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Abstract

Background: Both stent length and stent overlap are associated with worse outcomes in the percutaneous treatment of diffuse
coronary artery disease (dCAD). However, evidence comparing these issues is scarce. We aimed to compare the results between
the use of single very long stent (VLS) and >2 overlapping stents (OS) in the treatment of dCAD. Methods: Seven hundred
twenty-four consecutive lesions were included: 275 treated with a single VLS (>40 mm) and 449 with >2 OS. Procedural
characteristics were assessed, and survival analysis was performed to compare the incidence of major adverse cardiovascular
events (MACE; composite of cardiovascular death, nonfatal myocardial infarction, target lesion revascularization [TLR], or stent
thrombosis) during a median follow-up of 3| months. Results: Procedures with VLS required less contrast volume (268 + 122 vs
302 + 113 cm3; P <.0l), fluoroscopy time (16 + 8 vs 21 + 16 minutes; P <.0l), and procedure duration (37 + 18 vs 47 + 27
minutes; P < .01) than the OS procedures. The VLS group showed lower incidence of MACE (4.4% vs 10.7%; P < .0l), driven
mainly by lower TLR rate (1.1% vs 4.7%; P < .01). The use of OS was an independent predictor of MACE. Conclusions: In this
study, the use of VLS for the treatment of dCAD was associated with better outcomes compared to OS.
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Introduction VLS or OS usually lies at discretion of the operator. In a recent
work, our group showed similar outcomes but better procedural
characteristics in the use of VLS compared to OS in the short-
term follow-up of a smaller cohort."’

Thus, the aim of the present study was to compare the
long-term outcomes associated with the implantation of
VLS or OS for the treatment of dCAD in real-world clinical
practice.

Diffuse coronary artery disease (dCAD) is increasingly
observed in the daily clinical practice. In this scenario, inter-
ventional cardiologists often require overlapping stents (OS) or
the use of very long stent (VLS) to treat the entire lesion length.

Both stent overlap, used in 30% of percutaneous coronary
interventions (PCIs),"* and stent length have been reported as
factors associated with a higher incidence of major adverse
cardiac events (MACE) after PCI.>* Even with the introduction
of newer generation platforms, lesion length continues to be a
factor associated with worse outcomes.’ Despite this, some ' Cardiology Department, University General Hospital of Ciudad Real, Spain
studies have reported a better safety profile associated with the 2 Inter\{entional. Cardiology Ur.1it, Cardiology Department, University General
PCI of overlapping of newer generation drug-eluting stents 3?°Sp'tél of Ciudad Real, Spain .

6-8 . . ndocrinology Department, Hospital Virgen de la Luz, Cuenca, Spain
(DES).”™ In addition, the development of longer stent designs *Interventional Cardiology Unit, Cardiology Department, La Paz University
represents an alternative tool in these situations. Platforms up  Hospital, Madrid, Spain
to 60 mm are currently available, with proven short-term safety
and efﬁcacy.9,10 Corresponding Author:
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Methods
Patients and Study Design

In this observational, retrospective, and single-center study, we
included all PCIs performed in our catheterization laboratory
with implantation of >2 OS or a single VLS (>40 mm)
between March 2014 and November 2018. We analyzed and
compared between both groups the procedural characteristics
and clinical outcomes at the end of follow-up (February 2020).
Patients were included regardless of their clinical presenta-
tion (stable coronary artery disease, non-ST elevation myocar-
dial infarction [NSTEMI], or ST elevation myocardial
infarction [STEMI]). When more than one VLS were over-
lapped, it was considered and included in the OS group.
Patients admitted due to cardiac arrest were excluded, as well
as lesions in vessels with previous in-stent restenosis or throm-
bosis and bifurcations treated with a 2-stents technique.
Absence of follow-up data was also an exclusion criterion. This
study was performed in accordance with ethical standards of
the Declaration of Helsinki. All patients received written
informed consent prior to their inclusion in the study.

