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Era of Sophisticated Cardiac Imaging?
SINUS OF Valsalva aneurysms (SVAs) may remain asymp-

tomatic or present with complications such as aneurysm rup-

ture, aortic insufficiency, disruption of the cardiac conduction

system, compression of a coronary artery, or thrombus forma-

tion with subsequent embolization.1 Their most feared compli-

cation, SVA rupture, carries a high mortality unless managed

with early surgical intervention. Given its rarity, varied presen-

tations, and proximity to multiple critical structures, a ruptured

SVA poses a diagnostic challenge even among experts. Imag-

ing modalities, such as transthoracic echocardiography (TTE),

multidetector cardiac computed tomography (MDCT), and

cardiac magnetic resonance (CMR) imaging, play an important

role in surgical planning; however, transesophageal echocardi-

ography (TEE) remains the modality of choice during defini-

tive intervention to assist real time in identifying subtle, yet

important, findings that can alter the surgical plan.

In the current issue of the Journal of Cardiothoracic and

Vascular Anesthesia, Togashi et al. reported 2 cases of SVA

rupture associated with a concomitant ventricular septal defect

(VSD) for which the intraoperative TEE assessment differed

from the preoperative diagnosis and revealed additional heart

defects, resulting in a modification of the initial surgical plan.2

Although the cardiac lesions associated with SVA and their

echocardiographic assessment have been well-described in the

literature, the authors provided a focused intraoperative TEE

approach to help differentiate a VSD from a ruptured SVA. In

addition, the authors stressed the importance of multi-angle

TEE assessment using a combination of color-flow Doppler,

spectral Doppler, and 3-dimensional (3D) imaging modalities

to correctly diagnose the presence of a VSD in patients with a

ruptured SVA.

The most common accompanying cardiac defect in a patient

with an SVA is a VSD. Approximately 60% of patients with

congenital SVAs have associated VSDs, typically of the peri-

membranous type in the Western population and of the subpul-

monic type in the Asian population.3,4 Discriminating an
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isolated SVA rupture from an SVA rupture with a concomitant

VSD can be quite challenging. A VSD may go undetected,

especially if the aneurysm itself or a prolapsing cusp of the

aortic valve occludes it.5 In addition, when an SVA is in close

proximity to a VSD, an unruptured SVA may be misdiagnosed

as an SVA with rupture, as opposed to an intact SVA with a

coexisting VSD. The presence of concomitant aortic regurgita-

tion with an SVA can further complicate the diagnosis and

masquerade the presence of a VSD.6 Both aortic regurgitation

and a ruptured SVA demonstrate diastolic flow reversal in the

descending aorta, and are associated with a predominantly dia-

stolic jet. Careful imaging of the origin of the jets in relation to

the aortic valve annulus and the timing of the jets in relation to

the cardiac cycle are paramount in distinguishing these 2 dis-

tinct entities.2 VSDs originate below the annulus, with a pre-

dominantly systolic flow, whereas ruptured SVAs originate at

a supra-annular level, with a continuous flow throughout the

cardiac cycle, predominantly in diastole.7

As such, there are no established guidelines for testing and

diagnosis of SVA or its associated complications. TTE is

widely used as the first-line imaging modality in patients sus-

pected of having an SVA for its convenience, portability, and

accuracy. In a single-center study of 212 patients with SVA in

which TTE findings were corroborated with the surgical find-

ings, the sensitivity, specificity, and accuracy of TTE were

93.9%, 99.9%, and 99.8%, respectively.5 Approximately 72%

of the SVAs were ruptured, most commonly into the right ven-

tricle (67.9%), followed by the right atrium (27.4%). The most

frequently misdiagnosed associated lesions with SVAs were

right ventricular outflow tract obstruction and VSDs. Interest-

ingly, of the 13 SVAs that were missed on TTE, 77% were

small aneurysms of the right coronary sinus extending into the

right ventricle across a VSD.5 The authors suggested that these

lesions were missed by TTE either as a result of the complex

anatomy around the aortic root or because of the Bernoulli

effect of the VSD shunt, resulting in a negative-pressure suc-

tion of surrounding tissues into the septal defect. Although

TTE serves well as a screening tool, approximately one quarter
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of patients may have poor acoustic windows, thereby preclud-

ing accurate diagnosis of an SVA or its associated conditions.

