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Abstract
Background: Multimodality imaging has been used in diagnosis of submitral aneurysm, 
including the use of magnetic resonance imaging. 

Objective: This study sought to investigate whether magnetic resonance imaging can 
be useful in the diagnosis of submitral aneurysm.

Methods: A systematic literature review in PubMed, LILACS and Google Scholar limited 
to English language with no time restriction was performed. Articles that fulfilled 
predefined inclusion criteria were included and systematically reviewed according to 
the PRISMA. Two reviewers independently assessed all titles, abstracts or full text for 
inclusion. 

Results: A total of seven case reports were included. The mean age was 39±20.2 years 
old. Five were male. Four patients were in Class NYHA II. One had ventricular tachycardia 
and another one had atrial fibrillation. The diagnosis of submitral aneurysm was done 
by transthoracic echocardiography in all patients except one. In this case the first 
hypothesis was mitral endocarditis with an abscess, the magnetic resonance imaging 
showed a submitral aneurysm. In all cases magnetic resonance imaging confirmed the 
diagnosis of submitral aneurysm, and in three cases provided additional information. 

Conclusions: Magnetic resonance imaging is an excellent non-invasive imaging method 
in diagnosis of submitral aneurysm when compared to transthoracic echocardiography, 
and should be indicated in case of doubt in diagnosis, and is useful to answer specific 
clinical questions.

Keywords: Submitral aneurysm, Magnetic Resonance, Echocardiography, Congenital 
heart disease.

Abbreviations: LV: Left Ventricle; M: Male; MI: Mitral Insufficiency; MR: Mitral 
Regurgitation; MRI: Magnetic Resonance Imaging; MV: Mitral Valve; SMA: Submitral 
Aneurysm; CT: Computed Tomography; TTE: Transthoracic Echocardiography.

Background 
Submitral aneurysm (SMA) is a rare and poorly understood cardiac disease that 

occurs commonly in young African adults, although some cases have been reported 
worldwide [1-4]. It was also described in pediatric population [5-11]. 

https://doi.org/10.18689/mjc-1000106
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Submitral aneurysm is considered a congenital disease 
caused by developmental defect due to weakness at the 
atrioventricular junction near the posterior mitral annulus. Others 
etiologies have been reported as tuberculosis, human 
immunodeficiency virus (HIV), rheumatic carditis, trauma, 
Takayasu arteritis, cardiac lymphocytosis, Chlamydia pneumoniae 
in peripartum and also post-myocardial infarction [7,12-15].

According to the extent of posterior mitral annulus 
involvement by the neck of the aneurysm the SMA is classified 
in type I - has a single neck, type II – has multiple necks and type 
III - when the entire posterior mitral annulus is involved [12].

Patients with SMA may be asymptomatic; however, 
symptoms such as heart failure, arrhythmia, thromboembolism, 
aneurysm rupture and even sudden death occur do in majority 
of the patients [12,16,17].

Transthoracic echocardiography (TTE) remains the 
mainstay for diagnosis of SMA but may have some limitation 
[18-21]. Over the past two decades, other imaging modalities 
such as three-dimensional echocardiography, computed 
tomography (CT), as well as the magnetic resonance imaging 
(MRI) have been used in diagnosis of SMA [18-28]. 

MRI has been increasingly used in the evaluation of 
cardiovascular diseases. A consensus panel on indications of 
cardiac MRI [29] and guidelines and protocols for cardiac 
magnetic resonance in children and adults with congenital 
heart disease were published [30].

The question addressed herein was “What is the role of 
MRI in the diagnosis of SMA?”

To answer this question we performed this study to 
investigate whether MRI can be useful in the diagnosis of 
SMA and if MRI provides additional information. 

Methods
We searched the PubMed, LILACS and Google Scholar 

databases through August 20, 2016 using the MeSH term 
submitral aneurysm according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses statement, 
PRISMA [31] Two investigators working independently 
screened all titles and abstracts of the studies for eligibility. 
Duplicate citations were discarded after the preliminary 
search results were obtained. Furthermore, the references 
lists of all included studies and relevant review studies were 
also manually searched.

