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Abstract
Coronary re-stenosis, marked by the narrowing of
coronary arteries due to plaque accumulation, often leads
to symptoms such as chest pain and potentially life-
threatening conditions like heart attacks. Conventional
treatments for coronary re-stenosis encompass several
methods.  Angioplasty  (Percutaneous  Coronary
Intervention - PCI) involves using a balloon-tipped
catheter to compress plaque against artery walls, thereby
widening the artery. While effective, its success is
limited in heavily calcified lesions. Stenting, typically
performed alongside angioplasty, employs a wire mesh
tube to keep the artery open post-balloon removal.
Although, calcified plaques can impede stent expansion
and placement. However, atherectomy, which
mechanically removes plaque using a cutting balloon
consisted of microsurgical blades, proves beneficial for
Medications,

calcified lesions. including antiplatelet

agents, statins, beta-blockers, and ACE inhibitors, are

employed to manage symptoms and prevent further
plague buildup. This study evaluates the clinical
effectiveness of cutting balloons, a novel intervention
designed for highly calcified and stiff coronary artery
lesions. Cutting balloons, equipped with small blades,
make controlled incisions in the plaque during inflation,
promoting more effective artery dilation. This approach
reduces the necessary pressure for artery expansion and
improves procedural outcomes, particularly in calcified
lesions where conventional angioplasty might be
inadequate. Our findings indicate that cutting balloons
enhance procedural success, lower the risk of arterial
dissection, and improve stent placement. This research
underscores the advantages of cutting balloons in treating
challenging cases, highlighting their potential to improve
patient outcomes in the presence of severe calcification
and positioning them as a promising alternative to

traditional methods.
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Introduction

Coronary artery disease (CAD) remains a leading cause
of morbidity and mortality worldwide, characterized
primarily by coronary stenosis the narrowing of coronary
arteries due to plaque buildup!. This condition often
manifests as angina (chest pain) and can precipitate acute
coronary syndromes, including myocardial infarction
(heart attacks). A

management of CAD is the presence of calcified lesions,

significant challenge in the
a subtype of coronary plaques marked by extensive

calcium deposition. These lesions increase arterial

stiffness, making the arteries less responsive to
conventional interventional treatments such as balloon
angioplasty and stenting.

Traditional balloon angioplasty involves inflating a
balloon within the artery to compress the plaque against
the arterial wall, thereby widening the lumen. However,
in the context of highly calcified and rigid plaques, this
technique often falls short, leading to suboptimal results
and increased procedural complications?. Calcified
plaques resist compression and are prone to elastic recaoil,
which can result in inadequate lesion expansion and
subsequent restenosis. Additionally, the application of
excessive force in such cases risks arterial dissection and
perforation.

In response to these challenges, the cutting balloon
shown in the Figure.01 has emerged as a specialized tool
designed to improve the management of calcified
coronary lesions. The cutting balloon features surgical
microblades on its surface, which score the plaque as the
balloon inflates®. The microblades, also referred to as
atheromas, are 0.25 mm in height and are three to five

times sharper than conventional surgical blades. They are
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designed to break down plaques into very small particle,
ensuring that clot formation within the blood vessel is
permanently prevented. This controlled scoring facilitates
more effective and predictable plague modification,
allowing for better lesion expansion with reduced
pressure. By addressing the limitations of traditional
angioplasty, the cutting balloon aims to enhance
procedural success and long-term patient outcomes®.

The specific RPM (revolutions per minute) for
microblades used in medical applications, such as
ensuring clot resistance in neurons through very fine
microblades, can vary based on the device and
manufacturer. However, many rotational atherectomy
devices, which utilize microblades for plaque
modification
operate at RPMs ranging from 150,000 to 200,000 RPM.

For precise applications targeting neurons or similar

in cardiovascular procedures, typically

delicate structures, the exact RPM may be tailored to
balance effective plague removal with the preservation of
surrounding tissue integrity. Always refer to the device-
specific guidelines or clinical studies for the most

accurate information regarding operational parameters

and their effects on clot resistance®.

