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CENTRAL MESSAGE

Cardiac surgeons will need to
gain expertise with a broad,
complex spectrum of clinical
scenarios and techniques to
address open surgical interven-
tions after transcatheter valve
Implantations.

See Commentaries on pages 59 and 61.
Associate Editor’s Introduction—Aortic valve replace-
ment, whether performed open or percutaneously, inher-
ently trades the native valve disease for a new disease by
virtue of the prosthetic valve. Both approaches have pitfalls
and complications early, from the procedure itself (eg, heart
block, perivalvular leak, ventricular injury, coronary artery
ostial impingement), and later (eg, prosthetic valve endo-
carditis, structural valve deterioration [SVD]). With trans-
catheter aortic valve replacement (TAVR), even after
successful deployment, the biological nature of the valve
implies that SVD will eventually occur, and the risks of
thrombosis and prosthetic valve endocarditis remain. With
the progression of TAVR use in lower-risk cohorts,
including younger patients, the long-term consequences
should remain in the back of the surgeon’s mind. In this
invited review, the authors have provided the readership
with a concise summary of issues facing surgeons involved
in TAVR in both the acute and long-term periods. This sum-
mary is just that, a summary of the potential issues and some
potential solutions, but it reminds us that no procedure or
technique is free of complications. Knowledge and under-
standing of these potential complications are critical in
the optimal care of our patients.

Abe DeAnda Jr, MD

The use of transcatheter aortic valve replacement (TAVR)
has increased significantly in the past 5 years. According
to the TVT registry, TAVR surpassed 70,000 implants in
calendar year 2019 in the United States. Compared with iso-
lated surgical aortic valve replacement (SAVR), TAVR is
now implanted at a>2:1 ratio and, because of prospective
randomized trials,1-3 in an increasingly younger and
lower-risk patient population. To date, with limited long-
term follow-up, freedom from structural heart deterioration
has been acceptable in intermediate- and high-risk popula-
tions. However, given that all biological valves are expected
to fail with sufficiently long follow-up times, we anticipate
that cardiac surgeons will need to acquire a better under-
standing of both acute and chronic complications related
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to TAVR, as well as an expanded skill set to successfully
treat these complications. Familiarity with the characteris-
tics of the different transcatheter heart valve (THV) prosthe-
ses and careful serial echocardiographic and clinical
surveillance and follow-up are critical. Although these
events are currently rare, given the high implantation rates,
a significant increase in surgical reintervention is antici-
pated over the next decade.
ACUTE INTERVENTION
The incidence of acute (so-called “emergency surgical

bailout”) open intervention after TAVR remains relatively
low (1%-3%), but this intervention is associated with
significantly increased morbidity and mortality.4-6 Acute
and rapid diagnosis and preparedness and experience of
the team to address these rare but complex clinical
scenarios are paramount. Data from the TVT registry
identified the most common reasons for acute surgical
bailout following TAVR as device migration (22.3%),
cardiac perforation (with pericardial effusion and
tamponade; 19.4%), and annular/root rupture (14.2%).7

Other causes include type A dissection and coronary
occlusion.

Although the need for emergency “bailout” surgical
intervention following TAVR is rare, the candidacy and
prognosis for such salvage interventions, especially after
catastrophic complications, should be formally discussed
by the multidisciplinary team with the patient and family
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before any planned TAVR procedure. Candidacy for such
salvage interventions is also formally and specifically re-
viewed as part of the Surgical Care and Outcomes Assess-
ment Program preprocedure briefing by the entire
procedural team.

Device Migration
The incidence of this complication has decreased signif-

icantly with the evolution of enhanced preoperative
imaging, more precise valve sizing, and repositionable
transcatheter valves. These are more common in the setting
of self-expanding valves, aortic insufficiency, large annuli,
minimal annular calcification, and bicuspid valve pathol-
ogy.8 Dislodged valves often can be retrieved percutane-
ously from the ascending aorta with deployment of the
valve in the descending thoracic aorta distal to the left sub-
clavian artery, but left ventricular dislodgment invariably
requires an open retrieval and cardiopulmonary bypass.

Cardiac Perforation
Although cardiac perforations are more common in

the right heart (with transvenous pacemaker manipula-
tions), mortality is higher with left-sided cardiac perfora-
tion.9 Most cardiac chamber wire perforations respond to
percutaneous pericardial drainage. A small subset of pa-
tients require open operative intervention and direct repair.
Persistent bleeding following pericardial catheter drainage
and reversal of anticoagulation should prompt consider-
ation for urgent open repair. Surgical repair often can be
accomplished with a direct suture repair and rarely requires
the use of cardiopulmonary bypass.

