Vol. 8 (2023) 50

\// Cardiovascular Innovations and Applications ISSN 2009-8618
DOI 10.15212/CVIA.2023.0063

CASE REPORT/STUDY

Balloon Rupture during Pre-Dilation for

Transcatheter Aortic Valve Replacement
in Patients with a Bicuspid Aortic Valve:
Classification, Treatment Strategies, and
Prevention

Xinlei Wu'22, Tianbo Wu'2, Rutao Wang?*#*, Ahmed Elkoumy®¢, Daozhu Wu',
Osama Soliman®, Xinmin Zhang, MD" and Lianpin Wu, MD"2

'Department of Cardiology, Key Laboratory of Panvascular Diseases of Wenzhou, The Second Affiliated Hospital of Wenzhou
Medical University, Wenzhou, China

’Key Laboratory of Structural Malformations in Children of Zhejiang Province, Wenzhou, China

‘Department of Cardiology, Xijing Hospital, Xi’an, China

*Department of Cardiology, Radboud University Medical Center, Radboud Institute for Health Sciences, Nijmegen, The Netherlands
’Discipline of Cardiology, Saolta Group, Galway University Hospital, Health Service Executive and CORRIB Core Lab,
University of Galway, Galway, Ireland

SIslamic Center of Cardiology, Al-Azhar University, Cairo, Egypt

Received: 17 June 2023; Revised: 24 August 2023; Accepted: 30 August 2023

Abstract

Balloon rupture during transcatheter aortic valve replacement (TAVR) is a rare but serious complication. Here, we
present two cases of balloon rupture in patients with severe aortic stenosis and type 0 bicuspid aortic valves. Three-
dimensional models based on pre-procedure cardiac CT angiography were used to investigate these cases post hoc. The
models revealed asymmetrical distribution of calcifications with sharply spiked features in the bicuspid aortic valves.
The narrow calcified orifices resulted in uneven force distribution on the expanded balloon, thus leading to balloon
rupture. We additionally review the classification and causes of balloon rupture, summarize methods for avoiding com-
plications, and describe treatment options. Accurate pre-procedural anatomy evaluation and computer modeling are
crucial for planning and managing TAVR procedures. Further investigation through computer simulation is necessary
to determine the appropriate balloon size and inflation locations, to provide a reference for pre-procedural preparation.
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Recent studies have shown promising outcomes
of TAVR in patients with bicuspid aortic valves
(BAVs), but complications remain a concern [3—7].
BAVs have an elevated risk of procedural compli-
cations, because of their anatomical characteristics
and the presence of calcium deposits [6, 8]. Balloon
pre-dilation is conventionally considered a manda-
tory step in TAVR procedures but can lead to bal-
loon rupture, particularly in the presence of local
calcification. This article presents two cases of bal-
loon rupture during pre-dilation in patients with
BAVs and severe stenosis. The causes, classifica-
tion, and treatment of balloon rupture are discussed,
with emphasis on the importance of pre-procedural
planning and risk assessment by using computer
models of the aortic root complex.

Case Description

Case 1

A 74-year-old man with a history of coronary
artery disease, hypertension, and gout presented
with shortness of breath (NYHA class II) and
syncope. Echocardiography revealed severe ste-
nosis and mild aortic insufficiency in a BAV with
an enlarged ascending aorta. Blood tests indicated
elevated troponin I and NT B-type natriuretic pep-
tide levels. Coronary angiography showed no ste-
nosis, and cardiac CT angiography confirmed the
BAV with thickened leaflets and severe calcification
(Figure 1). The patient refused surgical intervention
and was scheduled for TAVR after consultation with
the heart team.

Six days later, the TAVR procedure was per-
formed with a 26 mm TaurusElite valve (Peijia
Medical, Suzhou, China). A 20 mm non-compliant
TaurusAtoas balloon (Peijia Medical, Suzhou,
China) was used for pre-dilation with temporary
pacing of 180 beat/min. During valvuloplasty, a
“waist sign” was observed alongside a calcified
mass. The balloon suddenly burst, causing contrast
leakage into the left ventricle and a rapid decrease
in inflation pressure (Video S1). Despite the balloon
rupture, the patient remained asymptomatic. The
ruptured balloon was carefully removed but became
partially stuck at the sheath. The entire delivery sys-
tem was then retrieved and replaced by anew system.

