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Background: There is mounting data supporting the use of drug-coated balloons (DCB) not only for treatment of in-stent restenosis (ISR), but also in native coronary artery disease. So far, paclitaxel-coated balloons represented the mainstay DCBs. The SeQuent® crystalline sirolimus-coated balloon (SCB) (B.Braun Medical Inc, Germany) represents a novel DCB, which allows a sustained release of the limus-drug. We evaluated its performance in an all-comer cohort, including complex coronary lesions.



Methods: Consecutive patients treated with the SeQuent® SCB were analyzed from the prospective SIROOP registry (NCT04988685). We assessed clinical outcomes, including major adverse cardiovascular events (MACE), target lesion revascularization (TLR), target vessel myocardial infarction (TV-MI) and cardiovascular death. Angiograms and outcomes were independently adjudicated.



Results: From March 2021 to March 2023, we enrolled 126 patients and lesions, of which 100 (79%) treated using a “DCB-only” strategy and 26 (21%) with a hybrid approach (DES + DCB). The mean age was 68 ± 10 years, 48 (38%) patients had an acute coronary syndrome. Regarding lesion characteristics, ISR was treated in 27 (21%), 11 (9%) underwent CTO-PCI and 59 (47%) of the vessels were moderate to severe calcified. Procedural success rate was 100%. At a median follow-up time of 12.7 (IQR 12; 14.2) months, MACE occurred in 5 patients (4.3%). No acute vessel closure was observed.



Conclusions: Our data indicates promising outcomes following treatment with this novel crystalline SCB in an all-comer cohort with complex coronary lesions. These results require further investigation with randomized trials.
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Introduction

Drug-coated balloons (DCBs) constitute a rather novel treatment approach for coronary artery disease (CAD), which lately gained an increasing popularity following a series of landmark trials indicating their efficacy in treatment of in-stent restenosis (ISR) and native CAD (1–4). The lipophilic matrix of DCBs ensures a homogenous transfer of antiproliferative drugs into the vascular wall, which often permits omitting implantation of a drug eluting stent (DES) and thus leaving the vessel free of any permanent metallic implants (5).

Albeit a variety of DCB catheters and additives for drug transfer have been introduced over the last decade, paclitaxel, which reflects a potent antimitotic drug targeting tubulin, still is the drug of choice for most DCB manufacturers (5).

Following the successful introduction of limus-eluting stent platforms, there has been an ongoing interest to investigate limus-based drugs for the application in DCBs. However, this process has been rather challenging and several technical hurdles had to be overcome, since limus-based drugs, including sirolimus, show a low acute absorption and transfer rate due to the drugs rather low lipophilicity, in comparison to paclitaxel (6, 7).

The SeQuent® sirolimus-coated balloon (SCB) (B.Braun Medical Inc., Germany) represents a novel DCB comprising a crystalline sirolimus coating, which allows a slow and persistent release of the drug within the vessel wall up to 1 month after application (8). Early randomized studies including only selected patients indicated good results in ISR and native lesions following treatment with this SCB (9–11).

Since real-world data about the safety and performance of this crystalline SCB is lacking, we assessed real-world outcomes from an all-comer CAD cohort, including also complex characteristics such as chronic total occlusions (CTO) and ISR lesions, which has been treated with this novel DCB device.



Methods

We analyzed consecutive patients from the prospective SIROOP Registry (Prospective Registry Study to Evaluate the Outcomes of Coronary Artery Disease Patients Treated With SIROlimus Or Paclitaxel Eluting Balloon Catheters) (ClinicalTrials.gov identifier: NCT04988685), which was designed to assess the management and outcomes of patients with acute (ACS) and chronic coronary syndrome (CCS) undergoing percutaneous coronary interventions (PCI) with contemporary DCBs. For this study, we analyzed patients who have been treated with the SeQuent® SCB at the Heart Center of the Lucerne Cantonal Hospital (Lucerne, Switzerland), the tertiary cardiology facility for the central part of Switzerland. Figure 1 depicts the study flow chart.


