D ScientificScholar®

Knowledge is power

Publisher of Scientific Journals

www.ijcdw.org t.) =
I';gi.;n Journal of

Cardiovascular Disease
in Women

%va

Article in Press .

frarrnie}

Indian Journal of Cardiovascular
Disease in Women

P seeniescrola

Review Article Cardiovascular

Coronary Balloons of 2024 and Future

Chhabi Satpathy', Anshu Kumar Jha!

'Department of Cardiology, Maharaja Krushna Chandra Gajapati Medical College and Hospital, Berhampur, Odisha, India.

*Corresponding author:
Anshu Kumar Jha,
Department of Cardiology,
Mabharaja Krushna Chandra
Gajapati Medical College and
Hospital, Berhampur, Odisha,
India.

akj2410@gmail.com
Received: 30 September 2024
Accepted: 26 November 2024

EPub Ahead of Print: 10 February 2025
Published:

DOI
10.25259/1JCDW_57_2024

Quick Response Code:

ABSTRACT

Since 1977, when Dr. Griintzig performed the first Percutaneous Coronary Intervention (PCI), this science has
completely changed the way coronary lesions were treated earlier. Initially, it started with Plain Old Balloon
Angioplasty which was replaced by stents in 1990s and then again the reemergence of coronary balloon came
with the introduction of drug-coated balloons. There are various types of balloon - non-complaint, semi
complaint, high pressure, proximal optimization technique balloon, cutting, scoring, chocolate, ostial flash, drug
coated, perfusion, and intravascular lithotripsy. Every balloon has a particular function and a different structure.
Today, drug-eluting balloons have become the standard of care for in-stent restenosis and trials are going on with
the vision of “stentless PCI” Coronary balloons have now become an indispensable tool in the cath lab but like
with any other instrument, there are complications which may occur. Balloon rupture, shaft fracture, indeflatable
balloon, entrapped deflated balloon, and coronary dissection are few complications which may occur during
usage of these coronary balloons. In this review article, we have dealt in detail about different types of balloon,
their usage and complications and ways to deal with those complications.
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INTRODUCTION

In 1974, at University of Zurich, Switzerland, a German physician Dr. Andreas Griintzig
(1939-85) did the world’s first balloon angioplasty for severe femoral artery stenosis. It was this
procedure which completely changed the treatment prospect of coronary artery disease patients.
In 1977, the first percutaneous transluminal coronary angioplasty (PTCA)/percutaneous
coronary intervention (PCI) was done by Griintzig in a 38-year-old Adolf Bachman for a left
anterior descending (LAD) stenotic lesion.! Confidence was instilled by cardiac surgeon
Dr. Senning who said “Herr Griintzig: Machen Sie es, falls etwas passiert, operiere ich!” meaning
“Mister Griintzig: Do it, if something happens, I will operate.””’ Since then, the evolution of
coronary balloons has always been on a rise with no looking back. In 1980s and 90s, the stent era
began because the restenosis in plain old balloon angioplasty (POBA) was nearly 40%."! Initially,
bare metal stents were introduced and Dr. Puel with Dr. Sigwart performed the first stent
implantation in coronary artery in 1986.*% By 2001, drug-eluting stents (DES) came up and by
the end of 2006, trials were published with results of treating in-stent restenosis (ISR) with drug-
coated balloon (DCB)."! In todays era of looking at stentless PCI and not much success with
bioresorbable stents, DCB is coming up in a big way. At present, as per guidelines, DCB is only
indicated for treatment of ISR or small vessel lesions, i.e., <3.0 mm but potential expansion for
larger vessels may expand its use in a wider range of lesion.”!

This is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others
to remix, transform, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.

