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ABSTRACT

Intravascular ultrasound predictors for clinical or angiographic
restenosis after drug-coated balloon treatment for femoropopliteal
artery: a post hoc analysis of IVUS-DCB trial

Obijectives: Intravascular ultrasound (IVVUS) has been shown to improve outcomes of drug-coated
balloon (DCB) angioplasty for treatment of femoropopliteal artery (FPA) disease. However, the
optimal IVUS criteria for achieving improved outcomes of DCB angioplasty for FPA disease remain
uncertain.

Methods: The study aimed to identify IVUS predictors for loss of patency at 12 months after DCB
angioplasty for FPA disease. After excluding one patient due to insufficient IVUS imaging data, 98
patients in the 1VUS-guidance group of the IVUS-DCB trial were included in the analysis. IVUS
parameters predicting loss of patency at 12 months and their optimal cut-off values were investigated.
Results: Among the 98 patients who underwent IVUS-guided FPA intervention, 16 patients (16.3%)
lost primary patency within 12 months. End-stage renal disease on hemodialysis and, bailout
stenting, post-procedural dissection length >50% were independent procedural predictors for 12-
month patency loss. Receiver operating characteristic (ROC) curve demonstrated that post-
procedural minimal lumen area (MLA) =11.6 mm? (area under the ROC curve: 0.685, 95% CI:
0.513-0.857) as the optimal cut-off value for sustained primary patency. In survival analysis,
patients with MLA >11.6 mm? had a hazard ratio of 0.27 (95% CI: 0.09-0.80, p-value =0.019, risk
difference: 19.8) for lower risk of patency loss. A post-procedural MLA >11.6 mm? was an
independent IVUS predictor of sustained primary patency after DCB angioplasty in patients with
FPA disease.

Conclusions: Our findings suggest that lesion optimization and achieving sufficient lumen area

under IVUS guidance during DCB angioplasty are crucial for maintaining target vessel patency.

Key words : Femoropopliteal artery, drug-coated balloon, intravascular ultrasound



1. INTRODUCTION

The femoropopliteal artery (FPA) is frequently affected in patients with atherosclerotic lower
extremity artery disease. However, this site presents a challenging target for endovascular therapy
(EVT) due to the typically long, occlusive, and calcified nature of FPA lesions® 2. Moreover,
although treatment with paclitaxel-releasing drug-coated balloons (DCBs) have shown to yield
excellent clinical outcomes for patients these lesions, efficacy can be hindered by several
complications, including dissection, recoil, and residual stenosis®®. Consequently, careful
optimization of target lesions before and after DCB treatment is essential for maintaining patency.

At present, angiography is the primary imaging modality for EVT; its two-dimensional
imaging for the vessel lumen has limitation in assessing vessel dimensions and status during
procedures. In contrast, intravascular ultrasound (IVUS), a catheter-based imaging tool, provides
cross-sectional images of the vessel wall, enabling precise measurements of vessel dimensions and
plaque characterization®. The clinical benefits of IVUS guidance for coronary artery intervention
have been demonstrated in multiple trials®-'?, however, its utility for peripheral artery
interventions remains less established*s.

Results from the 1VUS-DCB trial (NCT 03517904) revealed that 1\VUS-guided DCB
angioplasty for FPA lesions significantly improved primary patency at 1-year post-procedure and
reduced the need for clinically driven target lesion revascularization compared to angiography-
guided DCB angioplasty**. However, despite these findings, the optimal 1VUS parameters
associated with enhanced primary patency after DCB angioplasty for treatment of FPA lesions are
not well defined. To address this question, in the present study, we aimed to identify IVUS

parameters that can predict restenosis in the FPA following DCB angioplasty at 12-month follow-

up.



