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ABSTRACT

Aortic stenosis is a highly prevalent cardiac valvular disease in adult population and increases with age. After symp-
toms onset in severe aortic stenosis, the prognosis begins to decline; however, new studies demonstrate an increased
risk of death in patients with moderate disease. Although majority of patients with severe aortic stenosis are treated
electively with surgical or transcatheter aortic valve replacement, not all patients are candidates for the interventions.
Balloon aortic valvuloplasty can be used successfully as a bridge to definitive treatment or as palliative therapy in
patients who are not candidates for either procedure. In this paper, we discuss and justify the current indications and
contraindications for balloon aortic valvuloplasty. Additionally, the step-by-step procedure technique and most fre-
quent complications are described. Moreover, we presented the safety and feasibility of balloon aortic valvuloplasty
in 33 consecutive patients on a waiting list for transcatheter aortic valve replacement at 3 expert Italian centers during
the first and second waves of COVID-19, when clinical priorities focused on hospitalized patients with pneumonia.
The procedural success in this cohort of patients was achieved in 31 patients (94%). Out of the 33 patients enrolled,
15 underwent TAVR within 542 months from the valvuloplasty, and at 6-month follow-up a total of 2 patients died for
end-stage heart failure.

(Cite this article as: Cortese B, Sanchez-Jimenez E, Ielasi A, Bicciré F, Budassi S, Prati F, et al. Balloon aortic valvulo-
plasty review: the revenge during COVID-19 outbreak? Minerva Cardiol Angiol 2022;70:572-80. DOI: 10.23736/S2724-
5683.22.05997-X)
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ortic stenosis (AS) is the second most com-

mon heart valve disease after mitral regur-
gitation; the main underlying cause of AS is
calcific degeneration, typical in the older popu-
lation, while congenital bicuspid and rheumatic
diseases are less common, and generally occur
in a younger population.! The prevalence of
calcific aortic sclerosis is around 1-2% in pa-
tients under 65 years old and increases with age,
reaching 9.8% in the range of 80 to 89 years.23
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AS manifests with exertional dyspnea, angina,
and less frequently with syncope and heart fail-
ure. It is a progressive disease and symptoms
usually deteriorate along with the severity of
the stenosis.# The prognosis is poor even in
mildly symptomatic patients with severe AS un-
less left ventricular (LV) obstruction is relieved.
The average survival rate in this scenario is 1
to 3 years after initial symptoms;5 however, a
recent observational study showed low sur-
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vival rates with a markedly increased risk of
death in patients with moderate (mean gradi-
ent >20 mmHg) AS.¢ Although most patients
with severe AS are treated on an elective basis
with either surgical aortic valve replacement
(SAVR) or transcatheter aortic valve replace-
ment (TAVR), not all patients are candidates for
both procedures, and a delay in treatment has
been associated with poor mid-term prognosis,
higher mortality and recurrent hospitalization.”
In addition, not all centers with catheterization
laboratory have access to perform TAVR or
SAVR.

