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Abstract

Introduction. Drug-coated balloons (DCB) deliver an antiproliferative agent to the
vessel wall during a single balloon inflation without leaving a permanent implant. Real-world
data from Kazakhstan and Central Asia remain limited.

Aim. To assess the procedural safety and mid-term clinical outcomes of DCB angioplasty
in a consecutive real-world cohort with de novo coronary lesions and in-stent restenosis treated
at a single interventional cardiology centre in Kazakhstan.

Materials and methods. This retrospective, single-centre observational study included
102 consecutive patients treated with the MagicTouch™ sirolimus-coated balloon (Concept
Medical) between August 2024 and May 2025 (data cut-off 31 May 2026). The cohort
comprised de novo lesions, in-stent restenosis, small-vessel disease (<2.5 mm), distal and
bifurcation lesions, and hybrid procedures. Clinical outcomes were assessed at 3, 6 and 12
months. The primary endpoint was major adverse cardiovascular events (MACE): cardiac
death, non-fatal myocardial infarction and clinically driven target lesion revascularization.

Results. Mean age was 63.2 £ 9.4 years; 66.7% were male; 37.3% had diabetes and 21.6%
chronic kidney disease. A bail-out stent was required in 17.6%. Procedural success was
achieved in 97.1%. At 12 months, MACE occurred in 5 of the 92 patients with complete follow-
up (5.4%); all events were clinically driven target lesion revascularization (5/92; 5.4%), with
no non-fatal myocardial infarction (0/92) and no cardiac death (0/92). Freedom from angina
(CCS class 0) was documented in 66/92 (71.7%) and CCS class 0—II in 85/92 (92.4%). No
vessel thrombosis was recorded.

Conclusion. In this observational cohort, DCB angioplasty was associated with high
procedural success, progressive symptomatic improvement and no observed vessel thrombosis
across small-vessel disease, in-stent restenosis, and distal and bifurcation lesions. As a single-
arm study, it cannot establish comparative safety or efficacy versus drug-eluting stents;
prospective multicentre studies with angiographic endpoints are warranted.

Key words: coronary balloon angioplasty, coronary restenosis, coronary artery disease,
sirolimus, percutaneous coronary intervention.

Introduction. Coronary artery disease (CAD) causes approximately 9 million deaths
each year and remains the leading cause of cardiovascular death worldwide [1]. Over the past
three decades, percutaneous coronary intervention has evolved from plain balloon angioplasty
to contemporary drug-eluting stents, substantially improving outcomes across the spectrum of
obstructive CAD, from stable angina to acute coronary syndromes [1,2].

Despite these advances, revascularization with drug-eluting stents (DES) is associated
with persistent limitations. The permanent metallic scaffold may contribute to early and late
stent thrombosis, particularly after premature discontinuation of antiplatelet therapy [1,2]. In-
stent restenosis (ISR), resulting from neointimal tissue proliferation within the stented segment,
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remains one of the most challenging problems in contemporary interventional cardiology [3].
In addition, prolonged dual antiplatelet therapy (DAPT) increases bleeding risk in older
patients, those with chronic kidney disease (CKD) and patients requiring anticoagulation. The
accumulation of permanent metal may also impair vascular remodelling and constrain future
surgical bypass options [4,5].

Drug-coated balloons (DCB) provide an alternative approach based on the “leave nothing
behind” principle. As a device class, DCB deliver an antiproliferative agent — historically
paclitaxel and, more recently, sirolimus — directly to the vessel wall during a single transient
balloon inflation, without implanting a permanent scaffold. The device used in the present
study, the MagicTouch™ sirolimus-coated balloon, delivers sirolimus, which inhibits smooth
muscle cell proliferation by blocking the mammalian target of rapamycin (mTOR) pathway,
whereas paclitaxel acts through microtubule stabilization. Irrespective of the coating agent, the
intended effect is suppression of the neointimal hyperplasia that underlies both de novo
restenosis and ISR. The absence of an implant preserves vasomotor function, removes a surface
that may promote late thrombosis and may permit shorter antiplatelet therapy compared with
DES [6-9].

The evidence base for coronary DCB has expanded. In ISR, meta-analyses and long-term
randomized trials have shown that DCB are superior to plain balloon angioplasty and
comparable to DES, with a potential safety benefit in terms of major adverse events [3-5,10].
In small, non-complex coronary arteries (reference diameter <2.5 mm), randomized studies,
including the three-year results of the PICCOLETO II trial, have shown DCB to be non-inferior
or superior to DES [11,12]. The 2024 European Society of Cardiology (ESC) Guidelines on
chronic coronary syndromes list DCB as an acceptable alternative to DES for ISR and for
challenging anatomy [1]. Additional evidence supports their use in de novo bifurcation lesions,
diffuse disease, larger vessels and patients at high bleeding risk [13—16].

Despite this growing evidence, published real-world data on DCB from Kazakhstan and
Central Asia remain scarce, and it is uncertain to what extent results from clinical trials are
reproduced in local practice [17-22]. To address this gap, we conducted a retrospective
observational study to assess the safety and mid-term clinical outcomes of DCB angioplasty in
102 consecutive patients treated at the Catheterization Laboratory of the JSC ‘“National
Scientific Medical Center”, Astana, Kazakhstan.

Materials and methods.

Ethical issues

The research protocol was reviewed and approved by the Ethics Committee of the JSC
“National Scientific Medical Center”, Republic of Kazakhstan (Protocol No. 095/K4-89 dated
13.05.2024). All participants provided written informed consent prior to inclusion in the study.
During data collection and analysis, anonymity and confidentiality were strictly observed.

