B ORIGINAL ARTICLE

Safety and efficacy of repeated balloon aortic valvuloplasty
in patients with symptomatic severe aortic stenosis

Danuta Sorysz"?, Artur Dziewierz" 2, tukasz Rzeszutko' 2, Agata Wiktorowicz', Wojciech Wojakowski?,
Radostaw Parma®, Agnieszka Skoczynska®, Pawet Kleczynski*®, Maciej Stapdr*>, Dariusz Dudek™®,

Jacek Legutko*>, Stanistaw Bartus'?

'Clinical Department of Cardiology and Cardiovascular Interventions, University Hospital, Krakéw, Poland

22" Department of Cardiology, Jagiellonian University Medical College, Krakow, Poland

*Division of Cardiology and Structural Heart Diseases, Medical University of Silesia, Katowice, Poland

“Clinical Department of Interventional Cardiology, John Paul Il Hospital, Krakow, Poland

Department of Interventional Cardiology, Institute of Cardiology, Jagiellonian University Medical College, Krakéw, Poland
®Digital Medicine & Robotics Center, Jagiellonian University Medical College, Krakéw, Poland

Correspondence to:

Danuta Sorysz, MD, PhD,

2" Department of Cardiology,
Institute of Cardiology,
Jagiellonian University Medical
College, Jakubowskiego 2,
30-688 Krakéw, Poland,

phone: +48 12 400 22 50,
e-mail: danuta.sorysz@uj.edu.pl

Copyright by the Author(s), 2023
DOI: 10.33963/KP.a2023.0021

Received:
November 1, 2022

Accepted:
December 10, 2022

Early publication date:
January 17,2023

366

ABSTRACT

Background: Long-term outcomes of balloon aortic valvuloplasty (BAV) in patients with severe
symptomatic aortic stenosis (AS) are poor, and this procedure needs to be repeated in selected cases.

Aims: We aimed to investigate the safety and efficacy of repeated BAV (reBAV).

Methods: We included consecutive patients who underwent reBAV in three Polish centers between
2010 and 2019. Baseline clinical, echocardiographic, procedural, and outcome data were analyzed.

Results: Thirty-five patients (median age 81.5 years, 57.1% women) who underwent reBAV were
enrolled. In 42.9% of the patients, index BAV was considered a palliative treatment, and in 54.3%
a bridge to definitive treatment. Index BAV decreased peak aortic valve gradient (pAVG) from a me-
dian of 78.0 mm Hg to 46.0 mm Hg (P <0.001). After a mean of 255.8 days, reBAV was performed. In
most cases (71.4%), the reason for reBAV was the worsening of heart failure symptoms and in 54.3%
of patients, reBAV was still considered a palliative option. A decrease in pAVG max from a median of
73.0 mm Hg to 45.0 mm Hg (P <0.001), comparable to index BAV, was observed. The frequency of
complications were numerically higher for repeated procedures. During the median (IQR) follow-up
of 403.0 (152.0-787.0) days from the index procedure, 80.0% of the patients died.

Conclusions: Acute hemodynamic results of reBAV are comparable to those achieved during index
BAV. However, reBAV may carry an increased risk of complications. Moreover, mortality is high due
to unfavorable risk profiles or delays in receiving definitive therapy.
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INTRODUCTION
Nowadays, surgical aortic valve replacement
(SAVR) and transcatheter aortic valve implan-
tation (TAVI) are complementary treatment
options for patients with severe symptomatic
aortic stenosis (AS) [1-3]. The Heart Team
selects the optimal mode of the intervention
(SAVR or TAVI) based on the patient’s age, life
expectancy, comorbidities, anatomical and
procedural characteristics, the relative risk of
both procedures, as well as local experiences
and resources [4]. Alternatively, balloon aor-

tic valvuloplasty (BAV) may be considered
a bridge to TAVI or SAVR in patients with
decompensated AS and those with severe
AS who require urgent high-risk noncardiac
surgery or in advanced heart failure, also as
destination therapy or a bridge to recovery
[4-6]. In this context, BAV could be used to
verify whether patient frailty is related to
valvular disease or not. Several studies have
confirmed that this procedure is feasible and
has acceptable safety [7-14]. However, con-
trary to TAVI, long-term clinical and hemody-
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WHAT'S NEW?

