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Abstract

Introduction. Balloon aortic valvuloplasty (BAV) is a percutaneous treatment option for aortic ste-
nosis (AS). Because of early restenosis and poor long-term survival, it is used as a bridge to surgery
(SAVR) or transcatheter aortic valve replacement (TAVR), in hemodinamically unstable patients or
patients that require urgent non-cardiac surgery.

Aim. The aim of this study was to evaluate all the BAV procedures performed in our centre in 2010
and to report our experience with BAV as a potential bridge to definitive therapy or as a palliative
treatment.

Methods. We retrospectively analyzed all the patients who underwent percutaneous treatment of
aortic stenosis in our institution between January and December 2010. We stratified our cohort
into 3 groups: BAV as a bridge to TAVR or SAVR, BAV as a final therapy and TAVR without prior BAV.
We evaluated patient characteristics, echocardiographic data and peri-procedural complications in
each cohort. Survival was evaluated using Kaplan-Meier analysis.

Results. We included 86 high risk symptomatic patients with mean age of 82.2 + 5.0 years and mean
logistic EuroSCORE of 19.2 + 11.8 %. After BAV we observed a significant decrease in mean trans-
valvular gradient (from 43.8 + 14.4 t0 33.5 + 12.3 mmHg; p < 0.01) and a significant increase in aortic
valve area after BAV (from 0.6 +0.2t0 0.8 + 0.3 cm?; p <0.01). Systolic pulmonary artery pressure,
left ventricular ejection fraction and mitral regurgitation did not change significantly. Major intra-
hospital complications occurred in 5 patients (6.5 %), without any death related to the procedure.
BAV as a bridge to TAVR had a better outcome compared with BAV alone.

Conclusion. BAV is a feasible and reasonably safe approach for temporary relief of symptoms, im-
provement of quality of life, decrease of surgical risk prior major non-cardiac surgery or as a bridge

to surgical or transcatheter aortic valve implantation in severe aortic stenosis.

Introduction

alcific stenosis of the aortic valve (AS) is the

most common acquired valve disorder in the

Western world!. Surgical aortic valve replace-

ment (SAVR) is considered the treatment of
choice in patients with symptomatic AS regardless of
age?3. The surgical risk in elderly patients with multiple
comorbidities may be high and the presence of conco-
mitant coronary artery disease (CAD) with the need for
additional coronary artery bypass may duplicate the
risk®®. Balloon aortic valvuloplasty (BAV) was introdu-
ced in 1986 as the first less invasive percutaneous tre-
atment option of symptomatic AS’. Unfortunately, early
restenosis of the dilated valve with symptoms recurren-
ce and poor long-term survival limits the use of this pro-
cedure®?*2, Today BAV may be considered as a bridge to
surgery or percutaneous aortic valve replacement (TA-
VR) in haemodynamic unstable patients or patients that
require urgent major non-cardiac surgery. Balloon val-
vuloplasty may also be considered as a palliative

measure in selected individual cases when surgery is
contraindicated because of severe comorbidities and
when TAVR is not an option®3.

Percutaneous aortic valve treatment program started
in our medical centre in 2008 as a part of preparation for
TAVR program. BAV was not frequently used in our centre
before. Since 2008 we performed over 330 BAV proce-
dures and 110 TAVR implantations. The present study
evaluated all the BAV procedures we performed in 2010
and reports our experience with BAV in symptomatic high
risk patients with severe aortic stenosis, as a potential
bridge to definitive therapy or as a palliative treatment.

Methods
Patient population and selection

We retrospectively analyzed all the patients who un-
derwent percutaneous treatment of aortic stenosis in
our institution between January and December 2010.
We stratified our cohort into 3 groups according to the
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final treatment: BAV as a bridge to TAVR or SAVR, BAV
as a final therapy (including repeated BAV) and TAVR
without prior BAV.

Criteria for BAV and/or TAVR included:

— symptomatic aortic stenosis confirmed by trans-
thoracic echocardiography with aortic valve area
<1cm?(<0.6 cm?/m?),

—operative risk estimated by logistic EuroSCORE (Euro-
pean System of Cardiac Operative Risk Evaluation) > 15 %,

—contra-indication for surgery because of comorbid
conditions; assessed and agreed to by both an indepen-
dent cardiologist and a cardiovascular surgeon.

