RUSSIAN JOURNAL OF TRANSPLANTOLOGY AND ARTIFICIAL ORGANS Vol. XXV N2 3-2023

DOI: 10.15825/1995-1191-2023-3-129-138
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Endovascular surgery for aortic valve defects has proven itself well in elderly patients with severe comorbidities
competing with the underlying disease. However, the risk of dysfunction resulting from structural degeneration of
bioprosthetic heart valve and prosthetic valve endocarditis remains high. Repeated surgeries are associated with
complications, but open surgery is the only method of treatment in this group of patients. Objective: to describe
a series of reinterventions for prosthetic valve dysfunction occurring after TAVI. Material and methods. From
2015 to 2022, at the Department of Emergency Surgery for Acquired Heart Diseases (Head, Professor R.M. Mu-
ratov), Bakulev Research Center for Cardiovascular Surgery, 6 reoperations were performed in patients who had
previously undergone transcatheter aortic valve implantation (TAVI). The average age of patients at the time of
TAVI and at the time of reoperation was 70.6 years (62—83) and 74.3 years (70—84), respectively. The EuroSCORE
IT predicted risk of mortality at the time of reintervention was 42.2% (21.7—87.6). The mean time to reoperation
was 42 months. Indications for reoperation were early active prosthetic endocarditis (4 cases) and structural val-
ve degeneration (2 cases). Results. At the hospital stage, 1 patient died of acute heart failure; the operation was
performed for vital indications in conditions of extreme initial severity. In three patients, the early postoperative
period was uneventful. One patient required intra-aortic balloon counterpulsation (IABP) due to heart failure, and
1 patient was implanted with permanent pacemaker. The average time of hospitalization was 14 days. Patients
with active prosthetic endocarditis received a 6-week course of antibiotic therapy. The function of the implanted
valves was satisfactory. Conclusions. Aortic valve replacement after previous TAVI is an emergency operation
and represents the only way to treat valve dysfunction. Under active prosthetic endocarditis, timely surgery can

save this patient cohort.
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INTRODUCTION

When choosing a surgical technique for aortic ste-
nosis, it has been shown that open surgery is indicated
in young patients, amidst infective endocarditis and the
risk level according to STS and EuroSCORE II scales
is below 4%. Whereas in the presence of multivessel
coronary artery disease, atrioventricular valve patholo-
gy, aortic aneurysm, interventricular septal hypertrophy
requiring myomectomy and the risk degree according
to the same scales more than 4%, comorbid pathology,
gross post-radiation changes in the mediastinal organs,
risk of injury to functioning shunts during resternotomy
may be a preference for transcatheter aortic valve re-
placement (TAVR, also called transcatheter aortic valve
implantation, TAVI).

With the accumulation of experience in TAVR pro-
cedures, the disadvantages and contraindications have
been identified. Absolute contraindications include the
absence of specially trained cardiac surgical service, life
expectancy <1 year, and low likelihood of improving
the quality of life after TAVR due to severe concomitant
pathology. Anatomical features such as narrow or wide
aortic annulus (<18 mm or >29 mm) and left ventri-
cular thrombus are also important. Unfavorable aortic
root anatomy, asymmetric calcinosis with a high risk of

coronary ostial obstruction, aortic atheromatosis with
unstable plaques and a high risk of systemic embolism
may also be contraindications.

The TAVI procedure was originally intended to be mi-
nimally invasive and to maximize safety for patients with
high surgical risk. However, the incidence and extent of
acute complications during valve implantation, such as
coronary ostial obstruction, rupture of the aortic annu-
lus, atrioventricular block, paraprosthetic fistulas, stroke,
myocardial infarction and complications occurring at
various times after surgery on the side of the implanted
valve: secondary valve thrombosis, dysfunction due to
compression and prosthetic endocarditis do not make this
technique the gold standard when choosing the type of
surgery for aortic valve (AV) stenosis.

MATERIALS AND METHODS

From 2015 to 2022, 6 patients were re-operated at
the Department of Emergency Surgery of Acquired
Heart Defects, Bakulev Research Center for Cardiova-
scular Surgery (led by Prof. R.M. Muratov) after ear-
lier TAVR. The average age of patients at the time of
TAVR was 70.6 years (62—83), at the time of reoperation
was 74.3 years (70—84). The predicted EuroSCORE II
mortality risk at the time of reintervention was 42.2%
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(21.7-87.6). Women/men were 4/2. The mean time to
perform reoperation from the time of primary surgery
was 42 months (8—144) (see Table). The indication for
surgery in 4 cases was early active prosthetic valve en-
docarditis (PVE), in 2 cases structural degeneration of
the valve.