Radiopaque
Poir Markers

Figure 1: A Microscopic Image of Cutting Balloon

System
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Blade Length Blade Height Blade Width
5+0.5 0.13 0.8
10+1.0 0.13 0.8
15+1.5 0.13 0.8

Table 1: Dimension of Microsurgical Blade

This study aims to evaluate the clinical effectiveness and
relevance of cutting balloon angioplasty in the treatment
of highly calcified and stiff coronary lesions. Through a
comprehensive analysis of procedural success rates,
complication profiles, and patient outcomes, we seek to
establish the role of cutting balloons in contemporary
interventional cardiology. Our findings will contribute to
a deeper understanding of the benefits and limitations of
this technique, offering insights into its optimal
application in clinical practice.

Materials and Method

Clinical Use of Cutting Balloon System: Case Reports

Case 1: Following table 01 indicates the patient profile

SrNo | Field Value

1 Age 71 Years

2 Sex Male

3 Presenting symptoms Chronic angina

4 Medical history Blood  Pressure,

Smoking history

5 Duration of angina | 8 Months
symptoms

6 Severity of angina Class 11

Table 2: Patient-1 characteristics prior to the procedure
Initial Assessment

A T71-year-old male patient presented with a long history
of angina. Initial clinical assessment and diagnostic tests
indicated a strong suspicion of coronary artery disease
(CAD).

© 2024 1IMSIR, All Rights Reserved

Diagnostic Procedure

To confirm the diagnosis and locate the site of arterial
lesions, coronary angiography was performed. This
procedure revealed a significant calcified lesion in the
left coronary artery (LCA). The lesion was identified as
in-stent re-stenosis (ISR), indicating that the patient had
previously received a stent in this location and
calcification had developed within the stent. The
calcification was classified as severe, posing a substantial
challenge for conventional interventional treatments.
Interventional Strategy

Given the severity and location of the calcified lesion, the
interventional team opted to utilize a cutting balloon
system. The aforementioned cutting balloon is equipped
with surgical microblades designed to strategically score
the plague upon inflation, facilitating more effective
lesion modification, ultimately allowing for better
outcomes during the procedure.

Procedure Details

Preparation: The patient was prepped and draped in the
catheterization lab. Local anesthesia was administered,
and vascular access was obtained.

Advancement of the Guidewire

A guidewire was carefully navigated to the site of the
severe calcification within the LCA under fluoroscopic
guidance.

Deployment of the Cutting Balloon

A cutting balloon of size 2.75 x 10 mm was selected and
advanced over the guidewire to the location of the
calcified lesion. The balloon was gradually inflated,
allowing the surgical microblades to create precise
incisions in the calcified plaque. This scoring action
facilitated further dilation.

Assessment of Lesion Modification

Angiographic imaging confirmed that the surgical

microblades had made satisfactory cuts, allowing for
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better expansion of the stent and restoration of adequate
blood flow through the artery.

Outcome and Follow-Up

Following the use of the cutting balloon, the procedural
success was confirmed by a follow-up angiogram,
showed significant improvement in the arterial lumen
with an adequate reduction in re-stenosis & blood flow.
There were no immediate complications such as arterial
dissection or perforation. The patient’s post-procedural
recovery was uneventful and reported a noticeable
reduction in angina symptoms. This case highlights the
effectiveness of the cutting balloon system in managing
severe calcified lesions, particularly in complex scenarios
like in-stent restenosis. The successful outcome
underscores the potential of this technique to enhance
procedural success and improve patient outcomes in
cases of severe coronary calcification. Figures 02, 03,
and 04 sequentially depict the diagnosis of a severely
calcified lesion in the Left Coronary Artery (LCA), the

application of a cutting balloon during the procedure, and

the revascularization of the blocked area (target site).