2. METHODS

2.1. Study design and population

The IVUS-DCB trial was a multi-center randomized, controlled clinical trial included 243
patients with peripheral artery disease (PAD) from seven centers in South Korea. Symptomatic PAD
patients =19 years of age with claudication (Rutherford classification 2 or 3) or critical limb-
threatening ischemia (Rutherford classification 4 or 5) and >50% FPA stenosis confirmed were
enrolled in the trial and provided written informed consent. Detailed study inclusion and exclusion
criteria are described in Appendix 1. The study protocol received approval from the institutional
review board at each participating center and was conducted in accordance with the principles of the
Declaration of Helsinki. The IVUS-DCB trial registered at ClinicalTrials.gov (NCT 03517904).

In total, 119 individuals in the original trial were randomized to receive IVUS-guided
angioplasty and completed the protocol. Of these individuals, 98 patients with imaging data
available to assess binary restenosis at one year were included in our analysis, after excluding one

patient who ultimately received angioplasty-guided intervention (Figure 1).



122 patients randomised to [VUS-guided DCB therapy

L 3 refused consent J

119 participants enrolled

118 underwent IVUS-guided DCB angioplasty
1 cross-over to angiography-guided DCB angioplasty

20 missing binary restenosis data
7 deaths
5 withdrawal of the consent
3 follow-up loss
5 no available follow-up imaging study ?

98 patients with analyzable image follow-up at 12 months

82 with sustained primary patency
16 with loss of primary patency

Figure 1. Flow chart summarizing the current study
@ Patients with no available imaging data to evaluate binary restenosis at 12 months post-procedure.
Abbreviations: IVUS, Intravascular ultrasonography; DCB, Drug-coated balloon; FPA,

Femoropopliteal artery

2.2. Procedures

IVUS evaluation were performed at least twice: once before and once after DCB angioplasty,
upon the completion of the procedure. The Volcano s5 IVUS system (Phillips Healthcare, Andover,
MA, USA) was used with 74 patients, and the Boston Scientific iLab2 IVUS system (Boston
Scientific, Marlborough, MA, USA) was used with 24 patients. All imaging operators were
interventional cardiologists experienced in the use of IVUS for both coronary and peripheral artery
interventions.

Both contralateral and ipsilateral antegrade approaches were permitted based on the patient’s
clinical and lesion characteristics. The reference lesion segment was defined as the most normal-
looking segment located proximally or distally to the lesion, identified either angiographically or by
ultrasonography. Pre-dilation was performed using a plain balloon followed by DCB angioplasty
with IN.PACT Admiral (Medtronic Inc., Santa Rosa, CA, USA) DCB. When atherectomy was



conducted, additional balloon dilation for lesion preparation was not mandatory. The diameter and
length of DCBs and the pre-dilation balloon were determined by the operator based on IVUS
evaluation. Both intraluminal and subintimal wiring techniques were permitted for chronic total
occlusion lesions. Use of atherectomy device for heavily calcified lesions and a self-expanding
nitinol stent in patients with >50% residual stenosis or visible major flow-limiting dissection were
at the operator’s discretion.

Lesion complexity and distribution of FPA lesion were described according to the Trans-
Atlantic Inter-Society Consensus Document on Management of Peripheral Arterial Disease (TASC)
I1. Severe calcification was defined as Peripheral artery calcium scoring system (PACCS) grade 3
or 4'> 16 Technical success was defined as achieving residual stenosis of <30% without flow
limitation, whereas procedural success was defined as achieving technical success without any acute
procedure-related complications. Dual antiplatelet therapy with aspirin and clopidogrel were
recommended to be maintained for at least 90 days after index procedure. Clinical follow-up was
conducted at 1, 3, 6, and 12 months following endovascular treatment. Duplex ultrasonography
(DUS), computed tomography angiography (CTA), or digital subtraction angiography (DSA) were

performed at 12-month follow-up.

