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ABSTRACT

	Background: Drug-eluting balloons (DCBs) have emerged as an important alternative to stent-based strategies in percutaneous coronary intervention (PCI), particularly in clinical scenarios where permanent metallic implantation may be undesirable. While randomized trials have demonstrated efficacy in selected lesion subsets, real-world data on contemporary DCB utilization and outcomes from India remain limited.

Aims: To evaluate indications, utilization patterns, procedural characteristics, and short-term clinical outcomes associated with DCB use in routine PCI practice in South India.

Study design:  Retrospective observational study.

Place and Duration of Study: Department of Cardiology, Apollo Speciality Hospitals, Vanagaram, Chennai, India; January 2024 to June 2025.
Methodology: This retrospective, observational, single-centre study included all consecutive adult patients who underwent PCI involving at least one DCB between January 2024 and June 2025. Demographic, clinical, angiographic, procedural, and follow-up data were collected from institutional records. Procedural success, complications, and short-term major adverse cardiac events (MACE) were analyzed.

Results: A total of 46 patients were included (mean age 60.4 ± 8.8 years; 82.6% male). DCBs were used in de novo lesions (67.4%) and in-stent restenosis (32.6%). Small-vessel disease (<2.5 mm) was present in 60.9%, and 73.9% of lesions were ACC/AHA type B2 or C. Predilatation was performed in 91.3% of cases, and a hybrid DCB–DES strategy was employed in 39.1%. Procedural success was achieved in 87.0%, with bailout stenting required in 6.5%. No in-hospital major complications occurred. At short-term follow-up, no MACE, death, myocardial infarction, or target lesion revascularization was observed.

Conclusion: In this real-world South Indian cohort, DCB-based PCI demonstrated high procedural success, a favorable safety profile, and excellent short-term clinical outcomes across a broad spectrum of complex coronary lesions.
.
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1. INTRODUCTION
Percutaneous coronary intervention (PCI) with drug-eluting stents (DES) remains the cornerstone of contemporary coronary revascularization. However, permanent metallic implantation is associated with limitations such as impaired vasomotion, late stent thrombosis, and challenges in treating small vessels, bifurcation lesions, and in-stent restenosis (ISR).¹
Drug-eluting balloons (DCBs) deliver antiproliferative drugs directly to the vessel wall without leaving behind a permanent scaffold, thereby preserving vascular integrity and reducing implant-related complications.² DCBs are well established in the treatment of coronary ISR, with multiple randomized trials demonstrating superior angiographic and clinical outcomes compared with plain balloon angioplasty.³˒⁴
Beyond ISR, increasing evidence supports the use of DCBs in selected de novo coronary lesions, particularly in small-vessel disease. The BELLO trial demonstrated favorable angiographic and clinical outcomes of paclitaxel-coated balloons compared with DES in small coronary arteries, highlighting the potential advantages of a “leave nothing behind” strategy in this subset.⁵ Subsequent studies and meta-analyses have further reinforced the safety and efficacy of DCB-only strategies in carefully selected de novo lesions.⁶
Despite growing global evidence, real-world data on contemporary DCB utilization and outcomes from India remain limited, particularly from South India. Given the high prevalence of diabetes, diffuse disease, and small-vessel involvement in the Indian population, region-specific data are essential to guide clinical practice. The present study was therefore undertaken to evaluate current patterns of DCB use, procedural strategies, and short-term outcomes in routine PCI practice at a tertiary care centre in South India.