Study design and setting

This was a retrospective, single-centre observational study conducted at the
Catheterization Laboratory of the JSC “National Scientific Medical Center”. This tertiary
cardiac centre holds national accreditation and performs between 3,500 and 4,000 diagnostic
coronary angiographies annually, with individual operators performing 600 to 800 such
procedures per year. All interventions were consistent with national clinical protocols of
Kazakhstan and current ESC guidelines [1,2].

Study population

Patients were consecutively enrolled if they underwent DCB angioplasty between August
2024 and May 2025. The database was locked on 31 May 2026 (data cut-off); no event
occurring after this date was included. The cut-off was defined so that every enrolled patient
had the opportunity to complete the full 12-month follow-up window before database lock;
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consequently, no patient was excluded from the 12-month analysis because of insufficient
elapsed follow-up time, and the only reason for a missing 12-month assessment was loss to
follow-up. Inclusion criteria were age 18 years or older and documented obstructive CAD with
stenosis of 70% or greater (or 50% or greater with confirmed ischaemia) requiring
revascularization. DCB had to be used as the primary or adjunctive treatment strategy, including
de novo lesions, ISR, small vessels (<2.5 mm), distal or bifurcation lesions, and combined
DCB-and-stent approaches. Patients were excluded for cardiogenic shock at presentation,
active malignancy with projected survival under 12 months, severe hepatic failure, inability or
unwillingness to adhere to prescribed antiplatelet therapy, or incomplete procedural
documentation.

Interventional procedure

All procedures were performed by experienced interventional cardiologists. Access was
radial or femoral, using 6 Fr guiding catheters in all cases. For intermediate stenoses (40—-70%),
the operator decided whether fractional flow reserve (FFR) or the instantaneous wave-free ratio
(iFR) was used to assess haemodynamic significance.

Before DCB deployment, lesions were prepared in two steps. A semi-compliant balloon
was inflated to 6-10 atm for at least 30 seconds; when required, a non-compliant high-pressure
balloon was subsequently used. This step reduced elastic recoil and ensured uniform vessel
preparation, a prerequisite for even drug transfer. Adequate preparation was confirmed
angiographically by TIMI III flow and the absence of type A or B dissection.

The MagicTouch™ sirolimus-coated balloon (Concept Medical) was used for
angioplasty, delivering sirolimus at 1.27 pg/mm?. Balloon size was matched to the vessel at a
ratio of 0.9:1 to 1.0:1. Inflation was performed at 10—16 atm for at least 60 seconds to allow
complete drug transfer, followed by a 60-second interval before the final angiogram to permit
sufficient drug absorption. When the result was inadequate (residual stenosis exceeding 30%,
type C or worse dissection, or TIMI flow below III), a drug-eluting stent was implanted as a
bail-out, resulting in a hybrid strategy.

Pharmacological treatment

Unfractionated heparin was administered at 50—60 [U/kg during the procedure. After
DCB-only PCI, patients received DAPT comprising aspirin 100 mg daily indefinitely and
clopidogrel 75 mg daily; clopidogrel was continued for at least one month in elective cases and
for 36 months in acute coronary syndrome, consistent with national protocols and ESC
recommendations [1,2,23]. When a bail-out DES was implanted, DAPT was continued for 12
months. High-intensity statin therapy, renin-angiotensin system inhibitors and beta-blockers
were prescribed according to current guidelines [1,2].

Definitions of endpoints

Procedural success was defined as residual stenosis of the target lesion below 30% with
TIMI III flow and no significant procedural complications (in-hospital mortality, Q-wave
myocardial infarction or need for emergency bypass surgery). MACE comprised cardiac death,
non-fatal myocardial infarction (Fourth Universal Definition) and clinically driven target lesion
revascularization (TLR). TLR was defined as any re-intervention at the target lesion prompted
by objective evidence of ischaemia together with angiographic restenosis of 50% or greater.
Vessel thrombosis was assessed by Academic Research Consortium (ARC) criteria. Non-
adherence was recorded when a patient discontinued antiplatelet agents or statins for more than
seven consecutive days.

Follow-up

Patients attended scheduled outpatient visits at 3, 6 and 12 months. At each visit, the
Canadian Cardiovascular Society (CCS) angina class, MACE components, non-target vessel
revascularization, cardiovascular rehospitalization, medication adherence and signs of heart
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failure were systematically recorded. Adverse events were adjudicated by the treating
cardiologist after review of all available medical records and angiograms. A visit was counted
as completed when performed within 1 month of the scheduled 3- and 6-month dates and
within £2 months of the scheduled 12-month date. A patient was classified as lost to follow-up
when neither an in-person visit nor a documented telephone contact could be obtained within
the corresponding window or at any later point up to the data cut-off. Outcomes were analysed
at each time point on an as-assessed basis; denominators therefore differ between visits and are
stated explicitly for every reported proportion.

Statistical analysis

Normally distributed continuous variables are reported as mean + standard deviation
(SD); skewed variables are reported as median with interquartile range (IQR). Normality was
assessed with the Shapiro—Wilk test. Categorical variables are presented as absolute counts and
percentages. MACE rates are reported cumulatively at each time point. Given the retrospective,
descriptive design, formal hypothesis testing was not the primary aim, and subgroup
comparisons were regarded as exploratory. Analyses were performed with IBM SPSS Statistics
v. 26.0 (IBM Corp., Armonk, NY, USA); a two-sided p-value below 0.05 was considered
statistically significant.

Results.

