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Background: Vascular and bleeding events remain the main complications after balloon aortic valvuloplasty
(BAV). While BAV is usually performed with per procedural heparin injection, BAV performed without heparin
may reduce hemorrhagic events. We aimed to determine whether vascular and bleeding complications may be
reduced with BAV performed without heparin.

Methods: This randomized, double-blind, placebo-controlled study was conducted from January 2013 to
September 2016. Patients were randomly assigned to placebo or intravenous unfractionated heparin (UH) 50 IU/
kg bolus during the procedure. The primary endpoint included major vascular, bleeding and ischemic compli-
cations (stroke, transient ischemic attack, myocardial infarction) according to VARC-2 criteria.

Results: Among 89 randomized patients, 82 completed the study (n = 39 in the UH group and n = 43 in the
placebo group). At baseline, diabetes, sex male and renal failure were more frequent in the UH group and pe-
ripheral artery disease was more frequent in the placebo group. The primary endpoint was achieved in 7 patients
(8.5%), 1 in the placebo group (2.3%) versus 6 in the UH group (15.4%). After adjustment on diabetes, sex, renal
failure, peripheral artery disease, percutaneous closure device and chronic obstructive pulmonary disease, UH
utilization was associated with a significant risk of major vascular, bleeding and ischemic complications (primary
endpoint) (a4jOR: 11.9; 95%CIL: 1.2-117.2; p = 0.03). Hospitalization length was lower in the placebo group
compared to the UH group (p = 0.03).

Conclusions: BAV without per procedural UH was associated with a reduction of major VC and bleeding events
without increasing the ischemic risk and with a shorter hospitalization length.

1. Introduction

Balloon aortic valvuloplasty (BAV) was developed in 1985 by Pro-
fessor Cribier for patients with aortic stenosis (AS) contraindicated to
surgical aortic valve replacement [1,2]. The hopes of this technique
gradually faded due to early restenosis and lack of improvement in
mortality [2-4]. A new technique, the transcatheter aortic valve
replacement (TAVR), was developed to overcome these issues relegating
BAV to a palliative treatment, according to guidelines [5,6]. Neverthe-
less, BAV remains useful as a rescue therapy in patients with cardiogenic

shock eligible for definitive therapy, as a bridge to TAVR or surgery, in
ambiguous cases as a therapeutic test, to allow emergency surgery or as
a palliative therapy [7-9]. Despite improvements in BAV technique with
reduced sheath size, vascular complications (VC) remain the main issue
after BAV, whereas serious complications as aortic rupture, severe aortic
regurgitations (AR) or death represent <3% of events [5,10-14]. Indeed,
bleeding and VC were reported as occurring in 6-17.6% of patients after
BAV [5,10-14]. Thus, as this technique is usually performed in frail
patients with comorbidities, reduction of these complications is critical.
Unfractionated heparin (UH) is almost systematically used during BAV
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but this strategy is totally empirical and raises the question both of its
utility to reduce ischemic complications and its impact on VC and
bleeding complications. Our team previously conducted a non-
randomized study including 162 patients comparing heparin and non-
heparin BAV procedures with an increased risk of bleeding without
lowering ischemic events in the heparin BAV group [15].

The objective of this study was to confirm by a randomized study
whether the procedure of BAV without administration of per procedural
heparin may decrease the risk of bleeding complications without
increasing the risk of ischemic events compared to the usual procedure
using heparin.

2. Methods
2.1. Study design

The HEPAVALVE study was a randomized, double-blind trial con-
ducted and sponsored by Montpellier University Hospital, France. All
patients with severe AS, confirmed by transthoracic echocardiography
(TTE) (mean aortic gradient >40 mmHg and/or aortic valve area <1
cm?), with indication of BAV according to European guidelines (6) were
included from January 2013 to September 2016 in Montpellier Uni-
versity Hospital, France. Patients considered as ineligible for the study
included those with inaccessible femoral approach, hemodynamic fail-
ure, AR >grade 2, hemorrhagic disease, known contra-indication to
heparin or to local anesthesia, under guardianship and pregnant or
breastfeeding women. Administration of a low molecular weight
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heparin <12 h or of UH < 4 h before the procedure, or vitamin K
antagonist (VKA) treatment with international normalized ratio (INR)
>1.5 were exclusion criteria.