Procedure and Stent Implantation

Stent overlap was defined as the presence of >2 stents within a
single treated lesion and an OS zone of at least 1 mm. Over-
lapping stent zones were identified based on the position of the
stent balloon markers of the second stent relative to the first
one. All procedures were performed by 4 experienced interven-
tional cardiologists following the recommendations of the cur-
rent clinical practice guidelines.'? The decision to implant >2
OS or a single VLS was left to the operator. All the stents
included were second-generation DES or bare-metal stents
(BMS). Bare-metal stents was limited to nondiabetic patients,
vessels > 3 mm in diameter and nonbifurcated or aorto-ostial
lesions. The VLS used in this study are: the BioMime Morph
(50 and 60 mm length) cobalt-chromium sirolimus-eluting
tapered stent (Meril LifeSciences), the Xience Xpedition
(48 mm length) cobalt-chromium everolimus-eluting stent
(Abbott Vascular), the Synergy (48 mm length) platinum-
chromium everolimus-eluting stent (Bosfon Scientific), the
Orsiro (40 mm length) cobalt-chromium sirolimus-eluting
stent (Biotronik) and, the Destiny (40 mm length) cobalt chro-
mium sirolimus-eluting stent (ihtDEStiny). The only very long
BMS was the 40 mm length Prokinetic Energy cobalt-
chromium stent (Biotronik).

Follow-Up and Clinical Definitions

Electrocardiographic and cardiac biomarkers seriation was per-
formed after each PCI. Clinical assessment was carried out at 1,
6, and 12 months, annually thereafter and at the end of follow-
up. Angiographic follow-up was only clinically driven in
patients with new symptoms, ventricular function worsening,
or new ischemia in noninvasive tests. Angiographic success
was defined as a post-PCI diameter stenosis <30% with

thrombolysis in myocardial infarction-3 flow of the target
lesion in absence of any major procedural complication.'?

The primary end point was the incidence of MACE (includ-
ing cardiovascular death [CD], myocardial infarction [MI]
related to treated lesion, need for target lesion revascularization
[TLR], or stent thrombosis [ST]) at the end of follow-up.

As secondary end points, we individually analyzed the
events of the composite end point and the all-cause mortality.
All deaths were considered cardiac unless another specific
cause was documented. Myocardial infarction was defined
according to the current recommendations.'* Target lesion
revascularization and ST were defined according to the Aca-
demic Research Consortium-2 criteria.'>

Statistical Analysis

Gaussian or non-Gaussian distribution was evaluated by
Kolmogorov-Smirnov test. Quantitative variables that follow
a normal distribution are expressed as mean + standard devia-
tion and those which not as median (interquartile range). Qua-
litative variables are expressed as percentages. For
comparisons between quantitative variables, Student ¢ test or
Wilcoxon test was used. Qualitative variables were compared
using the chi-square or McNemar test. A 2-tailed probability
value of <.05 values was considered significant, and all confi-
dence intervals were computed at the 95% CI. Time to event
was analyzed using a Kaplan-Meier model and groups were
compared using the log-rank test. A multivariable Cox-
regression model was performed including the unequally dis-
tributed (P < .1) variables in the univariate analysis. The entire
statistical analysis was performed using the SPSS software,
Version 25.0 (SPSS Inc, IBM).

Results

During the study period, 3951 consecutive PCIs were performed
in our catheterization laboratory. Of these, 844 lesions in 738
patients were treated with >2 OS or with a single VLS >40 mm.
One hundred twenty lesions were excluded as they met the
exclusion criteria. The remaining 724 lesions in 678 patients
were analyzed. We obtained a sample of 275 lesions treated with
single VLS (262 patients) and 449 lesions (416 patients) treated
with >2 OS (mean of 2.24 + 0.51 overlapped platforms per
lesion). Study flowchart is shown in Figure 1.

Baseline Characteristics

The baseline characteristics of the final sample are shown in
Table 1. The 78.8% of patients were male and the mean age of
the cohort was 66.7 + 11.8 years. Clinical presentation was
stable ischemic heart disease in 40% of cases, 39.1% NSTEMI,
and 20.5% STEMI. Three PCIs (0.4%) were performed in other
context (2 ventricular arrhythmias or 1 not MI-related cardio-
genic shock).
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Figure |. Flowchart of the study. dCAD indicates diffuse coronary artery disease; IQR, interquartile range; OS, overlapping stents; PClI,

percutaneous coronary intervention; VLS, very long stent.