©2025 Published by Scientific Scholar on behalf of Indian Journal of Cardiovascular Disease in Women

Indian Journal of Cardiovascular Disease in Women | Article in Press | 1


https://dx.doi.org/10.25259/IJCDW_57_2024

Satpathy and Jha: Coronary Balloons for Intervention

BASIC STRUCTURE OF CORONARY BALLOON

Coronary balloon were earlier made of polyvinyl chloride
but the thickness of this material proved to be a hindrance
in developing large profile balloons and posing as a
challenge for balloon to be delivered to target lesion.
With the advent of newer materials such as nylon and
polyethylene terephthalate (PET), the profile of balloons
has decreased and crossing the lesion has become easier.
These materials are used in making non-compliant
balloon. Even softer materials like low density copolymer
polyether block amide (PBA) are used in making of semi-
compliant balloons. They easily cross through torturous
vessels but they have low rate burst pressure (RBP).[¥! A
few basic terms related to coronary balloons are elaborated
here. Coronary balloon is present at the distal tip of
a catheter. The various components of a catheter are
(proximal to distal) - inflation port, proximal shaft,
central lumen for guide, distal shaft, balloon with either
single or double radiopaque marker and tip. Balloon has
a working length - distance between proximal and distal
marker, diameter - distance between its opposite walls,
a shoulder - the point onward from where the tapering
starts and end at the catheter, cone angle - the angle at
the ends of the balloon on either sides, compliance - it is
the ability of balloon diameter to change with pressure,
nominal pressure - refers to the pressure at which when
balloon is inflated, it achieves the listed balloon diameter,
RBP - the pressure at which 99.9% of balloons will not
burst with 95% confidence but after that point vessel may
be damaged. The balloon catheters are of two types - over
the wire balloon catheter (OTW) and rapid exchange
(RX)/Monorail. The advantages and disadvantages of
OTW versus RX are shown in Table 1.

Table 1: Difference between over the wire and rapid exchange
catheter.

Balloon Catheters Advantages Limitations
Over The Wire Distal wire position ~ Two people needed
(OTW) is stable for device exchange
Multiple wires can be ~ Larger cath
accepted diameter
Contrast or drug can
be injected through
distal port
Rapid Exchange Ease of use by single ~ Needs good guide
(RX) operator support
(Monorail) Enhanced Wire cannot be
visualization changed

Blood loss occurs at
Y-valve during wire
exchange

Smaller cath diameter
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TYPES AND FUNCTION

There are various types of coronary balloons and each
has its own special use. They mainly differ based on their
structure, any additional coating of cutting blades/drugs and
compliance.

Non-compliant (NC) balloon

These balloons are made of PET so they have thick walls
which allows the balloon to work at higher pressure. As
pressure is increased the balloon does not expand much
and conforms less to the vessel architecture. This allows the
operator to instill more pressure on the vessel wall without
much increase in diameter of the balloon. This property
helps to crack heavily calcified lesions and post dilation of
the stent. As there is minimal longitudinal expansion of the
balloon, dilation outside the stented area does not occur. This
also decreases the chance of malapposed stents. NC balloons
have a high RBP of around 18-20 atm. In the MOZEC™ NC
study, procedural success was achieved in 100% patients.
Major adverse cardiac events (MACE) or target lesion failure
(TLF) was 0%. Mozec™ NC Rx PTCA balloon dilatation
catheter showed better outcomes for the dilatation in routine
cases as well as complex coronary lesions.”

Semi compliant (SC) balloon

These balloons are made of softer materials like PBA of polyolefin
copolymer. So when the operator dilates the balloon it grows
and conforms to the area of least resistance. As the pressure is
increased, the size of the balloon increases proportionately but
“dog boning” occurs as it does not expand in an area with tight
stenosis. It is used for POBA, pre-dilation of very tight lesions
and to deliver drugs to the endothelium when used as DCB.
Because it offers a good rewrap, it can be used multiple times
unlike NC balloon. RBP of the SC balloon is about 12-14 atm.
Recently, newer insight from two randomized controlled trials
have shown that instead of using SC balloon in simple coronary
lesion for stent bed preparation, using NC balloon yielded better
results and was found to be safe.!'”

