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A B S T R A C T
With broadening applications of transcatheter aortic valve replacement (TAVR) and increasing use 
in intermediate- and low-risk patients, the incidence of surgical re-interventions after TAVR is grow-
ing. Transcatheter heart valves suffer from similar long-term complications as surgical heart valve 
prostheses that require surgical re-intervention, including endocarditis and structural valve deteri-
oration. Catastrophic periprocedural complications — such as annular or aortic rupture requiring 
urgent surgical intervention — may also occur during TAVR procedures. This review summarizes the 
current knowledge on indications, methods, and outcomes of cardiac operations after TAVR, with 
a focus on how to improve results in a rapidly growing patient population.
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Introduction of transcatheter aortic valve 
replacement (TAVR) represented a paradigm 
shift in the management of aortic steno-
sis. Although initially developed for use in 
non-operable or high-risk patients, TAVR 
applications continue to broaden, and both 
recent American and European guidelines 
endorse TAVR for intermediate- and select 
low-risk patients [1, 2]. In the European guide-
lines [2], TAVR is primarily recommended in 
older patients (≥75 years), or in those who 
are high-risk (Society of Thoracic Surgeons 
Predicted Risk of Operative Mortality [STS- 
-PROM]/EuroSCORE  II>8%) or unsuitable for 
surgery (recommendation class I, level of ev-
idence A), while surgery is recommended for 
younger patients who are low-risk for surgery 
(<75 years and STS-PROM/EuroSCORE II <4%), 
or in patients who are operable and unsuitable 
for transfemoral TAVR (recommendation class 
I, level of evidence B). For the large group of 
patients remaining in between, an individual 
decision should be made on a case-by-case 
basis (recommendation class I, level of ev-
idence A) [2]. In the American guidelines 
[1], TAVR is the first choice for individuals 
>80 years of age or for younger patients with 

a life expectancy <10 years and no anatomic 
contraindication to a transfemoral approach 
(recommendation class I, level of evidence A), 
while surgery is recommended for patients 
who are <65 years old or have a life expectan-
cy >20 years (recommendation class I, level of 
evidence A). For patients who are 65–80 years 
old and have no anatomic contraindication 
to transfemoral TAVR, the decision between 
surgery and TAVR should be made individu-
ally, taking into account the expected patient 
longevity and valve durability [1].

Since its advent in 2002, TAVR has been 
applied to more than 300 000 patients world-
wide and with technical progress, the proce-
dural safety profile is excellent [3–5]. However, 
transcatheter heart valves (THV) suffer from 
similar long-term complications as surgical 
heart valve prostheses that require surgical 
re-intervention, including endocarditis and 
structural valve deterioration (SVD). Cata-
strophic procedural complications requiring 
urgent surgical intervention, although very 
rare [6], may also occur during TAVR proce-
dures [7]. With the ever-increasing number of 
patients worldwide undergoing TAVR proce-
dures, particularly in younger and lower-risk 
patients, the number of patients requiring 
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conventional surgery following TAVR is expected to grow 
exponentially. Patients with previous TAVR may also need 
cardiac surgery due to other non-aortic valve-related in-
dications [8]. Furthermore, the results of surgical manage-
ment of post-TAVR patients have thus far been discouraging 
[9]. This review, therefore, summarizes the literature and 
expert opinions on the indications, methods, and outcomes 
of operative management after TAVR, with a focus on how 
to improve on disappointing results in this rapidly growing 
patient population.

PATIENT PROFILE AND INDICATIONS
Similar to operative interventions in patients with failed 
transcatheter edge-to-edge repair [10, 11], the patient 
profile post-TAVR is generally unfavorable for conventional 
surgery. Most patients that currently require operative 
management after TAVR (either urgent or elective) had 
a high operative risk at the baseline procedure, which is fur-
ther elevated by the presence of complications (both acute 
complications, such as annular rupture or aortic dissection, 
or chronic complications, like SVD or paravalvular leaks). 

Several studies have examined the incidence of surgical 
re-intervention post-TAVR. The overall incidence of opera-
tive interventions after TAVR was 0.4% in Michigan state as 
reported by Brescia et al. [12], 1% in a report by Fukuhara 
et al. from the University of Michigan [13], and 1.2% in 
a report by Muensterer et al. from Munich [14]. Jawitz et al. 
[15] in an analysis of the STS database estimated that the 
incidence of surgery after TAVR in the US is 0.3% nation-
wide. Based on the STS-ACC TVT Registry of TAVR, Carroll 
et al. reported an emergency conversion rate (from TAVR 
to open heart surgery) of 0.4% [6]. A recent meta-analysis 
of 10 studies including 1690 patients undergoing a TAVR 
explant estimated the overall incidence of operative inter-
ventions at 0.4% (95% confidence interval [CI], 0.2%–0.6%) 
[9]. The true incidence is difficult to calculate, however, and 
is likely underestimated by these reports. Furthermore, it 
is important to note that the number of patients requiring 
surgery post-TAVR is expected to markedly increase in 
the future, as an ever-increasing number of non-high-risk 
patients with extended life expectancies undergo these 
procedures. While the rate of acute complications requiring 
emergency sternotomy will likely be stable and low (the 
incidence is similar in high- and non-high-risk patients) [6], 
the number of patients surviving until “chronic” complica-
tions (e.g. SVD, endocarditis, etc.) develop will be higher.

Patients presenting for surgery after TAVR currently 
represent a high-risk group with mean age >70 years, 
frequent STS-PROM >8% and a history of previous cardiac 
operations with sternotomy (Table 1) [9]. The calculated risk 
is significantly higher at reoperation than at index TAVR [16], 
and more than 60% of patients present for surgery with 
New York Heart Association class III/IV heart failure [9]. The 
STS-PROM reported in the literature ranges from 4.8% to 
11.6% (Table 1), with Yokoyama and colleagues reporting 
an average of 8.1% in their meta-analysis [9]. The median 

time between TAVR and operative management reported 
by Yokoyama and colleagues was 9.4 months [9], which is 
slightly longer than in our experience (7 months) [16]. The 
average time from TAVR to operative intervention reported 
in the literature ranges from 2.5 to 27.6 months (Table 1). 