Inclusion Criteria
Case reports, original research studies, randomized control 

trials or meta-analyses in humans having data regarding patients 
with submitral aneurysm diagnosed by TTE and MRI were included.

Exclusion criteria
The exclusion criteria were as follows: Non-English language 

articles, review articles, papers describing study designs, 
articles that reports patients with SMA diagnosed by TTE but 
not with MRI or do not report patients with SMA. Articles with 
no available full-text as well as editorials or letters to the 
editor without original data were also excluded.

Data extraction
The following information and data were extracted from 

included studies: name of the first author, year of publication, 
country of origin, number of participants, participants’ ages 
and sexes, findings of TTE and findings of MRI were examined 
and critically analyzed.

Quality Appraisal
The quality appraisal was established according to Le 

Floch and colleagues criteria. This tool appraises the quality of 
the study based on the following questions: Did this article 
give an answer to the research question? Did the article focus 
clearly on the research question? Was the methodology 
appropriate? Do you believe the results? (Can it be due to 
chance, bias or confounding?). To be included, the article had 
to score “yes” on every question [32].

Results
Study selection 

A flow diagram of study selection is shown in Figure 1. A 
total of 324 papers were initially identified, of which 314 were 
excluded for not meeting the inclusion criteria. After review of 
the full texts of the 10 remaining studies, two were excluded 
based on the absence of detailed date of MRI, and one based 
on the absence of TTE date. Thus, seven articles published 
between 2005 and 2016 were included in this systematic 
review [22-28].

Figure 1: Flow diagram for study selection.

Study description and patients characteristics 
Study characteristics and patient’s characteristics are 

summarized in Tables 1. A total of seven case reports were 
included in this study. Two cases were from India and two 
from Belgium, one from Taiwan, Switzerland, and the last one 
from Angola. The mean age was 39±20.2 years old, five were 
male and two were female. Four patients were in class NYHA 
II, two in NYHA III and one was in NYHA I. Two of them had 
arrhythmia, one had ventricular tachycardia and one had 
atrial fibrillation. All patients underwent TTE and MRI.

TTE and MRI findings 
The TTE and MR findings are summarized in tables 1. The 

diagnosis of SMA by MRI was done correctly in all cases, while 
the diagnostic of SMA was made by TTE in six out of seven 
patients. In the case of the misdiagnosis, the first diagnostic 
hypothesis based on TTE was mitral endocarditis with abscess, 
the MRI showed a SMA [24].
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Regarding specific questions - in one case the doubt was 
the presence of thrombus inside of the aneurysm, the presence 
of thrombus was confirmed by the MRI [28]. In other case the 
doubt was if the aneurysm was a true aneurysm or a 
pseudoaneurysm, the MRI showed that was a true aneurysm 
[27]. Finally, in one patient the TTE showed a huge SMA and 
the MRI showed a bilobed SMA, with a submitral neck 
communicating with the LV, thus improving the anatomic 
delineation of the aneurysm [28].

Discussion
The questions that should be answered with the available 

imaging modalities for diagnosis of SMA concern the exact 
localization, and size of aneurysm, size of basic wall defect, 
spatial relationship and potential involvement of the mitral 
apparatus, morphological features of the aneurysm in the 
proper sense of true or pseudoaneurysm, assessment of 
global LV function, mitral regurgitation (MR) and potential 
adverse hemodynamic effects of the aneurysm [18-28]. 

The TTE remains the first-line investigation for diagnosis 
of SMA; however, it may have some limitation to respond all 
these questions [18-21,24,28,33]. In the present review, the 
diagnosis of SMA was correctly done by TTE in 6 of 7 patients, 
when compared with MRI which was correct in 7 out of 7 
patients. 

Misdiagnosis or doubt in diagnosis of SMA by TTE is not 
rare, even in experienced center. Manuel et al reported a case 
of a child in which the preoperative diagnosis was mitral valve 
aneurysm with severe MR but the diagnosis of SMA was made 
only intraoperatively [7]. Essop et al reported that TTE was 
unable to show the origin and location of the neck of the 
aneurysm in two out of five patients with SMA [33]. Moreover, 
in the present review we present a case reported by Virginie 
et al, in-which the initial diagnosis was mitral endocarditis 
with abscess, and the final diagnosis of SMA was clarified by 
MRI [24]. 