Table I. Baseline Characteristics.

Overall Single VLS >20S
(678 patients) (262 patients) (416 patients) P

Age (years) 667 + 118 659 + 122 672 + 117 .13

Gender (% male) 534 (78.8) 219 (83.6) 316 (75.7) .01
BMI (kg/m?) 287 + 47 289 + 48 286 + 46 49
Smoke 259 (38.2) 105 (40.1) 154 (37.0) 42
history (%)
Dyslipidemia (%) 334 (49.3) 119 (45.4) 215(51.7) .11
Hypertension (%) 450 (66.4) 170 (64.9) 280 (67.3) .56
Diabetes 263 (38.7) 99 (37.8) 164 (39.4) .58
mellitus (%)
CKD (eGFR 80 (11.8) 24 (9.2) 56 (13.5) .07
<60 ml/min/
1.73m?) (%)
Previous PCI (%) 142 (20.9) 51 (19.5) 91 (21.9) .32
Hemoglobin 13.7 + 2.0 139 + 2.0 13.64 +2.0 .20
(g/d)
Creatinine (g/dL) 0.9 (0.8-1.1) 0.9 (0.8-1.1) 1.0 (0.8-1.2) .75
LVEF (%) 499 + 127 497 + 128 499 + 12.7 .85
Clinical A7
presentation: 271 (40) 93 (35.5) 178 (42.8)
SCAD (%) 265 (39.1) 114 (43.5) 151 (36.3)
NSTEMI (%) 139 (20.5) 55 (21) 84 (20.2)
STEMI (%) 3 (0.4) 0 (0) 3(0.7)

Other (%)

Abbreviations: BMI, body mass index; CKD, chronic kidney disease; eGFR,
estimated glomerular filtration rate; LVEF, left ventricular ejection fraction;
SCAD, stable coronary artery disease; NSTEMI, non-ST elevation myocardial
infarction; OS, overlapped stents; PCI, percutaneous coronary intervention;
STEMI, ST elevation myocardial infarction; VLS, very long stent.

Procedural Characteristics

The most frequent treated artery was the left anterior descend-
ing artery, in 42.1% of the cases. The right coronary artery was
treated in the 40.2% of the procedures, the left circumflex
artery in 14.8%, and the left main coronary artery in 1.5%.
The remaining 10 PCIs (1.4%) were performed in other vessel,
such as bypass grafts or intermediate coronary branch; 13.8%
of the procedures were chronic total occlusions (CTO). Lesion
complexity measured by the SYNTAX score was low
(21.3 £ 12.6), and similar between groups (P = .179).

Procedures with VLS were shorter (37.9 + 18.8 vs 47.8 +
27.8 minutes; P < .001), required less fluoroscopy time
(16.1 + 8.8 vs 21.2 + 16.1 minutes; P < .001), and less
contrast volume administration (268.5 + 122.9 vs 302.8 +
113.7 em®; P < .001) than procedures with OS. As expected,
the mean number of stents per procedure was lower in the VLS
group (1.9 + 1.1 vs 2.8 + 0.9; P < .001). Both lesion and
procedural characteristics are described in Table 2.

Information regarding the antithrombotic therapy indicated
after the procedure was available in 693 procedures (95.7% of
the overall) and is shown in the Supplementary Material. Potent
P2Y12 inhibitors (prasugrel or ticagrelor) were more frequently
indicated after the use of OS.

Primary End Point and Outcomes During Follow-Up

Primary end point. After a median follow-up of 31 months
(22-38), the incidence of MACE was 8.1%, with a median time
to event of 7 months (1-17). A lower incidence of MACE was
observed in the VLS group compared to the OS group (4.4% vs
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Table 2. Procedural and Angiographic Characteristics.