2.3. Intravascular ultrasound data

The lumen area and external elastic membrane (EEM) area of proximal and distal reference
segments, as well as the minimum lumen area (MLA), wire location (intraluminal or subintimal),
and the circumference and length of calcification were assessed during pre-procedural 1VUS. At the
final IVUS, lumen area and EEM area at the MLA site were recorded, and the presence of any
dissections, as well as their circumference and length, were determined. Plaque burden was
calculated as (EEM area — lumen area) / EEM area x 100%. At totally occluded lesions, the pre-
procedural lumen area was recorded as zero, and pre-dilatation was allowed prior to the first IVUS
if the IVUS catheter could not pass through the lesion. All 1VUS data were interpreted by
interventional specialists during the index procedure and were double-checked at a core laboratory.

2.4. Study outcomes

The study endpoint was the 12-month primary patency of the target lesion, defined as an absence

of clinically driven target lesion revascularization (CD-TLR) or binary restenosis on DUS, CTA, or



DSA. CD-TLR was defined as reintervention due to significant target lesion stenosis of =>50%
within 5-mm proximal or distal to the original treated segment, accompanied by recurrent symptoms
or an ankle-brachial index (ABI) decrease of =>0.15. Binary restenosis was defined as a peak
systolic velocity ratio of =2.4 on DUS or a luminal narrowing of 50% or more on CTA or DSA.
The secondary endpoints were freedom from CD-TLR and major amputation within 12 months.
Safety endpoints included all-cause death, cardiovascular death, myocardial infarction, and major

bleeding, assessed according to the Thrombolysis in Myocardial Infarction (TIMI) criteria®’.

2.5. Statistical analysis

Baseline clinical characteristics, lesion and procedural values, and 1VUS measurement data
were analyzed and compared in patients with and without patency loss. Continuous variables were
presented as mean + standard deviation and compared using a t-test or Mann-Whitney test.
Categorial variables were presented as count (percentage) and compared using ?-tests or Fisher’s
exact test, as appropriate.

Receiver operator characteristic (ROC) curves were generated to determine the optimal cut-off
value of post-procedural IVUS MLA that predicts primary patency loss at 12 months. Kaplan-Meier
survival analysis was performed for primary patency at 12 months based on the “optimal cutoff”
value, and the difference between groups was evaluated using the log-rank test. Individual clinical
and procedural, or IVUS predictors for patency loss after DCB angioplasty were identified using a
Cox proportional hazard regression model. Putative predictors with p-values <0.20 in univariate
analysis were selected, and the backward stepdown elimination approach based on the Akaike
information criterion (AIC) was used to construct multivariate regression model*®.

All comparisons were two-sided with p <0.05 considered statistically significant. Data analysis

was performed using R version 4.4.0 (R Foundation for Statistical Computing, Vienna, Austria).



3. RESULTS

3.1. Study patients

Among the 98 subjects included in our analysis, 82 patients maintained primary patency at 12
months, and 16 patients experienced patency loss within 12-month follow-up period. Patients in the
patency-loss group were younger (mean age 65.0 vs. 70.4). However, other characteristics—
including previous conditions, such as diabetes, chronic kidney disease, and coronary artery disease,
as well as clinical presentation (e.g., claudication or chronic limb-threatening ischemia), pre-
procedural ABI values, and medications at discharge—were similar between the two groups (Table
1).

Table 1. Baseline patient characteristics

Characteristics Patency-maintained Patency-loss p-value
(n=82) (n=16)

Age, years 70.4 £ 8.1 65.0+10.1 0.023
Male 67 (81.7) 15 (93.8) 0.411
Body mass index, kg/m? 23.7+3.4 249+35 0.339
Current smoker 25 (30.5) 4 (25.0) 0.888
Hypertension 64 (78.0) 13 (81.2) 1.000
Diabetes 49 (59.8) 9 (56.2) 1.000
Dyslipidemia 61 (74.4) 11 (68.8) 0.875
Chronic kidney disease 19 (23.2) 4 (25.0) 1.000
End stage renal disease
on hemodialysis 8.8) 4(25.0) 0199
Coronary artery disease 31 (37.8) 4 (25.0) 0.489
Prior stroke 8 (9.8) 2(12.5) 1.000
Clinical presentation 0.124