2.2. Data assessment and ethics regulation

The study was conducted by the cardiology team of Montpellier
University Hospital with a steering committee comprising the in-
vestigators, the methodologist, the representative of the promoter and
the biostatistician was set up to direct the study. An independent judg-
ment criteria validation committee, composed of senior cardiologists,
blindly evaluated all clinical events based on the medical data received
to perform optimal referring. Funding was obtained from Edwards
Lifesciences. The study was conducted according to the ethical princi-
ples of the 1975 Helsinki Declaration, bioethics laws. The protocol was
approved by an independent ethics committee. A written informed
consent was obtained from each patient prior to randomization. The
study was registered with ClinicalTrials.gov (NCT01823393).

2.3. Study treatments and procedure

Two groups of patients were constituted: control group (group UH)
who benefited of conventional BAV with UH injection (50 IU/kg) and
experimental group (group placebo) with injection of placebo (sodium
chloride) (Fig. 1). UH (Heparin choay® Sanofi-Aventis France) and
placebo (Sodium Chloride PROAMP 0.9% Aguettant laboratory) were
prepared immediately after randomization by our institution’s

94 patients undergoing BAV
within the study period

5 patients excluded for
inability or refusal to consent

89 patients included in the
HEPAVALVE study

44 patients randomized in the
UH group

45 patients randomized in the
placebo group

5 patients excluded
- 2 BAV not performed —
- 3 withdrawn consent

\4

- 2 BAV not performed

A 4

39 patients allocated to the
UH group

43 patients allocated to the
placebo group

n=2 did not receive UH
- 1received no treatment |
- 1withINR> 1.5

A

Intention-to-treat analysis

n=3 did not receive placebo
— - 2 received no treatment
- 1withINR>1.5

A 4

37 patients received the
allocated treatment (UH)

40 patients received the
allocated treatment (placebo)

Per-protocol analysis

Fig. 1. Study flow chart.
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pharmacy and delivered to the unit as soon as possible with identical
conditioning to guarantee the blind. BAV procedure was performed by a
team of 3 experienced cardiologists, according to a standardized tech-
nique using a retrograde femoral approach. According to the result of
the randomization, UH (50 IU/ kg) or placebo was administered by
intravenous bolus at the beginning of the procedure just after femoral
sheath insertion (8 or 9 French).

Coronary angiography was systematically performed before the
procedure and coronary angioplasty, if necessary, was performed before
BAV, at the latest the day before. The crossing of the aortic valve was
performed under fluoroscopic control by 0.034 in. straight guide
through Amplatz left 1 or 2. Pressure gradient between the left ventricle
and aorta was measured with average and peak to peak gradients. BAV
was performed using non-compliant balloons (Tyshak™ balloon cathe-
ters, B Braun) with a size selected according to left ventricle outflow
track (LVOT) diameter assessed by TTE. To stabilize balloon position
through the aortic valve prior to inflation, rapid stimulation of the right
ventricle was performed (180-200 bpm) until systolic blood pressure
<80 mmHg was reached. BAV result was considered satisfactory by a
mean gradient decrease >40% or >20 mmHg. In the opposite case and
in the absence of complication, a new BAV was performed with the use
of a higher diameter balloon. At the end of the procedure, post-
procedural hemodynamic transvalvular gradient was evaluated and
the presence or absence of AR was systematically assessed with contrast
aortography. The arterial puncture site was closed with a vascular
closure device (8-F Angio-Seal TM, St. Jude Medical, St. Paul, MN, US)
or with manual compression (with or without the use of a Femoral
compression device (Femostop™, Abbott)) according to the operator’s
choice.

2.4. Endpoints

The primary endpoint was a composite endpoint of major VC, major
bleeding and major ischemic complications according to VARC-2
criteria at 1-month follow-up [16].

Major VC included: 1/access site or access related vascular injury
(arteriovenous fistulas, pseudoaneurysms, stenosis, dissection, hema-
toma, percutaneous device failure) requiring unplanned intervention
AND/OR leading to death, life-threatening or major bleeding, visceral
ischemia or neurological impairment, 2/distal-embolization (non-cere-
bral) from vascular source requiring surgery or resulting in amputation
or irreversible end-organ damage, 3/New ipsilateral lower extremity
ischemia. Bleeding was defined as major in case of bleeding >BARC 3
[16]. Major ischemic complications included stroke or transient
ischemic attack confirmed by cerebral imaging and myocardial infarc-
tion (new ischemic symptoms and troponin elevation >15 upper refer-
ence limit) [16].