Criteria for BAV as a bridge to TAVR or SAVR
included:

—hemodynamic unstable patient,

— prior urgent major non-cardiac surgery (for exam-
ple patients with carcinoma),

—mitral regurgitation (MR) > 2+,

— pulmonary hypertension due to combination of
COPB and left ventricular failure.

Echocardiographic data

The screening before and after the percutaneous
procedure included transthoracic echocardiography
(TTE) recording of aortic stenosis severity, aortic valve
regurgitation, left ventricular function, additional mitral
regurgitation and pulmonary artery systolic pressure.

BAV procedure

The procedures were performed in our cardiac cath-
eterisation laboratory in local anesthesia. Patients se-
lected for BAV underwent diagnostic right and left cardiac
catheterization. In case of coronary artery disease an
angioplasty was performed before BAV in the same inter-
vention. Heparin (70Ul/kg) was administered after 10F
sheath insertion in the femoral artery and pig tail through
5F sheet in radial artery. Aortic valve was crossed by LA1
catheter (Cordis) and J wire. J.wire was substituted for
supportive Amplatz stiff wire (Abbott). Via percutaneous
trans-femoral approach a balloon catheter (Zelos, Op-
tiMed, 18-25 mm x 4.0 cm) was introduced and posi-
tioned across the stenotic aortic valve. We used under-
sized dilatation balloons according to TTE annulus
diameter. Aortic valvuloplasty was performed with bal-
loon inflation (25-30 ml, burst rate 4 ATM). Selection of
the balloon inflation size was based on the combination
of transthoracic echocardiography, baseline aortography,
and alignment of the balloon to aortic annulus during
valvuloplasty balloon expansion. To stabilize the balloon
position across the valve, rapid ventricular pacing (180-
220 beats/min) was done during each inflation using tem-
porary pacemaker electrode inserted in right ventricle
through femoral vein. Before and after the valvuloplasty
peak to peak pressure gradient was measure with pigtail
catheters into aorta and left ventricle. The goal of the
procedure was a reduction of the gradient by at least 50%
and if necessary, the balloon inflation was repeated. In
case of first BAV balloon under-sizing the second BAV was
performed with the next, bigger sized balloon. Hemo-
stasis was performed with vascular closure devices Pro-

glide (Abbott vascular) or with direct manual compres-
sion of radial and femoral arterial puncture site ad once
and after 3-4 hours, respectively.

TAVR procedure

The selection of TAVR candidates was done according
to Edwards recommendations. All the patients were re-
fused for classic AVR. Indication for TAVR was also condi-
tioned by TAV availability. We used Edwards-Sapien de-
vices. Sizing was done by combination of CTA and TEE.
Implantations were performed in coronary cathlab in
sterile regimen. TAVI team members (anaesthetist, car-
diovascular surgeon, interventional cardiologists, ECHO
specialists) participated in the patients selection. Patients
were operated in general anesthesia. Both trans-apical
and trans-femoral TAVR approaches were utilized.

Data collection and follow up

Baseline clinical data were retrospectively collected
from the medical records. Logistic EuroSCORE was cal-
culated for all patients based on baseline variables be-
fore the procedure. All clinically relevant baseline and
follow-up variables as well as peri-procedural complica-
tion were prospectively entered into a dedicated data-
base. In-hospital follow-up consisted of vital parame-
ters, complete blood count and assessment of renal
function, review of arterial puncture site and TTE within
few days after BAV. Clinical and echocardiographic fol-
low up was planned at 3 to 6 months after BAV and ob-
tained from chart review.

Major peri-procedural adverse events were defined
as peri-procedural death from any cause, myocardial
infarction, severe acute aortic regurgitation, stroke, car-
diac tamponade, cardiogenic shock, aortic dissection,
major vascular complications, urgent or emergency con-
version to surgery or permanent pacemaker require-
ment. Acute renal impairment, myocardial infarction,
stroke, vascular complications and major bleeding were
defined according to the Valve Academic Research Con-
sortium proposed criteria (VARC).