The 26 mm prosthesis was carefully pulled with a
snare to avoid tearing the severely dilated ascend-
ing aorta. The prosthesis was rapidly released 5 mm
above the annulus into the working position. After
stability and minimal regurgitation were confirmed
through TEE, the prosthesis was fully released and
securely anchored. The final mean pressure gradi-
ent was only 10 mmHg. The patient was discharged
4 days later. One month later, he reported no chest
tightness or chest pain during routine activities.
Ultrasound revealed an average pressure gradient
of approximately 20 mmHg and supravalvular peak
velocity of 2.8 m/s, with no evidence of paravalvu-
lar leakage.

Because of the pre-dilation balloon burst, we ana-
lyzed the pre-procedural cardiac CT angiographs.
A three-dimensional computer model of the aortic
root clearly showed a sharply spiked calcification
with luminal tip protrusion of 5.2 mm on the ante-
rior side (Figure 2C). The narrow elliptical aor-
tic valve orifice was further assessed from 2 mm
below the annulus to 10 mm above the annulus,
with the maximum diameters ranged from 25.1 to
26.9 mm and the minimum diameters ranged from
14.8 to 16.7 mm and the ratio ranged from 1.55 to
1.77 (Video S2). Therefore, we speculate that the
complete transverse rupture occurred at the middle
of the balloon, possibly because of the close con-
tact with the highly asymmetric and local sharply
spiked calcification in the BAV.

Case 2

A 67-year-old man with a history of coronary artery
disease presented with worsening chest tightness and
pain (NYHA class III). He had previously received
drug-eluting stents for the left anterior descend-
ing and right coronary arteries. Echocardiography
revealed severe stenosis and regurgitation in a type
0 BAYV, along with mitral annulus calcification, left
ventricular enlargement, reduced function (EF:
37%), a thickened interventricular septum, and an
enlarged ascending aorta. Cardiac CT angiogra-
phy confirmed the BAV’s severe stenosis and cal-
cification, predominantly at the left coronary cusp
(Figure 3). The risk of surgery was considered too
high, but the patient was deemed a candidate for
TAVR. During TAVR, balloon pre-dilation was
attempted, but the balloon had a pinhole rupture.
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Figure 1

Finally, a 26 mm TaurusElite valve was successfully
implanted, and the patient was discharged after 6
days. Ten months later, he reported no chest tight-
ness or chest pain. Ultrasound indicated an average
pressure gradient of approximately 27 mmHg and a
peak velocity of 2.8 m/s across the valve, with mild
regurgitation.

The three-dimensional aortic root models indi-
cated a type 0 BAV with a severe stenotic orifice of

Pre-Procedural CT Assessment of Aortic Valve Dimensions (Case 1).

(A) LVOT at 5 mm below the annulus; (B) aortic valve annulus; (C) sinus of Valsalva; (D) enlarged ascending aorta at the
maximum cross-section; a sharp spiked calcification at the anterior LVOT, in cross-sectional view (E) and longitudinal view
(H); (F) aorto-ventricular angle; (G) heights of the left and right coronary ostium; (I) three-dimensional calcification volume
and distribution.

77.8 mm? and abundant calcification with uneven
or sharp surfaces (Figure 4B and C). The narrow
elliptical aortic valve orifice was further assessed
from 2 mm to 10 mm above the annulus, with the
maximum diameters ranged from 25.6 to 27.6 mm
and the minimum diameters ranged from 15.9 to
22.0 mm and the ratio ranged from 1.25 to 1.51
(Video S3). Therefore, the balloon’s surface might
have been damaged by the local sharp calcification
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Figure 2 Balloon Burst during Pre-Dilation (Case 1).

(A) Balloon “waist sign” on the anterior side, showing compression with a calcified mass (arrow). (B) Three-dimensional
reconstruction of the BAV and highly asymmetric calcification, with a sharply spiked calcification at the anterior LVOT, in
zoom view (b) and CT image (C). (D) Complete transverse rupture of the balloon (arrow).

during the balloon’s expansion against the narrow
and elliptic aortic orifice, on the basis of the pres-
ence of a pronounced “waist sign” at the balloon’s
shoulder during pre-dilation, which indicated a pin-
hole rupture of the balloon (Figure 4D).