The main symptoms in patients were dyspnea at
minimal physical exertion, prolonged increase in body
temperature up to 38.5 °C, loss of body weight, and se-
vere weakness. All patients had severe heart failure (HF)
with lower limb edema and enlarged liver. One patient
was operated for vital indications due to progressive HF.

All patients were examined by standard methods.
Cardiac ultrasound found that in patients with PVE,

there were overlaps and vegetations on the prosthetic
leaflets with formation of grade 2—3 mitral regurgitation.
In patients with prosthetic degeneration, valve leaflets
were limited in mobility, thickened and calcified with
formation of transvalvular peak and mean gradient and
significant regurgitation. In one case, in a patient with the
CoreValve aortic valve, when it was difficult to confirm
an infectious lesion using transesophageal echocardio-
gram (TEE) due to its structural features (high nitinol
framework), 18F-FDG PET/CT was performed to con-
firm the diagnosis of PVE, which showed the presence
of pathological hypermetabolism in the bioprosthetic
aortic valve projection (see Fig. 1). To exclude malfor-

Table
Clinical characteristics of reoperated patients, n = 6
Patient / TAVR system Age | Age atre- | Post-TAVR | ES 2 Concomitant pathology
Age at TAVR | operation period (%)
(years) | (years) (months)
1. 70 years | Edwards Sapien-23 65 70 60 19.9 MFA, COPD
2. 84 years Core Valve-26 83 84 8 36.5 MFA, stage 4 CKD, diabetes, HBP
3. 73 years | Edwards Sapien-29 72 73 8 87.6 | Stage 4 CKD. Benign prostatic hyperplasia
4. 75 years MedLAB-27 73 75 24 24.8 Pulmonary fibrosis, HBP
Boston Scientific .
5. 70 years Acurate neo-25 69 70 11 23.5 Mastectomy, radiotherapy
6. 74 years CoreValve-23 62 74 144 38.1 Surgery art1ﬁ01a1hci;1;((:)1;;at1on and ECMO

Fig. 1. 18F-FDG PET-CT imaging, pathological hypermetabolism in the bioprosthetic aortic valve projection

107



RUSSIAN JOURNAL OF TRANSPLANTOLOGY AND ARTIFICIAL ORGANS

Vol. XXV N2 3-2023

mation and cerebral mycotic aneurysm, brain MRI was
performed in case of infective PVE.

CHARACTERISTICS OF SURGICAL
INTERVENTIONS

All operations were performed under hypothermic
cardiopulmonary bypass (28 °C). In five cases, the ope-
ration was performed through a full median sternotomy,
in 1 case a J-ministernotomy along the 4th intercostal
space was used. Myocardial protection in all patients
was performed by administration of 2 liters of Custodiol
solution. The average cardiopulmonary bypass (CPB)
time was 197.5 minutes and aortic clamping time was
141.7 minutes.

Patient 1. Diagnosis: postoperative Edwards Sapi-
en-23 TAVR by transapical access condition. Biopros-
thetic aortic valve stenosis and failure on the background
of structural degeneration (Fig. 2). Stage IIb heart failure
(HF). New York Heart Association (NYHA) functional
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Fig. 3. Prosthetic valve endocarditis affecting the CoreValve 26 stent (vegetation on xenopericardial flaps): a, ventricular sur-
face of the valve; b, aortic surface of the valve

class IV. Operation: AV replacement with BioLAB-20
bioprosthetic valve. CPB lasted for 116 minutes. Aortic
clamping lasted for 76 minutes. The postoperative period
was uneventful; the patient was discharged on day 8.

Patient 2. Diagnosis: postoperative CoreValve 26
TAVR condition, stenting of the left anterior descen-
ding artery (LADA). Early prosthetic AV endocarditis,
active phase. Infective mitral valve (MV) endocardi-
tis with grade 2 regurgitation. Stent restenosis in the
LADA. Stage IIb HF. NYHA functional class IV. Ope-
ration: AV replacement with Karboniks-22 mechanical
prosthetic valve, MV replacement with Karboniks-28
mechanical prosthetic valve, coronary artery bypass
grafting (CABG-LADA) (see Fig. 3). CPB lasted for
227 minutes. Aortic clamping lasted for 165 minutes.
The postoperative period was uneventful; the patient was
discharged on day 18.

