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Abstract

Purpose of review—Distinction between discrete subvalvar aortic stenosis and other causes of
left ventricular outflow obstruction has important implications for predicting natural history and
guiding the timing and type of intervention. Imaging, primarily transthoracic echocardiography,
plays a pivotal role in the diagnosis and management of adults with subvalvar stenosis.

Recent findings—The majority of systematic research on imaging of subvalvar aortic stenosis
has focused on echocardiography. Transthoracic echocardiography, especially two-dimensional
imaging with color and spectral Doppler, remains the main modality for delineation of the
anatomic and hemodynamic features of subvalvar stenosis, associated anomalies, and involvement
of accessory mitral valve attachments to the subaortic septum or abnormally placed papillary
muscles. Transesophageal echocardiography may provide a more detailed definition of left
ventricular outflow tract anatomy, including the presence and extension of the obstructive
subaortic fibroelastic tissue onto the aortic or mitral valve, especially in patients with poor
transthoracic windows. The clinical role for advanced imaging technologies, including 3-
dimensional echocardiography, cardiac magnetic resonance, and computed tomography, is
evolving but, largely because of the adequacy of established imaging with transthoracic
echocardiography, remains relatively limited.

Summary—In the absence of other congenital heart defects or alternative indications (e.g.,
coronary angiography), transthoracic echocardiography is usually adequate for assessment of
discrete subvalvar aortic stenosis in the adult. In specific clinical situations, supplemental imaging
modalities can play an integral role in clinical decision making.
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Introduction

Left ventricular outflow tract (LVOT) obstruction can result from an array of causes and may
be due to several distinct anatomic abnormalities (Figure 1).1 A common acquired cause of
LVOT obstruction in adults is hypertrophic cardiomyopathy in the context of ventricular
septal hypertrophy, often with systolic anterior motion of the mitral valve and abnormally
positioned papillary muscles. A second form of LVOT obstruction referred to as “tunnel-
type,” relates to long-segment narrowing due to the presence of abnormal muscle tissue in
the outflow tract. A third form results from posterior deviation of the infundibular septum,
often with either type B interrupted aortic arch, or a ventricular septal defect (VSD) and
aortic coarctation. This paper will review imaging of discrete subaortic stenosis (DSS), a
fourth distinct type of LVOT obstruction. The anatomy of DSS is importantly variable, as
discussed below, but broadly involves a discrete ridge of fibroelastic tissue protruding from
the ventricular septum into the outflow tract with variable involvement of the aortic and
mitral valves.

Transthoracic echocardiography (TTE) is the dominant modality used for imaging of DSS.
While other modalities have important niche roles, TTE is sufficient for the diagnosis and
delineation of anatomy and physiology in a large majority of cases. Further, there is more
systematic data on the use of TTE in DSS than for alternative imaging approaches.
Therefore, we will focus mainly on TTE with a brief comment on the role of supplemental
modalities in the management of DSS.

Epidemiology and Mechanisms

DSS is commonly considered under the rubric of congenital heart defects, though, akin to
double chamber right ventricle, DSS is more accurately considered neither as clearly
congenital nor independently acquired. Hemodynamically severe DSS is rarely documented
in the fetus or soon after birth. However, identifiable structural abnormalities present at
birth, namely elongated mitral-aortic intervalvular fibrosa and steep aortoseptal angle, are
known to predispose to its development. While DSS can present as an isolated lesion, it is
also frequently associated with other congenital heart defects.

Patients with DSS often have additional left-sided obstructive lesions. Shone complex, as
initially described, involves the presence of either all or a subset of two or more of four
components: subaortic stenosis, supravalvar mitral ring (also referred to as an annulo-leaflet
mitral ring), parachute mitral valve, and aortic coarctation. The eponym is used
inconsistently, but all eight of the patients in that initial report had both subaortic stenosis
and a supravalvar mitral ring, while the other components were variably present.?

