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Primary right ventricular vascular malformation is a rare primary benign anomaly in heart
in nature. Due to the extremely low incidence and the progress on the classification of
vascular malformation, a few cases were reported in the literatures. In the current case
study, a 55-year-old women presented with a cardiac mass that was identified in right
ventricle during a routine medical checkup. Magnetic resonance imaging demonstrated
a well-circumscribed mass attached to the interventricular septum. Median sternotomy
for the surgical resection of the mass and a cardiopulmonary bypass were performed.
The intraoperative transesophageal echocardiogram showed that the mass had been
successfully removed. The patient recovered well and was discharged from hospital 9
days after the surgery. The pathological diagnosis was primary cardiac arteriovenous
malformation. No mass recurrence was shown by echocardiography during the 13
months’ follow-up.
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INTRODUCTION

The primary cardiac arteriovenous malformation (AVM) is a rare benign vascular malformation
in nature, which develops from vascular endothelial hyperplasia (1). In terms of the proportion of
cardiac AVM is an extreme rarity in heart and its clinical information is limited. Herein, a case
of primary cardiac AVM presenting as right ventricular mass was reported and the multimodality
imaging, classification and the differential diagnosis of AVM were presented.

CASE PRESETATION

A 55-year-old female was referred to our hospital because a cardiac tumor in right ventricle
was detected by transthoracic echocardiography during a medical checkup. The patient was
asymptomatic, with a history of diabetes for 5 years and hypertension for 1 year. No cough, dyspnea,
dizziness and fever were presented when she was admitted. The blood pressure was 112/56 mmHg
with Irbesartan intake and the heart rate was 84 beats per min. No cardiac murmur was heard and
no edema was detected in the lower limb. There were no family history of cardiovascular disease
following medical history and physical examination. Laboratory tests were negative.
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Electrocardiography =~ was  normal.  Transesophageal
echocardiography showed the cardiac mass (15 x 14 mm)
located in right ventricle, attached to the interventricular septum
(IVS) abutting the apex (Figurel; Supplementary Video 1).
A well-circumscribed homogenous “shadow,” representing a
nodule measuring 16 x 13 mm, with equal T1- and T2-weighted
signal intensity in the right ventricle, located adjacent to the IVS,
was revealed using moderate enhancement for the first perfusion
scan and delayed myocardial enhancement MRI subsequently
(Figure 2). Coronary angiography (CA) showed stenosis (30%)
in the right coronary artery and no obvious stenosis in the left
coronary; a discernible tumor-feeding artery was not detected.

Initially, the clinical diagnosis was right ventricular myxoma
or fibroelastoma. Median sternotomy for the surgical resection
of the mass was performed to avoid the risk of pulmonary
embolization and determine the tumor characteristics. A
cardiopulmonary bypass was carried out using ascending aortic
and superior and inferior vena cava cannulation. Upon cardiac
arrest, the right atrium was opened, and it was confirmed that the
semispherical mass, with soft texture and broad base, originated
from the IVS (Figure 3A). Because no significant boundary was
detected preoperatively, the mass along with a small portion of
IVS was resected (Figure 3B). The resected specimen comprised
a reddish mass enveloped with blood. Signs of ventricular septal
defect were not found with TTE (Supplementary Figure 1). The
histopathological examination revealed that the tumor was a
cardiac AVM (Figures 4A,B). The patient’s postoperative course
was uneventful. She was shown to have recovered well and
without recurrence at the 13-month follow-up.

DISSCUSION AND CONCLUSION

The AVM was considered as a benign vascular tumor, some of
which was termed as plexiform hemangioma in the past (2).
However, the classification was changed since the International
Society for the Study of Vascular Anomalies (ISSVA) grouped the
vascular anomalies into two major categories, vascular tumors
(mainly hemangiomas) and vascular malformations; According
to this classification, AVM is a vascular malformation subtype

(3, 4). In our case, the right ventricular mass was identified as
the AVM which is extreme rare in the limited literature.

The differential diagnosis of a mass attached to the
right ventricle includes myxoma, lipoma, fibroelastoma, and
hemangioma. Categorization of the symptoms depends on their
location and the pathological classification of the mass. Some
cases are characterized by pericardial effusion, right ventricular
outlet obstruction, and even sudden cardiac death (5-7). The
location of cardiac benign masses varies, typically involving the
atrium, ventricle, aortic valve, mitral valve, or epicardium (8, 9).
In the present case, the patient was asymptomatic, and the mass
was attached to the IVS in the right ventricle, abutting the apex.
Initially, fibroelastoma and cardiac myxoma were suspected.