Recently, MRI has emerged as the preferred non-invasive 

technique for assessment of LV shape, the degree of aneurysm 
thinning, and respectability [34,35]. MRI can distinguish 
between pericardium, thrombus, and myocardium, and helps 
resolve uncertainty between a true and a pseudoaneurysm 
[36,37]. In the case of a true aneurysm, the tissue making up 
the wall of the aneurysm shows delayed myocardial 
enhancement. As the wall of a pseudoaneurysm is composed 
only of pericardium, it shows no delayed myocardial 
enhancement; however, its border does show enhancement. 
Pseudoaneurysm may show delayed pericardial enhancement. 

In present review the MRI showed an intracavitary 
thrombus that was missed in TTE. It also allowed accurate 
identification of true aneurysm and provided the necessary 
information, regarding MV anatomy, grade and mechanism 
of MR. 

Taking into account the aforementioned limitations of 
TTE, several studies showed the superiority of transesophageal 
echocardiography, real-time tridimensional echocardiography 
and CT when compared with TTE [18,21,33]. 

In contrast, there is no study comparing the performance 
of MRI with TTE in diagnosis of SMA. The MRI has some 
limitations such as: availability scan time duration, expense 
and lack of portability when compared to TTE [38].

Our systematic review can contribute to clarify the value 
of MRI in the particular diagnosis of SMA. We believe that MRI 
should be applied as a second diagnostic method in order to 
corroborate or to dismiss the echocardiographic findings 
before making clinical decisions in SMA.

Study Limitation 
The main limitation in the present study is the small 

number of patients, which is justified by the rarity of the 
disease. We could only present the information as described 
in each individual publication. Furthermore, imaging data and 
other relevant background information were not available in 
all the reported cases.

Table 1. Study and patient’s characteristics  (female; LV: left ventricle; M – male; MI – mitral insufficiency; MRI – magnetic resonance imaging; 
MV – mitral valve; SMA: submitral aneurysm; TTE: transthoracic echocardiography)

Author
Year Reference/ Patient Age, years Gender TTE finding MRI finding

Chen/
2005 (22) 1 73 M Aneurysm derived from the posteriolateral wall of the 

left ventricle, below mitral annulus. Aneurysm on the posteriolateral wall of the left ventricle. 

Pektok/
2008 (23) 1 35 F

large SMA, severe MI due to restricted motion of mitral 
leaflets, left atrial and ventricular dilatation, and severe 

pulmonary hypertension.

Noncontractile SMA with paradoxical filling during 
systole and compressing the LA.

Virginie/
2008 (24) 1 55 M

Suspected cavity in the left atria, mild mitral 
regurgitation. The first hypothesis was mitral endocarditis 

with abscess.

A large cavity attached to the atrial side of the posterior 
leaflet of the mitral valve, communicating with the 

ventricle via a single neck. The diagnosis of SMA was 
made.

Moniotte/
2009 (25) 1 11 M A giant aneurysm extending from the LV submitral 

region to the undersurface of the heart.
A bilobated aneurysm, with a submitral neck 

communicating with the LV.
Kumar/

2012 (26) 1 42 M A wide necked SMA with severe mitral regurgitation Clearly demonstrated the aneurysm below the mitral 
valve.

Raval 
2016 (27) 1 29 F Large apical aneurysm, moderate sized SMA, and basal 

anterior aneurysm. 

Clarified that the aneurysms was a true aneurysms. Other 
aneurysms were smaller and had similar characteristics 
Also ruled out inflammatory and infiltrative disorders.

Morais 
2016 (28) 1 28 M A large bilobed SMA under the posterior rmitral leaflet 

with possible thrombus.
MRI confirmed echocardiographic findings and the 

presence of a parietal thrombus inside of the aneurysm.
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Conclusion
MRI is an excellent non-invasive imaging method in 

diagnosis of submitral aneurysm when compared with TTE, 
and should be indicated in case of doubt in diagnosis, and to 
answer specific clinical questions. 
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