Membranous VSD is commonly associated with DSS (~32%). Double chamber right
ventricle, frequently associated with a VSD, is also relatively common among patients with
DSS (~9%); this may indicate that such patients are prone to excessive cardiac cellular or
fibrotic proliferation in the setting of high shear stress (see below for further discussion).
Atrioventricular canal defects are also associated with an increased risk for LVOT
obstruction and DSS may be secondary to displacement of the aortic valve in relation to the
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atrioventricular valves and elongation of the outflow tract, as well as aberrant chordal
attachments.

Isolated DSS rarely presents in infancy and often progresses over time. However, there are
specific differences in LVOT morphometry and geometry between patients who do and do
not develop DSS. Patients with DSS tend to have a greater degree of aortic override over the
ventricular septum, a large distance between the hinge point of the non-coronary aortic valve
leaflet to the hinge point of the anterior mitral valve leaflet, and a more acute aortoseptal
angle.3-8 Experimental studies suggest these abnormalities, especially the relatively acute
aortoseptal angle, are associated with abnormal ventricular septal shear stress.? Presumably,
the presence of increased shear stress acts as a stimulus to cellular proliferation, resulting in
growth of subaortic tissue. However, not all patients with predisposing aortoseptal angle
develop DSS, suggesting a multi-hit mechanism where LVOT geometry interacts with
predisposing genetic, developmental, or anatomic and cellular features. The presence of a
VSD, for example, further increases septal shear stress and is a known risk factor for
development of DSS. Shorter distance between the VSD and aortic annulus is associated
with greater increase in shear stress. There is also pathologic evidence that persistence and
hypertrophy of an accessory anterolateral papillary muscle in the LVOT (sometimes referred
to as the “muscle of Moulaert”) may play a role in development of subaortic stenosis in a
subset of cases.10

The goals of imaging in a patient with subaortic stenosis are to:

a. Identify the level(s) of LVOT obstruction and distinguish between anatomic
types of subaortic stenosis

b. Define degree of obstruction

C. Understand relationship of the obstructive subaortic tissue to key cardiac
structures

d. Identify associated lesions and adverse sequelae (e.g., aortic regurgitation)

Identify the level of LVOT obstruction and distinguish between types of subaortic stenosis

The presence of LVOT obstruction is largely based on evidence of hemodynamic impact
(i.e., a pressure gradient); the severity of obstruction is likewise defined by the magnitude of
the pressure gradient. As such, spectral Doppler, as described below, remains the most
dependable noninvasive method to demonstrate and grade the severity of L\VOT obstruction.
The appearance of flow acceleration with turbulence below (proximal to) the level of the
aortic valve provides further support for the presence of subaortic obstruction (Figure 2).
The shape of the Doppler envelope, or response to physical maneuvers, can further hint at
the underlying pathophysiology (e.g., fixed versus dynamic obstruction),1! but 2-
dimensional echocardiography provides insight into the anatomy and structural basis for
obstruction.
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It is key to determine whether obstruction is isolated to the subaortic region or involves
multiple levels, as this has implications for surgical planning and the validity of spectral
Doppler estimates. Bicommissural aortic valve and other congenital aortic valve
abnormalities are often seen in conjunction with DSS, resulting in concomitant valvar
stenosis. It is also important in these patients to identify more proximal obstruction due to
septal hypertrophy or abnormal mitral valve attachments. The distinction between DSS due
to a fibrous ridge and tunnel-type subaortic stenosis is not always easily delineated on
preoperative imaging and may impact the extent of resection necessary to adequately relieve
the obstruction. Fortunately, that pathologic distinction is less important for surgical
planning and counseling than distinguishing these diagnoses from hypertrophic
cardiomyopathy or aortic valve stenosis, and defining associated anatomic features (e.g.,
abnormal mitral valve attachments).

