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Abstract
Aims: The aim of this study was to report the predictors and clinical impact of transcatheter heart valve 
(THV) thrombosis in patients undergoing transcatheter mitral valve implantation (TMVI).

Methods and results: We included 130 patients who consecutively underwent TMVI. Transoesophageal 
echocardiography (TOE) and/or computed tomography (CT) were performed in 91.7% of patients at dis-
charge, in 73.3% at three months and in 72% beyond three months. THV thrombosis was defined as the 
presence of at least one thickened leaflet with restricted motion confirmed by TOE or contrast CT and clas-
sified as immediate, early, or late according to the timing of diagnosis. THV thrombosis was observed in 
16 (12.3%) patients: immediate in 43.7%, early in 37.5% and late in 18.8%. Most of these thromboses were 
subclinical (93.7%) and non-obstructive (87.5%). No thromboembolic event occurred. After optimisation of 
antithrombotic treatment, THV thromboses resolved in all but one patient. Predictors were shock for imme-
diate (p<0.001), male sex for early (p=0.045) and absence of anticoagulation for both early (p=0.018) and 
late (p=0.023) THV thromboses.

Conclusions: THV thrombosis is frequent after TMVI, occurs mainly within the first three months, is 
mostly subclinical and resolves after optimisation of antithrombotic treatment. An anticoagulation therapy 
for at least three months after the procedure is mandatory.
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Abbreviations
CI confidence interval
CT computed tomography
HALT hypoattenuated leaflet thickening
INR international normalised ratio
IQR interquartile range
MVARC Mitral Valve Academic Research Consortium
OR odds ratio
THV transcatheter heart valve
TMVI transcatheter mitral valve implantation
TOE transoesophageal echocardiography
TTE transthoracic echocardiography
ViMAC valve-in mitral annulus calcification
ViR valve-in-ring
ViV valve-in-valve

Introduction
Transcatheter mitral valve implantation (TMVI) using 
balloon-expandable aortic valves has been proposed as an alterna-
tive to surgery in high-risk patients with degenerated bioprosthe-
ses (valve-in-valve [ViV]), failed annuloplasty rings (valve-in-ring 
[ViR]) and severe mitral annular calcification (valve-in-mitral 
annulus calcification [ViMAC]). Despite limited evidence, pre-
liminary results suggest that TMVI is feasible and safe when 
performed by experienced operators, with acceptable long-term 
clinical and haemodynamic outcomes1,2. However, TMVI is assoc-
iated with several complications. While the risks of left ventricular 
outflow tract obstruction, valve migration or embolisation and 
paravalvular mitral regurgitation have been evaluated previously, 
uncertainty exists about the risk of transcatheter heart valve (THV) 
thrombosis3-7. Its incidence and clinical impact remain unclear and 
there is a lack of data about the management of this complication8.

We aimed to report the predictors and clinical impact of THV 
thrombosis after TMVI using balloon-expandable THVs.

Editorial, see page 1386

Methods
DATA SOURCE AND POPULATION
By way of a prospective observational study, we evaluated all the 
patients consecutively treated with TMVI between July 2010 and 
September 2019 at our centre. We excluded two patients in whom 
the THV was not implanted. Indications for TMVI were severe 
symptomatic mitral valve disease due to bioprosthesis or ring fail-
ure or severe MAC in high-risk or inoperable patients in whom 
the Heart Team favoured percutaneous intervention over surgery. 
A small subset of the population consisted of young women with 
a desire for pregnancy in whom TMVI was considered to avoid or 
delay a surgical reintervention (which should have been biopros-
thesis implantation in these specific cases).

Baseline characteristics, procedural data, echocardiographic/
computed tomography (CT) findings and clinical outcomes includ-
ing follow-up data for all patients were prospectively collected in 
a local database using the REDCap platform. Clinical outcomes 

were defined according to the Mitral Valve Academic Research 
Consortium (MVARC) criteria9. All patients signed consent forms 
stating their agreement to have their medical data recorded in 
a computer database for research purposes. This study was con-
ducted in accordance with the principles of the Declaration of 
Helsinki and carried out in accordance with the local legislation.

TRANSCATHETER MITRAL VALVE IMPLANTATION
All patients treated with TMVI had systematic echocardiography 
(transthoracic [TTE] and transoesophageal [TOE]) and cardiac 
CT before the procedure to detect any contraindication to TMVI. 
Patients whose initial valve dysfunction was related to thrombosis 
were not referred to TMVI and treated with anticoagulation. The 
TMVI procedures have already been described2,10. Briefly, they 
were performed by a team of interventional cardiologists, under 
general anaesthesia, with TOE and fluoroscopy guidance and 
using the balloon-expandable SAPIEN XT until 2016 and then 
SAPIEN 3 THVs (both Edwards Lifesciences, Irvine, CA, USA). 
The default approach was transseptal. TOE was also mandatory to 
evaluate the immediate result and detect any complication. In case 
of paravalvular leak, the decision on post-dilation or implantation 
of a second THV relied on its mechanism (incomplete expansion 
or malposition) after careful analysis.