High pressure balloon (OPN)

This is a special type of NC balloon made up of double-
layered polyamide material which can withstand very high
pressure. This balloon is basically used when NC fails. An
international study at three centers involving 326 calcified
coronary lesions has shown OPN balloon to be a safe and
effective alternative strategy.'! When compared with other
techniques like rotational/orbital atherectomy, excimer laser,
cutting/scoring balloon using OPN is very economical for
such lesions. In the Comparlson of Strategies to PrepAre
SeveRely CALCified Coronary Lesions: the ISAR-CALC
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randomised (ISAR-CALC) trial, it was seen that inpatients
with severe calcified lesion when compared to scoring balloon
OPN balloon increased the minimum lumen diameter more
(2.83 + 0.34 mm vs. 2.65 + 0.36 mm; P = 0.03) and better
reduced the diameter stenosis (11.6 + 4.8% vs. 14.4 + 5.6%; P
= 0.02). The angiographic and procedural success was same
in both the groups.!

Proximal optimization technique (POT)™ balloon

This is a special form of NC balloon which is designed especially
for the POT. The main difference lies in the structure of this
balloon. Here, the shoulder of the balloon is ultrashort, about
0.6 mm, unlike normal NC balloon in which shoulder length
is 3.2 mm (these comparisons are for a diameter of 3 mm NC
and a 3 mm POT balloon). Due to this typical structure, there
is reduced longitudinal growth thus minimizing trauma outside
the treatment area and focusing exactly at the site where pressure
is warranted. Analysis of the e-ULTIMASTER trial shows
that over and above a low 1-year failure rate in the bifurcation
stenting cohort, the POT further reduced the event rate and
showed a uniform benefit across subgroups, thus strengthening
the recommendation for the POT balloon technique irrespective
of the bifurcation anatomy and stenting technique.!"”

Cutting balloon

This is a type of NC balloon with three to four microsurgical
blades mounted along its longitudinal length. It helps to expand
target lesion by severing the elastic and fibrotic continuity of
the vessel with tiny incisions. The micro-incisons also help
to get controlled and focused micro fractures in the calcified
lesions with as low as 12 atm pressure [Figure 1]. A plane
NC balloon shows much lower stress distribution at same
pressure and even when inflated to higher pressure it leads
to uncontrolled fractures.™ It is ideally advised to take size
which is 0.5-0.75 mm less than the reference vessel diameter
(calculated by IVUS). Slow inflation/deflation at 1 atm/s for 60 s
is advised to achieve an optimal result. Studies have shown that
stent delivery is better with a cutting balloon as compared to a
scoring balloon (90.8% vs. 79.5%; P = 0.006).""! This balloon
is highly useful for ISR, fibrotic plaque, and calcific lesions.
Adding to the already present advantages, the Cutting Balloon
to Optimize Predilatation for Stent Implantation (COPS) trial
showed that cutting balloon angioplasty was associated with
larger stent area when compared to NC balloon angioplasty in
calcified coronary lesions. Stent area was 8.2 mm? versus 7.3
mm? in cutting balloon versus NC balloon group.!!

Scoring balloon

It is a form of SC balloon over which there are laser cut
nitinol frames (AngioSculpt™) wrapped around in a helical
fashion or it may have a knob like arrangement (GRIP™).

The rectangular edges of the scoring element lock the device
in place to minimize device slippage during inflation. The
expansion properties of the three rectangular spiral struts
are influenced by a fixed distal end and a semiconstrained
proximal end. Due to this design, the scoring balloon drives
an outward expansion with force 15-20 times more than the
conventional balloon an point of contact of nitinol frame and
the vessel wall [Figure 2]. Being a SC balloon, it has a better
profile, better deliverability, and lower chance of dissection.
Difference between scoring and cutting balloon is shown in
Table 2. Although talking about the advantages of scoring
and cutting balloons for preparing of the stent bed, a meta-
analysis showed that in patients treated with PCI for severely
calcific coronary artery disease lesion preparation with either
scoring or cutting balloon before stenting did not improve
outcomes when compared with the control group.!'”

