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Abstract
Aims: We sought to assess if bivalirudin use during balloon aortic valvuloplasty (BAV) would affect clinical 
outcomes compared with heparin.

Methods and results: We compared the outcomes of consecutive patients who underwent elective or 
urgent BAV with intraprocedural use of bivalirudin or heparin at two high-volume centres. All in-hospital 
events post BAV were adjudicated by an independent, blinded clinical events committee. Of 427 patients, 223 
patients (52.2%) received bivalirudin and 204 (47.8%) received heparin. Compared with patients who 
received heparin, patients who received bivalirudin had significantly less major bleeding (4.9% vs. 13.2%, 
p=0.003). Net adverse clinical events (NACE, major bleeding or major adverse cardiovascular events 
[MACE]) were also reduced (11.2% vs. 20.1%, p=0.01). There was no significant difference in the rates of 
MACE (mortality, myocardial infarction or stroke, 6.7% vs. 11.3%, p=0.1), or vascular complications (major, 
2.7% vs. 2.0%; minor, 4.5% vs. 4.9%; p=0.83). After multivariate analysis controlling for vascular preclo-
sure, the use of bivalirudin remained independently associated with reduced major bleeding (OR 0.37; 95% 
CI: 0.16 to 0.84; p=0.02) while the association was attenuated in propensity-adjusted analysis (OR 0.44, 95% 
CI: 0.18 to 1.07, p=0.08).

Conclusions: In this registry of patients with severe aortic stenosis, bivalirudin as compared to heparin 
resulted in improved in-hospital outcomes post BAV in terms of reduced major bleeding, similar MACE and 
reduced NACE. If verified in a randomised study and extended to the transcatheter aortic valve implantation 
(TAVI) population, these results might indicate a potential benefit for patients undergoing such procedures.
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Introduction
Balloon aortic valvuloplasty (BAV) for severe aortic stenosis results 
in improvement (albeit transient) of aortic valve haemodynamics 
and clinical condition, and its role has traditionally been palliative 
in patients at prohibitively high risk for surgical aortic valve 
replacement1-4. While BAV alone has not been demonstrated to 
improve survival5, the emergence of transcatheter aortic valve 
implantation (TAVI) for high surgical risk or inoperable patients 
has created interest in the performance of BAV as a bridging ther-
apy6-9. However, the high prevalence of comorbidities in these 
patients and the large arterial sheaths required for BAV contribute 
to an increased risk of bleeding and vascular complications8,10,11. 
Intravenous unfractionated heparin for anticoagulation during BAV 
has been the standard of care to avoid thrombosis of the intravascu-
lar equipment and to attenuate thrombotic microemboli to the brain 
and elsewhere. The practice of reversing heparin with protamine at 
the end of the BAV procedure has been variable and has not been 
studied systematically, in part due to the possible bidirectional clin-
ical effects: heparin reversal might protect from bleeding but might 
otherwise increase the thrombogenic milieu.

The use of the direct thrombin inhibitor bivalirudin (Angiomax; 
The Medicines Company, Parsipanny, NJ, USA) for percutaneous 
coronary intervention (PCI) has been associated with significant 
reductions in the rates of both access and non-access-site bleeding 
compared to heparin with glycoprotein inhibitors12-17. The compara-
tive role of bivalirudin versus heparin in the setting of BAV has not 
been investigated, but may be theoretically appealing due to the fast 
reversal of bivalirudin activity and the performance of BAV with 
substantially larger arterial sheath sizes than those used during PCI.

We therefore compared in-hospital outcomes according to anti-
coagulation with heparin versus bivalirudin in patients with severe 
aortic stenosis who underwent elective or urgent retrograde BAV at 
two high-volume centres in the United States.