Patient flow

Between August 2024 and May 2025, 102 consecutive patients underwent DCB
angioplasty and all 102 were included in the analysis. The database was locked on 31 May
2026. By that date all 102 patients (100%) had passed the scheduled 12-month follow-up
window, so no patient was censored for insufficient elapsed follow-up time. Follow-up was
complete in 100 of 102 patients at 3 months (98.0%), 96 of 102 at 6 months (94.1%) and 92 of
102 at 12 months (90.2%). Cumulatively, 10 of 102 patients (9.8%) were lost to follow-up: 6
could not be contacted at any subsequent visit and 4 had relocated outside the region; the
corresponding cumulative losses were 2 by 3 months, 6 by 6 months and 10 by 12 months.
Outcomes at each time point were analysed only in the patients actually assessed at that visit
(n=100, 96 and 92 at 3, 6 and 12 months, respectively); the 12-month analysis was therefore
based on the 92 patients with complete 12-month follow-up rather than the full cohort of 102.
Baseline characteristics are reported for the entire cohort of 102 patients.

Mean age was 63.2 £ 9.4 years, and 68 patients (66.7%) were male. Cardiovascular risk
factors were common. Arterial hypertension was present in 84 patients (82.4%), diabetes
mellitus in 38 (37.3%) and dyslipidaemia in 76 (74.5%). Current or former smoking was
reported in 42 patients (41.2%). CKD, defined as an eGFR below 60 mL/min/1.73 m?, was
present in 22 patients (21.6%), reflecting the multisystem burden of the cohort. Prior PCI had
been performed in 29 patients (28.4%), of whom 6 (5.9%) had previously undergone coronary
artery bypass grafting (CABG). Acute coronary syndrome was the initial presentation in 31
patients (30.4%), while the remaining 71 (69.6%) presented with stable angina. Left ventricular
systolic dysfunction (ejection fraction below 50%) was present in 24 patients (23.5%). Baseline
characteristics are detailed in Table 1.

Table 1. Baseline patient characteristics (n=102).

Characteristic n (%) or mean + SD
Age, years 63.2+94

Male sex 68 (66.7%)

Arterial hypertension 84 (82.4%)

Diabetes mellitus (total) 38 (37.3%)
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insulin-treated 14 (13.7%)
non-insulin-treated 24 (23.5%)
Dyslipidaemia 76 (74.5%)
Smoking (current or former) 42 (41.2%)
CKD (eGFR <60 mL/min/1.73 m?) 22 (21.6%)
on dialysis 4 (3.9%)
Obesity (BMI >30 kg/m?) 31 (30.4%)
Prior PCI 29 (28.4%)
Prior CABG 6 (5.9%)
ACS at presentation 31 (30.4%)
NSTEMI 19 (18.6%)
unstable angina 12 (11.8%)
Stable angina 71 (69.6%)
Baseline CCS class III-IV 52 (51.0%)
LV ejection fraction <50% 24 (23.5%)

Note: ACS — acute coronary syndrome; BMI — body mass index; CABG — coronary artery bypass grafting; CCS
— Canadian Cardiovascular Society classification; CKD — chronic kidney disease; eGFR — estimated glomerular
filtration rate; LV — left ventricle;, NSTEMI — non-ST-elevation myocardial infarction; PCI — percutaneous
coronary intervention; SD — standard deviation.

Lesion characteristics and angiographic data

A total of 118 lesions were treated during the 102 index procedures (mean 1.16 per
patient). De novo lesions accounted for 85 (72.0%) of treated segments and ISR for 33 (28.0%)),
of which 26 (78.8%) involved a DES and 7 (21.2%) a bare-metal stent (BMS). Small-vessel
disease (<2.5 mm) was present in 52 lesions (44.1%), distal lesions in 36 (30.5%) and
bifurcation lesions in 19 (16.1%). By coronary territory, the left anterior descending artery
(LAD) accounted for 47.5%, the right coronary artery (RCA) for 28.8%, the left circumflex
artery (LCx) for 22.0% and the left main for 1.7%. Complex morphology (ACC/AHA type
B2/C) was present in 54.2% of lesions. Angiographic data are presented in Table 2 and Figure
1.

Table 2. Lesion characteristics and angiographic data (n=118 lesions).

Characteristic n (%)
De novo lesion 85 (72.0%)
In-stent restenosis (ISR) 33 (28.0%)
ISR after DES 26 (78.8% of ISR)
ISR after BMS 7 (21.2% of ISR)
Small-vessel disease (<2.5 mm) 52 (44.1%)
Distal lesion 36 (30.5%)
Bifurcation lesion 19 (16.1%)
Mgltivessel disease at index procedure, % of patients 24 (23.5%)
(n=102)
LAD territory 56 (47.5%)
RCA territory 34 (28.8%)
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LCx territory 26 (22.0%)
Left main coronary artery 2 (1.7%)
Complex morphology B2/C (ACC/AHA) 64 (54.2%)
Pre-procedural stenosis, % 82.1+11.4
Reference vessel diameter, mm 26+0.5
Lesion length, mm 184+7.2
SYNTAX score, median (IQR) 16.4 (11-22)

Note: BMS — bare-metal stent; DES — drug-eluting stent; IQR — interquartile range; ISR — in-stent restenosis; LAD
— left anterior descending artery; LCx — left circumflex artery; RCA — right coronary artery.

A. Indications for DCB use B. Coronary territory distribution
(n = 118 lesions) (n = 118 lesions)

De novo, small vessels (<2.5 mm)
Distal lesions

In-stent restenosis (ISR)

De novo, large vessels (=2.5 mm)

Bifurcation lesions

Left main coronary artery

| . . . . 1 mmm LAD (left anterior descending artery)
0 10 20 30 40 50 RCA (right coronary artery)
Percentage of lesions (%) LCx (left circumflex artery)

= Left main coronary artery

Figure 1. Distribution of lesion types and coronary territories (n=118 lesions). Hybrid
strategy (DCB + stent) was used in 18/102 patients (17.6%) and is reported separately from
lesion-level percentages. Panel A — indications for DCB use. Panel B — distribution by
coronary territory. DCB — drug-coated balloon; ISR — in-stent restenosis; LAD — left anterior
descending artery; LCx — left circumflex artery; RCA — right coronary artery.