The most common indication for surgery is infective 
endocarditis (38%), followed by SVD (28%), and paraval-
vular leaks (14%) [9], especially in patients with anatomy 
not favorable for transcatheter management. Tarantini 
et al. proposed a helpful division of THV failure modes 
resulting in the indications for intervention following 
TAVR into four groups: (1) the SVD group (wear and tear, 
leaflet disruption, flail leaflet, leaflet calcification, strut 
deformation or fracture); (2) the non-SVD group (including 
abnormalities not intrinsic to the THV, such as paravalvular 
leaks, prosthesis-patient mismatch, positioning issues, etc.); 
(3) the THV thrombosis group; and (4) the THV endocarditis 
group [17].  Notably, the majority of operated patients 
require additional procedures at the time of TAVR explan-
tation (Table 1). In our experience, these most commonly 
include aortic surgery (i.e. root repair and/or ascending 
aorta repair), mitral valve repair, and coronary artery by-
pass grafting (CABG) [16]. Yokoyama et al. [9] also reported 
that aortic surgery was the most common concomitant 
procedure, followed by mitral valve repair/replacement 
and CABG. Hence, in the reoperative setting post-TAVR, 
the aortic valve problem is usually not isolated. Notably, 
even if THV function is normal, some patients may require 
interventions due to other problems not solved by TAVR. 
In the Mayo Clinic experience, many patients undergoing 
an open heart operation after previous TAVR present with 
structural mitral or tricuspid valve problems and normal 
THV function (unpublished data). In a recent analysis of 
the STS Database, Fukuhara and colleagues [8] identified 
666 cases of non-aortic valve surgeries after TAVR, which 
included mostly CABG (42.5%) and mitral valve procedures 
(38.7%). Importantly, more than half of these operations 
involved redo sternotomy [8].

EMERGENCY SURGERY AFTER TAVR
Cardiac surgery is an essential task of the Heart Team, and 
the cardiopulmonary bypass-capable operating room 
should be immediately available or on standby [1, 2]. 
While acute complications requiring emergency surgery 
are uncommon, they do occur. In a recent study from our 
center (Leipzig), we found that emergency surgery was re-
quired in 1.1% of TAVR patients with a decreasing incidence 
over time (from 3.5% in years 2006–2010 to 1.8% in years 
2011–2015, to 0.4% in years 2016–2020) (Marin-Cuartas et 
al., submitted manuscript). Carroll et al. reported that the 
rate of conversions to open surgery with cardiopulmonary 
bypass during TAVR in the STS-ACC TVT Registry has stead-
ily decreased from 1.4% in 2012 to 0.4% in 2019, and was 
similar across the patient risk strata [6]. 

Indications for emergency operations due to TAVR 
complications may include obstruction of coronary ostia, 
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valve migration (either retrograde into the 
ventricle or antegrade into the distal aorta), 
aortic dissection [7], aortic and/or annular 
rupture (Figure 1A), and heart perforation. 
Operative mortality in this setting is high and 
related to patients’ risk profile. We found that 
in-hospital mortality was 62.1% in high-risk 
patients and 12.5% in low/intermediate-risk 
patients, while the one-year survival rate was 
38% in high-risk patients vs. 88% in low- or 
intermediate-risk patients requiring emer-
gency surgery after TAVR (unpublished data).

Data from the European Registry on 
Emergent Cardiac Surgery during TAVI (Eu-
RECS-TAVI), including 27 760 TAVR proce-
dures reported the incidence of emergency 
cardiac surgery secondary to TAVR complica-
tions as 0.76%–0.98% [18]. The proportions 
of different THV types requiring emergency 
surgical management were similar in this 
report, and the most common reasons for 
operation were ventricular perforation 
(28.3%), followed by annular rupture (21.2%), 
valve migration/embolization (12.7%), and 
aortic dissection (11.8%) [18]. In this report, 
in-hospital mortality was 46.0% and was 
the highest in the case of annular rupture 
(62%). Fewer than 25% of urgently operated 
patients were alive at 1 year post-surgery 
[18]. However, the prognosis may change in 
the future with increased TAVR application 
in younger and lower-risk patients, who 
would have a higher chance of surviving an 
emergency operation. 

INFECTIVE ENDOCARDITIS
Infective endocarditis (IE; Figure 1B and D–F) 
complicates TAVR with a similar incidence to 
surgical aortic valve replacement, ranging from 
0.3%–1.9% per patient-year [19–22]. Compar-
ison of balloon-expandable and self-expand-
able THVs showed no differences in IE rates 
[23]. The most commonly reported pathogens 
are Enterococci and Staphylococcus aureus, fol-
lowed by Streptococci and coagulase-negative 
Staphylococci [24, 25]. The majority of cases 
occur in the first year after TAVR [26]. A multi-
center registry reported in-hospital mortality of 
41.8% and a 2-year mortality rate of 66.7% in IE 
complicating TAVR [27]. A study by Mangner et 
al. showed that mortality is modulated mostly 
by IE severity at diagnosis [28], yet TAVR recipi-
ents are less likely to receive surgical treatment 
(50% in the case of surgical prosthetic valve IE 
[29, 30] vs. 10.8% in THV IE [28]). 
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TAVR recipients suffering from IE are usually elderly 
with multiple comorbidities and atypical presentations, 
with up to 20% of patients presenting without fever [20, 
23, 27]. IE can present as THV obstruction, which may be 
difficult to differentiate from THV thrombosis [31]. Further-
more, stent frame presence impedes leaflet visualization 
on echocardiography, and the vegetations may be present 
within the stent frame or outside of the prosthesis, without 
leaflet involvement. This may lead to failure in vegetation 
detection on transesophageal echocardiography (TEE) in 
up to 60% of patients [23, 24, 27, 32]. An analysis from the 
Mayo Clinic showed that TEE was diagnostic for THV IE in 
only 47% of cases, while TTE was diagnostic in only 18% 
[31]. Combined multimodal imaging including computed 
tomography and positron emission tomography is there-
fore commonly required.

The cornerstone of treatment of TAVR IE is antimicrobial 
therapy which follows the same principles as for infected 
surgical prostheses [33]. Surgical indications are the same 
as for conventional post-surgical prosthesis patients (i.e. 
acute heart failure secondary to valvular dysfunction, 
uncontrolled infection, and/or embolic episodes). While 
operative management is the preferred treatment strate-
gy for such patients, it should ideally be done in a center 
experienced in complex reoperations and aortic surgery. 
Data from a multicenter registry in Germany showed that 
the incidence of root surgery was 14.5% during operations 
for THV IE [34], which is not more common than in native 

aortic valve IE (16.8%) [35]. The incidence of root abscess is 
also not different in IE after TAVR and conventional surgical 
valve replacement [36]. The decision to operate should be 
weighed against the surgical risk profile of the patient and 
made within the confines of an endocarditis team [37].

