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Background: Drug-coated balloons (DCB), alone or in combination with drug-eluting stents (DES), may be used to treat diffuse coronary lesions. We aimed to explore the efficacy and safety of DCB in patients with diffuse coronary lesions.

Methods: Consecutive patients with diffuse coronary lesions (lesion length > 25 mm) who underwent DCB and/or DES between January 2015 and December 2019 were included in this prospective, observational, multicenter study. The DCB group included 355 patients (360 lesions), of which 142 patients (143 lesions, 39.7%) received the DCB-only strategy and 213 patients (217 lesions, 60.3%) received the hybrid strategy (DCB combined with DES). The DES group included 672 patients (831 lesions) treated with DES alone. Target lesion revascularization (TLR) during 3-year follow-up was the primary outcome of interest. The secondary outcome was major adverse cardiac events (MACE), defined as a composite of all-cause death, non-fatal myocardial infarction, and target vessel revascularization.

Results: The two groups had comparable baseline clinical and lesion characteristics. Lesion length was similar (43.52 ± 16.46 mm vs. 44.87 ± 15.80 mm, P = 0.181), but the stent length in the DCB group was significantly shorter (24.02 ± 23.62 mm vs. 51.89 ± 15.81 mm, P < 0.001). Ten lesions (2.8%) in the DCB group received bailout stents. Over 3 years of follow-up, no significant difference in TLR incidence between the groups (7.3 vs. 8.3%, log-rank P = 0.636) was observed. Incidence of MACE also did not differ significantly (11.3 vs. 13.7%, log-rank P = 0.324). No thrombosis events occurred in the DCB group, while four patients (0.6%) in the DES group experienced stent thrombosis (log-rank P = 0.193). Moreover, similar TLR and MACE rates were observed between DCB-only and hybrid strategies (TLR: 6.4 vs. 8.0%, log-rank P = 0.651; MACE: 11.4 vs. 11.2%, log-rank P = 0.884).

Conclusion: Long-term outcomes show that the efficacy and safety of the DCB strategy (DCB alone or combined with DES) are similar to those of DES alone in diffuse coronary lesions. These findings suggest that this strategy is a promising alternative for select patients with diffuse coronary lesions.
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Introduction

Approximately 20% of the patients undergoing percutaneous coronary intervention (PCI) have diffuse coronary lesions (1). Patients with diffuse coronary lesions have greater cardiovascular risk factors and worse prognosis than those with non-diffuse lesions (2, 3). Despite advances in refined interventional technology and new-generation stents, PCI of diffuse coronary still remains problems such as stent thrombosis (ST) and vascular reendothelialization (4, 5). Given that stent length can separately predict in-stent restenosis (ISR) and thrombosis, using an alternative drug-coated balloon (DCB) to minimize excessive stent implantation has been recognized as a promising choice (2).

DCB were designed as a semi-compliant balloon that acts through surface anti-proliferative drugs. Multiple studies have shown that DCB alone is effective and safe in ISR (6, 7) and naive small vessel disease (8, 9). With increasing evidence, the Third Report of the International DCB Consensus Group (10) further updated the possible indications for DCB in patients with bifurcation lesions, large-vessel disease, and high bleeding risk. DCB alone or in combination with necessary “spot stenting” provides promising strategies to exploit the complementary advantages of DCB and drug-eluting stents (DES) in treating diffuse lesions. This method reduces the negative effects of permanent metal cages on native vessels (such as reendothelialization and side branch jailing) while also allowing for future revascularization. However, current clinical evidence is limited. Therefore, the goal of our research was to compare the long-term outcomes of DCB (DCB alone or combined with DES) and DES alone in treating diffuse coronary lesions.