Limited data exist on the effectiveness of repeated balloon aortic valvuloplasty in patients with severe symptomatic aortic stenosis
who have previously undergone this treatment. We concluded that in a group of 35 patients the acute hemodynamic results
of the repeated procedure were comparable to those achieved during index balloon aortic valvuloplasty. However, mortality
after repeated balloon aortic valvuloplasty was high due to unfavorable risk profiles or delays in receiving definitive therapy.

namic outcomes of BAV are relatively poor, and in selected
cases, the procedure needs to be repeated [7, 8, 11]. On the
other hand, there are limited data on the effectiveness of
repeated BAV in patients who have previously undergone
this treatment [7]. Thus, we sought to investigate the
safety and efficacy of repeated BAV in patients with severe
symptomatic AS.

METHODS
We included 35 consecutive patients with severe symp-
tomatic AS (aortic valve area [AVA] <1 cm?, indexed AVA
<0.6 cm?/m? body surface area) who underwent repeated
BAV in three Polish centers experienced in diagnostics
and interventional treatment of AS between 2010 and
2019. After carefully considering absolute risks, benefits,
and further treatment plans, all patients were qualified
for the procedure by an interdisciplinary group of spe-
cialists (Heart Team). The major contraindication for BAV
was baseline severe aortic regurgitation (AR) determined
by transthoracic echocardiography (TTE). The procedure
was guided by TTE and fluoroscopy, and the procedural
technique of repeated BAV was virtually the same as for the
initial intervention. Femoral access was used, starting with
a 6 F sheath and changing to the destination sheath de-
pending on the balloon size. Anticoagulation was achieved
with unfractionated heparin with activated clotting time
between 250 and 300 seconds. Balloon catheters from
Osypka Medical Inc. (Berlin, Germany) were used in most
cases. Balloon sizes were chosen based on a minimal annu-
lus diameter measured on TTE or computed tomography
(CT) scans, if available. The exact positioning of the balloon
during inflation was obtained by rapid ventricular pacing
from either the 0.035" ultra-stiff guidewire inserted into the
left ventricle or a temporary pacemaker inserted into the
right ventricle. The number of balloon inflations was left
to the operator’s discretion. Usually, patients underwent
re-inflation if no complete balloon expansion or desired
gradient drop was achieved. The balloon was replaced with
alarger device if, despite full inflation, wedging at the aortic
valve was not achieved, and some movement of the balloon
was visible. The procedure was considered successful if
a transaortic gradient drop of more than 30% compared
to the baseline was observed. Vascular access was closed
with manual compression or an Angio-Seal (Terumo, Tokyo,
Japan) vascular closure device or ProGlide system (Abbott
Vascular Inc, Menlo Park, CA, US), depending on the prefer-
ence of operators and centers. Pre, post-BAV, and follow-up

echocardiograms were performed by the same experi-
enced echocardiographers using measurements of AVA
(the continuity equation), peak (pAVG), and mean (mAVG)
aortic valve gradients, degree of AR and left ventricular
ejection fraction (LVEF) based on Doppler and conventional
2-dimensional echocardiography. The transvalvular aortic
gradient was measured just before and after each inflation
while verifying the degree of aortic regurgitation.

Selected data were retrieved from retrospective in-
stitutional databases from each participating center and
combined into a single database. The aforementioned
echocardiographic parameters and baseline clinical and
procedural data were analyzed. Baseline clinical data in-
cluded age, sex, anthropometric parameters, comorbidities,
dyspnea symptoms, and periprocedural risk assessed with
the Logistic EuroSCORE and Society of Thoracic Surgeons
risk score. Description of procedures focused on the num-
ber of inflations and balloon catheter size. Assessment of
periprocedural complications included frequency of cardi-
acarrest, bleeding (pericardial, access site), ischemic stroke,
atrioventricular conduction disturbances, and severe aortic
regurgitation. During routine clinical follow-ups, data on
all-cause mortality and receiving definitive treatment were
collected. In addition, changes in the initial treatment
strategy were noted.