[image: Figure 1]
FIGURE 1
Study flow chart.



The study device

The SeQuent® SCB´s coating consists of a crystalline sirolimus formulation (12). It uses butylated hydroxytoluene (BHT) as an excipient, which allows a sustained release of the drug as depicted in Figure 2 (5, 12). The sirolimus drug concentration is 4 μg/mm2 balloon surface (12). The system consists in hydrophilic coated surface and a low-tip profile semi-compliant coronary. Balloon sizes are available from 2.0 to 4.0 mm in diameter and 10–40 mm in length. The recommended inflation time is at least 30 s and a balloon length exceeding 2–3 mm (proximally and distally) the predilated segment is recommended.


[image: Figure 2]
FIGURE 2
Illustration depicting the specific characteristics of the crystalline seQuent® SCB (We used this illustration with friendly permission of braun medical Inc., Germany).




Study population

Consecutive patients with both ACS and CCS undergoing PCI with at least one SeQuent® SCB were analyzed from the SIROOP registry. Of note, we applied no angiographic exclusion criteria, meaning with also considered complexe coronary lesions (e.g., bifurcation, calcified and CTO and ISR) for this analysis.

From every study participant, demographic and procedural data were collected using a dedicated database (REDCap©, Version 10.6.28, established by the Vanderbilt University, Tennessee, U.S.A.). Follow-up was obtained by clinic visits or telephone interviews at 6 and 12 months following the procedure.



PCI procedure

PCI procedures were conducted in accordance with the international practice guideline recommendations (13–15). When using DCBs, our internal practice recommendations support the liberal utilization of intravascular imaging (intravascular ultrasound or optical coherence tomography) to plan lesion preparation and DCB sizing. All interventionalists involved in this study almost routinely use cutting balloons and/ or non-compliant (NC) for lesion preparation (16). This is conform to the 3rd DCB consensus paper (5). Following successful lesion preparation, and in the absence of major complications (e.g., >30% residual stenosis, flow limiting dissections or menacing abrupt vessel closure), at least one SeQuent® SCB was applied to the target lesion. The devices were used according to the manufactureŕs instructions for use. Whenever possible, we tried to inflate the SCB for at least 45 s, to allow optimal drug transfer to the treated vessel segments. In DCB cases, bailout stenting was defined as necessity to place a DES in order to ensure vessel patency and/or restore flow following treatment with the SCB. We defined as hybrid approach, lesions which needed direct implantation of DES following lesion preparation (e.g., due to recoil or deep dissections) and the rest of the vessel were treated with SCBs.



Antithrombotic treatment

Considering the applied antithrombotic regimens, we followed the current guidelines (5, 13, 14). Patients received aspirin prior to PCI and were then loaded with thienopyridines, at the discretion of the treating physician with either clopidogrel, ticagrelor or prasugrel, during or immediately after the PCI. Heparin was administered at a dosing of 70–100 units/kilogram body weight aiming for a target ACT >250 s during PCI. The duration of DAPT varied between 1 and 3 months in case of DCB-only treatment, which is in line with the Third Report of the International DCB Consensus Group and the patient's bleeding and thrombotic risk (5). In case a DES was implanted the suggested duration of DAPT ranged from 6 to 12 months, according to the latest guidelines (13). In patients with an indication for anticoagulation, we recommended the use of a direct oral anticoagulant in combination with aspirin for maximally 1 week in combination with clopidogrel for 1–12 months.



Angiographic analyses

Two independent physicians not involved in the procedure (MM and GMC) analyzed the angiograms with a dedicated software package (Intellispace cardiovascular, Phillips, Koninklijeke, Netherlands). The calcium was scored based on the three-tier classification system: Minimal or no calcification; calcium covering ≤50% of the circumference of the vessel is classified as moderate calcification; calcium covering 50%–100% of the circumference of the vessel is classified as severe calcification. Classification of dissections was performed according to the National Heart, Lung and Blood Institute (NHLBI) classification system for intimal tears, consisting of Type A through Type F (17).