More than 60% of patients undergoing surgery for THV 
IE develop at least one complication such as stroke, acute 
kidney injury, or heart failure [21, 27, 28]. Interestingly, the 
incidence of stroke or systemic embolism events is higher 
in balloon-expandable valves (possibly due to different 
distribution of vegetations), but the incidence, timing, and 
etiology of IE are similar irrespectively of the type of THV 
[23]. The mortality rates for TAVR IE are high, ranging from 
16 to 36% for in-hospital mortality and 41–59% at 1-year 
[20, 25–27]. Notwithstanding, the results of operative 
management of TAVR IE are not significantly different than 
those of surgical valve IE [36]. In the report of the ESC-EORP 
EURO-ENDO (European Infective Endocarditis Registry), the 
strongest predictor of mortality in IE was not performing 
surgery when indications were present [38]. Hence surgery 
should always be considered as a possible option for pa-
tients meeting criteria for surgery.

STRUCTURAL VALVE DETERIORATION 
SVD (Figure 1C) is a degenerative process gradually leading 
to prosthetic valve dysfunction due to stenosis (40%), re-
gurgitation (30%), or a combination of stenosis and regurgi-
tation (30%) [39]. Significant discrepancies in the definition 

Figure 1. Representative images of intraoperative views during transcatheter valve explantation. A. Emergency surgery due to aortic rupture 
(black arrows) following Sapien 3 valve implantation. B. Intraoperative view of a Sapien 3 valve with endocarditis, aortotomy at the usual 
level. C. Intraoperative view of a Sapien 3 valve with structural valve deterioration 7 years after implantation. D. CoreValve prosthesis with en-
docarditis after explantation seen from the aortic side, and E. from the ventricular side. F. An explanted Sapien 3 valve with endocarditis. The 
stent frame was fractured to facilitate removal

A B C

D E F
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of SVD between reports make comparisons of SVD rates 
between surgical and transcatheter valves difficult [40, 41]. 
For example, Aldati et al. showed that there is no difference 
in SVD rates between TAVR and surgery when using the 
Valve Academic Research Consortium-2 (VARC-2) criteria, 
but SVD rates are higher after surgery in the same cohort 
if the European Association of Percutaneous Cardiovascu-
lar Interventions (EAPCI) criteria are applied [42]. Data on 
THV SVD are also limited by the evolving technology and 
current TAVR population characteristics. Most previously 
treated TAVR patients are elderly, multimorbid, and have 
limited life expectancy, hence the number of patients avail-
able for long-term follow-up studies is limited [40]. In the 
5-year results of the PARTNER-1 trial, Kappadia and Mack 
reported no SVD [43, 44], but in a meta-analysis of 8914 pa-
tients included in observational studies, Foroutan et al. 
reported a pooled incidence of 0.28 per 100 patients/year 
in TAVR recipients [45]. Pibarot reported that among PART-
NER-2 trial participants, the second-generation SAPIEN 
XT balloon-expandable valve had a higher 5-year rate of 
SVD compared with surgical valves (1.6 vs. 0.6 per 100 pa-
tient-years, respectively), whereas the third-generation 
SAPIEN 3 was comparable [46]. Among patients included 
in the NOTION Trial, the SVD rate after TAVR was 5% at 
6 years [47] but increased significantly to 14% at 8 years 
[48]. Longer-term data will be emerging as an increasing 
number of intermediate- and low-risk patients with longer 
life expectancies are being treated with TAVR. 

TECHNICAL ASPECTS OF VALVE 
EXPLANTATION

Surgery post-TAVR is frequently performed as a rester-
notomy procedure, with 14%–47% of patients having 
undergone previous cardiac operations, most commonly 
CABG [13, 16, 49]. The surgical approach must therefore 
account for the increased technical demands associated 
with resternotomy such as adhesions and risk of injury 
to mediastinal structures. The presence of patent bypass 
grafts is particularly important since the grafts should not 
be injured and because they can complicate myocardial 
protection during the procedure [50]. After the exposure 
of the valve, some technical aspects are specific to the type 
of implanted THV (see below), and almost 90% of patients 
receive a bioprosthetic valve [9].

Balloon expandable valves
The low profile of an Edwards Sapien valve (Edwards Lifes-
ciences, Irvine, CA, US), the most commonly implanted 
balloon-expandable device, usually spares coronary ostia 
from obstruction and allows aortotomy at the usual site 
[16]. Our preferred technique in Leipzig is to crimp the 
valve with two-needle holders, placed at 8 and 12 o’clock 
on the valve stent facing the surgeon [16]. The instru-
ments are then pushed inwards and turned towards each 
other, allowing folding of the valve. The maneuver can be 

repeated along different parts of the stent circumference 
if needed, which is followed by blunt dissection from the 
annulus. Badiu and colleagues [51] described a technique 
with passing of heavy silk ties through the opposite frame 
cells of the upper valve stent. When the ties are tightened 
up in the center, the valve can be crimped [51]. Nakazato 
and colleagues reported a technique involving cutting the 
whole stent in one line until the bottom of the frame so 
that the radial force is released, and the valve is dissected 
circumferentially with electrocautery [52]. At the Mayo 
Clinic, we use a similar “spam can” technique, with vertical 
transection of the stent followed by rolling it onto itself with 
a Kocher clamp. In general, removal of balloon expandable 
devices is usually relatively straightforward and most of the 
time does not require root replacement.

Self-expanding valves
The most commonly implanted self-expanding THV is Cor-
eValve/Evolut (Medtronic, Minneapolis, MN , US), which has 
an hourglass-shaped stent and high profile. The landing 
zone usually stretches from the left ventricular outflow 
tract (LVOT) to the ascending aorta, and the frame can 
be endothelialized and incorporated into the aortic wall, 
leading to the potential for injury of the root, coronaries, 
and ascending aorta [16]. Furthermore, the high stent level 
forces the surgeon to make a transverse aortotomy in the 
aorta much higher than usual, complicating exposure of 
the aortic root and LVOT. Ice slush can facilitate extraction 
by restoring nitinol stent flexibility, but in many cases, 
aortic repair or even total aortic root replacement is nec-
essary. Bruschi et al. reported using polypropylene sutures 
passed through the uppermost frame cells of the stent, 
which were passed through a tourniquet and inserted 
inside the outflow cone of the CoreValve delivery system, 
allowing the surgeon to “recapture” the prosthesis [53]. 
Tully et al. [54] reported using a piece of 3/8 inch tubing for 
the same purpose, but a small cylindrical valve sizer may 
be equally effective, and this is our preferred technique. 
The prosthesis can usually be safely removed using an 
“endarterectomy” technique, peeling the valve stent off 
the aortic wall [55]. 