Materials and methods


Population

This prospective, non-randomized, observational study was conducted in three high-volume DCB centers in China (11–14). Consecutive patients with de novo diffuse coronary lesions (lesion length > 25 mm) who underwent DCB and/or DES implantation between January 2015 and December 2019 were included. Patients with ISR or bypass graft were excluded from the study. Additionally, we excluded patients with acute myocardial infarction (MI) or a life expectancy of less than 12 months. Figure 1 shows a flowchart of patient inclusion.
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FIGURE 1
Flow of patient inclusion in the study. PCI, percutaneous coronary intervention; ISR, in-stent restenosis; CABG, coronary artery bypass grafting; MI, myocardial infarction; DCB, drug-coated balloon; DES, drug-eluting stent.


The local ethics committee approved the research and all patients signed written informed consent forms. This research was not sponsored by any external source.



Procedures

PCI was performed following standard procedures. Patients were administered aspirin and a P2Y12 receptor inhibitor before surgery. Heparin was routinely administered during the procedure at a loading dose of 80–100 IU/kg followed by 1,000 IU per hour. Radial artery access was first considered, and the operators determined the use of glycoprotein IIb/IIIa receptor inhibitors. Dual antiplatelet therapy after discharge complied with international guidelines (15). The choice of interventional strategy (DCB or DES strategy) was left to the discretion of the experienced interventionist team after diagnostic coronary angiography.

In the DCB group, routine pre-dilatation with a conventional balloon was performed. To achieve satisfactory lumen gain, cutting balloons, non-compliant scoring balloons [non-slip element (NSE)], or dual-wire balloons were used at the discretion of the operators. According to lesion characteristics and pre-dilation results, the use of DCB alone or a hybrid approach of DCB and DES was determined by three experienced cardiologists. If pre-dilation is satisfactory, DCB was used to cover the entire target lesions or partial lesions in case of dissection < type C and residual stenosis ≤ 50%. New-generation DES implantation was performed as part of an initial hybrid strategy combining DCB and DES after lesion preparation or as bailout stents in segments with flow-limiting dissection or significant residual stenosis (>50%) after DCB angioplasty. All patients undergoing DCB angioplasty use paclitaxel−coated balloons (SeQuent™ Please, B. Braun, Melsungen, Germany) and new-generation DES was used in all patients as stents combined with DCB or bailout stents.

In the DES group, single, long stents or multiple overlapping stents were implanted to cover the entire lesion, and new-generation DES was used in all the patients. Four types of DES were implanted: Resolute Integrity™ (Medtronic, Santa Rosa, CA, USA), Synergy™ (Boston Scientific, Maple Grove, MN, USA), Excrossal (JW Medical System, China), Excel (JW Medical System, China).



Angiographic analysis

Edge detection methods (QAngio XA 7.3 version; Medis Medical Imaging, Leiden, Netherlands) were used to provide quantitative coronary angiographic (QCA) measurements during the intervention and follow-up angiography. Lesion length, reference vessel diameter (RVD), minimum luminal diameter (MLD), and diameter stenosis percentage were measured. The difference in MLD immediately after intervention and during follow-up angiography was used to compute late lumen loss (LLL).



Study outcomes

The primary outcome of this study was target lesion revascularization (TLR). The secondary outcomes were major adverse cardiac events (MACE) [including target vessel revascularization (TVR), MI, and all-cause death], respectively. During hospitalization, the major periprocedural adverse events included ST, MI, and death. Death was considered cardiogenic unless an apparent non-cardiogenic cause presented itself. The fourth universal definition of myocardial infarction is procedure-related, non-procedural, or after−discharge MI (16). Revascularization of the target lesion (a lesion within 5 mm from the edge of each end) and the target vessel was defined as TLR and TVR, respectively (17).



Follow-up

Clinical visits or phone calls every 3 months were used to achieve follow-up for a total of 3 years. Follow-up angiograms were performed between 9 and 12 months after PCI or when clinically indicated, but this was not mandatory.



Statistical analysis

The mean ± standard deviation or median (interquartile range) was used to represent data. The chi-square test or Fisher’s exact test was used to assess differences between categorical variables, and the t-test or non-parametric test was used for continuous variables. The Kaplan–Meier curve was used to estimate the cumulative incidence of outcomes, and the log-rank test was used to compare them. A multivariate Cox proportional regression model was used to adjust for potential confounders, including age, sex, comorbidities, history, multivessel disease, and left ventricular ejection fraction. Statistical analysis was conducted using SPSS 23.0 (IBM SPSS, SPSS Inc.). A two-sided P value of < 0.05 was considered statistically significant.