Procedural characteristics

Radial access was used in 88 patients (86.3%) and femoral access in 14 (13.7%). All
procedures used 6 Fr guiding catheters. Mandatory pre-dilatation with a semi-compliant balloon
was performed in 100% of cases, and a non-compliant high-pressure balloon was additionally
used in 62 patients (60.8%) to optimize lesion preparation.

The MagicTouch™ sirolimus-coated balloon was deployed at a mean inflation pressure
of 14.2 + 2.8 atm, and an inflation time of at least 60 seconds was maintained in all cases. DCB
diameter was 2.0-2.5 mm in 66 patients (64.7%) and 2.75-3.5 mm in 36 (35.3%). Bail-out DES
implantation was required in 18 patients (17.6%): for type C or worse dissection in 11 (61.1%)
and for residual stenosis exceeding 30% in 7 (38.9%). Procedural success was achieved in 99
of 102 patients (97.1%). No no-reflow, coronary perforation, acute vessel occlusion or
periprocedural myocardial infarction was recorded. One vascular access-site complication
requiring management was observed (1.0%). Procedural data are presented in Table 3.
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Table 3. Procedural characteristics (n=102).

Parameter n (%) or mean = SD
Radial access 88 (86.3%)
Femoral access 14 (13.7%)
6 Fr guiding catheter (all cases) 102 (100%)
Mandatory pre-dilatation with SC balloon 102 (100%)
Additional NC high-pressure balloon 62 (60.8%)
DCB diameter 2.0-2.5 mm 66 (64.7%)
DCB diameter 2.75-3.5 mm 36 (35.3%)
DCB length, mm 20.1 £ 6.4
DCB inflation pressure, atm 142 +£2.8
Inflation time >60 s 102 (100%)
Residual stenosis after DCB, % 143 +£9.1
Hybrid strategy (bail-out DES) 18 (17.6%)
dissection > type C 11 (61.1%)
residual stenosis >30% 7 (38.9%)
Procedural success 99 (97.1%)
Contrast volume, mL 158 £42
Fluoroscopy time, min 18.4+7.8
Radiation dose, mGy 1280 + 380
Periprocedural MI / perforation / no-reflow 0 (0%)
Vascular access-site complication 1 (1.0%)

Note: DCB — drug-coated balloon; DES — drug-eluting stent; MI — myocardial infarction; NC — non-compliant;
SC — semi-compliant; SD — standard deviation.

Clinical outcomes during follow-up

Symptomatic improvement was consistent and progressive across all time points. The
complete CCS distribution at each visit is given in Table 4 and Figure 2; the four CCS categories
(0, I, IT and HI-1V) are mutually exclusive and exhaustive and sum to 100% of the patients
assessed at each time point. Freedom from angina (CCS class 0) was documented in 63 of 100
patients (63.0%) at 3 months, 65 of 96 (67.7%) at 6 months and 66 of 92 (71.7%) at 12 months.
CCS class I was recorded in 17 of 100 (17.0%), 14 of 96 (14.6%) and 11 of 92 (12.0%), and
CCS class IT in 13 of 100 (13.0%), 9 of 96 (9.4%) and 8 of 92 (8.7%) at 3, 6 and 12 months,
respectively. The proportion of patients in CCS class 0—II was therefore 93 of 100 (93.0%) at 3
months, 88 of 96 (91.7%) at 6 months and 85 of 92 (92.4%) at 12 months. Persistent angina
(CCS class III-IV) was recorded in 7 of 100 (7.0%), 8 of 96 (8.3%) and 7 of 92 (7.6%) at 3, 6
and 12 months, respectively. Recurrent angina requiring adjustment of antianginal therapy
occurred in 13 of 100 (13.0%), 10 of 96 (10.4%) and 9 of 92 (9.8%); these patients are already
contained within CCS classes I-II and III-IV and do not form a separate category.

For hard clinical endpoints, the cumulative MACE rate was 2 of 100 patients (2.0%) at 3
months, 4 of 96 (4.2%) at 6 months and 5 of 92 (5.4%) at 12 months. All five MACE events
were clinically driven TLR (5/92; 5.4% at 12 months) and occurred predominantly in patients
with small-vessel disease and diffuse distal lesions; no non-fatal myocardial infarction (0/92)
and no cardiac death (0/92) was recorded at any time point. Non-target vessel revascularization
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was required in 3 patients (3.3%) at 12 months, reflecting disease progression in previously

untreated segments.

No definite or probable vessel thrombosis was recorded at any time point during the 12-
month follow-up (ARC criteria). DAPT adherence declined from 94 of 100 patients (94.0%) at
3 months to 81 of 92 (88.0%) at 12 months; statin adherence remained high at 84 0of 92 (91.3%)).
Follow-up results are presented in Table 4 and Figure 3.

Table 4. Clinical outcomes during follow-up (3, 6 and 12 months).