Statistical analysis

Qualitative variables were expressed as percentages
and quantitative variables were expressed as mean *
standard deviation. Comparison of continuous variables
was performed with the analysis of variance and Stu-
dent’s paired t-test, as appropriate. The x2 test was used
to compare qualitative variables. Survival rates were
presented as Kaplan-Meier curves, and the log-rank test
was used for comparison. Differences were considered
statistically significant at P < 0.05. All data were pro-
cessed using the Statistical Package for Social Sciences,
version 17.0 (SPSS, Inc., Chicago, lllinois).

Results

The cohort included 86 consecutive patients who un-
derwent percutaneous treatment of severe aortic steno-
sis in 2010 in our institution. BAV was performed in 77
patients (89.5 %), followed by TAVR in 19 patients (22.1
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%) and SAVR in one patient (1.2 %). Nine patients (10.5
%) underwent TAVR without previous BAV procedure.

Baseline characteristics

The baseline characteristics of all patients are dis-
played in the Table 1. They all had symptomatic severe
aortic stenosis with mean AVA of 0.6 + 0.2 cm? and were
at high risk for surgical valve replacement. All the patients
were older than 80 years with the mean age 0of 82.2+5.0
years, mean logistic EuroSCORE of 19.2 + 11.8 and 54
(62.8 %) of them were presenting in New Your Heart As-
sociation (NYHA) class 11I/IV. Common comorbidities in-
cluded hypertension (72.1 %), coronary artery disease
(41.9 %) with previous coronary artery bypass grafting (14
%), chronic kidney disease (34.9 %), chronic obstructive
pulmonary disease (26.7 %) and diabetes (25.6 %).

Indications for BAV

Table 1. Baseline characteristics of the overall
population.

EBRIDGE TO TARR

[EsYMPTOMS RELIEF

mNON CARDIAC
SURGERY

CIBRIDGE TO SAVR

I CARDIOGENIC SHOCK

Figure 1. Indications for Balloon aortic valvuloplasty.
Abbreviations: BAV: Balloon aortic valvuloplasty;

TAVR: Transcatheter aortic valve implantation;

SAVR: surgical aortic valve implantation.

hemodynamic unstable patients in cardiogenic shock or
sepsis (1; 1.3 %), oncologic patients prior urgent non-
cardiac surgery (3; 3.9 %) (Figure 1).

Hemodynamic results

Results presented as mean * standard deviation/ number (%)

Abbreviations: NYHA: New York Heart Association; CVI: cerebrovas-
cularinsult; AVA: aortic valve area; AR: aortic regurgitation; LVEF: left
ventricular ejection fraction; BAV: balloon aortic valvuloplasty; PCI:
percutaneous coronary intervention

Indications for BAV included symptoms relief (47;
61.0 %), bridge to SAVR (1; 1.3 %) or TAVR (25; 32.5 %),

) Overall After BAV we observed a significant decrease in
CEDELLCE population | o1 trans-valvular gradient (from 43.8 + 14.4 t033.5
(n = 86) +12.3 mm Hg; p <0.01 ignificant | i
+12. g; p <0.01) and an significant increase in
Age, y 822%5.0] ortic valve area (from 0.6 £0.2t0 0.8+ 0.3 cm? p<
Men, n (%) 28(32.6)| 0.01). Procedural success was achieved in 73% of pa-
Logisitic EuroSCORE 19.2+11.8| tients (reduction of peak to peak gradient on half), how-
Cardiogenic shock, n (%) 1(1.2)| ever84% of patients improved clinically with reduction
NYHA lll and IV, n (%) 54 (62.8)| of pulmonary and right side congestion. Systolic pulmo-
Diabetes, n (%) 22(25.6)| nary artery pressure, left ventricular ejection fraction
Hypertension, n (%) 62 (72.1)| and mitral regurgitation did not significantly change
Hyperlipidemia, n (%) 12 (14.0)| after BAV.
1 0,
(Cs%r;r;:;irz;r;cz\i:;e%%n (%) 36 (41.9) Table 2. Intrahospital complications after BAV.
Chronic obstructive pulmonary disease, n (%) | 23 (26.7) . Overall population BAV
Chronic renal failure, n (%) 30 (34.9) LEIELLS (n=77)
Prior CVI, n (%) 14 (16.3) Overall major complication, n (%) | 5 (6.5%)
Atrial fibrillation, n (%) 43 (50) Death for any causes, n (%) 1(1.3%)
Peripheral artery disease, n (%) 9(10.5) Vascular complications, n (%)
Prior coronary artery bypass grafting, n (%) 12 (14.0) M.ajor 4 (5.3%)
Prior percutaneous coronary intervention, n (%) 17 (19.8) Minor — - 11 (14.3%)
Prior myocardial infarction, n (%) 6 (7.0) Myocardial |.nf.arct|on, n (%) 1(1.3%)
Neoplasma, n (%) 16 (18.6) Acute renal injury, n (%) 3 (4.0%)
Porcelain aorta, n (%) 1(1.2) lodinated contrast induced 1 o
. (1.3%)
Mean aortic gradient, mm Hg 44.2 +13.7| |thyrotoxicosis, n (%)
Baseline AVA, cm? 0.6 +0.2| Abbreviations: BAV: balloon aortic valvuloplasty
AR grade 1-2/4
LVEF, % so0+144| Procedural complications
BAV and PCl as a single procedure 14 (16.3) Complications related to BAV are summarized in
BAV prior non-cardiac surgery 3(3.5)| Table 2. Major intra-hospital complications occurred in