Discussion

Herein, we report two cases of balloon rupture
during pre-dilation in type O BAVs with severe
calcification. In case 1, heavy calcification and
a local sharply spiked calcification were clearly
associated with balloon burst with a large crack.
In case 2, despite an absence of overt signs of
rupture of the balloon on the angiogram, a small

pinhole was demonstrated by saline filling and
leakage. Three-dimensional models were used to
highlight the asymmetric distribution with local
sharply spiked features in the BAVs. This asym-
metric distribution of calcification led to a narrow,
elongated orifice that produced a “waist sign” on
angiograms during balloon expansion. This sign
indicates uneven force distribution on the balloon
after expansion. Moreover, the presence of local-
ized spiky calcifications further induced balloon
rupture.

Balloon rupture is a rare occurrence, and only sev-
eral cases in balloon-expandable valves have been
reported [9-11]. Balloon rupture can be classified
into three types, on the basis of crack morphology:
type 1 (pinhole balloon rupture), type 2 (incomplete
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Figure 3 Pre-Procedural CT Assessment of Aortic Valve Dimensions (Case 2).
(A) LVOT at 5 mm below the annulus; (B) aortic valve annulus; (C) sinus of Valsalva; (D) ascending aorta at 40 mm above the
annulus; (E) maximum ascending aorta; (F) aorto-ventricular angle; heights of the (G) left and (H) right coronary ostium; (I)

calcification volume and distribution.

rupture that is locally continuous), and type 3 (com-
plete rupture that tears into two or more separate
parts). Balloon rupture can be caused by local sharp
calcifications, a severe stenotic aortic valve orifice
[10], or damage by the prosthesis frame or devices
[9]. Although the strategy of direct TAVR and post-
dilation can avoid the complication of pre-dilation
balloon rupture, the two patients presented herein

had BAVs with severe stenosis and calcification.
The aortic valve areas in both cases were only 55.8
mm? and 77.8 mm?. Therefore, prior balloon dilata-
tion was necessary to help facilitate the crossing of
the native valve and device expansion.

Although rare, balloon rupture can complicate
the procedure and also increase the risk of patient
complications, including ventricular or aortic injury,
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Figure 4 Pinhole Balloon Rupture during Pre-Dilation (Case 2).

(A) Balloon “waist sign” at the proximal shoulder, contacting a calcified mass (arrow). (B) Three-dimensional reconstruction
of the BAV, and highly asymmetric calcification at the left (brown) and right sinuses (green), with an uneven or sharp surface
at the left sinus, in zoom view (b, arrow) and CT image (C, arrow). (D) Pinhole balloon rupture, identified with saline filling

and leakage (arrow).

bleeding, and hemodynamic collapse. To mitigate
this risk, smaller diameter balloons can be used for
type 0 BAVs with severe calcification. Maintaining
co-axiality between the balloon and the prosthe-
sis frame is crucial to prevent balloon damage.
Manufacturers can explore the use of high-strength
materials with fiber reinforcement or innovative
structural designs to enhance balloon toughness. For
example, the hourglass-shaped TAVS valvuloplasty
balloon (Venus MedTech., Hangzhou) [12] has been
used to reshape BAV stenosis and may resist rupture
because of its larger contact area for distributing bal-
loon pressure. Overall, proactive measures should be

implemented to minimize the occurrence of rupture,
and ensure the safety and effectiveness of TAVR.
The successful and safe removal of a ruptured bal-
loon is critical during TAVR. For case 1, attempts
to retrieve the ruptured balloon through the sheath
were unsuccessful despite repeated efforts, possibly
because a portion of the ruptured balloon became
stuck at the end of the sheath. Consequently, the
entire sheath was rapidly removed and replaced
with a new delivery system (Figure 5). For case 2,
the balloon had a pinhole rupture, which was eas-
ily removed entirely from the sheath. However,
removing a balloon with a complete rupture can be
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Figure 5 Key Steps of Our Retrieval Approach (Case 1).

(A-C) the ruptured balloon was retrieved to the sheath with the wire, and (D) the entire sheath of the body was removed.

challenging and may result in serious complications
such as vascular injury. To address this issue, a right-
to-left femoral loop method has been proposed [11,
13], wherein the proximal part of the ruptured bal-
loon is retrieved through the eSheath, whereas the
distal part is pushed forward with a snare and pulled
back with the wire through another femoral sheath.
This technique aids in safe removal of the ruptured
balloon. If the hemodynamics becomes unstable
after balloon rupture, valve implantation must be
prioritized before the removal of the ruptured bal-
loon, to ensure that normal blood flow is restored
promptly and to minimize the risk of complications.
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