The secondary endpoint included minor VC and minor bleeding and
analysis of all VC, bleeding, ischemic complications (any severity) ac-
cording to VARC-2 criteria [16]. Death, AR >grade 2 and hospitalization
length were also assessed.

2.5. Randomization and statistical analysis

The randomization was performed by random blocks with 6 and 8
size permutation and a 1:1 ratio between the two arms. Once consent
was obtained and inclusion criteria were verified, patient randomization
was performed by Ennov Clinical® software, also used for data assess-
ment and management. The retrospective analysis carried out in our
department showed that a severe complication (composite outcome)
occurred among 25% of patients who received heparin vs. 4% of those
who did not receive heparin. In order to detect such a difference with
90% power with a 5% alpha risk, we needed to enroll 120 patients. This
number was increased to 130 to account for patients lost to follow-up.
Patient characteristics were described at baseline for the Per Protocol
(PP) and Intention-To-Treat (ITT) populations and treatment groups
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(UH and placebo groups) with medians and interquartile ranges (Pos-
P75) for quantitative variables and frequencies and proportions for cat-
egorical variables. The occurrence of endpoints was described between
treatment groups. The effect size of treatment was estimated with the
odds ratio (OR) and its 95% confidence interval (95%CI) adjusted on
covariates clinically different between treatment groups at the inclusion.
Firth logistic regression was used when quasi-complete separation
problem occurred. The effect of treatment on the hospitalization length
was also studied using linear regression with adjustment on pertinent
covariates, adjusted regression coefficient (,4;p) associated to heparin
use was reported with its 95% confidence interval (95%CI). Statistical
analyzes were implemented using SAS (Enterprise Guide, version 7.13;
SAS Institute; Cary, North Carolina, USA).

3. Results
3.1. Baseline and procedural characteristics

Between January 2013 and September 2016, 89 consecutive patients
were randomized (Fig. 1). Indication for BAV was palliative in 33 pa-
tients (37.1%), as a bridge for TAVR or surgical aortic valve replacement
in 33 patients (37.1%) and before non-cardiac surgery in 23 patients
(25.8%) without difference between UH and placebo groups. Among
randomized patients, 82 were finally analyzed including 39 (47.6%) UH
patients and 43 (52.4%) placebo patients. In the UH group, 2 patients
did not receive the allocated treatment vs. 3 patients in the placebo
group, 77 patients were then considered in the PP population (Fig. 1). In
the ITT population, the median age was 86 years (Q25-Q7s5: 80-88) with
NYHA class 3 or 4 symptoms for 58 patients (76.3%). Both groups were
comparable at baseline except for diabetes, sex male, chronic obstruc-
tive pulmonary disease and renal failure, more frequent in the UH group,
and for peripheral artery disease, more frequent in the placebo group
(Table 1). Vascular closure device was used in most patients (89%) but
appeared more frequently used in the placebo group (95.2% vs. 81.6%)
(Table 1).

3.2. Primary endpoint

In the ITT population, the primary endpoint occurred in 7 patients
(8.5%) including 6 (15.4%) complications in the UH group vs 1 (2.3%) in
the placebo group (Fig. 2). Major VC were the most common adverse
events occurring in 4 patients (4.9%) with major bleeding involving 1
patient (1.2%). Major ischemic events including ischemic stroke were
observed in 3 patients (3.7%), all in the UH group. After adjustment on
diabetes, sex, renal failure, peripheral artery disease, chronic obstruc-
tive pulmonary disease and percutaneous closure device, the adminis-
tration of per procedural heparin appeared significantly associated to
the risk of major vascular, bleeding and ischemic complications (pri-
mary endpoint) with an adjusted OR of 11.9 [95%CI: 1.2-117.2], p =
0.03 (Table 2). In the PP analysis, the effect of heparin on primary
endpoint was consistent to the ITT analysis (supplemental Table 1).
Antithrombotic regimen was similar between patients with and without
major complications (supplemental Table 2), p = 0.98. Details on
antithrombotic regimen for each patient with major complication are
provided in supplemental Table 3.