Chocolate balloon

The Chocolate PTCA balloon is a SC balloon which is caged
in a nitinol-constraining structure that allows for 1:1 vessel
sizing. While inflating, the cage causes the balloon to dilate in
a controlled manner, preventing dog-boning (common in SC
balloons) and overinflation. This arrangement also causes the
balloon to form a series of alternating segmented pillows and
grooves throughout the lesion. The pillow areas apply force to
create small dissections which are required for effective dilatation
and grooves act as stress relievers for dissection to propagate!™
[Figure 3 and 4]. Another advantage of chocolate balloon is
that there is no “watermelon seed effect” and less barotrauma.
The first in-human study of paclitaxel coated chocolate
balloon (Chocolate Heart DCB, TriReme Medical, Pleasanton,
California) was done in 2019 at Dominican Republic. There was
100% procedural success achieved with zero mortality at the end
of 1 month. Late lumen loss (LLL) was —0.01 mm =+ 0.35 mm
which was better than what was demonstrated in BELLO trial
using paclitaxel coated DCB which was 0.08 + 0.38 mm.['**!

Ostial flash balloon

This is a dual balloon (outer compliant and inner SC balloon)
catheter which comprises of an outer compliant proximal

Table 2: Difference between scoring balloon and cutting balloon.

Scoring balloon Cutting balloon

Semicompliant balloon Non compliant balloon

High pressure balloon Lower pressure balloon

Nitinol wire - 125 um / Dot Microblades or atherotomes
around balloon

Data adequate for clinical use ~ Data limited

Better profile, flexible, easily
delivered, lower dissection /
perforation

Bulkier, higher crossing profile,
less flexible, difficult to deliver
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Maximum principal
tensile stress (MPa)
+35
+30
+25
+20

B +15
+10

+5

Wolverine 3mm
12 atm

NCBalloon 3mm
12 atm

Stress distributions in the
calcification model of cutting
balloon at 12 atm and non-
compliant at 12 atm and 20 atm.

Figure 1: Difference in the stress generated by the WOLVERINE™
cutting balloon when compared to a noncompliant balloon.
(Courtesy Boston scientific). (NC: Non-compliant)

balloon, oriented coaxially over an inner semi-compliant distal
balloon. The proximal balloon has a larger diameter and is
spherical in shape. Because of this dual balloon design ostial
flash balloons achieve stent wall apposition after post dilatation
and provide stability during angioplasty of challenging
aorto - ostial lesion. It has 3 markers unlike other balloons.
The distal marker is proximal to the distal edge of the stent,
middle marker is at the ostium and proximal marker is outside
the guide catheter. First the distal balloon is inflated so that the
system is well anchored inside the stent. After this the proximal
spherical balloon is inflated resulting in the stent edges opposed
to the side wall of the main vessel (MV). Post dilation with this
balloon, future intervention, if at all required, becomes easy as
the guidewires can easily cross through the stent [Figure 5a-d].

DCB

These are SC balloon with the coating of the desired drug which
may be either Paclitaxel/Sirolimus. After the invention of DES
the value of DCB had declined but now the interest has renewed.
Initially DCBs were limited to those patients where POBA was
not sufficient or DES could not be implanted. Though they
remained the treatment of choice for ISR, in today’s time DCB is
emerging as an alternative to DES. It has advantage of releasing
and embedding the drug during angioplasty without leaving
anything behind thus avoiding the demerits of putting a stent and
impairing the motility of a vessel and exposing patient to risk of
stent restenosis.?! As there is no metal in the coronaries the de-
escalation of dual anti platelet therapy (DAPT) can be done early
in high bleeding risk (HBR) cases. Despite these advantages the
use of DCB has some limitations - the elastic recoil of the vessel
wall after balloon angioplasty, the risk of coronary dissections,
arterial remodeling, and patient to patient variability of response
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Figure 2: The helical nitinol scoring elements wrap the balloon
circumferentially to minimize slippage and lock itself to the lesion.
This scoring element can deliver up to 25 times the force of a non-
compliant balloon. (AngioSculptEvo™ courtesy Philips).