ANTITHROMBOTIC TREATMENT
Anticoagulation with intravenous heparin was administered at the 
beginning of the procedures (70 IU/kg for transseptal or transapi-
cal TMVI and 300 IU/kg for transatrial “hybrid” TMVI) and was 
restarted two hours after transseptal and six hours after transapi-
cal and transatrial procedures in the absence of complication with 
target anti-factor Xa activity of 0.4 to 0.7 IU/ml. In addition, anti-
platelet therapy with aspirin 75 mg/day was initiated before the 
procedure. The combination of vitamin K antagonists (VKA) with 
a target international normalised ratio (INR) of 2-3 and aspirin 
75 mg/day was indicated for the first three months in the absence 
of prohibitive bleeding risk. VKA were stopped thereafter if THV 
thrombosis was not diagnosed at the three-month visit and if 
patients had no other indication for long-term anticoagulation ther-
apy. Aspirin was stopped after three months in patients requiring 
long-term anticoagulation for another indication. In patients with 
THV thrombosis observed after hospital discharge, antithrombotic 
therapy was reinforced and VKA were continued.

FOLLOW-UP
A clinical, echocardiographic and CT follow-up was planned 
at discharge, three months (median 72 [44-99] days), one year 
(median 417 [367-468] days) and yearly thereafter. All had a TTE 
at each visit, 115/130 (88.5%) had at least one TOE during the 
follow-up and 110/130 (84.6%) at least one cardiac CT. TOE and/
or cardiac CT were performed in 91.7% of patients at discharge, in 
73.3% at three months and in 72% beyond three months.

Echocardiography assessments were performed with a Philips 
iE33 until 2014 and with a Philips EPIQ 7 ultrasound machine 
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thereafter (Philips Healthcare, Andover, MA, USA). The mean 
transmitral gradient calculated using the Bernoulli formula, and 
mitral valve area using the continuity equation were evaluated 
with TTE. Mitral regurgitation was graded as 1 (trace), 2 (mild), 
3 (moderate), or 4 (severe) according to its severity. A comple-
mentary assessment by TOE and contrast CT was scheduled in the 
absence of contraindication.

Cardiac CT was retrospectively gated with data acquisition in 
all phases of the cardiac cycle and contrast enhancement, as previ-
ously recommended10.

DEFINITION OF THV THROMBOSIS
THV thrombosis was defined as the presence of at least one thick-
ened leaflet with restricted motion or a mobile mass confirmed by 
TOE or cardiac CT, which also showed typical images of hypoat-
tenuated leaflet thickening (HALT). It was classified accord-
ing to the timing of diagnosis as immediate (until discharge), 
early (after discharge, until three months), or late (beyond three 
months). Clinical and haemodynamic parameters were not neces-
sary to withhold the diagnosis, in accordance with the MVARC 
definitions9.

STATISTICAL ANALYSIS
Categorical variables are presented as frequencies and continuous 
variables as mean (standard deviation) or median (interquartile 
range) according to distribution. Comparisons between qualita-
tive variables were made using the chi-square or Fisher’s exact 
test, as appropriate. Continuous variables were compared using 
a two-sample t-test or Wilcoxon rank-sum test, as appropriate. 
Logistic regression models were constructed to determine pre-
dictors of THV thrombosis at each time - immediate, early and 
late. Variables with a p-value <0.1 in the univariate analysis were 
included in the multivariate analysis. When analysing the pre-
dictors of immediate and late thrombosis, only one variable had 
a p-value <0.1 in the univariate analysis. Therefore, multivariate 

analyses were not performed for immediate and late thrombosis. 
Results are presented as odds ratios (OR) with their confidence 
interval (CI). All tests were two-sided and conducted at a 0.05 
level of significance. Statistical analyses were performed using 
JMP software, version 15.0 (SAS Institute Inc., Cary, NC, USA).

Results
A total of 130 patients were included (Figure 1). At a median 
follow-up of 1.8 (0.9-3.5) years, 16 (12.3%) patients had a THV 
thrombosis. The one-year cumulative rate of THV thrombosis was 
11.1% (95% CI: 6.5% to 18.2%). Immediate THV thrombosis 
was observed in 7 (43.7%) patients, early in 6 (37.5%) and late in 
3 (18.8%). The median time from index procedure to diagnosis of 
thrombosis was 78 days (IQR 12-109).

Clinical and echocardiographic characteristics of the overall 
population at baseline (upon admission before TMVI) are shown 
in Table 1. The median age of patients was 72 (55-81) years, they 
were more frequently women (70%) and were deemed at high 
surgical risk with a median EuroSCORE II of 7.4% (3.9-12.6%). 
There was no significant difference between patients with THV 
thrombosis and patients without. Patients with a THV thrombosis 
tended to be more frequently men (43.8% vs 28.1%, p=0.24), at 
lower surgical risk as reflected by the EuroSCORE II (4.4% [3.1-
11.1%] vs 8.5% [4.1-12.9%], p=0.23), and less frequently to have 
atrial fibrillation (43.7% vs 62.3%, p=0.18) and thus less anti-
coagulation therapy before procedures (43.7% vs 64%, p=0.17). 
A salvage TMVI was performed in 2 (12.5%) patients with a THV 
thrombosis compared with 3 (2.6%) in patients without (p=0.11).