Another example of this design is Symetis Accurate 
Neo THV (Boston Scientific, Marlborough, MA, US). This 
self-expanding THV has three distinctive stabilization 
arches within the frame, which stabilize it in the aorta 
during deployment. Due to the occasional proximity of 
coronary ostia, removing the upper part of the stent may 
also be difficult. Our technique of choice is to tie the arches 
together with a silk tie and pass the tie through a cylindrical 
valve sizer (e.g. 19-mm ATS Medtronic valve sizer), using it 
as a crimping device. Sharp hooks pointing towards the 
sinotubular junction and the ascending aorta are present 
in the lower crown, below the tissue valve. These hooks may 
damage the aortic wall during valve extirpation, requiring 
aortic repair or, occasionally, total root replacement. 
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SURGICAL OUTCOMES
The reported operative (30-day) mortality rates are rela-
tively high for these patients, ranging from 8.5%–25.8% 
(Table 1), which is in part due to the high-risk profile of the 
patients and the increased incidence of IE. In a meta-anal-
ysis of 1690 patients undergoing surgery post-TAVR, the 
30-day mortality rate was 16.7% [9]. This disappointing 
mortality rate was more than 2-fold higher than the STS- 
-PROM score for the patient group and irrespective of 
the presence of endocarditis. The observed mortality rate 
in other studies is generally higher than predicted, with 
O/E ratios of approximately 2 (Table 1). These increased 
O/E ratios are in striking contrast to reoperations after 
mitral valve transcatheter edge-to-edge repair failure [10, 
11]. In the Leipzig experience, the O/E ratio was 1.2 [16]. 
Also, non-aortic valve operations in TAVR recipients are 
associated with poor outcomes, with O/E ratios of 1.8 for 
isolated CABG, 1.8 for isolated mitral valve repair, and 1.7 for 
isolated mitral valve replacement [8]. These disappointing 
results underline the need for improved surgical results in 
patients undergoing surgery post-TAVR. In addition, these 
results should be considered during lifetime management 
discussions with patients with aortic stenosis and during 
signing informed consent for TAVR procedures, particularly 
with younger or lower-risk patients.

FUTURE PERSPECTIVE 
TAVR adoption in the lower-risk younger populations is 
growing rapidly both in Europe and the US. Surgeons will 
therefore be increasingly faced with TAVR explantation 
procedures, where the results have thus far been uniform-
ly disappointing. Cardiac surgeons affiliated with TAVR 
programs should be adequately trained to tackle these 
complex procedures, which frequently involve concomitant 
root and aortic surgery. Heart Teams should plan initial 
interventions in such a way as to facilitate future repeat 
procedures, both transcatheter and surgical, especially in 
younger and lower-risk patients. Finally, the Heart Team 
should play an essential role in the management of patients 
requiring surgery post-TAVR.  

Article information
Conflict of interest: MAB declares that his hospital receives speakers’ 
honoraria and/or consulting fees on his behalf from Edwards Lifes-
ciences, Medtronic, Abbott, and Artivion. JAC declares that he received 
consulting fees from Medtronic.

Funding: None.

Open access: This article is available in open access under Creative 
Common Attribution-Non-Commercial-No Derivatives 4.0 Interna-
tional (CC BY-NC-ND 4.0) license, which allows downloading and 
sharing articles with others as long as they credit the authors and the 
publisher, but without permission to change them in any way or use 
them commercially. For commercial use, please contact the journal 
office at kardiologiapolska@ptkardio.pl.

REFERENCES
1. Otto CM, Nishimura RA, Bonow RO, et al. 2020 ACC/AHA Guideline for 

the Management of Patients With Valvular Heart Disease: A Report of the 
American College of Cardiology/American Heart Association Joint Commit-
tee on Clinical Practice Guidelines. Circulation. 2021; 143(5): e72–e7e227, 
doi: 10.1161/CIR.0000000000000923, indexed in Pubmed: 33332150.

2. Vahanian A, Beyersdorf F, Praz F, et al. 2021 ESC/EACTS Guidelines 
for the management of valvular heart disease. Eur J Cardiothorac 
Surg. 2021; 60(4): 727–800, doi:  10.1093/ejcts/ezab389, indexed in 
Pubmed: 34453161.

3. Richter I, Abdel-Wahab M, Desch S, et al. Cerebral embolic protection 
in patients undergoing transcatheter aortic valve implantation: Recent 
advances. Kardiol Pol. 2022; 80(6): 644–650, doi: 10.33963/KP.a2022.0118, 
indexed in Pubmed: 35521720.

4. Marzec K, Jaworska-Wilczyńska M, Kowalik I, et al. Comparison of 
long-term outcomes and risk factors of aortic stenosis treatment in 
patients undergoing transcatheter aortic valve implantation and 
surgical aortic valve replacement. Kardiol Pol. 2022; 80(7-8): 792–798, 
doi: 10.33963/KP.a2022.0122, indexed in Pubmed: 35521716.

5. Hudziak D, Wojakowski W, Malinowski M, et al. Comparison of the short-
term safety and efficacy of transcarotid and transfemoral access routes 
for transcatheter aortic valve implantation. Kardiol Pol. 2021; 79(1): 31–38, 
doi: 10.33963/KP.15697, indexed in Pubmed: 33293496.

6. Kaneko T, Vemulapalli S, Kohsaka S, et al. STS-ACC TVT Registry of Tran-
scatheter Aortic Valve Replacement. J Am Coll Cardiol. 2020; 76(21): 2492–
2516, doi: 10.1016/j.jacc.2020.09.595, indexed in Pubmed: 33213729.

7. Cangut B, Greason KL. Treatment of iatrogenic acute aortic type A aortic 
dissection complicating transcatheter aortic valve insertion: A case report. 
JTCVS Tech. 2020; 3: 68–69, doi: 10.1016/j.xjtc.2020.07.023, indexed in 
Pubmed: 34317817.

8. Fukuhara S, Ailawadi G, Deeb GM. Nonaortic valve cardiac surgery 
after transcatheter aortic valve replacement. Ann Thorac Surg. 2022; 
114(5): 1603–1611, doi:  10.1016/j.athoracsur.2021.09.081, indexed in 
Pubmed: 34843697.

9. Yokoyama Y, Kuno T, Zaid S, et al. Surgical explantation of transcatheter 
aortic bioprosthesis: A systematic review and meta-analysis. JTCVS 
Open. 2021; 8: 207–227, doi: 10.1016/j.xjon.2021.09.023, indexed in 
Pubmed: 36004168.

10. El Shaer A, Chavez Ponce A, Mazur P, et al. Mitral valve surgery for per-
sistent or recurrent mitral regurgitation after transcatheter edge-to-edge 
repair is associated with improved survival. J Am Heart Assoc. 2022; 11(20): 
e026236, doi: 10.1161/JAHA.122.026236, indexed in Pubmed: 36250668.

11. Mazur P, Arghami A, Zheng C, et al. Mitral valve surgery after failed tran-
scatheter edge-to-edge repair. JTCVS Tech. 2022; 14: 79–88, doi: 10.1016/j.
xjtc.2022.05.003, indexed in Pubmed: 35967213.