3.3. Secondary endpoints

Minor VC or minor bleeding occurred in 8 patients (9.8%) without
significant difference between groups (,4;OR: 2.0 [0.3-14.0]; p = 0.5).
Total hemorrhagic, vascular or ischemic complications (all severity)
appeared less frequent in the placebo group vs. the UH group (agjOR: 4.4
[1.0-19.0]; p = 0.049). The per protocol analysis was consistent with
the intent-to-treat analysis (Table 2 and supplemental Table 1).

There was no thrombus formation in the catheter during or after the
procedure in both groups.
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Table 1
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Baseline and procedural characteristics of the two treatment groups in ITT and PP populations.

ITT population

Per Protocol population

n =82 n=77
AN ITT UH group Placebo group All PP UH group Placebo group
n =39 n =43 n =37 n = 40

Patient characteristics
Age (Years)” 86 (80-89) 86 (81-88) 85 (77-89) 86 (79-88) 86 (81-88) 83.5 (77-89)
Male Sex, n (%) 37 (45.1) 20 (51.3) 17 (39.5) 34 (44.2) 19 (51.4) 15 (37.5)
BMI (km/m?)* 25.6 25.0 25.9 25.4 24.8 25.9

(22.7-28.7) (22.7-26.6) (23.4-30.4) (22.7-28.0) (22.2-26.5) (23.4-30.4)
Hypertension, n (%) 50 (61.7) 24 (61.5) 26 (61.9) 49 (64.5) 24 (64.9) 25 (64.1)
Coronary artery disease 30 (37.0) 15 (39.5) 15 (34.9) 28 (36.8) 14 (38.9) 14 (35.0)
Previous stroke, n (%) 7 (8.6) 4 (10.5) 3(6.9) 7 (9.2) 4 (11.1) 3(7.5)
Permanent pacemaker, n (%) 10 (12.2) 6 (15.4) 4(9.3) 10 (12.9) 6 (16.2) 4 (10.0)
COPD, n (%) 22 (26.8) 12 (30.8) 10 (23.3) 19 (24.7) 11 (29.7) 8(20.0)
Atrial fibrillation, n (%) 37 (46.3) 18 (48.7) 19 (44.2) 33 (44.0) 16 (45.7) 17 (42.5)
Diabetes, n (%) 22 (27.2) 15 (39.5) 7 (16.3) 20 (26.3) 13 (36.1) 7 (17.5)
LVEF (%)* 45 (35-50) 43 (35-45) 47.5 (35.5-65) 44 (35-52.5) 43 (35-45) 45 (35-70)
Peripheral artery disease, n (%) 10 (12.4) 3(7.9) 7 (16.3) 10 (13.2) 3(8.3) 7 (17.5)
NYHA > 3, n (%) 58 (76.3) 26 (72.2) 32 (80.0) 54 (76.1) 24 (70.6) 30 (81.1)
Renal failure, n (%) 16 (19.5) 10 (25.6) 6 (13.9) 12 (15.6) 8 (21.6) 4 (10.0)
Hemoglobin < 120 mmHg, n (%) 40 (48.8) 23 (59.0) 17 (39.5) 37 (48.1) 21 (56.8) 16 (40.0)
Antithrombotic regimen, n (%)
None 9(10.9) 4(10.3) 5(11.6) 9(11.7) 4(10.8) 5(12.5)
SAPT 28 (34.2) 14 (35.9) 14 (32.6) 27 (35.1) 14 (37.8) 13 (32.5)
DAPT 14 (17.1) 7 (17.9) 7 (16.3) 14 (18.2) 7 (18.9) 7 (17.5)
Anticoagulant alone 17 (20.7) 7 (17.9) 10 (23.3) 14 (18.2) 5(13.5) 9 (22.5)
Anticoagulant + SAPT 11 (13.4) 5(12.8) 6 (13.9) 10 (12.9) 5 (13.5) 5 (12.5)
Anticoagulant + DAPT 33.7) 2(5.1) 1(2.3) 3(3.9) 2(5.4) 1(2.5)
Procedural characteristics
Percutaneous closure device, n (%) 71 (88.8) 31 (81.6) 40 (95.2) 68 (88.3) 30 (81.1) 38 (95.0)
Femoral sheath size (French), n (%)
8 French 74 (93.7) 35 (94.6) 93 (92.9) 72 (93.5) 35 (94.6) 37 (92.5)
9 French 4(5.1) 2(5.4) 2(4.8) 4 (5.2) 26549 2 (5.0)
Number of inflations* 2(2-3) 2(2-3) 2(2-3) 2(2-3) 2(2-3) 2(2-3)
Balloon size (mm)* 22 (20-22) 22 (22-22) 22 (20-22) 22 (20-22) 22 (22-22) 22 (20-22)
Mean aortic gradient pre-BAV (mmHg)* 42 (30-56) 44 (32-58) 40 (28-56) 42 (30-56) 44 (32-58) 40 (28-56)
Mean aortic gradient post-BAV (mmHg)* 17 (10-28) 20 (10-28) 17 (8-29) 20 (10-28) 20 (10-28) 17 (8-29)