Methods
We conducted a retrospective analysis of all consecutive patients 
who underwent elective or urgent retrograde BAV with the use of 
bivalirudin or heparin at the Mount Sinai Medical Center, New 
York, NY, USA (1/1/2005 to 31/12/2010), and at the University of 
Miami Medical Center, FL, USA (6/11/2010 to 28/7/2011). In addi-
tion to medical record review, all angiograms were examined by an 
interventional cardiologist blinded to the anticoagulant used. Only 
the first BAV was included for patients who had more than one 
BAV during the study timeframe. The study was approved by the 
institutional review boards of both centres.

BAV TECHNIQUE
A stable operator team (i.e., same operators for all BAV) performed 
the BAV procedures in both centres; both teams consisted of expe-
rienced operators with established interventional practice and sig-
nificant BAV experience in the respective centres before this study.

At Mount Sinai, BAV was performed via femoral arterial access 
unless precluded by severe peripheral vascular disease, in which 

case brachial arterial access was used (n=1). Until June 2008, 
patients routinely had two arterial access sites to allow simultane-
ous measurement of the transaortic gradient. Subsequently, single 
arterial access and transaortic measurement via a dual lumen pigtail 
catheter became standard clinical protocol. Femoral angiography 
was performed routinely prior to placing the large arterial sheath. 
Following angiography, the use of the “preclosure” technique with 
one or two Perclose ProGlide (Abbott Vascular, Santa Clara, CA, 
USA) devices, deployed before insertion of the large sheath18, was 
at the operator’s discretion. Placement of a transvenous right ven-
tricular (RV) pacemaker for rapid ventricular pacing at the moment 
of balloon inflation was also at the operator’s discretion, with the 
pacing wire inserted through the same venous sheath after baseline 
right heart catheterisation.

Either bivalirudin or heparin was used per operator preference after 
2007. The standard dose of bivalirudin included a 0.75 mg/kg IV bolus 
followed by 1.75 mg/kg/hr infusion in patients undergoing BAV and 
PCI, a bolus only for BAV alone, and reduced doses (0.375 mg/kg bolus) 
in BAV patients deemed at high bleeding risk as judged by the operator. 
The unfractionated heparin bolus was 40-50 IU/kg IV. Protamine was 
not routinely used among patients receiving heparin, being reserved for 
those patients for whom there was a specific concern regarding develop-
ing bleeding at the end of the BAV procedure.

In general, the University of Miami clinical centre followed the 
same aforementioned approach to BAV. Patients received antico-
agulation with either bivalirudin or heparin at the operator’s discre-
tion before BAV. All patients who received bivalirudin had both 
a bolus (0.75 mg/kg) and an infusion (1.75 mg/kg/hr) which was 
discontinued at the removal of the final BAV balloon. All BAV pro-
cedures were performed using rapid right ventricular pacing at 
a rate of 180-200 bpm and non-compliant balloons. Of note, in all 
combined procedures BAV was performed before PCI.

At both centres, access-site haemostasis was achieved with man-
ual compression when the ACT level was <180 seconds if the preclo-
sure technique was not used, as per operator preference. Blood 
transfusions post procedure were ordered at the physician’s discre-
tion. In general, patients were transfused for active or overt bleeding 
associated with haemodynamic instability or, in the absence of symp-
toms, if the haemoglobin fell below 8 g/dL. All patients enrolled from 
Mount Sinai in the current analysis underwent BAV for palliation of 
symptoms alone, whereas 16 patients from Miami had BAV as 
a bridge to TAVI. None of these patients underwent TAVI in the same 
admission as BAV (mean time from BAV to TAVI, 108 days).

STUDY ENDPOINTS AND DEFINITIONS
The primary endpoint was major bleeding, defined as Bleeding 
Academic Research Consortium (BARC) type ≥3 19. BARC type 3 
bleeding includes bleeds that are evident clinically, or by laboratory 
or imaging results, which require blood transfusion, surgical inter-
vention or intravenous vasoactive drugs; overt bleeds with a hae-
moglobin drop ≥3 g/dL; bleeding that causes cardiac tamponade; 
and intracranial or intraocular bleeds that compromise vision. 
BARC type 4 (CABG-related) bleeding was not applicable to this 
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study. BARC type 5 bleeding describes bleeds that directly result in 
death with no other cause. Bleeding events were also defined using 
the TIMI, GUSTO and VARC definitions20-22.