There are no large comparative studies to assess the diag-

nostic accuracy of TEE versus TTE for SVA; however, there

are several case reports or case series that point to the incre-

mental value of TEE over TTE.6,8,9 Mart�ın et al., in their case

series of ruptured SVA, found TEE to be more accurate com-

pared with TTE and angiography for detection of the sinus

involved, presence of aneurysm prolapse through a VSD, and

detection of other congenital or acquired cardiac anomalies.8

Similar to the cases described by Togashi et al. in this Journal,

G€urg€un et al. reported on a patient for whom TTE detected the

SVA, but a coexistent VSD was missed, which was diagnosed

subsequently with the assistance of TEE.10 Kumar et al. also

previously reported in this Journal on a case that was misdiag-

nosed as an SVA with preoperative imaging that included TTE

and MDCT.11 An intraoperative TEE after induction of anes-

thesia revealed that the right coronary artery had a funnel-

shaped ostium, a normal variant, which made the sinus of Val-

salva appear prominent and aneurysmal and led to the misdiag-

nosis. Proximity of the aortic valve, aortic root, and the

ascending aorta to the esophagus results in high-quality and

high-resolution echocardiographic images with TEE and,

thereby, a higher diagnostic accuracy of SVA and its associ-

ated complications.

Advances in spatial and temporal resolution in 3D echocar-

diography, both for TTE and TEE, may further assist in

improving the assessment of SVA and adjacent cardiac struc-

tures. The ability to obtain a pyramidal volume scan rather

than a sector scan provides elevational resolution to allow for

the simultaneous visualization of closely located structures

such as SVA and VSD. Real-time 3D TEE imaging also plays

an important role in guiding transcatheter repair of SVAs and

assessment of adequacy of the surgical repair.12

Data on tomographic assessment using imaging modalities

such as MDCT and CMR for the diagnosis of SVAs are lim-

ited. Undoubtedly, MDCT and CMR provide accurate delinea-

tion of SVA and measurement of the sinus and vascular

dimensions. Sinus-to-sinus, as opposed to sinus-to-commis-

sure, in end-diastole is recommended for measurement of aor-

tic sinus dimensions as per the 2015 Guidelines for

Multimodality Imaging of Diseases of the Thoracic Aorta.13

Unfortunately, MDCT does not provide accurate functional

assessment regarding flow in cases of rupture, aortic regurgita-

tion, or coexisting VSDs.14 The advantages of CMR imaging,

aside from its lack of exposure to ionizing radiation or iodin-

ated contrast material, are its ability to provide a functional

assessment of cardiac function and flow.15 CMR enables

dynamic assessment of SVA morphology, including its effect

on the surrounding structures. It has the capability to assess

left ventricular hemodynamic pattern and identify aortic regur-

gitation, aortocardiac shunt, or fistulous blood flow. Moreover,

through acquisition of velocity-encoded cine phase-contrast

sequences in the proximal ascending aorta and main pulmo-

nary artery, CMR allows for calculation of the ratio of pulmo-

nary blood flow-to- systemic blood flow, which is helpful in

diagnosing a ruptured SVA. A caveat to consider with CMR is
that the sequences are not flow-sensitive and jets sometimes

can appear inconspicuous even when there is a large volume

of flow across a fistulous tract.16

Undoubtedly, ruptured SVAs pose a significant diagnostic

conundrum. They can present with confusing symptoms of

dyspnea and chest pain, similar to an acute coronary syn-

drome. Large ruptures can cause rapid volume loading with

hemodynamic collapse, whereas small ruptures may be insidi-

ous or asymptomatic. Prompt recognition and surgical repair,

especially of subpulmonic VSDs in patients with SVA, are

important in order to avoid further damage to the pulmonary

and/or aortic valve.17 Also, preoperative recognition of associ-

ated left-to-right communications is important for surgical

planning. If the surgical procedure involves the left side of the

heart, a dual-stage venous cannulation approach is usually the

preferred method for decompression of the right side of the

heart. However, dual-stage venous cannulation in the presence

of a left-to-right communication can entrain air upon opening

of the aorta and potentially can result in inadequate venous

drainage or an air lock in the venous line, both of which poten-

tially can be catastrophic. Therefore, when a right atriotomy

approach is planned for the repair of a VSD, a bicaval cannula-

tion is required.

Regardless of the imaging modality, the most important

consideration with echocardiography is that it is highly opera-

tor-dependent, both for image acquisition and for its interpreta-

tion. It, therefore, requires an astute echocardiographer to

painstakingly adjust and align the images while using non-

standard views and different modalities (eg, 2D, color-flow

Doppler, spectral Doppler, 3D) to detect and characterize

defects that are in such close proximity. In addition, a thorough

understanding of the anatomic spatial relations and a rigorous

knowledge of congenital defects are as important as the echo-

cardiography skills. Having a high index of suspicion is critical

to prompt the echocardiographer to “seek” and therefore “find”

specific defects in rare entities such as SVAs.
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