Statistical analysis

Categorical variables were expressed as number of pa-
tients (percentages). Continuous variables were expressed
as mean with standard deviation (SD) or median with
interquartile range (IQR). The Kolmogorov-Smirnov and
Shapiro-Wilk tests were used to determine normal dis-
tribution. Differences between baseline and follow-up
parameters were evaluated with paired Student’s t-test
or Wilcoxon signed-rank test for continuous variables and
with McNemar's test for categorical (nominal) variables, as
appropriate. Differences between patients who died and
survived were assessed with the independent samples
Student’s t-test or Mann-Whitney U test, and Fisher’s exact
test as appropriate. All tests were 2-tailed, and a P-value
<0.05 was considered statistically significant. All statistical
analyses were performed with STATISTICA 13.3 (TIBCO
Software Inc,, Palo Alto, CA, US).

RESULTS
Thirty-five patients with severe symptomatic AS (median
age 81.5 years, 57.1% women) who underwent repeated
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Table 1. Baseline characteristics

“ e (n 7) i (n 28) m

Age, years, median (IQR) 81.5(79.0-91.5)
Age =80 years, n (%) 23(65.7)
Female sex, n (%) 20(57.1)
Height, cm, mean (SD) 162.1 (10.5)
Weight, kg, mean (SD) 70.5 (14.3)
Body mass index, kg/m?, mean (SD) 26.8(6.8)
Body surface area, m? mean (SD) 1.8(0.2)
Arterial hypertension, n (%) 32(91.4)
Diabetes mellitus, n (%) 16 (45.7)
Previous MI, n (%) 19 (54.3)
Previous PCl, n (%) 19 (54.3)
Previous CABG, n (%) 5(14.3)
eGFR, ml/min/1.73 m? mean (SD) 54.8 (13.0)
Atrial fibrillation, n (%) 18(51.4)
Previous stroke, n (%) 9(25.7)
Carotid artery stenosis, n (%) 2(5.7)
Chronic obstructive pulmonary disease, n (%) 5(14.3)
Pacemaker, n (%) 9(25.7)
New York Heart Association class, n (%)

Il 2(5.7)

1l 24 (68.6)

\" 9(25.7)
Logistic EuroSCORE, mean (SD) 4.7 (4.4)
STS risk score, mean (SD) 4.0(1.8)
Peak AVG, mm Hg, mean (SD) 94.8 (28.9)
Mean AVG, mm Hg, mean (SD) 58.6(17.8)
Aortic valve area, cm? median (IQR) 0.5 (0.5-0.6)
Aortic regurgitation, n (%)

None/trivial 10 (28.6)

Mild 23(65.7)

Moderate 2(5.7)

Severe 0(0.0)
Severe mitral regurgitation, n (%) 3(8.6)
LVEF, %, median (IQR) 49.0 (45.5-50.0)
sPAP, mm Hg, mean (SD) 56.0 (19.0)

79.0 (78.5-80.5) 82.0 (79.0-90.0) 0.48
4(57.1) 19 (67.9) 0.67
4(57.1) 16 (57.1) 1.00

166.0 (12.5) 163.0(10.5) 0.88
66.7 (15.3) 75.0 (19.5) 0.95
25.0(9.3) 28.2(6.2) 0.72
1.7(0.2) 1.8(0.3) 0.99
7 (100.0) 25(89.3) 0.60
4(57.1) 12 (42.9) 0.68
4(57.1) 15 (53.6) 1.00
5(71.4) 14 (50.0) 0.42
0(0.0) 5(17.9) 0.56
56.7 (10.4) 53.0(13.2) 0.16
2(28.6) 16 (57.1) 0.23
1(14.3) 8(28.6) 0.65
0(0.0) 2(7.1) 1.00
0(0.0) 5(17.9) 0.56
1(14.3) 8(28.6) 0.65
0.14
0(0.0) 2(7.1)
7 (100.0) 17 (60.7)
0(0.0) 9(32.1)
3.0 (0.6) 4.7 (4.2) 0.80
3.7 (0.6) 4.4(2.1) 037
95.3(31.0) 96.7 (35.0) 0.68
63.7 (22.9) 59.2(21.5) 0.46
0.5 (0.4-0.6) 0.5 (0.4-0.6) 0.84
0.68
1(14.3) 9(32.2)
6(85.7) 17 (60.7)
0(0.0) 2(7.1)
0(0.0) 0(0.0)
0(0.0) 3(10.7) 0.60
47.5 (40.0-55.0) 42.5(25.0-50.0) 0.18
36.7 (22.2) 52.8(16.4) 0.06