Figure 2: shows the diagnostic image of a severely

calcified lesion in the Left Coronary Artery (LCA)

© 2024 1IMSIR, All Rights Reserved

Figure 3: Illustrates the application of a cutting balloon

during the procedure

Figure 4: Illustrates the process of revascularization
performed on the blocked area (target site)

Case 2: Following table 03 indicates the patient profile

[ SrNo [ Field Value
[1 Age 41 Years
| 2 Sex Male

L")

Presenting symptoms | Dyspnea, fatigue

4 Medical history Diabetes
[5 | Duration of Dyspnea | 11 Months
symptoms
6 Severity of Dyspnea | Class III

Table 3: Patient-2 characteristics prior to the procedure
Initial Assessment
The patient, a 41-year-old male, presented to the hospital

with complaints of persistent breathing difficulties and

generalized fatigue. These symptoms, indicative of
potential cardiac issues, prompted a thorough
cardiovascular examination. Initial diagnostic tests,
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including an electrocardiogram (ECG) and blood tests for
cardiac biomarkers, suggested the presence of coronary
artery disease (CAD).

Diagnostic Procedure

To further investigate the extent and specific location of
the coronary artery disease, the patient underwent
coronary angiography. This imaging technique involves
the injection of a contrast dye into the coronary arteries,
visualized through X-ray imaging. The angiography
revealed a significant calcified lesion in the right
coronary artery (RCA), which was identified as the
primary cause of the patient's symptoms. The lesion's
calcified nature posed a challenge for traditional balloon
angioplasty due to its rigidity and resistance to dilation.
Interventional Strategy

As outlined in case study -1

Procedure Details

Preparation

The patient was prepped and draped in the catheterization
lab. Local anesthesia was administered, and vascular
access was obtained via the femoral artery.
Advancement of the Guidewire

A guidewire was carefully navigated through the vascular
system to the site of the calcified lesion in the RCA under
fluoroscopic guidance.

Deployment of the Cutting Balloon

A cutting balloon of size 3.0 x 15 mm was then advanced
over the guidewire to the location of the calcified lesion.
The balloon was gradually inflated, allowing the surgical
microblades to score the calcified plaque. This controlled
cutting action helped to disrupt the rigid calcified
structure, making it more pliable for further treatment.
Assessment of Lesion Modification

After deflation and removal of the cutting balloon,
angiographic imaging confirmed successful scoring and

modification of the calcified lesion. The arterial lumen

© 2024 1IMSIR, All Rights Reserved

appeared wider and more receptive to subsequent
dilation.

Stent Deployment

Following the lesion modification, a drug-eluting stent
was carefully positioned at the site of the treated calcified
plaque. The stent was deployed, ensuring optimal
expansion and apposition against the arterial walls. Post-
deployment angiography showed a well-expanded stent
with no residual re-stenosis or dissection, indicating
successful revascularization of the calcified artery.
Outcome and Follow-Up

The patient tolerated the procedure well without any
immediate complications. He was monitored in the
recovery area for several hours before being transferred
to the cardiac care unit for overnight observation. The
patient's symptoms of breathing difficulties and fatigue
improved significantly after the procedure.

Follow-up appointments were scheduled to monitor the
patient's recovery and ensure the long-term patency of
the treated artery. The successful use of the cutting
balloon in this case highlights its effectiveness in
managing calcified coronary lesions, providing an
important tool in the arsenal of interventional cardiology
for improving patient outcomes in complex CAD cases.
Figures 05, 06, and 07 sequentially depict the diagnosis
of a calcified lesion in the Right Coronary Artery (RCA),
the use of a cutting balloon at the target site, and the
subsequent restoration of blood flow at the targeted site.