While careful 2-dimensional imaging is usually sufficient, 3-dimensional TTE may be useful
in select cases to better understand the anatomy of subaortic stenosis.12 There has been little
systematic investigation of this technology, however, and the current lower spatial and
temporal resolution of 3D TTE imaging may limit its usefulness. One case report
demonstrated the potential role of 3D transesophageal echocardiography (TEE) to use
planimetry to better define the contributions of DSS and valvar aortic stenosis in the context
of multiple lesions when Doppler methods are invalid.13 14

Define degree of obstruction

Continuous wave Doppler measurement of maximal instantaneous and mean systolic
gradients from the apical and suprasternal notch views, using the modified Bernoulli
equation, provides an estimate of the severity of the LVOT obstruction. While evidence to
support recommendations is sparse in adults, guideline documents have suggested a
maximal instantaneous gradient of =50 mm Hg or mean gradient of =30 mm Hg constitutes
an indication for surgical repair even in the absence of symptoms or adverse sequelae, such
as aortic regurgitation.1> Therefore, understanding the limitations of echocardiographic
estimation of pressure gradients is essential to prevent potentially unnecessary intervention.
For patients with an isolated DSS, the assumptions of the modified simplified Bernoulli are
reasonably met. However, there are several limitations to this approach that require note.
First, the Bernoulli equation is not appropriate in the setting of sequential or long-segment
stenoses. Second, as the equation assumes negligible proximal velocity, it would be more
accurate to correct the peak instantaneous velocity for flow velocity proximal to the
obstruction in settings of high output. Fourth, interrogation of the systolic flow jet through
the LVOT may be contaminated by other flow jets, most commonly related to a VSD or
mitral regurgitation. The mitral regurgitant jet velocity will always be higher than the LVOT
velocity (unless the mitral jet velocity is underestimated because of an incomplete spectral
envelope or suboptimal angle of interrogation).

Identify associated lesions and adverse sequelae

As noted above, DSS is often associated with additional congenital or acquired heart
disease. Sequential LVOT obstruction is not infrequent, and it is important to determine
whether stenosis is present only at the subaortic level or also at the aortic valve.16 Left
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ventricular hypertrophy, particularly basal septal hypertrophy, often coexist and can
contribute to LVOT obstruction (Figure 3). VSD, aortic regurgitation, and double-chamber
right ventricle are readily identified by transthoracic echocardiography as long as there is a
high index of suspicion. Quantification of these defects and their hemodynamic burden,
however, is sometimes better defined by other modalities, particularly cardiac magnetic
resonance (MR). For example, some standard TTE criteria for grading aortic regurgitation
severity may be misleading if the LVOT anatomy is such that there is obstruction to flow
from the distal LVOT to LV body during diastole. While usually identified with post-
operative TEE, TTE is also able to identify postoperative complications of DSS resection,
including residual or de novo aortic regurgitation, mitral regurgitation, residual or recurrent
subaortic obstruction, or iatrogenic VSD.

High-frequency oscillation (“fluttering”) of the aortic valve leaflet on M-mode
echocardiography is a classic finding with DSS (Figure 4), even in mild cases without
hemodynamically significant LVOT obstruction.}” While not of actionable clinical
relevance, this observation illustrates one hemodynamic impact of DSS, increased
turbulence of flow across the aortic valve. This abnormal flow has potentially adverse
consequences in part independent of the degree of stenosis, including development of aortic
regurgitation and an increased risk for subacute bacterial endocarditis.181° Aortic
regurgitation in DSS also develops as a consequence of growth of the obstructive fibroelastic
tissue onto the ventricular surface of the aortic valve leaflets, causing restriction of leaflet
motion and valve incompetence.

The presence of progressive aortic regurgitation and either left ventricular dilation or
dysfunction (left ventricular end-systolic dimension =50 mm or ejection fraction <55%) is
also considered indications for intervention. There has been ongoing debate if proactive
intervention for DSS should be considered in the presence of mild aortic regurgitation to
prevent progressive aortic valve degeneration (and avoid the need for valve replacement); at
present, the consensus is that this would not constitute a reason to intervene.1®

