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Three types of cardiac outpouchings are encountered on cardiovascular imaging: divertic-
ula, aneurysms and pseudoaneurysms. The underlying physiology, imaging findings, risk of
rupture, and optimal treatment varies for each and a correct diagnosis is critical. We report
a case of a rare, incidentally discovered right ventricular aneurysm that was characterized

by transthoracic echocardiogram, computed tomography, and cardiac MRI. The types of car-
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diac outpouchings are reviewed, and we discuss the selection of imaging modality, keys to
distinguishing the outpouchings, and management strategies.
© 2021 The Authors. Published by Elsevier Inc. on behalf of University of Washington.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Healthy heart tissue consists of three layers. The thin inner-
most layer, the endocardium, underlies and nourishes the
contractile myocardial layer, which is in turn enclosed by the
fibrous pericardium [1]. Congenital defects or injury in one or
more layers of the wall can lead to a cardiac outpouching.
There are three types of cardiac ventricle outpouchings: di-
verticula, aneurysms, and pseudoaneurysms. While all types

may cause no symptoms, patients can present with palpi-
tations, arrythmias, chest pain, dyspnea, and, rarely, sudden
death from rupture [2,3]. The key differences between these
types of outpouchings are their contractility and extent of in-
volvement of the cardiac wall. These features also determine
the respective imaging appearance and clinical significance.
Cardiac diverticula and aneurysms both contain all three
layers of the cardiac wall and may be distinguished by their
contractility; the former contract with the rest of the ventri-
cle, while the latter do not [2]. However, for both diverticula
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Fig. 1 - Incidental detection of a right ventricular
outpouching on abdominal CT. Sagittal (A) and coronal (B)
reformatted abdominal CT images show a 2-cm right
ventricular outpouching (arrows) isoattenuating with blood
within the adjacent right ventricle.

and aneurysms, the presence of an intact myocardial layer
greatly reduces the risk of free wall rupture. Both are typically
congenital, although aneurysms rarely develop after trau-
matic injury [4]. Ventricular diverticula are usually associated
with a congenital anomaly and other extracardiac malforma-
tions, and thus are often detected early in life and may require
surgical repaired if cardiac function is impaired. Congenital
ventricular aneurysms are extremely rare, with approximately
800 reported cases. Most affect the left ventricle with only 20
reported cases of right ventricular aneurysms. About 70% of
ventricular aneurysms are associated with congenital anoma-
lies and are usually identified early in life [4]. However, they
can also occur in isolation and escape detection until later in
life. Diverticula are most common at the ventricular apices,
while aneurysms can be found at either the apex or the in-
ferior aspect of the heart [4]. They must be carefully distin-
guished from pseudoaneurysms, the most serious type of out-
pouching [5].

Pseudoaneurysms are ruptures of the cardiac wall from
trauma or ischemia, typically located in the inferior cardiac
wall, and are contained only by pericardium or scar tissue
[3]. Pseudoaneurysms lack myocardium and balloon outwards
from increased ventricular pressure during systole, making
them prone to catastrophic rupture unless they are promptly
identified and surgically repaired. Therefore, accurate diag-
nosis of cardiac outpouchings is critical so that appropriate
treatment is pursued. To highlight the importance of correctly
identifying cardiac outpouchings and review the pertinent
imaging examination and findings, we report a case of an inci-

Fig. 2 - Transthoracic echocardiogram of a right ventricular
aneurysm. Four chamber view from TTE shows a
hypokinetic aneurysm (A) with connection to the right
ventricle (RV).

dentally detected, rare right ventricular aneurysm discovered
on abdominal computed tomography (CT).

Case report

55-year-old male with long-standing, stable palpitations, anx-
iety, and fibromyalgia but no history of cardiac intervention
presented with epigastric pain. Contrast-enhanced abdomi-
nal CT showed a 2-cm cardiac outpouching communicating
with the apex of the right ventricle, isoattenuating with in-
traventricular blood (Figs. 1A and B). A similar anomaly was
retrospectively noted identified on an abdominal CT obtained
six years earlier. His ECG was normal, and Holter monitor
showed normal sinus rhythm with sinus tachycardia and rare
atrial and ventricular ectopy. A transthoracic echocardiogram
(TTE) was obtained to better characterize the finding. While
suboptimal windows precluded identification on the initial
interpretation of the study, retrospective review confirmed a
1.6-cm aneurysm at the right ventricular apex without con-
tractions (Fig. 2). As the outpouching was not seen initially
on TTE, cardiac magnetic resonance imaging (MRI) was per-
formed, confirmed the 1.6 x 1.8 cm hypokinetic right ventric-
ular aneurysm (Fig. 3, Supplementary Video 1). Given the sta-
bility of the aneurysm, surgical resection was deferred, and
the patient elected not to pursue treatment for arrythmia.

Discussion

Because of the importance of accurate characterization of car-
diac outpouchings, selection of imaging modality is crucial.
TTE is often obtained first because of relative wide availability
and real-time imaging, but accurate diagnosis can be difficult
as defect location, body habitus, and variations in examiner
skill can all contribute to poor image quality and a missed
diagnosis. TTE is less sensitivity than other imaging modal-
ities, as seen in this case, so other methods such as dedicated
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Fig. 3 - Right ventricular aneurysm as seen on cardiac MRI.
Horizontal long axis, post-contrast phase sensitive
inversion recovery MR image shows small right ventricular
apical aneurysm (arrow).

cardiac CT or MRI should be obtained if a high clinical suspi-
cion remains or a definitive diagnosis cannot be made by TTE
alone [6].

Regardless of the imaging modality, several features can
help distinguish the different types of ventricular outpouch-
ings. Motion of the outpouching wall during systole is the
most helpful. Ventricular diverticula contract with the unaf-
fected cardiac wall, true aneurysms are hypokinetic or aki-
netic, and pseudoaneurysms paradoxically balloon outwards
as ventricular pressure increases during contraction [2]. The
size of the neck of the outpouching can also help distinguish
pseudoaneurysms from other outpouchings. The initial defect
in the cardiac wall leading to pseudoaneurysm formation is
almost always small, as larger ruptures are typically lethal.
While the outpouching of a pseudoaneurysm expands under
pressure from the ventricle, its neck size is fixed by the sur-
rounding intact myocardium. Accordingly, pseudoaneurysm
tend to have a narrow neck to maximal aneurysmal diam-
eter ratio [7]. Finally, pseudoaneurysms tend to exhibit de-
layed pericardial enhancement relative to true aneurysms on
gadolinium-enhanced cardiac MRI [8]. Unfortunately, none of
these findings is 100% specific, and they must be considered
together with the clinical presentation.

Given the rarity of right ventricular aneurysms and diver-
ticula, no specific management guidelines exist, and manage-
ment is based on information available from the literature on
left-sided outpouchings. In adults, arrythmias or chest pain
can often be managed medically [2]. Surgical repair can re-
lieve symptoms unresponsive to more conservative therapies
or be included in the repair of larger malformations in chil-
dren. However, with the risk of rupture estimated to be 1.2%

per year, the risks of prophylactic surgery should be carefully
weighed in otherwise healthy patients [2]. Conversely, the risk
of rupture in an untreated pseudoaneurysm is nearly 30% over
4 years, so urgent surgical repair is indicated [9].

In conclusion, ventricular outpouchings are uncommon
but important cardiac imaging findings. While distinguishing
among the three types can be challenging, proper selection
of imaging modality and knowledge of the critical differences
can lead to a correct diagnosis and appropriate treatment.
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