Study outcomes

Clinical outcomes of interest included major adverse cardiovascular events (MACE), defined as composite of cardiac death, target vessel myocardial infarction (TV-MI) and target lesion revascularization (TLR). Other outcomes of interest included target vessel revascularization (TVR) and all-cause death. For definitions, we followed the criteria of the Academic Research Consortium (ARC) (18). We also collected detailed information on any periprocedural complications [e.g., coronary perforations, urgent coronary artery bypass grafting (CABG), bleedings and strokes]. Procedural success was defined as a residual stenosis of <30% remaining after PCI with a TIMI flow grade 3 at the end of the procedure and freedom from any major procedure-related complication. All outcomes were independently adjudicated by two experienced physicians not involved in the procedures (MM and GMC).



Statistical analysis

Categorical variables were presented as frequencies and percentages, while continuous variables were displayed as means (±standard deviations) or medians [interquartile ranges (IQR)], as appropriate. In our analyses of continuous variables, inspection of the distribution patterns was used to determine the appropriate statistical test. P-values were calculated using Fisher's exact test, t-test, and Wilcoxon rank-sum test, and were adjusted using the Benjamini and Hochberg method. For outcome variables, we employed Gray's test. Outcomes over time were plotted using Kaplan–Meier curves. A two-tailed p-value of <0.05 was considered statistically significant. Data analysis was conducted using R Statistical Software (v4.2.2; R Core Team, 2022).




Results


Patient and lesion characteristics

Overall, 126 patients were included, who have been treated with SeQuent® SCBs between March 2021 and March 2023 at our institution, as highlighted in Figure 1. Patients were mainly males, and approximately one third of patients presented with an ACS. Table 1 summarizes the details on baseline characteristics.


TABLE 1 Baseline characteristics of the study population.

[image: Table 1]

Totally, 126 lesions were treated with at least one SeQuent® SCB. Of these, 100 (79%) lesions were managed with a DCB only and 26 (21%) with a hybrid strategy. Most lesions involved the left anterior descending artery 51 (41%) and left circumflex artery 41 (32%). ISR was present in 27 (21%) patients, 11 (9%) had a CTO-PCI and 59 (47%) of the lesions were moderately to severely calcified.

Lesion preparation was predominately performed with super non-compliant balloons (88%) inflated at high-pressure (mean inflation pressure was 29 ± 9atm), whereas cutting balloons were used in a total of 88 lesions (70%). The mean SCB diameter was 2.9 ± 0.6 mm and mean inflation pressure was 6 ± 3atm. At index procedure, we encountered 3 (2.1%) relevant dissections (D-F). Of note, all dissections occurred after deployment of the DCB. In 10 (8%) cases, bailout stenting was necessary. Further procedural characteristics are reported in Table 2. Figure 3 depicts the percentage of DCB used according to their diameter. In Figure 4, we depicted an illustrative case of a patient presenting with NSTEMI, which has been successfully treated using a SeQuent® SCB.


TABLE 2 Lesion and procedural characteristics of the study population.
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FIGURE 3
Diagram depicting the frequency of each DCB used according to its diameter.



[image: Figure 4]
FIGURE 4
Central figure depicting an illustrative case of a patient treated with the crystalline seQuent® SCB. (A) Angiogram and optical coherence tomography (OCT) at index procedure showing stenosis of the mid right coronary artery; (B) Immediate post-PCI and (C) at 3 months follow-up.




Clinical outcomes

Clinical follow-up was obtained in 117 (93%) patients, with a median follow-up duration was 12.7 (IQR 12; 14.2) months. Within the first year, MACE occurred in 5 (4.3%) patients. Of them 3 patients required TLR for restenosis and 2 patients succumbed a cardiovascular death (1 patient suffered from acute heart failure and 1 patient presented with ACS complicated by cardiogenic shock).