Given the frequent co-occurrence of DSS and membranous VSDs, attention should be paid
to ruling out the latter, which may be subtle if flow is restricted by tricuspid valve
attachments.20 A membranous VSD may also result in aortic regurgitation unrelated to the
DSS as a result of prolapse of the aortic valve leaflet into the defect. Finally, the creation of
an iatrogenic VSD is a rare complication of membrane resection and myomectomy, a
complication that can be detected by intraoperative TEE allowing for prompt repair. 21

relationship of stenosis to key cardiac structures

Determination of distance of the subaortic ridge from the aortic valve, typically measured on
TTE from the parasternal long-axis view in end-diastole from the septal attachment of the
ridge to the hinge point of the right coronary leaflet, is an important element of the anatomic
assessment due to its prognostic implications for rate of progression of obstruction and risk
of reoperation (further discussed below).3 The membrane may also extend circumferentially
to adhere to the anterior mitral leaflet and accessory attachments of the mitral valve to the
ventricular septum are a potential additional source of obstruction. 3-D TTE may aid in
defining the morphologic details of the subaortic obstruction and in evaluating the mitral
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valve apparatus.? Subaortic stenosis may also develop following repair of complex
congenital heart disease in which patch material is used to baffle the left ventricle to the
aorta via a VSD, such as in a Rastelli-type repair, with resultant development of subaortic
obstruction related to turbulent flow across a tortuous outflow tract and fibrous growth on
the patch material. In such cases, supplemental modalities, such as cardiac MR, may aid in
anatomic assessment and operative planning.

The risk of progression, recurrence, and survival

DSS is a variably progressive disease. Bezold and colleagues derived a model to predict the
progression of DSS stenosis in children, with progression defined as those who underwent
intervention or for whom there was an intention to intervene with a peak instantaneous
gradient of >40 mm Hg. The 3 independent predictors of progression were: higher initial
gradient, involvement of the anterior mitral leaflet, and distance between the DSS and aortic
valve indexed to body surface area. Interestingly, in univariate modeling the presence of
associated congenital lesions was associated with a lower probability of progression. These
findings were robust on validation in an independent sample at a separate institution. Of
note, neither the aortoseptal angle nor the mitral-to-aortic valve separation distance nor the
severity of aortic override were reported to be associated with progressive disease.22 This
suggests that factors predisposing to development of DSS may differ from those that favor
hemodynamic progression.

Despite adequate surgical relief of obstruction, recurrence of DSS requiring reoperation
occurs relatively frequently with contemporary series estimating 19-25%.23-2% |n a
multicenter study of adults with prior operation for DSS, van der Linde and colleagues
report a reoperation rate of 1.8% per patient-year.23 Female sex and progression of LVOT
gradient over time were the strongest independent predictors of reoperation. In a pediatric
long-term follow-up study, predictors of reoperation included younger age of initial
resection, preoperative gradient =60 mm Hg, peeling of the membrane off the aortic or
mitral valve, distance of the membrane to the aortic valve <7 mm, and concomitant valvar
aortic stenosis.® While the risk of reoperation appears to plateau after 10 years in the
pediatric series, van der Linde et al. demonstrate a steady decline in intervention-free
survival over 20 years of postoperative follow-up. Overall survival of adults with DSS
without associated congenital lesions or valvar aortic stenosis is excellent and equivalent to
that of the age-matched population. 24