Results


Clinical and procedural characteristics

A total of 360 lesions in 355 patients received DCB alone or in combination with DES, and 831 lesions in 672 patients received DES alone, between January 2015 and December 2019. Baseline demographic and clinical data are shown in Table 1. The patients were aged 58.98 ± 10.93 years old and 68.6% were male. High rates of comorbidities were recorded, including hypertension (58.0%), diabetes mellitus (33.7%), and hypercholesterolemia (46.5%). Most patients had multivessel diseases (74.1%).


TABLE 1    Baseline patient characteristics.
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Most baseline features were similar between the DCB and DES groups. The trans-radial route was the main route of access (86.4% vs. 90.0%, P = 0.071). The DCB group had a larger proportion of chronic total occlusion (CTO) lesions (37.8 vs. 32.4%, P = 0.073). Cutting balloons (24.4 vs. 9.6%, P = 0.001) and NSE balloons (30.6 vs. 5.7%, P = 0.001) were more frequently used in the DCB group. Ten lesions (2.8%) in the DCB group required bailout stents (of which, seven were due to dissection ≥ type C and three were due to severe elastic recoil). The characteristics of the procedures and lesions are summarized in Table 2.


TABLE 2    Characteristics of procedures and lesions.
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In the DCB group, 143 lesions (39.7%) received the DCB-only strategy, and 217 lesions (60.3%) received the hybrid strategy (DCB combined with DES). The mean length and diameter of DCB were 33.51 ± 16.60 and 2.69 ± 0.39 mm. DES implanted per lesion in the DCB group was significantly shorter (24.02 ± 23.626 vs. 51.89 ± 15.81 mm, P < 0.001) than in the DES group. Additionally, the average diameter of DES in the DCB group was smaller (2.84 ± 0.31 vs. 2.89 ± 0.39 mm, P = 0.047). There were no differences in perioperative medications (Table 3).


TABLE 3    Device characteristics and perioperative medication.
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Quantitative coronary angiographic results

The lesion length was 43.52 ± 16.46 mm in the DCB group and 44.87 ± 15.80 mm in the DES group (P = 0.181). In the DCB group, the diameter of the reference vessel was 2.47 ± 0.45 mm, while in the DES group (2.88 ± 0.47 mm), it was larger (P < 0.001). Table 4 presents the QCA results. The MLD and diameter stenosis percentage before PCI did not differ significantly between the groups. However, MLD and acute gain immediately after PCI in the DCB group were smaller (1.79 ± 0.46 vs. 2.38 ± 0.54 mm, P < 0.001, and 1.31 ± 0.61 vs. 1.86 ± 0.65 mm, P < 0.001, respectively) than those in the DES group.


TABLE 4    Quantitative coronary angiography measurements.
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Follow-up angiography was performed in 157 patients (44.2%) who received DCB and 293 patients (43.6%) who received DES alone (P = 0.895). RVD (2.56 ± 0.51 mm vs. 2.77 ± 0.46, P < 0.001) and MLD (1.74 ± 0.59 vs. 1.94 ± 0.65 mm, P < 0.002) in the DCB group were smaller. However, the diameter stenosis was similar (31.96 ± 17.21% vs. 30.67 ± 18.80%, P = 0.622) between the groups. LLL in the DCB group was less than in the DES-only group (0.06 ± 0.61 vs. 0.41 ± 0.64 mm, P < 0.001) (Table 4).



Study outcomes

During hospitalization, one patient died in-hospital in the DCB group and another patient underwent periprocedural MI due to ST in the DES group (Table 5). The Kaplan–Meier survival curves of TLR and MACE between the DCB and DES groups are shown in Figures 2A,B. The primary outcome (TLR) rate at 3 years was 7.3% in the DCB group and 8.3% in the DES group (log-rank P = 0.636). The incidence of MACE at 3 years in the two groups was similar (11.3 vs. 13.7%, log-rank P = 0.324). The Kaplan–Meier survival curves for TLR and MACE between the DCB and DES groups are shown in Figures 2A,B. A multivariate Cox proportional regression model was used to adjust for potential confounders (Table 6). No difference in the risk of TLR was observed (HR = 1.229, 95% CI = 0.756–1.999, P = 0.405).