5 patients (6.5 %). We did not observe any death related
to the BAV procedure. One patient died few days after
BAV because of cardiogenic shock developed before the
procedure. Major vascular complication occurred in 4
patients (5.2 %) where we observed pseudo-aneurysm
leading to unplanned surgical intervention. Other vas-
cular complications were classified as minor in 11 pa-
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Table 3. Baseline characteristics according to the treatment after BAV in comparison to patients who
underwent TAVR without previous BAV.

Variables BAV TAVR TAVR only p

N 57 (66.3) 19 (22.0) 9 (10.5)

Age,y 819154 83.1+4.0 82.2+4.9 0.65
Men, n (%) 21 (36.8) 3 (15.8) 4 (44.4) 0.18
Logisitic EuroSCORE, % 20.9+13.5 17.2+7.4 13.8+6.8 0.18
BAV and PCI, n (%) (single procedure) |9 (15.8) 5(26.3) 0 0.21
NYHA, n 3.1 2.9 2.2 <0.01
NYHA Il and IV, n (%) 39 (68.4) 12 (63.2) 2(22.2) 0.03
Diabetes, n (%) 11 (19.3) 7 (36.8) 3(33.3) 0.25
Hypertension, n (%) 36 (63.2) 18 (94.7) 7(77.8) 0.03
Hyperlipidemia, n (%) 6 (10.5) 6 (31.6) 0 0.03
Coronary artery disease, n (%) 22 (38.6) 10 (52.6) 4 (44.4) 0.56
COPD, n (%) 16 (28.1) 5(26.3) 2(22.2) 0.93
Chronic renal failure, n (%) 22 (38.6) 7 (36.8) 1(11.1) 0.27
Stroke, n (%) 10 (17.5) 2 (10.5) 1(11.1) 0.71
Atrial fibrillation, n (%) 28 (49.1) 10 (52.6) 4 (44.4) 0.91
PAOD, n (%) 9 (15.8) 0 0 0.08
CABG, n (%) 8 (14.0) 3(15.8) 1(11.1) 0.95
Previous PCl, n (%) 12 (21.1) 3 (15.8) 2(22.2) 0.87
Previous myocardial infarction, n (%) |6 (10.5) 0 0 0.21
Cancer, n (%) 11 (19.3) 3 (15.8) 1(11.1) 0.81
Porcelain aorta, n (%) 0 1(5.3) 0 0.17
bR IR, 7 46.5+14.3 35.7¢10.5 42.648.8 0.11
before procedure

gﬂﬂee""r”pgrgiiﬁgrté mmHeg 35.5+13.8 40.0+14.2 11.5+2.1 26921
AVA before procedure, cm? 0.610.2 0.610.2 0.710.2 0.11
AVA after procedure, cm? 0.7+0.2 0.8+0.1 1.610.2 :%0710
LVEF, % 52.9+14.9 48.0+15.1 51.7+2.9 0.63
Pulmonary hypertension, mmHg 50.5+16.5 43.5+7.5 44.3+7.5 0.36
Creatinin baseline, pmol/I 118.8+76.1 103.9+33.5 63.0£25.7 0.06
NTproBNP baseline, ng/I 9784.1+10271.4 7255.6111347.9 2477,6£2554.5 0.33

Results presented as mean + standard deviation/ number (%).