Abbreviations: AVG, aortic valve gradient; eGFR, estimated glomerular filtration rate; IQR, interquartile range; LVEF, left ventricular ejection fraction; MI, myocardial infarction;
PCl, percutaneous coronary intervention; SD, standard deviation; sPAP, systolic pulmonary artery pressure; STS, Society of Thoracic Surgeons

BAV were enrolled. Repeated BAVs constituted 4.4% of all
BAV procedures performed during the study period. Data
on baseline characteristics and echocardiographic assess-
ment before index BAV are summarized in Table 1.In most
patients (85.7%), acute decompensation was the primary
reason forindex hospitalization. In 15 (42.9%) patients, BAV
was considered a palliative treatment of AS, in 18 (51.4%)
a bridge to TAVI, in 1 (2.9%) a bridge to SAVR, and 1 (2.9%)
was performed to reduce the risk of noncardiac surgery
(Figure 1).The technical details of the procedure are shown
in Table 2. BAV resulted in a decrease in pAVG from a me-
dian of 78.0 (60.0-104.5) mm Hg to 46.0 (34.0-70.0) mm
Hg and in mAVG from a median of 47.0 (36.0-64.5) mm Hg
to 30.0 (19.0-44.0) mm Hg (P <0.001 for both, Figure 2).
A reduction of more than 30% in pAVG and mAVG was ob-
served in 27 (77.1%) and 20 (57.1%) patients, respectively.
One access site bleeding and 1 complete heart block were
observed (Table 2).
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After amedian (IQR) of 163.5 (78.0-412.0) days, repeat-
ed BAV was performed. In most cases (71.4%), the reason for
repeated BAV was the worsening of heart failure symptoms,
followed by angina symptoms in 8 (22.9%) patients and
syncope in 2 (5.7%) patients. In 19 (54.3%) patients, BAV
was considered a palliative treatment of AS, in 14 (40.0%)
a bridge to TAVI, in 2 (5.7%) a bridge to SAVR. The median
AVA was 0.5 (0.4-0.6) cm?, and the median LVEF was 40.0%
(22.5%-50.0%). The number of balloon inflations was
comparable between repeated and index BAV. However,
the mean balloon catheter size was higher for repeated
BAV (Table 2). Repeated BAV resulted in a decrease in
PAVG from a median (IQR) of 73.0 (49.0-98.5) mm Hg to
45.0 (31.0-67.0) mm Hg (P <0.001, Figure 2). A reduction
of more than 30% in pAVG and mAVG was observed in
27 (77.1%) and 22 (62.9%) patients, respectively. Acute re-
duction in pAVG and mAVG was comparable between index
and repeated BAV — index BAV vs. reBAV, median (IQR)
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Palliative treatment
n=15

Bridge to TAVI
n=18

Palliative treatment
n=19
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Figure 1. Assigned strategies before index and repeated balloon aortic valvuloplasty. Change in the initial treatment strategy marked with

a dotted line

Abbreviations: BAV, balloon aortic valvuloplasty; SAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve replacement
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Figure 2. Peak (A) and mean (B) aortic valve gradient before and after index and repeated balloon aortic valvuloplasty. Data presented as

median (interquartile range)

Abbreviations: AVG, aortic valve gradient; BAV, balloon aortic valvuloplasty

ApAVG 30.0 (18.0-43.0) mm Hg vs. 20.0 (14.0-39.0) mm
Hg; P=0.08; AmAVG 17.0 (11.0-27.0) mm Hg vs. 14.0 (7.0-
-20.0) mm Hg; P = 0.44). The frequency of periprocedural
complications was numerically higher for repeated BAV
procedures (Table 2). One observed cardiac tamponade
resulted in periprocedural death. There were 8 additional
deaths during the hospital stay, with overall in-hospital
mortality of 25.7%.