TABLE 5    Cumulative clinical events.
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FIGURE 2
Cumulative incidence rates of primary and secondary outcomes. (A) TLR between the DCB and DES groups. (B) MACE between the DCB and DES groups. (C) TLR between the DCB-only and hybrid strategies. (D) MACE between the DCB-only and hybrid strategies. TLR, target lesion revascularization; MACE, major adverse cardiac events.



TABLE 6    Multivariate cox regression analyses of TLR.
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Within the DCB group, we performed analyses regarding the DCB-only and hybrid strategies (Figures 2C,D). TLR rates in patients treated with the DCB-only strategy were comparable to hybrid strategy (6.4 vs. 8.0%, log-rank P = 0.651). Between the DCB-only and hybrid strategies, the incidence of MACE was 11.4 vs. 11.2% (log-rank P = 0.884) (Supplementary Table 1). Regarding patients (n = 136) with CTO in the DCB group, 46 lesions (33.8%) received DCB-only strategy and 90 lesions (66.2%) received hybrid strategy. Patients with CTO treated with DCB-only or hybrid strategy showed comparable results (Supplementary Table 2).




Discussion

This is the largest study to date to evaluate the long-term effects of DCB and DES in treating diffuse lesions. In this real-world trial, we discovered that in de novo diffuse coronary lesions, the long-term effectiveness and safety of PCI with DCB (DCB alone or combined with DES) were similar to those of DES alone.

Diffuse lesions, as a challenge of PCI, account for 20% of all coronary artery diseases (1). One of the most common procedures for treating diffuse lesions is PCI with a single-length DES or overlapping DES. On the other hand, long stent implantation increases the risk of ISR, ST, and late acquired stent malapposition (18). DCB was originally designed to treat ISR. However, increasing evidence has demonstrated the efficacy of DCB in small-vessel disease, acute MI, and bifurcation (10). A prior study (2) explored the efficacy of DCB in diffuse coronary lesions (length > 25 mm) and found that it was a reasonable and well-tolerated treatment option. It is worth mentioning that although sirolimus and its derivatives have recently been studied for treatment in DCB, PCI was performed only with paclitaxel-coated balloons in our study and we aimed to compare the long-term clinical outcomes of paclitaxel-coated balloons (DCB-only or hybrid strategy) with DES for diffuse lesions.

The TLR rate in the DCB group was similar to that in the DES group (7.3 vs. 8.3%, log-rank P = 0.636). Possible reasons for the lack of statistical difference in TLR include the following. First, the 3-year follow-up was not long enough. Second, new-generation DES and more potent antiplatelet therapy reduced the incidence of TLR and thrombotic events (19). Selective DCB angioplasty and experienced interventional physicians may improve the outcomes. Compared with a previous study (20) that evaluated the Zotarolimus-Eluting stents in diffuse coronary lesions (total stent length > 30 mm), the TLR rate of long-term (3 years) follow-up was numerically higher than that in our study (7.3 vs. 4.6%). Longer lesion length (43.52 ± 16.46 vs. 33.0 ± 15.2 mm) and smaller RVD (2.47 ± 0.45 vs. 2.73 ± 0.41 mm) in our study may explain the rate difference of TLR. Although our results showed that the outcomes in the DCB group were not superior to those in the DES group, the potential advantages of DCB, such as leaving nothing behind, lower thrombotic events, and late lumen enlargement, cannot be ignored.