Balloon aortic valvuloplasty

Historical evolution

Balloon aortic valvuloplasty (BAV) for AS
dates back to 1986 when Cribier et al. intro-
duced the concept reporting 44 elderly patients
treated with this technique through the femoral
artery in 34 and the brachial artery in 10 cas-
es. They performed multiple inflations ranging
from 10 to 240 seconds, and only one patient
developed syncope during the procedure. The
mean transvalvular pressure gradient fell from
76+/-25 mmHg to 30+/-13 mmHg (P<0.001).
After dilatation, the final gradient was less than
or equal to 40 mmHg in 37 cases and residual
aortic regurgitation was only observed in only
one case. Two patients died during hospitaliza-
tion, without any other serious complications.
With a mean follow-up of 6 months, there was
an improvement in symptoms in the vast major-
ity of cases and, in particular, syncopal and angi-
nal attacks disappeared, but 4 patients remained
in functional class III or IV after the interven-
tion.8 Initial enthusiasm around this technique,
promoted as an alternative to SAVR in older AS
patients, waned with subsequent large registries,
which showed the inability of this procedure to
alter the natural history of calcific AS and its as-
sociated procedural morbidity. For many years,
BAV has been used as palliative treatment for
short-term relief of symptoms in elderly, non-
surgical patients.nThe first-in-human case of
a percutaneous transcatheter aortic valve im-
plantation through a trans-septal approach was
presented by Cribier et al. in 2002.% The valve
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was composed of 3 bovine pericardial leaflets
mounted within a balloon-expandable stent: this
intervention rejuvenated and revived the dor-
mant field of BAV, thanks to the need to predi-
late the stenosed valve to facilitate placement of
the prosthesis.® Subsequently in 2011, after the
publication of a registry from a German-Swiss-
Brazilian investigators group, which showed the
safety and feasibility of TAVR without predila-
tion, resulting in similar efficacy to the standard
TAVR approach, the rate of BAV was decreased
again.!0 The DIRECTAVI study randomized 236
patients undergoing TAVR with balloon-expand-
able Edwards SAPIEN 3 to prior predilation
versus no predilation prior to prothesis implan-
tation, and investigators found the non-inferior-
ity of this technique, however, 7 (5.8%) patients
in the group without predilation required BAV to
cross the valve, mainly due to severe valve cal-
cification and bicuspid anatomy; this suggested
the need for an adequate prior selection, based
on patient characteristics.!!. 12 The same clini-
cal trial mentioned above was unable to dem-
onstrate a reduction in procedure time without
predilatation. On the contrary, in a study from
the Italian GISE registry, BAV before TAVR re-
duced procedural time, mainly with the Evolut
(Evolut S.p.A., Castegnato, Brescia, Italy) and
Portico devices (Abbott Laboratories, Chicago,
IL, USA).13 The global rate of BAV has possibly
increased, but mainly due to the increase in the
number of patients with severe AS treated per-
cutaneously. BAV can be successfully used as a
bridge to SAVR and TAVR, as demonstrated by
a recent study in 3691 TAVR patients, of whom
1426 underwent BAV. Timing to TAVR was be-
fore discharge in 7.4%, within 30 days in 35%,
between 31 and 90 days in 47%, between 91 and
180 days in 14%, and >180 days in 4%. Follow-
ing propensity score-matched cohorts of patients
undergoing direct TAVR versus those with prior
BAY, in-hospital mortality during TAVR admis-
sion was similar (3.7% vs. 3.5%; P=0.91). Major
complications, length of stay, and discharge dis-
position were also comparable. However, hospi-
talization costs were higher in the direct TAVR
group.!4 BAV has also been used as palliative
therapy in patients who have been denied SAVR
or TAVR. One study analyzed the long-term
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outcomes of 212 non-surgical patients with age
ranging between 59 to 104 years who underwent
BAV. Twenty-four percent of patients underwent
a second BAV and 9% a third BAV. The Dura-
tion of symptom relief after the first, second,
and third BAV procedures were 18+3, 1544,
and 10+3 months, respectively. The median sur-
vival rate after BAV was 35 months. Survival
rates at 1, 3, and 5 years after the procedure were
64%, 28%, and 14% respectively. Patients with
repeated BAV had higher 3-year survival rates
than patients who underwent a single BAV pro-
cedure (P=0.01).15

Indications and contraindication for BAV

The ESC guidelines give an indication to BAV
for patients with AS requiring urgent high-risk
non-cardiac surgery and those with decompen-
sated AS, however the full list of indications is
broader (Table I).7- 16 Indeed, it is recommended
to suggest BAV after discussion with the Heart
Team. Although most patients with AS will un-
dergo SAVR or TAVR, a group of patients can
be considered unsuitable for both procedures
and then BAV may represent an alternative.
High-risk patients who are considered for TAVR
after SAVR exclusion, may be treated with BAV
instead for various factors such as: inadequate
arterial vascular access, inadequate annular size
(<18 mm, >29 mm), elevated risk of coronary
ostium obstruction and estimated life expectan-
cy <l year.!6 Moreover, in patients with acute

TABLE L.—Indications for the treatment with balloon
aortic valvuloplasty.
Definitive treatment
Palliative purposes in high-risk patients not eligible to
TAVR or SAVR after heart team discussion
Bridge to SAVR or TAVR
Acute heart failure due to severe AS without clinical
improvement after medical and supportive therapy
When there is doubt as to the relative contribution of the
AS to the patient’s condition and symptoms; and there is
improvement after the BAV
To assess improvement in left ventricular function in
patients with low-flow low gradient AS and very low
LVEF
Patients who require urgent high-risk non-cardiac surgery
Severely symptomatic pregnant women with AS
AS: aortic stenosis; BAV: balloon aortic valvuloplasty; LVEF:

left ventricular ejection fraction; SAVR: surgical aortic valve
replacement; TAVR: trans-catheter aortic valve replacement.
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presentation with cardiogenic shock and AS, a
scenario in which TAVI represents a risky pro-
cedure, BAV can be the first choice; however,
the prognosis in this group of patients is always
poor. For patients at high risk, need for complex
coronary intervention,!” very low LV ejection
fraction, and patients with hemodynamic in-
stability, ventricular assist devices can be used
simultaneously. In 2013 Megaly et al. showed
the first case of BAV assisted by Impella.!8 Mod-
erate to severe aortic regurgitation is the most
common contraindication to for BAV, as well as
active endocarditis, aortic tumors, vegetations
and LV thrombus.

Procedure technique step by step

The procedure is usually carried out under con-
scious sedation and performed by experienced
interventional cardiologists. The most com-
mon approach is retrograde, with passage of the
guidewire through the ascending aorta, but a
trans-septal approach can be performed as well.
Procedural success can be defined as a reduc-
tion of 50% of trans-aortic gradient or after a
satisfactory reduction in trans-aortic gradient
(<30 mm Hg) and increase in valve area (>25%
vs. baseline). Rapid right ventricular pacing is
not mandatory but is strongly recommended
due to the reduction in LV stroke volume dur-
ing balloon inflations, to stabilize the balloon in
the aortic annulus. In a study, 51 patients were
randomized to pacing or not during BAV and the
authors found no difference in terms of efficacy
and safety of the procedure, but tolerance was
lower in the pacing group.!® The pacing modal-
ity may vary, the standard being from the right
ventricle, but pacing can also be obtained from
the LV through the 0.035” guidewire. In a study
of 202 patients, LV pacing showed a lower ra-
diation dose (0.16 vs. 0.28 Gy, P=0.02), short-
er fluoroscopy (5.4 vs. 10.3 min, P=0.01) and
overall procedure time (17 vs. 25 min, P=0.01)
compared to RV pacing.20 After aortic valvulo-
plasty there is a certain risk of persistent com-
plete atrio-ventricular block, especially in those
patients with wide QRS at baseline or any other
pre-existing conduction abnormality. Complete
atrio-ventricular block usually resolves within
12 to 24 hours but may be permanent in a small
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portion of patients. Laynez et al. demonstrated
in a cohort of 271 patients a risk of new conduc-
tion defects in 8.5% of patients,2! but only 1.5%#
required definitive pacemaker implantation; the
main factor associated with the risk of postpro-
cedural conduction abnormalities was balloon
oversizing, when comparing the balloon/LV out-
flow tract diameter ratio (1.21 for the group with
new conduction defects vs. 1.15 for the group
without defects).22 Transesophageal echocar-
diography (TEE) (especially with 3D imaging)
measurement of the aortic annulus diameter has
shown to be more accurate than transthoracic
echo with studies comparing direct intraopera-
tive measurement.23 TEE is not inferior to com-
puted tomography for preoperative aortic an-
nulus sizing, but in patients with a pronounced
oval-shaped annulus, the computer tomography
seems to be more accurate.2! From the clinical
standpoint, for BAV transthoracic echo is more
practical and less invasive and is the first choice
in most patients. This is a stepwise approach to
modern-era BAV:

 preprocedural imaging is usually non-
invasive with transthoracic echocardiogram to
measure LV-aortic gradients, LV ejection frac-
tion and aortic annulus to choose the appropriate
balloon size, which is often underestimated with
this modality. Echocardiography also serves to
exclude potential contraindications to the pro-
cedure, such as significant aortic regurgitation,
thrombus in the LV and tumors (Figure 1). Final
echocardiographic assessment is highly recom-
mended to evaluate procedural success on top
of invasive measurements, and to exclude aortic
valve damage and significant residual regurgita-
tion;

* venous access: right internal jugular vein
or right femoral vein access is recommended to
place the temporary pacemaker in the right ven-
tricle (Figure 2);

* arterial access: most cases can be performed
through the right femoral route but as mentioned
above, right radial arterial access can be used
safely and has the potential to reduce vascular
complications. Modern BAV balloons allow an
8 Fr introducer for most sizes (Figure 2). At this
stage the patient receives 5000 I.U. of heparin
for anticoagulation;
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* crossing the aortic valve: as for TAVR, an
AL 1.0 diagnostic catheter should be the first
choice, with a 0.035” guidewire to enter the LV
under fluoroscopy guidance. Once the guidewire
is into the LV, the catheter is gently advanced,
and the guidewire withdrawn. Hemodynamic
measurements should be performed. Finally, a

Figure 1.—Trans-thoracic echocardiographic parasternal long
axis view. The dark grey line (red in the online version) indi-
cates the measurement of the aortic annulus performed just at
the leaflets’ insertion site. On the right upper corner, a calcific
aortic valve with severe stenosis shows the underestimation of
the aortic annulus sizing with trans-thoracic echo. The dotted
line (blue in the online version) shows the correct annulus size.