Vascular complications, transient ischaemic attack (TIA), acute 
kidney injury and the individual components of major adverse car-
diovascular events (MACE, composite of all-cause mortality, myo-
cardial infarction, and stroke) were defined according to Valve 
Academic Research Consortium (VARC) criteria22. Net adverse 
clinical events (NACE) included MACE or major bleeding (BARC 
type ≥3). All in-hospital events were adjudicated (using source doc-
uments) by an independent clinical events committee blinded to the 
antithrombotic agent administered.

Patients were considered frail if they had moderate or severe 
dementia, were bedbound, a nursing home resident or dependent 
for all activities of daily living. The estimated glomerular filtration 
rate (eGFR) was calculated from the serum creatinine using the 
Modification of Diet in Renal Disease (MDRD) formula23. One-
year mortality was ascertained from the social security death index.

STATISTICAL ANALYSIS
Categorical variables were compared using the Pearson’s chi-squared 
test or Fisher’s exact test for cell sizes <5. Continuous variables are 
presented as mean±SD or median (interquartile range) and were 
compared using the Student’s t-test and the Wilcoxon rank-sum test, 
respectively. The independent association between bivalirudin use 
and major bleeding was determined using stepwise multivariable 
logistic regression with entry/exit criteria of 0.2 and 0.1, respectively. 
Candidate variables were bivalirudin (vs. heparin), age, gender, war-
farin, frailty, anaemia, use of preclosure, peripheral arterial disease, 
eGFR, concomitant bleeding, year of procedure, prior BAV, the num-
ber of arterial access sites used and the logistic EuroSCORE. In addi-
tion, we assigned propensity scores to all patients using a logistic 
regression model with bivalirudin vs. heparin use as the dependent 
outcome. Separate propensity score-adjusted analyses were then per-
formed to account further for the baseline differences between bivali-
rudin and heparin groups24,25. Pre-specified subgroup analyses were 
performed in the following groups: age and EuroSCORE above and 
below the median; sex; eGFR above and below 60; presence or 
absence of diabetes, anaemia, peripheral arterial disease, atrial fibril-
lation or flutter, frailty, or prior CABG and access-site “preclosure” 
vs. manual compression. Formal testing for multiplicative interaction 
was performed between each subgroup and the main effect of bivali-
rudin vs. heparin use on the outcome of major bleeding.

A two-tailed p-value <0.05 was considered significant for all statisti-
cal comparison. All statistical analyses were performed using Stata, ver-
sion 11.2 statistical software (StataCorp, College Station, TX, USA).

Results
Among 427 BAV patients studied, 223 patients (52.2%) were antico-
agulated with bivalirudin and 204 patients (47.8%) with heparin during 
the procedure. Table 1 shows the baseline characteristics. Compared to 
the heparin group, patients in the bivalirudin group were older, and 
were more likely to have hyperlipidaemia and to be on warfarin.

Table 1. Baseline characteristics.

Bivalirudin 
(n=223)

Heparin 
(n=204)