Procedural findings and 30-day outcomes in the overall pop-
ulation and according to the occurrence of THV thrombosis are 
listed in Table 2. There was no significant difference between 
groups. The procedure was a ViV TMVI in 47.6% of patients, ViR 
in 26.2% and ViMAC in 26.2%. The approach was transseptal 
in 90.8% of the patients and the most frequently implanted THV 
in both groups was the SAPIEN 3 (71.5%). Twenty-five percent 

TMVI procedure
n=130

Death (n=6)
Mitral surgery (n=2)

TOE/CT Immediate thrombosis
(n=7)

Early thrombosis
(n=6)

Late thrombosis
(n=3)

TOE/CT

TOE/CT

Death (n=3)
Ongoing follow-up (n=7)

Death (n=8)
Mitral surgery (n=2)
Ongoing follow-up (n=14)

Discharge
n=115

3-month visit
n=105

1-year visit and later
n=75

Figure 1. Study flow chart. CT: computed tomography; TMVI: transcatheter mitral valve implantation; TOE: transoesophageal 
echocardiography
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(25%) of the patients with and 9.6% without THV thrombosis 
needed a second valve implantation during the index procedure 
(p=0.09).

Regarding 30-day outcomes, 8 (6.1%) patients died: 2 (12.5%) 
in the group of patients with THV thrombosis and 6 (5.3%) in 
those without (p=0.25). Both patients with THV thrombosis died 
from non-related causes: one death was due to a septic shock and 
the other to a refractory multiorgan failure despite successful sal-
vage TMVI in the context of cardiogenic shock. There was nei-
ther stroke nor any other thromboembolic event related to THV 
thrombosis. Data regarding antithrombotic treatment prescribed at 
discharge are listed in Table 2. A total of 111/120 patients (92.5%) 
were treated with anticoagulation treatment at discharge and 9/120 
(7.5%) with antiplatelet alone, without difference between the 
groups. Among patients treated with anticoagulation at discharge 
and with a three-month follow-up visit, 8/103 (7.8%) discontinued 
their anticoagulation treatment (5 patients for unknown reasons 
and 3 due to bleeding concerns).

In patients with THV thrombosis, the mean transprosthetic mitral 
gradient was 7±2 mmHg. The mean delta transprosthetic gradient 
was 2.1±1.8 mmHg. A transprosthetic gradient >10 mmHg was 
observed in two patients and one of them reported worsening dys-
pnoea. The functional status of all the others remained unchanged. 

TOE was carried out in all. Cardiac CT examination was per-
formed in 13/16 patients (three had severe kidney disease contrain-
dicating CT). TOE missed 2/16 THV thrombosis (12.5%) while 
CT showed HALT associated with a restriction of cusp mobility 
in all of them. No case of thickened leaflet without restriction of 
mobility occurred. Thus, 11/16 (68.8%) thromboses were diag-
nosed by both TOE and cardiac CT, 3/16 (18.8%) by TOE alone 
and 2/16 (12.5%) by CT alone. Recurrence of THV thrombosis 
was observed in only one patient who had immediate THV throm-
bosis. It occurred six months after the first one in a pregnancy 
context. Individual characteristics of patients with THV thrombo-
sis are shown in Supplementary Table 1.

Upon diagnosis of THV thrombosis, patients were treated with 
VKA in combination with antiplatelet therapy except for two 
patients who received VKA alone because of a prohibitive bleed-
ing risk. At a median follow-up of 99 days after the diagnosis, 
thrombosis resolved in all but one patient who remained asympto-
matic despite the persistence of a non-obstructive thrombosis con-
firmed by TOE and cardiac CT.

Predictive factors for THV thrombosis are listed in Table 3. 
Periprocedural shock was the only predictive factor of immediate 
THV thrombosis in univariate analysis (OR 41.4, 95% CI: 6.79-
252.78, p<0.001). In univariate analysis, early THV thrombosis 

Table 1. Clinical and echocardiographic characteristics of the study population upon admission before TMVI.

Entire cohort
(N=130)

Patients without  
THV thrombosis

(n=114)

Patients with  
THV thrombosis

(n=16)
p-value

Clinical characteristics
Age, years 72 (55-81) 72 (57-81) 65 (39-80) 0.32

Female sex 91 (70) 82 (71.9) 9 (56.2) 0.24

Body mass index, kg/m2 25±5 26±5 24±5 0.40

Diabetes mellitus 28 (21.5) 26 (22.8) 2 (12.5) 0.52

eGFR <30 ml/min 25 (19.2) 23 (20.2) 2 (12.5) 0.73

Atrial fibrillation 78 (60) 71 (62.3) 7 (43.7) 0.18

Previous stroke or TIA 31 (23.8) 27 (23.7) 4 (25) 1.00

Previous cardiac surgery 111 (85.4) 98 (86) 13 (81.2) 0.70

Coronary artery disease 36 (27.7) 31 (27.2) 5 (31.2) 0.77

Urgency of the 
procedure

Elective/urgent 125 (96.1) 111 (97.4) 14 (87.5)
0.11

Emergent/salvage 5 (3.8) 3 (2.6) 2 (12.5)