The incidence of MACE was numerically, but not statistically significant higher in ISR lesions, with 2 events (8%), compared to de novo lesions, which had 3 events (3%). Further details can be found in Table 3, Figure 5 and Figure 6 depict the cumulative incidence curves for MACE across the entire population and within the de-novo and ISR subgroups treated with SCBs. Table 4 reports details about patients with a MACE. Of note, we encountered no clinically relevant bleeding events following index PCI and during follow-up.


TABLE 3 Clinical outcomes at 12 months follow-up.
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FIGURE 5
Cumulative incidence curve for major adverse cardiovascular events (MACE), of the whole population over 1 year. Of note, 7 patients were lost during follow-up, and 9 patients had follow-up between day 300–365.
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FIGURE 6
Cumulative incidence curve for major adverse cardiovascular events (MACE), the two subgroups “de novo” and in-stent restenosis (ISR) over 1 year.



TABLE 4 Narratives of the patients presenting with major adverse cardiovascular events (MACE) during the follow-up period.
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Discussion

This is one first reports summarizing clinical outcomes of a real-world CAD population treated with the novel crystalline SeQuent® SCB. One needs to take into account, that DCBs for treatment of de novo, and furthermore complex coronary lesions (e.g., calcified and CTO lesions), have not been broadly embraced yet. The use of this novel SCB for treatment of CAD seems not only to be safe, but also related to a low 1-year MACE rate (<5%). In addition, the outcomes appear not to significantly differ between native and ISR lesions treated with this SCB.

So far, this crystalline SCB has been compared to an established paclitaxel-coated balloon (PCB), the SeQuent® Please NEO, in two randomized trials, which focused on angiographic outcomes (9, 11). In these two studies no significant differences were found in both ISR and de novo lesions (9, 11). Although these results seem encouraging, both trials were also rather small and enrolled only well selected patients and lesions, which may limit the translation of those results into current clinical practice.

In this context, our results may not only expand those, but also the results from earlier randomized trials and real-world registries, which generally studied the safety and performance of paclitaxel-coated balloons (4, 19). Of note, most of those studies included relatively simple coronary lesions or focused on treatment of small coronary vessels (<3 mm diameter) (4, 19). Moreover, a lot of data supporting DCBs derives from studies assessing their utility in ISR treatment (2). Contrastingly, we have applied this crystalline SCB for treatment of highly calcified lesions (43%), bifurcations (33%), CTOs (8%) as well as ISR lesions. Also, a relevant group of our study cohort (79%) underwent treatment of native coronary lesions involving large and/or main coronary vessel segments with SCBs, again such cases have generally been underrepresented in previous reports (20).

With regards to clinical outcomes, we observed a lower MACE rate than earlier studies. For instance, the pivotal randomized BASKET-SMALL II and PICCOLETTO-II trials comparing PCBs to DES reported MACE rates of 7.5% and 5.6%, respectively (4, 19). When considering real world evidence, a study by Wöhrle and colleagues showed a TLR rate of 5.2% at 9 month follow-up with the SeQuent® Please PCB (21). However, this study included a large portion of BMS-ISR cases and excluded complex lesions (severely calcified, CTOs lesions) (21). When focusing on SCBs, a new study by Cortese et al. highlighted a MACE rate of 9.9% at 12 months with a recently approved DCB, the MagicTouch™ (Concept Medical Inc., Florida, U.S.A.), which uses phospholipid-based nanocarriers for sirolimus transfer (20). Interestingly, this study reported a relatively high rate of MACE in ISR lesions (14.9% vs. 4.9% in de-novo lesions) (20). In addition, we have recently published our early experience with another SCB, the Selution SLR™ (MedAlliance SA, Switzerland), in an all-comer CAD population, which had similar characteristics the current study cohort (16). There, the MACE rate at 1 year was slightly higher (6.8%).