Overall (n = 724) Single VLS (n = 275) > 2 OS (n = 449) P

Treated vessel (%) .68

LM 11 (1.5) | (0.4) 10 (2.2)

LAD 305 (42.1) 120 (43.6) 185 (41.2)

LCx 107 (14.8) 34 (12.4) 73 (16.3)

RCA 291 (40.2) 116 (42.2) 175 (39)

Other 10 (1.4) 4 (1.4) 6 (1.3)
Femoral access (%) 474 (65.5) 188 (67.1) 286 (66.9) A7
Circulatory support device use (%) 8 (I.1) 3(1.1) 5(1.1) 97
SYNTAX score 213 + 12,6 189 + 11.9 226 + 12.7 .18
CTO (%) 100 (13.8) 24 (10.8) 76 (16.9) .02
Bifurcation (%) 157 (21.7) 46 (16.8) 111 (24.8) <.0l
Total stents (n)? 25 + 1.1 1.9 + I.1 28 + 0.9 <.0l
Stents per lesion (n)® 1.7 + 0.7 I +0 224 + 0.51 <.0l
Total stent length (mm) 54.6 + 189 46.2 + 5.1 59.7 + 223 <.0l
Maximum stent diameter (mm) 32 + 05 3.13 + 0.5 322 + 05 0l
Minimum stent diameter (mm) 29 + 14 3.1 + 0.5 29 + 1.7 .06
Stent type (%)

BMS 89 (12.1) 35 (12.7) 53 (11.8) .64

DES 583 (80.5) 240 (86.9) 344 (76.6) .58

DES + BMS 61 (8.4) 0 (0) 52 (11.6) <.0l
Predilatation (%) 541 (74.7) 211 (80.0) 330 (73.3) .6
Postdilatation (%) 241 (36.2) 98 (37.6) 143 (35.3) .67
Intravascular imaging use (%) Il (1.5) 2 (0.7) 9(1.7) .34
Procedure duration (min) 44.6 + 25.6 379 + 188 478 + 278 <.0l
Fluoroscopy time (min) 195 + 144 16.05 + 88 21.17 £+ 16.1 <.0l
Contrast volume (cm3) 2910 + 1178 268.5 + 1229 302.8 + 113.7 <.0l
Angiographic success (%) 716 (98.9) 271 (98.5) 445 (99.1) 43

Abbreviations: BMS, bare-metal stent; CTO, chronic total occlusion; LAD, left anterior descending artery; LCx, left circumflex artery; LM, left main artery; OS,
overlapping stents; RCA, right coronary artery; DES, drug-eluting stents; VLS, very long stent.

*Number of stents implanted in the entire index procedure.
®Number of stents implanted in the index lesion.

10.7%; P = .003). After adjusting the possible confounding
factors through a multivariable analysis (Supplementary Mate-
rial), the use of OS was independently associated with
the incidence of MACE (adjusted hazard ratio [HR]: 2.59
[95% CI: 1.03-6.52]; P = .042).

Primary end point results are shown in Figure 2 and Table 3.

Secondary end points. The incidence of CD, MI, TLR, and ST was
5.4%, 2.5%, 3.3%, and 0.8%, respectively. Patients in the VLS
group presented a lower incidence of CD and TLR during the
follow-up (3.3% vs 6.7%; P = .043 and 1.1% vs 4.7%;
P =.008, respectively). The incidence of MI and ST was similar
in both groups (1.5% vs 3.1%; P = .149 and 0.7% vs 0.9%; P =
793 for VLS vs OS). All-cause mortality was also similar in
patients treated with VLS compared to those with OS (7.3% vs
10.5%; P = .156). Secondary end points are shown in Table 3.

The use of OS was not independently associated with nei-
ther CD (adjusted HR: 2.41 [95% CI: 0.80-7.26]; P = .119) nor
TLR (adjusted HR: 3.73 [95% CI: 0.74-8.88]); P = .114. Multi-
variable analysis of primary and secondary end points is pre-
sented in the Supplementary Material.

