into imaging and therapy. Heart 2023;0:1-10.

. Holst K, Ammash NM, Dearani JA. Ebstein anomaly. In: Gatzoulis MA,

Webb GD, Daubeney PEF, editors. Diagnosis and Management of
Adult Congenital Heart Disease. Philadelphia, PA: Elsevier; 2018:
442-9.

. Gussenhoven EJ, Stewart PA, Becker AE, Essed CE, Ligtvoet KM, De

Villeneuve VH. “Offsetting” of the septal tricuspid leaflet in normal hearts
and in hearts with Ebstein’s anomaly. Anatomic and echographic correla-
tion. Am | Cardiol 1984;54:172-6.

. Alsaied T, Christopher AB, Da Silva ], Gupta A, Morell VO, Lanford L, et al.

Multimodality imaging in Ebstein anomaly. Pediatr Cardiol 2023;44:
15-23.

. Carpentier A, Chauvaud S, Mace L, Relland ], Mihaileanu S, Marino |P,

et al. A new reconstructive operation for Ebstein’s anomaly of the tricuspid
valve. | Thorac Cardiovasc Surg 1988;96:92-101.

. Dearani JA, Danielson GK. Surgical management of Ebstein’s anomaly in

the adult. Semin Thorac Cardiovasc Surg 2005;17:148-54.


http://refhub.elsevier.com/S2468-6441(23)00244-X/sref1
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref1
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref1
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref1
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref1
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref2
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref2
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref2
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref3
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref3
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref4
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref4
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref4
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref5
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref5
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref5
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref6
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref6
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref6
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref6
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref6
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref7
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref7
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref7
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref8
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref8
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref8
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref8
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref9
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref9
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref9
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref9
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref9
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref9
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref10
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref10
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref10
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref11
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref11
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref11
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref12
http://refhub.elsevier.com/S2468-6441(23)00244-X/sref12

	The Utility of Multimodality Imaging in a Patient with Ebstein Anomaly
	Introduction
	Case Presentation
	Discussion
	Conclusion
	Ethics Statement
	Consent Statement
	Funding Statement
	Disclosure Statement
	Acknowledgments
	Supplementary Data
	References