Figure 5: Diagnosis of Calcified lesion in Right Coronary
Artery (RCA)
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Figure 7: Restored blood flow at the targeted site

Case 3: Following table 04 indicates the patient profile

Sr .
Field Value
No
1 Age 66 Years
2 Sex Male

2

Presenting symptoms Chest Pain

1 Medical history Hypertension.  Blood
Pressure
5 Duration of chest pain | I year 3 Months
symptoms
6 Severity of chest paim Severe Chest Pain

Table 4: Patient-3 characteristics prior to the procedure
Initial Assessment

A 66-year-old male patient presented with severe chest
pain. Initial diagnostic tests confirmed the presence of
coronary artery disease (CAD) and identified an issue of

in-stent restenosis (ISR).
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Diagnostic Procedure

To further evaluate the extent and specific location of the
in-stent restenosis, a coronary angiography was
performed. This imaging technique revealed a significant
restenotic lesion within a previously placed stent.
Interventional Strategy

In response to in-stent restenosis, a cutting balloon
system was considered to facilitate more effective lesion
modification.

Procedure Details

Preparation

The patient was prepped and draped in the catheterization
lab. Local anesthesia was administered, and vascular
access was obtained.

Advancement of the Guidewire

A guidewire was carefully navigated to the site of the
restenotic lesion under fluoroscopic guidance.
Deployment of the Cutting Balloon

A cutting balloon of size 3.0 x 10 mm was advanced over
the guidewire to the target site. The balloon was
gradually inflated, allowing the surgical microblades to
score the restenotic plaque. This controlled cutting action
helped disrupt the rigid restenotic structure, making it
more pliable for further treatment.

Assessment of Lesion Modification

After deflation and removal of the cutting balloon,
angiographic imaging confirmed successful scoring and
modification of the restenotic lesion. The arterial lumen
appeared wider and more receptive to subsequent
dilation.

Outcome and Follow-Up

The doctor was satisfied with the results, noting that the
required diameter of the vessel was regained and
adequate blood flow required for addressing the issues
was successfully achieved. Use of the cutting balloon in

this case highlights its effectiveness in managing in-stent
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restenosis, providing a valuable tool for improving
procedural outcomes in complex CAD cases. Figures 08,
09, and 10 sequentially depict the diagnosis of a calcified

lesion, the use of a cutting balloon at the target site, and

the restoration of blood flow in the target artery.

.
' .....'..ux-u-n-w

Figurel10: Restored blood flow in the target artery

Results
The presented cases underscore the efficacy of using

cutting balloon angioplasty for managing calcified

© 2024 1IMSIR, All Rights Reserved

coronary lesions, including in-stent restenosis (ISR).
Each case involved significant calcification that posed
challenges for standard angioplasty techniques. The
following points merit detailed discussion:

Effectiveness of Cutting Balloons: Cutting balloons,
specifically designed to create controlled incisions in
calcified plaques, facilitate lesion modification and
enhance the success of subsequent stent deployment. In
all three cases, cutting balloon angioplasty achieved
successful revascularization, demonstrating its utility in
treating complex calcified lesions.

Management of In-Stent Restenosis (ISR): Cases 1 and
3 specifically addressed ISR, a common complication
where a previously placed stent becomes narrowed again
due to tissue growth or calcification. The use of cutting
balloons was crucial in modifying the restenotic tissue,
thereby ensuring the effectiveness of subsequent stenting
procedures.

Technical Considerations: The selection of appropriate
cutting balloon sizes (ranging from 2.75 x 10 mm to 3.0 X
15 mm), tailored to the specific lesion characteristics in
each case, was vital. This personalized approach likely
contributed to the favorable outcomes observed.

Clinical Implications: The success of these interventions
underscores the importance of advanced tools and
techniques in interventional cardiology. By employing
cutting balloons, interventionalists can address heavily
calcified lesions that might otherwise be resistant to
conventional balloon angioplasty, thereby improving
patient outcomes.