Outcome 3mo (n=100) | 6 mo (n=96) | 12 mo (n=92)
Freedom from angina (CCS 0) 63 (63.0%) 65 (67.7%) 66 (71.7%)
CCSclass I 17 (17.0%) 14 (14.6%) 11 (12.0%)
CCS class II 13 (13.0%) 9 (9.4%) 8 (8.7%)
CCS class ITII-1V (persistent angina) 7 (7.0%) 8 (8.3%) 7 (7.6%)
E)CS class O—II (sum of classes 0, I and 93 (93.0%) 88 (91.7%) 85 (92.4%)
;F\(/);[al CCS distribution (0 + I + II + III- 100 (100%) 96 (100%) 92 (100%)
Recurrent angina, therapy adjusted* 13 (13.0%) 10 (10.4%) 9 (9.8%)
Clinically driven TLR 2 (2.0%) 4 (4.2%) 5 (5.4%)
Non-target vessel revascularization 1 (1.0%) 2 (2.1%) 3 (3.3%)
Non-fatal MI 0 0 0
Cardiac death 0 0 0
MACE (composite) 2 (2.0%) 4 (4.2%) 5 (5.4%)
Vess§l thrombosis (ARC 0 0 0
definite/probable)

Cardiovascular rehospitalization 3 (3.0%) 5(5.2%) 6 (6.5%)
DAPT adherence 94 (94.0%) 91 (94.8%) 81 (88.0%)
Statin therapy adherence 96 (96.0%) 93 (96.9%) 84 (91.3%)

Note: ARC — Academic Research Consortium; CCS — Canadian Cardiovascular Society classification; DAPT —
dual antiplatelet therapy; MACE — major adverse cardiovascular events (cardiac death + non-fatal MI + TLR); MI
— myocardial infarction; TLR — target lesion revascularization. Percentages are calculated against the number of
patients actually assessed at each time point (n=100, 96 and 92 at 3, 6 and 12 months). CCS classes 0, I, IT and 11—
IV are mutually exclusive and sum to 100% at each time point.

* Recurrent angina requiring adjustment of antianginal therapy is a descriptive overlapping category: these patients
are already counted within CCS classes I-II and III-IV and do not form an additional class.
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Figure 2. Complete distribution of angina functional class (CCS) at baseline (n=102) and at 3
(n=100), 6 (n=96) and 12 months (n=92). Each column shows all four mutually exclusive
CCS categories and totals 100% of the patients assessed at that time point; absolute numbers
are given in Table 4. CCS — Canadian Cardiovascular Society classification.

Subgroup observations

Subgroup rates were recalculated from the primary database against the denominator of
patients actually assessed at 12 months. Of the 92 patients with complete 12-month follow-up,
34 had diabetes mellitus and 58 did not. All five MACE events were clinically driven TLR: 3
occurred in patients with diabetes (3/34; 8.8%) and 2 in patients without diabetes (2/58; 3.4%),
so that the subgroup counts add up exactly to the 5 events reported for the whole cohort. Four
of the five TLR events occurred in patients treated for small-vessel disease, and the two late
events (between the 6- and 12-month visits) both occurred in patients with diabetes and diffuse
distal CAD. Among the 11 patients with low DAPT adherence at 12 months, angina recurrence
was observed in 7 (7/11; 63.6%), underscoring the importance of medication adherence. CCS
class dynamics are illustrated in Figure 2. Because these subgroups are small and the total
number of events is only five, no formal statistical comparison was performed; the observations
are exploratory and hypothesis-generating and should not be interpreted as confirmatory.
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Figure 3. Cumulative incidence of adverse clinical events over 12 months of follow-up. All
components of the primary endpoint are plotted on a single 0—8% scale so that low-frequency
and zero values remain legible. Denominators: n=100 at 3 months, n=96 at 6 months and
n=92 at 12 months. Symptom status and treatment adherence are presented in Table 4 and
Figure 2. MACE — major adverse cardiovascular events; TLR — target lesion
revascularization; ARC — Academic Research Consortium.

Discussion. This single-centre, real-world series describes the procedural and mid-term
clinical outcomes of DCB angioplasty in a heterogeneous Central Asian cohort. Among 102
patients with a range of coronary lesions — de novo stenoses, ISR, small-vessel disease, and
distal and bifurcation lesions — DCB angioplasty was procedurally successful in 97.1%.
Symptomatic improvement was progressive and sustained over one year. The 12-month MACE
rate of 5.4% is broadly consistent with other real-world series, and no vessel thrombosis was
observed. To our knowledge, published real-world data on coronary DCB from the Central
Asian region remain limited, and the present series adds regional evidence to the existing
literature.

The 12-month MACE rate of 5.4% is broadly consistent with large real-world DCB
registries. Pan et al. reported a rate of 8.2% in a prospective all-comers cohort of 581 patients,
and Shin et al. reported 9.6% in a series of 1,117 patients with multivessel DCB use [8,9]. A
2024 scientific update by Lazar et al. described consistently favourable DCB outcomes across
varied patient groups and healthcare settings, a view also supported by the Second Report of
the Asia-Pacific DCB Consensus Group by Her et al. in 2025 [6,23,24]. The TLR rate of 5.4%
at 12 months is consistent with the 7.0% at 12 months in PICCOLETO II and with long-term
ISR data reported by von Koch et al. in 2024 [11,19]. The absence of vessel thrombosis during
follow-up is mechanistically plausible: in the absence of a permanent metallic scaffold, a
principal substrate for early and late thrombosis is removed [6,23].

Small-vessel disease was the most frequent indication in our series, accounting for 44.1%
of lesions. Stenting of vessels smaller than 2.5 mm carries a high risk of restenosis, related to a
less favourable neointima-to-lumen ratio, difficulty achieving full stent expansion in calcified
or tortuous segments, and limited options for future re-intervention [16,25]. Meta-analyses by
Sanz Sanchez et al. (2021) and Angheluta et al. (2024) found DCB to be non-inferior to DES
at both one and three years [12,26]. In a head-to-head randomized trial, Ninomiya et al. (2023)
showed that sirolimus-coated balloons were non-inferior to paclitaxel-coated devices in de novo
small-vessel disease, a finding directly relevant to the MagicTouch™ sirolimus-coated balloon
used in our series [27]. Further supporting evidence was provided by Xu et al. (2022) for
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biolimus-coated devices [21]. In our cohort, patients with diabetes had a numerically higher 12-
month MACE rate (3/34; 8.8%) than patients without diabetes (2/58; 3.4%); with only five
events in total, this difference is hypothesis-generating rather than confirmatory. This is
consistent with the meta-analysis by Verdoia et al. (2024) and with data from Seeger et al.
(2023) reporting higher event rates in insulin-treated patients [7,28], and with the real-world
observation by Li et al. (2022) in diabetic patients with small-vessel disease [20]. These findings
underline the importance of enhanced secondary prevention and closer follow-up in this
population.