Claudication 59 (72.0) 15 (93.8)

CLTI 23 (28.0) 1(6.2)
Pre-procedural ABI 0.56+0.18 0.56+0.16 0.998



Medication at discharge

Aspirin 80 (97.6) 15 (93.8) 0.987
Clopidogrel 81 (98.8) 15 (93.8) 0.737
Cilostazol 34 (41.5) 6 (37.5) 0.986
Statin 79 (96.3) 13 (81.2) 0.083

Continuous values are presented as mean =+ standard deviation, and categorial variables are presented
as number (%).

Abbreviations: ABI, ankle-brachial index; CLTI, chronic limb-threatening ischemia; EVT,
endovascular treatment

3.2. Clinical outcomes

At the 12-month follow-up, 16 patients experienced loss of primary patency. Among them,
nine cases were classified as having CD-TLR, and the remaining 7 cases exhibited binary restenosis,
as confirmed by DUS. No major amputation was recorded, and only two patients underwent minor
amputations. Seven patients died during the follow-up period. Causes of death included cardiac
death (three patients), underlying malignancy (two patients), and intracranial hemorrhage (one
patient), as well as one death due to an unknown cause. Two bleeding events were recorded, one

intracranial hemorrhage and one gastrointestinal bleed (Appendix 2).

3.3. Procedural result and study outcomes

Lesion characteristics are summarized in Table 2. Approximately 70% of enrolled subjects had
TASC-1I type C or D (67.1% vs. 75.0% in the patency-maintained and patency-loss groups,
respectively, p=0.742) lesions. The mean lesion length of 220.2 mm in the patency-maintained group
and 226.6 mm in the patency-loss group. Over 65% of the target lesions were totally occluded, and
severe calcification was observed in 50.0% and 37.5% of patients in the patency-maintained and
patency-loss groups, respectively (p = 0.521). This trend remained consistent upon the application
of CD-TLR (Appendix 3).

The use of atherectomy devices, as well as the sizes of plain balloons and DCBs, were similar
between the two groups. However, in the patency-loss group, fewer patients underwent angioplasty
with intraluminal wiring (74.4% vs. 43.8%, p = 0.033, patency-maintained group and patency-loss

group, respectively). Patients with patency-loss also had a higher rate of bail-out stenting (17.1% vs.



50.0%, p = 0.010), more frequent use of adjuvant ballooning (17.1% vs. 43.8%, p = 0.010), and a
lower post-procedural ABI (1.00 vs. 0.89, p = 0.001) than those in the patency-maintained group.

IVUS measurements obtained prior to DCB treatment, including proximal, distal, and mean
reference vessel size, lumen area, and degree of calcification data, were similar in both groups.
However, analysis of post-procedural IVUS data revealed that patency-maintained group
demonstrated a larger MLA (13.64 mm? vs. 11.34 mm?, p = 0.009), lower plaque burden at the MLA
site (57% vs. 68%, p <0.001), and a higher MLA per mean reference EEM area (0.41 vs. 0.30, p =
0.001) (Table 3).

Table 2. Lesion and procedural characteristics

Characteristics Patency-maintained Patency-loss p-value
(n=82) (n=16)

TASC-II type C/D 55 (67.1) 12 (75.0) 0.742
Lesion length, mm 2202+ 118.3 226.6 + 152.0 0.852
Total occlusion 53 (65.4) 11(73.3) 0.766
Severe calcification @ 41 (50.0) 6(37.5) 0.521
I_Dopliteal artery 7(8.5) 3(18.8) 0.434
involvement
Poor BTK run-off ° 21(25.6) > (31.2) 0.875
Intraluminal wiring 61 (74.4) 7(43.8) 0.033
Atherectomy 28(34.D) 3(20.0) 0436
Pre-balloon diameter, 50+09 53+0.5 0.196
mm
Pre-balloon pressure, 11.8+4.1 114+25 0.673
mmHg
Mean DCB diameter, 56+0.6 5.6+0.7 0.943
mm
l\/_Iaxmum DCB 58+0.7 57+0.8 0.768
diameter, mm
Bailout stenting 14 (17.1) 8(50.0) 0.010
Adjuvant ballooning 14 (17.1) 7(43.8) 0.041
Dissection 50 (61.0) 8 (50.0) 0.590
Residual stenosis > 30% 19(23.2) 5(32.2) 0.072
Technical success 0.072



