Anno Accademico
2017/2018
Master Universitario di II livello
Cardiologia Interventistica
Cardiovascolare e Strutturale

Self-limiting intrannular rupture following
balloon expandable TAVI implantation
Procedural management and subsequent
follow-up

Autore
Dr. Vincenzo Bernardo

Tutor Scientifico
Prof. Claudio Passino

Tutor Aziendale
Dr. Sergio Berti

1

Table of contents
Introduction

pag. 3

Incidence

pag. 3

Pathophysiology of Annular Rupture

pag. 3

Classification

pag. 4

Diagnostic Strategies

pag. 5

Treatment Approaches

pag. 5

Outcome

pag. 6

Prevention

pag. 6

Clinicl Case of Thesis

pag. 7

• Diagnostic work-up

pag. 7

1) Echocardiography

pag. 7

2) Coronary Catheterization

pag. 7

3) Computed Tomography Angiography

pag. 8

4) Hearth Team decision-making

pag. 8

• TAVI procedure

pag. 8

• Intraprocedural echocardiography

pag. 9

• Post procedural follow-up

pag. 10

Conclusions

pag. 10

References

pag. 11
Abbreviations and Acronyms

LV:

Left ventricular

LVOT:

left ventricular outflow tract

TAVR:

transcatheter aortic valve replacement

TAVI:

transcatheter aortic valve implantation

CPB:

cardiopulmonary bypass

CT:

Computed Tomography Angiography

NYHA:

New York Hearth Association
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Introduction
“Annular rupture” (or “annulus rupture”) in an umbrella term covering different proceduralrelated injuries that may occur in the region of aortic root and the left ventricular outflow tract
(LVOT) during trancatheter aortic valve replacement.
Acording to the anatomical location of the injury, there are 4 main types:
-

Supra-annular

-

Intra-annular

-

Sub-annular

-

Combined rupture

Annular rupture is a rare, unpredictable and potentially fatal complication. It can be treated
successfully If it is immediately recognized and adequately managed.
The type of therapy depends on the location of the annular rupture and the nature of the
clinical manifestations.
Treatment approches include conventional cardiac procedure, isolated pericardial drainage
and conservative therapy.

Incidence
“Annular rupture” (or “annulus rupture”) occurs in about 1% of all transcatheter aortic valve
replacement (TAVR) or, transcatheter aortic valve implantation (TAVI) (1,2-5,7,8)
The popularization of TAVR awakens an old myth about the aortic annulus (9).

Pathophysiology of Annular Rupture
Injury of the aortic root or LVOT may occur during dilatation of the native aortic valve,
prosthetic valve deployment, or valve redilation for paravalvular leakage (1,4-7).
Aortic rupture as a consequence of percutaneous balloon valvuloplasty for valvular aortic
stenosis was already reported in the 1980s (12)
Annular rupture is not associated with the access route chosen for implantation, but rather
with the type of implanted valve (1-6). It has been almost exclusively observed after the use
of a balloon-expandable valve and, only exceptionally, after TAVR with self-expandable
valves (1,2,5-8,13). In the latter group, it is mostly a result of overdilatation of the prosthesis
during reballooning to the residual paravalvular regurgitation (4,6,8,14).
Aggressive oversizing (>/= 20%) of transcatheter valve-a discrepancy between the size of
the native annulus and the prosthesis in thought to carry an increased risk for annular
rupture (1,5-7,15). It occurs, however, only in the presence of 1 or more other factors, mainly
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calcification, which per se can cause rupture during TAVR (1,6,7,13). Rupture is, therefore, not
necessarily related to discrepancy between the annular size and the new prothesic valve
(6,7,13,16). However, it should be emphasized that overdistention of a healthy aortic annulus
is a completely different process than tissue overdistention in patients with aortic valve
stenosis and rathel ubiquitous presence of calcification. Anatomic characteristics that may
predispose a patient to annular rupture are small aortic valve annulus (< 20 mm), a narrow
aortic root (with a small difference between the diameters of the annulus and aorta at the
level of the sinuses of Valsalva), a large amount of calcification in the aortic valve leaflets
(even in a large aortic root), calcification of the annulus (especially circular calcification),
presence of calcium in the LVOT, calcification of the wall of the sinuses of Valsalva in the
region adjacent to the annulus, heavily calcified bicuspid valve, short distance from coronary
artery to the annulus, severe asymmetric sub-aortic left ventricular (LV) hypertrophy, and
global LV hypertrophy in enderly, mostly female patients (with decreased LV compliance
and fragile tissue) (1-8,13).

