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HISTORY 

A 41-year-old male presented to the emergency department 
with progressively worsening exertional dyspnea and 
symptoms of heart failure. The patient had been previously 
followed by a pediatric cardiologist for a congenital ventricular 
septal defect (VSD) but was lost to follow-up. On physical 
examination, vital signs were stable. The patient had elevated 
jugular venous distension, regular heart rate and rhythm 
with split S2 and 2/6 pansystolic murmur, diminished breath 
sounds on bilateral lung fields, a distended abdomen, and 
edematous bilateral lower extremities. His medical history was 
significant for hypertension and perimembranous VSD.

 INVESTIGATION

An electrocardiogram (ECG) showed normal sinus rhythm 
and right axis deviation with no suggestion of ischemia. 
Labs were normal with no indication of anemia, electrolyte 
derangements, or metabolic abnormalities. Troponins 
were also normal. A transthoracic echocardiogram 
showed a severely dilated left ventricular chamber with 
global hypokinesis and an ejection fraction of 25%. A 
transesophageal echocardiogram (TEE) confirmed the 
severely dilated left ventricle, diffuse global hypokinesis, 
and estimated ejection fraction of 20% to 25%. A VSD 
with predominant left-to-right shunting was observed on 
color Doppler TEE (Figures 1, 2). A chest x-ray showed 
cardiomegaly with a prominent cardiac contour. 
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Figure 1.
Transesophageal echocardiography showing ventricular septal defect jet 
between the 12:00 and 2:00 positions (red arrow). 

Figure 2.
Doppler wave form on transesophageal echocardiogram.
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Given the patient’s history of a congenital VSD, cardiac 
magnetic resonance imaging (CMR) was used to evaluate 
the morphology and possible associated complications. 
CMR showed severe biventricular dilation and evidence of 
a supracristal VSD with an 8.5-mm defect adjacent to the 

right sinus of Valsalva (Figures 3, 4). The VSD was further 
complicated by development of an aorto-right ventricular 
outflow tract (RVOT) fistula with evidence of continuous 
left-to-right shunt across the VSD from the left side into 
the RVOT in the subpulmonic region (Figures 5, 6). The 
calculated pulmonary-to-systemic flow ratio (Qp:Qs) 

Figure 4.
Supracristal ventricular septal defect (red arrow) with an 8.5-mm 
defect adjacent to the right sinus of Valsalva.

Figure 3.
Severe biventricular dilation seen on cardiac magnetic resonance imaging. Figure 5.

Aorta-right ventricular outflow tract fistula demonstrated by the 
presence of systolic flow jet (red arrow).

Figure 6.
Aorta-right ventricular outflow tract fistula demonstrated by the 
presence of diastolic flow jet (red arrow).
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was 2:1, suggesting significant left-to-right shunt. The 
right ventricle was significantly dilated, with features of 
pulmonary hypertension suggestive of some chronicity to the 
development of the fistulous connection. 

The patient subsequently underwent a left and right heart 
catheterization with coronary and aortic root angiography. 
Left ventricular systolic pressure was 115 mm Hg, and left 
ventricular end diastolic pressure was 15 mm Hg. Right 
heart catheterization showed a mean pulmonary arterial 
pressure of 28 mm Hg, pulmonary arterial saturation of 81%, 
right ventricular saturation of 73%, right atrial saturation of 
66%, inferior vena cava saturation of 66%, superior vena 
cava saturation of 66%, and arterial saturation of 94%. The 
Qp:Qs ratio was 2.2:1. Coronary artery angiography revealed 
nonobstructive coronary arterial disease, and aortic root 
angiography showed 2+ aortic regurgitation. 

MANAGEMENT

The cardiothoracic surgery team evaluated the patient for VSD 
closure and closed the supracristal VSD with a pliable collagen 
bioscaffold patch, which was also used to repair an aortic valve 
perforation in the area of the right coronary cusp. The patient 
experienced no immediate complications during or after surgery. 

FOLLOW-UP

At 1-month follow-up, the patient was doing well and reported 
near-complete resolution of his symptoms. At 6-month follow-

up, a repeat CMR showed no sign of a fistulous connection 
across the right cusp of the aorta and RVOT. The left 
ventricular systolic function was improved to between 50% 
and 55%. The left ventricle was noted to be mildly dilated, 
with an end diastolic diameter of 5.5 cm. The right ventricular 
size was noted to be grossly normal (Figure 7).