Suboptimal 19 (23.2) 5(32.2)
Successful 63 (77.8) 11 (8.8)
Post-procedural ABI 1.01+0.12 0.89+0.10 0.001

Continuous values are presented as mean =+ standard deviation, and categorial variables are presented
as number (%).

2 Peripheral artery calcium scoring system (PACCS) 3 and 4.

> Number of patent arteries below the knee artery = 0 or 1.

Abbreviations: ABI, ankle-brachial index; BTK, below the knee; DCB, drug-coated balloon; SFA,

superficial femoral artery; TASC, Trans-Atlantic Inter-Society Consensus

Table 3. Pre- and post-procedural IVUS data

Values Patency- Patency-loss p-value
maintained (n=82) (n=16)

Proximal reference EEM area, mm? 40.52 £12.52 4483 +£12.99 0.213
Proximal reference lumen area, mm? 23.29+7.83 2598 £ 11.79 0.253
Distal reference EEM area, mm? 29.09 +£7.21 32.54+£9.40 0.100
Distal reference lumen area, mm? 16.73 +4.836 18.08 + 7.64 0.362
Mean reference EEM area, mm?2 34.80 + 8.49 38.69 £ 10.78 0.113
Mean reference lumen area, mm? 20.01 £5.37 22.03 £8.29 0.214
Intraluminal wiring 59 (72.0) 9(57.2) 0.342
Calcium angle > 270, number (%) 21 (25.6) 5(1.2) 0.875
EEM area ate MLA site, mm? 32.93£7.56 35.00 £ 8.66 0.330
MLA, mm2 13.64+2.86 11.34 +4.44 0.009
Plaque burden  at MLA site (%) 57+10 68+9 <0.001
mle_aAn /reference EEM area ® 041=0.11 0.30+0.12 0.001
Edge dissection 34 (41.5) 8(50.0) 0.723
Dissection length > 50% of lesion 3(3.7) 2 (12.5) 0.396
length
Dissection circumference> 180° 8(9.8) 6 (37.5) 0.012

Continuous values are presented as mean + standard deviation, and categorial variables are presented
as number (%).

2Plaque burden: (EEM area — lumen area) / EEM area x 100%

YMean reference area: (Proximal reference vessel EEM or lumen area + distal reference vessel EEM
or lumen area)/2.



EEM: external elastic membrane; MLA: minimum lumen area.

3.4. Intravascular ultrasound parameter analysis

Following DCB treatment for FPA disease, individual IVUS parameter were analyzed to
identify potential predictors for patency loss. Among these parameters, the minimum stent area
(MSA), previously reported as a significant 1IVUS-derived predictor and commonly used by
operators as a key procedural endpoint, was further assessed using ROC curve analysis.

ROC curve analysis identified an optimal post-procedural MLA cut-off of 11.6 mm? for
predicting primary patency at 12 months (area under the ROC curve [AUC]: 0.685, 95% CI: 0.513-
0.857). This cut-off resulted in a sensitivity of 56% and a specificity of 81% (Figure 2).

Primary patency loss occurred in 10.6% of patients with an MLA >11.6 mm? (event number
= 8, 12-month estimated risk = 19.2%), compared to 34.8% of patients with an MLA <11.6 mm?
(event number = 8, 12-month estimated risk = 39.0%), yielding a 19.8% greater absolute risk of
patency loss in those below the 11.6 mm? cut-off (95% CI: 3.4 to 44.7, p <0.001; Figure 3).