Future Directions: While these cases illustrate positive
outcomes, further studies with larger patient cohorts will
be performed to systematically evaluate the long-term
benefits and potential risks associated with cutting

balloon angioplasty.
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Hence, the results of this research study underscore the
technical success of cutting balloon angioplasty in
managing complex, calcified coronary lesions, including
cases of in-stent restenosis (ISR). In all three cases,
cutting balloon angioplasty effectively facilitated
revascularization by modifying heavily calcified plaques,
thereby enabling successful subsequent stent deployment.
Specifically, the use of -cutting balloons proved
advantageous in treating ISR, as demonstrated in Cases 1
and 3, where the technique effectively modified
restenotic tissue and enhanced the outcomes of further
stenting. Additionally, the careful selection of cutting
balloon sizes, ranging from 2.75 x 10 mm to 3.0 X 15 mm
and tailored to each lesion's characteristics, was essential
to the procedural success observed across these cases.
This personalized approach contributed significantly to
the favorable clinical outcomes achieved, highlighting
the efficacy of cutting balloon angioplasty in these
challenging lesion scenarios.

Discussion

The successful outcomes observed with cutting balloon
angioplasty in these cases highlight its clinical utility as a
specialized approach for managing complex, calcified
coronary lesions, which often prove challenging for
standard balloon angioplasty. By efficiently modifying
calcified plaques, cutting balloon technology offers a
viable option for improving procedural outcomes,
particularly in patients whose lesions resist conventional
techniques. As such, this method could serve as a
valuable addition to the interventional cardiologists’
toolkit for treating difficult-to-manage coronary lesions.
However, despite the promising results in these initial
cases, additional studies with larger patient cohorts are
essential to thoroughly evaluate the long-term benefits
and potential risks of cutting balloon angioplasty,
in-stent restenosis (ISR).

especially in cases of
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Expanding the evidence base will be critical for defining
the optimal role of this technology in clinical practice and
establishing well-supported guidelines for its application
in interventional cardiology.

In these cases, OCT imaging was employed to provide
high-resolution visualization, allowing for the assessment
of stent apposition, neointimal proliferation, and plaque
morphology, which informed procedural strategy and
device selection. Cutting balloons with blade sizes of 50
microns or smaller, some designed with an elongated
side, were used effectively for lesions with up to 60%
stenosis. However, in cases with more extensive plaque
burden (approaching 90% stenosis), the cutting balloon
approach may be insufficient. For severe calcified lesions
of this nature, rotational atherectomy uses a high-speed
a 20,000-rpm

atherectomy device. Ticagrelor, a direct-acting drug, may

rotating blade, such as rotational
provide a more effective solution by creating additional
plague modification prior to further intervention.
Together, these approaches and the application of OCT
imaging underscore the need for tailored interventional
strategies to address a spectrum of lesion complexities in
coronary artery disease.

Conclusion

This study highlights the clinical effectiveness of cutting
balloon angioplasty in managing highly calcified and stiff
coronary lesions, which pose significant challenges for
conventional interventional techniques such as balloon
angioplasty and stenting. The presented cases
demonstrated that cutting balloons, equipped with
surgical microblades to create precise incisions in
calcified plaques, significantly enhance procedural
success and patient outcomes. In the evaluated cases,
balloon achieved  successful

cutting angioplasty

revascularization without immediate complications,

leading to notable symptomatic improvements. g
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" Specifically, the utilty of cutting balloons in treating in- 5. P. Barath et al. Cutting balloona novel approach to
stent restenosis (ISR) was underscored, as seen in Cases percutaneous angioplasty. Am J Cardiol (1991)
1 and 3, where conventional techniques were inadequate
due to the rigid nature of the calcified plagues. The
personalized selection of cutting balloon sizes based on
lesion characteristics was crucial in these successful
interventions. These findings suggest that cutting
balloons provide a valuable tool in the interventional
cardiology arsenal, particularly for lesions resistant to
traditional methods. By facilitating more effective plaque
modification and enhancing  subsequent  stent
deployment, cutting balloons improve procedural
outcomes and patient quality of life. Future research with
larger patient cohorts and long-term follow-up will be
performed to further validate these benefits and to
explore potential risks associated with cutting balloon
angioplasty in multiple number of patients. Nonetheless,
the current research study establishes a strong foundation
for considering cutting balloons as a preferred strategy in
complex coronary artery disease cases involving severe
calcification.
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