12. Brescia AA, Deeb GM, Sang SL, et al. Surgical explantation of transcatheter 
aortic valve bioprostheses: a statewide experience. Circ Cardiovasc Interv. 
2021; 14(4): e009927, doi: 10.1161/CIRCINTERVENTIONS.120.009927, 
indexed in Pubmed: 33719506.

13. Fukuhara S, Brescia AA, Shiomi S, et al. Surgical explantation of transcath-
eter aortic bioprostheses: Results and clinical implications. J Thorac Car-
diovasc Surg. 2021; 162(2): 539–547.e1, doi: 10.1016/j.jtcvs.2019.11.139, 
indexed in Pubmed: 32037245.

14. Muensterer A, Puluca N, Ruge H, et al. Surgical explantation of failed 
transcatheter heart valves: indications and results. Heart Vessels. 2022; 
37(12): 2083–2092, doi:  10.1007/s00380-022-02119-7, indexed in 
Pubmed: 35802181.

15. Jawitz OK, Gulack BC, Grau-Sepulveda MV, et al. Reoperation after tran-
scatheter aortic valve replacement: an analysis of the Society of Thoracic 
Surgeons database. JACC Cardiovasc Interv. 2020; 13(13): 1515–1525, 
doi: 10.1016/j.jcin.2020.04.029, indexed in Pubmed: 32535005.

16. Marin-Cuartas M, Hoyer A, Naumann S, et al. Early- and mid-term out-
comes following redo surgical aortic valve replacement in patients with 
previous transcatheter aortic valve implantation. Eur J Cardiothorac Surg. 
2022; 62(2), doi: 10.1093/ejcts/ezac375, indexed in Pubmed: 35775888.

http://dx.doi.org/10.1161/CIR.0000000000000923
https://www.ncbi.nlm.nih.gov/pubmed/33332150
http://dx.doi.org/10.1093/ejcts/ezab389
https://www.ncbi.nlm.nih.gov/pubmed/34453161
http://dx.doi.org/10.33963/KP.a2022.0118
https://www.ncbi.nlm.nih.gov/pubmed/35521720
http://dx.doi.org/10.33963/KP.a2022.0122
https://www.ncbi.nlm.nih.gov/pubmed/35521716
http://dx.doi.org/10.33963/KP.15697
https://www.ncbi.nlm.nih.gov/pubmed/33293496
http://dx.doi.org/10.1016/j.jacc.2020.09.595
https://www.ncbi.nlm.nih.gov/pubmed/33213729
http://dx.doi.org/10.1016/j.xjtc.2020.07.023
https://www.ncbi.nlm.nih.gov/pubmed/34317817
http://dx.doi.org/10.1016/j.athoracsur.2021.09.081
https://www.ncbi.nlm.nih.gov/pubmed/34843697
http://dx.doi.org/10.1016/j.xjon.2021.09.023
https://www.ncbi.nlm.nih.gov/pubmed/36004168
http://dx.doi.org/10.1161/JAHA.122.026236
https://www.ncbi.nlm.nih.gov/pubmed/36250668
http://dx.doi.org/10.1016/j.xjtc.2022.05.003
http://dx.doi.org/10.1016/j.xjtc.2022.05.003
https://www.ncbi.nlm.nih.gov/pubmed/35967213
http://dx.doi.org/10.1161/CIRCINTERVENTIONS.120.009927
https://www.ncbi.nlm.nih.gov/pubmed/33719506
http://dx.doi.org/10.1016/j.jtcvs.2019.11.139
https://www.ncbi.nlm.nih.gov/pubmed/32037245
http://dx.doi.org/10.1007/s00380-022-02119-7
https://www.ncbi.nlm.nih.gov/pubmed/35802181
http://dx.doi.org/10.1016/j.jcin.2020.04.029
https://www.ncbi.nlm.nih.gov/pubmed/32535005
http://dx.doi.org/10.1093/ejcts/ezac375
https://www.ncbi.nlm.nih.gov/pubmed/35775888


w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a 113

Piotr Mazur et al., Surgery after TAVR

17. Tarantini G, Sathananthan J, Fabris T, et al. Transcatheter aortic valve 
replacement in failed transcatheter bioprosthetic valves. JACC Cardiovasc 
Interv. 2022; 15(18): 1777–1793, doi: 10.1016/j.jcin.2022.07.035, indexed 
in Pubmed: 36137681.

18. Eggebrecht H, Vaquerizo B, Moris C, et al. Incidence and outcomes of 
urgent cardiac surgery during transfemoral transcatheter aortic valve 
implantation (TAVI): insights from the European Registry on Urgent 
Cardiac Surgery during TAVI (EuRECS-TAVI). Eur Heart J. 2018; 39(8): 
676–684, doi: 10.1093/eurheartj/ehx713, indexed in Pubmed: 29253177.

19. Summers MR, Leon MB, Smith CR, et al. Prosthetic valve endocarditis 
after TAVR and SAVR: insights from the PARTNER trials. Circulation. 2019; 
140(24): 1984–1994, doi: 10.1161/CIRCULATIONAHA.119.041399, indexed 
in Pubmed: 31690104.

20. Dahlbacka S, Laakso T, Kinnunen EM, et al. Prosthetic valve endocarditis 
after transcatheter or surgical aortic valve replacement with a biopros-
thesis: results from the FinnValve Registry. EuroIntervention. 2019; 15(6): 
e500–e507, doi: 10.4244/EIJ-D-19-00247, indexed in Pubmed: 31113766.

21. Kolte D, Goldsweig A, Kennedy KF, et al. Comparison of Incidence, Pre-
dictors, and Outcomes of Early Infective Endocarditis after Transcatheter 
Aortic Valve Implantation Versus Surgical Aortic Valve Replacement in 
the United States. Am J Cardiol. 2018; 122(12): 2112–2119, doi: 10.1016/j.
amjcard.2018.08.054, indexed in Pubmed: 30292332.

22. Fauchier L, Bisson A, Herbert J, et al. Incidence and outcomes of infective 
endocarditis after transcatheter aortic valve implantation versus surgical 
aortic valve replacement. Clin Microbiol Infect. 2020; 26(10): 1368–1374, 
doi: 10.1016/j.cmi.2020.01.036, indexed in Pubmed: 32036047.

23. Regueiro A, Linke A, Latib A, et al. Infective endocarditis following 
transcatheter aortic valve replacement: comparison of balloon- ver-
sus self-expandable valves. Circ Cardiovasc Interv. 2019; 12(11): 
e007938, doi:  10.1161/CIRCINTERVENTIONS.119.007938, indexed in 
Pubmed: 31694412.