Survival analysis of MACE
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Figure 2. Incidence of the primary end point (MACE). Major cardi-
ovascular end point’s incidence was higher among patients undergone
PCI with OS than those treated with VLS. HR indicates hazard ratio;
OS, overlapping stents; PCI, percutaneous coronary intervention;
VLS, very long stent.
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Table 3. Major Adverse Events During Follow-Up.

Overall (n = 724) Single VLS (n = 275) >2 OS (n = 449) P VLS vs OS* P
MACE 60 (8.3%) 12 (4.4%) 48 (10.7%) 003 2.57 (1.36-4.84) 004
Cardiac death 39 (5.4%) 9 (3.3%) 30 (6.7%) 044 2.11 (1.01-4.47) 049
M 18 (2.5%) 4 (1.5%) 14 (3.1%) 149 2.22 (0.73-6.73) 160
TLR 24 (3.3%) 3 (1.1%) 21 (4.7%) .008 447 (1.33-14.97) 015
ST 6 (0.8%) 2 (0.7%) 4 (0.9%) 793 .26 (0.23-6.85) 793
All-cause death 67 (9.3%) 20 (7.3%) 47 (10.5%) 156 |45 (0.86-2.45) 164

Abbreviations: MACE, major adverse cardiovascular events; MI, myocardial infarction; OS, overlapping stents; ST, stent thrombosis; TLR, target lesion revascu-

larization; VLS, very long stent.
*Hazard ratio and 95% ClI.
®P for hazard ratio.

Discussion

The presence of dCAD among patients undergoing PCI is
expected to increase due to population aging and the increasing
prevalence of cardiovascular risk factors, among others.'® Our
study showed a high prevalence of use of VLS and OS (21.4%)
in our daily practice, which is consistent with other
registries.®!”

Until the development of new longer platforms in the last
decade, the use of OS constituted the main approach to the PCI
of long lesions. With the incorporation of new stent technology,
the incidence of restenosis and other complications became
lower, but still remarkable.®!71?

The main finding of this study is that the use of VLS was
associated with better outcomes in the long-term follow-up
compared with the use of OS in real clinical practice. More-
over, its use showed more favorable procedural characteristics
that contributed to a better performance of the PCI.

Many explanations have been proposed for the worse out-
comes related to stent overlap. The overlapping region consti-
tutes a zone with higher metallic burden, implying a higher
vessel damage and inflammation, with increased neointimal
proliferation and lumen loss related to delayed healing.’
The higher metal burden in the overlapped regions also has
been associated with different distribution of stent drug into
the vessel wall, leaving some areas with drug excess and others
with drug lack.!8-20 Moreover, with the double metal layer,
higher hypersensitivity reactions could be induced—contribut-
ing to chronic inflammation—and worse hemodynamic can be
resulted from the flow disturbance.?'** Finally, when the PCI
with OS affects a side branch, the thicker layer of strut can
result in a reduction in the side branch flow that might be
related with a higher need of revascularization rate during fol-
low-up.'®

In addition to molecular and anatomical considerations, it
has been reported that OS can be time-consuming and associ-
ated with higher material expenditure.®> Procedure time is fre-
quently related with higher operator and patient exposure to
radiation. Following these arguments, use of VLS could con-
tribute to PCI in terms of medical expenses (by reducing the
number of platforms required), intervention safety (with less
radiation exposition and contrast volume), angiographic results

(avoiding overlapping segments and reducing metal burden),
and in clinical outcomes, compared to OS. However, there is a
lack of evidence in this field, with only few studies and incon-
clusive results. In the present study, the VLS group reported
shorter procedures (mean difference of 9.9 minutes), required
less fluoroscopy time (5.1 minutes in mean), and less contrast
(mean volume of 34.5 cm®) than the OS group. The fluoroscopy
time and the amount of contrast are factors associated with
worse outcomes.”>* In our opinion, this is a relevant and
particularly interesting finding to add to the clinical efficacy
advantages of the VLS above commented.