ISR accounted for 28.0% of treated lesions, consistent with the referral pattern of a
tertiary centre. The use of DCB for ISR is supported by strong evidence: meta-analyses by Zhu
et al. (2021) [5] and a systematic review by Kulyassa et al. (2023) [10] showed DCB to be
superior to plain balloon angioplasty and comparable to DES. The 10-year results of ISAR-
DESIRE 3, reported by Giacoppo et al. in 2023 [4], provide the most extensive long-term safety
data for ISR. Von Koch et al. (2024) [19], in a long-term real-world ISR population, found
comparable MACE rates for DCB and DES. Accordingly, the 2024 ESC Guidelines endorse
DCB as an alternative to DES for ISR, which is particularly relevant for patients with multiple
stent layers, elevated bleeding risk or complex anatomy [1,3]. These features were common
among the ISR patients we treated.

The avoidance of permanent metallic implants is of increasing clinical relevance,
particularly for patients with diffuse CAD, diabetes or hypertension, all common in our cohort.
A DCB-first or DCB-only strategy preserves the native vessel architecture for future
intervention, reduces the amount of foreign material and facilitates subsequent surgical bypass
when required [6,17,29]. Yang et al. (2022) showed durable results with DCB in diffuse
coronary disease, and the SCRAP study by Meunier et al. (2023) confirmed the feasibility of a
stent-free strategy in stable CAD [17,29]. Our approach, which used DCB whenever feasible
and reserved a drug-eluting stent as a bail-out, was applied in 17.6% of participants. This hybrid
strategy represents a reasonable balance between immediate procedural safety and the longer-
term goal of minimizing implanted metal [6,24].

Regarding DAPT adherence, the association between poor adherence and recurrent
angina (7 of 11 non-adherent patients; 63.6%) merits attention. After DCB angioplasty, DAPT
serves to protect against ischaemic events beyond the treated segment and to support local
healing at the intervention site; premature discontinuation, typically within the first one to three
months, may interfere with this process. The optimal duration of DAPT after DCB has been
examined by Zhang et al. (2021) [23]. Rédsédnen et al. (2023) and Jones et al. (2022) reported
that shortened DAPT regimens are feasible in patients at elevated bleeding risk [18,30]. The
principle demonstrated by the MASTER DAPT trial (Valgimigli et al., 2021), which confirmed
the efficacy of abbreviated DAPT after DES-based PCI at high bleeding risk [31], is directly
applicable, and perhaps even more so, after DCB. Our 12-month adherence rate of 88.0%
compares favourably with other published registries. These results support the value of
structured programmes to improve adherence and simplify treatment regimens.

Bifurcation lesions accounted for 16.1% of treated lesions (19/118). A provisional DCB
strategy predominated, with a DCB used in the side branch and a drug-eluting stent in the main
vessel when required. Fezzi et al. (2025) summarized the accumulating data on DCB at
bifurcation sites [32]. In the HYPER study, Pellegrini et al. (2023) showed that combining DCB
with DES is feasible [33], and Her et al. (2025) reported encouraging outcomes for left main
bifurcation lesions [34]. Dash et al. (2022) provided a comprehensive review of the potential
and current limitations of this approach [22]. Beyond bifurcations, meta-analyses by Sun et al.
(2024) and Gobbi et al. (2025) support the non-inferiority of DCB to DES in de novo large-
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vessel disease (>2.5 mm), suggesting a broader potential role for DCB-based revascularization
[13,14].

Study limitations

The retrospective, single-centre design is a limitation and is subject to selection bias; it
does not allow firm causal inference. The absence of a randomized comparator group means
that the observed outcomes cannot be attributed to the DCB strategy alone. Routine
angiographic follow-up was not mandated by protocol, so the true rate of angiographic
restenosis is likely underestimated. Intravascular imaging (OCT or IVUS) was not performed
in every patient, which limits precise lesion characterization and assessment of procedural
optimization. The cohort reflects the case mix of a single tertiary centre, so the findings may
not be fully generalizable. The subgroup analyses should be regarded as hypothesis-generating
only, given the small numbers and the absence of formal statistical testing.

Conclusion. In this series of 102 consecutive patients treated at a single centre under real-
world conditions, DCB angioplasty with the MagicTouch™ sirolimus-coated balloon was
associated with high procedural success (97.1%) and no observed vessel thrombosis. Mid-term
outcomes were favourable, with a 12-month MACE rate of 5.4% and 71.7% of patients free
from angina at 12 months. These outcomes were observed across a diverse population,
including small-vessel disease, ISR, distal and bifurcation lesions, and patients with diabetes
mellitus and CKD.