2. MATERIAL AND METHODS
2.1 Study Design and Population
This was a retrospective, single-centre observational study conducted at the Department of Cardiology, Apollo Speciality Hospital, Vanagaram, South India, a high-volume tertiary care percutaneous coronary intervention (PCI) centre. All consecutive adult patients (≥18 years) who underwent PCI involving at least one drug-eluting balloon (DCB) between January 2024 and June 2025 were included.
Patients undergoing peripheral arterial DCB angioplasty or those with incomplete angiographic or procedural documentation were excluded. PCI strategy, lesion preparation, and device selection were determined by the treating operator in accordance with contemporary institutional practice and lesion-specific considerations.
2.2 Data Collection
Clinical and procedural data were obtained from electronic medical records, catheterization laboratory logs, procedural reports, and angiographic reviews.
Collected variables included demographic characteristics, cardiovascular risk factors, and clinical presentation. Angiographic variables comprised lesion type (de novo vs in-stent restenosis), vessel size, lesion length, diffuse disease, bifurcation or ostial involvement, and lesion complexity based on ACC/AHA classification. Procedural variables included lesion preparation techniques, DCB dimensions, inflation parameters, use of hybrid DCB–drug-eluting stent (DES) strategy, bailout stenting, and peri-procedural complications. 1 month follow-up information was obtained from outpatient records and telephonic follow-up when available.
2.3 Outcomes and Definitions
The primary outcome was procedural success, defined as achievement of TIMI grade 3 flow in the treated vessel without the requirement for bailout stenting.
Secondary outcomes included bailout stenting, angiographic or procedural complications, and short-term ie. 1 month major adverse cardiac events (MACE), defined as a composite of all-cause death, myocardial infarction, target lesion revascularization, or target vessel revascularization. Angiographic complications included coronary dissection, perforation, or no-reflow phenomenon.
2.4 Statistical Analysis
Continuous variables are presented as mean ± standard deviation, and categorical variables as frequencies and percentages. Statistical analyses were primarily descriptive given the retrospective observational design. Analyses were performed using Microsoft Excel and SPSS software. Missing data were minimal and managed using complete-case analysis.
3. results and discussion
 
3.1 Baseline Demographic and Clinical Characteristics

The study included 46 patients who underwent PCI using at least one drug-eluting balloon. The cohort had a mean age of 60.4 ± 8.8 years with a marked male predominance (82.6%). A high prevalence of traditional cardiovascular risk factors was observed, particularly hypertension (63.0%), diabetes mellitus (52.2%), and dyslipidaemia (45.7%), reflecting a real-world, high-risk population.
Acute coronary syndromes accounted for more than half of the presentations, with NSTEMI (32.6%) and STEMI (26.1%) together forming the majority, while the remainder presented with stable ischemic heart disease.




	Variable
	Value

	Age, years (mean ± SD)
	60.4 ± 8.8

	Male sex, n (%)
	38 (82.6)

	Diabetes mellitus, n (%)
	24 (52.2)

	Hypertension, n (%)
	29 (63.0)

	Dyslipidaemia, n (%)
	21 (45.7)

	Chronic kidney disease, n (%)
	6 (13.0)

	Smoking history, n (%)
	18 (39.1)

	Clinical presentation, n (%)
	

	• Stable ischemic heart disease
	19 (41.3)

	• NSTEMI
	15 (32.6)

	• STEMI
	12 (26.1)



Table 1: Baseline demographic profile, cardiovascular risk factors, and clinical presentation of patients undergoing percutaneous coronary intervention using drug-eluting balloons. Continuous variables are expressed as mean ± standard deviation, and categorical variables are presented as number (percentage).



Figure 1. Baseline cardiovascular risk factors in patients undergoing DCB-based PCI.
Bar chart showing the prevalence of major cardiovascular risk factors, highlighting the high burden of hypertension, diabetes mellitus, and dyslipidaemia in this real-world cohort.




3.2 Angiographic and Lesion Characteristics

Angiographic analysis demonstrated that DCBs were used across a wide spectrum of lesion subsets. De novo lesions constituted two-thirds (67.4%) of cases, while in-stent restenosis (ISR) accounted for 32.6%.
A substantial proportion of lesions involved small vessel disease (<2.5 mm, 60.9%) and diffuse disease (>20 mm length, 47.8%), highlighting the preference for DCBs in anatomies where permanent stenting may be suboptimal. Complex lesion morphology was common, with bifurcation lesions (30.4%), ostial lesions (19.6%), and ACC/AHA type B2/C lesions (73.9%) being frequently encountered. DCB PCI was performed in both single-vessel (63.0%) and multivessel (37.0%) settings .

	Variable
	n (%)

	Lesion type
	

	• De novo
	31 (67.4)

	• In-stent restenosis (ISR)
	15 (32.6)

	Small vessel disease (<2.5 mm)
	28 (60.9)

	Diffuse lesions (>20 mm)
	22 (47.8)

	Bifurcation lesions
	14 (30.4)

	Ostial lesions
	9 (19.6)

	ACC/AHA lesion type B2/C
	34 (73.9)

	DCB in single-vessel PCI
	29 (63.0)

	DCB in multivessel PCI
	17 (37.0)


Table 2: Angiographic characteristics and lesion morphology of coronary lesions treated with drug-eluting balloons, including lesion type, anatomical location, vessel size, lesion complexity, and extent of coronary artery disease. Values are presented as number (percentage).