Classification
According to the anatomical location of the injury, it can be classified into 4 types:
1. Intra-annular type: the native annulus is frequently calcified in patiens with severe aortic
valve stenosis. It can be speculated that small tears in the native annulus occur during
TAVR, probably more often than diagnosed. Theoretically, such annular lesions may be
“sealed” by the transcatheter valve (4,6). A small, localized rupture may remain clinically
nonrelevant. It is identified during TAVR as a slight contrast extravasation in the region
that normally should not be perfused by contrast medium (2,5,15).
2. Subannular type: rupture in located below the native aortic valve annulus, in the LVOT.
There are 3 main areas for subannular rupture: a) the free myocardial wall of the LV; b)
the region below the noncoronary sinus of Valsalva (the fibrous conjunction between the
sinus and the anterior mitral leaflet) c) the intraventricular septum (1,5,7,14).
3. Supra-annular type: supra-annular rupture encompasses injuries of the wall of a sinus of
Valsalva (a), damage of an ostium of a coronary artery (b), and/or injury of the sinotubular
junction (c). Tear, rupture, or dissection in caused by balloon over-distension during
TAVR (1,4,6,7,13). When it occurs, it is usually in patients with narrow, calcified aortic root
and/or sinotubular junction and with a cusp containing bulky and calcified material (1,6,7).
4. Combined type: a) intra-annular and supra-annular; b) intra-annular and subannular; c)
intra-annular, supra-annular, and subannular.
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Diagnostic Strategies
In acute situations, immediate suspicion of annular rupture is crucial. The principal rule is
that any arterial bleeding in the pericardium with no identifiable cause should be considered
as suspected annular rupture (1,6). Other possible causes of hemodynamic instability must
be considered, such as occlusion of a coronary ostium, coronary artery embolization, injury
of the LV o right ventricular myocardium or mitral chordae, malposition of the valve, aortic
dissection, or retroperitoneal hemorrhage (1,2,4).
Annular rupture can be identified clinically, by echocardiography and/or by angiography
(1,2,6,13). Transesophageal echocardiography combined with angiography is important for the
early diagnosis in the initial phase of a suspected rupture (1,2,6,13,14). Angiography is useful
for detection of supra-anular problems but is of less value in identifying infra-annular injury
if there is no rilevant paravalvular aortic regurgitation (6). Computed tomography in
combination with repeated echocardiography is valuable for follow-up surveillance (15).

Treatment Approaches
The treatment depends on the type of annular rupture and its clinical manifestations.
Therapeutic approaches include conventional cardiac procedure, isolated pericardial
drainage, and a conservative strategy:
•

in acute situation, immediate institution of cardiopulmonary bypass (CPB), and
sternotomy with surgical correction of the rupture site should be considered.
In general, repair of the lesion and aortic valve replacement are performed. Removal
of the TAVI prosthesis and excision of the native aortic valve are

standard parts

of this repair.
•

Pericardial drainage and observation are applied in patients with mild pericardial
effusion, aortic wall hematoma or wall thickening

•

Conservative therapy, including optimization of the coagulation status, is possible for
small injuries in patients without any clinical signs of rupture or in patients with aortic
wall hematoma without pericardial effusion. Some patients treated conservatively die
during the following post-operative hours (6) or after several days (4). It is not known
how many and which of these patients will survive without surgery.

5

Outcome
The mortality of patients requiring emergency cardiac procedure is higher than in patients
undergoing uneventful TAVR procedures (2,8). Presently, at least one-half of the surgicallytreated patients will survive (3-8). The long-term results of conservative or nonsurgical
therapy are not known. Some of these patients die suddenly during follow-up (4). More
experience is necessary to define the optimal treatment of detectd but asyntomatic annular
rupture.