Patient 3. Diagnosis: postoperative Edwards Sapi-
en-29 TAVR condition. Early prosthetic AV endocarditis,
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active phase. Grade 3 mitral and tricuspid regurgitation.
High pulmonary hypertension. Ascites. Artificial venti-
lation. Stage IIb HF. NYHA functional class I'V. Ope-
ration: AV replacement with Karboniks-26, MV repair
on a polytetrafluoroethylene strip, tricuspid valve repair
according to DeVega procedure (see Fig. 4). CPB lasted
for 204 minutes. Aortic clamping lasted for 125 minu-
tes. The patient died from progressive HF in the early
postoperative period.

Patient 4. Diagnosis: postoperative TAVI MedLab-
KT 27 condition. Early aortic prosthetic valve endocardi-
tis. Aortic regurgitation. Stage Ila HF. NYHA functional
class III. Operation: AV replacement with BioLAB-22
bioprosthetic valve from a mini-sternotomy (Fig. 5).
CPB lasted for 151 minutes. Aortic clamping lasted for
85 minutes. The postoperative period was uneventful;
the patient was discharged on day 9.

Patient 5. Diagnosis: postoperative Boston Scientific
Acurate neo-25 condition. Early prosthetic AV endocar-
ditis, active phase. Aortic regurgitation (see Fig. 6). Stage
IIa HF. NYHA functional class I'V. Operation: aortic root
replacement with devitalized allograft, implantation of a
dual-chamber pacemaker. CPB lasted for 194 minutes.
Aortic clamping lasted for 140 minutes. The postopera-
tive period was uneventful; the patient was discharged
on day 16.

Patient 6. Diagnosis: postoperative Mitroflow aortic
valve bioprosthesis, AV replacement using CoreValve 23
TAVR technique under ECMO to prevent postoperative
complication in the patient with critical hemodynamic
disturbance (intraoperative ventricular tachycardia).
Structural degeneration of the valve by calcinosis (see
Fig. 7). Stage Ila HF. NYHA functional class II. Operati-
on: AV replacement with Karboniks-22 prosthetic valve.

Fig. 4. Prosthetic valve endocarditis affecting the Edwards Sapien-29 valve stent: a, ventricular surface of the valve; b, aortic

surface of the valve

Fig. 5. Explanted MedLAB KT 27 valve stent (flat vegeta-
tions on PTFE flaps)

RESULTS

At the hospital stage, 1 patient died of acute HF. Pati-
ent #3 with decompensated HF was taken for surgery on
vital indications with multi-organ failure. EUROScore
IT was 87%. To prevent and replenish blood loss during
all operations, the Cell-Saver device was used. Blood
loss by drains on the first day averaged 500 mL (350—
750). Mechanical ventilation lasted for an average of 23
[13 : 682] hours. Prolonged ventilation was performed
due to neurological deficit in patient #3 and development
of HF. The patient stayed at the ICU for 4.5 (1.3-30)
days.

In three patients, the early postoperative period was
uneventful. The average time in hospital was 14 days.
Patients with active PVE underwent a 6-week course of
antibiotic therapy. At the moment of discharge, 3 patients
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had sinus rhythm, 1 patient had permanent atrial fibril-
lation, and 1 patient had a permanent pacemaker. The
function of implanted prosthetic valves was satisfactory.

DISCUSSION

The development and implementation of alternative
techniques (TAVI, balloon valvuloplasty) for the treat-
ment of AV stenosis in high surgical risk and inoperable
patients (STS 7-11%, EuroSCORE 1I 18 29%) have
shown safety and stable outcomes at various times after
surgery [1]. However, expansion of indications for trans-
catheter procedures is often an example of commercial
advantage without in-depth discussion of each specific
clinical case. The decision to perform them should be
made and discussed by a group of physicians from dif-
ferent specialties [2].

A retrospective MedPAR (Medicare Provider Analy-
sis and Review) analysis summarizing data from 2009
to 2015 in patients with isolated AV stenosis showed an

increase in the number of AV interventions by 14.4%
per year (from 22,076 in 2009 to 49,362 in 2015). When
comparing the number of surgeries performed (traditi-
onal AV replacement and TAVI), there is an increasing
trend for catheter-based procedures. By the end of the
study, such procedures accounted for 46% of all AV in-
terventions. The authors also emphasized a downward
trend in in-hospital 30- and 90-day mortality, which were
2.69%, 4.46%, 6.66%, respectively. However, 90-day
mortality in the TAVI group remains high at 8.37% and
the incidence of infective endocarditis ranges from 2.4%
to 2.7% [3].