Figure 2. Distribution of coronary lesion types treated with drug-eluting balloons.
Comparison of de novo lesions and in-stent restenosis (ISR), demonstrating predominant use of DCBs in de novo coronary disease.



3.3 Procedural Characteristics

Lesion preparation was an integral component of the DCB strategy, with predilatation performed in over 90% of cases. Scoring or cutting balloons were selectively used in approximately one-third of patients to optimize lesion modification prior to drug delivery.
A hybrid PCI approach, combining DCB and drug-eluting stents (DES), was employed in 39.1% of procedures, either as overlapping or non-overlapping strategies depending on lesion anatomy. Mean DCB diameter was 2.4 ± 0.3 mm.

	Variable
	Value

	Predilatation performed, n (%)
	42 (91.3)

	Scoring/cutting balloon used, n (%)
	16 (34.8)

	Hybrid PCI strategy (DCB + DES), n (%)
	18 (39.1)

	• Overlapping DCB + DES
	7 (15.2)

	• Non-overlapping DCB + DES
	11 (23.9)

	Mean DCB diameter, mm (± SD)
	2.4 ± 0.3

	Mean DCB length, mm (± SD)
	22.6 ± 6.1

	Multiple DCB inflations per lesion, n (%)
	12 (26.1)

	Mean inflation pressure, atm (± SD)
	9.8 ± 1.6

	Mean inflation duration, seconds (± SD)
	47 ± 11



Table 3: Procedural strategies and device-related parameters associated with drug-eluting balloon–based PCI, including lesion preparation techniques, hybrid PCI strategies, and balloon dimensions and inflation characteristics. Continuous variables are presented as mean ± standard deviation, and categorical variables as number (percentage).






Figure 3. Immediate procedural outcomes following DCB-based PCI.
Bar chart illustrating high procedural success rates with low bailout stenting and minimal angiographic complications.


3.4 Procedural Outcomes and Safety

Procedural success, defined as achievement of TIMI 3 flow without the need for bailout stenting, was achieved in 87.0% of cases. Bailout stenting was required in only 6.5%, primarily due to flow-limiting dissections.
Coronary dissections occurred infrequently and were mostly non-flow limiting. Importantly, no cases of no-reflow, coronary perforation, or significant arrhythmias were observed, underscoring the procedural safety of DCB use in this cohort.

	Outcome
	n (%)

	Procedural success (TIMI 3 flow without bailout stenting)
	40 (87.0)

	Bailout stenting required
	3 (6.5)

	Coronary dissection post-DCB
	4 (8.7)

	No-reflow phenomenon
	0

	Coronary perforation
	0

	Significant arrhythmias
	0



Table 4: Immediate procedural outcomes and in-hospital safety events following drug-eluting balloon angioplasty, including procedural success, bailout stenting, angiographic dissections, and major periprocedural complications. Values are expressed as number (percentage).


3.5 Short-Term Clinical Outcomes

At short-term follow-up, clinical outcomes were excellent. There were no major adverse cardiac events (MACE) recorded, including no deaths, myocardial infarctions, target lesion revascularization (TLR), or target vessel revascularization (TVR). These findings indicate favorable early clinical performance of DCB-based PCI in real-world practice 


	Outcome
	n (%)

	MACE (composite)
	0

	All-cause mortality
	0

	Myocardial infarction
	0

	Target lesion revascularization (TLR)
	0

	Target vessel revascularization (TVR)
	0



Table 5: Short-term clinical outcomes following drug-eluting balloon–based PCI, including major adverse cardiac events (MACE) and its individual components during follow-up. Values are presented as number (percentage).

3.6 Subgroup Analysis

On subgroup analysis, ISR lesions were more frequently associated with small vessel disease and diffuse lesion morphology compared with de novo lesions. Procedural success was numerically higher in the de novo group (90.3%) compared with the ISR group (80.0%), although overall success remained high in both subsets.
Bailout stenting was slightly more frequent in ISR lesions, reflecting increased lesion complexity. Notably, no MACE was observed in either subgroup during follow-up at 1month.

	Variable
	De Novo (n = 31)
	ISR (n = 15)

	Small vessel disease, n (%)
	17 (54.8)
	11 (73.3)

	Diffuse lesions, n (%)
	13 (41.9)
	9 (60.0)

	Bailout stenting, n (%)
	1 (3.2)
	2 (13.3)

	Procedural success, n (%)
	28 (90.3)
	12 (80.0)

	MACE at 1 month follow-up
	0
	0


Table 6: Comparative analysis of lesion characteristics, procedural success, and clinical outcomes between de novo coronary lesions and in-stent restenosis treated with drug-eluting balloons. Data are presented as number (percentage).