24. Del Val D, Abdel-Wahab M, Linke A, et al. Temporal trends, charac-
teristics, and outcomes of infective endocarditis after transcatheter 
aortic valve replacement. Clin Infect Dis. 2021; 73(11): e3750–e3758, 
doi: 10.1093/cid/ciaa1941, indexed in Pubmed: 33733675.

25. Stortecky S, Heg D, Tueller D, et al. Infective endocarditis after transcath-
eter aortic valve replacement. J Am Coll Cardiol. 2020; 75(24): 3020–3030, 
doi: 10.1016/j.jacc.2020.04.044, indexed in Pubmed: 32553254.

26. Mentias A, Girotra S, Desai MY, et al. Incidence, predictors, and outcomes 
of endocarditis after transcatheter aortic valve replacement in the United 
States. JACC Cardiovasc Interv. 2020; 13(17): 1973–1982, doi: 10.1016/j.
jcin.2020.05.012, indexed in Pubmed: 32912457.

27. Regueiro A, Linke A, Latib A, et al. Association between transcatheter aortic 
valve replacement and subsequent infective endocarditis and in-hospital 
death. JAMA. 2016; 316(10): 1083–1092, doi: 10.1001/jama.2016.12347, 
indexed in Pubmed: 27623462.

28. Mangner N, Leontyev S, Woitek FJ, et al. Cardiac surgery compared 
with antibiotics only in patients developing infective endocarditis after 
transcatheter aortic valve replacement. J Am Heart Assoc. 2018; 7(17): 
e010027, doi: 10.1161/JAHA.118.010027, indexed in Pubmed: 30371173.

29. Wang A, Athan E, Pappas PA, et al. Contemporary clinical profile and out-
come of prosthetic valve endocarditis. JAMA. 2007; 297(12): 1354–1361, 
doi: 10.1001/jama.297.12.1354, indexed in Pubmed: 17392239.

30. Lalani T, Chu VH, Park LP, et al. In-hospital and 1-year mortality in patients 
undergoing early surgery for prosthetic valve endocarditis. JAMA Intern 
Med. 2013; 173(16): 1495–1504, doi: 10.1001/jamainternmed.2013.8203, 
indexed in Pubmed: 23857547.

31. Miranda WR, Connolly HM, Baddour LM, et al. Infective endocarditis 
following transcatheter aortic valve replacement: Diagnostic yield of 
echocardiography and associated echo-Doppler findings. Int J Cardiol. 
2018; 271: 392–395, doi: 10.1016/j.ijcard.2018.03.124, indexed in Pu-
bmed: 30223376.

32. Bjursten H, Rasmussen M, Nozohoor S, et al. Infective endocarditis after 
transcatheter aortic valve implantation: a nationwide study. Eur Heart 
J. 2019; 40(39): 3263–3269, doi: 10.1093/eurheartj/ehz588, indexed in 
Pubmed: 31433472.

33. Habib G, Lancellotti P, Antunes MJ, et al. 2015 ESC Guidelines for the 
management of infective endocarditis: The Task Force for the Manage-
ment of Infective Endocarditis of the European Society of Cardiology 

(ESC). Endorsed by: European Association for Cardio-Thoracic Surgery 
(EACTS), the European Association of Nuclear Medicine (EANM). Eur Heart 
J. 2015; 36(44): 3075–3128, doi: 10.1093/eurheartj/ehv319, indexed in 
Pubmed: 26320109.

34. Saha S, Joskowiak D, Marin-Cuartas M, et al. Surgery for infective en-
docarditis following low-intermediate risk transcatheter aortic valve 
replacement-a multicentre experience. Eur J Cardiothorac Surg. 2022; 
62(1), doi: 10.1093/ejcts/ezac075, indexed in Pubmed: 35190828.

35. Geirsson A, Schranz A, Jawitz O, et al. The evolving burden of drug use 
associated infective endocarditis in the United States. Ann Thorac Surg. 
2020; 110(4): 1185–1192, doi: 10.1016/j.athoracsur.2020.03.089, indexed 
in Pubmed: 32387035.

36. Saha S, Ali A, Schnackenburg P, et al. Surgery for aortic prosthetic 
valve endocarditis in the transcatheter era. J Clin Med. 2022; 11(12), 
doi: 10.3390/jcm11123418, indexed in Pubmed: 35743488.

37. Davierwala PM, Marin-Cuartas M, Misfeld M, et al. The value of an 
“Endocarditis Team”. Ann Cardiothorac Surg. 2019; 8(6): 621–629, 
doi: 10.21037/acs.2019.09.03, indexed in Pubmed: 31832352.

38. Habib G, Erba PA, Iung B, et al. Clinical presentation, aetiology and 
outcome of infective endocarditis. Results of the ESC-EORP EURO-ENDO 
(European infective endocarditis) registry: a prospective cohort study. Eur 
Heart J. 2019; 40(39): 3222–3232, doi: 10.1093/eurheartj/ehz620, indexed 
in Pubmed: 31504413.

39. Côté N, Pibarot P, Clavel MA. Incidence, risk factors, clinical impact, and 
management of bioprosthesis structural valve degeneration. Curr Opin 
Cardiol. 2017; 32(2): 123–129, doi:  10.1097/HCO.0000000000000372, 
indexed in Pubmed: 28067715.

40. Rodriguez-Gabella T, Voisine P, Puri R, et al. Aortic bioprosthetic valve 
durability: incidence, mechanisms, predictors, and management of 
surgical  and transcatheter valve degeneration. J Am Coll Cardiol. 
2017; 70(8): 1013–1028, doi:  10.1016/j.jacc.2017.07.715, indexed in 
Pubmed: 28818190.

41. Dvir D, Bourguignon T, Otto CM, et al. Standardized definition of structural 
valve degeneration for surgical and transcatheter bioprosthetic aortic 
valves. Circulation. 2018; 137(4): 388–399, doi: 10.1161/CIRCULATIONA-
HA.117.030729, indexed in Pubmed: 29358344.

42. Aldalati O, Kaura A, Khan H, et al. Bioprosthetic structural valve deteriora-
tion: How do TAVR and SAVR prostheses compare? Int J Cardiol. 2018; 268: 
170–175, doi: 10.1016/j.ijcard.2018.04.091, indexed in Pubmed: 30041783.

43. Kapadia SR, Leon MB, Makkar RR, et al. 5-year outcomes of transcatheter 
aortic valve replacement compared with standard treatment for patients 
with inoperable aortic stenosis (PARTNER 1): a randomised controlled trial. 
Lancet. 2015; 385(9986): 2485–2491, doi: 10.1016/S0140-6736(15)60290-2, 
indexed in Pubmed: 25788231.