Infective endocarditis after TAVI is a life-threatening
complication with high in-hospital and 1-year mortality.
Early diagnosis is of paramount importance in order
to initiate appropriate treatment to avoid negative cli-
nical outcomes. According to the TAVI International
Registry, the incidence of PVE ranges from 0.3 to 1.2%
of patients per year. The authors identified the use of

Fig. 6. Prosthetic valve endocarditis affecting the Boston Scientific Acurate neo-25 valve stent: a, ventricular surface of the

valve; b, aortic surface of the valve

Fig. 7. Structural degeneration of the CoreValve 23 valve stent: a, ventricular surface of the valve; b, aortic surface of the valve
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self-expandable stent valves and intubation during sur-
gery as independent predictors. Transfemoral access
was performed in 76% of cases. The authors also noted
high in-hospital mortality (47%), both at the time of
TAVI and at reoperation. These results are associated
with the initial severity and age of the patients [4]. Our
material describes four clinical cases of early PVE after
transcatheter AV implantation, and it should be said that
despite certain difficulties in interpreting the diagnosis
of “prosthetic valve endocarditis” especially in the case
of implanted CoreValve valve, the use of active surgical
tactics with the use of conventional surgery, in combi-
nation with antibiotic therapy, has shown to be feasible
and effective in this severe category of recurrent cases.

A pooled analysis of 61 randomized controlled tri-
als analyzing 8,969 patients, which covered the period
from 2012 to 2020, found no significant difference in the
endpoint, deaths from cardiovascular causes. A positive
effect was observed in surrogate endpoints such as blee-
ding, postoperative atrial fibrillation impairing quality
of'life, renal failure, strokes, and length of hospital stay.
Meta-analysis demonstrated no significant difference in
mortality in the early and mid-term postoperative mor-
tality. Moreover, by year 5, mortality in the TAVI group
had increased by 15% (OR 1.11 95% CI 1.01-1.23,p =
0.04, I* — 0%; n = 3761) [5-8]. The early postoperative
mortality may be due to the occurrence of events such
as strokes (2-year study, OR 0.88, 95% CI 0.67 to 1.16,
p = 0.37, 12 48%; 6 studies, n = 6,453 patients) [5-9],
bleeding (reported 64% reduction in major bleeding in
favor of TAVI, this trend persists up to year 5 where
the value is 20%). By year 5, the observed effect had
shifted toward a favorable prognosis for surgical AV
replacement.

Regarding surgical aspects, this technique has several
technical limitations [10—12], resulting in an increased
number of re-interventions (including valve-to-valve)
and hospitalizations (see Fig. 8). A PORTICO study
[13] showed that the absence of anticoagulant therapy,
valve-to-valve procedure, use of a 23-mm transcatheter
valve, and high BMI were independent predictors of
hemodynamic valve deterioration. This hypothesis is
supported by the fact that the problem associated with
prosthetic leaflet thrombosis was resolved by long-term
warfarin use.

Infective endocarditis, as the most dangerous com-
plication at up to 30 days, shows a significant decrease
in the TAVI group; further follow-up shows that this
effect has no differences and by year 5 the weighted
mean reaches an OR value of 1.34 (95% CI 0.87-2.05,
P =0.18, 12 0%; 4 studies, n = 3,761) [1, 14-16], and
in relative terms, the number of infective endocarditis
cases increases by 134%.

However, such data should be alarming and must be
treated with some caution. Pooled analysis of 6 cohort
studies demonstrated that individuals with early PVE
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were younger (73.5 £4.2 vs 79.9 £ 3.24, P < 0.001),
identified the most significant risk factors as sex OR 1.24
(95% CI 1.15 to 1.33), intubation OR 2.99 (95% C12.73
to 3.28), and chronic kidney disease (OR 5.19, 95% CI
4.16 to 6.47). The median time to development of in-
fective endocarditis ranged from 1 month to 9.4 months
[17-20]. The analysis demonstrated that only 22.3%
were re-operated, the rest (77.7%) were treated conser-
vatively. Overall mortality for the pooled cohort was
38.3%. Mortality in the surgical and antibiotic treatment
groups were 16.7% and 37.4% (P < 0.05) [21].