* p value related to the comparison of the group that underwent BAV versus the group that underwent TAVR after BAV.
Abbreviations: TAVR: transcatheter aortic valve replacement; TAVR only: TAVR patients without prior BAV; PCI: percutaneous coronary in-
tervention; NYHA: New York Heart Association; COPD: chronic obstructive pulmonary disease; PAOD: peripheral arterial occlusive disease;

AVA: aortic valve area; LVEF: left ventricular ejection fraction.

tients (14.3 %) — need for blood transfusion and pseudo-
aneurysm (2 cases) with no need for vascular surgery.
In one patient we observed iodinated contrast induced
thyrotoxicosis which was successfully treated with thy-
reo-static drugs. The most common complication was
related to vascular access site. Acute myocardial infarc-
tion occurred in one case (1.3 %) and acute renal injury
in 3 cases (4 %). We did not observe severe aortic regur-
gitation, stroke, permanent pacemaker requirement,
tamponade or anular rupture in our patients.

Follow up and mortality

Patients left hospital 13.4 £ 10.8 days after BAV. 92%
of the patients were in follow up of 16.1 + 15.0 months.
Within this period 20 patients were finally bridged to
definitive therapy [TAVR n =19 (22.1 %) and SAVRn =1

(1.2 %)] and 66 (76.7 %) unsuitable for definitive therapy
remained on medical therapy alone. In four patients
BAV was repeated once and in two patients BAV twice
during the follow up period. In 14 cases with concomi-
tant coronary artery disease we performed BAV and PClI
in a single procedure with no increase in peri-procedural
complication rate. In 3 oncologic patients with severe
aortic stenosis that required a major abdominal and gy-
necology surgery BAV and in one case BAV and PCl was
done prior surgery. With angioplasty and BAV we
achieved a good coronary artery flow and an increase in
aortic valve area without any peri-procedural complica-
tions. Successful non-cardiac surgery was consecutively
done in all the 3 cases®™.

Baseline characteristics of patients according to final
treatment after BAV are presented in Table 3 and com-
pared with the characteristics of patients who underwent
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TAVR without previous BAV procedure. Overall, patients
who underwent TAVR without previous BAV were less
symptomatic and presented in lower NYHA functional
class. There were no differences in AVA, mean trans-aor-
tic gradient, pulmonary artery arterial pressure and mi-
tral regurgitation severity between groups (Table 3).
Long-term follow-up was evaluated using Kaplan-
Meier analysis, and survival curves according to treat-
ment after BAV are shown in Figure 2. Patient bridged
to TAVR had better outcomes compared with those
treated by single BAV (p < 0.01). There was no signifi-
cant impact on survival in patients where BAV was per-
formed more than once and in patients where TAVR was
performed without previous BAV (Figure 2—4).

Discussion

BAV was originally proposed as an alternative to SAVR
for severe symptomatic AS, but it was rapidly neglected
secondary to high restenosis rates and no impact on sur-
vival. In the TAVR era BAV was reported to be inferior to
TAVR and comparable to medical therapy in terms of sur-
vival (16). We can confirm that single BAV, without bridge
to TAVR/SAVR is associated to bad outcome. However,
BAV might be a reasonable approach to offer symptom-
atic relief and improvement of the quality of life in se-
lected high risk, comorbid patients and patients with
short life expectancy. Current guidelines support this
statement (recommendation Class IIb) and suggest this
per-cutaneous treatment also as a bridge to TAVR/SAVR
in hemodynamic unstable patients or in patients who
require urgent major non-cardiac surgery (2, 17).