44. Kolte D, Bhardwaj B, Lu M, et al. 5-year outcomes of transcatheter aortic 
valve replacement compared with standard treatment for patients with 
inoperable aortic stenosis (PARTNER 1): a randomised controlled trial. 
Lancet. 2015; 385(9986): 2485–2491, doi: 10.1016/S0140-6736(15)60290-2, 
indexed in Pubmed: 25788231.

45. Foroutan F, Guyatt GH, Otto CM, et al. Structural valve deterioration after 
transcatheter aortic valve implantation. Heart. 2017; 103(23): 1899–1905, 
doi: 10.1136/heartjnl-2017-311329, indexed in Pubmed: 28684441.

46. Pibarot P, Ternacle J, Jaber WA, et al. Structural deterioration of transcath-
eter versus surgical aortic valve bioprostheses in the PARTNER-2 trial. J 
Am Coll Cardiol. 2020; 76(16): 1830–1843, doi: 10.1016/j.jacc.2020.08.049, 
indexed in Pubmed: 33059828.

47. Søndergaard L, Ihlemann N, Capodanno D, et al. Durability of transcatheter 
and surgical bioprosthetic aortic valves in patients at lower surgical risk. 
J Am Coll Cardiol. 2019; 73(5): 546–553, doi: 10.1016/j.jacc.2018.10.083, 
indexed in Pubmed: 30732707.

48. Jørgensen TH, Thyregod HG, Ihlemann N, et al. Eight-year outcomes 
for patients with aortic valve stenosis at low surgical risk randomized 
to transcatheter vs. surgical aortic valve replacement. Eur Heart J. 
2021; 42(30): 2912–2919, doi: 10.1093/eurheartj/ehab375, indexed in 
Pubmed: 34179981.

49. Hirji SA, Percy ED, McGurk S, et al. Incidence, characteristics, predictors, 
and outcomes of surgical explantation after transcatheter aortic valve 
replacement. J Am Coll Cardiol. 2020; 76(16): 1848–1859, doi: 10.1016/j.
jacc.2020.08.048, indexed in Pubmed: 33059830.

http://dx.doi.org/10.1016/j.jcin.2022.07.035
https://www.ncbi.nlm.nih.gov/pubmed/36137681
http://dx.doi.org/10.1093/eurheartj/ehx713
https://www.ncbi.nlm.nih.gov/pubmed/29253177
http://dx.doi.org/10.1161/CIRCULATIONAHA.119.041399
https://www.ncbi.nlm.nih.gov/pubmed/31690104
http://dx.doi.org/10.4244/EIJ-D-19-00247
https://www.ncbi.nlm.nih.gov/pubmed/31113766
http://dx.doi.org/10.1016/j.amjcard.2018.08.054
http://dx.doi.org/10.1016/j.amjcard.2018.08.054
https://www.ncbi.nlm.nih.gov/pubmed/30292332
http://dx.doi.org/10.1016/j.cmi.2020.01.036
https://www.ncbi.nlm.nih.gov/pubmed/32036047
http://dx.doi.org/10.1161/CIRCINTERVENTIONS.119.007938
https://www.ncbi.nlm.nih.gov/pubmed/31694412
http://dx.doi.org/10.1093/cid/ciaa1941
https://www.ncbi.nlm.nih.gov/pubmed/33733675
http://dx.doi.org/10.1016/j.jacc.2020.04.044
https://www.ncbi.nlm.nih.gov/pubmed/32553254
http://dx.doi.org/10.1016/j.jcin.2020.05.012
http://dx.doi.org/10.1016/j.jcin.2020.05.012
https://www.ncbi.nlm.nih.gov/pubmed/32912457
http://dx.doi.org/10.1001/jama.2016.12347
https://www.ncbi.nlm.nih.gov/pubmed/27623462
http://dx.doi.org/10.1161/JAHA.118.010027
https://www.ncbi.nlm.nih.gov/pubmed/30371173
http://dx.doi.org/10.1001/jama.297.12.1354
https://www.ncbi.nlm.nih.gov/pubmed/17392239
http://dx.doi.org/10.1001/jamainternmed.2013.8203
https://www.ncbi.nlm.nih.gov/pubmed/23857547
http://dx.doi.org/10.1016/j.ijcard.2018.03.124
https://www.ncbi.nlm.nih.gov/pubmed/30223376
http://dx.doi.org/10.1093/eurheartj/ehz588
https://www.ncbi.nlm.nih.gov/pubmed/31433472
http://dx.doi.org/10.1093/eurheartj/ehv319
https://www.ncbi.nlm.nih.gov/pubmed/26320109
http://dx.doi.org/10.1093/ejcts/ezac075
https://www.ncbi.nlm.nih.gov/pubmed/35190828
http://dx.doi.org/10.1016/j.athoracsur.2020.03.089
https://www.ncbi.nlm.nih.gov/pubmed/32387035
http://dx.doi.org/10.3390/jcm11123418
https://www.ncbi.nlm.nih.gov/pubmed/35743488
http://dx.doi.org/10.21037/acs.2019.09.03
https://www.ncbi.nlm.nih.gov/pubmed/31832352
http://dx.doi.org/10.1093/eurheartj/ehz620
https://www.ncbi.nlm.nih.gov/pubmed/31504413
http://dx.doi.org/10.1097/HCO.0000000000000372
https://www.ncbi.nlm.nih.gov/pubmed/28067715
http://dx.doi.org/10.1016/j.jacc.2017.07.715
https://www.ncbi.nlm.nih.gov/pubmed/28818190
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.030729
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.030729
https://www.ncbi.nlm.nih.gov/pubmed/29358344
http://dx.doi.org/10.1016/j.ijcard.2018.04.091
https://www.ncbi.nlm.nih.gov/pubmed/30041783
http://dx.doi.org/10.1016/S0140-6736(15)60290-2
https://www.ncbi.nlm.nih.gov/pubmed/25788231
http://dx.doi.org/10.1016/S0140-6736(15)60290-2
https://www.ncbi.nlm.nih.gov/pubmed/25788231
http://dx.doi.org/10.1136/heartjnl-2017-311329
https://www.ncbi.nlm.nih.gov/pubmed/28684441
http://dx.doi.org/10.1016/j.jacc.2020.08.049
https://www.ncbi.nlm.nih.gov/pubmed/33059828
http://dx.doi.org/10.1016/j.jacc.2018.10.083
https://www.ncbi.nlm.nih.gov/pubmed/30732707
http://dx.doi.org/10.1093/eurheartj/ehab375
https://www.ncbi.nlm.nih.gov/pubmed/34179981
http://dx.doi.org/10.1016/j.jacc.2020.08.048
http://dx.doi.org/10.1016/j.jacc.2020.08.048
https://www.ncbi.nlm.nih.gov/pubmed/33059830


K A R D I O L O G I A  P O L S K A

w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a114

50. Marin-Cuartas M, Waha Sde, Saeed D, et al. Considerations for reoperative 
heart valve surgery. Structural Heart. 2023; 7(1): 100098, doi: 10.1016/j.
shj.2022.100098.