CONCLUSION

In order to determine the surgical tactics for dege-
nerative aortic valve defects, in the context of modern
realities with the development and wide accessibility of
endovascular aids, it is necessary to adhere to the point
of view of pragmatism, where the end and means must
be justified. In today’s era of saturated information flow
and patient awareness, indications for the method of
choice must be clearly defined. TAVI should be per-
formed in advanced centers for possible elimination of
the developed complication. The decision to choose a
method should be based on such indicators as durability
of the prosthetic valve and life expectancy, rather than
the classical approach based on modern risk stratification
scales and anatomical features.

Fatal complications such as PVE in this patient co-
hort are associated with an enormous risk of mortality.
However, only a combination of surgical treatment and
conservative therapy can provide a predictable outcome
and the possibility of cure.

The authors declare no conflict of interest.

REFERENCES

1. Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm C,
Holm PJ et al. 2017 ESC/EACTS Guidelines for the ma-
nagement of valvular heart disease. Fur Heart J. 2017
Sep 21; 38 (36): 2739-2791. https://doi.org/10.1093/eu-
rheartj/ehx391.

2. Nishimura RA, Otto CM, Bonow RO, Carabello BA, Er-
win JP 3rd, Guyton RA et al. 2014 AHA/ACC Guideli-
ne for the Management of Patients With Valvular Heart
Disease. J Am Coll Cardiol. 2014 Jun 10; 63 (22): e57—
e185; doi: 10.1016/j.jacc.2014.02.536.

3. Culler SD, Cohen DJ, Brown PP, Kugelmass AD, Rey-
nolds MR, Ambrose K et al. Trends in Aortic Valve Re-
placement Procedures Between 2009 and 2015: Has
Transcatheter Aortic Valve Replacement Made a Diffe-
rence? Ann Thorac Surg. 2018 Apr; 105 (4): 1137-1143.
doi: https://doi.org/10.1016/j.athoracsur.2017.10.057.

4.  Amat-Santos 1J, Messika-Zeitoun D, Eltchaninoff H, Ka-
padia S, Lerakis S, Cheema AN et al. Infective endocar-
ditis after transcatheter aortic valve implantation: results
from a large multicenter registry. Circulation. 2015 May
5; 131 (18): 1566-1574. doi: 10.1161/CIRCULATIO-
NAHA.114.014089. PMID: 25753535.



RUSSIAN JOURNAL OF TRANSPLANTO

LOGY AND ARTIFICIAL ORGANS

Vol. XXV N2 3-2023

All-Case Mortality CV Mortality Any Stroke
Periprocedural/In-Hospital ]
30Days Periprocedural/In-Hospital I
1 Year 30 Days - 30 Days L]
2 Year [ 1 1 Year 1 Year [ |
5 Year 2 Year | § 2 Year [ ]
6 Year m S Year 1 5 Year a
0.1 02 05 1 2 5 10 01 02 05 1 2 5 10 01 02 05 1 2 5 10
— —p — — —_—
Better for TAVI Better for SAVR Better for TAVI Better for SAVR Better for TAVI Better for SAVR
Major/Disabling Stroke Major Bleeding
Periprocedural/In-Hospital Periprocedural/In-Hospital | § ]
30 Days 30 Days 30 Days [l
1 Year 1 Year 1Year BN
2 Year 2 Year 2 Year 11 ]
5 Year - 5 Year 5 Year am
L $ + t # '3 L} # t i * + ¥ ¥ L ¥ + + + # ¥
0.1 02 05 1 2 5 10 0.1 02 05 1 2 5 10 0.1 02 05 1 2 5 10
 — —p o = % >
Better for TAVI Better for SAVR Better for TAVI Better for SAVR Better for TAVI Better for SAVR
Major Vascular Complications New PPM AKI
Periprocedural/In-Hospital —— Periprocedural In-Hospital (1= QLre==]
30 Days = 30 Days & ] Periprocedural/In-Hospital N I
1 Year mE 1 Year 1] 30Days NN
2 Year - 2 Year n 1 Year .
5 Year = = 5 Year n 2 Year L § ]
¥ ¥ ¥ ¥ ¥ ¥ ¥ k 4 .‘- 4 ¢ .l $ ¢ + + ¥
0.1 02 05 1 2 5 10 0.01 0.1 1 10 100 0.1 0.2 05 1 2 5 10
& L — —
Better for TAVI Better for SAVR Better for TAVI Better for SAVR Better for TAVI Better for SAVR
NOW-AF Endocarditis Reintervention/Reoperation
Periprocedural In-Hospital I Periprocedural/In-Hospital
30 Days m 30 Days 30 Days =1
1 Year 1] 1 Year 1 Year i
2 Year (1] 2 Year 2 Year = =
5 Year [ ] 5 Year 5 Year N
0.1 0.2 05 1 2 2] 10 0.1 0.2 05 1 2 5 10 0.01 0.1 1 10 100
h— — — — —
Better for TAVI Better for SAVR Better for TAVI Better for SAVR Better for TAVI Better for SAVR
Rehospitalisation
30 Days [ |
1 Year
2 Year ]
5 Year 1]
0.1 0.2 05 1 2 5 10
‘— —
Better for TAVI Better for SAVR