 DISCUSSION

Ventricular septal defects are the most common form of 
congenital heart disease diagnosed in children, with some 
studies showing an estimated incidence as high as 5% of 
all births.1 Historically, echocardiography has been used 
to evaluate patients with VSDs and quantify the severity 
of shunt morphology. Although echocardiography is highly 
accurate in evaluating shunt morphology, cardiac output 
measurements strongly depend on the assumed flow area 
and sampling site.2 On the other hand, CMR can evaluate 
cardiac morphology and function independent of body 
habitus and proper probe positioning. CMR has also been 
useful in quantifying the magnitude of shunting. In one 
study, use of contrast during CMR showed that it was 
more accurate than even invasive cardiac catheterization 
in quantifying flow and shunt size.3 Thus, CMR enables 
noninvasive visualization of cardiac anatomy and function 
with superior temporal and spatial resolution, facilitating 
disease diagnosis, management, and treatment.

Through the use of CMR, we were able to elucidate and 
characterize the morphology of our patient’s VSD and 

Figure 7.
(A) Biventricular dilation prior to surgery. (B) After surgery, At 6-month follow-up, there was marked improvement in end diastolic diameters of both 
the left and right ventricles. 
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determine that it had been complicated by fistula formation. 
Our patient had a type of VSD known as supracristal or 
subarterial. Supracristal VSD only accounts for about 5% 
of known VSDs in Western populations but has been seen 
as high as 20% in Asian populations.4,5 These VSDs have 
been associated with several other congenital heart defects, 
including sinus of Valsalva aneurysms (SOVAs), aortic valve 
prolapses, and aortic valve regurgitation. Observational 
studies have also shown that up to 61% of patients over 
20 years of age with a supracristal VSD had a coexisting 
SOVA, and within this group, 91% experienced rupture.6 
Supracristal VSDs have also been found to lead to a 
substantially higher risk of aortic valve prolapse and aortic 
regurgitation.4 Thus, characterizing this subtype of VSD at 
a young age is extremely important due to the detrimental 
consequences it may bring later in life. 

The defining feature of our patient was the presence of 
a supracristal VSD complicated by the formation of an 
aorto-right ventricular fistula. Aorto-cardiac fistulas are 
extremely rare and, when found, are usually a complication of 
trauma or infective endocarditis.7 Some observational studies 
have found that up to 76% of aorto-cardiac fistulas were 
due to ruptured SOVAs.8 With the advent and increased use 
of transcatheter aortic valve replacement (TAVR) for aortic 
stenosis, aorto-cardiac fistula formation is recognized as 
a major complication.9 Our patient was notable for lacking 
the typical inciting events that are usually known to cause 
these aorto-cardiac fistulas; without a history of trauma or 
infection, the fistula’s mechanism of formation was unclear. 
There was no obvious valvular endocarditis-like vegetation 
or obvious SOVA visualized by the CMR. Additionally, the 
presence of right ventricular enlargement is an uncommon 
finding with VSD. Our patient was thought to have 
biventricular enlargement from the fistula, causing chronic 
volume overload.

CONCLUSION

This case highlights the increasingly indispensable role CMR 
plays in diagnosing aorto-cardiac fistulas. An aorto-cardiac 
fistula is an exceedingly rare and serious complication that 
typically results from an inciting incident. In our patient, it led 
to the development of symptomatic heart failure with reduced 
ejection fraction and biventricular dilation. Most medical 
literature has described the formation of such fistulas 
as secondary to trauma, TAVR, infective endocarditis, or 
SOVAs. In our patient, none of these pre-existing conditions 
were present. Given CMR’s excellent imaging resolution 
and noninvasiveness, it is an excellent choice for evaluating 
such patients, especially young pediatric populations where 
ionizing radiation is a concern. Future strategies may involve 
a broader application and earlier use of CMR in patients 

with suspected congenital heart defects. Timely intervention 
for clinically significant VSDs may prevent potential harmful 
sequelae and reduce associated morbidities.
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