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Abstract 
 

Background:  

 

Bridging of vitamin K antagonist (VKA) with heparin i5 u5ually not promoted during 

interventional or surgical procedures related to increase risk of bleeding and thrombotic 

events but this strategy has not been evaluated during transcatheter aortic. valve implantation 

(TAVI). 

 

Purpose:  

 

The aim of this study was to evaluate the rate of major bleeding and vascular complications 

after TAVI performed in patients with uninterrupted VKA. 

 

Methods:  

 

From January 2016 to October 2017, consecutive patients who underwent TAVI with 

uninterrupted VKA (international Normalized Ratio [lNR] between 1.5 and 3.5) were 

prospectively included in a monocentric registry. TAVI was performed according to` current 

guidelines and a 50 U/kg bolus of heparin was injected at the beginning of the procedure for 

all patients, Vascular and bleeding complications were assessed using the Valve Academic 

Research Consortium 3 WARC3) and the Bleeding Academic Research Consortium (BARC) 

definitions at a 30-day follow-up. 

 

Results:  

 

A total of 88 patients were included with a median age of 84 years (81.8~87.0), 42% being 

female. The median society of thoracic surgeons score was 5.1 (4.1-7.5), the median 

CHADS2-VASc was 5.5 (5-6) and 60.2% had a chronic Kidney failure. Median lNR at the 

time of implantation was 2.1 (1.8-2.6).` The main, VKA indication was atrial fibrillation. 

Trans femoral access was used in 8,8.6% of the patients. Major bleeding (BARC±3bj 

occurred in five patients \(5.7%) and major vascular complications occurred in seven patients 

{8.0%). At 1 month follow-up, major bleeding (BARC 2 3) or vascular complications 

occurred in 10 patients (11.4%). ln patients with major bleeding peripheral arterial disease 

(RR=10.95; 95% confidence interval (Cl) 1.63-73.75; p =0.014) and carotid` access (RR= 

8.56; 95% Cl 1`19T|.51.; p = 0.033) were more common. lNR > 2.5 was significantly 

associated with vascular complications (RR = 7.14; 95% Cl 1.29-39.63`; p = 0.025). At 30 

days, mortality and stroke `rates were 2.\396 and 4.'5°/o, respectively. 

 

Conclusion:  

 

.TAVI with uninterrupted VKA treatment seems feasible and safe with a low risk of major 

bleeding and vascular complications in this first single-center experience. Particular caution rs 

advocated in high body mass index patients and' to keep lNR < 2.5. 

 

 

 

 

 

 



1 | lNTRODUCTlON 
 

 

Transcatheter aortic valve implantation (TAVI) has become the standard of care for patients 

with severe symptomatic aortic stenosis contraindicated or at high risk for surgical aortic 

valve replacement.1 Despite improvements in operators' experience, low profile catheter. and 

valve design improvement, major vascular and bleeding events remain one of the main 

complications of TAVI procedures and may be associated with unfavorable clinical 

outcomes.1-10 According to SOURCE 3. PARTNER 2, and FRANCE 2 registn.es, about 

one-third of TAVI patients require long-term oral anticoagulant therapy, mainly for atrial 

fïbrillation.2,4,5 Vitamin K antagonist (VKA) remain the preferred oral anticoagulant therapy 

in patients with mitral stenosis, mechanical prosthesis, severe renal dysfunction, or neoplastic 

disease.11 Management of oral anticoagulant therapy is challenging during interventional 

procedures, particularly for old and often frail patients referred for TAVI. Discontinuation of 

VKA and bridging therapy with heparin has been associated with higher bleeding risk when 

compared to the uninterrupted VKA strategy during general surgery, catheter ablation for 

cardiac arrhythmias, and pacemaker or defibrillator implantations.12 Therefore, the 

uninterrupted VKA is now the gold standard for most interventional cardiology procedures.13 

Considering TAVI as an interventional procedure associated with moderated to high bleeding 

risk, VKA treatment is often interrupted a few days before TAVI in many centers and 

replaced by low-molecular-weight heparin.±4 Few data are however available for supporting 

this strategy in the particular context of the TAVI procedure.15 

 

The aim of this study was to evaluate the incidence of vascular and bleeding complications in 

patients undergoing TAVI with a strategy of uninterrupted VKA. 