In the actual study cohort, after a median time of 56 (IQR 16; 123) days, 5 (4.3%) patients suffered a MACE. Those patients showing TLR presented with rapidly worsening chest pain (unstable angina) in one case, and silent ischemia in two cases. Restenosis, which was mainly imputable to lesion recoil, was found in all 3 patients requiring TLR. Anyways, no patients needed urgent revascularization and no case of acute vessel closure was encountered. This seems reassuring and may indicate that in the absence or presence of only short segments of newly implanted DES the risk for acute vessel closure or stent thrombosis may be negligible, if there is good flow after SCB usage.

When interpreting our results, one needs to consider that we aim for vigorous lesion preparation, including cutting and/or non-compliant balloons at high pressure, in the majority of DCB cases treated at our site (16, 22, 23). The importance of such a strategy in order to achieve good long-term outcomes following DCB treatment has been shown before (5, 16, 22, 23). We also liberally use intravascular imaging, namely OCT, in DCB cases, which not only facilitates PCI device selection and DCB sizing, but also the assessment of luminal gain as well as dissections at the end of DCB treatment (16).

To what extent the crystalline sirolimus coating had an impact on our studýs outcomes, remains somewhat uncertain and it will require more studies, including randomized head-to-head comparisons with other DCBs, to answer this question. Nonetheless, the crystalline sirolimus coating showed a distinguished drug transfer rate and metabolism in the vessel wall after application in experimental studies (8). Also, the studied crystalline SCB carries a higher drug-concentration than other available SCBs (4.0 μg/mm2 vs. <1.5 μg/mm2), which could be important to achieve a lasting cytostatic effect and thus meaningful inhibition of neointima hyperplasia (5).

Yet, it is not possible to draw any firm conclusions, as to whether sirolimus should become the mainstay for DCBs (11). Of note, there is an ongoing prospective multicenter single-arm trial (SCORE trial, NCT04470934) evaluating the safety and outcomes following treatment with the novel crystalline SCB SeQuent® (12). This trial plans to enroll more than 1,000 patients and will certainly provide more important insights about the performance of this DCB (12).

The concept of stent- or implant-free PCI represents an appealing and modern therapeutic option for a large portion of CAD patients undergoing PCI. Sirolimus, as a cytostatic limus-drug, may not only have greater therapeutic window, but it may provide several other advantageous effects on the vessels in comparison to the cytotoxic drug paclitaxel (7, 11, 12). In fact, paclitaxel has been shown to lead to cell necrosis, which can consequently leave the vessel wall permanently injured (24). With regards to the DES data, sirolimus and its derivates have a more pronounced anti-restenotic effect, including anti-inflammatory properties, which could become important on the long run (7, 11, 12).

Our study has several limitations. First, this is an observational single-center study, which may limit its generalizability. Also, we lack a comparator cohort. For those reasons, our data should be considered as hypothesis generating only. Second, our studýs sample size is relatively small, which limits statistical power. Also, we lost 7 (6%) patients during follow-up and follow-up rate was not possible for all patients at 1 year. This could have influenced the MACE rate. Third, follow-up assessment was only possible by phone calls in some cases enrolled in our study. However, we are well aware that routine clinical and moreover imaging follow-up would have provided more detailed insights about the performance of this crystalline SCB. Fourth, >80% of all individuals enrolled in this study were males. Thus, it remains somewhat uncertain, if our also translate to females managed with this SCB. Finally, it would be important to have extended follow-up data (beyond 2 years) to make conclusions about the long-term safety and outcomes of CAD treatment with this crystalline SCB.



Conclusion

Our data suggests promising outcomes following treatment using this novel SCB in all-comers. Our data showed a high rate of procedural success (e.g., no acute vessel closure), and a low rate of MACE at 1 year follow-up (<5%). Nonetheless, these results require further confirmation with dedicated randomized trials.
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