p-value

Age (years) 84.3±8.2 82.5±9.5 0.03

Male 44.8% 46.1% 0.80

Body mass index (kg/m2) 26.1±5.9 25.6±6.0 0.39

Cardiac history
Hypertension 93.3% 89.2% 0.14

Hyperlipidaemia 76.2% 67.2% 0.04

Diabetes 34.1% 34.8% 0.88

Smoking history 48.2% 47.1% 0.81

Prior myocardial infarction 26.9% 26.5% 0.92

Atrial fibrillation/flutter 42.6% 38.2% 0.36

Prior CABG 25.1% 23.5% 0.70

Prior PCI 23.8% 20.3% 0.39

Prior BAV 3.8% 9.4% 0.02

Moderate or severe LV dysfunction 33.0% 38.0% 0.44

Past history
Prior stroke 13.9% 19.1% 0.15

Peripheral arterial disease 27.8% 20.1% 0.06

Chronic obstructive pulmonary 
disease

23.3% 22.1% 0.76

CKD* 58% 61.7% 0.44

Presentation symptoms
Chest pain 29.6% 33.8% 0.35

NYHA Class III/IV heart failure 81.2% 83.3% 0.57

Syncope 10.8% 10.3% 0.87

Cardiogenic shock 5.4% 4.4% 0.64

Frailty¶ 13.9% 22.1% 0.03

Critical state‡ 24.7% 19.6% 0.21

Anaemia§ 68.2% 66.2% 0.66

Logistic EuroSCORE 39.0%±22.6% 32.5%±19.5% 0.002

INR 1.1 (1.0, 1.3) 1.1 (1.0, 1.3) 0.19

Creatinine (µmol/L; mg/dL) 123.8 (79.6, 132.6)
1.2 (0.9, 1.5)

123.8 (88.4, 132.6)
1.2 (1.0, 1.5)

0.90

Medications
Aspirin 59.2% 66.2% 0.14

Clopidogrel 20.6% 24.5% 0.34

Warfarin 25.6% 16.7% 0.03

Values are %, mean±SD or median (IQR). *CKD was defined as GFR <60 mL/min by MDRD 
formula. ¶Patient was considered frail if bedbound, had moderate or severe dementia, was 
a nursing home resident or was dependent for all activities of daily living. ‡Critical state 
defined by the presence of preoperative acute renal failure, or requirement for cardiac 
massage, inotropic or intra-aortic balloon pump support, non-invasive positive pressure or 
endotracheal ventilation. §Anaemia according to the WHO definition. BAV: balloon aortic 
valvuloplasty; CABG: coronary artery bypass graft surgery; CKD: chronic kidney disease; 
LV: left ventricular; NYHA: New York Heart Association; INR: international normalised ratio; 
PCI: percutaneous coronary intervention

A higher proportion of patients who received bivalirudin were in 
a critical state pre-BAV, with acute renal failure or requiring cardiac 
or respiratory support. The logistic EuroSCORE was higher in the 
bivalirudin group whereas patients treated with heparin were more 
likely to be frail.
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Patients who received heparin received greater contrast volume 
and had more frequent use of bilateral femoral arterial access 
(Table 2). Patients who received bivalirudin had larger diameter 
arterial sheaths and higher use of the arterial preclosure technique 
for haemostasis of the large bore access site using a vascular clo-
sure device. The types of anaesthesia used were similar between the 
groups.

Table 2. Procedural characteristics.

Bivalirudin 
(n=223)

Heparin 
(n=204)

p-value

Rapid RV pacing 34.5% 37.3% 0.56

Concurrent PCI 17.2% 13.5% 0.30

Largest balloon diameter (mm) 22 (22, 22) 22 (22, 23) 0.003

Contrast volume (mLs) 40 (20, 65) 60 (30, 110) <0.001

Anaesthesia: 0.22

Conscious sedation 88.8% 84.3%

Local anaesthetic alone 8.1% 13.2%

General endotracheal 3.1% 2.5%

Protamine 0% 10.3% <0.001

1 arterial access site (vs. 2) 87.4% 46.6% <0.001

Large (BAV) access site
Sheath size (Fr) 12 (11, 12) 11 (10, 12) <0.001

Haemostasis: preclosure (vs. manual 
compression)

70.9% 42.4% <0.001

Values are % or median (IQR). BAV: balloon aortic valvuloplasty; PCI: percutaneous 
coronary intervention; RV: right ventricular