Right
jugular
internal

access /
Right
radial

access

—

Right
arterial
femoral
access \
Right
venous

femoral
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Figure 2.—Vascular access and complications of BAV.

MINERVA CARDIOLOGY AND ANGIOLOGY 575



CORTESE

Figure 3.—BAV procedure: A) aortic valve crossing with
AL1 catheter and straight guidewire, at the bottom a tem-
porary pacemaker already in place; B) balloon positioning
through the aortic valve; C) balloon inflation inside the aor-
tic valve suffering some unintentional pullback but showing
disappearance of the aortic “waist;” and D) final aortography
showing good BAV result with mild aortic regurgitation.

stiff guidewire (e.g., Amplatz super-stiff) with
curve tip is placed into the LV and the catheter
removed (Figure 3A);

 balloon selection: as mentioned before, the
size of the balloon should be based on annulus
diameter with a 0.9:1 or 1:1 balloon-to-annulus
ratio.24 In our experience, the balloon Valver ®
(Balton, Poland) has a high profile with good de-
liverability and retraction;25

* positioning and preparation of the balloon:
the balloon can be filled with contrast diluted at
a ratio of 7-8:1, which allows the balloon to be
visualized fluoroscopically, allowing fast infla-
tion and deflation. A 50 mL syringe is attached.
The catheter balloon is advanced to a position
where the valve is between the 2 markers. For
this step, either aortic valvular calcifications or
echo are required (Figure 3B);

* right ventricular pacing starts at a rate of
180-220 beats/min just before balloon inflation
and ends as soon as the balloon reaches peak in-
flation and is stabilized;

* balloon inflation: just after the increase in
heart rate, the balloon is inflated to the desired
pressure and according to the manufacturer’s
table, therefore the syringe is emptied, and he-
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modynamics is constantly assessed. During this
phase, a decrease in systemic blood pressure is
normally observed. Then, the balloon can be
pulled toward the aortic root while it is deflated.
Several inflations can be performed until the
balloon indentation or “waist” disappears (Fig-
ure 3C). Some operators at this stage may decide
to remove the guidewire and immediately as-
sess intraventricular pressures with a diagnostic
catheter. In case the operator secured another ar-
terial access, an instantaneous pressure gradient
can now be evaluated;

* final aortography in left-anterior oblique
projection is recommended to evaluate compli-
cations such as the degree of aortic regurgita-
tion and the (rare) possibility of annulus damage
(Figure 3D).

Complications

The most frequent complications of BAV are
vascular and related to the access site, and usu-
ally involve the arterial entry site. Significant
vascular trauma, bleeding or arrhythmias occur
in approximately 5% to 20% of patients,2¢.27 but
newer generation balloons with lower profile
and the use of a radial approach significantly
reduced this complication. Embolic phenomena
are infrequent, occurring in <1% of the cases.
The need for permanent pacemaker after val-
vuloplasty is as low as 0.2%.28 LV perforation,
cardiac tamponade, valve annular rupture, and
severe aortic regurgitation are rare (<0.5%) but
serious complications?’: 30 (Figure 2). In addi-
tion, aortic valve leaflet rupture causing delayed
left main coronary ostial obstruction has been
described.3! Moreover, a group of researchers
recently published in this journal an interesting
work of 24 patients demonstrating the safety
and efficacy of BAV through the radial approach
without any serious complication32 and for cases
where femoral access is not an option, bi-radial
BAV using 2 balloons in a kissing fashion may
be feasible.33

A COVID-19 recent clinical
problem: and aortic stenosis

Out of the European regions, Lombardy was
the first and one of the most affected during
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COVID-19 outbreak. During the first, second
and third pandemic waves in 2020 and 2021,
clinical priorities were focused on the availabil-
ity of beds in intensive care units or wards for
patients infected with severe acute COVID-19
pneumonia.34 This led to inadequate assistance
for cardiovascular patients, including urgent
and non-urgent valvular cases, which were
deferred to an unpredictable waiting time. Al-
though majority of patients with AS are treated
on an elective basis either with SAVR or TAVR,
a delay in treatment has been associated with
worse mid-term outcomes, increased mortal-
ity, and recurrent hospitalization. Compared to
2019, in 2020 we observed a striking reduction

CORTESE

in TAVR of 9% in Italy and of 20% in Lom-
bardy (GISE 2020 data).