To our knowledge, this is among the first reports of coronary DCB outcomes from Central
Asia. The findings add regional real-world data to the global evidence base and are consistent
with the feasibility and safety of the “leave nothing behind” approach as an option that may
complement, or in selected lesions replace, permanent stenting. As a single-arm observational
study, it cannot establish the comparative efficacy of DCB versus DES. Prospective,
multicentre studies with angiographic assessment, intravascular imaging and predefined
subgroup analyses are warranted to better define the optimal patient and lesion criteria for DCB-
based PCI.
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JOPUIIK )KABBIH/IbI BAJIVIOHAbI AHI'MOIIJIACTUKAHBIH HAKTbI
K/IMHUKAJIBIK TOXIPUBEJIE KOJIIAHBLJIYbI: KASAKCTAH/IAT'BI BIP
OPTAJIBIKTBIK TOXIPUBE

A. TOJIETEH, b.C. EPMAT'AMBET, b.C. "KAKEHOB, A.H. AXATOB,
C.K. CEMTBEKOB, H.b. UCA, I.A. CYJITAHOB, A.K. CAJIMAKOBA

«¥ITTHIK FRUIBIMU MEIUIUHANBIK opTalibik» AK, Acrana, Ka3zakctan

Tyiiingeme

Kipicne. J{opinik xa0east 6ammonnap (JPKb) antunponmdepatusTi npenapartsl Oip
peTTiKk OayIoH MHQIAIMSICH Ke31HAE TaMbIp KaObIpFachIHA JKETKI3iM, TYPAKThl WMILIAHTAT
Kamapipmaidnel. Kasakcran MeH OpTanblk A3usgaH ajdblHFaH HAKThl KIMHUKAIBIK TOXIprOe
JIEpeKTepl MIEKTEeYi.

Makcatsbl. Kazakcrangarsl 0ip HHTEPBEHUIHUSUTBIK KapIHOIOTHS OPTAJIBIFbIHAA de novo
KOPOHApJBIK 3aKbIMJaHylapbl MEH CTEHT ilmHaeri pecreHosbl Oap Haykactapaa Kb
AQHTUOTIJIACTUKACBIHBIH TPOLEAYPATBIK KAyilcCi3Airi MeH opraiia Mep3iMJeri KIMHUKAIBIK
HOTHOKETIEpiH Oaranay.

Matepuanaap MeH dictep. PerpocriekTuBTi 6ip OpTaNIBIKTHI OaKbLIay 3epTTeyine 2024
JKBUIJIBIH TaMbI3biHAH 2025 KbUIIBIH MaMbIpblHa JeHiH (aepektep KuMachl 2026 xbutrbl 31
mambIp) MagicTouch™ cuponmmyc xadbra el 6amutonsiMer (Concept Medical) emaenren 102
HayKac KarapblHaH eHri3ingi. Tomnka de novo 3akpIMAaHyJapbl, CTEHT 1MIHJAET1 PECTEHO3bI,
yCaK TambIpiap aypybsl (<2,5 MM), TUCTaJbABIK >KoHE OM(ypKalUsUIBIK 3aKbIMIaHYyJIap,
coHNal-ak TuOpuATI mpouenypanap Kipai. Knunukanelk HoTmxkenep 3, 6 xoHe 12 aiinma
OaranaH/bl. BipiHIII PETTIK COHFBI HYKTE — YJKEH JKaFBIMCBI3 KYPEK-KaHTaMbIp OKUFaJIapbl
(YXKKKO): xypekTeH OosFaH 1M, e1iMre oKeIMEreH MUOKapl MH(apKTI xKoHE KIMHUKAIIBIK
HETI3/IeITeH HbICAaHAIbI 3aKbIMIaHY Il PEBACKYIISIPU3AITHSL.

Hoatu:kenep. Oprarma sxxacel 63,2 + 9,4 xbit; 66,7% ep anamnap; 37,3%-na kauT aAunadeTi,
21,6%-n1a co3puiManibl Oyiipek aypybl Oonasl. Bail-out crent 17,6%-1ma kaker OOJabL
[Tponenypansik cortinik 97,1%-na tipkenai. 12 aitna YAOKKO TonbIk 6akblnayaan eTkeH 92
HayKacThIH S-iH7Ae (5,4%) Tipkenmi; OapiblK OKUFaJIap KIMHUKAIBIK HET13/IeJITeH HBICAHAIIBI
3aKbIMJIAHYIBI peBacKymspu3anus Oonasl (92-HiH 5-1; 5,4%); emiMre okelIMereH MHUOKap.
uH(papkTi (92-HiH 0-1) xkoHe KypeKkTeH OoraH oM (92-HiH 0-1) TipkenMeni. CTeHOKapAUSIHBIH
6onmaysl (KKK 0-knacer) 92-uHig 66-ceiana (71,7%), KKK 0-II knacer 92-niH 85-i17€ (92,4%)
Tipkenal. Tamblp TpoMOO3bI TIpKEIMEL.

KopbiTbiHabl. Ocbl  Oakpiiay koroprackiHga J[JKb aHruomiactukachl >KOFaphl
MPOLEAYPATBIK COTTLIIKIICH, CTEHOKAPIUS CHMIITOMJIAPBIHBIH MPOTPECCUBTI JKaKCapybIMEH
KOHE TaMbIp TPOMOO3BIHBIH O00JIMaybIMeH OaiimaHbICThl 601161 Bip TONTHI 3epTTEY peTiHae o1
JTOPUTIK KaOBIHJIBI CTEHTTEPMEH CaJIBICThIpFaHAa KayilCi3[iK TMEeH THIMAUTKTI JToienaen
AIMaiiIbl; aHTHOTPAUSITBIK COHFBI HYKTeNepi 6ap MPOCHEKTUBTI KOIT OPTAIBIKTHI 3epTTEyIep
KaXerT.