BAV as a definition therapy

In our cohort of very high risk patients with aortic
stenosis, BAV was associated with statistically signifi-
cant hemodynamic results with significant decrease of
mean aortic gradient in BAV, BAV-TAVR and TAVR group
from: 46.5£14.3 mmHg, 35.7£10.5 mmHg, 42.6+8.8
mmHg to 35.5£13.8 mmHg, 40.0£14.2 mmHg and
11.5+2.1, respectively. The major indication for BAV re-
mains symptomatic relief (61.0 %) and due to low major
complication rate (6.5 %) it is a reasonable approach.
Vascular access site complications remain the principal
procedural limitation but with the development of the
technique over the years and with the use of vascular
closure devices we may reduce the complication rate.
In contrast to our experience, Eltchaninoff et al., reported
an increase of aortic valve area > 1 cm? after BAV in most
of the patients, recently (18). From this perspective, BAV
may become a valid therapeutic option for high risk pa-
tients refused for surgery and unsuitable for TAVR. In our
case AVA improved from 0.6 +0.2t00.8+0.3 cm?; p <
0.01. One of the reasons for less effective BAV comparing
to the results published by Eltchaninoff et al. might be
our conservative strategy. Namely, BAV is rather palliative
procedure, therefore we were using undersized balloons
for non-aggressive BAV. The rate of important AR and
annulus damage is therefore zero. Most frequently we
used BAV balloon of dimensions 20 mm, 23 mm and 25
mm in 78%, 18% and 4%, respectively.

Survival Functions
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Figure 2. Kaplan-Meier estimated survival according
to the percutaneous treatment of aortic stenosis.
Abbreviations: BAV: balloon aortic valvuloplasty;

TAVR: transcatheter aortic valve replacement;

TAVR only: TAVR patients without prior BAV
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Figure 3. Kaplan-Meier estimated survival in BAV
patients versus TAVR patients.

Abbreviations: BAV: balloon aortic valvuloplasty;
TAVR: transcatheter aortic valve replacement.
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Figure 4. Kaplan-Meier estimated survival in patients
who underwent a single BAV comparing to patients
who underwent more than one BAV.

Abbreviations: BAV: balloon aortic valvuloplasty.
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BAV as a bridge to TAVR/SARV

Soon after BAV we often observe an improvement of
hemodynamic conditions; an increase of cardiac output, a
reduction of pulmonary pressure and improvement of
other heart failure clinical presentations (16). As a conse-
guence BAV is recommended as a bridge to TAVR/SAVR in
hemodynamic instable patients suffering from a poten-
tially reversible acute state (for example sepsis or cardio-
genic shock) (13). In our cohort we performed BAV in one
patient (1.3 %) who presented in cardiogenic shock but
despite the successful procedure he died because of the
underlying disease. BAV may be also performed in patients
who are good candidates for TAVR but per-cutaneous valve
implantation is not available because of the economical
and organisational issues. In potential TAVR candidates
BAV can also serve as a diagnostic measure, which can help
define the final therapeutic option: BAV or TAVR. In par-
ticular it can be used to asses the potential impact of left
ventricular afterload reduction on improvement of low left
ventricular ejection fraction, severe pulmonary hyperten-
sion and mitral regurgitation improvement.

BAV in cancer patients

We performed BAV in three oncologic patients that
underwent major abdominal surgery soon after the per-
cutaneous aortic procedure. Successful BAV and hemo-
dynamic improvement should decrease the risk for ab-
dominal surgery. In our experience the surgery was
performed without cardiovascular complications. In
selected high risk carcinoma patients BAV may be used
as bridge to TAVI which can be done if there is no carci-
noma relapse one year after non-cardiac surgery.

Long-term outcome after BAV

According to the results of PARTNER trial (16) we
demonstrated that BAV remain a palliative measure,
with no impact on long-term survival. The survival in
patients bridged to TAVR after BAV was significantly
higher than in those treated with BAV alone. In patients
where BAV was performed more than once in compari-
son to single BAV we observe a trend of better outcome
that is not statistically significant. We can speculate that
early restenosis of the dilated aortic valve and consecu-
tive relatively rapid re-increase in left ventricular after-
load prevent ventricular reverse remodelling and exhibit
the positive impact on the left ventricle we achieved
early after BAV. With prevention of restenosis we may
find a way to improve the outcome after BAV but until
now no treatment strategy succeed in this attempt (20).

Conclusion

In conclusion, BAV is a feasible and reasonably safe
approach to offer temporary relief in selected high risk
patients with symptomatic severe aortic. BAV can be
utilized as a part of a complex to improve the quality of
life, decrease the surgical risk for major non-cardiac sur-
gery or as a bridge to surgical or trans-catheter aortic
valve implantation. BAV can also be used to select the
best further treatment strategy (TAVR/SAVR or medical

therapy) in patients with impaired LV function, pulmo-
nary hypertension and important mitral regurgitation.
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