BAV-an option for patients with severe AS dur-
ing the pandemic

BAV becomes a viable option to provide rapid,
less invasive, and safe management to those pa-
tients who await definite treatment, without pos-
sibility to turn the clock back. In the COVID-19
era, the impossibility to warrant an efficient
TAVR program in Northern Italy led to an in-
crease in mortality in AS patients.35 Thereafter,
the BAV rate has increased in several centers in
the region. We report the immediate and short-
term outcome of patients scheduled for TAVR

Characteristics of the patients Peri-procedural aspects

Figure 4.—Patient characteris-
tics, peri-procedural aspects and
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who, however, had to be treated with BAV dur-
ing the first and second wave of COVID-19 pan-
demic in 2020 to bridge to a future TAVR.

Design and results

Between March and December 2020, a total
of 33 patients underwent aortic valvuloplasty
at 3 Italian TAVR expert centers. In the Figure
3A, B, we present the main patients’ character-
istics, the noninvasive (echo) and invasive peri-
procedural parameters, the procedural success
and the postprocedure complications. There was
a high percentage of females, an elderly popu-
lation with significant comorbidities. The mean
EuroScore II of 7.3+2.4 reflects the high risk of
this cohort for SAVR. Concomitant coronaropa-
thy was always completely revascularized with
a median time of 3.2+0.9 days before valvulo-
plasty. The peak/mean echocardiographic gradi-
ents were 71+26 and 44+13 mmHg, respectively
and the mean aortic anulus was 20.8+2.8 mm.
Nine patients had a mean aortic gradient below
40 mmHg, and were classified as low-flow/low-
gradient AS. As per our habits, no patient re-
ceived anesthesia or sedation and we carried out
the intervention with a trans-radial approach in
one third of the patients. Final peak/mean inva-
sive and echo gradients shown in Figure 3A, B,
demonstrated a procedural success (final peak
LV/Ao gradient <50%) in 94% of the cases.In
one case BAV led to acute severe aortic regurgi-
tation that was managed medically with diuretics
and supportive measures with strict surveillance
until TAVR (3 months later); we observed one
case of septic shock, probably due to pneumonia
and 2 Bleeding Academic Research Consortium
type 2 hemorrhagic complications, managed
with comfort measures and surveillance without
the need for blood transfusions. Out of 33 pa-
tients enrolled, 15 underwent TAVR within 542
months of valvuloplasty, and at 6-month follow-
up, 2 patients waiting definitive treatment died
of end-stage heart failure.

Limitations of the study

Balloon valvuloplasty cannot be considered an
alternative to TAVR; however, the current pan-
demic has shown some of the limitations of the
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Western European healthcare system, with a
striking increase in cardiovascular deaths and a
wicked reduction in facilities for complex car-
diovascular interventions during the COVID-19
waves.

Conclusions

This study shows the safety and feasibility
of BAV in patients on a (long) waiting list for
TAVR and suggests some hints for the imple-
mentation of a BAV program: 1) the technique
is easily adoptable in any catheterization labora-
tory; 2) is associated with acceptable short-term
outcome (Figure 4); and 3) can be implemented
as a mid-term bridge therapy to TAVR, or a def-
inite one in case TAVR is not accessible or is
very risky.

Key messages

 Balloon aortic valvuloplasty (BAV) re-
mains as an important tool for definitive or
bridging treatment of severe aortic stenosis
in selected cases.

* BAV is safe, feasible and effective in
high-risk patients awaiting definitive treat-
ment with trans-catheter aortic valve replace-
ment (TAVR) in special scenarios such as the
COVID-19 outbreak.

 Periprocedural aspects of BAV should
be focused on a minimalist approach: con-
scious sedation, noninvasive echocardiog-
raphy, radial over femoral access, and retro-
grade approach.
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