10
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Figure 2. Receiver operating characteristics curve of post-procedural intravascular
ultrasound minimum lumen area.

The optimal cut-off value was identified as 11.6 mm?, with a sensitivity of 56% and specificity of
81%.

Abbreviations: AUC, Area under curve.
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Figure 3. Kaplan-Meier curve for primary patency based on post-procedural minimum lumen
area (MLA)

Risk difference: 19.8 Log-Rank P <0.001
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3.5. Predictors of patency loss

As presented in Table 4, results of univariate and multivariate Cox regression analysis showed
that end-stage renal disease on hemodialysis (adjusted hazard ratio: 6.18, 95% CI: 1.56-24.49, p =
0.009), bail-out stenting for residual stenosis or flow-limiting dissection (adjusted hazard ratio: 5.11,
95% Cl: 1.56-16.65, p-value = 0.007), and post-procedural dissection length >50% (adjusted hazard
ratio: 6.83, 95% CI: 1.15-40.37, p-value = 0.034) were individual predictors for an increased risk of
patency loss. Among the potential IVUS indicators, post-procedural MLA =>11.6 mm? was

associated with a significantly lower risk of patency loss (adjusted hazard ratio: 0.27, 95% CI: 0.09-

0.80, p-value = 0.019).

12



Table 4. Predictors of loss of primary patency at 12months

Univariate Multivariate

HR (95% CI) p-value HR (95% CI) p-value
Clinical data
Age (per 1 year) 0.94 (0.89-1.00) 0.059  0.95(0.89-1.01) 0.095
Female 0.35 (0.05-2.67) 0.312
Body mass index, kg/m? 1.04 (0.89-1.21) 0.624
Hypertension 1.03 (0.29-3.70) 0.963
Current smoker 0.58 (0.19-1.83) 0.355
Diabetes 0.89 (0.33-2.39) 0.816
Chronic kidney disease 0.94 (0.30-2.95) 0.911
ESRD on hemodialysis 4.18 (1.26-13.89)  0.020 6.18(1.56-24.49)  0.009
CLTI 0.18 (0.02-1.38) 0.098 0.20(0.02-2.43) 0.209
Dyslipidemia 0.93 (0.32-2.22) 0.891
Lesion and procedural data
TASC-II type D 1.29 (0.45-3.70) 0.630
Popliteal artery involvement 1.72 (0.48-6.17) 0.403
Lesion length> 150mm 1.68 (0.53-5.33) 0.377
Mean RVD, mm 1.26 (0.57-2.76) 0.561
Severe calcification ? 0.41 (0.11-1.45) 0.164
Total occlusion 1.02 (0.31-3.35) 0.970
Mean DCB diameter (per 0.98 (0.90-1.08) 0.763
0.1mm)
Poor BTK run-off® 0.87 (0.27-2.80) 0.818
Subintimal wiring 3.71 (1.32-10.45)  0.013
Atherectomy 0.43 (0.12-1.53) 0.191
Presence of dissection 0.69 (0.26-1.84) 0.455
Residual stenosis> 30% 1.41 (0.44-4.60) 0.565
Bailout stenting 4.81(1.73-13.39)  0.003  5.11 (1.56-16.65)  0.007
IVUS parameters
Proximal reference lumen area, 1.02 (0.97-1.07) 0.389
mm? (per 1.0 mm?)
Proximal reference EEM area, 1.02 (0.98-1.06) 0.378
mm? (per 1.0 mm?)
Distal reference lumen area, 1.06(0.96-1.16) 0.225
mm? (per 1.0 mm?)
Distal reference EEM area, mm?> 1.04 (0.98-1.10) 0.236
(per 1.0 mm?)
Calcium angle> 270 © 1.06 (0.36-3.13) 0.913
Post-procedural MLA site EEM  1.00 (0.99-1.01) 0.319
area, mm? (per 1.0mm?)
Post-procedural MLA> 0.19 (0.07-0.56) 0.002  0.27 (0.09-0.80) 0.019
11.6mm?
Post-procedural edge dissection  1.72 (0.62-4.79) 0.297
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Post-procedural dissection 4.55(0.99-20.83)  0.051  6.83 (1.15-40.37)  0.034
length > 50%