 

 

 

 



2 | METHODS 
 

2.1 | Study design and population 

 

This monocenter, observational, and prospective study \^ms conducted between January 2016 

and October 2017 in the cardiology department of Montpellier University Hospital, a high-

volume center gathering TAVI procedures from other six French cardiology departments. All 

patients undergoing TAVI during the study period were screened. Patients with uninterrupted 

VKA treatment (INR between 15 and 3.5 at the time or implantation) were included in this 

analysis. Exclusion criteria were lNR< 15 and treatment by direct oral anticoagulant (Figure 

1). The registry was approved by the local ethics board (IRB number 160203) and the study 

was conducted in accordance with the Declaration of Helsinki. Informed consent was 

obtained from each patient.  

 

2.2 | TAVI procedure 

 

The access route was left to the discretion of the operating team with femoral access as tie 

default strategy. Last generation devices were implanted, including balloon-expandable 

Edwards SAPIEN 3 prosthesis (Edwards Lifesciences) and self-expandable Medtronic 

CoreValve Evolut R (Medtronic) devices. The prosthesis size (23, 26, or 29 mm) was left to 

the operator's choice according to the rnanufacturer's recommendations, and annulus sizing 

was performed by multislîce computed tomography. TAVI implantation was performed with 

surgical cut down by using the ZIP techniqueï16-17, or by a percutaneous approach using two 

preclosure devices (Proglide; Abbott Vascular Devices).18 [n most cases, second access \ms 

performed using the femoral artery. VKA treatment was uninterrupted for patients w7.tli lNR 

between 15 and 35. A higher level of INR (but always <3.5) was allowed for patients with a 

mitral mechanical valve. All patients received additional unfractionated heparin (UFH) (05 

mg/kg) at the beginning of the procedure, just after sheath insertion. After the procedure, all 

patients received VKA treatment in the follow.ng 24 h and after medical examination. 

Additional antiplatelet treatment was left at the discretion of the physicians after the 

procedure. 

 

2.3 | Data collection and follow-up 

 

ln Hospital and 1 month follow-up were obtained for all patients. Major bleeding events 

according to BARC criteria (Bleeding Academic Research Consortium},19 vascular 

complications, major adverse cardiovascular and cerebrovascular events (MACCE), arid 

serious adverse events according to Valve Academic Research Consortium WARC)-3 criteria 

were assessed.î92° Data on hospitalization period and at 1 month follow-up were obtained 

from medical records and by phone call or direct clinical evaluation. All the data were 

collected and analyzed according to the CNIL MR-003 reference. 

 

2.4 | Study end points 

 

The primary endpoint was a safety combined endpoint, including major bleeding (BARC >/= 

3b)19 and vascular complications20 at a 1 month flow-up. Secondary endpoints included all 

bleeding complications, MACCE, including all-cause mortality, myocardial infarction, and 

stroke at a 1 month follow-up. Procedure length. transfusions, pacemaker implantations, and 

hospitalization length were also assessed. 

 



2.5 | Statistical analysis 

 

A sample size of 85 patients was calculated as necessary to evaluate the incidence of bleeding 

and vascular complications with a precision of 5% according to the rate of bleeding 

complications and vascular complications, which were about 15% in registries at the 

beginning of our study.21-22 Descriptive statistics were used for all baseline variables with 

means and standard deviation for normally distributed variables, medians, and interquartile 

ranges for nonnormally distributed variables using the Wilcoxon-Mann-Whitney test for 

continuous variables and the x
2
 or Fisher’s test for categorical ones. Analyses were conducted 

with the use of SPSS statistic software version 24 (IBM). 