In the current study, the metal stent length in the DCB group was significantly shortened per lesion compared with the DES group (24.02 ± 23.62 vs. 51.89 ± 15.81 mm, P < 0.001). Of the 360 lesions in the DCB group, 39.7% received DCB alone and the rest used a hybrid approach of DCB and DES. In contrast to previous studies with a combination of DCB mostly used in the distal segment and DES implanted in the proximal segment, the hybrid strategy of our study provides an idea that necessary spot stenting was performed in the segment with an unsatisfactory segment and that DCB angioplasty is more flexibly performed in any segment with acceptable results after lesion preparation. In the setting of diffuse lesions involving bifurcation or small vessel lesion, DCB provide an intervention option of “leave nothing behind” to avoid jailed ostial lesions or small caged vessel caused by DES. DCB without polymers and metal cages is beneficial for reducing the inflammatory response of coronary arteries, shortening the healing time of the vascular endothelium, and reducing the risk of thrombosis (10).

In our study, LLL was considerably lower in DCB group than in DES group (0.06 ± 0.61 vs. 0.41 ± 0.64 mm, P < 0.001) and QCA results demonstrated that a total of 46.3% of lesions appeared late lumen enlargement. The phenomenon of de novo lesions after DCB angioplasty has also been reported in other studies (21–26). This phenomenon has positive significance in particular lesions, such as CTO and small-vessel disease. Negative remodeling frequently occurs distal to the CTO lesion; therefore, the selected stent may be undersized, increasing the risk of ISR and limiting long-term revascularization (27). DCB has advantages over DES, permitting positive vessel remodeling without concern about stent malaposition. Within the patients (n = 136) with CTO in the DCB group, 46 lesions (33.8%) received DCB-only strategy and 90 lesions (66.2%) received hybrid strategy. Compared with previous studies (28, 29), DCB-only or combined with DES was effective and safe in treating selected CTO lesions during long-term follow-up. The acceptable results of subgroup indicate that diffuse coronary lesions after recanalization of CTO can be treated with DCB alone or combined with DES if the pre-dilatation result is favorable and provide more clinical evidence of DCB in treating CTO lesions.

Lesion preparation is of great significance for successful completion of the DCB strategy. The expert consensus (10) recommends that lesion preparation before DCB angioplasty should meet residual stenosis <30%, but there is insufficient evidence for the optimal lesion preparation criteria for treating de novo coronary lesions. A Korean study (30) analyzed more than 300 lesions and demonstrated that target lesion failure was lower with residual percentage diameter stenosis <20%. Theoretically, a lower residual diameter stenosis is better; however, excessive lesion preparation is accompanied by an increase in severe dissection, increasing the use of bailout stents. Ideal lesion preparation for DCB in the treatment of diffuse coronary lesions must balance the benefits and risks of acute lumen gain, plaque modification, acute vessel events, and long-term prognosis. In our study, considering that the plaque burden is heavier than simple lesions and avoiding the implantation of small-sized stents in distal lesions with small RVD, the standard for residual stenosis percentage before DCB angioplasty is defined as <50%. A total of 2.8% of lesions required a bailout stent in the DCB group, and one case required a bailout stent. Currently, DES is recommended as a bailout stent; however, it should still be avoided as much as possible.

Our study has some limitations. First, it was an observational study exiting selection bias despite a multivariate Cox proportional regression model was used to adjust for potential confounders. Second, angiographic follow-up is not mandatory, and angiographic follow-up varies. Third, since the choice of interventional strategy is based on clinical criteria and lesion types, operators may prefer DCB angioplasty for segments of target lesion with favorable pre-dilation results. Therefore, we cannot know the exact proportion of lesions that cannot be treated with DCB. Meanwhile, the proportion of IVUS use in the DCB group was higher than that in the DES group, which may influence clinical outcome. Our finding is only suitable for selected patients with acceptable results. Finally, our study didn’t directly compare the DCB-only or hybrid strategy with the DES-only strategy. Further larger, randomized, and controlled trials are necessary to separately evaluate the role of DCB-only or hybrid strategy in this setting.

In conclusion, research has shown that the use of DCB (DCB alone or combined with DES) in diffuse lesions is effective and safe. Therefore, this approach can be used as a supplement to DES or the preferred treatment in selected patients.
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