CLINICAL OUTCOMES
Patients who received bivalirudin compared with heparin had sig-
nificantly reduced in-hospital major bleeding (Table 3). Among all 
major bleeds in this study (BARC ≥3, n=38), the majority (n=24, 
63.2%) were attributable to the access site while 14 (36.8%) 
occurred elsewhere. Compared to heparin, bivalirudin was associ-
ated with a reduction in both access (3.6% vs. 7.8%, p=0.06) and 
non-access-site bleeding (1.3% vs. 5.4%, p=0.02), respectively. 
Non-access-site bleeds included pericardial (n=5), gastrointestinal 
(n=3), genitourinary (n=1) and five of unknown or unclear source. 
There was a trend towards more frequent blood transfusions with 
heparin versus bivalirudin. There was no significant difference in 
minor bleeding (BARC types 1 and 2) between the groups. Only 
four of the major bleeds occurred at the secondary access site (i.e., 
the small femoral arterial sheath), one in a patient who received 
bivalirudin and three in patients who received heparin; none of 
these patients had device closure attempted at this site. Inclusion of 
these events did not impact on the overall result.

Patients who received bivalirudin compared with heparin had sig-
nificantly lower in-hospital NACE with no significant difference in 
the rates of MACE, transient ischaemic attack (TIA) or vascular 
complications. There was increased acute kidney injury in patients in 
the heparin group. One-year mortality was similar in the two groups.

After multivariate analysis, the use of bivalirudin remained sig-
nificantly associated with reduced major bleeding (Figure 1). 

 Odds ratio [95% Cl] Odds ratio [95% Cl] p-value
Bivalirudin
(vs. heparin) 0.37 [0.16. 0.84] 0.02
Preclosure 0.47 [0.22, 0.98] 0.04
Prior BAV 3.11 [1.06, 9.15] 0.04
Female gender 2.03 [0.93, 4.45] 0.08
Warfarin 2.18 [0.95, 5.04] 0.07
 Less bleeding More bleeding

Figure 1. Independent predictors of major bleeding. BAV: balloon 
aortic valvuloplasty; CI: confidence interval

Results from the propensity score-adjusted analysis were consistent 
with the overall findings of lower bleeding risk with bivalirudin vs. 
heparin use (OR 0.44; 95% CI: 0.18 to 1.07).

The effect of bivalirudin compared with heparin on major bleeding 
was similar for all the pre-specified subgroups with the exception of 
arterial access preclosure; bivalirudin yielded particularly better 
results in patients selected for closure (p interaction 0.02; Figure 2).

At one-year follow-up, the all-cause mortality rate was similar 
between the two groups (bivalirudin group 32.7% vs. 34.5% in hep-
arin group, p=0.65).

Table 3. In-hospital clinical outcomes.

Bivalirudin 
(n=223)

Heparin
(n=204)