to the drug still needs to be answered.’” There are multiple
components of a DCB - the drug, the carrier, the polymer and
the excipient. There are two drugs approved for coating over
the balloon. Paclitaxel, which is an anti-neoplastic drug with
cytotoxic properties and is most widely used. It is lipophilic so
it easily penetrates the cell membrane. Sirolimus, is a mTOR
(mammalian Target Of Rapamycin) inhibitor which arrests
cell growth in G1/S transition phase. As it is non-lipophilic in
nature so requires a carrier molecule to let the drug penetrate
the vessel wall.?*! Carrier molecules and polymer allow the drug
to maintain its concentration during vascular transit and also act
as an adhesive for the drug while it attaches to the vessel wall.
Various carrier molecules used are - urea, ipopromide, acetyl
tributyl citrate.?! For sirolimus these are still more important
and require a little more advanced technology like - nano
carriers with sirolimus nanoparticles, micro reservoirs and
crystalline coating.”! Another difference is that Paclitaxel coated
balloon may sometimes lead to myonecrosis and embolization
which has not been observed with sirolimus coated balloon.
The 3 years follow up PICCOLETO - II study done in small
coronary vessel (<2.5 mm) de novo stenosis showed that LLL
was more with DES arm than DCB (0.17 + 0.39 vs. 0.04 +
0.28, P = 0.03) at 6 months. Another 3 year follow up trial, the
BASKET - SMALL 2 trial showed that there was no difference
in MACE between DCB and DES regardless of bleeding risk
(HBR, hazard ratio: 1.16 [0.51-2.62]; P = 0.719 versus non-
HBR, 0.96 [0.62-1.49]; P = 0.863).2% This showed that there
was no difference between DCB and DES results in treatment of
coronary artery disease irrespective of bleeding status. Though
there are no direct trials for DCB in large vessels but some clarity
comes from the sub-analysis of larger observational prospective
and retrospective studies like the Safety of PAclitaxel dRug-
coaTed balloon-only Angioplasty of de novo Left Main Stem
coronary disease (SPARTAN-LMS).?"! Potential advantages of
DCB in larger vessels (>2.75 mm) are - avoiding stent strut mal-
apposition especially in irregular vessel wall or in a bifurcation
lesion, early de-escalation of DAPT in HBR patients, in long
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Dilatation Pillows
Vessel dilatation without cutting or scoring

Constraining Structure
Protects the vessel from shear stress caused by balloon inflation

Plaque Channeling Grooves
Stress relief and plaque modification

Figure 3: Chocolate balloon™ with advantage of its typical structure (courtesy TriReme Medical LLC,

Teleflex).

0. MPa 0.8000

LowStress )
Usoadsys

High Stress

Figure 4: Pressure distribution along the vessel wall while using a
chocolate balloon as compared to a conventional balloon. (courtesy
Cordis corporation).

diffuse atherosclerotic lesion and lastly in young patients DCB
should be initially tried with the strategy of “intervention
without implantation”?*!! There are two ongoing trials which
will determine if DCB is non-inferior/superior to DES in large
vessels - TRANSFORM 1I, SELUTION.P**! The most recent
A Clinical Trial to Assess the Agent Paclitaxel Coated PTCA
Balloon Catheter for the Treatment of Subjects With In-Stent
Restenosis Disrupt (AGENT IDE) trial showed that patients
treated with Paclitaxel DCB was superior to plain balloon with
respect to TLF at 1 year in patients who underwent angioplasty
for ISR. TLF in DCB group was 17.9% as compared to 28.6% in
plain balloon (P = 0.003).54

Perfusion balloon

Perfusion balloons were invented in the 1980s for prolonged
inflations required to “tack up” dissection planes but fell out
of favor with the introduction of bare metal stents. Unlike the
SC/NC balloons, perfusion balloons allow distal coronary
perfusion while dilating a lesion. This is possible as this