The final treatment allocation and outcomes are shown
in Figure 1. Five (14.3%) patients underwent TAVI. Addition-
ally, in 5 patients another BAV procedure was performed
after a median (IQR) of 405.0 (373.0-687.0) days. Of them,
in 3 (60.0%) patients, the reason for repeated BAV was
worsening heart failure symptoms, and in 2 (40.0%)
angina symptoms. In 4 (80.0%) patients, the procedure
was considered palliative treatmentand, in 1 (20.0%) case,
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Table 2. Procedural characteristics

Variable Index BAV ReBAV #1 ReBAV #2 P-value®
(n=35) (n=35) (n=5)

Wire pacing, n (%) 7 (20.0)
Number of inflations, mean (SD) 1.7 (0.6)
>2 inflations, n (%) 21 (60.0)
Balloon catheter size, mm, mean (SD) 21.9(2.0)
Pericardial bleeding, n (%)

<mild 0(0.0)

Tamponade 0(0.0)
Access site bleeding, n (%) 1(2.9)
Complete AV block, n (%) 1(2.9)
Cardiac arrest, n (%) 0(0.0)
Ischemic stroke, n (%) 0(0.0)
Severe aortic regurgitation, n (%) 1(2.9)
Any complication, n (%) 3(8.6)

5(14.3) (20.0) 0.63
1.5(0.8) 1.3(0.5) 033
16 (45.7) 2 (40.0) 0.27
225(1.9) 23.0(1.4) 0.008

129 0(0.0)

1(2.9) 0(0.0)

0(0.0) 0(0.0) —

1(2.9) 0(0.0) —

129 0(0.0) -

1(2.9) 0(0.0) —

2(5.7) 1(20.0) —
7 (20.0) 1(20.0) 0.22

Abbreviations: AV, atrioventricular; BAV, balloon aortic valvuloplasty; SD, standard deviation

For index BAV vs. repeated BAV #1

was related to the need for urgent noncardiac surgery. One
periprocedural death occurred. Finally, during the median
(IQR) follow-up of 403.0 (152.0-787.0) days from the index
procedure, 28 (80.0%) patients died. No significant differ-
ences in baseline clinical characteristics between patients
who survived and died at follow-up were found, except for
a trend toward lower baseline systolic pulmonary artery
pressure in survivors (Table 1). The first BAV resulted in
a higher reduction of mAVG (median [IQR] 18.0 [17.5-38.5]
mm Hg vs. 16.0 [10.0-24.0] mm Hg) in patients who sur-
vived, but with no difference in ApAVG (42.0 [28.5-52.0]
mm Hg vs. 27.5 [18.0-42.5] mm Hq). No differences in the
acute results of reBAV were observed between patients
who survived and died at follow-up (median [IQR] AmAVG
14.0 [9.5-17.5] mm Hg vs. 14.0 [7.5-26.0] mm Hg and
ApAVG 20.0[20.0-25.0lmm Hg vs.20.5[13.0-39.5] mm Hg).
Patients who survived were more likely to be treated with
TAVI after repeated BAV (4 [57.1%] vs. 1 [3.7%]; P = 0.003).

DISCUSSION
The major finding of our study is that repeated BAV is feasi-
ble and has acceptable periprocedural risk. It may allow the
achievement of acute hemodynamic results comparable to
those gained during index BAV. However, mortality after
repeated procedures remains high due to unfavorable risk
profiles or delays in receiving TAVI or SAVR.

Previous studies have confirmed that BAV increased
AVA and decreased pAVG and mAVG immediately after the
procedure [7-14]. However, this effect lasts 1 month and
gradually diminishes at 6-12 months in relation to baseline
values [11]. It may result in the recurrence of AS severity
and symptoms after some time following BAV. On the
other hand, this period might be sufficient for bridging to
destination therapy (TAVI or SAVR) [10, 11, 14]. Additionally,
arecovery in LVEF after BAV is frequently observed and may
resultin requalification from the palliative treatment to TAVI
or SAVR in patients with severe AS. However, in systems
with limited access to TAVI, even a period of several months
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might not be sufficient to receive definitive treatment.
Thus, repeated BAV may allow additional time for a final
treatment decision in selected patients [7]. Our study has
confirmed a significant heterogeneity in clinical presen-
tations and responses to BAV in patients with severe AS.
Almost one-fourth of patients scheduled for palliative treat-
ment at index BAV were requalified for bridging to TAVI at
repeated BAV. On the other hand, almost half of the patients
considered potential candidates for TAVI were requalified
for palliative care due to limited response to treatment or
additional findings during TAVI-related diagnostic workup.
It should be stressed that despite favorable results of BAV,
long-term mortality remained high, especially in patients
in the palliative treatment cohort [8, 14]. What is more, this
group of patients belongs to the elderly population with
the largest burden of comorbidities. Thus, their expecta-
tions about the scope of treatment recommended by the
guidelines must be considered when making therapeutic
decisions. Importantly, we have previously confirmed
a significant rate of noncardiac deaths (approximately
15%) in those patients, which may be related to multiple
comorbidities leading to the denial of definitive treatment
in this group [14].