EuroSCORE II, % 7.4 (3.9-12.6) 8.5 (4.1-12.9) 4.4 (3.1-11.1) 0.23

Antithrombotic 
treatment

VKA 74 (56.9) 68 (59.6) 6 (37.5) 0.11

NOAC 6 (4.6) 5 (4.4) 1 (6.2) 0.55

Antiplatelet 23 (17.7) 19 (16.7) 4 (25) 0.48

Echocardiographic findings 
LVEF, % 59±9 58±10 60±7 0.30

Mean mitral gradient >5 mmHg 112 (86.1) 100 (87.7) 12 (75) 0.24

Mitral valve area (continuity), cm2 1.0±0.5 1.0±0.6 0.9±0.3 0.85

Mitral regurgitation >2/4 50 (38.5) 43 (37.7) 7 (43.7) 0.78

Data are presented as n (%) or mean±SD or median (interquartile range). eGFR: estimated glomerular filtration rate; EuroSCORE: European 
System for Cardiac Operative Risk Evaluation; LVEF: left ventricular ejection fraction; NOAC: non-vitamin K antagonist oral anticoagulant; 
THV: transcatheter heart valve; TIA: transient ischaemic attack; VKA: vitamin K antagonist



1459

EuroIntervention 2
0

2
1
;16

:14
5

5
-14

6
2

Thrombosis after transcatheter mitral valve implantation

was associated with male sex, need for a second prosthesis dur-
ing the index procedure and absence of anticoagulation treatment 
at the three-month visit. After adjustment, male sex (OR 10.41, 
95% CI: 1.05-103.08, p=0.045) and the absence of anticoagu-
lation (OR 12.37, 95% CI: 1.53-98.45, p=0.018) were indepen-
dently associated with early THV thrombosis, while the need for 

a second prosthesis was no longer significant (OR 7.67, 95% CI: 
0.72-81.22, p=0.09). Regarding late thrombosis, no patient with 
thrombosis was previously treated with anticoagulation, whereas 
73.6% of patients without thrombosis were (Figure 2). Timing to 
THV thrombosis according to the procedure type is summarised 
in Figure 3.

Table 2. Procedural findings, 30 day-outcomes and antithrombotic treatment at discharge in patients with and without THV thrombosis. 

Entire cohort  
(N=130)

Patients without THV 
thrombosis  
(n=114)

Patients with THV 
thrombosis  

(n=16)
p-value

Procedural findings
Type of procedure ViV 62 (47.6) 55 (48.3) 7 (43.8)

0.88ViR 34 (26.2) 29 (25.4) 5 (31.2)

ViMAC 34 (26.2) 30 (26.3) 4 (25)

Approach Transseptal 118 (90.8) 102 (89.5) 16 (100)
0.36

Transapical or transatrial 12 (9.2) 12 (10.5) 0 

Prosthesis brand SAPIEN XT 37 (28.5) 33 (28.9) 4 (25)
1.00

SAPIEN 3 93 (71.5) 81 (71.1) 12 (75)

Prosthesis size, mm 23 7 (5.4) 7 (6.1) 0 

0.5926 61 (46.9) 53 (46.5) 8 (50)

29 62 (47.7) 54 (47.4) 8 (50)

Post-dilatation 27 (20.8) 25 (21.9) 2 (12.5) 0.52

Need for a second valve 15 (11.5) 11 (9.6) 4 (25) 0.09

30-day outcomes
All-cause mortality 8 (6.1) 6 (5.3) 2 (12.5) 0.25

Disabling stroke* 2 (1.5) 1 (0.9) 1 (6.2) 0.23

Bleeding (major, extensive, life-threatening or fatal) 20 (15.4) 18 (15.8) 2 (12.5) 1.00

LVOT gradient ≥30 mmHg 10 (7.7) 9 (7.9) 1 (6.2) 1.00

Stage 2/3 acute kidney injury or dialysis 12 (9.2) 9 (7.9) 3 (18.7) 0.17

Antithrombotic treatment at discharge 
VKA + antiplatelet 85/120 (70.8) 75/106 (70.7) 10/14 (71.4) 1.00

VKA alone 24/120 (20) 20/106 (18.9) 4/14 (28.6) 0.48

NOAC alone 2/120 (1.7) 2/106 (1.9) 0/14 1.00

Antiplatelet alone 9/120 (7.5) 9/106 (8.5) 0/14 0.60

Data are presented as n (%). * with modified Rankin scale ≥3. LVOT: left ventricular outflow tract; NOAC: novel oral anticoagulant; THV: transcatheter 
heart valve; ViMAC: valve-in-mitral annulus calcification; ViR: valve-in-ring; ViV: valve-in-valve; VKA: vitamin K antagonist

Table 3. Predictive factors of THV thrombosis.  