Fig. 8. Data pooled from randomized controlled trials (RCT) results [22]

112



RELATED DISCIPLINES

10.

11.

12.

13.

14.

Leon MB, Smith CR, Mack MJ, Makkar RR, Svens-
son LG, Kodali SK et al. Transcatheter or Surgical Aor-
tic-Valve Replacement in Intermediate-Risk Patients.
N Engl J Med. 2016 Apr 28; 374 (17): 1609—1620. htt-
ps://doi.org/10.1056/NEJMoal514616.

Adams DH, Popma JJ, Reardon MJ, Yakubov SJ, Co-
selli JS, Deeb GM et al. Transcatheter aortic-valve re-
placement with a self-expanding prosthesis. N Engl
J Med. 2014 May 8; 370 (19): 1790-1798. https://doi.
org/10.1056/NEJMo0a1400590.

Thyregod HG, Steinbriichel DA, Thlemann N, Nissen H,
Kjeldsen BJ, Petursson P et al. Transcatheter Versus
Surgical Aortic Valve Replacement in Patients With Se-
vere Aortic Valve Stenosis: 1-Year Results From the All-
Comers NOTION Randomized Clinical Trial. J Am Coll
Cardiol. 2015 May 26; 65 (20): 2184-2194. https://doi.
org/10.1016/j.jacc.2015.03.014.

Smith CR, Leon MB, Mack MJ, Miller DC, Moses JW,
Svensson LG et al. Transcatheter versus surgical aor-
tic-valve replacement in high-risk patients. N Engl J
Med. 2011 Jun 9; 364 (23): 2187-2198. https://doi.
org/10.1056/NEJMoal103510.

Reardon MJ, Van Mieghem NM, Popma JJ, Kleiman NS,
Sondergaard L, Mumtaz M et al. Surgical or transcathe-
ter aortic-valve replacement in intermediate-risk pati-
ents. N Engl J Med. 2017 Apr 6; 376 (14): 1321-1331.
doi: 10.1056/NEJMoal700456.

de Buhr W, Pfeifer S, Slotta-Huspenina J, Winterman-
tel E, Lutter G, Goetz WA. Impairment of pericardial
leaflet structure from balloon-expanded valved stents.
J Thorac Cardiovasc Surg. 2012 Jun; 143 (6): 1417-
1421. https://doi.org/10.1016/j.jtcvs.2011.11.001.
Amahzoune B, Bruneval P, Allam B, Lafont A, Fabia-
ni JN, Zegdi R. Traumatic leaflet injury during the use of
percutaneous valves: a comparative study of balloon-and
self-expandable valved stents. Eur J Cardiothorac Surg.
2013 Mar; 43 (3): 488-493. https://doi.org/10.1093/
ejcts/ezs359.

Alavi SH, Groves EM, Kheradvar A. The effects of trans-
catheter valve crimping on pericardial leaflets. Ann Tho-
rac Surg. Apr; 97 (4): 1260—1266. doi: 10.1016/j.atho-
racsur.2013.11.009.

Del Trigo M, Murioz-Garcia AJ, Wijeysundera HC,
Nombela-Franco L, Cheema AN, Gutierrez E et al.
Incidence, Timing, and Predictors of Valve Hemody-
namic Deterioration After Transcatheter Aortic Valve
Replacement: Multicenter Registry. J Am Coll Cardiol.
2016 Feb 16; 67 (6): 644—655. https://doi.org/10.1016/].
jacc.2015.10.097.