Figure 5: (a) the placement of markers while using an ostial flash
balloon. Mid-marker: At the ostium (placed 2 mm distal to the
proximal edge of the stent). Distal marker: At least 2-3 mm within
the stent. Never beyond the distal edge of the stent. Proximal marker:
In the aorta, outside the guide catheter. (b) The distal balloon is
inflated upto desired pressure. (c) inflation of the proximal spherical
balloon. (d) Deflation of proximal balloon followed by deflation of
distal balloon. (coutesy Ostial Corporation [Osital]).

balloon has multiple proximal and distal holes. More recently,
with the advent of DCB, balloon angioplasty is back in
picture to determine whether a stentless strategy can deliver
the same procedural result. Fukuoka and colleagues report
results from a proof-of-concept study in which 30 patients
were treated with prolonged inflation (over 10 min) with
a perfusion balloon prior to paclitaxel DCB inflation
and results were good.™ Studies have evaluated Primary
Perfusion Balloon Angioplasty in Primary PCI for ST-
Segment Elevation Myocardial Infarction in order to prevent
reperfusion injury. Those patients who underwent this new
procedure as compared to conventional balloon angioplasty
had better prognosis and the difference was driven by a lower
incidence of no-reflow/slow flow (P = 0.0001).5%

Indian Journal of Cardiovascular Disease in Women | Article in Press | 5



Satpathy and Jha: Coronary Balloons for Intervention

Intravascular lithotripsy balloon

Intravascular lithotripsy balloon [Figure 6] consist of an
angioplasty balloon catheter with a 12 mm fluid filled balloon.
There are two shockwave emitter in the shaft of the balloon.
These shockwaves travel through the vessel's soft tissue
and cause a fracture in the calcium. The heat generated is
neutralized by the fluid present in the balloon. This plaque
modification helps in better stent expansion. About 4-6 atm
pressure is applied so that the balloon is fully opposed to the
vessel wall and then the IVL pulses are applied at the rate
of 10 pulses over 10 s after which 10 s pause is given before
repeating the pulses. Maximum 80 pulses are recommended.
It is used in preparing beds for stent placement at places
where there is severely calcified plaque (approved by food and
drug administration in 2017). Disrupt CAD series of study (I,
I1, I11, IV) have shown that coronary IVL safely and effectively
facilitates stent implantation in calcified lesions. Lately there
have been advancements in the IVL with an increased in
the number of pulses delivered. The new next generation
Shockwave C** offers 50% more pulses than its previous
version. So, we get in total of 120 pulses which becomes handy
when treating diffuse long lesions.””! Off label use is also seen
in ISR, stent under expansion and lesions post coronary
artery bypass graft (CABG).® There are a few disadvantages
which need to be overcome by further modification of this
technology. A few of them are - larger balloon profile, limited
size options, limited pulses per catheter which increases the
cost of procedure, effect on eccentric and nodular calcium is
limited and long term results are awaited.

Glider balloon

This is a special form of SC balloon with a skived tip and
low entry profile. It has got a unique tip design and has a
hydrophilic coating over it. The shaft of the balloon has good
torquability and this helps it to cross complex lesions and
through the stent struts while dealing with bifurcation lesions.
Though this special morphology gives it an added advantage
but it is contraindicated for use in unprotected left main
coronary artery and coronary artery spasm without significant
stenosis.*'Figure 7 shows the balloon with the skived tip.

Chronic total obstruction (CTO) balloon

When dealing with a CTO lesion which is uncrossable, there
arises a need for an extra support. CTO balloons have proved
to be of much help to overcome in such situations. There are
various dedicated CTO balloons like - Mozec™ CTO balloon,
ACCROSS CTO balloon, AlveoHP, NIC Nano Hydro. NIC
Nano Hydro CTO balloon has a crossing profile of 0.0195 inch
and an inflated diameter of 0.85 mm. The shaft thickness is
reduced in the balloon area. AlveoHP balloon has a crossing
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profile of 0.0184 inch and an inflated diameter of 0.75-2.0 mm.
ACROSS CTO balloon is a SC balloon which has a tapered
4mm tip, low crossing profiles, and a puncture resistant design.
It has a RX design. Mozec™ CTO balloon has a 90.9% success
rate in crossing CTO lesions. It also has a 93.3% success
rate in crossing tight and severely calcified lesions. This was
observed in the MOZec™ CTO balloon in complex coronary
interventions (MOZART) Registry. Other CTO balloons
include Sapphire 3, Ikazuchi Zero, and Ryurei.[*!