Appropriate screening imaging modalities for cardiac mass
include echocardiography, CT, and MRI, all of which can be
used to eliminate the problem of a differential diagnosis (10, 11).
In the current study, a diagnosis of benign tumor was made,
based on the MRI and echocardiographic findings. Enhanced
myocardial echocardiography and '®F-fluorodeoxyglucose-
positron emission tomography can also be utilized to provide
detailed information to resolve a differential diagnosis (12, 13). In
addition, CA can be used to determine whether a coronary artery
is feeding the tumor; however, it should only be considered if
performing CA is consistent with the patient’s age and symptoms
(14). Although echocardiography, CT or MRI can be helpful in
the diagnosis and differential diagnosis, the histopathology is
still needed for the final diagnosis. In the current case study, a
right ventricular mass was identified using TE and intraoperative
TEE, which showed its location, diameter, and morphology; it
also showed that the IVS was intact following the resection. TEE
and MRI clearly showed the mass’ margin and feeding artery
to the mass, which informed the surgeons of the confidence to
completely remove it. In the event that the patient presents with
symptoms caused by the mass or in cases when the prognosis
is uncertain in relation to the tumor, surgical resection should
be performed to reduce the risk of embolism (15). Conservative
management is an option when the biopsy returns a pathological
classification of vascular malformation, except in the case of
concomitant aortic valve insufficiency (9).

FIGURE 1 | (A,B) Transesophageal echocardiography showed the cardiac mass (15 x 14 mm) located in right ventricle, attached to the interventricular septum
abutting the apex. RV, right ventricle; IVS, interventricular septum; LV, left ventricle.
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FIGURE 2 | (A,B) Magnetic resonance imaging demonstrated that a well-circumscribed homogenous nodule, measuring 16 x 13 mm, with medium signal intensity
on T1-weighted images and medium signal intensity on T2- weighted images in the right ventricle, located adjacent to the IVS, was revealed uniform moderate
enhancement for the first perfusion scan and uniform significantly delayed enhancement subsequently. RV, right ventricle; IVS, interventricular septum; LV, left ventricle.

FIGURE 3 | (A) The mass located in the right ventricle and was attached to the interventricular septum (white arrow). (B) The mass were removed completely and the
IVS was intact without perforation (black arrow). RA, right atrium; RV, right ventricle; IVS, interventricular septum; SCTV, septal cusp of tricuspid valve; PM, papillary
muscles.

FIGURE 4 | (A) Histopathology revealed that there are a lot of branches of vessels, thick-walled arteries (red arrow) and thin-walled veins (blue arrow), which was
identified as cardiac arteriovenous malformation. (B) Histopathology showed the anomalous arteries with thick wall are composed of smooth muscle (blue arrow).

The ISSVA classification standards have been published;  (16). Initially, they were classified according to factors such
however, there is a lack of consensus regarding the understanding ~ as vascular distortion and structure. Recently, an analysis
of whether vascular anomalies are tumors or malformations of WT-1 and GLUT-1 expression is used to distinguish
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between vascular malformation and vascular tumors (17,
18). Elsewhere, a MSOT-based, non-invasive assessment of
hemoglobin levels was used to differentiate between vascular
malformation subtypes (19). In addition, advances in molecular
genetics are ensuring greater insight into the genetic basis for
vascular anomalies and providing potential molecular targets for
pharmacotherapy. Thus, in future, vascular malformations may
be treated using novel pharmacotherapeutic approaches rather
than surgery (3).

Right ventricular AVM is extremely rare which might be
resulted in sudden death. Currently, echocardiography is the
primary and most common method for detecting ventricular
AVM as it effectively indicates its location, diameter, and
morphology. Likewise, multiple imaging plays a key role
in solving the problem of a differential diagnosis, while
providing invaluable information to assist with complete
resection of the mass. Although echocardiography, CT or
MRI can be helpful in the diagnosis, it is still challenging.
After all, the histopathology is still the “gold standard” in the
final diagnosis.
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