Bonow RO, Brown AS, Gillam LD, Kapadia SR, Ka-
vinsky CJ, Lindman BR et al. ACC/AATS/AHA/ASE/
EACTS/HVS/SCA/SCAI/SCCT/SCMR/STS 2017 ap-
propriate use criteria for the treatment of patients with
severe aortic stenosis: a report of the American College
of cardiology appropriate use criteria Task force, Ame-
rican association for thoracic surgery, American heart
association, American Society of echocardiography,
European association for Cardio-Thoracic surgery, heart
valve Society, society of cardiovascular Anesthesiolo-
gists, Society for cardiovascular angiography and inter-
ventions, society of cardiovascular computed tomogra-

113

15.

16.

17.

18.

19.

20.

21.

22.

phy, Society for cardiovascular magnetic resonance, and
society of thoracic surgeons. J Am Soc Echocardiogr. 18
Feb; 31 (2): 117-147. doi: 10.1016/j.ech0.2017.10.020.
Barili F, Freemantle N, Pilozzi Casado A, Rinaldi M,
Folliguet T, Musumeci F et al. Mortality in trials on
transcatheter aortic valve implantation versus surgical
aortic valve replacement: a pooled meta-analysis of Ka-
plan—Meier-derived individual patient data. Eur J Cardi-
othorac Surg. 2020 Aug 1; 58 (2): 221-229. https://doi.
org/10.1093/ejcts/ezaa087.

Wang D, Huang L, Zhang Y, Cheng Z, Zhang X, Ren P et
al. Transcatheter aortic valve implantation versus surgi-
cal aortic valve replacement for treatment of severe aortic
stenosis: comparison of results from randomized cont-
rolled trials and real-world data. Braz J Cardiovasc Surg.
2020 Jun 1; 35 (3): 346-367. doi: 10.21470/1678-9741-
2019-0288. PMID: 32549107; PMCID: PMC7299574.
Weintrob AC, Roediger MP, Barber M, Summers A,
Fieberg AM, Dunn J et al. Natural history of coloniza-
tion with gram-negative multidrug-resistant organisms
among hospitalized patients. Infect Control Hosp Epide-
miol. 2010 Apr; 31 (4): 330-337. doi: 10.1086/651304.
PMID: 20175687. https://www.ncbi.nlm.nih.gov/pub-
med/20175687.

Gallouche M, Barone-Rochette G, Pavese P, Bertrand B,
Vanzetto G, Bouvaist H et al. Incidence and prevention
of infective endocarditis and bacteraemia after transca-
theter aortic valve implantation in a French universi-
ty hospital: a retrospective study. J Hosp Infect. 2018
May; 99 (1): 94-97. doi: 10.1016/j.jhin.2017.11.013.
PMID: 29191610. https://www.ncbi.nlm.nih.gov/pub-
med/29191610.

Martinez-Sellées M, Bouza E, Diez-Villanueva P. Vale-
rio M, Farifias MC, Mufioz-Garcia AJ et al. Incidence
and clinical impact of infective endocarditis after transca-
theter aortic valve implantation. Eurolntervention. 2016
Feb; 11 (10): 1180-1187. doi: 10.4244/E1JY15M02_05.
PMID: 25671426. https://www.ncbi.nlm.nih.gov/pub-
med/25671426.

Regueiro A, Linke A, Latib A, Ihlemann N, Urena M,
Walther T et al. Association between transcatheter aor-
tic valve replacement and subsequent infective endo-
carditis and in-hospital death. J4MA. 2016 Sep 13;
316 (10): 1083-1092. doi: 10.1001/jama.2016.12347.
PMID: 27623462. https://www.ncbi.nlm.nih.gov/pub-
med/27623462.

Tinica G, Tarus A, Enache M, Artene B, Rotaru I, Ba-
cusca A, Burlacu A. Infective endocarditis after TAVI:
a meta-analysis and systematic review of epidemiology,
risk factors and clinical consequences. Rev Cardiovasc
Med. 2020 Jun 30; 21 (2): 263-274. doi: 10.31083/j.
rcm.2020.02.68. PMID: 32706214.

Swift SL, Puehler T, Misso K, Lang SH, Forbes C, Kleij-
nen J et al. Transcatheter aortic valve implantation versus
surgical aortic valve replacement in patients with severe
aortic stenosis: a systematic review and meta-analysis.
BMJ Open. 2021 Dec 6; 11 (12): e054222. https://doi.
org/10.1136/bmjopen-2021-054222.

The article was submitted to the journal on 14.06.2023