Bifurcation balloon

This is a special type of balloon which is used exclusively
in cases of bifurcation lesions. It consists of one proximal
balloon for MV, one balloon for the main branch and
another balloon for the side branch. With the use of current
techniques like DK Crush or Culotte, the lumen of proximal
part becomes ellipsoidal which necessitates for 2 POT to
get a circular lumen, but this being a single system so MV
is circular. Also, usually with kissing balloon technique,
we tend to oversize the proximal vessel but this can be
avoided with this single system balloon. This unique system
may replace the final kissing balloon step and also avoid
jailing of the second wire. The angle of the carina will also
be preserved. Though this looks promising, the delivery of
balloons is difficult because of its large profile. Different
sizes of vessels, different angles of carina and varying branch
diameters make it difficult for one single balloon complex
to fit in all. Many permutations and combinations shall be
required. Also, a marker will be required to showcase the
exact point of bifurcation**?! [Figure 8].

A few real time images of coronary balloons used at our center
are shown in Figures 9a-c, 10a-d, 11. Table 3 shows advantages
and disadvantages of all the above discussed balloons.

[ SHOCKwave

Figure 6: Intravascular lithotripsy balloon with
console (courtesy Shockwave medicals).
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COMPLICATIONS

While using coronary balloons there are a few complications
which need to be kept in mind. A few of them are discussed here.

Balloon rupture

It occurs most commonly when the operator goes beyond
the RBP of the balloon or if it is a calcified plaque or it
may also occur due to frequent use of the same balloon
after sterilization leading to material fatigue. The sign of
material fatigue is that there will be some point of focal
bulge over the balloon. Balloon rupture can be of three
types - pin hole, in which there is a jet of contrast forcing
itself through the pinhole and staining the vessel wall.
Circumferential/Radial rupture, in which balloon separates
into two half circumferentially. Longitudinal/Axial tear,
in which rupture occurs along the longitudinal length
of balloon but there is minimum risk of vessel injury or
component detachment in this type of rupture. Rupture is
easily recognized by sudden drop in pressure with blood
seeping into indeflator.

Balloon shaft fracture

This is of two types, one in which the shaft is broken but still
in the guiding catheter and another in which shaft is broken
and outside the guiding catheter. This mostly occurs due to
excessive twisting of the balloon. Now, for the former one
the best way to come out of situation is to use the balloon
trapping technique and take out the assembly. In the latter
case, if the shaft is in aorta we can try snaring technique
and if unsuccessful then surgery. In case when the shaft is in
coronary artery then we can either snare it or fix it with a
stent or go for surgical removal."’!

.

Figure 7: Glider balloon with its skived tip
(courtesy Teleflex).

Undeflatable balloon

It occurs when we twist the balloon catheter by more than
360° to cross a tight lesion and usually it gets stuck after
inflation in the distal portion of the lesion. Another mistake
for this complication to happen is using undiluted contrast.
Options available with us for this situations are - advancing
a coronary guide wire into the balloon inflation port with
the hope that it will burst the balloon, cutting of distal
braid of a 5F guiding catheter and advance it like a guide
extension catheter. The braided part may perforate the
balloon, using ultra high filtration to burst the balloon (be
ready for damage control like dissection/perforation). Last
option is surgery.[*!!

Figure 8: Dedicated bifurcation balloon filled with colored dye.

C

Figure 9: (a) Coronary angiogram before using GRIP TT (Acrostak)
balloon, (b) Coronary angiogram before using GRIP TT (Acrostak)
balloon, (c) Image showing the rows of focal knobs positioned
across the body of the balloon. The Focal knobs act as pressure
points to treat difficult to crack plaque at the same time helping the
balloon to grip, reducing the risk of slippage.
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Table 3: Advantage and disadvantage of all the available balloons.