Post-procedural maximum 4.78 (1.68-13.61)  0.003

dissection circumference> 50%

2 Peripheral artery calcium scoring system (PACCS) 3 and 4.

> Number of patent arteries below the knee artery = 0 or 1.

Abbreviations: BTK, below the knee; CLTI, chronic limb-threatening ischemia; DCB, drug-coated
balloon; EEM, external elastic membrane; ESRD, end-stage renal disease; HR, hazard ratio; MLA,
minimum lumen area; RVD, reference vessel diameter; TASC, Trans-Atlantic Inter-Society
Consensus

4. DISCUSSION

Results from this study identify post-procedural MLA, assessed by IVUS, as an independent
predictor of sustained patency following DCB angioplasty in the FPA. Specifically, we found that
patients with a post-procedural target lesion MLA of >11.6 mm? exhibited significantly higher
12-month primary patency than those with MLA <11.6 mm2. Our data further indicate that end-
stage renal disease, the need for bail-out stenting, and post-procedural dissection length >50% are
associated with an increased risk of patency loss.

Recent randomized controlled trials have shown that IVUS guidance significantly improves
primary patency after DCB angioplasty in FPA lesions relative to guidance by angiography* 1°.
In the IVUS-DCB trial, more aggressive pre- and post-procedural vessel dilation with larger
balloons and higher pressures were employed in the patients who underwent 1VUS guidance,
resulting in a larger post-procedural lumen diameter and improved hemodynamics, as indicated
by the ABI, without increasing complications. Moreover, results from the 1VUS-DCB trial
identified post-procedural MLA as an independent predictor of restenosis.

The value of intravascular imaging in coronary artery interventions is widely recognized, and
the use of this approach is strongly recommended in complex cases?” L. Consistent with findings
from the IVUS-DCB trial, previous studies have shown that achieving a larger post-procedural
lumen area, measured as minimum stent area (MSA) or relative MSA to the distal reference
diameter, reduces the risk of restenosis after percutaneous coronary intervention® 22, Thus, IVUS

guidance led to larger lumen dimensions at the target lesion by enabling optimization with larger
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balloons, stents, higher inflation pressures, and additional balloon dilation?,

In the present study, a post-procedural MLA of 11.6 mm? was identified as the threshold for
improved primary patency at the 12-month follow-up after DCB angioplasty. In a separate
retrospective investigation of patients who underwent DCB angioplasty, Horie et al. suggested an
MLA cut-off of 12.7 mm? as a predictor to prevent restenosis®. We note that both studies included
a small number of patients with differing clinical and lesion characteristics. However, most target
lesions (73.9%) assessed by Horie et al. were classified as TASC-11 A or B, and exhibited a shorter
lesion length than those in our study (approximately 90 mm vs. 220mm). Furthermore, no
provisional stenting was performed. These factors likely contributed to the higher optimal post-
procedural MLA cut-off identified in their analysis.

Beyond achieving a sufficient post-procedure lumen area, other IVUS parameters, including
a calcification circumference of =270° and a small distal EEM diameter (<5 mm), were
previously identified as significant predictors of increased risk for restenosis after DCB
angioplasty in the FPA?5. Additionally, lesion characteristics, such as longer length, involvement
of the popliteal artery, and total occlusion, have been reported as predictors of restenosis after
DCB angioplasty?. Kurata et al. found that selecting DCB size based on the IVUS-evaluated EEM
diameter rather than the lumen diameter determined by angiography or IVUS was associated with
a lower risk of restenosis in FPA lesions?’. Therefore, optimizing lesions before and after DCB
angioplasty based on IVUS-measured EEM dimensions is recommended?®. Our findings further
suggest that achieving an MLA of at least 11.6 mm? is critical for improving outcomes following
DCB angioplasty.