p-value

Bleeding

Major bleeding (BARC ≥3) 11 (4.9%) 27 (13.2%) 0.003

VARC major or life-threatening 8 (3.6%) 22 (10.8%) 0.004

TIMI minor or major 8 (3.6%) 18 (8.8%) 0.02

GUSTO moderate, severe or 
life-threatening 

16 (7.2%) 28 (13.7%) 0.03

BARC minor bleeding (types 1 and 2) 11 (4.9%) 7 (3.4%) 0.39

Blood transfusions 39 (17.5%) 50 (24.5%) 0.07

MACE 15 (6.7%) 23 (11.3%) 0.10

NACE 25 (11.2%) 41 (20.1%) 0.01

All-cause mortality 11 (4.9%) 13 (6.4%) 0.52

Cardiovascular mortality 10 (4.5%) 12 (5.9%) 0.51

Myocardial infarction 5 (2.2%) 9 (4.4%) 0.21

Major stroke 0 (0%) 2 (1.0%) 0.14

Transient ischaemic attack 0 (0%) 1 (0.4%) 0.48

Vascular complications

Major 6 (2.7%) 4 (2.0%) 0.62

Minor 10 (4.5%) 10 (4.9%) 0.84

Acute kidney injury 15 (6.7%) 26 (12.7%) 0.04

Length of hospital admission (nights) 3 (1, 7) 3 (1.5, 7.5) 0.14

Length of ICU/CCU admission (nights) 1 (1, 2) 1 (1, 2) 0.39

Values are n (%) or median (IQR). BARC: Bleeding Academic Research Consortium; 
CCU: coronary care unit; GUSTO: Global Use of Strategies to Open Occluded Coronary 
Arteries; ICU: intensive care unit; MACE: major adverse cardiovascular events; NACE: net 
adverse clinical events (includes any major bleeding or MACE); TIMI: Thrombolysis In 
Myocardial Infarction; VARC: Valve Academic Research Consortium
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Discussion
In the present registry, we found that the use of bivalirudin compared 
with heparin during BAV was associated with a large reduction in 
major bleeding events during hospitalisation. The reduction in bleed-
ing was evident not only by the BARC definition, but also by TIMI, 
GUSTO and VARC bleeding definitions. While the magnitude of 
effect was similar, results were attenuated following propensity 
adjustment. Rates of in-hospital MACE, individual components of 
MACE (death, MI, stroke), TIA and vascular complications were not 
significantly different between the two groups. Consequently, the net 
adverse event rate (a combination of bleeding and MACE events) 
was lower with bivalirudin.

Additionally, there was a positive interaction between the use of 
bivalirudin and preclosure, with most benefit in reducing bleeding 
complications in this frail elderly cohort undergoing BAV with 
large bore sheaths seen with the combination of both bivalirudin 
and preclosure. To our knowledge, this is the first study to report the 
outcomes of BAV using bivalirudin.

Our findings parallel the results of PCI trials, in which the use of 
bivalirudin compared with heparin plus glycoprotein IIb/IIIa inhib-
itors (GPI) resulted in a relative reduction in 30-day rates of major 
bleeding by approximately 40%, with no significant difference in 
composite ischaemic study endpoints12-14. Use of GPI is not indi-
cated in BAV and anticoagulation is usually achieved with heparin 
alone. Despite this, we found a marked difference in bleeding 
events, which may reflect the high bleeding risk inherent in the 
older BAV population, as well as in the procedure itself.

One concern regarding the use of bivalirudin has been the lack of 
an antidote if required for acute bleeding. However, two registry 
studies failed to show that patients who had coronary perforations 
during PCI had worse outcomes with bivalirudin compared with 
heparin26,27. Pooled results from three randomised trials also showed 
no significant difference in results post coronary perforations in 
patients receiving bivalirudin vs. heparin plus GPI28. Similarly, in 
our study, bivalirudin was not associated with an increase in 
the severity of bleeding events. This may be attributable to 

 Odds ratio [95% Cl] p-interaction

Age <86 0.46 [0.15, 1.40] 0.36
Age ≥86 0.25 [0.09, 0.66]
Male 0.30 [0.08, 1.18] 0.99
Female 0.33 [0.13, 0.80]
Diabetes 0.34 [0.08, 1.36] 0.88
No diabetes 0.30 [0.12, 0.72]
Anaemia 0.25 [0.10, 0.63] 0.54
No anaemia 0.52 [0.14, 1.85]
PAD 0.55 [0.11, 2.68] 0.81
No PAD 0.29 [0.12, 0.69]
AF/flutter 0.20 [0.06, 0.63] 0.27
No AF/flutter 0.47 [0.18, 1.25]
Warfarin 0.36 [0.09, 1.41] 0.88
No warfarin 0.28 [0.11, 0.69]
Prior CABG 1.00 [0.19, 5.32] 0.46
No prior CABG 0.26 [0.11, 0.61]
Frailty 0.16 [0.03, 0.87] 0.48
No frailty 0.40 [0.17, 0.92]
Preclosure 0.15 [0.05, 0.47] 0.02
No preclosure 0.70 [0.26, 1.92]
eGFR <60 0.26 [0.05, 1.36] 0.80
eGFR ≥60 0.34 [0.15, 0.78]
EuroSCORE <15.85% 0.41 [0.18,1.11] 0.54
EuroSCORE ≥15.85% 0.24 [0.08, 0.72]

 Bivalirudin better Heparin better

Figure 2. Subgroup analyses of major bleeding. AF: atrial fibrillation; CABG: coronary artery bypass graft surgery; eGFR: estimated 
glomerular filtration rate; PAD: peripheral arterial disease
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bivalirudin’s short half-life and the gradual elimination of its activity, 
as well as to delayed or imprecise reversal of heparin with protamine.