Scoring balloon
dissection of normal segment

Chocolate balloon
grooves and grooves act as stress buster

ISR, HBR

Perfusion balloon

skived tip and short balloon length

Bifurcation balloon
deformity avoided

SC: Semi-compliant

Coronary balloons Advantage Disadvantage
SC balloon Easily expandable at low pressure and crossability is good,  Higher chances of edge dissection
less cost, reusable after dilating once
NC balloon Higher pressure produces lesser expansion Bulkier and difficult to cross lesion once used
High pressure (OPN) Very high pressure upto 50 atm can be obtained which Bulkier and difficult to cross lesion once used
balloon helps to crack fibrotic and calcified lesion
POT balloon Working length and Balloon length same making cone Not easily available
angle less acute so precise dilatation
Cutting balloon Helps open tough fibrotic and calcified lesion Bulkier and difficult to cross lesion once used

Grips the lesion so less chance of slippage avoiding

Less barotrauma as pressure is equally distributed on

Ostial flash balloon Covering of whole osmium, struts in main vessel will be
completely apposed by proximal SC spherical balloon
Drug coated balloon Metal free angioplasty is possible, ideal for small vessels,

Prolong inflation possible specially in case of perforation

IVL balloon Avoids dissection, distal embolization, cracks both
superficial and deep calcium
Glider balloon Easily crosses through small area and stent struts due to

Natural shape of artery preserved avoiding 2™ POT, carina

HBR: High bleeding risk, ISR: Instant restenosis, IVL: Intravascular lithotripsy, NC: Non-compliant, POT: Proximal optimization technique,

Bulkier and difficult to cross lesion once used
Costly

Not easily available

Transit time for distal delivery too short, dilation
needs to be slow to avoid dissection

Not easily available
Costly and bulkier

Not easily available

Multiple sizes with various angulations required,
still in stage 1 of research

Figure 10: (a) Coronary angiogram before using the drug coated
balloon, (b) Coronary angiogram after using drug coated balloon,
(c) Sirolimus coated Magic Touch balloon, (d) Paclitaxel coated
AGENT balloon.
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Figure 11: Scoreflex is a focused force dilatation balloon with a
dual-wire system which creates a focal stress pattern to facilitate safe
and controlled plaque modification at lower resolution pressure.
The sharp edge of wire can be seen on the upper side of the balloon.

Entrapped deflated balloon

It mostly occurs in tortuous, calcified or angulated
coronary lesions. Initially when methods of multiple
inflation - deflation cycles, pushing and twisting the balloon
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to rewrap it and then pulling it back into a guide extension
catheter to liberate the balloon, are unsuccessful we can go
for a micro snare. Using micro snare we should go as close to
the balloon shaft as possible and then tighten the snare and
try to pull back the balloon. Surgery is the last resort.[*"!

Coronary dissection

When the balloon is dilated to high pressures coronary
dissection may occur. This holds true even for pressures below
the RBP. There are six types of dissection from A-E Type A
being the least and type F with total lumen occlusion. In his
interventional board review Dr. Lloyd W. Klein stated that
type A and B were not usually dangerous, types C and D could
be serious, and types E and F might well require early surgical
intervention. Treatment is based on what type of coronary
dissection has occurred. It varies from observation in intensive
care unit to using of vasopressor and Intra Aortic Balloon
Pulsation for hemodynamic support and placing a PCI or even
performing an open heart surgery if deemed necessary.!

CONCLUSION

Coronary balloon has been one of the backbone of
interventions in cardiology. Starting in the 1980s it has
undergone many modifications as per the need of the
operating physician and disease pathology. Currently, various
options are available starting from NC balloons to IVL
balloons which in many ways have changed the treatment
protocol. There is a special focus on DCB which is seen as a
resurrection of an old technology. In the coming future the
concept of “Stentless PCI” might be a reality. Like with every
hardware there are some complications which, if the operator
is well aware of, can be mitigated easily.
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