A recent large Japanese study reported an increased incidence of aneurysmal degeneration
following 1VUS-guided fluoropolymer-based drug-eluting stent angioplasty, likely due to the use
of larger devices® 2. This phenomenon is thought to result from vascular injury and inflammation
caused by aggressive dilation, combined with prolonged drug elution and the continuous
expansion of the metallic scaffold. In contrast, this effect was not observed in our study population,
possibly due to the DCBs shorter drug-release time and the absence of a continuously expanding
metal scaffold. Thus, our results are consistent with prior studies showing that IVUS-guided DCB

angioplasty is safe.
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5. Limitations

Several limitations of this study should be noted. First, the study included a relatively small
number of patients, which may limit the statistical power of the analysis. Second, only FPA lesions
treated with DCB angioplasty were assessed, and thus, our conclusions may primarily apply to FPA
lesions treated via this modality. Third, the study population consisted solely of Korean patients;
therefore, the post-procedural MLA threshold identified here for improved primary patency may not
be directly applicable to patients of other ethnicities, as vessel size can vary with body size. Finally,
patient follow-up was limited to 12 months.
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6. CONCLUSION

Results from this study indicate that achieving a sufficient post-procedural lumen area is crucial
for maintaining primary patency in target FPA lesions after DCB angioplasty. Specifically, a post-
procedural MLA of >11.6 mm? was identified as the optimal cut-off value for predicting lesion

patency, below which the risk of patency loss is significantly increased.
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Appendix 1. Inclusion and exclusion criteria

Inclusion criteria
Age 19 or older
Symptomatic peripheral artery disease
® Moderate or severe claudication (Rutherford classification grade 2 or 3) or

®  (Critical limb threatening ischemia (Rutherford classification grade 4 or 5)

Stenosis of more than 50% of the femoropopliteal artery
Ankle-brachial index <0.9
Patients who signed the informed consent form

Exclusion criteria
Acute severe lower extremity ischemia
Severe critical limb ischemia (Rutherford classification grade 6)
Known hypersensitivity or contraindications to the following medicines: heparin, aspirin,
clopidogrel, cilostazol, or contrast media
Patients who need to take oral anticoagulants such as warfarin or NOAC
Age >85 years old
Severe liver function abnormality (more than 3 times the normal reference value)
Significant leukopenia, neutropenia, thrombocytopenia, anemia or known hemorrhagic tendency
Left ventricular ejection fraction <40% or clinically evident congestive heart failure
Pregnant women or women of childbearing age
Patients with an expected life expectancy of less than 1 year due to comorbidities.
Patients with a history of bypass surgery or stent insertion involving the target femoropopliteal artery
When there is a lesion with >50% stenosis above the target femoropopliteal artery lesion (iliac artery
or proximal femoral artery) without revascularization
® The subject can be enrolled if the inflow lesion is performed concomitantly with the target
femoropopliteal artery lesion

Abbreviation: NOAC, Non-vitamin K antagonist oral anticoagulant
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Appendix 2. Clinical outcomes at 12-month follow-up

Outcomes Event no./total no. (%)
Primary endpoint
Primary patency 82/98 (83.7)

Secondary endpoints

Freedom from CD-TLR 89/98 (90.8)

Freedom from major amputation 98/98 (100.0)
Safety endpoints

All-cause death 7/118 (5.9)

Cardiovascular death 3/118 (2.5)

Myocardial infarction 0(0)

Major bleeding 2/118 (1.7)

*Safety endpoints were analyzed in the entire enrolled patient population.
Abbreviations: CD-TLR, Clinically-driven target lesion revascularization
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