Annular Rupture
Annular rupture represents a truly devastating complica-

tion following TAVR. Risk factors for annular rupture
include a heavily calcified (asymmetric) aortic root/
FIGURE 1. A, Computed tomography angiography after transcatheter aortic

near the ostium of the right coronary artery. B, Intraoperative image showing co

TAVR.
annulus, left ventricular outflow tract (LVOT) calcification,
oversizing or overinflation of THV, and use of a balloon-
expandable rather than self-expanding TAVR valve.10

Rupture can occur anywhere within the “TAVR landing
zone” and can be subannular, annular, at the level of the
aortic root (sinus and sinotubular junction), or a combina-
tion of these. Clinical presentation is commonly that of
hemodynamic instability and a new pericardial effusion.
Stabilizing the patient requires a rapid and accurate diag-
nosis. The diagnosis is frequently evident on root aortog-
raphy, but transesophageal echocardiography and, in more
subacute circumstances, computed tomography angiog-
raphy, can be helpful (Figure 1, A). Rupture in the various
areas of the landing zone can lead to varied clinical presen-
tations. Rupture within the LVOT can cause injury to the
ventricular septum or free wall, occasionally leading to
acute ventricular septal defect. Annular rupture is some-
times contained and in some cases can be managed expec-
tantly. Rupture of the aortic root can cause catastrophic
bleeding or focal dissection within the root (Figure 1, B).
Disruption or partial detachment of the coronary arteries
from the free wall and rupture of the aorta can occur.
Pericardial drain placement is a critical initial step before

planning and providing definitive therapy in patients with
no contraindications who were identified as candidates
for “salvage” intervention before the TAVR procedure.
Although sternotomy and central cannulation are preferable
whenever possible, some patients require rapid recognition
and initiation of peripheral cardiopulmonary bypass support
to stabilize, although definitive repair is often a salvage
attempt. Arterial cannulation frequently can be expedited
by inserting the arterial inflow cannula into the previously
placed TAVR femoral sheath (in 16 F or larger sheaths).
Treatment invariably mandates LVOTor root reconstruction
and an aortic root replacement (our preference is a Bio-
Bentall with a freestyle root or homograft). Coronary artery
valve replacement (TAVR) showing rupture and a pseudoaneurysm cavity

mplete aortic root disruption into the right coronary sinus (star) following
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ostia can be calcified but also significantly displaced or even
injured/avulsed by the rapidly expanding hematoma, and
coronary bypass must be considered when primary reim-
plantation of coronary buttons is not feasible. Aortic hema-
toma is typically limited to the root, and central aortic
cannulation in the distal ascending aorta is feasible. The
explant of the TAVR prosthesis is technically fairly straight-
forward in the acute setting (very recent implantation and
no adhesions/incorporation), but complex root replacement
is almost always required, with principles similar to those in
repair of type A dissection involving the aortic root. Mortal-
ity is roughly 50%, related to patient hemodynamic insta-
bility, underlying cardiac and general comorbidities, and
potential difficulties with and the extent of repair.5,10
CHRONIC INTERVENTIONS
Paravalvular Leak

Although many paravalvular leaks (PVLs) are
amenable to percutaneous therapy using a variety of plugs,
these less invasive techniques can be associated with
incomplete resolution of PVL, as well as with a persistent
or increased risk of hemolysis. Persistent or large PVLs
typically require open surgical approaches with explanta-
tion of a transcatheter valve prosthesis and redo surgical
AVR.11 In a single-center experience at the University of
FIGURE 2. A, Transesophageal echocardiogram showing large mobile endo

(TAVR) prosthesis. B, Intraoperative explantation of a Sapien S3 (TAVR) valve

tation, aortic perspective. D, Explanted TAVR Sapien S3 valve with Candida e
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Michigan over a 9-year period, the leading indication for
valve explantation was severe symptomatic PVL, occur-
ring in 41% of their THV explants. In their series, the
median time from the index TAVR to THV explantation
was 96 days (interquartile range, 69-438 days).11

Again, the incidence of PVL has decreased significantly
in the past several years with the introduction and wide
adoption of third-generation transcatheter aortic valves
(annular skirts).1,2
Prosthetic Valve Bacterial Endocarditis
The incidence of prosthetic valve endocarditis (PVE)

following TAVR is similar to that of SAVR.12,13 There is
a small peak in the first 6 months, but after that initial peri-
operative period, the incidence is approximately 5% in the
first 5 years with a peak (65% of all infections) noted in the
first year and is associated with a risk-adjusted 3-fold in-
crease in mortality.12,13 Although staphylococcal organisms
predominate, enterococcal organisms are also common.
Clinical presentations are similar to those of surgical
PVE, vary somewhat between self-expanding and
balloon-expanded transcatheter valves, but the presence of
prosthetic annular and subannular material increases risk
of annular and aortic-mitral curtail involvement and abscess
formation (Figure 2, A-D). Surgical explantation rates of
carditic vegetation on a Sapien S3 transcatheter aortic valve replacement