 

3 | RESULTS 
 

3.1 | Baseline characteristics 

 

Of 745 patients admitted for TAVI, between January 2016 and October 2017 a total of |72 

patients (23%) received long-term anticoagulant therapy and 88 patients (15.4%) were 

included arid completed follow-up (Figure 1). The median age was 84 years (81.8-87) and 37 

(42%) were female. The indication of VKA was atrial fibrillation for 79 patients (89.8%). 

mechanical mitral prosthesis for 5 patients (5.7%), and venou5 thromboembolic disease for 4 

patients (4.5%). Baseline characteristics of the study population are presented in Table 1. 

 

3.2 | Procedure and concomitant antithrombotic therapy 

 

Femoral access was used for 78 patients (88.6%) with surgical cutdown for 59 patients 

(75.6%) and a percutaneous approach for 19 patients (24.4%). The carotid approach was used 

for s patients (9.1%) and the transaortic access for 2 patients (2.3%). A total of 40 patients 

(45.5%) received additional antiplatelet therapy before the procedure, mainly related to 

concomitant coronary artery disease. The median lNR on the day of implantation was 2.1 

(1.8-2.6). The concomitant antithrombotïc treatments are detailed in Table 1. 

 

3.3 | Primary endpoint 

 

At 1 month follow-up, major bleeding (BARC23b) or vascular complications occurred in 10 

patients (11.4%) (Figure 2)r Vascular complications occurred in 7 patients (8.0%), including 

three major (3,4%) and four minor (4.6%) complications, Major bleeding (BARC >/= 3b) 

occurred in 5 patients (5.8%) with 3 cardiac tamponades (3.4%), one carotid hematoma 

(12%), and one pseudoaneurysm (1.2%), both requiring surgical intervention. 

 

3.4 | Secondary endpoints 

 

According to VARC-3 criteria, total bleeding occurred in 13 patients (14.8%). One patient (n 

= 1.1%) received intravenous vitamin K for the management of a noncritical carotid 

hematoma and red blood cell transfusion was required for seven patients (8%). The stroke rate 

was 4.5% (n=4) and no myocardial infarction occurred. Pacemaker implantation was required 

in 14 patients (16%) after TAVI. The median length of the procedure was 60 min (51-70). At 

1 month follow-up, two patients died (2.3%) related to one postprocedural stroke and one 

sudden death occurring 20 days after' the procedure, specific outcomes are summarized in 

Supporting Information: Appendix 1. 



 



 

 
 

  



3.5 | Risk factors for major bleeding and vascular complications 

 

ln univariate analysis, only high BMl (OR= 1.26; 95% confidence interval 1.02-1.6; p=0.034} 

and lNR>2.5 (OR=18.9; 95% confidence interval 1.6-221.3; p =0.019) seems to be associated 

with major bleeding or vascular complications (Table 2). 

 

 

4 | DISCUSSION 
 

This prospective study investigated the incidence of vascular and bleeding complications in 

patients undergoing TAVI on uninterrupted VKA therapy with three main results: 

 

(1) lncidence of VKA treatment in the TAVI population reacted 15% and included 2/3 of 

patients with anticoagulant therapy. 

 

(2) Rates of bleeding and vascular complications observed with the uninterrupted strategy 

were acceptable ir` this specific population of patients under anticoagulant treatment with a 

usual high risk of bleeding and vascular complications. 

 

(3) Identification of bleeding and vascular complications risk factors (higher BMl and 

lNR>25) might be useful to initiate preventive strategies. 

 

4.1 | Anticoagulant therapy in TAVI patients 

 

ln this study. an intermediate-risk TAVI population was included with a median society of 

thoracîc surgeons (STS) score of 5.1% and a median age >80 years, comparable with recent 

registries.4,7,23 A high rate of comorbidities was observed in our population with more than 

5% of mechanical mitral prosthesis and more than 2/3 of patients with coronary artery 

disease. This is underlined by the high CHA2DS2Vasc score in our population, which has 

been previously referred as a powerful predictor of adverse outcomes after TAVI 24 As all 

our study patients had anticoagulant therapy, comparison with bleeding events observed in all 

comers registries must be done with caution. 12,15 

 

4.2 | Bleeding and vascular complications 

 

At 1 month follow-up, the incidence of major bleeding (BARC = 3b) and vascular 

complications in our population with VKA therapy was higher than reported in TAVI studies 

but comparable with the data on patients under long-tem oral anticoagulation.7,8,15 There is 

no specific recommendation for the management of VKA therapy during TAVI procedures. 