The procedural technique of repeated BAV was virtually
the same as for the index procedure. However, operators
were more likely to use larger balloon catheters during
repeated BAV. On the other hand, the observed reductionin
pPAVG and mAVG was comparable for the index and repeat-
ed procedure. In contrast, Bordoni et al. reported a lower
mMAVG and AVA increase between the first and second
procedures [7]. The rate of periprocedural complications for
index BAV was lower than reported in previous studies. It
might be related to selection bias, as patients with peripro-
cedural complications during index BAV were less likely to
have repeated procedures and be included in the present
study. The risk of complications for repeated BAV was nu-
merically higher than for index BAV but still acceptable in
terms of the findings of the previous studies. Anincreased
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risk of vascular complications is mainly related to large ar-
terial sheaths (8-10 F) and concomitant peripheral arterial
disease [14]. Also, temporary pacemaker insertion might
contribute to access-site-related complications and/or
tamponade. It may be avoided using rapid ventricular
pacing from the 0.035" ultra-stiff guidewire inserted into
the left ventricle [13] or even with the no-pacing technique
of BAV [15]. Interestingly, in the study by Bordoni et al. [7],
patients who experienced a vascular complication during
index BAV appeared somehow at higher risk of repeated
complications, possibly in relation to the individual risk
profile. Therefore, these patients may deserve particular
attention during repeated procedures. In line with the
previous studies [7], the incidence of severe acute aortic
regurgitation and acute cerebrovascular events for repeat-
ed BAV was low. Thus, these observations may confirm the
safety of multiple BAVs.

Luckily, increasing the availability of TAVI in Poland
[16] may limit the need for BAV, particularly repeated BAV
as a bridging strategy. However, BAV may still be con-
sidered in patients with severe symptomatic AS before
intermediate or high-risk noncardiac surgery, in whom
TAVI and SAVR are unfeasible [4, 17]. On the other hand,
Debry et al. [18] confirmed that patients with severe AS
managed conservatively before urgent noncardiac surgery
are at high risk of events. However, a systematic invasive
strategy using BAV does not significantly improve clinical
outcomes. Interestingly, Kojima et al. [19] suggested that
TAVI s a viable option even in patients with severe AS and
active malignancies. Female sex, high body-mass index,
New York Heart Association (NYHA) class IlI/IV, atrial fibrilla-
tion, albumin levels, and cancer metastasis were predictors
of mortality. Meanwhile, active cancer without metastasis
was not associated with increased mortality rates. Thus,
these findings suggest the validity of the TAVI option in-
stead of BAV as a palliative treatment in patients with active
malignancies, especially in patients without metastases
and life expectancy <1 year due to noncardiac causes [19].
However, such an approach may not be available in systems
with limited access to TAVI [16].

The study is limited by retrospective data collection
and a small sample size. Proper assessment of possible
predictors of mortality at follow-up was not possible. The
definition of procedural success may differ from that report-
ed in previous studies. Currently, due to increased access
to TAVI, the need for repeated BAV, especially as a bridge
to TAVI, may be restricted. The procedures were performed
in high-volume academic centers; thus, the findings may
not apply to other settings.

In conclusion, the hemodynamic results of repeated
BAV are comparable to those achieved during index BAV.
However, repeated BAV may carry an increased risk of
periprocedural complications. Mortality after repeated BAV
is high due to unfavorable risk profile (palliative treatment)
or delay in receiving definitive therapy.
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