Immediate Early Late

No THVT 
(n=123)

THVT 
(n=7)

Unadjusted OR 
(95% CI)

p-value
No THVT 
(n=99)

THVT 
(n=6)

Unadjusted OR 
(95% CI)

p-value
No THVT 
(n=72)

THVT 
(n=3)

Unadjusted OR 
(95% CI)

p-value

Age >70 years 66 (53.7) 3 (42.9) 0.65 (0.14-3.02) 0.58 52 (52.5) 3 (50) 0.90 (0.17-4.70) 0.90 42 (58.3) 1 (33.3) 0.36 (0.03-4.12) 0.41

Male sex 37 (30.1) 2 (28.6) 0.93 (0.17-5.01) 0.93 30 (30.3) 5 (83.3) 11.50 (1.29-102.7) 0.029 25 (34.7) 0 – 0.55*

ViV procedure 58 (47.1) 4 (57.1) 1.49 (0.32-6.96) 0.61 50 (50.5) 1 (16.7) 0.20 (0.02-1.74) 0.14 31 (43.1) 2 (66.7) 2.64 (0.23-30.51) 0.43

Need for a second 
valve 14 (11.4) 1 (14.3) 1.30 (0.14-11.6) 0.81 7 (7.1) 2 (33.3) 6.57 (1.02-42.35) 0.047 6 (8.3) 1 (33.3) 5.5 (0.43-69.86) 0.19

In-hospital shock 7 (5.7) 5 (71.4) 41.4 (6.79-252.78) <0.001 3 (3.1) 0 – 1.00* 2 (2.8) 0 – 1.00*

No anticoagulation 0 0 – – 9 (9.1) 3 (50) 10.00 (1.75-57.02)  0.01 19 (26.4) 3 (100) – 0.023*

* OR not available. p-value calculated using the Fisher’s exact test. OR: odds ratio; THVT: transcatheter heart valve thrombosis; ViV: valve-in-valve
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Discussion
The main results of this study are: 1) THV thrombosis is frequent after 
TMVI and occurs mainly within the first three months after the proce-
dure in patients not receiving therapeutic anticoagulation, 2) it is mostly 
subclinical, and 3) it resolves under optimal antithrombotic treatment.

This is the first study reporting the predictors and clinical 
impact of THV thrombosis in a large monocentric cohort of 
patients treated with TMVI undergoing TOE and cardiac CT. 

Yoon et al1 recently published data from a large international 
multicentre TMVI registry. Information on THV thrombosis 
was available in 411/521 (78.9%) patients. It was observed in 
11 (2.7%) patients. As in the present study, patients without anti-
coagulation had a higher rate of thrombosis at one year than 
those with anticoagulation (6.6% vs 1.6%, p=0.019), support-
ing the preventive effect of anticoagulation. However, the one-
year cumulative rate of THV thrombosis was far higher in our 

Valve-in-ring
n=34 (26.2%)

SAPIEN XT: 17 (50%)

SAPIEN 3: 17 (50%)

SAPIEN XT: 15 (24.2%)

SAPIEN 3: 47 (75.8%)

Valve-in-valve
n=62 (47.6%)

SAPIEN XT: 5 (14.7%)

SAPIEN 3: 29 (85.3%)

5
(14.7%)

7
(11.3%)

4
(11.8%)

20%57.1% 50%

Valve-in-MAC
n=34 (26.2%)

TMVI (n=130)

THV thrombosis: n=16 (12.3%)

Immediate

Timing

60%14.3% 50%Early

20%28.6% 0%Late

Figure 3. Timing to THV thrombosis according to the procedure type. MAC: mitral annulus calcification; THV: transcatheter heart valve; 
TMVI: transcatheter mitral valve implantation

(%) 100

90

80

70

60

50

40

30

20

10

0
All

(n=130)

100

THVT
(n=7)

100

No THVT
(n=123)

100

p=NA*

All
(n=105)

88.5

11.5

THVT
(n=6)

50

50

No THVT
(n=99)

90.9

9.1

p=0.019

All
(n=75)

70.7

29.3

THVT
(n=3)

100

No THVT
(n=72)

73.6

26.4

p=0.023

Immediate Early Late

Anticoagulation No anticoagulation

Figure 2. Rates of patients with anticoagulation treatment according to study groups at different time points. Comparisons between groups 
were made using the Fisher’s exact test. * non available: all patients received at least intravenous heparin after the procedure as described in 
the Methods section. Anticoagulation management was left to the discretion of each physician. THVT: transcatheter heart valve thrombosis
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study. This may be due to two main reasons: 1) we used the 
MVARC definitions, contrary to Yoon et al who attributed “a 
posteriori” valve dysfunction to THV thrombosis on the basis of 
the response to anticoagulation or surgical findings; 2) we used 
cardiac CT and echocardiography to increase the sensitivity of 
the diagnosis of subclinical thromboses.

Importantly, most patients were asymptomatic at the time of 
diagnosis, highlighting the relevance of systematic follow-up 
with TTE. The high rate of subclinical thromboses reported in 
our study is explained mainly by their detection using multimo-
dality imaging (echo, CT). Patients with THV thrombosis have 
an excellent prognosis when diagnosed at an early stage and 
treated with optimal antithrombotic treatment. Nevertheless, ques-
tions about the immediate and long-term clinical consequences of 
untreated subclinical THV thrombosis remain open11-13. Whether 
routine screening with TOE and CT would be justified in clinical 
practice remains unknown. It has been suggested in transcatheter 
aortic valve replacement that THV thrombosis might be an early 
phase of valve degeneration14. Whether this is true for TMVI is 
unknown. We did not observe any prosthesis degeneration in our 
cohort of TMVI patients in this study but the duration of follow-
up was relatively short. Despite the absence of major clinical con-
sequences, a closer clinical and TTE follow-up in patients with 
THV thrombosis seems mandatory.

