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EDITORIAL COMMENT
Calcium Assessment, Correct Sizing,
and Care With Balloons
Three Commandments to Prevent Annular Rupture Post-TAVR*
Gianluca Lucchese, MD, PHD,a Omar A. Jarral, MBBS, PHD,a Simon Redwood, MD,b Bernard Prendergast, MDb
I n this issue of JACC: Case Reports, Kellogg et al.
(1) from Boston describe the successful percuta-
neous management of contained annular rupture

following transcatheter aortic valve replacement
(TAVR). Following deployment of a self-expandable
valve in a fit 70-year-old patient with aortic stenosis,
an area of contrast extravasation was noted and was
managed conservatively. Post-operative surveillance
demonstrated enlargement of the pseudoaneurysm
with compromise of the right coronary artery. Since
the patient declined surgical correction, they pro-
ceeded with percutaneous closure using 4 coils and
polymer injection. This case is interesting for a num-
ber of reasons. First, the operators showed extreme
technical skill in dealing with this difficult situa-
tion—one of just a few reported cases where treat-
ment completely sealed the origin of the
pseudoaneurysm. Second, the patient had limited
calcification in the landing zone, and was theoreti-
cally at low risk of complications, demonstrating the
importance of vigilance in all cases. Last, as the pa-
tient preferred a nonsurgical approach throughout,
it demonstrates how difficult navigating patient pref-
erence and consent can be in the face of rapidly
developing technology.
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DEFINITION AND INCIDENCE

Annular rupture is a term that refers to a broad and
imprecise category of injuries to the TAVR landing
zone (2) and can be further categorized based on
anatomical location, completeness of injury (con-
tained or uncontained), and subsequent impact (e.g.,
pericardial effusion, coronary compromise, or fis-
tula). The reported incidence is 0.5% to 1.0%, but is
probably higher due to unidentified contained rup-
tures of little clinical significance. Annular rupture
accounts for 15% of patients requiring a bail-out sur-
gical procedure following TAVR, and in-hospital
mortality is 50% for contained and >75% when
uncontained (3,4).

ANATOMY AND CLASSIFICATION

Anatomically, injuries may be annular, subannular,
or supra-annular (5). Detailed knowledge of landing
zone anatomy is essential for operators in under-
standing the mechanism and impact of potential
injuries, particularly in the subannular region.
Annular injuries are typically localized and may
subsequently be sealed by the implanted valve.
Supra-annular injuries may traumatize the aortic
wall (leading to aortic dissection) or coronary ostia.
The consequences of subannular perforation depend
on location, since the left ventricular outflow tract
(LVOT) has fibrous and muscular parts (6). The
fibrous part forms the aorto-mitral continuity,
sitting between the right/noncoronary commissure
and the mid portion of the left coronary cusp. In
the healthy patient, this region is strong and
distensible, and damage can typically result in acute
mitral regurgitation or a ventricular septal defect,
rather than catastrophic bleeding. The muscular
part lies under the right coronary sinus and the left
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portion of the left coronary sinus. The portion un-
der the right sinus is formed by the interventricular
septum and anatomically supported by the over-
riding right ventricular outflow tract, and injuries
are therefore less likely to be immediately life
threatening. The remainder of the muscular LVOT is
less protected, and thus is more likely to lead to
bleeding (6). Hematoma in neighboring muscle has
potential to spread to the subepicardial fat, and
subsequently the pericardial space. Typically, this
would occur in the proximal atrioventricular groove
behind the main pulmonary artery, and close to the
base of the left atrial appendage and proximal
circumflex (6). The anatomic heterogeneity of
annular injuries understandably means that it can
present in a wide variety of ways, including totally
silent, unexplained circulatory collapse, coronary
ischemia, arrythmias, pericardial effusion, and the
presence of periaortic hematoma or abnormal
shunts.

RISK FACTORS

Conceptual knowledge regarding this topic is in its
infancy: there are just a handful of reviews in the
published data, there are no basic science studies,
and predictors are based on retrospective and registry
data, which may be subject to confounding. However,
a number of contributory factors have emerged (7).
The risk of annular rupture is significantly higher in
the presence of moderate or severe LVOT calcification
(8). This makes sense from a biomechanical point of
view, since these regions of stiffness have lower yield
strength. Calcification may also be a marker of overall
patient frailty. Not all LVOT calcification is the same:
the highest risk is in the anatomically weakest region
of the muscular LVOT, as described in the previous
text (6).

Rupture is mainly a complication associated with
balloon-expandable TAVR devices and seldom
encountered with self-expanding devices unless
excessive balloon pre- or post-dilatation is per-
formed. Balloon-expandable valves exert greater
radial force and circularize the annulus (9). This risk
is significantly exacerbated with aggressive over
sizing (>20%) or post-dilatation in the presence of
calcification.

Other anatomic risk factors include bicuspid valve,
small root diameter (<20 mm), annular asymmetry,
and asymmetric LVOT hypertrophy. Institutional/
operator risk factors include poor patient selection,
low procedural volumes, lack of experience, and
incorrect aortic measurements.
TIPS TO AVOID ANNULAR RUPTURE:

LESSONS FROM EXPERIENCE

Aortic annular rupture is among the most devastating
life-threatening complications of TAVR. Although
uncommon, the high associated mortality requires
careful procedural planning and execution. We have
identified the following golden rules from our own
experience:

1. Always perform a detailed quantitative and
descriptive assessment of leaflet, annular, and
LVOT calcification.

2. Size the device carefully based on annular and
LVOT dimensions. Utilize the latest imaging soft-
ware to obtain measurements in multiple views
and at multiple levels.

3. In a high-risk patient, consider using smaller
valves, and use balloon-expandable devices with
caution. Consider incomplete inflation if a balloon
if used (e.g., 2 to 3 ml underfilled) (2). If balloon
dilatation is required, do not exceed the mean
diameter of the LVOT or sinotubular junction
(whichever is smaller). A balloon-to-artery ratio of
1 can be used for semicompliant balloons and <1
for noncompliant balloons (10). Adopting a slow 2-
step deployment is an alternative technique to
reduce the risk of annular rupture using balloon
expandable valves in the presence of adverse
anatomical features.

4. Ensure that the valve is deployed in a plane par-
allel to the annulus. Modify implantation (e.g.,
higher valve positioning to avoid protruding de-
posits) if required.

5. The presence of multiple risk factors for annular
rupture in low- or intermediate-risk patients
should heighten awareness and may favor con-
ventional surgery at the time of heart team
discussions.

6. Uncontained rupture requires emergency surgery
and carries a very high mortality. Contained rup-
tures with no evidence of ongoing bleeding or
compromise can be managed conservatively, with
appropriate surveillance in-hospital and after
discharge. This case is an extraordinary example of
effective complete transcatheter occlusion of a
“benign” contained rupture.

CONCLUSIONS

Annular rupture can be a devastating complication
of TAVR. Awareness and avoidance are key, with
particular focus on high-risk LVOT calcium, correct
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valve sizing, and careful use of balloons. Operators
implanting in the high-risk setting need advanced
percutaneous skills to deal with potential compli-
cations, and the judgement to know when to
manage rupture using a conservative, percuta-
neous, or surgical approach. Patient preferences
need to be taken into consideration, but ultimately,
the heart team should lead the decision-making
process in the patient’s best interest.
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