We found that the rates of in-hospital bleeding among patients 
receiving heparin were lower than the 24-hour bleeding rates 
reported in older BAV registries10,11. This was in spite of the use of 
a more inclusive definition of major bleeding, the older age of 
patients, and higher prevalence of diabetes and peripheral arterial 
disease in the current registry. A better understanding of bleeding 
risks, better vascular access technique, use of weight-adjusted anti-
coagulant dosing and vascular preclosure, may account for this 
reduction in bleeding rates. In addition, the risk profile of our study 
population, similar to a more contemporary BAV registry8, likely 
reflects a broader temporal change in clinical practice. With the 
improved safety of BAV, and more recently the new indication for 
BAV as a bridge to TAVI, patients at increasingly higher risk are 
being considered for treatment with BAV9.

Despite the difference in bleeding rates in the two groups, there 
was no significant difference in mortality whether bivalirudin or 
heparin was used during BAV. This may be explained by the poor 
prognosis of severe aortic stenosis. Previous studies in BAV have 
not demonstrated any survival benefit with BAV compared with the 
natural history of severe aortic stenosis1,5,21,29. The high rate of one-
year mortality observed in our study is consistent with rates reported 
in previous registries1,3,5,8. It may be that strategies to reduce com-
plications of BAV, such as the use of bivalirudin instead of heparin, 
may, at best, only reduce procedural morbidity and improve quality 
of life. In contrast, blood transfusion post TAVI has been associated 
with increased 30-day and one-year mortality30. Whether or not 
there is any associated mortality benefit with bivalirudin use in 
patients undergoing BAV as a bridge or with concomitant TAVI 
merits further investigation.

Limitations
This was a retrospective study and, while we attempted to adjudi-
cate all events from source files, our findings are exploratory and 
should be considered hypothesis-generating. We only collected 
demographic data that were available in the hospital chart. As there 
was inadequate information to quantify patient frailty according to 
published frailty scoring systems, we used surrogate variables of 
severe impairment in mobility, activity and cognition to classify 
a patient as frail. There may be selection bias in the choice of 
antithrombotic agent, with operators using bivalirudin in patients 
deemed at higher risk for bleeding. Notably, selection of anticoagu-
lation regimen was done pre-procedurally, whereas selection for 
preclosure was actually performed after completion of the appropri-
ate femoral angiogram. In this way, severe peripheral arterial dis-
ease, a risk factor for vascular complications and access-site-related 
bleeding, may have precluded the use of preclosure of the large-
bore, arterial access site in these patients. While peripheral arterial 
disease was included in the multivariable model, the severity of dis-
ease was not captured and may have been a confounder. Furthermore, 
the variable time course of anticoagulant assignment and BAV pro-
cedures in the two clinical sites may have introduced additional 

unmeasured confounders. Finally, the number of patients who had 
BAV as bridge to TAVI (n=16, and no TAVI in the same admission 
as BAV) was too small to perform any meaningful comparisons 
regarding one-year mortality in these patients.

Conclusions
In conclusion, within this retrospective review of high-risk patients 
undergoing elective or urgent BAV, the use of bivalirudin com-
pared with heparin as the procedure anticoagulant resulted in 
less major bleeding with no significant difference in mortality, 
myocardial infarction, stroke or vascular complications between 
groups. Accordingly, the net adverse event rate was also improved. 
Prospective studies are required to confirm these findings and to 
understand the applicability of these findings to other percutane-
ous procedures requiring large-bore arterial access. If verified in 
randomised studies and extended to the TAVI population, these 
results might indicate a potential benefit for patients undergoing 
such procedures.
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