The present results show that THV thrombosis occurs mainly 
within the first three months after the procedure in patients not 
receiving anticoagulation. During the endothelialisation period, 
biological processes such as formation of a platelet–fibrin network 
on the prosthetic surface predispose to thrombosis15,16. Thus, anti-
coagulation is essential during this period. Whether it should be 
continued beyond three months remains an open question, although 
it surely depends on the bleeding risk of each patient. Moreover, 
its routine combination with antiplatelet therapy is questionable. 
Despite the limited data about bleedings in patients treated with 
TMVI1,2, the risk is probably high due to the overall severity of 
the patients’ profiles. The assessment of each patient’s risk-ben-
efit ratio should be repeated at each follow-up visit to adapt the 
nature and degree of antithrombotic therapy. In our study, 7.8% 
of patients treated with VKA at discharge had discontinued their 
treatment before the three-month follow-up visit. Although this 
rate is comparable to previously reported data17, strategies should 
be implemented to improve the adherence to anticoagulation ther-
apy. In addition to therapeutic education, healthcare facilities dedi-
cated to monitoring of anticoagulation therapy might be helpful.

Periprocedural shock may be considered a risk factor for 
immediate THV thrombosis. The low cardiac output in cardio-
genic shock favours hypercoagulability and thrombotic events by 
increasing blood stasis16. Also, we observed a higher incidence 
of early THV thrombosis in men than in women. Although other 
studies have reported the same finding in patients with thrombo-
sis after transcatheter aortic valve replacement11,18, the reason is 
unclear. It may simply be related to the use of multiple statistical 
comparisons on a small study sample.

Despite the absence of definitive statistical evidence, the need 
for a second prosthesis during the index procedure could be a fac-
tor promoting thrombosis (p=0.09 in multivariate analysis). It is 
likely that the implantation of a second prosthesis increases the 
local metallic burden and delays the endothelialisation process, 
resulting in an increased risk of thrombosis.

Limitations
Although the present analysis involves a large cohort of patients 
treated with TMVI, it is a single-centre observational study without 
a central adjudication committee. The rate of THV thrombosis may 
have been underestimated by the competing risk of death (patients 
who died suddenly or from uncertain causes may have had undiag-
nosed thrombosis) and by the absence of TOE or CT data in some 
patients. Indeed, some patients did not undergo these exams mainly 
because of contraindication (renal failure, highly frail patient, his-
tory of thoracic radiation), and to a lesser extent for logistical rea-
sons, since 11.5% of patients were followed after discharge in other 
institutions which did not routinely perform TOE or cardiac CT 
at each visit. Since this is an observational study, the presence of 
potential confounding factors cannot be ruled out. In addition, peri-
ods of subtherapeutic INR may have occurred in patients treated 
with VKA without THV thrombosis. From a statistical standpoint, 
the low number of events resulted in a lack of power. The results of 
the multivariate analysis should be interpreted with caution.

Conclusions
THV thrombosis is frequent after TMVI. It occurs mainly within 
the first three months after the procedure, is mostly subclini-
cal and resolves after optimisation of antithrombotic treatment. 
Anticoagulation seems mandatory immediately after TMVI and 
might be necessary beyond three months although its duration 
depends on the bleeding risk of each patient. The results of this 
hypothesis-generating study need to be supported by further larger 
studies.

Impact on daily practice
THV thrombosis is frequent after TMVI. Prophylactic antico-
agulation with VKA should be considered in all patients after 
the procedure. A treatment duration of at least three months is 
necessary after assessment of the individual risk-benefit ratio.

Conflict of interest statement
A. Vahanian has received consultancy fees from CardioValve. 
B. Iung has received consultancy fees from Edwards Lifesciences 
and travel fees from Boehringer Ingelheim. D. Himbert has 
received proctoring fees from Edwards Lifesciences and Abbott 
Vascular. E. Brochet has received proctoring fees from Abbott 
Vascular. G. Ducrocq has received consultancy fees from Amgen, 
AstraZeneca, Bayer, BMS, Janssen, Sanofi, and Terumo and proc-
toring fees from Boston Scientific, and Novo Nordisk. The other 
authors have no conflicts of interest to declare.