Prevention
Awareness of possible procedural complications and advanced understanding of the
anatomical and pathophysiological relationships during TAVR are crucial in preventing
complications.
Concrete preventive measures can be summarized as following:
1) identify whether the patient is at high risk for annular rupture by searching for predictive
factors (such as a very high calcium score, severe LVOT calcification, heavily calcified
bicuspid valves, specific locations of calcium, or nodules over 4 to 5 mm);
2) consider modification of the therapeutic strategy in regard to the choice of the size of
transchateter valve diameter (such as choosing a smaller valve, accepting less than
classical “2-mm oversizing” of the annulus diameter);
3) consider incomplete inflation of the balloon during valve deployment (such as 2- to 3-ml
less inflation);
4) modify implantation plan (such as higher valve positioning during valve deployment in
order to avoid protruding valve deposits in the LVOT);
5) avoid performing valve reballoning for paravalvular leak in the presence of significant
calcification;
6) consider the use of other type di valve rather than a balloon-expandable valve;
7) rethink conventional surgery instead of TAVR;
8) reconsider the option of only conservative therapy;
9) consider transfer of the patient to a high-volume center with extensive expertise in TAVR.
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Clinicl Case of Thesis
Male 84-years-old with arterial hypertension, former smoker and family history of ischemic
heart disease. Recently diagnosed (less than one year before): “Severe aortic stenosis”.
Recent hospital admission due to high rate atrial fibrillation associated with low efforts
dyspnoea.

Diagnostic work-up:
1) Echocardiography

•

Severe aortic stenosis with moderate regurgitation

•

Severe left ventricular systolic dysfunction (ejection fraction 36%)

•

Mild mitral regurgitation (IIIB mechanism)

•

Moderate right ventricular systolic dysfunction

2) Coronary Catheterization

Diffuse atherosclerotic disease with MO1 occlusion (not visualized by collateral circulation)
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3) Computed Tomography Angiography (CT)

2

3.803 cm

Edwards Sapien 3 23 mm

4) Hearth Team decision-making
Heart team decided for TAVI due to high risk for surgical replacement mostly determined by
clinical instability (NYHA III-IV) and severe LV systolic dysfunction with moderate mitral
regurgitation

TAVI procedure:
A

B

C

•

Right femoral artery access with controlateral angiographic control was easily obtained

•

A 14F sheath was then allocated into ascending aorta and a stiff wire was placed into
left ventricle

•

Aortic valvuloplasty with a 20 mm balloon was then performed (A)
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•

Correct positioning in aortic annulus was obtained (B) and Edwards Sapien 3 (23 mm)
was successfully released (C)
E

D

F

D

•

Immediate postimplantation aortography revealed a contrast extravasation near non
coronary cusp compatible with annular rupture (D)

•

Prompt heparine reversal was performed

•

Left ventriculography revealed no involvement of left vetricular wall (E)

•

Patient was asymtomatic without haemodinamic compromise

•

Final aortography performed some minutes later revealed almost complete sealing
without contrast extravasation (F)

Intraprocedural
echocardiography :

• Intraprocedural transesophageal echocardiography revealed trivial perivalvular leak
(at 12)
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•

Intramural haematoma of non coronary cusp without evidence of dissection (yellow
arrow) probable limited by newly constituted floating clot (red arrow) was also seen.
Mild pericardial effusion also was noticed during the exam (8 mm behind posterior
wall

Post procedural follow-up
•

Patient was transferred to Cardiac Coronary Unit heamodinamically stable

•

An urgent CT scan revealed minimal smoky contrast extravasation just beneath non
coronary cusp

•

After 24 hours ecocardiography revealed reduction of pericardial effusion

•

In the next following days patient remained stable and was successfully discharged

Conclusions
Annular rupture in a rare and potentially extremely dangerous complication of TAVR.
Prevention, early recognition, and immediate appropriate management are crucial in
reducing the deleterious effects of annulus rupture
The treatment depends on the type of annular rupture and its clinical manifestations.
Therapeutic approaches include conventional cardiac procedure, isolated pericardial
drainage, and a conservative strategy. The mortality of patients requiring emergency cardiac
procedure is higher than in patients undergoing uneventful TAVR procedures (2,8). Presently,
at least one-half of the surgically-treated patients will survive (3-8). The long-term results of
conservative or nonsurgical therapy are not known. Some of these patients die suddnly
during follow-up (4). More experience is necessary to define the optimal treatment of detectd
but asyntomatic annular rupture.
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