Figure 4. Procedural success by lesion subgroup.
Comparison of procedural success between de novo lesions and ISR, showing consistently high success across both subsets.


4.0 Discussion

This retrospective, real-world analysis provides contemporary evidence on drug-eluting balloon (DCB) use in routine percutaneous coronary intervention (PCI) practice in South India. The key findings of this study are: (1) DCBs are frequently utilized beyond classical in-stent restenosis (ISR), particularly in de novo and small-vessel disease; (2) high procedural success with a low bailout stent rate can be achieved with careful lesion preparation; and (3) short-term clinical outcomes are excellent, with no observed major adverse cardiac events (MACE).
DCBs are an established therapy for coronary ISR, supported by randomized trials such as PACCOCATH and PEPCAD-DES, which demonstrated superior angiographic and clinical outcomes compared with plain balloon angioplasty and durable long-term efficacy.³˒⁴ In the present study, ISR constituted nearly one-third of treated lesions, with slightly lower procedural success and higher bailout stent rates compared with de novo lesions. This observation is consistent with the greater mechanical complexity and fibrotic nature of restenotic tissue. Importantly, however, no MACE occurred in either subgroup, supporting the short-term safety of DCB use in ISR.
A notable finding of this study is the predominant use of DCBs in de novo lesions (67.4%), particularly in small-vessel disease, which accounted for more than 60% of cases. This reflects evolving real-world practice and aligns with evidence from the BELLO trial, which demonstrated favorable outcomes of DCBs compared with DES in small coronary vessels.⁵ Avoidance of permanent metallic scaffolds may be especially advantageous in small-calibre arteries, where restenosis risk and stent-related complications are higher.
The study population included a high proportion of complex lesion morphologies, including diffuse disease, bifurcation lesions, and ACC/AHA type B2/C lesions. Despite this complexity, procedural success was achieved in 87% of cases, underscoring the feasibility of DCB-based strategies in routine clinical practice. These findings support the concept that DCB PCI, when appropriately applied, can be extended to complex anatomies beyond those typically included in randomized trials.
Lesion preparation emerged as a critical determinant of procedural success. Predilatation was performed in over 90% of cases, with selective use of scoring or cutting balloons. Contemporary studies and physiology-guided approaches have emphasized that adequate lesion modification is essential for optimal drug uptake and favorable outcomes in DCB-based PCI.⁷ The low bailout stent rate observed in this study further reinforces this principle.
Approximately 40% of procedures employed a hybrid DCB–DES strategy, reflecting pragmatic, lesion-specific decision-making in real-world practice. Hybrid approaches allow operators to minimize metal implantation while maintaining safety in segments requiring scaffolding and have been increasingly reported in observational studies and expert reviews.⁸
Short-term safety outcomes were excellent, with no cases of death, myocardial infarction, or repeat revascularization. These findings are consistent with contemporary observational data and systematic reviews demonstrating low early adverse event rates following DCB use in both ISR and selected de novo lesions.⁶ Emerging evidence from newer-generation sirolimus-coated balloons, including real-world studies such as the MOZEC trial, further supports the expanding role of DCB technology in contemporary PCI practice.⁹
5.0 Conclusion

In this contemporary real-world cohort from South India, DCB-based PCI was associated with high procedural success, low bailout stent rates, and excellent short-term clinical outcomes, even in complex lesion subsets including small-vessel disease and ISR. When combined with meticulous lesion preparation and selective hybrid strategies, DCBs represent a safe and effective adjunct or alternative to stent-based PCI. Larger prospective studies with longer follow-up are warranted to define long-term outcomes in diverse patient populations.

6.0 Limitations

The study is limited by its retrospective design, single-centre setting, and modest sample size. Follow-up was short-term, and routine angiographic follow-up was not available, precluding assessment of late lumen loss or long-term durability.
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Procedural success by lesion subgroup. 

Success Rate (%)	De novo lesions	ISR lesions	90.3	80	


Baseline cardiovascular risk factors 

Percentage	Hypertension	Diabetes	Dyslipidaemia	Smoking	CKD	63	52.2	45.7	39.1	13	


Distribution of coronary lesion types 

Percentage	De novo	ISR	67.400000000000006	32.6	


Immediate procedural outcomes 

Percentage (%)	Procedural success	Bailout stenting	Coronary dissection	87	6.5	8.6999999999999993	