The only previous observational study of TAVI patients with anticoagulant therapy 

comparing interrupted versus uninterrupted anücoagulation strategy reported 10.2% major 

bleeding and 8.6% major vascular complications in the continuation of the anticoagulation 

group compared with 10.8 OE}=0.85) and 10.3% b= 0.58) of patients with interruption of 

anticoagulation.15 

 

These results are comparable with those reported in the major registries on TAVI in the 

intermediate-risk population. The rates of major bleeding and major va5cular complications 

were respectively 10.4% and 7.9% with a median STS of 5J}% in PARTNER 24 and 

12.2% and 6% with rnedian STS of 4`4% in SURTAVI.8 

 



 
 

4.3 | Predictive factors of bleeding and vascular complications 

 

A high level of lNR (>2.5) was typically associated with vascular complications in patients 

undergoing interventional procedures;25  ln our practice, a systematic bolus of heparin was 

used regardless of the INR value at the time of sheath insertion. Administration of heparin 

during PCI in patients with lNR > 2.5 has been associated with an increased risk of bleeding 

complications;25 The same excess was al5o observed in our TAVI population, suggesting that 

no additional bolus or heparin or a reduced dose of heparin may be proposed for these 

patients. Patients treated with double antiplatelet therapy on top of VKA also had a trend for 

more bleeding complications.26 Triple therapy has been associated in PCI with more bleeding 

complications,27 the same observation is probably true also for TAVI and suggests avoiding 

this combination. Ln the recent POPULAR TAVI, the incidence of serious bleeding was 

higher with the combination of anticoagulation and clopidogrel as compared with 

anticoagulant alone. Extremes BMl are also associated with bleeding or vascular 

complications, probably linked to femoral access diffïculties,28 thus a lower level of 

anticoagulation may be preferable in this special population. 

 

Compared with the literature, the rate of female gender included in our study are low (42%) 

24 ; this could be explained by the small size of our sample. This finding should be 

considered as it is well known that the female gender is an independent predictive factor of 

bleeding and we noticed a trend toward an increased risk of vascular complications and major 

bleeding among women in our study (p = 0.088). 

 

 

 

 

 

 

 



 
 

 
 

 
 

 



 
 

 

4.4 1 Practical considerations 

 

Our results are consistent with observation on uninterrupted VKA strategy in many surgical or 

interventional cardiology procedures.14,29 This no bridge strategy seems feasible in the 

TAVI population. Extension of this strategy for all TAVI procedures needs confirmation of 

efficacy and safety in larger and randomized studies as previou5ly performed for pacemaker 

and defibrillator implantations,14 especially with percutaneous arterial closure, which is now 

the gold standard. 

 

4.5 | Limitations and bias 

 

The first limitation of this study is the small population analyzed without a control group 

given that all procedures were performed without interruption of oral anticoagulant during tie 

study period.  

 

A single-center study could also appear as a limitation. Although six independent operating 

teams worked in our high-volume center. The operators were aware of the anticoagulant 

strategy and this could have led to adapting their practice during the intervention. 

Nonetheless, this is a real .life study with peri-procedural anticoagulation strategy. 

 

5 | CONCLUSION 

 

This study investigates vascular and bleeding complications in patients undergoing TAVI 

without interruption of VKA treatment. This strategy seems feasible and safe with an 

acceptable rate of bleeding and vascular complications. Larger randomized trials comparing 

uninterrupted VKA to bridging therapy regarding both bleeding and embolic risk will be 

required to validate this practice. 
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