It is remarkable, the clinician preference for the overlapping
techniques in some complex lesions such as bifurcated lesions
or CTO. It could be explained by the greater availability and
experience with shorter stents in these scenarios. Despite that,
neither PCI on a bifurcation nor on a CTO was independently
associated with worse outcomes in our cohort. This could have
also influenced the longer duration of OS procedures. More-
over, there are some lesions that maintain unaffordable for
single-VLS implantation due to the lack of platforms longer
than 60 mm. In these cases, otherwise, the use of VLS still
allows to reduce the metal burden in the lesion.

Some authors have previously investigated the prognosis
associated with the use of OS. Réber et al compared the
3-year outcomes between the use of multiple OS, multiple
non-0S, and single stent in the PCI.> They found that OS group
had higher rates of MACE in the follow-up compared with
single-stent group although no differences were found in
MACE rate between OS group and multiple non-OS group,
despite a trend was observed. Compared to our study, the mean
stented length was shorter in the lesions included in that work
(17.07 + 10.54 mm in OS and 11.11 + 4.87 mm in single-
stent group). This fact and the lack of an actual VLS group
could explain the differences in the study’s findings.

Mori et al analyzed a smaller cohort (105 patients) compar-
ing the 1-year clinical outcomes between a long single stent
(n = 49) and a 2-overlapped stent group (n = 63).%° They
reported no differences in the rates of MACE (P = .91) and
neither in TLR (P = .79). No ST was reported during their
study. The sample size and the short-term follow-up could
explain the different outcomes we found. On the other hand,
they included lesions with <38 mm of length that could be a
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limitation in contrast with our study, where longer lesions were
included, in accordance with the real clinical practice.

Recently, Amirzadegan et al reported a historical cohort
study with 1709 patients who had been treated with a single
38 mm DES, a >40 mm BioMime DES or >2 DES.?® They did
not find differences (P = .60) between groups in the rate of
MACE after the follow-up (mean of 441 days). The only inclu-
sion of 1 DES type in the >40 mm group could make their
results not representative of other VLS type. In our opinion,
another limitation of the study is the 3-group comparison. Dif-
ferences between 38 mm and >40 mm could statistically dis-
perse the beneficial effect of using a VLS. Finally, the mean
follow-up of 14.5 months could be insufficient to appreciate
differences in the clinical outcomes.

In a previous work, our group reported that the use of VLS
was associated with better procedure characteristics (with less
radiation exposure and contrast administration) and noninferior
efficacy to OS during a median follow-up of 20 months.'’
All the efficacy end points resulted favorable to VLS although
statistical significance was not reached due to, in our opinion, a
lack of sample size and time of follow-up. On that occasion,
survival analysis was not performed.

Compared to the works, our study presents the longer-term
follow-up reported in the literature until our knowledge, and
this is one with the largest sample size.

The clinical outcomes of our work are mostly driven by a
lower rate of need of repeat TLR and cardiac death. Previous
studies suggested the number of stents and lesion length were
associated with higher rates of reintervention due to both new
angina symptoms and new MIL.>’ As previously mentioned, the
pathophysiological mechanism could explain the differences
observed in our study are diverse. The present work constitutes
the first evidence in reporting the benefits of VLS over OS,
setting a milestone for long lesions approach, which should be
properly verified in randomized trials.

Limitations

We performed a single-center, retrospective registry, with all
the limitations inherent to this type of studies. Although we
performed an adjustment for the variables unequally distribu-
ted among groups through a multivariate analysis, it cannot be
ruled out that other factors might have influenced the results
observed due to the lack of randomization. Thus, prospective
randomized trials are necessary to confirm our findings.
Regarding the medical therapy after the index PCI, duration
of antiplatelet strategy was not available and could have influ-
enced the adverse event rate.”®2° Finally, with our sample size
this study might not be powerful enough to detect differences in
infrequent events such as ST. It should also be mentioned that
some aspects of the procedure regarding the use of intravascu-
lar imaging or circulatory support devices have improved and
increased during the study period and could have an impact on
the results, although it would have affected equally in both
groups.

Conclusion

In this real-world cohort, the PCI with VLS was associated with
a better procedural performance and with a lower incidence of
cardiovascular events during follow-up, compared with the
implantation of OS, for the treatment of dCAD.
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