51. Badiu CC, Vasilescu A, Danet A, et al. How to perform a late explantation 
of a Sapien XT transcatheter aortic prosthesis. J Card Surg. 2020; 35(9): 
2338–2340, doi: 10.1111/jocs.14704, indexed in Pubmed: 32720377.

52. Nakazato T, Toda K, Kuratani T, et al. Redo surgery after transcatheter aortic 
valve replacement with a balloon-expandable valve. JTCVS Tech. 2020; 
3: 72–74, doi: 10.1016/j.xjtc.2020.06.018, indexed in Pubmed: 34317819.

53. Bruschi G, Oreglia J, De Marco F, et al. How to remove the CoreValve aortic 
bioprosthesis in a case of surgical aortic valve replacement. Ann Thorac 
Surg. 2012; 93(1): 329–330, doi: 10.1016/j.athoracsur.2011.07.059, indexed 
in Pubmed: 22186466.

54. Tully A, Lee AC, Gruessner S, et al. Surgical transcatheter aortic 
valve replacement explantation technique. Ann Thorac Surg. 2022; 
114(6): e471–e473, doi: 10.1016/j.athoracsur.2022.03.015, indexed in 
Pubmed: 35346627.

55. Mangi AA, Ramchandani M, Reardon M. Surgical removal and replace-
ment of chronically implanted transcatheter aortic prostheses: How 
I teach it. Ann Thorac Surg. 2018; 105(1): 12–14, doi: 10.1016/j.athorac-
sur.2017.08.015, indexed in Pubmed: 29233330.

56. Fukuhara S, Brescia AA, Deeb GM. Surgical explantation of transcatheter 
aortic bioprostheses: An analysis from the Society of Thoracic Surgeons 
database. Circulation. 2020; 142(23): 2285–2287, doi: 10.1161/CIRCULA-
TIONAHA.120.050499, indexed in Pubmed: 33284653.

57. Fukuhara S, Nguyen CT, Yang Bo, et al. Surgical explantation of tran-
scatheter aortic bioprostheses: balloon vs self-expandable devices. Ann 

Thorac Surg. 2022; 113(1): 138–145, doi: 10.1016/j.athoracsur.2021.01.041, 
indexed in Pubmed: 33545150.

58. Bapat VN, Zaid S, Fukuhara S, et al. Surgical Explantation After TAVR 
Failure: Mid-Term Outcomes From the EXPLANT-TAVR International Reg-
istry. JACC Cardiovasc Interv. 2021; 14(18): 1978–1991, doi: 10.1016/j.
jcin.2021.07.015, indexed in Pubmed: 34556271.

59. Vitanova K, Zaid S, Tang GHL, et al. Aortic valve versus root surgery after 
failed transcatheter aortic valve replacement. J Thorac Cardiovasc Surg. 
2022 [Epub ahead of print], doi: 10.1016/j.jtcvs.2021.12.060, indexed in 
Pubmed: 35525801.

60. Yun JJ, Saleh OA, Chung JW, et al. Cardiac operations after transcath-
eter aortic valve replacement. Ann Thorac Surg. 2022; 114(1): 52–59, 
doi: 10.1016/j.athoracsur.2021.10.022, indexed in Pubmed: 34800488.

61. Fukuhara S, Nguyen CT, Yang Bo, et al. Cardiac reoperations in patients 
with transcatheter aortic bioprosthesis. Ann Thorac Surg. 2022 [Epub 
ahead of print], doi:  10.1016/j.athoracsur.2022.09.028, indexed in 
Pubmed: 36179856.

62. Fukuhara S, Tanaka D, Brescia AA, et al. Aortic valve reintervention in 
patients with failing transcatheter aortic bioprostheses: A statewide expe-
rience. J Thorac Cardiovasc Surg. 2021 [Epub ahead of print], doi: 10.1016/j.
jtcvs.2021.08.057, indexed in Pubmed: 34538638.

63. Fukuhara S, Nguyen CT, Kim KM, et al. Aortic valve reintervention after 
transcatheter aortic valve replacement. J Thorac Cardiovasc Surg. 
2021 [Epub ahead of print], doi: 10.1016/j.jtcvs.2021.03.130, indexed in 
Pubmed: 34364682.

http://dx.doi.org/10.1016/j.shj.2022.100098
http://dx.doi.org/10.1016/j.shj.2022.100098
http://dx.doi.org/10.1111/jocs.14704
https://www.ncbi.nlm.nih.gov/pubmed/32720377
http://dx.doi.org/10.1016/j.xjtc.2020.06.018
https://www.ncbi.nlm.nih.gov/pubmed/34317819
http://dx.doi.org/10.1016/j.athoracsur.2011.07.059
https://www.ncbi.nlm.nih.gov/pubmed/22186466
http://dx.doi.org/10.1016/j.athoracsur.2022.03.015
https://www.ncbi.nlm.nih.gov/pubmed/35346627
http://dx.doi.org/10.1016/j.athoracsur.2017.08.015
http://dx.doi.org/10.1016/j.athoracsur.2017.08.015
https://www.ncbi.nlm.nih.gov/pubmed/29233330
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.050499
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.050499
https://www.ncbi.nlm.nih.gov/pubmed/33284653
http://dx.doi.org/10.1016/j.athoracsur.2021.01.041
https://www.ncbi.nlm.nih.gov/pubmed/33545150
http://dx.doi.org/10.1016/j.jcin.2021.07.015
http://dx.doi.org/10.1016/j.jcin.2021.07.015
https://www.ncbi.nlm.nih.gov/pubmed/34556271
http://dx.doi.org/10.1016/j.jtcvs.2021.12.060
https://www.ncbi.nlm.nih.gov/pubmed/35525801
http://dx.doi.org/10.1016/j.athoracsur.2021.10.022
https://www.ncbi.nlm.nih.gov/pubmed/34800488
http://dx.doi.org/10.1016/j.athoracsur.2022.09.028
https://www.ncbi.nlm.nih.gov/pubmed/36179856
http://dx.doi.org/10.1016/j.jtcvs.2021.08.057
http://dx.doi.org/10.1016/j.jtcvs.2021.08.057
https://www.ncbi.nlm.nih.gov/pubmed/34538638
http://dx.doi.org/10.1016/j.jtcvs.2021.03.130
https://www.ncbi.nlm.nih.gov/pubmed/34364682