BAV: balloon aortic valvuloplasty; BMI: body mass index; COPD: chronic obstructive pulmonary disease; DAPT: dual antiplatelet therapy; GI: gastro-intestinal, ITT:
intention-to-treat; LVEF: left ventricular ejection fraction; NYHA. New York Heart Association; PP: per-protocol; SAPT: simple antiplatelet therapy; UH: unfractionned

heparin.
" Quantitative variables are expressed as median (Qas — Qys).

Overall, 1 patient (2.6%) died during follow-up in the UH group.
Death was related to cardiogenic shock associated with severe left
ventricular dysfunction. AR > grade 2 was observed in 2 patients (5.1%)
in the UH group. Hospitalization length, with a mean duration of 5 + 4
days in the UH group vs. 3 + 2 days in the placebo group, appeared
significantly higher in the UH group (aq;B: 2.04; 95%CIL: 0.2-3.8]; p =
0.03) in the ITT population as in the PP population (5qjp: 2.01; 95%CI:
0.2-3.9]; p = 0.03) after adjustment on same covariates used for pri-
mary endpoint analyses.

4. Discussion

We assessed for the first time in a randomized study the impact of
BAV performed without heparin with 3 main findings:

1. In patients undergoing BAV, heparin administration was associated
with a significant increased risk of major complications including
VC, bleeding and ischemic complication

2. BAV performed without heparin did not increase ischemic events

3. Hospitalization length was higher in the heparin group

4.1. VC and bleeding after BAV

VC and bleeding after BAV remain common, between 5% and 11% in

registries (10, 11, 15). Indeed, patients with severe AS are particularly
prone to VC related to age, polyvascular disease or acquired coagulop-
athy [17]. In addition, post-procedure immobilization can be altered by
individual parameters such as confusion or cardiac decompensation.
Major VC rate of the whole population in our study was 4.9%, compa-
rable with others studies. In contrast, severe hemorrhagic complications
appeared to be less frequent (1.2%) than in the literature suggesting a
link with the discontinuation of heparin in our study [10-13,18]. We
observed a significant increase in combined major vascular, bleeding
and ischemic complications with the administration of heparin after
adjustment on potential confounding factors. The results of this trial are
consistent with our previous non-randomized study on 162 patients
undergoing BAV suggesting a significant reduction in bleeding compli-
cations without increased ischemic risk in the absence of heparin during
the procedure [15]. The utilization of percutaneous closure devices in
the majority of patients may also explain our relative low rates of VC and
bleeding. Finally, heparin may increase bleeding and VC in patients
undergoing BAV, especially in patients with increased hemorrhagic risk,
particularly frequent in this frail population with severe AS.

4.2. Ischemic events and BAV

In previous studies, BAV was associated with 1% of ischemic com-
plications as opposed to vascular and hemorrhagic complications which
were more common reaching 5-11% [10,11,15]. Here, ischemic events
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n= 82 patients analyzed in the HEPAVALVE
randomized trial

Aortic
balloon valvuloplasty

No complications

n=39 \ n=43
Valvuloplasty Valvuloplasty
performed with Heparin Randomization performed with Placebo
15.4% 2.3%
Heparin associated with major
VC, bleeding and ischemic
complications
OR 11.9 (C1 95% 1.2-117.2)
p=0.03
84.6% 97.7%
Heparin group Placebo group

Vascular complications, bleeding and ischemic complications

Fig. 2. Major VC, bleeding, and ischemic events according to UH and placebo groups (primary endpoint), UH: unfractionated heparin; VC: vascular complication.