Tyiinai ce3aep: OalOHIBIK KOPOHAPIBIK AHTHUOIUIACTUKA, KOPOHAPIBIK PECTEHO3,
KYPEKTIH UIIEMUSIIBIK aypybl, CHPOIMMYC, TEpP1 apKbLJIbl KOPOHAPJIBIK apajacy.
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AHI'NOIIVIACTHUKA C IPUMEHEHUMEM BAJIVIOHOB C JIEKAPCTBEHHbBIM
IHOKPBITUEM B PEAJII)HOEI KJIWHUYECKOWM IMMPAKTHUKE:
OJHOIEHTPOBBIU OIIBIT KAZAXCTAHA

A. TOJIETEH, b.C. EPMAI'AMBET, b.C. "KAKEHOB, A.H. AXATOB,
C.K. CEUTBEKOB, H.b. UCA, I.A. CYJITAHOB, A. K. CAJIMAKOBA

AO «HaunoHnanbHbIi HayqHBIH MEAULIMHCKUM LIEHTP», AcTaHa, Kazaxcran

AHHOTANUA

Benenue. bamwtonst ¢ nekapctBeHHbiM  nokpbitTueM  (BJIII)  gocraBnsioT
aHTUIIPOIM(EepaTUBHBIN NpenapaT B CTEHKY COCy/a IPU OAHOKPATHON MHMIAMK OaIoHa, HE
OCTaBJISIl TOCTOSSHHOIO MMILIaHTaTa. JlaHHblE peEaJbHOW KIMHUYECKOW NIPAKTUKU U3
Kazaxcrana u LleHTpanibHOM A31N OrpaHUYEHBI.

Hesb. OueHnTh NpoueaypHYO 0€30MacHOCTh U CPETHECPOUHBIC KIMHHYECKHE UCXOIBI
aHruomjactTuku c¢ mnpumeHenuem bBJIII B mocnenoBaTenbHOM KOropre MAlUEHTOB C
nopakeHusiMH de NOVO W PECTEHO30M BHYTPH CTEHTA, TMPOJCUYCHHBIX B OJHOM
MHTEPBEHIIMOHHOM KapAuoiornyeckom neurpe Kazaxcrana.

Marepunansl U MeroAbl. B perpocneKkTHBHOE OJHOLEHTPOBOE HaOIII0IaTEIbHOE
uccienoBaHue BKIoueHbl 102 mocienoBaTeNbHBIX MAlMEHTa, MPOJICYEHHBIX CHUPOJIUMYC-
nokpeIThiM OarutoHoM MagicTouch™ (Concept Medical) ¢ aBrycra 2024 no maii 2025 rona
(mata cpesa 31 mas 2026 roga). Koropra Britodana nopaxenus de novo, pecTeHO3 BHYTpH
CTEHTA, MOPAKEHUE MAJIBIX COCYI0B (<2,5 MM), AMCTAIbHBIEC U OM(ypKaMOHHBIC TOPAKEHUS,
a TaKke rubpuanble npoueaypsl. Micxonsl oneHnBaiuch yepes 3, 6 u 12 mecsues. [lepBuunas
KOHEYHAss TOYKa — OOJIbIKE HeOIaronpusaTHbie cepaeuHo-cocyauctoie coobitus (BHCCCO):
cepleyHas CMepTb, He(aTalbHbIH HHGAPKT MUOKapAa M KIWHUYECKH OOYyCIOBICHHAs
PEeBacKyJISIpU3alys LEJIEBOTO MOPAXKEHHUSI.

PesyabTaTsl. Cpeanuit Bo3pact 63,2 + 9,4 rona; My>k4uHbl 66,7%; caxapHblii 1uabeT y
37,3%, xponuueckas Oone3nbp modek y 21,6%. Bail-out crent morpeboBaics B 17,6%.
[Ipouenypnslii ycriex 1octurayt B 97,1%. 3a 12 mecsueB BHCCC 3apeructpupoBassl y 5 u3
92 nmanueHTOB ¢ NOJHBIM HaOmoAeHueM (5,4%); Bce COOBITUS — KIMHUYECKU 00YCIOBIEHHAs
peBacKyspu3anys 1enesoro nopaxenus (5 uz 92; 5,4%); cnyuyaeB HedaTaabHOro MH(papKTa
muokapna (0 uz 92) u cepaeunoit cmeptu (0 u3 92) e 6puto. OTCyTCcTBUE cTeHOKapAuH (0
knacc mo CCC) mocturnyto y 66 uz 92 (71,7%), knacc CCC 0-II — y 85 u3 92 (92,4%).
Tpombo3a cocyia He 3aperucTpUpPOBaHO.

3akmouyenue. B nanHOW HaOmromatenbHOW Koropre aHruomactuka ¢ BJII
COIMpPOBOXKAANACh BBICOKMM IPOLEAYPHBIM YCIEXOM, IPOTrPECCUBHBIM YMEHBIIEHUEM
CHUMIITOMOB CTEHOKAp/AUU U OTCYTCTBHEM TpoMOo03a cocya. byiyun ogHOrpynnoBbIM, JaHHOE
HCCJIEIOBAaHHUE HE TI03BOJISIET YCTAHOBUTH CPAaBHUTENBHYIO 0€301aCHOCTh WK 3G (HEKTUBHOCTh
OTHOCHUTEJIBHO CTEHTOB C JIEKAPCTBEHHBIM IMOKPHITHEM; HEOOXOIUMBI IMPOCIEKTUBHBIC
MHOTOIIEHTPOBBIE UCCIIEIOBAHUS C aHTUOTPaUIECKUMHI KOHEYHBIMU TOUYKAMHU.

KaroueBble cjioBa: 0auUIOHHAs KOpOHAapHas aHTHMOIUIACTHKA, KOPOHAPHBIM pecTeHo3,
unieMuyeckas 00Je3Hb cep/a, CHpOJIUMYC, YPECKOKHOE KOPOHAPHOE BMEIIATEIHCTBO.
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