. C, Explanted TAVR Sapien S3 valve with Candida endocarditis and vege-

ndocarditis and vegetation, ventricular perspective.
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transcatheter PVE remain low, performed in<15% of pa-
tients and may reflect a significant selection bias because
of patients’ high/prohibitive comorbidities. Mortality of
both medical therapy and SAVR in this high-risk patient
cohort remains high and varies from 36% to >60%.
TAVR PVE was increased in younger patients, males, and
in persons with diabetes, residual aortic insufficiency, heart
failure, and chronic renal disease.14-16
Prosthetic SVD and Hemodynamic Valve
Degeneration

The incidence of leaflet motion abnormalities and the
potential for subannular thrombus and pannus formation
appear to be higher for TAVR valves and once diagnosed,
may be ameliorated by the use of oral anticoagulation
rather than dual antiplatelet therapies.17,18 As with
SAVR prostheses, close clinical and echocardiographic
follow-up of the valve is essential. Prosthetic leaflet
thickening, decreased leaflet mobility, and increasing
transvalvular gradients should prompt repeat TEE and
multidetector computed tomography imaging. The clin-
ical incidence of SVD and hemodynamic valve degenera-
tion are currently underestimated.19,20 Smaller TAVR
prostheses, patient–prosthesis mismatch, and valve-in-
valve TAVR may be more prone to this complication.
Larger TAVR prostheses may accommodate a repeat
TAVR valve-in-valve, but surgical explantation of smaller
THV prostheses should be considered along with surgical
adjuncts to deal with a small LVOT and aortic root more
definitively.

TAVR prosthesis explantation is more technically chal-
lenging, owing to the adherence of native leaflets to the
TAVR prosthesis and even more so to endothelial
ingrowth of the THV valve into the annulus, subannular
mechanism (mitral valve and membranous septum of
the LVOT), and aorta (especially with supra-annular
valves, such as the CoreValve). Although an
FIGURE 3. A, Prosthetic transcatheter aortic valve replacement (TAVR) valve

thetic TAVR valve degeneration (Sapien XT in prior Mosaic valve), ventricular
endarterectomy of the prosthetic valve cage is possible,
root (Bentall) replacement and with smaller anatomic
annuli, root enlargement, is often required. Aortotomy
is typically performed at or just above the top level of
the prosthetic cage, and for CoreValve Evolut R and
PRO require an extensive, frequently tedious, and metic-
ulous endarterectomy dissection of the THV from the
native aorta, from the displaced native or prosthetic aortic
valve leaflets, annulus, and mitral valve. Prosthetic valve
deterioration requiring surgical explantation is expected
to be more common as THV prostheses implanted in
younger patients as salvage temporizing therapies or as
definitive treatment (Figure 3, A and B).

Late Device Embolization
Similar to acute device migration, the incidence of this

complication has decreased significantly with enhanced
preoperative imaging, more precise valve sizing, and use
of repositionable THVs. In a systematic review of 70 publi-
cations evaluating the mechanisms and management of
TAVR failure, Mylotte and colleagues21 reported late valve
embolization in 21% of their cases. Risk factors associated
with late device embolization are similar to those seen in
acute device migration, including low prosthesis implanta-
tion, large annulus, valve undersizing, bicuspid valve pa-
thology, aortic insufficiency, and minimal annulus
calcification. Valve embolization mandated surgical inter-
vention in 80% of patients.
Device migration can manifest with associated abnor-

malities, such as severemitral regurgitation, tricuspid regur-
gitation, and ventricular septal defect.

Outcomes
Outcomes of transcatheter valve explantation are related

to urgency, patient pathoanatomic circumstances, presence
of comorbidities, and the experience of the surgical and
perioperative teams.5-8,11
degeneration (Sapien XT in prior Mosaic valve), aortic perspective. B, Pros-

perspective.
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CONCLUSIONS
Cardiac surgeons will need to gain familiarity with the

specific characteristics of the growing spectrum, specific
characteristics, and evolution of transcatheter valve devices
as the incidence of prosthetic valve dysfunction increases
with expanded use over time. Explantation techniques are
tailored to the implanted transcatheter device and to the
patient’s individual pathology and anatomy. Expertise in
aortic endarterectomy, advanced aortic root enlargement
and replacement, and coronary artery revascularization is
needed to manage a population of patients with potentially
complex comorbidities. Outcomes to date are acceptable
and should improve with growing experience and expertise.
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