compared favorably with these results with only 3 ischemic events
(stroke) in our study, all in the UH group. A bolus of UH between 2500
and 7500 IU is routinely administered at the beginning of BAV without
any recommendations [10,11,19]. Indeed, in all interventional proced-
ures, heparin is used to prevent thromboembolic complications. The
passage of the wire through atheromatous arteries, aortic arch as well as
through the aortic valve can be traumatic and may lead to systemic
embolic complications. In the TAVR era, several studies focused on the
nature of these emboli, which appears to be mainly composed of calcic
material [20,21]. Kahlert et al. showed that silent embolic events at the
brain level concerned nearly 86% of patients undergoing TAVR and
appeared mainly at the time of prosthesis implantation and not during
BAV, this being confirmed by transcranial Doppler performed during the
procedure [20]. Our findings are in favor of the absence of benefit of UH
on potential calcic emboli during BAV, especially in this short procedure
as the risk of thromboembolism may increase with procedure length.

4.3. Hospitalization length

In our study, hospitalization length was higher in the UH group. This
may be explained by the higher rate of hemorrhagic and vascular
complications in this group of patients. Indeed, complications are well-
known associated with increased morbidity and need for surgery leading
to increase hospitalization length [10,22]. Indeed, in a recent study
including 17,672 patients undergoing percutaneous interventions using
large diameter devices, the authors highlighted a higher mortality (OR
2.7; 95% CI, 2.3-3.2; p < 0.001), longer hospitalization length of stay
(OR 2.1; 95% CI, 2.1-2.2; p < 0.001) and higher health care costs (OR
1.6; 95% CI, 1.5-1.6; p < 0.001) in patients with bleeding complications
[22]. Thus, BAV without UH may decrease hospitalization length and
costs by decreasing the incidence of hemorrhagic complications.

4.4. Limitations

First, the monocentric nature of the study may induce bias.
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Table 2
Endpoints assessment among patients receiving either heparin or placebo for
balloon aortic valvuloplasty (Intention-to-treat analysis).

AILITT UH Placebo agiOR p
N=82 group groupn = [95% CI]
n=239 43 UH vs. Placebo
Primary 7 (8.5) 6 1(2.3) 11.9 0.03
endpoint (15.4) [1.2-117.2]
Major VC* 4 (4.9) 3(7.7) 1(2.3) 6.4 0.1
[0.6-76.1]
Major bleeding* 1 1(2.6) 0 (0.0) 6.4 0.2x
(1.22) [0.5-83.9]
Major ischemic 3(3.7) 3(7.7) 0 (0.0) 6.8 0.1x
complication [0.6-76.5]
Secondary 8(9.8) 5 3(7.0) 2.0 0.5
endpoint (12.8) [0.3-14.0]
Minor VC 1(1.2) 0(0.0) 1(2.3) 0.6 0.6:
[0.06-5.5]
Minor bleeding 7 (8.5) 5 2(4.7) 3.1 0.3
(12.8) [0.4-26.6]
Primary or 14 10 4 (9.3) 4.4 0.049
secondary aa7.1) (25.6) [1.0-19.0]
endpoint
Total vascular 12 8 4(9.3) 3.4 0.1
and bleeding (14.6) (20.5) [0.7-16.8]

ITT: intention-to-treat; VC: vascular complications.
Padj: P value of multivariate logistic regression with treatment group as covariate
adjusted on diabetes, sex, coronary artery disease, renal failure and percuta-
neous closure device; ® p value estimated with Firth logistic regression.

* The same patient presented major VC and major bleeding.

" The same patient presented minor bleeding and major ischemic
complication.

Secondarily, despite randomization, groups of patients were not totally
homogeneous, including twice as many diabetic patients in the UH
group, although diabetes did not emerge as a predictor of complication
and all analysis were adjusted on confounding factors. Third, activated
clotting time was not measured in the study in the UH group, to maintain
the study blind, not allowing to assess heparin efficacy. Finally, the
sample size was lower than expected at the beginning of the study but
allowed to demonstrate significant impact of heparin on the primary
endpoint.

5. Conclusion

In conclusion, this randomized trial shows that avoiding heparin may
reduce major vascular bleeding and ischemic complications in patient
undergoing BAV. This strategy could contribute to decrease both dura-
tion of hospitalization and costs after BAV.
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