Imaging Modalities Beyond Echocardiography

Echocardiography is usually sufficient to define the anatomy and hemodynamic
pathophysiology of DSS. However, adjunct imaging approaches are useful in specific
situations, namely cardiac magnetic resonance (CMR), computed tomography (CT), and
cine-angiography. CMR is useful when echocardiographic imaging is of inadequate quality
or when more precise quantification of flow or chamber volumes or mass is necessary for
clinical decision-making. Defining the severity of aortic regurgitation is probably the most
common indication for CMR in the context of isolated DSS. As above, TTE estimation of
regurgitation severity is challenging, and standard criteria may be misleading in the context
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of a subaortic chamber partly separated from the main left ventricular cavity. The more
precise measurements of left ventricular volumes and mass provided by CMR presumably
provide some degree of incremental information, but clinical decisions rarely rest upon
demonstration of subtle dilation or hypertrophy. CMR can provide better definition of LVOT
geometry and DSS morphology; this may have some benefit in surgical planning and patient
counseling, though the ultimate surgical approach will depend on direct inspection and
intraoperative TEE. While flow velocities can also be measured by phase contrast MR
imaging, this is rarely necessary. Except in patients with extraordinarily poor acoustic
windows, TTE continuous wave Doppler can identify the peak velocity across the LVOT and
is preferable to CMR for this purpose. Likewise, cardiac MR is often critically important in
the setting of more complex congenital heart disease, but that utility is usually not related
directly to the DSS. Cardiac CT is rarely indicated for evaluation of DSS unless CMR is
contraindicated. Cardiac CT provides precise estimates of ventricular volumes and mass, as
well as LVOT geometry. However, neither the severity of aortic regurgitation nor the flow
acceleration across the DSS can be measured. Likewise, catheter-based ventriculography
plays a supporting role in the contemporary evaluation of DSS. Specifically, invasive
hemodynamic evaluation and ventriculography are generally the approach of last resort
when echocardiography (and other imaging) is either of inadequate quality or unable to
delineate the level of obstruction. Either cardiac CT or catheterization is indicated in adults
with risk factors for coronary artery disease as part of preoperative planning, though this
evaluation is distinct from the assessment of DSS itself.

Conclusion

Imaging plays a central role in the evaluation of discrete subvalvar aortic stenosis, to
distinguish from other or coexisting causes of L\VOT obstruction, and to direct the timing
and type of intervention. Transthoracic and transesophageal echocardiography remains the
main tool for imaging these patients, while recent advances in 3D echocardiography, CT,
and MR imaging have valuable roles in specific situations.
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TTE transthoracic echocardiography

VSD ventricular septal defect
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FIGURE 1.
Diagrams representing parasternal long axis transthoracic echocardiogram images depicting

various anatomic types of subaortic stenosis. The figure is modified from Freedom RM. The
natural and modified history of congenital heart disease. EImsford, N.Y.: Blackwell Pub./
Futura; 2004. Page 175. Figure 14C-1,1 used with permission.

A: Discrete fibrous membrane

B: Fibromuscular tunnel

C: Mitral valve tissue or its tension apparatus attached to the septum

D: Hypertrophic obstructive cardiomyopathy
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E. Tissue derived from the membranous septum or tricuspid valve herniating into the LVOT
through a VSD

F. Posterior displacement of the infundibular septum.

Ao: aorta; LA: left atrium; LV: left ventricle.
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FIGURE 2.
Parasternal long-axis transthoracic echocardiographic images during systole, 2-dimensional

(left) showing a discrete subaortic obstruction (top arrow, open head) approximately 1cm
below the aortic valve. There is extension onto the anterior mitral leaflet (arrow with solid
head). The addition of color Doppler (right) demonstrates flow acceleration with turbulence
beginning at the level of the subaortic ridge.

Ao: aorta; LA: left atrium; LV: left ventricle.
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FIGURE 3.
Transesophageal echocardiography performed directly prior to surgical repair of discrete

subaortic stenosis. In this example, the obstructive ridge inserts directly below the aortic
valve and extends onto the anterior mitral valve.

A (Top): Long-axis view. The large white arrow identifies the aortic valve cusp, while the
black arrow identifies the subaortic ridge directly below the insertion of the aortic valve. The
small white arrow indicates extension of the obstructive tissue onto the anterior mitral valve
leaflet. There is also hypertrophy of the basal ventricular septum proximal to the discrete
subaortic membrane.
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B (Bottom): Short-axis view. The black asterisks designate the subaortic ridge in cross-
section.
Ao: aorta; LA: left atrium; LV: left ventricle; LVOT: left ventricular outflow tract
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100 mm/s

FIGURE 4.
M-Mode echocardiography just above the aortic annulus in the parasternal long axis view in

a patient with subaortic stenosis. There are high-frequency oscillations of the right coronary
aortic cusp (white arrows, second beat; first beat not annotated).
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