1462

EuroIntervention 2
0

2
1
;16

:14
5

5
-14

6
2

References
1. Yoon SH, Whisenant BK, Bleiziffer S, Delgado V, Dhoble A, Schofer N, 
Eschenbach L, Bansal E, Murdoch DJ, Ancona M, Schmidt T, Yzeiraj E, 
Vincent F, Niikura H, Kim WK, Asami M, Unbehaun A, Hirji S, Fujita B, 
Silaschi M, Tang GHL, Kuwata S, Wong SC, Frangieh AH, Barker CM, 
Davies JE, Lauten A, Deuschl F, Nombela-Franco L, Rampat R, Nicz PFG, 
Masson JB, Wijeysundera HC, Sievert H, Blackman DJ, Gutierrez-Ibanes E, 
Sugiyama D, Chakravarty T, Hildick-Smith D, de Brito FS Jr, Jensen C, 
Jung C, Smalling RW, Arnold M, Redwood S, Kasel AM, Maisano F, 
Treede H, Ensminger SM, Kar S, Kaneko T, Pilgrim T, Sorajja P, Van Belle E, 
Prendergast BD, Bapat V, Modine T, Schofer J, Frerker C, Kempfert J, 
Attizzani GF, Latib A, Schaefer U, Webb JG, Bax JJ, Makkar RR. Outcomes 
of transcatheter mitral valve replacement for degenerated bioprostheses, 
failed annuloplasty rings, and mitral annular calcification. Eur Heart J. 
2019;40:441-51.

2. Urena M, Brochet E, Lecomte M, Kerneis C, Carrasco JL, Ghodbane W, 
Abtan J, Alkhoder S, Raffoul R, Iung B, Nataf P, Vahanian A, Himbert D. 
Clinical and haemodynamic outcomes of balloon-expandable transcatheter 
mitral valve implantation: a 7-year experience. Eur Heart J. 2018;39:2679-89.

3. Muller DWM, Farivar RS, Jansz P, Bae R, Walters D, Clarke A, Grayburn PA, 
Stoler RC, Dahle G, Rein KA, Shaw M, Scalia GM, Guerrero M, Pearson P, 
Kapadia S, Gillinov M, Pichard A, Corso P, Popma J, Chuang M, Blanke P, 
Leipsic J, Sorajja P; Tendyne Global Feasibility Trial Investigators. 
Transcatheter Mitral Valve Replacement for Patients With Symptomatic Mitral 
Regurgitation. J Am Coll Cardiol. 2017;69:381-91.

4. Capretti G, Urena M, Himbert D, Brochet E, Goublaire C, Verdonk C, 
Carrasco JL, Ghodbane W, Messika-Zeitoun D, Iung B, Nataf P, Vahanian A. 
Valve Thrombosis After Transcatheter Mitral Valve Replacement. J Am Coll 
Cardiol. 2016;68:1814-5.

5. Quick S, Speiser U, Strasser RH, Ibrahim K. First bioprosthesis thrombosis 
after transcatheter mitral valve-in-valve implantation: diagnosis and treatment. 
J Am Coll Cardiol. 2014;63:e49.

6. Whisenant B, Jones K, Miller D, Horton S, Miner E. Thrombosis following 
mitral and tricuspid valve-in-valve replacement. J Thorac Cardiovasc Surg. 
2015;149:e26-9.

7. Regueiro A, Granada JF, Dagenais F, Rodés-Cabau J. Transcatheter Mitral 
Valve Replacement: Insights From Early Clinical Experience and Future 
Challenges. J Am Coll Cardiol. 2017;69:2175-92.

8. Pagnesi M, Moroni F, Beneduce A, Giannini F, Colombo A, Weisz G, 
Latib A. Thrombotic Risk and Antithrombotic Strategies After Transcatheter 
Mitral Valve Replacement. JACC Cardiovasc Interv. 2019;12:2388-401.

9. Stone GW, Adams DH, Abraham WT, Kappetein AP, Généreux P, Vranckx P, 
Mehran R, Kuck KH, Leon MB, Piazza N, Head SJ, Filippatos G, Vahanian AS; 
Mitral Valve Academic Research Consortium (MVARC). Clinical Trial Design 
Principles and Endpoint Definitions for Transcatheter Mitral Valve Repair and 
Replacement: Part 2: Endpoint Definitions: A Consensus Document From the 
Mitral Valve Academic Research Consortium. J Am Coll Cardiol. 2015;66: 
308-21.

10. Urena M, Himbert D, Brochet E, Carrasco JL, Iung B, Nataf P, Vahanian A. 
Transseptal Transcatheter Mitral Valve Replacement Using Balloon-
Expandable Transcatheter Heart Valves: A Step-by-Step Approach. JACC 
Cardiovasc Interv. 2017;10:1905-19.

11. Hansson NC, Grove EL, Andersen HR, Leipsic J, Mathiassen ON, 
Jensen JM, Jensen KT, Blanke P, Leetmaa T, Tang M, Krusell LR, Klaaborg KE, 
Christiansen EH, Terp K, Terkelsen CJ, Poulsen SH, Webb J, Bøtker HE, 
Nørgaard BL. Transcatheter Aortic Valve Thrombosis: Incidence, Predisposing 
Factors, and Clinical Implications. J Am Coll Cardiol. 2016;68:2059-69.

12. Vollema EM, Kong WKF, Katsanos S, Kamperidis V, van Rosendael PJ, 
van der Kley F, de Weger A, Ajmone Marsan N, Delgado V, Bax JJ. 
Transcatheter aortic valve thrombosis: the relation between hypo-attenuated 
leaflet thickening, abnormal valve haemodynamics, and stroke. Eur Heart J. 
2017;38:1207-17.

13. Sondergaard L, De Backer O, Kofoed KF, Jilaihawi H, Fuchs A, 
Chakravarty T, Kashif M, Kazuno Y, Kawamori H, Maeno Y, Bieliauskas G, 
Guo H, Stone GW, Makkar R. Natural history of subclinical leaflet thrombosis 
affecting motion in bioprosthetic aortic valves. Eur Heart J. 2017;38:2201-7.

14. Del Trigo M, Muñoz-García AJ, Latib A, Auffret V, Wijeysundera HC, 
Nombela-Franco L, Gutierrez E, Cheema AN, Serra V, Amat-Santos IJ, Kefer J, 
Benitez LM, Leclercq F, Mangieri A, Le Breton H, Jiménez-Quevedo P, Garcia 
Del Blanco B, Dager A, Abdul-Jawad Altisent O, Puri R, Pibarot P, Rodés-
Cabau J. Impact of anticoagulation therapy on valve haemodynamic deteriora-
tion following transcatheter aortic valve replacement. Heart. 2018;104: 
814-20.

15. Wolberg AS, Aleman MM, Leiderman K, Machlus KR. Procoagulant activ-
ity in hemostasis and thrombosis: Virchowʼs triad revisited. Anesth Analg. 
2012;114:275-85.

16. Dangas GD, Weitz JI, Giustino G, Makkar R, Mehran R. Prosthetic Heart 
Valve Thrombosis. J Am Coll Cardiol. 2016;68:2670-89.

17. Zalesak M, Siu K, Francis K, Yu C, Alvrtsyan H, Rao Y, Walker D, 
Sander S, Miyasato G, Matchar D, Sanchez H. Higher persistence in newly 
diagnosed nonvalvular atrial fibrillation patients treated with dabigatran versus 
warfarin. Circ Cardiovasc Qual Outcomes. 2013;6:567-74.

18. Yanagisawa R, Tanaka M, Yashima F, Arai T, Jinzaki M, Shimizu H, 
Fukuda K, Watanabe Y, Naganuma T, Higashimori A, Mizutani K, Araki M, 
Tada N, Yamanaka F, Otsuka T, Yamamoto M, Hayashida K. Early and Late 
Leaflet Thrombosis After Transcatheter Aortic Valve Replacement. Circ 
Cardiovasc Interv. 2019;12:e007349.

Supplementary data
Supplementary Table 1. Individual characteristics of patients with 
THV thrombosis.

The supplementary data are published online at: 
https://eurointervention.pcronline.com/ 
doi/10.4244/EIJ-D-20-00991
 

https://eurointervention.pcronline.com/doi/10.4244/EIJ-D-20-00991


Supplementary data 

 

Supplementary Table 1. Individual characteristics of patients with THV thrombosis. 

 

 

 

 

INR: international normalised ratio; UFH: unfractionated heparin; THV: transcatheter heart valve; VKA: vitamin K antagonist 

Patients Age Sex 
Type of 

intervention 

Type of 

prosthesis 

Timing of 

THV 

thrombosis 

Mean 

transprosthetic 

mitral gradient 

(mmHg) 

Delta 

transprosthetic 

mitral gradient 

(mmHg) 

Number of leaflets 

with reduced 

motion  

Antithrombotic 

treatment at the time 

of diagnosis 

1 37 Female Valve-in-valve SAPIEN XT Immediate 4 0 1 UFH+aspirin 

2 28 Female Valve-in-ring SAPIEN XT Late 11 2 1 Aspirin 

3 80 Female Valve-in-valve SAPIEN XT Late 7 0 2 Aspirin 

4 28 Female Valve-in-valve SAPIEN XT Late 11 4 1 No treatment 

5 82 Male Valve-in-MAC SAPIEN 3 Immediate 7 4 1 UFH+aspirin 

6 46 Male Valve-in-MAC SAPIEN 3 Early 5 0 1 No treatment 

7 34 Female Valve-in-ring SAPIEN 3 Immediate 7 4 1 UFH+aspirin 

8 63 Male Valve-in-valve SAPIEN 3 Immediate 9 6 3 UFH+aspirin 

9 68 Male Valve-in-MAC SAPIEN 3 Early 7 1 1 Aspirin 

10 80 Female Valve-in-MAC SAPIEN 3 Immediate 5 1 3 UFH+aspirin 

11 85 Male Valve-in-ring SAPIEN 3 Early 6 2 1 
VKA (INR 2.3) + 

aspirin 

12 55 Female Valve-in-valve SAPIEN 3 Immediate 6 3 1 UFH+aspirin 

13 63 Female Valve-in-valve SAPIEN 3 Early 4 0 1 Aspirin 

14 78 Male Valve-in-ring SAPIEN 3 Early 5 2 1 
VKA (INR 1.9) + 

clopidogrel 

15 81 Female Valve-in-valve SAPIEN 3 Immediate 7 4 2 UFH+aspirin 

16 72 Male Valve-in-ring SAPIEN 3 Early 6 1 2 
VKA (INR 1.9) + 

aspirin 


